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INTRODUCTION 

USE OF ANIMAL FATS IN DAIRY RATIONS 

Randy Shaver 
Department of Dairy Science 

University of Wisconsin - Madison 

There have been several recent reviews of fat sources for dairy cattle (Shaver, 1990; Coppock 
and Wilks, 1991; Smith and Harris, 1992). The purpose of this paper is to update these 
reviews with regard to the use of animal fats in dairy rations. This review will focus on 
recent trials, and many of the these trials are available only in abstract form at the present 
time. However, for this review an effort was made to obtain trial summaries from researchers 
with more data than is typically found in meeting abstracts. For a review of quality 
specifications and fatty acid composition of inedible fats and greases commonly marketed to 
the feed industry, refer to Grummer (1992). 

REVIEW OF RESEARCH TRIALS : 

Wisconsin 

Grummer et al. (1992). Sixteen multiparous Holstein cows were fed tallow at 0, 1, 2, • 
or 3% of ratio'n OM in a replicated 4 X 4 Latin square design with 21 day periods. Cows 
averaged 47 days postpartum at the start of the trial. Diets contained 14% roasted soybeans 
(DM basis), and were fed twice daily as total mixed rations (TMR). Fatty acid composition of 
the tallow was 2.9% C14:0, 26.8% C16:0, 4.7% C16:1, 17.6% C18:0, 44.1% C18:1, and 4.0% 
C18:2, and similar to the composition specified for tallow by Grummer (1992). Fatty acid 
content (C14:0 to C18:3) of the control diet was 5.5% (OM basis). 

Dry matter intake (DMI) averaged 58.4 lb/day, and was not affected by addition of tallow to 
the TMR at any level. Tallow intakes for the 1, 2, and 3% tallow rations were .6, 1.2, and 1.8 
lb/day, respectively. Milk and 3.5% FCM yields averaged 99.6 and 92.4 lb/day, respectively, 
and were not affected by addition of tallow to the TMR at any level. High DM and energy 
intakes observed in this trial and the short experimental periods may have restricted the milk 
yield response to tallow supplementation. Milkfat and protein yields were not affected by 
tallow supplementation, but a small linear decline in milk protein percentage was observed as 
tallow supplementation was increased (P < .03; 2.85 vs .. 2.89%). 

There was a linear (P < .05) decline in rumen pH with increasing tallow supplementation; 
6.17, 6.10, 6.03, and 5.99 for 0, 1, 2, and 3% tallow diets, respectively. However, tallow 
supplementation at any•level did not adversely affect ruminal OM disappearance of forage 
from dacron bags. Tallow supplementation increased (P < .01) total ruminal VFA 
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concentrations (97 .5 vs. 79 .4 mM), but molar proportions of acetate and propionate were not 
affected. 

Slark et al. (1993). Fifteen multiparous Holstein cows were fed undegradable intake 
protein (UIP) and fat supplements twice daily in TMR' s in a replicated 5 X 5 Latin square 
design with 21 day periods. Cows averaged 39 days postpartum at the start of the trial. The 
control diet (C) contained 8% roasted soybeans and 1.9% tallow (OM basis). Dietary UIP 
concentration was increased by feeding more roasted soybeans (RSB; 18% of ration OM) 
without added tallow, or by feeding an animal protein blend along with 8% roasted soybeans 
and either 1.6% tallow (T), 1.6% of a blend of relatively saturated free fatty acids (FA), or 
1.8% partially hydrogenated tallow (PHT). Fatty acid content (C14:0 to C18:3) of the five 
diets did not differ, and was reported to average 8.2% (DM basis). All diets were formulated 
to be isocaloric. Fatty acid composition of the tallow was virtually identical to that used by 
Grummer et al. (1992). 

Because the comparison of C vs. RSB, T, FA, and PHT combines effects due to both UIP 
level and source and fat source, only RSB vs. T, FA, and PHT and T vs. FA and PHT 
comparisons will be discussed. DMI for RSB, T, FA, and PHT averaged 59.3 lb/day, and was 
not affected by treatment. There was a trend (P < .10) for higher milk yield for T vs. FA and 
PHT (99.2 vs. 97.1 lb/day). There was a trend (P < .10) for higher 3.5% FCM for:T, FA, and 
PHT vs. RSB (91.7 vs. 89.5 lb/day) and T vs. FA and PHT (93.3 vs. 90.8 lb/day). Milkfat 
and protein percentages were not different between T, FA, and PHT. Fat yield tended to be 
higher (P < .10) for T, FA, and PHT vs. RSB. Protein yield was higher (P < .05) for T vs. 
FA and PHT. • 

\ 

Ruminal VFA molar percentages were not affected by treatment. Higher total tract apparent=~ 
digestibilities of OM and OM (P < .10) and fatty acids (P < .05) were observed for T vs. FA 
and PHT. Nutrient digestibilities were lowest (P < .0001) for RSB. 

Grummer et al. (1993). Seventy-four primiparous Holstein cows were fed rations 
containing either 0 or 2.8% tallow (OM basis) from calving through 160 days postpartum. 
Fatty acid composition of the tallow was virtually identical to that used by Grummer et al. 
(1992). Fatty acid content (C14:0 to C18:3) of the low and high fat diets were 2.7 and 5.1 % 
of ration OM. Tallow supplementation increased milk yield 3.3 lb/day after week 7 
postpartum. Delayed early lactation responses to supplemental fat have been observed by 
several workers with whole oilseed, animal, and rumen-inert fat sources (Shaver, 1993). 

Illinois 

Schauff et al. (1992). Four multiparous Holstein cows were fed TMR's twice daily in 
a 4 X 4 Latin square design with 21 day periods. Cows averaged 133 days postpartum at the 
start of the trial. The control diet (C) contained no supplemental fat. The three treatment diets 
contained 10% raw soyoeans with either 0 (SB), 2.5 (LT), or 4.0% (HT) tallow (OM basis). 
Fatty acid composition of the tallow was 3.2% C14:0, 24.8% CI6:0, 5.3% C16:1, 14.5% 
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Cl8:0, 45.9% Cl8:1, and 5.9% Cl8:2, and similar to the composition specified for tallow by 
Grummer (1992). Fatty acid content (Cl2:0 to C18:3) of C, SB, LT and HT were 3.1, 5.2, 7.1 
and 7.9% (OM basis), respectively. OMI and milk or 4% FCM yields were not affected by 
tallow supplementation. Milkfat percentage tended to be higher (P = .11) for cows fed tallow; 
3.54 vs. 3.42% for LT and HT vs. SB. 

There were no differences in ruminal fluid pH, VFA molar percentages, or ammonia 
concentration for the LT and HT vs. SB comparison. Tallow supplementation decreased (P < 
.05) total ruminal VFA concentration (108.8 vs. 115.5 mM)' for LT and HT vs. SB. There 
were no differences- between LT and HT for rumen fermentation parameters or milkfat test. 
Total tract apparent digestibilities of OM, OM, AOF or NOF were not different for LT and 
HT vs. SB. However, total tract digestibilities of soluble residue (neutral detergent solubles 
minus CP and ether extract) and total Cl 8 fatty acids were lower (P < .05) for LT and HT vs. 
SB; 76.7 vs. 80.7% and 50.0 vs. 65.2%, respectively. 

Orackley et al. (1992). Sixteen multiparous cows (8 Holstein and 8 Jersey) were fed 
TMR's in a replicated 4 X 4 Latin square design with 28 day periods. Cows averaged 72 days 
postpartum at the start of the trial. Experimental diets were no added tallow (C) or 5% tallow 
in total ration OM added either to concentrate (CT), haylage (HL T), or final TMR (TMRT). 
Ether extract content of control and tallow treatments were 2.7 and 7 .5% (DM basis):"Fatty 
acid composition of the tallow was 1.9% Cl4:0, 24.9% C16:0, 3.8% C16:1, 14.3% C18:0, 
42.6% Cl 8: 1 and 9.6% Cl 8:2 with ratio of unsaturated to saturated fatty acids, calcuhted 
iodine value, and C18:2 content similar to that specified for choice white grease by Grummer 
(1992). • 

~ 
DMI was lower (P < .05) for CT vs. C in Jersey cows (34.5 vs. 37.8 lb/day) and for HLT and·~~ 
TMRT vs. CT in Holstein cows (48.3 vs. 53.7 lb/day). Tallow supplementation increased (P c 
.05) milk yield 5.8 lb/day, but decreased (P < .05) milkfat and protein percentages .62 and .13 
units, respectively. Yield of 4% FCM was not affected by tallow supplementation. There were 
no differences (P > .10) between CT, HLT or TMRT for milk yield or composition, but 
milkfat test tended to be lower for HLT and TMRT vs. CT (3.67 vs. 3.88%). Total tract 
apparent nutrient digestibilities and rumen fermentation parameters (pH, VFA and ammonia) 
~ere not affected by tallow supplementation. , 

LaCount et al. (1993). Four multiparous Holstein cows averaging 99 days postpartum 
at trial initiation were fed low and high tallow and degradable starch rations in a 4 X 4 Latin 
square design with 21 day periods and a 2 X 2 factorial arrangement of treatments. High fat 
rations contained 4.5% tallow and 7 .3% total fatty acids (OM basis). Low fat rations 
contained 3.3% total fatty acids (OM basis). Fatty acid composition of the tallow was as 
reported by Schauff et al. (1992). 

Tallow supplementation reduced (P < .01) OMI 6.3 lb/day with no dietary starch by fat 
interaction. Milk yield was not affected by tallow supplementation. There were numerical but 
not statistical (P > .10) reductions in 3.5% FCM yield and milkfat test of 3.1 lb/day and .22 
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units, respectively, observed for cows fed tallow. Tallow supplementation reduced (P < .001) 
milk protein percentage. Tallow supplementation did not affect ruminal fluid pH, VFA molar 
percentages or ammonia concentration, but reduced (P < .01) total VFA concentration (122 
vs. 131 mM). Total tract apparent OM and OM digestibilities were reduced (P < .09 and .05, 
respectively) about 1 % units by tallow supplementation, but fiber and starch digestibilities 
were not different (P > .10). 

Elliott et al. (1993). Four multiparous Holstein cows averaging 49 days postpartum at 
trial initiation were fed TMR's containing either no supplemental fat (C), high oil com grain 
replacing regular com grain (HO), HO plus 2.5% tallow (HOL), or HO plus 5% tallow 
(HOH) in a 4 X 4 Latin square design with 21 day periods. The respective diets contained 
2.7, 4.2, 6.1 and 8.6% total fatty acids (OM basis). Fatty acid composition of the tallow was 
as reported by Schauff et al. (1992). 

OMI was similar for C, HO and HOL, but was 7.1 lb/day lower (P < .10) for HOH. Milk 
yield was numerically but not statistically (P > .10) higher for HOL and HOH vs. HO (90.6 
vs. 83.2 lb/day). Milkfat test was .39% units lower (P < .07) for HOL and HOH vs. HO. 
Ruminal molar percentage of acetate and acetate:propionate ratio were lower (P < .01 and .06, 
respectively) for HOL and HOH vs. HO. There were no statistical differences between HOL 
and HOH for these parameters, but total VFA concentration was lower (P < .03) for HOH 
(122.0 vs. 129.2 mM). Ruminal fluid pH was not affected by treatment. Total tract apparent 
OM,. fiber, and soluble residue digestibilities were not affected by treatment. 

South Carolina 

~-
Harkness et al. (1993). Twenty-four Holstein cows ( 4 primi- and 20 multi-paroiiS) 

averaging 32 days postpartum at the start of the study were fed low and high tallow and AOF 
TMR's. once daily in a 2 X 2 factorial 90 day continuous lactation experiment. Low and high 
fiber rations contained 21 and 28% AOF (OM basis). Tallow was fed at 0 and 5% of ration 
DM. Control and high fat rations averaged 6.1 and 10.1 % ether extract (DM basis), 
respectively. Fatty acid composition of the tallow was 1.4% C14:0, 23.5% C16:0, 3.6% 
C16:1, 2.0% C18:0, 50.3% C18:1 and 13.2% C18:2 with ratio of unsaturated to saturated fatty 
acids and C18:2 content more similar to the composition specified for poultry fat, choice 
white grease, or yellow grease by Grummer (1992) than tallow. 

Tallow supplementation reduced (P < .0001) DMI 7.3 lb/day. Intake of tallow averaged 2.3 
lb/day. Tallow supplementation increased (P < .01) milk yield 4.5 lb/day, but reduced (P < 
.0001) milkfat and protein percentages .44 and .23 units, respectively. There was a decrease 
(P < .0002) in ruminal acetate molar percentage along with an increase (P < .0001) in 
propionate molar percentage due to tallow supplementation. There were no tallow by ADF 
interactions for DMI, milk yield or composition, or ruminal VFA. 
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Nebraska 

Grant et al. (1993). Thirty-five Holstein cows were fed one of fiv_e alfalfa-based 
TMR's twice daily from weeks 2 to 12 postpartum; 0 or 5% (OM basis) feather:blood meal 
blend (85: 15), 0 or 3% tallow, and a control with no tallow and 2.3% feather: blood meal 
blend. All diets contained 18.3% CP and were formulated to contain .80 Meal NEl/lb. There 
was some confounding of tallow effects with other dietary effects since diets that contained 
tallow were also higher in ADF (22.6 vs. 18.1%) and NDF (34.6 vs. 28.6%) and lower in 
NFC (37.6 vs. 45.3%) than diets that were not supplemented with tallow. Fatty acid 
composition of the tallow was 2.7% C14:0, 28.5% C16:0, 2.8% C16:1, 22.6% C18:0, 38.8% 
C18:1, and 4.3% C18:2, and similar to the composition specified for tallow by Grummer 
(1992). 

DMI was reduced on average 1 lb/day for the tallow diets. Yields of milk and 4% FCM were 
5.6 and 7.9 lb/day higher for the tallow diets (P < .05). Milkfat percentage was .24 units 
higher and protein percentage .16 units lower for the tallow diets (P < .05). Ruminal total 
VFA concentration was lower and acetate to propionate ratio higher for the tallow diets (P < 
.05). Total tract apparent digestibilities of ADF and NDF were higher for the tallow diets (P < 
.05). These differences were probably at least partially due to changes in carbohydrate status 
of the tallow diets. .:-

Missouri 
,' 

Bateman et al. (1993). Forty-eight Holstein cows were fed TMR 's twice daily 
containing 30 or 40% NDF and 0 or 2% tallow in a 2 X 2 factorial continuous lactation 
experiment. One grot1p of 24 cows was fed as a winter replicate, and a second group of 24 
cows was fed as a summer replicate. Low and high fat rations averaged 3.6 and 5.6% ether 
extract (OM basis), respectively .. ?or the winter replicate: DMI was lower for cows fed tallow 
with 30 but not 40% NDF diets (P <: .06), milk yield tended to be higher for cows fed tallow 
with 40 but not 30% NDF diets, ·yield of 4% FCM was not affected by tallow 
supplementation, milk protein percentage tended to be lower for cows fed tallow (3.13 vs. 
3.26%), and there was a trend for lower rnilkfat percentage for cows fed tallow with 40% 
NpF diets. For the summer replicate: DMI and milk yield were not affected by tallow 
supplementation, milkfat percentage and yield of 4% FCM tended to be lower for cows fed 
tallow with 40% NDF diets, and milk protein percentage was lower (P < .09) for cows fed 
tallow (3.05 vs. 3.19% ). 

South Dakota 

Maiga et al. (1993). Forty Holstein cows (28 primi- and 12 multi-parous) were 
randomly assigned within parity groups to TMR's containing either no tallow (C) or 2% 
tallow (DM basis) with (MT) or without (T) molasses product or dried. whey (WT) from 
weeks 4 to 16 postpartum. Ether extract content of control and tallow diets averaged 2.9 and 
4.7% (DM basis), respectively. Fatty acid composition of the tallow used in T and WT was 
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5.9% C14:0, 23.9% C16:0, 18.2% C18:0, 40.6% Cl8:1 and 1.9% Cl8:2, and similar to the 
composition specified for tallow by Grummer (1992). Fatty acid composition of MT was 
similar; 3.5% Cl4:0, 24.0% C16:0, 12.6% C18:0, 42.5%.C18:1 and 3.4% Cl8:2. 

Tallow supplementation increased yields of milk (P < .03) and 3.5% FCM (P c .01) 4.2 and 
4.5 lb/day, respectively. There were no differences between T, MT or WT. Milkfat percentage 
was not affected by tallow supplementation (C vs. T, MT and WT), but tended to be higher 
(P < .10) for T vs. MT and WT (3.65 vs. 3.46%). Milk protein percentage followed the same 
pattern, and the T vs. MT and WT comparison was significant (P < .02). DMI was not 
affected by tallow supplementation, and there were no differences between T, MT and WT. 
Trends in responses were similar for both parity groups. 

California 

Gachuiri et al. (1992). Four primiparous cows averaging 45 days postpartum at the 
start of the trial were fed TMR's containing 0, 2.5, 5.0 or 7.5% yellow grease (DM basis) in a 
4X4 Latin square design. DMI was not affected by treatment. Milk yield was higher (P < .05) 
for cows fed yellow grease; 62.3, 66.0, 64.5 and 64.5 lb/day, respectively. Milkfat and protein 
percentages were not affected by treatment. Ruminal digestibilities of ADF and NDF were not 
affected by yellow grease supplementation, but OM digestibility was reduced (39~4 vs. 
45.6%). 

Cant et al. (1991). Four primiparous cows averaging 102 days postpartum at the start 
of the trial were fed TMR's containing 0 or 4% yellow grease (DM basis) and rumin11 or 
abomasal casein infusion in a 4 X 4 Latin square design with 21 day periods and a 2 X~2 
factorial arrangement of treatments. Fatty acid composition of the yellow grease was 2.6o/o"'~ 
C14:0, 21.7% C16:0, 4.9% C16:1, 12.8% Cl8:0, 44.2% Cl8:1, 12.1% C18:2 and 1.3% C18:3, 
and more similar to the composition specified for choice white grease by Grummer (1992) 
than yellow grease. 

DMI was not affected by yellow grease supplementation. Total tract apparent DM (P < .004) 
and NDF (P < .02) digestibilities were reduced for cows fed yellow grease; 68.2 vs. 71.3% 
and 51.3 vs. 54.2%, respectively. However, intakes of digestible DM and energy were not 
affected by yellow grease supplementation. Yields of milk and 4% FCM were increased (P < 
.01) 7.0 and 7.9 lb/day, respectively. Yellow grease supplementation increased (P < .02) 
milkfat percentage .24 units and decreased (P < .01) protein percentage .15 units. 

Martinez et al. (1991). Eight Holstein cows (4 primi- and 4 multi-parous) averaging 84 
days postpartum at trial initiation were fed.TMR's containing 2 or 4% supplemental fat (DM 
basis) and 0 or 12 grams niacin/day in a replicated 4 X 4 Latin square design with 21 day 
periods and a 2 X 2 factorial arrangement of treatments. The low fat diet contained 2% 
supplemental fat from whole cottonseed and the high fat diet contained 2% fat from whole 
cottonseed and 2% fat from yellow grease. Ether extract content of the low and high fat diets 
averaged 3.5 and 5.5% (DM basis), respectively. Fatty acid composition of the yellow grease 
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was 3.4% C14:0, 24.3% C16:0, 4.2% C16:1, 14.1 % C18:0, 42.2% C18:1, 10.0% C18:2 and 
1.4% C18:3, and more similar to the composition specified for choice white grease by 
Grummer (1992) than yellow grease. 

DMI was not affected by yellow grease supplementation. Yields of milk (P < .07) and 4% 
FCM (P < .03) were higher for cows Jed yellow grease; 1.5 and 2.6 lb/day, respectively. 
There was a trend (P < .10) for higher milkfat percentage for cows fed yellow grease (3.42 
vs. 3.29% ), but protein content of milk was not affected. 

Chow et al. (1990). Eight Holstein cows (4 primi- and 4 multi-parous) averaging 37 
days postpartum at trial initiation were fed TMR 's containing high fat (50:50 F:C with 3.9% 
yellow grease in ration DM) or high concentrate (25:75 F:G with no supplemental fat) and 0 
or 55 grams rumen-protected methionine and lysine per day in a replicated 4 X 4 Latin square 
design with 21 day periods. Estimated energy content of the high fat and high concentrate 
diets were similar and averaged .77 Meal NEVlb. Ether extract content of the high fat and 
high concentrate diets averaged 4.6 and 1.0% (DM basis), respectively. Fatty acid 
composition of the yellow grease was as repo1ted for Cant et al. (1991). 

DMI and milk yield were not affected by treatment. Yield of 4% FCM was 7 .1 lb/day higher 
(P < .05) for high fat diets related to a .34 unit increase (P c .05) in milkfat percentage. Milk 
protein percentage was depressed only for the high fat diet without added rumen-protected 
amino acids. OM, OM, ADF and NDF digestibilities were lower (P < .05) for high fat diets. 

Others 

~ 
Robinson and Burgess (1990: New Brunswick). Alfalfa silage based rations containin-g~ 

corn grain, oats or tallow as the primary supplemental energy source were fed to 48 mid 
lactation Holstein cows in two 56 day continuous lactation experiments (24 cows in each 
trial). Corn, oats or tallow were mixed with alfalfa silage and fed ad libitum. Tallow was 
mixed with alfalfa silage at 10.8 and 9.6% (DM basis) in Experiments 1 and 2, respectively. 
A corn-barley-soybean meal based concentrate was fed twice daily proportional to milk 
production. The silage plus tallow mixture comprised 79 and 68% of total ration DM in 

_Experiments 1 and 2, respectively. Therefore, tallow as a percent of total ration DM ranged 
from 6.2 to 8.6% and tallow intakes ranged from 2.4 to 3.2 lb/day. Fatty acid composition of 
the tallow was 2.7% C14:0, 26.3% C16:0, 3.0% C16:1, 14.9% C18:0, 41.4% C18:1 and 5.5% 
C18:2, and similar to the composition specified for tallow by Grummer (1992). 

Tallow supplementation decreased feed intake in both trials, but this was only significant (P < 
.05) in Experiment 1 where silage and total DMI were reduced 4.8 and 5.7 lb/day, 
respectively. Milk yield and fat test were not affected by tallow supple1nentation in either 
trial. Milk protein percentage and yield were reduced (P < .05) by tallow supplementation in 
Experiment 1. Tallow supplementation reduced (P < .05) ruminal acetate to propionate ratio 
in Experiment 2 (3.55 vs. 3.84), but not in Experiment 1. 
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Smith et al. (1993: Florida). Thirty-six multiparous Holstein cows in mid lactation 
were fed TMR's in a 3 X 4 factorial arrangement of treatments in three 28 day periods. 
Forage treatments were 1) 50% com silage, 2) 37.5 corn silage and 12.5% alfalfa hay, and 3) · 
25% com silage and 25% alfalfa hay (DM basis). Fat treatments were 1) no added fat, 2) 
2.5% tallow, 3) 2.5% tallow and 12% whole cottonseed, and 4) 12% whole cottonseed (DM 
basis). Ether extrad content of diets where tallow and whole cottonseed were fed alone 
averaged 6.1 and 5.5% (DM basis), respectively. Ether extract content of the combination 
diets averaged 7.9% (DM basis). The tallow was a 75:25 (wt/wt) mixture of beef and pork 
tallow with a titre of 41 C. 

DMI was not affected by tallow supplementation. Milk yield was 1.5 lb/day higher (P < .05) 
for cows fed tallow, and 3.5% FCM (P = .07) and BW gain (P = .06) tended to increase. The 
milk yield response to tallow supplementation was greatest for com silage diets. Milkfat 
percentage tended to be lower with com silage plus tallow diets than with alfalfa hay plus 
tallow diets (3.13 vs. 3.45%; P = .08). Total tract apparent nutrient digestibilities were not 
adversely affected by tallow supplementation. Although not significant, DM, OM and NDF 
digestibilities tended to be lower for corn silage plus tallow diets than for alfalfa hay plus 
tallow diets. 

Nianogo et aL (1991: Georgia). Twelve multiparous Holstein cows calving in fall and , 
12 calving in summer were used in a 2 X 2 X 2 factorial to evaluate the effects of season of ~ 
calving, supplemental fat, and protein degradability in a 16 week experiment. Cows were fed 
yellow grease blended with the concentrate to provide a supplemental fat intake of 2.2 lb/day . 

• 
DMI milk composition, and. yields of milk or milk components were not affected by )'.,ellow 
grease supplementation. Yellow grease supplementation increased (P < .05) total tract ·-~-:. 
apparent DM and CP digestibilities, but decreased (P < .05) digestibility of NDF (55.2 vs. 
59.3%). 

Doreau et al. (1991: France). Diets supplemented with 10% tallow (DM basis) had 
little or no impact on DMI, total tract apparent nutrient digestibilities, ruminal DM 
disappearance, or rumen fermentation parameters . 

SUMMARY 

In general, these trials do not show adverse effects of animal fat supplementation on feed 
intake, ruminal or total tract nutrient digestibilities, rumen fermentation patterns, or milkfat 
test at common field usage levels (2 to 3% of ration DM). This was true even when animal 
fats were added to rations containing supplemental fat from whole oilseeds. However, several 
trials found that addition of animal fats to rations at levels at or above 4% of ration DM did 
adversely affect these response variables. 

Milk yield was higher for cows fed animal fat in many but not all trials. High energy intakes 
relative to level of milk production for control animals and short experimental periods may, 
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have limited milk yield responses in some trials. More continuous lactation experiments with 
high producing cows are needed. Milk protein percentage was consistently depressed by 
animal fat supplementation with protein yield generally being unaffected, but this is a 
common response to supplemental fats (Shaver, 1990). Milkfat percentage was increased, 
decreased or unaffected by animal fat supplementation in an equal number of trials, and 
depre~sions in milkfat test were generally observed in trials with the highest levels of 
supplementation. 

There appears to be some advantage to adding animal fat to the concentrate prior to adding to 
the TMR rather than adding to the silage or the final TMR particularly at high levels of 
supplementation, but more research is needed. Addition of molasses or whey to the TMR 
when feeding animal fat was of little benefit. There may be an interaction between forage 
source and response to animal fat supplementation, but more research is needed. Lactation 
responses to yellow grease were generally positive in California trials, but ingredient quality 
was high. 
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INTRODUCTION 

Clinical Salmonellosis has been a problem in cattle herds for a number of years. A recent 10 
year review of 17,488 Salmonella isolates from 12,355 cattle herds serotyped at the National 
Veterinary Services Laboratory from 1982-91 showed that S. typhimurium (38.7%) was the 
most common, followed by S. dublin (16.8%). 1 The former. serotype is usually considered to 
be an environmental pathogen being found in wide vaiiety of domesticated and free-living 
mammalian and avian species. The latter is a cattle-adapted serotype and is most often 
spread between herds by infected or carrier adult cattle. The remaining Salmonella serotypes 
include S anatum, S. montevideo, S. muenster, S ceITo and S. agona, some of which are 
occasionally isolated from feed of animal origin. In contradistinction, S. typhimurium and~ 
dublin are virtually never recovered from feed, and if they are, the evidence suggests that-t,he 
feed has been recontaminated on the farm. ' ·• 

Iii Minnesota, the 10 year summary of Bovine Salmonella isolations from clinically sick 
animals at the diagnostic laboratory (1983-92) is presented below. 

BOVINE SALMONElLA ISOI.ATIONS: .MINN. VET. DIAG. I.ABORATORY 

1983-1992 INO..USIVE 

Non·motilc All Group D 0th.er 
~ Group D S, i:ntl<Iitidis Sillmwii:l!a.s s, llllbimllriYm Sal.monclli 

1983 2 - - 2 32 4 

1984 2 - - 2 23 1 

1985 1 - - 1 8 8 

1986 1 - - 1 5 5 

1987 - - - 19 9 

1988 3 6 1 10 37 16 

1989 8 1 5 14 52 14 

1990 19 10 16 55 44 18 

1991 30 35 8 73 23 8 

1992 40 43 5 88 11 23 
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From these results, a rather dramatic increase in S. dublin and related non-motile variants has 
been recorded as well as a steady increase in the "other Salmonella" category. The reasons 
for this increase is not clear at this stage although calf and cow movements play a major role 
in the S. dublin increase. 

Bovine Salmonellosis can be a serious disease, with morbidity (# sick) reaching 12 - 15% and 
mortality (# dead) of about 3 - 5% respectively in individual herds. Milk production in adult 
lactating cattle is often dramatically reduced, and abortions may also occur. Treatments, 
unless administered early are often of limited value, particularly where the causative 
Salmonellas are resistant to antimicrobial agents. Intercurrent disease, both infectious, such as 
bovine virus diarrhea and paratuberculosis, and non-infectious such as displaced abomasum, 
exacerbate Salmonella infections in cattle. Freshening cows and colostrum-deprived calves 
are also particularly susceptible. The herd and managerial risk factors for Salmonella 
infections are as yet poorly defined . 

The public health implications of bovine infections are significant as evidenced by a very 
large Chicago outbreak (traced supposedly to pasteurized milk), recent cheese-associated 
outbreaks in the Midwest, and occasional reports of milk powder contamination. Beef 
associated outbreaks of human Salmonellosis have also been documented. In all of these 
outbreaks, there has been failure to adequately pasteurize or cook the products or post
pasteurization contamination has occurred. 

The detection of asymptomatic Salmonella infection at the herd level is difficult, primarily 
because of the lack of sensitive screenirig tests. Examination of animals at slaughter, culture 
of bulk milk samples or fecal samples from young calves have all been used. A recent study 
of milk filters from 813 farms in Ontario revealed that over a 6 month period, up to 1.25% oh 
samples were positive, but the presence of Salmonella spp. in milk was very dynamic.2 

Approximately two-thirds of the current production of meat and bone meal in the USA is 
utilized by the dairy and beef industries. This is an excellent source of undegradable protein 
and is used to increase the intestinal supply of amino acids to high producing dairy cattle. 
Salmonella contamination of rendered animal products has been of concern for a number of 
years from the aspect of both animal and human health. There are several documented 
outbreaks of Salmonellosis in cattle that have been traced to consumption of contaminated 
feeds. A multi-herd outbreak involving several serotypes in Manitoba was traced to the 
feeding of contaminated bone meal.3 S. mbandaka was isolated from a vegetable fat 
supplement and cattle on 3 dairy farms in England.4 A recent outbreak of illness on a 
Minnesota dairy farm due to the same serotype was associated with an animal fat 
supplement.5 However, the recent steady rise in Salmonella isolations reported from the 10 
year Minnesota study cannot necessarily be associated with the increased feeding of meat and 
bone meal to cattle in this country. 
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Very limited attempts to detennine the response of feeding Salmonella spp. to lactating dairy 
cattle. Therefore, a pilot study was carried out to determine: 

A. What, if any, are the clinical effects of feeding meat and bone meal naturally 
contaminated with Salmonella sp to lactating dairy cattle? 

B. Can the same serotype of Salmonella sp present in the meat and bone meal be 
detected in the rumen contents, milk, and feces of these cattle? 

MATERIALS AND METHODS 

Three Jersey cows, approximately 8 months pregnant were purchased from a herd free of 
clinical signs of paratuberculosis, bovine virus diarrhea and Salmonellosis. The three animals 
were also tested for the above agents with negative results. Milk filters from the herd were 
also tested for Salmonella spp. with negative results. Cows were housed in individual rooms 
in the isolation unit of the College of Veterinary Medicine. A strict protocol was developed 
to prevent cross-infection between these animals and also other animals in the unit.• A student 
employee was assigned to care for these cows, clean and milk each animal using a portable 
milking unit which was sanitized between cows. Each cow had a permanent rumen fistula 
inserted within a few days of calving to allow for the regular collection or rumen contents. 
Each cow was fed a total mixed ration plus alfalfa hay and contaminated meat and bon~meal 
(MBM). All cows were monitored three days a week for clinical signs of illness, elevated~. 
temperature, pulse or respiration rates and diarrhea which could be compatible with ' ·~-
Salmonellosis. Rumen, fecal and milk samples were collected three times weekly for 
Salmonella isolation. At the conclusion of the trial, each cow was euthanized, and mesenteric 
lymph nodes, rumen and intestinal contents collected aseptically for Salmonella isolation. 

Microbiology: 

Conventional qualitative microbiological methods were used for Salmonella isolation, i.e. 24 
·hour enrichment in brilliant green tetrathionate broth, followed by plating onto both brilliant 
green and XLD agars. Suspect colonies were examined for biochemical reactivity and 
presumptive Salmonellas submitted to the National Veterinary Services Laboratory, Ames, IA 
for serological identification. 

RESULTS 

One cow developed surgical complications following insertion of the rumen fistula, and as a 
result, had to be euthanized. The remaining two cows were fed the contaminated MBM at 
the rate of 600g/day each. No clinical effects were noted during this period, nor were any 
Salmonella isolations made from any samples from these animals. Cow A and Cow B were 
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kept on trial for 59 and 44 days respectively. Only one of twenty MBM samples collected 
over this feeding period were positive for Salmonella, and this was identified as S. cerro. 
At this stage, the trial was stopped, and MBM samples were submitted to Silliker 
Laboratories, Illinois, for quantitative estimations of Salmonellas I gram. (The original 
protocol stipulated this was to have been done prior to the trial by the finding organization, 
but because of some miscommunication, this had not been carried out.) 

Silliker Laboratories reported no Salmonellas were present in 25g samples, but when lOOg 
samples were examined, the most probable numbers present were 3 - 9 Salmonellas I lOOOg. 
Obviously, this batch of MBM was, therefore, contaminated at an extremely low level 
compared to Animal Protein Producers Industry data of approximately 40/lOOOg (1986 U.S. 
AHA Proceedings, p. 372) and 230/lOOOg (range 30 - 2100) (R.E. John Presentation at the 
Univ. of Minn. Seminar 4/15/91). 

Therefore, it was decided to prepare an artificial inoculum of Salmonella spp. to add to the 
original batch of MBM to a level that might be more in line with what cattle could be 
exposed to in their actual feed. From reference #1, it was decided to add the following 
serotypes: S. moritevideo, S. anatum, s. cerro, S. meunster, and S. agona. Monitoring of the 
inoculum prepared by Silliker Laboratories showed that it appeared to stabilize at 
approximately 100,000 organisms/g. This was then added to the original MBM afthe rate of 
1 l.4g to 25 pounds of MBM to give an estimated 1000 organisms/g. 

PHASE II OF TRIAL: 

MBM was withheld from both cows dming a two month "washout" period. Once the tria:l~was 
restarted, both cows were again fed MBM at the rate of 600g/day at the higher Salmonella·-..,~ 
concentration. Samplings of rumen contents, feces, and milk commenced at 3 times weekly. 
Cow A and Cow B were kept on trial 57 and 55 days respectively. Of the rumen samples 
11/24 (46%) were positive in Cow A, while all feces and milk samples were negative; 7/23 
(30%) of the rumen samples were positive in Cow B, while 1/23 (4%) of the fecals jand none 
of the milk samples were positive. The follow table lists the serotypes isolated in each cow: 

Cow A 

2/5 
2/8 
2/12 
2/17 
2/22 
2/26 
3/10 
3/15 
3/17 
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S. anatum 
S. anatum 
S. montevideo 
S. anatum & S. cerro 
S. anatum & S. cerro 
S. cerro 
S. agona 
S. agona 
S. cerro 

Cow B 

3/1 S. anatum 
3/15 S. anatum 
3/19 S. meunster 
3/29 S. meunster 
4/2 S. cerro 
4/5 S. anatum 
4/9 S. cerro 

S. anatum (feces) 



S. cerro was cultured from the rumen and mesenteric lymph nodes of Cow A, while cultures 
from Cow B revealed S. anatum in both rumen and fecal contents but not in the associated 
lymph nodes. Throughout the second phase of the trial, the feed was sampled weekly, and all 
of the added serotypes except S. montevideo and S. agona were recovered. Most probable 
number estimations showed that the actual level of Salmonella contamination ranged from 
2,900 to 11,000/lOOOg. 

DISCUSSION 

Originally these studies intended to include effects during gestation, but because of the 
difficulty of inserting rumen fistulas into pregnant cattle, it was decided to abandon this 
portion of the study. 

Throughout both Phase I and Phase II of this pilot study, neither cows exhibited any clinical 
signs that could be ascribed to Salmonellosis. Although actual milk production was not 
measured, both cows appeared to milk well, and no clinical mastitis attributed to Salmonella 
was observed. 

The results of the first phase where the Salmonella contamination level of the MBM was 
extremely low, suggest that this is very unlikely to result in rumen persistence. However, in 
the second phase, when the contamination level was increased from 3 - 9/lOOOg to 2900-
11,000/lOOOg, i.e. a 3 log increase showed that rumen isolations could be obtained regularly, 
and in at least one cow, the mesenteric lymph nodes were colonized. All of the Salmonella 
serotypes added to the MBM in Phase II of this trial were recovered at some time during the 
study period even though only three of the five were recovered by culture techniques. Frorrf ;a 
public health aspect, the absence of Salmonellas from all aseptically collected milk samples is .,-:. 
reassuring, but it should be noted that fecal contamination of the udder can readily lead to 
milk contamination under farm conditions. 

The fully-fed rumen is an unfavorable environment for Salmonellas to persist and multiply. 
High concentrations of volatile fatty acids (VFA) and a low pH result in a marked reduction 
in Salmonella numbers while lower VFA have little or no inhibitory effects on growth. 6

•
7 

A_ustralian studies have shown that up to 45% of healthy cattle after slaughter had 
Salmonellas in their rumens. The fate of these bacteria when inoculated into the rumen 
depended on the dietary intake of the animal before and after the inoculation. For example, 
well-fed cattle maintained on alfalfa hay or grass, rapidly eliminated Salmonellas, but in cattle 
starved for 2 days or more, the Salmonella population increased and a further increase 
occurred when normal feeding was resumed. 8 

The control of Salmonellosis and the prevention of Salmonella infection and contamination of 
the final products is obviously a multi-faceted challenge. At this stage, there are no "magic 
bullets" available. Vaccines, particularly live attenuated strains, certainly will play a role in 
the future, but they will not negate the need for a high standard on-farm hygiene. With 
greater attention being focused on pre-harvest food safety, we will have to emphasize all links 
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in the food chain to prevent Salmonella contamination. Even if Salmonellas can be 
completely eliminated from animal feedstuffs, as the FDA is demanding, or at least reduced 
to very low numbers, they will have to be stored securely and handled cleanly to prevent 
recontamination from rodents, birds and flies. Also observed farm procedures such as using a 
front-end loader for manure disposal and then using the same loader for feeding is obviously 
a very poor management practice. 

Further studies are needed on the behavior of Salmonellas in the rumen, particularly during 
the periparturient phase and also in relation to other disease conditions. In view of the 
expense of using adult cattle, dairy sheep may prove to be an acceptable alternative model. 

The addition of blended animal proteins in the diet of lactating cattle results in both increased 
milk fat percentage and fat corrected milk production. The presence of potential animal and 
human pathogens is undesirable, but with the low numbers present, pelleting of these products 
may be an additional way of ensuring feed safety. The economics of this procedure for the 
dairy industry awaits further analysis. 

SUMMARY 

Two recently fresh rumen fistulated dairy cows were fed contaminated meat and bone meal 
containing Salmonella spp. as part of a total mixed ration for varying periods. When 
Salmonellas were present at 3 - 9 organisms/lOOOg, no rumen, fecal or milk isolates were 
made over a 59 and 44 day feeding period respectively. When the Salmonellas (5 speeies 
added to the meat and bone meal) were increased to 2,900-1,000/lOOOg, i.e. a 3 log incre'!_se, 
intermittent rumen isolations were made over a 55 and 57 day period, respectively. At ' -~~ 
f!ecropsy Salmonellas were recovered from the rumen and cecal contents (both cows) and 
mesenteric lymph nodes (one cow). The implications of these findings for both animal and 
human health are discussed, and the need for on-farm feed security and hygiene where animal 
by-products are fed is stressed. 
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ABSTRACT 

THE NORTH AMERICAN RENDERING INDUSTRY 
SALMONELLA CONTROL INITIATIVE 

Don A Franco, D.V.M., M.P.H. 
Diplomate, ACVPM 

Director, Scientific Services 
National Renderers Association, Inc. Washington, D.C. 

This manuscript presents an overview of Salmonella epidemiology, the distribution of 
serotypes in livestock, poultry and humans, and the Food and Drug Administration's 
proposals for Salmonella negative feeds. A profile of the United States' and Canadian 
rendering industries' initiative for Salmonella control is highlighted to give a perspective of 
the progress, and review the existing strategies to limit contamination in livestock/poultry 
feeds, with emphasis on meat and bone meal. 

INTRODUCTION 

Epidemiological studies in many countries indicate that Salmonellae are regularly isolated, not 
only from meat producing livestock and poultry, but also from pets (dogs, cats, turtles), wild 
animals, mice, rats, and insects. (1) The organism may also be isolated from the environment, 
including surface waters, sewage effluents, sewage sludge, and agricultural products 
contaminated by polluted water. (2) In essence, the ubiquitous distribution of the organism11> 
contributes to a very complicated epidemiology, and it is virtually impossible, to protect . \ 

animals from the environmental contaminants (fecal matter, dust, excreta, water) that are an · -"~ 

integral part of the livestock environs. (3) Of public health significance is the concern that the 
most commonly incriminated foods in outbreaks of salmonellosis in man are those of animal 
origin, such as meat, milk, and eggs. (4) A serious complicating concern is that, with the 
exception of the infection in baby chicks, young calves, and the young or 
immune-compromised in general, Salmonella infections do not usually produce important 
clinical signs in livestock and poultry. (5) Often post-clinical salmonellosis is followed by a 
varying duration of asymptomatic carriage of the organism and a carrier state. (5,6) Most 
farmers also do not appreciate the ·public health relevance or importance of salmonellosis, 
because salmonellosis does not necessarily lead to economic losses in their flocks or herds, 
thus creating a limited impetus for prevention and control programs. 

The Organism 

Although there are over 2,000 recognized Salmonella serotypes, only about 100 are routinely 
isolated from food, animals and man. The serotypes do not follow a similar pattern of 
behavior, and even though the majority are non-host adapted, some are markedly host-adapted 
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and are seldom encountered in other species. (1) Classic examples of host-adaptation are: .§. 
!Yillll, S. paratyphi A, B and C (man); S.abortusovis (sheep); S. abortus-egui (horse); ~ 
gallinarum, S. pullorum (poultry); S. dublin (cattle); S. cholerasuis (swine). (7,8,9) 

Salmonellae are Gram-negative, nonspore-forming rods that are aerobic or facultatively 
anaerobic, belonging to the tribe of Enterobacteria. Most strains of the organism are motile. 
(11,12) The organisms are not highly resistant to either physical or chemical agents, being 
killed at 55° C in 1 hour or at 60° C in 15 to 20 minutes. Standard cooking procedures and 
pasteurization readily destroy the organisms. Commonly used disinfectants will also kill the 
organisms. Freezing will decrease Salmonella numbers but will not kill them. (7 ,8) 

A significant and important relationship exists between the serotype and bacteriophage type 
and the epidemiologist who connects pertinent information from patient to different potential 
causative links to a disease episode/outbreak. For example, in a food-borne disease 
investigation, it may be necessary to assess all the possible sequences from the patient to food 
consumed, to the wholesale outlet, to processor, to slaughter plant, to producer, to feed 
manufacturer, if the suspicious food investigated is of animal origin. 

The United States Food and Drug Administration (FDA) 
Salmonella negative contamination goal for animal feeds 

The Food and Drug Administration (FDA) has the responsibility for the regulatory options for 
controlling microbiological contamination of animal feed. In April 1991, CVM's 
representatives presented a program for zero Salmonella in animal feed to their Veterirt'ary ... 
Medicine Advisory Committee (VMAC). The committee recommended that CVM consid<:<r 
developing Hazard Analysis and Critical Control Points (HACCP) programs for the feed '··"~ 
industry, and a coordinated approach to Salmonella control with involvement from all 
elements of the industry. 

On October 30, 1991, during a symposium on the diagnosis and control of Salmonella, the 
Director, Office of Surveillance and Compliance (CVM) presented the concept of Salmonella 
negative feed, a sampling protocol with relevance to zero, and other initiatives to achieve the 
goal of Salmonella negative feed. (10) It was further recommended that ingredients and 
finished feeds be purchased only from manufacturers actively participating in industry 
approved control programs. 

The Rendering Industry's Approach to Salmonella Control 

The Animal Protein Producers Industry (APP!) met in 1984 to organize a voluntary 
education/reduction program for the control of Salmonella in animal proteins. 

The APP! Salmonella Reduction Education Program is a comprehensive training program in 
kit form to assist managers to accomplish three major objectives: 
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1. Train workers in practices that will reduce Salmonella recontamination of finished material. 

2. Plan and prioritize changes and expenditures that will reduce Salmonella recontamination 
of finished material. · 

3. Alert consumers to a plant's participation in the Salmonella reduction program. 

Components of the program: 

A. Videotape = 3 Parts 

Part 1. "Your Part in Controlling Salmonella" - provides an introduction to the food 
cycle concept, the role of animal protein in the cycle, and what can happen if 
contamination enters the cycle. 

Part 2. Working Toward Salmonella Reduction" introduces the concept that areas with 
Salmonella growth potential are "HOT SPOTS" and should be eliminated. 

Part 3 "Managing for Salmonella Reduction" presents a management control 
perspective, and stresses a financial commitment to the proper repairs and long 
term programs. In short, the role of plant manager and supervisors in the 
control and prevention of Salmonella in animal proteins. 

B. Awareness pamphlets to enhance the major points of the video are distributed to workers 
as a reminder of how their contributions can assist the objectives of a quality food supply. 

C. Posters that demonstrate the inter-relationship of animal protein to the food cycle. 

D. Finished Product Testing. 

1. A voluntary program to reduce the incidence of Salmonella in animal protein. 

2. This testing program is performed during a specified 3 consecutive month period in 
the Winter and Summer. 

3. A total of ten (10) finished product samples per month taken as the material is being 
loaded into a truck or other transportation vehicle. 

4. Collect the samples in a manner to ensure that the 10 samples are spread over the 
entire month. 

5. The sampling requests contain all standard instructions/recommendations for proper 
handling, and the need to limit any contamination during sampling to assure accurate 
testing results. 
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This comprehensive program has become an important control mechanism in the effort to 
prevent Salmonella contamination of processed animal protein material. 

Most commonly identified Serotypes from 7 /90 to 6/91 for Turkeys, Chickens, Cattle and 
Swine. (14) 

Table 1. Turkey - Most Frequently Identified Serotypes From 7 /90 Through 6/91 

Times Identified by Case Type 

Sero type Clinical Surv /Research Environemtn Unknown Total 

Reading 34 285 323 90 732 

Hadar 30 330 35 50 445 

Heidelberg 99 171 31 113 414 

Saint-Paul 33 268 44 39 384 

Ana tum 28 173 37 23 .. 261 

Montevideo 63 116 3 74 256 

18:Z4,Z32 7 218 5 17 247 
(Arizona) .. 
Bredeney 59 150 3 20 232 

\ 

Sentfenberg 50 97 17 51 215· --,~ 

Agona 75 73 17 26 191 

All Others 139 498 215 185 1037 

Total 617 2379 730 688 441 
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Table 2. 

Serotype 

Enteritidis 

Heidelberg 

Hadar 

Cerro 

Indiana 

Kentucky 

Montevideo 

Inf antis 

Typhimurium 

AnatUm 

All Others 

Total 

Chicken - Most Frequently Identified Serotypes From 7 /90 Through 6/91 

Times Identified by Case Type 

Clinical Surv /Research Environemtn Unknown Total 

33 1345 357 731 2466 

71 893 383 128 1475 

27 590 33 80 . 730 

0 461 11 5 477 

2 343 2 4 351 

12 242 46 45 345 

16, 254 40 17 327 

6 260 23 8 297 

13 188 29 18 248 

0 220 26 2 : 248 

157 1733 323 352 2565 

337 6529 1273 1390 9529 



Table 3. Cattle - Most Frequently Identified Serotypes from 7 /90 Through 6/91 

Times Identified by Case Type 

Sero type Clinical Surv /Research Environemtn Unknown Total 

Typhimurium 755 33 7 37 862 

Dublin 452 26 2 52 532 

Typhimurium 263 13 4 6 286 

!• Sal 9,12:Nonmotile 122 6 0 8 136 

l (Copenhagen) 

Cerro 86 2 0 5 93 

I Ana tum 66 3 0 10 79 i 
! Newport 59 11 0 6 76 

Enteritidis 58 0 2 61 

I ,, Montevideo 46 9 0 5 60 

Ag on a 42 5 2 4 53 

All Others 459 33 4 49 545 

Total 2408 142 19 214 27.:83 
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Table 4. Swine - Most Frequently Identified Serotypes From 7 /90 Through 6/91 
Times Identified by Case Type 

Sero type Clinical Surv /Research Environemtn Unknown Total 

Cholerasuis 889 33 0 56 978 

(Kunzendorf) 

Cholerasuis 7 12 0 248 267 

Derby 109 3 2 12 126 

Typhimurium 78 0 6 85 

Agona 49 6 57 

Typhimurium 34 6 0 4 44 

(Copenhagen) 

Ana tum 25 2 0 3 30 

Enteritidis 18 5 0 4 27 

lnfantis 17 0 0 18 

Brandenburg 9 0 3 13 

All Others 95 14 0 17 126 

Total 1330 78 3 360 1771 

Table 5. Salmonella Serotypes Identified Most Frequently from 7 /90 to 6/91 ... 
with Comparison Data for 5 years (All Sources) ; 

"""::. 
Sero type 1991 1990 1989 1988 1987 1986 

Enteritidis 4824*(1)** 1499(3) 488(13) 297( 12) 215(14) 103(14) 

Typhimurium*** 3137(2) 2550(2) 2926( 1) 1216(2&3) 1344(2&4) 1096(1&4) 

Heidelberg 2507(3) 3038(1) 2600(2) 1277(1) 1201(1) 536(2) 

Hadar 1576(4) 873(6) 1031(4) 386(7) 316(8) 101(15) 

Cholerasuis 1007(5) 1150(4) 1050(3) 598(4) 649(3) 517(3) 

(Kunzendorf) 

Montevideo 954(6) 730(8) 539(12) 373(9) 306(9) 258(5) 

Reading 802(7) 870(7) 614(9) 518(5) 355(5) 36(39) 

Ana tum 790(8) 547(11) 679(6) 302(10) 274(10) 185(10) 

Ag on a 714(9) 647(10) 622(8) 321(10) 219(13) 153(13) 

Cerro 676(10) 266(18) 262(19) 149(22) 148(17) 101(15) 

* Number of times serotype was identified 

** Rank beginning with the most common 
*** Includes S. typhimurium and.&. typhimurium~copenhagen 
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Table 6. The 10 Most Frequently Reported Salmonella Serotypes From Human 
Sources Reported to the CDC in 1990 and from Non-Human Sources 
Reported to the CDC and USDA in 1990 

HUMAN 1990 NON-HUMAN 1990 

Rank/Serotype Nwuber Percent Rank/Sero,type Number Percent 

I Enterilidis 8591 21.1 1 Enteritidis 3158 13.9 

2 Typhimurium• 8489 20.8 2 Typhimuriwn• 2902 12.7 

3 Heidelberg 3746 9.Z 3 Heidelberg 2831 12.4 

4 Newport 1749 4.3 4 Coleraesuis• 1122 4.9 

5 Hadar 1733 4.2 5 Hadar 1115 4.9 

6 Montevideo 899 2.2 6 Kentucky 829 3.6 

7 Agona 873 2.1 7 Reading 811 3.6 

8 Thomps'on 732 1.8 8 Montevideo 801 3.5 

9 Braenderup 715 1.8 9 Agona 737 3.2 

10 Javiana 696 1.7 1 0 Sen fl en berg 615 2.7 

Sub-total 28223 69.2 Sub-total 14921 65.5,. 

Total Isolates 40778 Total Isolates 22774 

* 'I yphimunum includes var. Copenhagen 

** Choleraesuis includes var. Kunzendorf 

Table 7. Most Common Serotypes Isolated in Meat and Bone Meal 

S. montevideo 
S. cerro 
S. senftenberg 
S. johannesburg 
S. arkansas 

S. infantis 
S. anatum 

S. ohio 
S. oranienburg 

S. livington 

Nagaraja- U. of Minnesota 1978-89 

Table 8. Cattle Isolates in Meat and Bone Meal Over Two Thousand Positive Samples 

S. typhimurium -1 

S. dublin - 0 

Nagaraja- U. of Minnesota 
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Table 9. Salmonella Isolates in Feed and Protein Supplements 

S. typhimurium -14 

S. dublin - 0 

S. typhimurium - 7 

S. dublin - 0 

Feed - 761 serotype isolations 

Protein Supplements -1373 
serotype isolations 

NVSL- 1980-89 

The Relevance of Salmonella Contamination in Animal Protein, 
Emphasis Meat and Bone Meal 

,; 

This review limits a comprehensive analysis or evaluation of the relative significance of 
Salmonella contamination in animal protein material used in livestock feeds, and the 
epidemiological inferences to the food chain and public health. Nonetheless, several important 
research findings will profile the limited or negligible impact of properly controlled/proce~ed 
animal protein to disease causation in livestock or man. 

There is no consensus among investigators working with salmonellosis that contaminated feed 
is the basis for much of most of the Salmonella outbreaks in the United States. Opinions vary, 
but it is generally conceded that several modes of transmission are involved, and that control 
and prevention is a complex and challenging undertaking. In reality, bias toward a major 
transmitting cause is ill-advised because of the continued emerging epidemiology, and the 
new dirpensions of technology, including diagnostic acumen and research initiatives. 
Gangarosa et al. reported on the comparison of man vs. animal feeds as the source of human 
salmonellosis. This was used to support the theory by the Centers for Disease Control (CDC) 
investigators that an animal feed infected animal - contaminated food-man cycle is a 
significant part of the etiologic equation (14). 

The feed-source side of the controversy gained impetus during an international outbreak of 
salmonellosis due to S. agona. During routine surveillance of imported animal protein meals, 
this serotype was isolated from Peruvian fish-meal samples. It was later found in poultry and 
swine that consumed feed containing the fish-meal from Peru. Within 2 or 3 years, this 
serotype was among the top ten of human isolates in many of the countries that used the 
fish-meal, without any other documented source as contributory. (15, 16, 17) This was a major 
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implicating epidemiologic profile that gave the animal protein association a case for causal 
consideration. 

A thorough assessment of research findings should not dispute the need to examine every 
potential factor that could contribute to Salmonella contamination, but the prevailing evidence 
does not support a strong animal protein association. Although this medium cannot present a 
comprehensive analysis of research findings, several significant reports will amplify the safety 
of animal proteins as components of animal feed. 

Sutton et. al performed experimental procedures to determine the effect of meat and bone 
meal inoculated with Salmonella choleraesuis boiser Kunzendorf on Salmonella colonization 
in the intestinal system and health of the weanling pig. The meat and bone meal was 
inoculated at approximately 30 organisms per 100 grams and fed at an 8% level of the diet. 
At the termination of the experiment, the pigs were euthanized to obtain intestinal contents 
from the stomach, small intestine, cecum, and colon. None of the experimental pigs fed the 
inoculated meat and bone meal tested positive for Salmonella after repeated fecal samplings. 
(18) 

Schwartz (19) reported that Salmonella choleraesuis is species-adapted and is rarely isolated 
from sources other than swine tissues. Feedstuffs are not likely sources of this organism. 
Refer to table 4, S. choleraesuis, the most frequently identified serotype in swine, July 1990 
to June 1991, and table 5, in which S. choleraesuis was the third to the fifth most frequently 
identified serotype during the period 1 986 -1 991 . Compare this to table 6, and the serotype 
ranking of choleraesuis as the fourth most frequently identified serotype of all non-hurltan 
isolates at 4.9% of the total. Relate the findings to table 7, in which S. choleraesuis was-f\Ot 
ranked as a most common serotype in meat and bone meal. ' ·"-:. 

In cattle, the two most common serotypes are S. dublin and S. typhimurium accounting for 
nearly 90% of infections. (20) Reference table 7, the most common serotypes isolated from 
meat and bone meal at the University of Minnesota, and neither of these serotypes are listed. 
Adjunctly, these same researchers found only one isolate of S. typhimurium in over two 
thousand positive samples, and none for S. dublin. The National Veterinary Services 
Laboratory during the period 1980-89, reported Salmonella isolates in feed and protein 
supplements. (Table 9) Of 761 feed samples, S. typhimurium was isolated in 14 samples, and 
in 7 of 1373 protein supplements. In none of these 2134 samples was S. dublin isolated. 

Of the utmost epidemiologic interest is the emergence of S. enteritidis (SE) infections as a 
major public health problem starting in 1987, with outbreaks related to the consumption of 
improperly cooked eggs or egg products. Investigators pursued the potential role of feed and 
animal protein ingredients in salmonellosis due to S. enteritidis, even though SE has never. 
been isolated in feed and meat and bone meal in extensive surveys of over thirty thousand 
samples performed by every sector interested in control strategies, including FDA scientists. 
A new dimension in the causal association is the possible role of rodents, especially mice, in 
the SE complex. 
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Refer to table 6, S. enteritidis identified as the number one isolate in both humans (21.1 %) 
and non-human (13.9%) in 1990. Compare to table 7, S. enteritidis was not identified as one 
of the 10 most frequently isolated serotypes in meat and bone meal samples. 

U.K. testing for salmonella has produced data in which fish meal and full fat soybean were 
much more frequently contaminated than meat and bone meal. (Table 10) 

Table 10 
Salmonella Contamination of Feed Materials is not Confined to Materials of 
Animal Origin (Wilson, S. pers. comm. 1989) 

Samples Percent Data 
Ingredient Tested Salmonella Source 

Positive 
C~reals 1026 0.9 a 
Sunflower meal 496 6.4 a 
Full fat soya 339 19.8 a 
Soya Bean (ext) 1167 2.7 a 
South American 
fishmeal 151 13.2 a 
South American 
fishmeal 1215 23.4 b 
Meat and bone meal 120 3.0 c 
a) Data compiled from 6 maJor UK feed companies during 1984-1987. 

b) Ministry of Agriculture, Fisheries & Food 1982-1985. 

c) Data from daily test conducted during 1988 by UK's largest producer of 
meat and bonemeal (representing approximately 50% of UK production). 

Extensive research has also been done on the inclusion level of commonly used raw material 
. in feed rations and the percent incidence of salmonella contamination. (Table 11 ) This table· 

shows the greatest risk of the feed ration salmonella contamination to be from the soybean 
component, and that fish meal presents a risk three times as great as meat meal. (22) 
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Table 11 
The Relative 'Risk' of Salmonella Contamination from commonly used Raw Materials 

Inclusion % incidence of 'Risk 
level salmonella Factor' 

contamination 
Cereals 66.9 0.9 0.602 
Soybean 24.9 2.7 0.672 
Fishmeal 2.2 13.2 0.290 
Meat meal 3.0 3.0 0.090 
Fat 0.8 
Mins. & Vits. 2.2 

NOTE: 

The risk of this diet being contaminated by salmonella present in fishmeal is THREE times 
greater than from meat meal. 

The risk of this diet being contaminated by salmonella present in EITHER cereals OR 
soybean meal is SEVEN times greater than from meat meal. 

SALMONELLA CONTAMINATION CAN BE ELIMINATED BY THE ADDITION OF 
ONE PERCENT FORMIC ACID TO DIETS. BUT, THIS MAY HAVE AN ADVERSE 
EFFECT ON VITAMIN STABILITY. 

A summary of the problem could be reviewed through comments made by the Director, 
Division of Animal Feeds, FDA. (21) 

"Salmonella contamination was first reported in animal feed in 1948. From the time 
. salmonella was demonstrated in feed, efforts have been made to control and eliminate the 
sources. In 1967, FDA published _a guidance program for renderers that included GMPs. 
Between 1967 and 1972, increased surveillance of the rendering industry and enforcement 
actions did not significantly reduce salmonella in animal feeds. Salmonella Task Forces in 
1973, 1975 and 1978 confinned the presence of salmonella in feed but doubted that 
elimination of salmonella from animal feeds would reduce the incidence of human 
salmonellosis and that the cost/benefit ratio did not warrant the expenditure of resources 
except on a for-cause basis ... Finally, there is no scientific evidence to support the link 
between salmonella in feed, disease in animals, and disease in humans." 

A final comparison with important epidemiologic and public health inferences shows that only 
two non-human serotypes, S. montevideo (3.5%) and S. sentenberg (2.7%), and only one 

32 



I 
I 
I 
I 

human serotype, S. montevideo (2.2%), (Tables 6 and 7) were among the most common 
serotypes isolated in meat and bone meal. In retrospect, the salmonellosis spectrum is 
puzzling and mandates a co-operative relationship at national and international levels, if our 
control and prevention strategies are going to succeed. 
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RENDERERS BYPRODUCTS AS ECONOMICAL SOURCES OF ESCAPE PROTEIN 

TERRY KLOPFENSTEIN 
University of Nebraska-Lincoln 

The value of Animal Protein Products for ruminants is based primarily on the bypass (or escape) 
value of the protein in these sources. Bypass protein is that protein which escapes (or bypasses) 
digestion in the rumen. This protein is then digested in the lower tract of the animal and 
absorbed as amino acids to be used for productive functions. The animal has two sources of 
protein to use for these functions: bypass protein and microbial protein. We must always be 
aware of the significant role that microbial protein plays in meeting the animal's needs 
(Burroughs et al., 1974). In many cases, such as finishing cattle, the microbial protein is 
sufficient to meet the animal's needs. When the microbial protein is inadequate, the only way 
to supply additional protein to the animal is with bypass protein. Therefore, the value of a 
protein spurce for ruminants is highly dependent upon its bypass value. Most proteins are 
bypassed to some extent, but some bypass more than others. Protein broken down in the rumen 
supplies ammonia which can be supplied cheaper by urea. 

Growing calves and lactating cows have high protein requirements and usually require some 
bypass protein to make maximum performance (NRC, 1985). They offer the best opportunity 
for use of high bypass protein sources. 

Accurate evaluation of protein is absolutely neces~ary before systems of meeting ruminant protein 
requirements can be used with confid.ence. Estimates of the bypass values for protein sources 
can be made from laboratory analyses or by directly measuring bypass of a protein source with 
intestinally fistulated animals. While these values are useful as supporting evidence, animal 
growth or production is the best way to obtain these bypass values. 

In growth trials, it is absolutely essential that proteins be compared below the animal's protein-:. 
requirement. Otherwis_e, protein is not the first limiting nutrient and valid comparisons cannot 
be made. Blood meal compared to soybean meal, meets the animal's protein requirement 
(maximum gain) with about 40% as much supplemental protein (Figure 1). Therefore, blood 
meal is worth 2.5 times as much, per unit of protein, as soybean meal. Intestinally fistulated 
cattle studies and lab analyses support this value. Blood meal just does not degrade in the rumen 
while soybean meal protein is about 70% degraded. These growth response data are supported 
by estimates of bypass made with intestinally fistulated cattle (Loerch et al., 1983; Stock et al., 
J986). !ffg\l~W 

Feathers are a keratinous protein source of low nutritional value in their native state. Steam and 
pressure processing increase protein availability. Even though the protein in processed feather 
meal is highly digestible, its use in monogastric diets is limited due to amino acid deficiencies. 
As a result, feather meal is priced at about the same price as soybean meal but it contains twice 
the level of protein. 

Results from a digestion study (Table 1) indicate no differences in dry matter or total tract 
nitrogen digestion as affected by ur.ea, soybean meal; blood meal, corn gluten meal or feather 
meal supplementation. These data show that feather meal protein is as digestible as the other 
protein sources (Goedeken et al., 1990a). Laboratory estimates support high protein escape. 
Performance of steers in a growth trial (Figure 2) indicates that calves consuming blood meal, 

37 



., 
' 

-----------------------------------------"""== 

feather meal and the combination gained faster than steers fed soybean meal. The improved 
protein efficiency for the combination of blood meal and feather meal compared to either fed 
alone may be due to sulfur amino acids supplied by the feather meal and lysine and/or other 
amino acids, supplied by blood meal. These data indicate that feather meal protein is highly 
bypassed, is digestible and can be utilized in growing ruminant diets. The utilization of the 
protein may be increased when fed in combination with blood meal possibly due to a 
complementary effect of amino acids. 

Table 1. Intake and digestion by lambs of diets containing urea, soybean meal, 
blood meal, corn gluten meal or feather meal (Goedeken et al., 1990a) 

Item 

Dry matter intake, lb/day 
Dry matter digestion, % 
N intake, lb/day 
N digestion, % 

nig9r~4 

Urea 

1.7 
54.6 

.03 
67.3 

Soybean 
meal 

1.7 
56.2 

.03 
66.6 

Blood Corn gluten Feather 
meal meal meal 

1.6 1.7 1.7 
58.5 58.8 57.1 

.03 .03 .03 
65.8 67.1 68.4 

Pure feather meal normally contains 90% crude protein and 3 to 5% fat. Processi'ng methods 
affect quality of feather meal and raw feathers may contain blood, heads, and offal. Blood 
contamination .causes little alteration in protein as both have similar protein contents. If all the 
blood from poultry slaughter is available, it will amount to about 10% of the dry weight of the 
feathers. The blood may be added before or after feathers are hydrolyzed. While hydr(}lysis is 
necessary to make feathers nutritionally available to animals, hydrolyzing blood may redl.lce its 
nutritional value due to damage of the protein. ~ 

--

A dacron bag trial was conducted to determine the bypass value of feather meal with blood added 
before or after hydrolysis. Protein sources included soybean meal and feather meal without 
blood, ring dried poultry blood meal and two mixtures of 45% feathers and 55% raw poultry 
blood. Feathers and blood were either combined before or after steam hydrolysis of feathers. 
On a dry basis, the mixtures contained about 33% blood. 

Bypass protein· of feather meal was greater than soybean meal but less than blood meal (Table 
· 2). Adding raw blood to feathers and hydrolyzing together did not increase bypass above that 

of feather meal without blood. Adding blood after hydrolysis increased bypass compared to 
feather meal. Total tract protein digestibility was similar for all sources and the mixture of blood 
and. feathers when blood was not hydrolyzed. Protein digestibility of the blood and feather 
mixture was lower than the other treatments when the blood was hydrolyzed with the feathers. 
The reduced digestibility probably is a result of damage to blood protein during the hydrolysis 
process. Net bypass is an estimate of digestible protein presented to the small intestine. 
Hydrolyzing blood with feathers resulted in a 15% reduction in net bypass compared to blood 
added after hydrolysis. 
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Table 2. Effect of hydrolyzing blood with feathers on protein bypass and 
digestibility (Goedeken et al., 1990b) · 

Protein source Bypass3 Digestibilityb Net bypassc 

Soybean meal 26d lOOe 
Blood+ raw feathers 76e 87d 

hydrolyzed, ring dried 
82f Blood + hydrolyzed feathers 96e 

then ring dried 
Blood meal 90& lOOe 
Feather meal 73e 96e 

aBypass determined as percentage of protein remaining after 12 hours of 
ruminal incubation in dacron bags. 
~otal tract digestibility determinea in lambs. 
cNet bypass = Bypass minus indigestibility. 
d,e,r,gMeans within columns with unlike superscripts differ (P<.07). 

26 
63 

78 

90 
69 

Since blood meal is more than twice the cost of feather meal, it would be advantageous to know 
the minimum amount of blood meal required to maintain economical and biological efficiency 
when using feather meal. A growth trail was conducted to determine if small additions of glood 
meal to feather meal would result in protein efficiencies greater than that obtained when feather 
meal is used as the sole escape protein source. 

The urea control calves gained .84 lb/day while maximum gain due to protein supplementation 
was 1.56 lb/day. The most efficiently used protein supplement was 100% blood meal (Figur& 
3). No differences in protein efficiency were observed among the supplements containing. the 
various combinations of blood and feather meals. Relative to the supplement containing only 
feather meal, all combinations yielded significantly higher protein efficiencies. A complementary 
relations!lip between blood meal· and feather meal (Figure 4) existed. A 59%, 23%, and 4% 
improvement in protein efficiency relative to the 100% feather meal and 100% blood meal 
supplements were obtained when 12.5%, 25%, and 50% blood meal were added, respectively. 
B!@.9r~ ~ ~n8':s!g9.f~ ~ 

If all the blood from poultry slaughter is available, it will amount to about 10% of the dry weight 
of the feathers .. Based on this, use of feather meal with that amount of blood would be an 
advantageous option. However, it is important that blood be added after feathers are hydrolyzed 
because of detrimental effects on blood meal protein digestibility and net bypass if blood is 
subjected to hydrolysis along with raw feathers. It is important for the producer and ·nutritionist 
to be aware of the processing method used when formulating supplements containing feather 
meal. 

Protein efficiency was maintained when amounts equal to 12.5% and 25% blood meal were 
added to feather meal compared to 50% addition. Formulation of protein supplements containing 
feather meal can be made more economical without compromising biological efficiency by using 
relatively small amounts of blood meal. 

Feather meal is a good source of bypass protein for ruminants. The complementary effects of 
blood meal when added to feather meal indicate blood meal supplies an amino acid(s) that is 
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lacking in the feather meal. Meat and bone meal and blood meal contain similar levels of many 
of the essential amino acids. Because meat and bone meal is cheaper per unit of protein and has 
a high level of phosphorus, it would be economically favorable if it had the same complementary 
effect as blood meal when combined with feather meal. 

Previous University of Nebraska research suggests that tryptophan is preferentially degraded in 
the rumen and is possibly the first limiting amino acid for growing calves when fed these 
supplements. Promate T is a source of rumen protected tryptophan that can be added to supply 
tryptophan post-ruminally. 

Objectives of a series of trials were to: (1) determine if meat and bone meal would supply the 
. same complementary effect as does blood meal when supplemented with feather meal; (2) 
determine if tryptophan is the first limiting amino acid in meat and bone meal and feather meal; 
and (3) study the effect of source of raw material on the value of meat and bone meals. 

A preliminary laboratory experiment was conducted to determine the protein degradability of . 
meat and bone meal made from several sources of raw materials ... deadstock, viscera, viscera and 
bones, and bones. Protein degradation in the rumen was estimated using the dacron bag 
procedure. 

Bypass protein of meat and bone meal was higher for material made from bones than that made 
from viscera or deadstock (Table 3). The high ash content decreases the percent of crude protein 
in meat and bone meal made from bones. While not determined, the calcium and phosphorus 
content of this meat and bone meal would be expected to be higher than that made from viscera 
or deadstock. 

Table 3. . Meat and bone meal dacron bag protein degradabilities (Gibb et al., 
1992) 

Sources Crude protein % dry matter Protein bypass %3 

Soybean meal 45.3 28.lb 
Deadstock 54.1 43.6c 
Viscera 51.2 42.0c 
Viscera and bones 46.3 49.9d 
Bones 39.0 59.8e 

3 12 hour. 
b,c,d,eNumbers in the same column with different superscripts differ (P<.01). 

~ 
·~-

In a growth trial, a combination of feather meal and meat and bone meal, fed as 50% of the 
supplemental protein resulted in the highest numerical daily gains indicating protein was limiting 
in the other treatments (Table 4). Other than the 75% meat and bone meal, 25% feather meal 
combination, all escape protein supplements resulted in better daily gain than the urea control 
~al~es.. Inclusions of meat and bone meal to feather meal linearly decreased daily gains 
md1catmg no complementary effect between the two. Apparently an amino acid(s) limited 
growth of the calves. 
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Table 4. Performance of calves fed meat and bone meal and feather meal 
combinations (Gibb et al., 1992) 

Supplement3 Daily gain, lb Daily feed, lb 

Urea 1.21 14.0 
100% feather mealb 1.43 14.0 
75% feather meal 25% meat 1.38 14.0 

and bone meal 
50% feather meal 50% meat 1.38 14.0 

and bone meal 
25% feather meal 75% meat 1.27 14.0 

and bone meal 
100% meat and bone meal 1.33 14.0 
Soybean meal 1.31 14.0 
High level 50/50c 1.48 14.0 

aFed to supply 35% of the supplemental protein, remainder from urea. 
bDacron bag bypass: meat and bone meal 75%. feather meal 56%, protein 
digestibility: meat and bone meal 87%, feather meal 91 %. 

Feed/gain 

11.6 
9.8 
10.1 

10.2 

11.0 

10.6 
10.7 
9.5 

c50% feather meal and 50% meat and bone meal fed at 50% of supplemental protein. 

In another growth trial, feather meal was utilized more efficiently than soybean meal' with meat 
and bone meal being intermediate (Table 5). There was no complementary effect of meat and 
bone meal when added to the feather meal. Plasma tryptophan levels were higher (Table 6) in 
calves receiving Promate T indicating more tryptophan was available for protein synthesis. 
Feeding Promate T numerically increased efficiency of all supplements except the meat arn:Lbone 
meal:feather meal combination (Table 5). There is no explanation for the decrease in effici~ncy 
of the combination when supplemented with tryptophan. Considering the small increase\!!! 
efficiency (excluding the combination) with the elevated plasma tryptophan levels, it is possible 
tryptophan may have been slightly limiting and that a co-limiting or second limiting amino acid 
restricted further improvements. The increase in plasma tryptophan due to supplementation 
indicates levels were more than adequate to meet protein synthesis requirements. It appears that 
another amino acid(s) is limiting the efficiency of utilization of feather meal and meat and bone 
meal combinations. 

Table 5. Protein efficiency values of feather meal and meat and bone meal 
with and without tryptophan (Gibb et al., 1992) 

Protein efficiency• 

Protein source 

Feather meal 
Meat and bone meal 
Combination 
Soybean meal 

Without tryptophan 

l.38b + .12 
.82c + .20 

l.17bc + .39 
.47c + .26 

aAdditional gain above the urea controls per unit (lb) of protein 
supplied above the urea controls. 

With tryptophan 

l.49b + .19 
l.16bc + .31 

.38c + .32 

.1gc + .19 
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b,cValues in the same column with different superscripts differ (P<.05). 

Table 6. Plasma tryptophan levels, µg/ml (Gibb et al., 1992) 

Protein source Without tryptophan With tryptophan• 

Feather meal 1. 31 
Meat and bone meal 1.21 
Combination 1.19 
Soybean meal 1.50 
Urea 1.35 

"Effect of adding tryptophan, P = .04. 

1.47 
1.37 
1.36 
1.88 
1.44 

Growth responses to meat and bone meal have been variable and may reflect the wide variety 
of tissues that go into making it. The protein content of meat and bone meal can be a reflection 
of the different.tissues making up the meal. Generally, increasing bone content of meat and bone 
meal decreases protein which is quite low in essential amino acids, and depending on the tissues 
used, can make up a high percentage of meat and bone meal protein. It is possible that by 
adding a high-quality protein such as blood meal with meat and bone meal, protein quality may 
be enhanced by supplying amino acids limiting growth in meat and bone meal. 

A growth trial was conducted to determine if including a small amount of blood meal•with meat 
and bone meal would improve efficiency of protein utilization. Although increasing levels of 
blood meal in the supplement linearly increased average daily gains, 'there was no complementary 
affect on protein efficiency between blood meal and meat and bone meal (Table 7). It appears 
there is no advantage in adding blood meal to meat and bone meal supplements. -iot 

Table 7. Growth response to proteins (Gibb et· al., 1992) 

Protein source ADGb (lbs) Efficiency 

Urea .74 
Blood meal 1.16 1.66c 
Meat and bone meal 1.03 1.31 cd 
90:10• .94 .92d 
80:20 .95 .96d 
70:303 1.02 1.2lcd 

"Ratio of meat and bone meal protein to blood meal protein. 
bLinear response to added blood meal to meat and bone meal (P<.01). 
c,dValues in the same column with different superscripts differ 
(P<.05). 

Finally the three way combination of blood meal, meat and bone meal and feather meal was 
tested in a growth trial. The objective was to determine the minimum levels of blood meal 
necessary to feed with meat and bone meal and feather meal mixtures (1/3:2/3 and 2/3: 1/3) in 
order to obtain an optimum complementary effect. 

Protein efficiency was determined for each product combination using the urea treatment as a 
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control. The average supplemental .natural protein intake of calves consuming the urea control 
was subtracted from the. supplemental natural protein intake of each calf in the remaining 
treatments. The ADG above the urea control was determined for each calf consuming a bypass 
protein source. The protein efficiency is measured by the units of supplemental natural protein 
required to give each additional unit of gain. 

Urea control calves gained 1.00 lb/day, while the greatest ADG due to protein supplementation 
was 1.44 lb/day for the 100% blood meal treatment. Blood meal promoted the greatest protein 
efficiency (1.88) and the 2/3 meat and bone meal, 1/3 feather meal mixture the lowest at .68. 
An increase in protein efficiency was observed by adding 10% and 20% blood meal to the 1/3 
meat and bone meal, 2/3 feather meal treatment. 

Laboratory analysis indicated protein bypass levels of 86% for blood meal, 43% for meat and 
bone meal and 71 % for feather meal. The greater growth response to blood meal resulted from 
a larger concentration of high quality protein able to escape rumen degradation. The efficiency 
of bypass protein use is determined by the units of bypass protein needed for each additional unit 
of gain. This analysis.eliminates response differences due to the bypass protein concentrations 
of the supplements (Figure 5). Both combinations of 2/3 meat and bone meal, 1/3 feather meal 
and 1/3 meat and bone meal, 2/3 feather meal reached a bypass protein efficiency nearly equal 
to that of 100% blood meal when each was fed with 20% blood meal. f;]gtjf~ g 
These data suggest 20% of the supplemental natural protein from blood meal enhances the 
protein efficiency of meat and bone meal, feather meal combinations, although: the protein 
efficiencies were not statistically different. Furthermore, if the bypass fraction of meat and bone 
meal could be increased through improved methods of processing, the performance response in 
growing calves would likely be higher, when fed in combination with feather meal and small 
amounts of blood meal. ""' 

Calves weaned in the fall are often pastured on protein deficient, dormant native range or 
cornstalk fields, or fed grass hay throughout the winter. Supplemental rumen degradable arid 
escape protein are essential for microbial activity and cattle growth during this time. Feather 
meal is an excellent source of escape protein for growing calves. However, palatability, feeding 
level, possible combinations with rumen degradable sources, and method of supplementation are 
issues of concern. Therefore, a trial was conducted to detennine: ( 1) the maximum level of 
feather meal that can be used in a supplement for growing calves; and (2) whether urea or a 
rumen degradable plant protein is more desirable to be fed with feather meal. Range· cubes are 
a popular method of supplementing pasture cattle, therefore the pelleting characteristics of feather 
meal were studied to determine if it could be incorporated at high levels into cube supplements. 

Although this trial was conducted in a feedlot, a protein deficient roughage diet consisting of 
20% prairie hay, 30% corn cobs, and 35% sorghum silage was fed to all pens ad libitum to 
simulate a winter range grazing situation (Hollingsworth et al., 1991). The cube supplements 
were formulated to comprise about 15% of the diet supplying .8 lb of protein/hd/day. Sunflower 
meal was used as an economical source of rumen degradable protein and carrier for other 
ingredients. It could then be compared to urea using soyhulls as a carrier. The cubes were fed 
at two lb/hd/day except the 100% sunflower supplement which was fed at 2.3 lb/hd/day to supply 
the same amount of crude protein as the other supplements. Cubes were fed in one end of the 
bunk while the roughage was always maintained ad libitum at the opposite end. Sufficient bunk 
space was available so all calves had access to both cubes and roughage at the same time. 
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No consumption problems associated with the addition · of feather meal were 
observed.Observations of cattle being supplemented revealed that cattle on sunflower meal 
combinations cleaned the bunks immediately. Those on urea combinations took three or four 
hours to finish the cubes and the urea control cattle took all day. 

Cubing proved to be a convenient method of supplementing after some experimentation with the 
amount of pellet binder. With feather meal, more binder was needed to maintain cube quality. 
Winter range is deficient in trace minerals, phosphorus and vitamin A as well as protein. The 
range cube provides a means of delivering these nutrients in small quantities in addition to the 
protein. Supplementing with an escape protein source such as feather meal in addition to urea 
or a rumen degradable protein source on winter pasture can support microbial activity and cattle 
growth before spring grazing or feedlot finishing. Feather meal appears to be an acceptable 
protein source for use in calf cubes. Cube quality could be maintained, acceptability by the cattle 
was not a problem, and feather meal reduced the total feed cost per lb of gain. 

Current estimates of escape protein in the animal protein sources we have discussed are 
presented in Table 8. The values are based on literature values using intestinally fistulated 
animals and growth studies where protein was demonstrated to be limiting. Generalized values 
relative to soybean meal have been developed. 

Table 8. Bypass estimates of protein sources 

% Protein escape (bypass)3 

Protein source 

Soybean meal 
Blood meal, ring dried 
Blood meal\ old process 
Meat meal 
Feather meal 
Fish meal 

aFrom Poos-Floyd et al., 1985. 
bValue relative to SBM. 

Duodenal 
collection 

24.6 
82.4 

63.9 

68.0 

Animal 
growth 

30 
84.6 

61.8 
68.0 

cvalue based on reduced protein digestibility in nonruminants. 

Soybean meal 
equivalent 

valueb 

1.0 
2.5 
2.0 
2.0 
2.0 
2.0 

Three computer formulated rations are shown in Table 9. An all natural 40% protein 
supplement using SBM is shown which had ingredient costs of $180/ton. A comparable 
supplement using blood meal and feather meal costs $130/ton. If our assumptions are correct, 
the two supplements are equal in feeding value (Klopfenstein et al., 1985). A supplement using 
bypass sources meat meal, blood meal and feather meal, cost $128/ton. The meat and bone meal 
is an excellent source of phorphous which reduces the supplement cost. 
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Table 9. Soybean meal equivalent supplements 

Blood meal/ 
Blood meal/ feather meal/ 

Ingredient Soybean meal feather meal meat meal 

Soybean meal 88.8 
Blood meal 1.8 1.4 
Feather meal 10.1 8.2 
Sunflower meal 83.4 83.6 
Meat meal -- 3.5 
Midds 8.8 8.8 
Urea 2.7 2.7 
Di cal 2.4 .9 
Limestone 1.1 .6 
Price/ton 180 130 128 

Price: Soybean, $189; Blood meal, $390; Feather meal, $275; 
Sunflower, $105; Meat meal, $233; Midds, $120 and Urea, $145. 
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Figure 2. Regression of gain protein intake for growth study. The resulting slopes (numbers 
on graph) are the protein efficiencies from the growth study. Standard errors of 
treatment means were .228 for soybean meal, .374 for blood meal, .227 for feather 
meal and .296 for blood meal +feather meal (Blasi et al., 1991). 
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Figure 4. Complementary effect of feather meal-blood meal combinations (Blasi et al., 1991). 
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Figure 5. Protein efficiency of supplementaJt bypass protein use versus level of protein from 
blood meal. Slopes do not differ (P<.05). Standard errors for treatment means were .33 for 
100% blood meal; .52 for 2/3 meat and bone meal,· 113 feather meal; .63 for 2/3 meat and 
bone meal, 1/3 feather meal, 10% blood meal; .23 for 2/3 meat and bone meal, 1/3 feather 
meal, 20% blood meal, .49 for 1/3 meat and bone meal, 2/3 feather meal; .36 for 1/3 meat 
and bone meal, 2/3 feather meal, 10% blood meal; .30 for 1/3 meat and bone meal, 2/3 
feather meal, 20% blood meal. 
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FEEDING WET DISTILLERS AND GLUTEN FEED TO RUMINANTS 

INTRODUCTION 

T. J. Klopfenstein and R. A. Stock 
Department of Animal Science 

University of Nebraska 

Distillers Dried Grains plus solubles (DOGS) have been commonly used as protein sources for 
ruminants and non-ruminants. Gluten feed from the wet milling industry has been used to supply 
both energy and protein for ruminants. The production of DOGS and gluten feed is increasing 
as more ethanol is used for fuel. 

Because drying requires fuel energy, feeding wet distillers byproducts and wet gluten feed has 
been studied as a means of reducing this energy and economic cost. Perishability of the 
byproducts and transportation costs are important considerations when feeding wet byproducts. 

Finally, the effects of drying on the nutritional value of DOGS continues to be debated (Van 
Soest and Sniffen, 1984; Britton et al., 1986; Chase, 1987; Klopfenstein, 1987; Van Soest, 1989; 
Weiss et al., 1989). Undoubtedly, severely damaged DOGS have lower feeding values 
(Klopfenstein, 1991) but these types of damage do not routinely occur. Criticism of heat damage 
in DOGS continues- but may be unwarranted. .. 

We have conducted a series of experiments to study 1) the feeding of distillers byproducts as 
an energy source to feedlot cattle, 2) the effects of drying on the feeding value of distillers 
byproducts and 3) the feeding value of wet com gluten feed. _. 

WET DISTILLERS BYPRODUCTS EXPERIMENTS 

Because of the high moisture content, transportation of wet byproducts is expensive and the 
byproducts will mold readily. Therefore, it is necessary to feed wet byproducts where a large 
concentration of cattle exists, such as beef feedlots. Feeding distillers byproducts as both a 
protein and energy source in feedlot diets would enable the byproducts to be used rapidly. 

Distillers byproducts (wet grains and thin stillage) were produced at the University of Nebraska's 
farm-scale alcohol plant and transported, every other day, to the beef feedlot. Fermented com 
1J1ash was screened and pressed, separating the solids (wet grains) from the liquid. The liquid 
fraction was distilled, removing the alcohol ano forming the byproduct thin stillage. For each 
distillation, the byproducts were weighed, sampled, and measured for DM content. The ratio of 
wet distillers grains:thin stillage production (DM basis) was computed monthly and diets were 
altered accordingly, Samples were composited weekly and analyzed for CP. Trial composites 
were analyzed for DM, CP, starch, NDF, fat, ash and ethanol. 

In general, fermentation and distillation removed the com starch, which concentrated the 
remaining nutrients (Table 1). Crude protein content of thin stillage produced in our plant (19%) 
was lower than typical values (26 to 29%). The wet distillers byproducts (WDB) may not be 
typical of dry distillers grains and solubles produced from commercial dry milling plants. The 
WDB used in these trials contained more starch arid ethanol and less protein than literature values 
reported for dry distillers grains plus solubles. In addition, the increased starch content of WDB 
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suggests less starch was converted to alcohol than would be expected in normal commercial 
operations. The mean production ratio (DM basis) of wet distillers byproducts (wet grains:thin 
stillage) during the yearling trials was 1.65:1 and 1.70:1 during the calf trials, compared to the 
mean feeding ratio of 1.67:1 and 1.81:1 for the yearling and calf trials, respectively. Dry matter 
content (includes ethanol) of the byprodgcts was 31.4% (wet grains) and 5.0% (thin stillage) and 
was variable (wet grains mean coefficient of variation (CV) = 9.5%; thin stillage mean CV = 
21.2%). 

Table 1. Corn and wet distillers byproduct composition, % of DMa. 

Nutrient Corn Wet grains Thin stillage WG:TSb 

Starch 
Crude protein 
NDF 
Fat 
Ash 
Ethanol 

Dry matter 

70.3 
10.1 
10.9 
3.8 
1.4 

. 86.8 

9.0 
25.0 
39.4 
13.7 

1.4 
10.7 

31.4 

a Average of yearling and calf trials. 

22.0 
16.8 
i 1.7 
8.1 
5.9 

12.2 

5.0 

bWG:TS = 1.68 wet grains:l thin stillage (production ratio), DM basis. 
clncludes ethanol. 

13.9 
21.9 
29.1 
11.6 
3.1 

11.3 

21.5 
,; 

Two finishing trials were conducted, beginning in May of 1990 and 1991, using 80 crossbred 
yearling steers per trial (Year 1, body weight= 697 lb; Year 2, body weight= 748 lb). ~S.t~ers 
were randomly allotted to eight pens (two pens/treatment/trial). Treatments consisted of a control 
and 5.2, 12.6, and 40.0% (of diet DM) WDB. The proportion ·of wet distillers grains:thin stillage 
was constant among WDB levels and based on the ratio of byproduct production. All diets 
contained 5% corn silage and 5% alfalfa hay. The control diet contained 79% dry rolled corn, 
5% molasses, and 6% supplement. Supplemental protein for the control diet was a 50:50 
combination (CP basis) of soybean meal and urea. The low level (5.2%) of WDB replaced the. 
same amount of CP as supplied by soybean meal in the control diet. The medium level (12.6%) 
of WDB replaced the same amount of CP. as supplied by soybean meal and urea in the control 
diet. The high level (40.0%) of WDB replaced all of the soybean meal and urea CP, arid a 
portion of the corn. Thus, 40% WDB was used as both a source of CP and energy. Diets were 
balanced for 12% CP (40% WDB diet contained 15.5% CP), .70% calcium, .35% phosphorus, 
and .70% potassium and contained 25 g/ton Rumensin and 10 g/ton Tylan (DM basis). Steers 
were adapted to the final diets in 21 days using four step-up diets containing 45 (3 days), 35 (4 
days), 25 (7 days), and 15% roughage (7 days; DM basis). Roughage was a mixture of corn 
silage and alfalfa hay with corn silage assigned a value of 50% roughage. Wet distillers grains 
were mixed in all diets; however, because of the high moisture content of thin stillage (95.5% 
moisture), thin stillage was mixed in diets containing 5.2 and 12.6% byproducts and offered as 
the source of drinking water at the 40% byproduct levet When steers had consumed their 
allotted thin stillage, water was available ad libitum. Cattle were implanted with Compudose, 
fed once daily, and housed in an open-front confinement barn. 
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Two finishing trials were conducted, beginning in November of. 1990 and 1991, using 80 
crossbred steer calves per trial (Year 1, body weight= 603 lb; Year 2, body weight= 615 lb). 
Experimental treatments and procedures for the calves were the same as the yearlings with the 
following exception; the caff control supplement contained soybean meal as the only 
supplemental protein source (no urea). The trial was initiated approximately 30 days after arrival 
at the feedlot, at which time the calves were implanted with Compudose. Calves were fed for 
194 and 181 days in 1990 and 1991, respectively. Adaptation to the final diets, feeding, initial, 
weighing procedures, and carcass measurements were performed as in the yearling trials. 

Both yearlings and calves responded similarly (Table 2) to WDB. No interactions (P>.1) 
between years in cattle performance were detected among WDB levels, therefore, data were 
pooled across years within yearling and calf trials. As level of WDB increased, cattle consumed 
less DM (linear, P<.01), gained faster (linear, P<.1) and were more efficient (linear, P<.01) than 
the control cattle. Fat thickness at slaughter did not differ among treatments and averaged .53 
inches for yearlings and .54 inches for calves. Liver abscess score was not statistically different 
among treatments; however, there were three severely abscessed livers from cattle fed the control 
compared to 0 for cattle fed 40% WDB. Quality grade of yearlings did not differ among 
treatments (average= 70% choice), while calves fed WDB graded higher (linear, P<.01) than the 
control calves (0% WDB=68% choice, 40% WDB=93% choice). 

Table 2. Effect of wet distillers byproduct level on finishing 
performance of yearlings and calves. 

Byproduct level, % of diet DMa 

Item 0 5.2 12.6 

Daily feed, lb 
Yearlingsb 25.21 24.64 24.05 
Calvesb 18.52 19.23 18.55 

Daily gain, lb 
Yearlingsc 3.61 3.76 3.85 
Calvesb 2.86 3.06 3.08 

Feed/gainr 
Yearlingse 6.94 6.62 6.33 
Calvesb 6.45 6.33 6.10 

3Wet grains:thin stillage (fed ratio): yearlings= 1.67:1; 
calves= 1.81:1, OM basis. 
bByproduct level, linear (P<.01). 
cByproduct level, linear (P<.10); quadratic (P<.10). 

40.0 

21.30 
17.40 

3.85 
3.21 

5.78 
5.65 

dFeed/gain analyzed as gain/feed. Feed/gain is reciprocal of gain/feed.· 
eByproduct level, linear (P<.01); quadratic (P<.10). 
rAccounts for ethanol consumption. 
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Dry matter intake values would not account for ethanol -intake since ethanol is volatized upon 
drying. Accounting for ethanol intake, ye,arlings were 5, 10, and 20% more efficient while calves 
were 2, 6, and 14% more efficient than the controls when fed 5.2, 12.6, and 40.0% wet distillers 
byproducts, respectively. Calves were expected to benefit more from high levels of 
metabolizable protein than yearlings due to differences in composition of gain (more lean 
growth). However, metabolizab'le protein intake was above the calculated requirement for all 
treatments. 

Improvements in yearling and calf performance at each level of wet distillers byproducts can be 
attributed to increased energy utilization. The NE& of each diet was calculated, based on 
performance, according to NRC (1984) equations (Table 3). The NE& content of wet distillers 
byproducts was calculated by substitution. Wet distillers byproducts contributed 80, 62, and 47% 
more energy than corn when .fed to yearlings and 17, 33, and 29% more energy than corn when 
fed to calves at 5.2, 12.6, and 40.0% of the diet DM, respectively. Compared to com, WDB 
contained an average of 1.69 times more energy for gain of yearlings and 1.28 times more energy 
for gain of calves when included up to 40.0% of the diet (Table 3). 

Table 3. Net energy content of diets and wet distillers byproducts in yearling and calf 
·trials, % of DM". 

Diet, Mcal/cwr 
Yearlings 
Calves 

Wet Distillers, Mcal/cwtb 
Yearlings 
Calves 

Relative to Com, % 
Yearlings 
Calves 

3Based on cattle performance. 
bCalculated by substitution. 

0 

54.9 
60.8 

5.2 

58.1 
61.7 

126.5 
82.3 

180 
117 

12.6 40.0b 

,,. 

60.8 67.2 
64.4 69.4 .. 

113.9 103.3 
93.5 " 90.7"·~..,~ 

162 147 
133 129 

A combination of factors likely contributed to the high energy value of wet distillers byproducts. 
First, the byproducts contained over three times more fat (com oil) than corn (Table 1). 
Although fat theoretically contains 3.5 times more metabolizable energy than com grairi and 
ethanol contains 1.7 times more gross energy than starch, nutrient content could only· account for 
WDB containing 18% more energy than com. Secondly, cattle fed WDB consumed less starch 
and more corn fiber, which is highly digestible, than the control cattle. This may have reduced 
digestive problems (acidosis). The greater potential for yearlings to experience acidosis may have 
contributed to the different energy values, relative to com, of WDB between yearlings (average 
relative value= 169%) and calves (average relative value= 128%). Relieving subacute acidosis 
is typically associated with an increase in intake, however, because cattle eat to a constant energy 
level and the WDB contained more energy than corn, DMI was not increased (Tables 2 and 3). 
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Thirdly, the use of bypass protein as an energy source may have reduced metabolic losses 
associated with microbial fermentation. 

WET VERSUS DRY DISTILLERS BYPRODUCTS EXPERIMENTS 

Two experiments were conducted to compare wet distillers byproducts to DOGS as protein and 
energy sources. Wet byproducts were produced as described previously. Eleven batches of dried 
byproducts were obtained from commercial distilleries. Three composites were prepared on the 
basis of acid detergent insoluble nitrogen (ADIN; low, medium, high). 

For energy evaluation, 160 yearling steers (865 lb) were fed diets of 5% com silage, 5% alfalfa 
hay, 5% molasses, 6% supplement and 79% dry rolled com. Distillers byproducts replaced 
supplemental protein and com to supply 40% of the diet dry matter. For the wet byproduct, the 
thin stillage was consumed as the drinking water. This experiment was conducted similarly to 
those discussed previous} y. 

The cattle fed the distillers byproducts gained significantly faster than those on the control com 
diet (Table 4). Cattle fed the DOGS ate more than the controls while those fed the wet 
byproducts ate less than the controls. Most importantly, feed efficiency was improved by feeding 
the distillers byproducts compared to the control. The wet byproducts were significantly better 
than the DOGS. Wet byproducts had 46% more energy than com and dried products 24% more. 
There was no effect of ADIN level in the DOGS on cattle performance when the i;:>DGS were 
fed as an energy source. 

Table 4. Energy ·value of wet vs dry grains. 

Control Wet Low3 Medium3 Hig-ha 

Daily feed, lb 24.2bc 23.5b 25.3c 25.0c 25.9c ~ 
' -~~ 

Daily gain, lb 3.23b 3.71c 3.66c 3.71c 3.76c 
Feed/gain 7.50b 6.34c 6.93d 6.74d 6.87d 
Improvement: .1333 .1577 .1444 .1484 .1455 

Diet 18.3 9.6 (ave.) 
Distillers vs com 45.8 24.0 

aLevel of ADIN, 9.7, 17.5 and 28.8%. 
b,c,dMeans in same row with different superscripts differ (P<.05). 

For protein evaluation, 60 growing calves (449 lb) were individually-fed diets based on sorghum 
silage (31.7% of diet DM) and corncobs (50% of diet DM). The distillers byproducts served as 
the bypass protein supplements and a urea supplement served as a control. The distillers 
byproduct supplements were combined with the urea supplement to provide increasing levels of 
protein from the distillers byproducts (25, 34, 43 and 52% of supplemental protein). There were 
12 calves on the urea control and 12 calves on each source of distillers byproducts (three per 
level). The calves were implanted with Compudose at the beginning of the trial and were fed 
for 56 days. Weights were taken for three consecutive days at the beginning and end of the 
experiment. The diets were fed at an equal percent of body weight to all animals and the amount 
of orts was minimized. Data were analyzed using the slope-ratio technique. 
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The urea control cattle gained 1.0 lb/day (Table 5) and the cattle at the highest protein level 
gained 1.54 lb/day. No significant differences were observed in gains of the cattle averaged 
across protein levels. Cattle fed WDB tended to have higher protein efficiency values than those 
fed DOGS but overall the differences were small and nonsignificant. 

Table 5. Calf gains and protein efficienciesa. 

Daily gainb, Protein Proteind ADIN, 
Supplemental protein lb efficienci escape % CP 

Urea 1.00 
Wet grains + thin stillage 1.46 2.55 54.9 
Low ADIN dried grains + solubles 1.42 2.00 38.0 9.7 
Medium ADIN dried grains + solubles 1.47 1.79 47.4 17.5 
High ADIN dried grains + solubles 1.54 2.50 49.4 28.8 

3lntake averaged 2.3% (OM) of body weight. 
b Averaged across levels of supplemental protein. 
cGain above urea controls divided by protein intake above urea controls (slopes of regression 
lines). 
d12 hr dacron bag escape values, % of CP. 

There were no significant differences in the protein efficiency values for the DOGS composites. 
Numerically, the protein efficiency values increased with ADIN level indicating no heat damage. 
This supports prior research that suggests ADIN is a poor indicator of protein damage in prqtein 
supplements. Distillers byproducts are good sources of bypass protein. Drying appears to have 
very little effect on the value of the protein for growing calves. Distillers byproducts can be fed 
wet or dry and equal protein value will be obtained. 

WET GLUTEN FEED. EXPERIMENTS 

Both wet and dry corn gluten feed have been researched primarily as energy sources (Green et 
al., 1987; Weiss et al., 1989). The protein in gluten feed is highly degraded so it is a relatively 
poor source of escape protein (DeHaan, 1983). While gluten feed contains a large amount of 

·fiber and very little starch, the fiber is highly digested and therefore the energy content of the 
gluten feed is quite high. Drying reduces the apparent digestibility of the fiber in gluten feed 
(Green et al., 1987) so feeding it wet has both nutritional as well as cost advantages. Because 
the primary energy yielding nutrient in wet corn gluten feed (WCGF) is fiber, we have conducted 
a series of experiments to further evaluate WCGF as a source of energy in growing and finishing 
beef cattle diets. 

A growing trial was conducted with 570 lb calves. Wet gluten feed was compared to dry rolled 
corn in alfalfa and com silage based diets. All diets contained a minimum of 11.5% CP, .45% 
Ca, .3% P and 20 g/ton Rumensin. 

In finishing Trial 1, 735 lb steers and 821 lb heifers were fed diets of dry rolled corn and 
replacement of corn with 35 or 70% WCGF. Dry gluten feed was fed as 70% of the diet in the 
fourth treatment and water to equal that in WCGF was added to dry gluten feed in the fifth 
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final diets contained 5% com silage, 5% alfalfa hay, 5% molasses and 3% supplement -- the 
remainder was grain or gluten feed. Diets were formulated to a minimum of 12% CP, .7% Ca, 
.3% P, .7% K, 25 g/ton Rumensin and 10 g/ton Tylan (DM basis). Cattle were implanted with 
Compudose and fed once daily. They were adapted to final diets using four grain adaptation 
diets containing 45, 35, 25 and 15% roughage. 

Finishing Trial 2 was conducted in a similar manner. The 836 lb steers were fed WCGF at 17 .5, 
35, 52.5, 70 and 87.5% (DM basis) of the diet replacing 20, 40, 60, 80 or 100% of the com and 
molasses in the diet. Eight percent alfalfa was the only roughage fed and 50 mg thiamine/hd/day 
was supplemented. 

Gowing Trial 

Calves fed 49% WCGF, 50% alfalfa hay gained 14% faster (P<.05) and 10% more efficiently 
(P<.05) than calves fed the two control diets (44% com, 50% alfalfa hay or 33% DRC, 33% 
alfalfa hay, 33% com silage) (Table 6). Increasing the level of WCGF to 65%, increased daily 
gain (P<.05) and feed efficiency (P<.05), while dry matter intakes were not affected. Calves fed 
61 % WCGF and 37% cornstalks or the grass hay and cob mixture gained slower (P<.05), but 
were more efficient (P<.05) than calves fed the control diets. However, caution should be used 
when evaluating cattle fed 61 % WCGF and 37% cornstalks because during the initial 68 days, 
the cattle readily sorted the cornstalks and consumed mostly WCGF. After cornstalks were 
replaced with grass hay and corncobs, dry matter intake increased 6 to 7 lb/day. _. 

Table 6. Performance of cattle fed wet corn gluten feed (WCGF) in a growing trial. 

Daily gain Iba 
DM intake, lb/day 
Feed/gain 

44% com 
50% alfalfa 

5% molasses 

2.62b 
20.53 

7.80b 

49% WCGF 
50% alfalfa 

3.05° 
21.09 

6.89c 

3Gains are based in final weights shrunk 3%. 
b,c,dMeans with unlike superscripts differ (P<.05). 

65% WCGF 
33% alfalfa 

3.36d 
21.06 

6.26d 

33% com.., 
33% alfalfa 

33% com silage~_ 

2.71b 
20.40 

7.51b 

~ 

_ Gains were higher than expected for all treatments. The calves used in this trial were 
approximately 9 to 10 months of age and had been limit-fed for minimal daily gain (< 1.0 lb/day) 
the previous two to three months. Thus, the potential for compensatory gain was high. However, 
the feed value of WCGF appears to be high for calves fed growing diets. 

Finishing Trial 1 

Cattle fed the DRC control or the 70% WCGF + high moisture corn had similar daily gains, feed 
intakes, and feed efficiencies (Table 7). No statistical differences were observed for daily gain, 
feed intake or feed efficiency among DRC control and 35% WCGF or 70% WCGF; however, 
cattle fed the 35% and 70% WCGF + DRC tended (P=.16) to be 5% less efficient than the DRC 
control. No differences in carcass characteristics (data not shown) were observed. 
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Cattle fed 70% DCGF consumed more feed. (P<.01) and gained faster (P<.10) than all other 
treatments. Inclusion of water to the 70% DCGF reduced feed intake (P<.01) and daily gain 
(P<.10) but feed efficiency was similar for 70% DCGF and DCGF + H20. Wet corn gluten feed 
had a calculated (3.5% retluced efficiency -;- an average 58.3% fed in the WCGF diets) feeding 
value of 94% relative to the value of corn. 

Table 7. Effect of wet and dry com gluten feed on finishing performance. 

DRC' 
35% 

WCGP 
70% 

WCGF 
70% 

DCGP 

70% 
WCGF+ 
HMC' 

Daily gain lbb 3.20cd 3.17cd 3.08d 3.32c 3.01 d 3.18cd 
DM intake, lb/day 25.50e 26.58e 25.83e 29.49r 26.61 e 25.39e 
Feed/gain 7.96& 8.40&h 8.38&h 8.89h 8.81 h 7.98& 

aDRC = dry rolled corn; WCGF = wet corn gluten feed; DCGF ,,;, dry com gluten feed; HMC = 
high moisture corf). 
bFinal weight calculated from hot carcass weight -;- .62. 
c,dMeans with unlike superscripts differ {P<.10). 
e,rMeans with unlike superscripts differ (P<.01). 
g.hMeans with unlike superscripts differ (P<.05). 

.· 
Finishing Trial 2 

Addition of WCGF did not affect feed efficiency; however, daily gain and feed intake showed 
a quadratic response (P<.05) indicating a positive associative effect occurred (Table 8). 
Ma5cimum gain and intake were achieved when WCGF replaced 40% of the com (35% t:Jf the 
diet DM). Feed intake and daily gain were increased 5.2% and 9.6%, respectively, at the 3~% 
WCGF level, resulting in an increased feed efficiency of 3.9%. In high grain finishing diets-,.:. 
increases in feed intake and daily gain are indicative of a reduction in subacute acidosis. 
Substituting a highly degradable fiber, like WCGF, for starch (corn) appears to reduce subacute 
acidosis and increase efficiency when fed at approximately 35% of the diet DM. In addition, 
35% WCGF minimizes sorting of dietary ingredients and eliminates the need for supplemental 
crude protein, phosphorus and potassium -- relatively expensive supplemental nutrients. Fat 
thickness, quality grade, and yield grade were not affected by the addition of WCGF. 

Table 8. Effect of level of wet com gluten feed on cattle performance 

DRC' 17.5% 35.0% 
Item Control WCGF WCGF 

Daily gain, lbbc 3.47 3.61 3.77 
DM intake, lb/dayc 23.01 23.79 24.04 
Feed/gaind 6.60 6.57 6.37 
NEG diet Mcal/cwte 63.5 63.5 65.2 

aDRC =dry rolled com; WCGF = wet ·corn gluten feed. 
bFinal weight calculated from hot carcass weight/.62. 
cLevel of WCGF, quadratic effect (P<.05) . 

52.5% 
WCGF 

3.62 
23.93 

6.62 
62.9 

70.0% 
WCGF 

3.59 
22.91 

6.38 
68.4 

dFeed/gain was analyzed as gain/feed, feed/gain is a reciprocal of gain/feed. 
ecalculated from animal performance. 
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87.5% 
WCGF 

3.42 
22.73 

6.65 
63.3 
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The estimated NEg content for the control diet, based on animal performance, was 63.5 Meal/cwt 
which is similar to the energy values for the ingredients listed in the 1984 NRC. The estimated 
NEg for the WCGF diets was similar and ranged from 62.9 to 68.4 Meal/cwt (Table 8). Based 
on a corn NEg value of 70.3 Meal/cwt, the NEg value of WCGF ranged from 66.9 to 75.6 
Meal/cwt and averaged 70.3 Meal/cwt. Therefore, the energy value of WCGF and dry rolled· 
corn, in this trial, were equivalent and were not affected by level of WCGF fed in the diet. 

During this trial (summer), a load of WCGF lasted approximately seven days. Heating of WCGF 
was minimal in the bunker; however, once the gluten feed was mixed and delivered to the bunk, 
some heating did occur, especially in diets containing the high levels of WCGF. However, 
heating did not appear to affect palatability or feed intake. 

LITERATURE CITED 

Britton, R. A., T.J. Klopfenstein, R. Cleale, F. Goedeken, and V. Wilkerson. 1986. Methods of 
estimating heat damage in protein sources. Proc. 41st. Distillers Feed Conf. p. 67. 

Chase, L. E. 1987. Heat damaged protein - why worry about it? Proc. 42nd Distillers Feed 
Conf. p. 87. 

DeHaan, K. A. 1983. Improving the utilization of fiber and energy through the use of com 
gluten feed and alkali compounds. Ph. D. dissertation, University of Nebrask~, Lincoln. 

Green, D., R. Stock, and T. Klopfenstein. 1987. Com gluten feed -- a review. Nebraska Beef 
Cattle Report. MP 52: 16. 

Klopfenstein, T. J. 1991. Efficiency of escape protein utilization .. Proc. 46th Distillers•Feed 
Conf. p. 77. 

Klopfenstein, T. J. 1987. Heat damage - real or artifact? Proc. 42nd Distillers Feed Conf. p~" 
84. 

Van Soest, P. J., and C. J. Sniffen. 1984. Nitrogen fractions in NDF and ADF. Proc. 39th 
Distillers Feed Conf. p. 72. 

Van Soest, P. J. 1989. On the digestibility of bound Nin distillers grains: A reanalysis. Proc. 
Cornell Nutr. Conf. p. 127. 

Weiss, W. P., D. 0. Erickson, G. M. Erickson, and G. R. Fisher. 1989. Barley distillers grains 
as a protein supplement for dairy cows. J. Dairy Sci. 72:980. 

Weiss, W. P., et al., 1989. Corn gluten feed in beef cattle diets. North Central Regional 
Research Publication No. 319, OARCD Special Circular No. 129, Wooster, OH. 

61 

··~ l ' . 
. l 



!"~·-
; 'i 
I , 

' ' 

. ,' 

.I, 

!1 

: \\ 
I " 
I 'i 
: '! :- I 
I I 
I !· 

l l 
~ i. I 
i 

l !, 
I I 

I 
I : 

I I 

, I 
' 

"1 · 
I I 

' 

Notes 



, I 

l 
I 

l 

INTRODUCTION 

FIBER REQUIREMENTS OF DAIRY CATTLE: 
EMPHASIS NDF 

W. P. Weiss 
Department of Dairy Science 

Ohio Agricultural Research and Development Center 
Ohio State University, Wooster 

For over 100 years, some measure of fiber has been used to characterize feeds, but 
nutritionists still have not come to a consensus on a uniform definition for "fiber". 
Furthermore, nutritionists have not agreed upon how fiber concentrations of feedstuffs and 
diets should be used. To confuse the issue even more, several assays are available to measure 
fiber; each producing a different type of "fiber". In abstract terms, fiber has been defined 
as: 1) the structural components in plants; 2) the less digestible fraction of feed; 3) the 
fraction of a feed that cannot be digested by mammalian enzymes; and 4) the fraction of feed 
that promotes rumination and rumen health. In the real world, fiber usually is defined by the 
analytical method used, i.e. neutral detergent fiber (NDF), acid detergent fiber (AQF), crude 
fiber (CF), or total dietary fiber (TDF). 

Chemically, fiber is an aggregate of compounds, not a distinct entity. Cellulose, 
hernicellulose, pectin, and lignin are the chemical compounds that can be found in the ~iber 
fraction. The chemical composition of fiber is dependent on the its source and how it was 
measured. Physical properties of fiber are different among feedstuffs and can be altered tiy-~~ 
processing. The nutritional value of fiber is dependent on its source, processing, and 
composition of the total diet. The objectives of this paper are to: 1) discuss analytical 
methods used for the determination of fiber; 2) discuss how fiber measures should and should 
not be used in ration formulation; and 3) discuss factors that can affect the fiber requirement 
of dairy cattle. 

FIBER METHODOLOGY 

For routine feed analysis, several constraints are placed on the choice of which fiber assay 
can be used. The assay should be relatively inexpensive, rapid, and repeatable. The resulting 
fiber fraction should have some relationship to the nutritional value of the feed or diet. 
Ideally, the method should produce a nutritionally, but necessarily a chemically, uniform 
fraction. For purposes of this paper, a nutritionally uniform fraction is that which has a 
constant digestibility among different feedstuffs. No method available currently meets all 
these criteria. 

Neutral Detergent Fiber. The original NDF procedure was developed in the early 1960's with 
the classical reference being published in 1970 (Goering and Van Soest, 1970). Since that 
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time several mo~ifications have been made (Van Soest et al., 1991). The NDF concentration 
of a feed is measured by refluxing the sample in a buffered solution (pH 7) that contains a 
detergent. Water and detergent soluble compounds are removed (simple sugars, lipids, some 
ash, non-protein nitrogen, and some proteins) and cellulose, hemicellulose and lignin are 
quantitatively recovered. Variable amounts of ash, starch and protein also can be found in 
NDF. Ash contamination usually contributes between 0 and 4 percentage units to the NDF 
value. Some have recommended that NDF be reported on an ash-free basis (Van Soest et al., 
1991). Contamination caused by starch can be substantial for certain feeds. Many NDF 
values for concentrates and com silage obtained using the original method may be 
overestimated. Treating samples with amylase or high concentrations of urea and amylase 
greatly reduces starch contamination (Van Soest et al., 1991) and makes filtering much easier. 
Amylase treatment should be used on all samples containing appreciable amounts of starch. 
Some recommend that it be included in all analyses to maintain analytical consistency. 
Protein contamination of NDF also can be substantial. For unheated forages, protein 
contamination is not a major problem with neutral detergent insoluble CP (NDICP) making 
up approximately 8 to 12% of the NDF (Mertens, 1973). For certain concentrate feeds (e.g. 
distillers and brewers grains), however, CP contamination can greatly inflate NDF values. 
The concentration of NDICP (as a percent of NDF) for brewers and distillers grains can be as 
high as 40% (Weiss et al., 1989). Adding sulfite to the NDF solution reduces CP 
contamination, but does not quantitatively remove all the contamination (Dong and Rasco, 
1987). An alternative is to measure NDICP separately and subtract that value from NDF. 
This method may cause an underestimation of NDF because some nitrogen (N) containing 
compounds are real constituents of the fiber fraction. Weiss et al. (1992) suggested a method 
using NDICP and indigestible acid detergent insoluble CP (ADICP). * 

\ 

Acid Detergent Fiber. The concentration of ADF is detennined by refluxing a sample in an"-; 
acidic (1 N) solution containing detergent (Goering and Van Soest, 1970). Cellulose and 
lignin are quantitatively recovered. The residue also contains variable amounts of ash and N 
compounds. Ash contamination usually is quite small. Much of the N found in ADF 
probably is a constituent of the fiber and should not be subtracted from ADF. The 
concentration of ADICP is used to detennine protein availability in heated feeds. 

. Crude Fiber. Crude fiber is the residue remaining after a sample has been refluxed in an 
acidic solution followed by boiling in an alkaline solution. The CF method quantitatively 
recovers cellulose but the residue contains varying amounts of hemicellulose, lignin, and 
nitrogen-containing compounds. The chemical composition of CF is highly dependent on the 
type of feedstuff being analyzed. Because of this problem, CF has largely been abandoned by 
feed analysis laboratories. 

Total Dietary Fiber. Total dietary fiber has not been used extensively in the field of ruminant 
nutrition, but it is probably the best method if one wants an estimate of all the structural 
components (cellulose, hemicellulose, lignin, and pectin) in a feedstuff. Several different 
methods are available to measure TDF; most consist of solvent extraction and enzymatic 
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digestion (Asp and Johansson, 1984). The TDF assays are generally more time-consuming 
and expensive than the other methods. 

USE OF FIBER MEASURES IN DAIRY NUTRITION 

Because each fiber assay measures a different feed fraction, NDF, ADF, CF, and TDF have 
different implications regarding dairy nutrition. Because CF and TDF are not used 
extensively in diet formulation and feed evaluation currently, this section will concentrate on 
NDF and ADF. The concentrations of ADF and NDF in individual feedstuffs, especially 
forages, are used as indices of forage quality. Forages with high concentrations of fiber 
generally are low in digestibility and available energy. Indeed, most laboratories that analyze 
feeds, estimate available energy from fiber concentrations. Concentrations of NDF also are 
used to estimate feed intake of dairy cows. These two uses of fiber concentrations will be 
discussed only briefly. The two direct uses of fiber concentrations in diet formulation are to: 
1) ensure proper ruminal health, i.e. provide an adequate amount of fiber; and 2) maximize 
milk production, i.e. provide an optimum amount of fiber. 

Estimating Energy Values of Feeds 

Fiber concentrations are used extensively to estimate energy values (TON and NE1) of 
forages. The most common method of estimating energy content of forages is the use of 
ADF-based regre~sion equations. The ADF assay produces two non-uniform fractions. The 
digestibility of ADF and non-ADF varies among feedstuffs. Because the ADF assay produces 
these non-uniform fractions, different equations are needed for different feeds, i.e. equatio'hs 
are needed for legumes, grasses, corn silage, etc. Even when the proper equation is used, - ~ 

prediction error is still quite high (Abrams, 1988). Although measuring ADF is easy and ~!.,_ 

relatively cheap, the disadvantages of using it to estimate energy are numerous (Weiss, 1993). 

The portion of feeds that is soluble in neutral detergent solution is a uniform fraction (true 
digestibility is between 90 and 100% for all feeds), but NDF digestibility varies among 
feedstuffs. Mathematical models that include lignin have been developed to convert NDF into 
a uniform fraction (Goering and Van Soest, 1970; Conrad et al., 1984). A summative 
equation based on the principles of Conrad et al. (1984) that includes terms for NDF, lignin, 
and soluble components is available (Weiss et al., 1992). The summative model was accurate 
for both forages and concentrates. 

Predicting Feed Intake 

The relationship between NDF concentration and feed intake of ruminants was first reported 
by Van Soest (1965). He reported that NDF concentrations of forages (grasses and legumes) 
were negatively correlated to feed intake (r = -.65). The part of the study that was forgotten 
by many people was the disparity among different forage types. For example, Van Soest 
(1965) reported that for orchardgrass the correlation coefficient between NDF concentrations 
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and intake was -.95, but for alfalfa the correlation was only -.29. The other limitation of the 
study was that within a diet, NDF came from a single source. Jung and Linn (1988) 
compiled a large data base from published studies and attempted to relate concentrations of 
dietary NDF (typical dairy rations containing mixtures of forages and concentrates) to feed 
intake. They found a very low correlation between the two variables (r = -.4). Others have 
reported similar findings (Briceno et al., 1987). Mertens (1987) proposed that dairy cows will 
eat a constant amount of NDF (approximately 1.2% of body weight), and therefore, knowing 
body weight of cows and NDF concentration of the diet, DM intake could be predicted. 
Using an independent data set, this approach to intake prediction was found to produce 
relatively large prediction error (Rayburn and Fox, 1993). Based on these data, NDF 
concentration of a diet consisting of forages and concentrates should not be the sole criteria 
for evaluating feed intake. High fiber diets do not necessarily result in reduced consumption 
of digestible energy as compared to low fiber diets. 

Ensuring Proper Rumen Health 

Diets that promote low ruminal pH (less than about 6) are associated with depressed feed 
intake, depressed fiber digestion, sore feet, low milk fat test, ulceration of the rumen, and in 
severe cases, death. Ruminal ecology is extremely complex, and many factors interact to 
determine pH. When nutrients are fermented in the rumen, large amounts of acids are 
produced. To maintain ruminal pH, these acids must be neutralized with buffers produced by 
the cow or those included in the diet. Dietary fiber can influence both acid production and 
buffering capacity. 

Starch and NDF are the primary substrates for acid production. In general, starch is , 
fermented faster and more extensively than is NDF; however, a large amount of variatio~ ·in 
rate and extent of starch (Waldo, 1973) and NDF (Varga and Hoover, 1986) digestion is 
found among feedstuffs. Since dietary fiber concentrations are inversely correlated with 
starch concentrations, high fiber diets generally produce a lower acid load than do low fiber 
diets. 

Fiber has direct and indirect influences on ruminal buffering capacity. The chemistry of fiber 
is such that it can bind protons (H+) and thus act as a buffer (Van Soest et al., 1991 ). 
Buffering capacity of forages is 2 to 4 times greater than that of grains (Erdman, 1988). 
Indirectly, fiber increases ruminal buffering capacity by increasing saliva flow. The 
predominant source of fiber in dairy cattle diets is forage, and forage promotes chewing and 
rumination which increases the flow of saliva (Sudweeks et al., 1975). This effect is not 
caused by fiber per se, but instead by the physical characteristics of the feedstuff. Reducing 
the particle size of forages reduces the amount of time spent chewing (Balch, 1971; Grant et 
al., 1990a; 1990b). These observations have led to the concept of effective fiber. 

For fiber, or any other nutrient, a response variable must be defined so that requirements can 
be established. Because many of the effects of feeding insufficient fiber are related to 
ruminal health, milk production is not the single best measure to use. The most common 
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measure of fiber adequacy is milk fat percent. When insufficient fiber is fed, milk fat percent 
is depressed. The NRC (1989) recommendations for fiber are based on milk fat percent. 
They recommend that diets for lactating dairy cows contain at least 19 to 21 % ADF and 25 to 
28% NDF. Furthermore, they recommend that approximately 75% of the total NDF come 
from forages. These recommendations are probably sufficient for diets of predominantly 
coarsely-chopped forage and corn grain. However, no single measure of fiber adequacy can 
be used for all possible diets because several factors affect the minimum amount of fiber 
needed by dairy cattle (Table 1). On a practical basis, the major deficiencies in the NRC 
system are its failures to consider particle size, source of NDF, and source of starch in the 
diet. 

Table 1. Dietary factors affecting the amount of fiber necessary to maintain ruminal 
health. 

Factor Effect on requirement 

Increasing concentration of NSC1 Increases 

Increasing fermentability of NSC Increases 

"Slug" feeding of concentrate Increases 
... 

Source of fiber Variable 

Decreasing particle size Increases 

Increased feeding frequency Decreases 

Feeding supplemental buffer Decreases 

Economics Variable 

1 NSC := non-structural carbohydrate. 

Effect of Particle Size on Fiber Requirement. Reducing the particle size of forage can 
.depress milk fat percent even when diets contain adequate ADF and NDF (Grant et al., 

.. 
-
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1990a; 1990b). Particle size affects chewing time which is usually correlated to milk fat test 
(Woodford et al., 1986; Beauchemin and Buchanan-Smith, 1989). Other studies have 
reported no correlation between milk fat percent and chewing time (Colenbrander et al., 1991; 
Mooney and Allen, 1993). Balch (1971) first proposed using total chews per kilogram DM 
intake as an index of fiber adequacy. Sudweeks et al. (1981) developed a quantitative index 
(roughage value index, RVI) based on chewing time that could be used in diet formulation. 
They published chewing times for several feedstuffs, and concluded that the total diet should 
have a RVI of approximately 30 chews/kg DM intake to prevent milk fat depression. They 
derived equations based on particle size and NDF concentration that could be used to 
determine RVI of forages. Santini et al. (1983) developed an "adjusted intake" system. They 
simply multiplied mean particle length of the forage by intake of forage, NDF, or ADF. 
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Adjusted intakes were correlated with chewing time, but not to milk fat percent. Researchers 
in Belgium have conducted extensive experiments to determine which chemical and physical 
properties of forages influence chewing time·(DeBoever et al., 1993a; 1993b). For com 
silage, particle size and digestibility were the most important factors, but for grass silage, 
fiber concentration (CF, ADF and NDF), and digestibility were the most important factors. 
The development of universal equations to predict chewing time of feedstuffs is unlikely 
because of the many factors affecting it (DeBoever et al., 1990). 

Effect of Source of NDF on Fiber Requirements. The NRC recommendations are based 
largely on studies in which forages, especially alfalfa, provided the majority of the fiber. The 
chemical composition, digestibility, and physical properties of fiber is dependent upon its 
source (Table 2). Forages and byproduct feed are the primary sources of NDF in dairy cattle 
rations. The predominant forages fed to dairy cows in the midwest are alfalfa, com silage, 
and cool season grasses. On average, alfalfa and com silage have similar NDF 
concentrations. Colenbrander et al., (1986) reported no difference in milk fat test or milk 
production when alfalfa or com silage were fed in iso-NDF diets. The NDF content of the 
diets (32%) were above NRC recommendations, but ADF content of the corn silage diet 
(17%) was less than NRC recommends. Briceno et al. (1987), however, reported that the 
relationship between dietary NDF and milk fat percent was different between com silage and 
alfalfa. .:. 

Table 2. Chemical composition and digestibility of NDF of different feedstuffs. 1 

NDF Cellu- He mi- Lignin CP Digest. 
lose cellulose of~F 

% ofDM % of NDF % 

Alfalfa, immature 38 56 21 13 10 50 

Alfalfa, mature 52 50 21 23 6 34 

Orchard grass, 52 54 28 7 11 73 
immature 

Orchard grass, 72 46 41 10 7 55 
mature 

Soyhulls 67 69 21 3 7 70 

Distillers grain 56 35 21 16 28 65 

Cottonseed hulls 73 57 12 25 6 25 

1 Source of data: Firkins et al.(1985); Hsu et al. (1987); NRC (1989); Weiss and 
Shockey (1991). 
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High quality cool season grasses usually have about 10 percentage units more NDF than do 
high quality legumes; however, very little research has been conducted comparing their 
effective fiber values. In one study, fresh ryegrass induced more chewing than did fresh 
alfalfa (Ulyatt et al., 1986) which is consistent with the correlation between fiber intake and 
chewing. Waghom et al. (1989) reported that particle size reduction in the rumen occurred at 
a slower rate for ryegrass than for alfalfa. Cows fed an orchardgrass based diet with a forage 
to concentrate ratio (F:C) of 40:60 produced the same amount of milk, but had a higher milk 
fat test than did cows fed an alfalfa based diet with a F:C of 60:40 (Weiss and Shockey, 
1991). Both diets contained 30% NDF. These data suggest that grass NDF may provide 
more effective fiber per unit of NDF than legume NDF. 

Although forages provide the majority of fiber in most diets, certain concentrate feeds can 
provide substantial amounts. Soyhulls, com gluten feed, distillers grains, brewers grains, and 
cottonseed usually contain more than 40% NDF. Research conducted at Ohio State has 
evaluated the use of high fiber concentrate feeds as a partial replacement for forage NDF 
(Firkins et al., 1991; Sarwar et al., 1991; Firkins and Eastridge, 1992; Sarwar et al., 1992; 
Wagner et al., 1993). In general, they found that corn silage fiber could be partially replaced 
by fiber from soyhulls, com gluten feed, or wheat middlings. The NRC recommends that 
approximately 75% of the total diet NDF come from forages to prevent milk fat depression. 
The studies of Firkins found that when corn silage was the forage, the amount of NDF 
provided by forage (as percent of total NDF) could be reduced to 60 to 65% without 
adversely affecting milk fat percent as long as total NDF was at or above NRC 
recommendations. Actual effective fiber values have not been determined for many high 
fiber concentrates. Firkins (1992) used regression analysis to determine that NDF from• 
concentrates was about one-half as effective as NDF from forages in maintaining milk fat-, 
percent. Mooney and Allen (1993) reported that fuzzy cottonseed NDF was 41 % as effecti've~ 
in stimulating chewing as was alfalfa silage NDF. When the silage was chopped finer, 
cottonseed NDF was 78% as effective as silage NDF. In that study, changes in chewing time 
did not affect milk fat percent. Sudweeks et al. (1975) reported that citrus pulp was about 
50% and soyhulls about 10% as effective as corn silage in promoting chewing. Beauchemin 
et al. (1991) reported that alfalfa meal, beet pulp, and oat hulls were about 90% as effective 
in maintaining milk fat percent as was long alfalfa hay when barley was the starch source, but 
when chewing time was the criteria, all fiber sources were equal. Because of variation among 

-different concentrates, no single effective fiber value can be given. However, all studies 
agree that fiber provided by concentrates is less effective than forage fiber. The NRC 
recommendations that forage provide 75% of total fiber is too conservative and 
underestimates the value of non-forage fiber. 

Effect of Source of Starch on Fiber Requirement. In the midwest, corn grain is the major 
starch source fed to dairy cows, but barley is fed frequently in certain areas of the region. 
Because barley starch is fermented much quicker than corn starch (Waldo, 1973), the acid 
load in the rumen is greater when barley is fed. Furthermore, barley can provide substantial 
amounts of NDF relative to corn. The general consensus is that the NDF requirement is 
higher for barley-based diets than for corn-based diets. Weiss et al. (1989) formulated two 
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iso-NDF diets (30% of OM) using alfalfa and corn grain or alfalfa and barley. Alfalfa 
provided 89% of the NDF in the com diet and 65% in the barley diet. Milk fat was 
depressed with the barley diet. Beauchemin (1991) reported that milk fat percent increased 
linearly as the NDF concentrate of barley-based diets increased from 31 % to 37%. Chewing 
time also increased linearly with increasing dietary NDF. Insufficient information is available 
currently to make specific recommendations for barley-based diets, but data from Beauchemin 
(1991) suggest total NDF should be in approximately 35% for alfalfa-barley diets. 

Effect of Feeding Buffers on Fiber Requirement. Because of the effect fiber has on buffering 
capacity, feeding supplemental buffers should influence fiber requirements. Erdman (1988) 
summarized data from several experiments and attempted to quantify the relationship among 
dietary fiber, buffer feeding, and milk fat percent. He found that feeding approximately 200 
g/day of sodium bicarbonate was equivalent to approximately 4 percentage units of ADF. As 
Erdman (1988) cautioned, this relationship is based on limited data and should not be over
interpreted. Additional research is needed to quantify more precisely the relationship between 
buffers and fiber requirements. 

Balancing Diets to Provide an Optimal Amount of Fiber 

Few dairy nutritionists would disagree with the concept that dairy cattle need a minimum 
amount of fiber to remain healthy. A more controversial concept is that diets should contain 
a specific amount of fiber. In other words, diets that contain more or less NDF than the 
optimum will result in poorer performance. The concept of an optimal amount of total 
dietary fiber within a fiber source is theoretically sound. As explained above, diets with 

\ 

insufficient NDF will depress milk fat percent and can depress intake. Because NDF is'·-.. .,~ 
negatively correlated with digestibility within a feedstuff class, diets with excess fiber will be 
less digestible and intake will be depressed. This concept was first introduced by Mertens 
(1983). He reported that cows fed alfalfa hay, corn silage or bermudagrass hay produced the 
maximum amount of FCM (within a forage treatment) when the diet contained approximately 
35% NDF. This preliminary experiment has been vastly over-interpreted. The data collection 
period was for only 1 week. The range in NDF concentrations of the diets was much wider 
than would nonnally be found in the field (28 to 52% of diet OM); whereas milk produc~ion 
(within a forage species) varied by less than 2 kg. That experiment spawned additional 
research designed to determine if diets can have an optimal concentration of NDF. 
Unfortunately, essentially all the experiments have used alfalfa as the primary source of NDF. 

When alfalfa is the primary source of NDF in a diet, maturity and (or) F:C ratio must be 
varied to evaluate the effect of NDF concentration on milk production. Kaiser and Combs 
(1989) harvested alfalfa at three maturities and balanced diets for 30% NDF by varying the 
F:C (45:55 to 68:32) and including some beet pulp (10% or less of diet OM). Chemical 
composition of one of the hays was different than expected causing one diet to contain about 
35% NDF. No differences were observed in DM intake, milk production or fat test among 
treatments. In a similar experiment, Beauchemin (1991) varied alfalfa maturity and F:C so 
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that dietary NDF ranged from 31 to 37%. She reported no difference in milk production, but 
reported a linear increase in milk fat percent with increasing NDF concentrations. Kawas et 
al. (1991) conducted several feeding trials and found a negative correlation (r = -.51) between 
milk production and NDF concentration (alfalfa provided the majority of dietary NDF), but no 
optimal concentration of NDF was found (NDF concentrations ranged from 18 to 50%). 
They concluded that when alfalfa was the predominate source of NDF, total diet NDF should 
be less than 29% for cows producing 35 kg of FCM; however the scatter of the data was · 
large (no measure of variation was presented). Alhadhrami and Huber (1992) fed alfalfa
based diets that ranged in NDF concentration from 29 to 36%. They reported no difference 
in FCM production, but milk production decreased linearly with increasing NDF. The 
conclusion that can be drawn from these studies is that milk production is relatively 
insensitive to changes in dietary NDF over a relatively wide range (ca. 27 to 35%) when 
alfalfa is the primary source of NDF. 

Balancing for an optimal NDF concentration also has been used to determine substitution 
values of different forages. If for example, 30% NDF was determined to be optimum, then 
the amounts and types of for~ges could be chosen to obtain that concentration of NDF. 
Colenbrander et al. (1986) balanced three diets using alfalfa, corn silage or a mix of alfalfa 
and corn silage so that the diets contained approximately 32% NDF. The F:C was lowest for 
the alfalfa diet and highest for the com silage diet. Production of milk and FCM did not vary 
among treatments. Poore et al. (1991) conducted an experiment with a similar objective but 
used alfalfa and wheat straw as the primary sources of fiber. Alfalfa was replaced with straw 
and concentrate to maintain total NDF at approximately 31 %. Milk production was not 
affected by increasing amounts of straw until it completely replaced the alfalfa. Milk f.at 
percent showed a linear decrease as the amount of straw increased which was probably - , 
caused by the increased amount of starch in the diets. Cows fed diets containing 30% NDF~,. 
based on orchardgrass or alfalfa silage produced similar amounts of milk and FCM (Weiss 
and Shockey, 1991). In that study however, dietary NDF ranged from 25% (alfalfa diet) to 
39% (grass diet) and milk production was not affected. Cows fed a grass diet with 46% NDF 
produced significantly less milk than did cows fed the other diets. Those studies suggest that 
source of forage NDF is not critically important as long as physical structure is similar. In 
contrast, Briceno et al. (1987) reported different response surf aces (milk or FCM production 
vs. NDF concentration) for different forages and roughages. Some of the feedstuffs in the 

· Briceno et al. study varied greatly in physical structure, e.g. cottonseed hulls vs. alfalfa hay. 
Specifically designed experiments to determine if an optimal amount of total NDF exist for 
diets containing appreciable amounts of NDF from byproducts have not been conducted. 

CONCLUSIONS 

Within a forage species, NDF concentration is an excellent index of forage 
quality and forage quality has a strong relationship to cow performance. 

Feeding insufficient amounts of NDF can reduce chewing time, milk fat 
production, and overall productivity of cows. 
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The minimum concentrations of fiber (NDF and ADF) recommended by NRC 
are probably too conservative for many diets. 

NDF provided by byproduct feeds is not as effective as forage NDF, but can 
provide more than 25% of total NDF. without affecting milk fat percent 
adversely. 

Within a wide range of NDF concentrations, milk production is relatively 
insensitive to the concentration of NDF in alfalfa-based diets. 

Because of the diversity among feedstuffs in the chemical composition, 
physical structure, and rate and extent of digestion of NDF, the existence of a 
single optimum amount of dietary NDF is unlikely. 
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\ INTRODUCTION 

During the past 20 years, average yearly milk production (Dairy Herd Improvement 
Association, 1992) for dairy cattle in Minnesota has increased from approximately 5,900 to 
over 8,100 kg per year. Increased production requires improved management skilJs and a 
good understanding of the factors affecting production. 

In dairy cattle, milk production usually peaks 4-8 weeks postpartum, however dry matter 
intake (DMI) doesn't peak until 10-14 weeks postpartum (NRC, 1989). Consequently, early 
in lactation, dairy cattle cannot consume sufficient dry matter to meet nutrient requirements. 
Good estimates of DMI are necessary to properly balance diets, which prevents under or 
overfeeding of nutrients and promotes efficient nutrient usage. Because insufficient nutrients 
may permanently affect animal health and/or performance, DMI is the single most important 
factor affecting milk production. Additionally, overfeeding nutrients can result in increaseµ 
feed costs. This is especially important because feed costs are the single greatest out-of- · · -~:. 
pocket expense for dairy farmers. Another factor becoming increasingly important is animal 
waste management. Overfeeding results in excess nutrients (nitrogen, phosphorus, etc.) 
appearing in manure and being incorporated into soil or resulting in runoff. A correctly 
balanced diet improves nutrient digestion and reduces nutrient excretion helping to reduce soil 
nutrient buildup. 

Many factors that affect DMI have been identified. These factors can be categorized as 
dietary, environmental, and physiological. Main dietary factors include energy content and 
form (carbohydrates and/or fat), digestibility, forage type, moisture content, neutral detergent 
fiber (NDF) level, physical form of forage and other feeds in the diet, and protein amount and 
type. Main environmental factors include barn/bunk design, feeding frequency, photoperiod, 
and temperature. The physiological factors affecting DMI have been reviewed by Baile and 
Krestel-Rickert (1987), and will not be covered in this paper. Obviously, many of these 
categories and factors interact, and often are inseparable. Thus, DMI amounts are a 
culmination of many factors. It has long been debated whether production is driven by 
intake, or intake is driven by production. Most authors agree that cows consume to meet 
energy needs (Baile and Forbes, 1974; Conrad et al., 1964; Mertens, 1987; NRC, 1988), so it 
appears the latter to be the case. This conclusion is supported by studies (Hansen and 
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Otterby, 1993) involving bovine somatotropin which describe DMI responses lagging behind 
those of production. Although many factors have been identified which affect DMI, only a 
small percentage of them have been incorporated into equations that predict DMI. This 
review will discuss how each of these factors affect DMI individually, and interact to affect 
OMI on the whole. 

PREDICTION EQUATIONS 

There are two types of prediction equations described in the literature. One type a) predicts 
maximum DMI, and the other b) predicts expected DMI. Equations that predict maximum 
DMI are based upon the principle that there is a physical constraint to how much an animal 
can eat. This constraint is assumed to be the factor which limits rate-of-passage. Equations 
that predict expected DMI are based on the principle that animals consume OM to meet their 
energy requirements, or are developed by regressing various factors against observed OMI to 
develop prediction coefficients. Some example predictions follow: 

National Research Council 

National Resear.ch Council (NRC) estimates of DMI are some of the most widely used; Early 
estimates by NRC (1971) were very simple, recommending feeding ad libitum during the first 
6 to 8 weeks of lactation, and then to energy requirements after that. 

Later (1978) DMI was predicted by using selected studies to create an interpolation table. • 
Body weight (BW) and 4% fat-corrected milk (FCM) were factors used to estimate DMI, 
which ranged between 2 to 4% of BW. 

In the most recent publishing (1988) the committee acknowledged criticism that the 1978 
estimates were lower than field observations. These estimates were replaced by the simple 
equation: 

[1] DMI = [NEL required (Meal)] I [NEL concentration of diet (Meal/kg)] 

Net energy required for lactation is defined as that required for maintenance; milk yield, and 
replenishment of lost weight. Suggested modifications for expected DMI are: an 18% 
reduction during the first three weeks of lactation, and .02 kg OM reduction per 100 kg live 
weight for each 1 % increase in moisture content of the diets above 50% when fermented 
feeds are being fed. 

The NRC suggested maximum OMI could be determined by (Conrad, 1966): 

[2] OMI = [5.4(BW kg)] I [500(undigestible OM%)] 
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This equation has limited usefulness because true digestibility of the diet is generally not 
known, and estimates from TON can be quite variable. 

Although one would assume increased knowledge and refinements in prediction of DMI over 
this 18-year span of NRC guidelines, the most recent NRC (1988) equation is based on 
essentially the same principle as the 1971. 

Agricultural Research Council 

The Agricultural Research Council (1980) has based their prediction of DMI on metabolic 
live weight (BW°·75

), 4% FCM, and month of lactation: 

[3] DMI = [.135(BW°·75 kg)+ (FCMl)] * (MONTHl) 

Modifications to DMI are ± .2 kg for each kg of 4% FCM above or below 16 kg respectively 
and a month of lactation factor ranging from a low of .81 during the first month of lactation, 
to a high of 1.09 during the fifth month of lactation. 

: 

Net Carbohydrate and Protein System 

A recent paper by Fox et al. (1992) reported a prediction equation by Milligan et al. (1981) 
for use with the net carbohydrate and protein system. Main factors used were BW, ana 4% 
FCM with temperature and mud as modifying factors: 

[4] DMI = [.0185(BW kg) + .305(4% FCM kg)] * (TEMPI) * (MUDl) . 
Temperature modifiers ranged from .65 at greater than 35°C to 1.16 at less than -l 5°C, and 
mud modifiers were .85 and .7 for exposure to 10 to 20 cm and 30 to 60 cm of mud, 
respectively. 

Neutral Detergent Fiber (NDF) Intake 

It is believed DMI in dairy cows is regulated by two physiological conditions (Mertens, 
1985a, 1985b, 1987). Dairy cows are thought to eat to satisfy energy requirements or fill 
capacity, whichever occurs first. Mertens has proposed NDF is the nutrient component 
regulating gut fill and has proposed the following maximum DMI, as regulated by gut fill: 

[6] DMI kg = [.01 l(BW kg)] I [%NDF in diet (OM basis)] 

This equation is similar to equation [2] by Conrad (1966). It has more practical value 
because NDF values are more easily determined than digestibility values. 
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Kertz Equation 

Kertz et al. (1991) developed a set of equations that incorporated the factors: week 
postpartum, 4% FCM, BW, and a first lactation correction factor. They are defined as 
follows: 

[7] 

Week Postpartum Intercept 4% FCM kg BWkg 

1 13.08 .1468 -.003912 

2 12.04 .1951 -.001136 

3 10.89 .2061 .002867 

4 0.19 .2365 .004073 

5 9.32 .3031 .003478 

6 to 8 9.09 .3090 .005115 

9 to 13 7.43 .3008 .01Q060 

14 to 20 6.65 .3428 .010553 

The adjustment for first lactation animals is -1.3 for all periods. The authors suggested that 
this set of equations had an advantage over the NRC (1988) equation [1] due to the iii 

incorporation of week postpartum. ~ 

Rules of Thumb 

Many rules of thumb have been passed down over the years to predict DMI. Unfortunately, 
most of these apply to specific situations. For example, the rule of thumb that says cows 
should consume OM equal to half their milk production doesn't apply well to animals in mid 

· to late lactation. A rule of thumb that can be used over a wider range of situations is: 

[8] DMI = .02(BW kg) + .33(4% FCM kg) 
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DIET ARY FACTORS 

Concentrate Level 

The best forage to concentrate ratio results in maximum energy intake, maximum milk 
production, and lowest dietary cost (Ward and Kelley, 1969). Studies have been conducted to 
determine the effect of forage to concentrate ratios on DMI. Ward and Kelley (1969) 
compared ad /ibitum feeding of diets containing forage to concentrate ratios of 100:0, 85: 15, 
69:31, and 50:50 to a control of 64:36. Dry matter intake increased with increasing 
concentrate. Others have found similar results (Bull et al., 1976; Llamas-Lamas and Combs, 
1991; Petit and Veira, 1991; Johnson and Combs, 1992). Bull et al., (1976) fed five diets 
with forage to concentrate ratios of 83:17 74:26, 58:42, 49:51 and 21:79. Dry matter intakes 
of cows consuming the three diets highest in concentrate were greater than cows consuming 
the two diets lowest in concentrate. Dry matter intakes of cows consuming the 51 % 
concentrate diet were higher than cows consuming the 42% concentrate diet, with the 79% 
concentrate. diet intermediate between these two. Analysis of digestible energy (DE) intake 
data revealed that animals consuming diets containing the three highest amounts of 
concentrate ate significantly more DE than cows fed the two lowest am9unts of concentrate. 
Because DE ,intakes of the animals consuming the three highest amounts of concentrate were 
almost identical, it was concluded that these animals were no longer under a physical 
limitation to intake. Llamas-Lamas and Combs (1991) used three forage (alfalfa haylage) to 
concentrate ratios of 86:14, 71:29, and 56:44. Dry matter intakes were greatest for the diet 
highest in concentrate, but similar for the remaining diets. Petit and Veira (1991) fed 
concentrate at either 1.3 or 1.8%- BW and alfalfa haylage ad libitum to dairy cows. CoWs ate 
similar amounts of haylage regardless of treatment. Forage to concentrate ratios were 63:37, 
for the low concentrate diet, and 54:46 for the high concentrate diet. Because both groups of"~ 
cows had similar haylage intakes, cows consuming the diet highest in concentrate had 
significantly higher DMI. Cows consuming the high concentrate diet gained weight, while 
animals consuming the low concentrate diet lost weight. These results were confirmed by 
Johnson and Combs (1992). Cows fed a diet containing 7 4% forage (2: 1 alfalfa haylage to 
com silage) ate 2.7 kg less OM than cows fed a diet containing 50% forage. In general, 
increasing concentrate in diets up to about 60% of the OM results in increased DMI. 

Digestibility 

Undigested feed DM is essentially bulk within the animal occupying space within the total 
digestive tract. This space is finite, so once used, no additional OM may be consumed. 
Conrad et al. (1964) noted that, in contrast to non-ruminant diets, undigested residue in 
ruminant diets decreased DMI. The authors evaluated diets between 52 and 80% digestible. 
Within this data set, two different populations were identified. In diets of low digestibility 
(less than 67%), BW, percent OM digested, and fecal DM/454 kg BW were found to account 
for over 99% of the variation in DMI. In diets of high digestibility (greater than 66%), fecal 
DM/454 kg BW was no longer significant, and DMI became a factor of metabolic BW, 
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production, and diet digestibility. This essentially says that at low digestibility, rate of 
passage of feed residues is the limiting factor, and at high digestibility, animals eat until 
energy needs are met. Although the two digestibility coefficients used defined two different 
populations for the data set, the authors cautioned the use of 67% diet digestibility as the 
maximum point where physical factors limit intake. They stated that body size and 
production of the animal can modify this point. They also concluded that when DMI (energy) 
was limited, milk production was a function of DMI however, when DMI wasn't limiting, 
DMI was a function of milk production (or energy requirements). Since, in early lactation, 
ability to consume adequate energy is usually limiting, early DMI prediction equations 
(Conrad, 1966) were based upon the principle of using undigestible DM to determine 
maximum DMI. Although Conrad et al. (1964) only measured the rate limitation by fecal 
passage, evidence suggests the limiting site may be post-ruminal and/or ruminal, depending 
upon stage of animal production. Waldo (1986) suggested that because Conrad observed a 
constant fecal output regardless of digestibility, an intestinal passage limitation was being 
observed. Waldo used non-lactational data from Minson (1982) to describe a ruminal passage 
limitation in growing cattle and sheep. Data showed a 42% greater DMI from plant leaf 
fractions compared to plant stem fractions, even though leaf fractions were less digestible. 
These studies reveal that rate of passage decreases with increasing undigestibility of the diet. 
This generally results in an increase in DMI when digestibility of the diet increases. 
Although digestibility is a significant factor, the usefulness of digestibility estimates in"· 
determining DMI is limited because of the elaborate process which must be undergone to 
determine it. Other factors limiting the usefulness of digestibility in predicting intake are: 
digestibility of the diet is not constant, but changes depending on rate of intake (Tyrrell and 
Moe, 1975), there are associative effects of other feeds in the diet, and other factors. iii 

Fat Effects 

Assessing effects of fat on DMI is difficult because they are usually confounded with energy 
effects. Because cows consume DM to meet their energy requirements (Baile and Forbes, 
1974; Conrad et al., 1964; Mertens, 1987; NRC, 1988), less DM is often consumed when fat 
begins to replace carbohydrates as an energy source in diets (Gagliostro and Chilliard, 1991). 
However, fats may also decrease rumen fermentation and fiber digestion (Palmquist and 
Jenkins, 1980; Chalupa et al., 1984; Chalupa et al., 1986) contributing to rumen fill, and a 
decreased rate of passage. Palmquist and Jenkins (1980) indicated that increased saturation of 
fatty acids usually decreases negative ruminal effects associated with fats. Saturated fats also 
appear to be more palatable than unsaturated fats. Palmquist and Conrad (1978) compared 
DMI of cows fed grain mixes containing no added fat, or 10% hydrolyzed fat. No effects on 
DMI were observed. On the other hand, Jenkins and Jenny (1989) evaluated four iso-caloric 
diets containing no added fat, 5% yellow grease, 3% hydrogenated yellow grease, or 5% 
hydrogenated yellow grease. Cows fed the diet containing 5% yellow grease consumed less 
(2.4 kg/day) DM per day than cows fed diets with no added fat. Dry matter intakes of the 
other diets did not differ from the control. The authors suggested palatability problems 
associated with the yellow grease may have affected DMI. 
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Forage Particle Size 

Waldo (1973) suggested reduction of forage particle size increased DMI. However, recent 
studies do not support this. Woodford and Murphy (1988) conducted a study to determine the 
effect of reducing forage particle size for cows in early lactation. Diets of a 60:40 forage to 
concentrate ratio consisting of all alfalfa haylage, 70% alfalfa haylage and 30% alfalfa pellets, 
or 30% alfalfa haylage and 70% alfalfa pellets were fed to dairy cows. Dry matter intakes of 
cows did not differ when the forage source was all haylage or 70% haylage, but decreased 
(4.3 kg/day) when 70% of the forage consisted of alfalfa pellets. The authors suggested an 
effective particle length may be required to maximize intake. Shaver (1991) has 
recommended 15 to 20% of the forage particles should be over 3.3 cm to maintain normal 
rumen function. Other studies have shown no effect of particle size (lengths varying from .25 
to 1.0 cm) on DMI (Santini et al., 1983; Woodford et al., 1986; Adams et al., 1988; Belyea 
et al., 1989), even when alfalfa pellets were a forage source (Shaver et al., 1986) 

Forage particle size does have a consistent effect on chewing time. Santini et al. (1983), 
combined-alfalfa hay with alfalfa haylage to achieve mean forage particle lengths of .31, .43, 
and .51 cm. Chewing times increased as particle length increased. These results agree with 
Woodford et al. (1986) who used alfalfa hay lengths of .25, .50, .75, and 1.0 cm.·' 

Forage Type 

Forage type, along with method of forage preservation, may affect DMI. Legumes are - ~ 

usually consumed in greater quantity than grass forages, even at equal digestibility ( Van ·~~ 

Soest et al., 1965; NRC, 1988). Although the reason for this is not clear, Waldo (1986) 
suggested legume intake is greater because volume of gastro-intestinal tract fill contributed by 
legumes is less than that of other forage species. Combination of forages can affect DMI. 
Colenbrander et al. (1986), compared DMI of cows fed corn silage or alfalfa haylage 
individually, or in 1: 1 combination. Diets were formulated to contain equal amounts of NDF 
(32%) and protein (17%). Dry matter intake, as a percentage of BW, for the diet containing 
corn silage was lower than for the other two diets. Miller et al. (1965) conducted two studies 
which compared combinations of different forage types and effects on DMI. The first study 
utilized ad libitum intakes of grass-legume silage, pasture, and a combination of the two 
sources (silage ad libitum, pasture 1 hr access). In the second study, forage sources were 
bermuda-grass silage, sudan-grass silage, and an equal combination of the two (as-fed). In 
both studies, the combination of forage sources resulted in increased DMI. 

Ensiling forages usually reduces DMI (NRC, 1988). The effect of ensiling on DMI has been 
studied by Lahr et al. (1983), and Shaver et al. (1985). Lahr et al. (1983) fed cows two 
diets, identical except for either alfalfa haylage or alfalfa hay. These accounted for 30% of 
diet OM in early lactation (up to day 150) and 20% of diet OM in late lactation. In early 
lactation cows consumed more OM when fed the diet containing hay. Also, cows fed hay 
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tended to have a higher DMI throughout lactation. On the other hand, during the dry period 
opposite effects were observed. Cows consuming a diet containing 97.5% corn silage tended 
to eat more DM than cows consuming a diet with a 2: 1 corn silage to oat straw ratio. Shaver 
et al. (1985) used Holstein steers to compare fresh cut com plants (pH 5.2), acidified fresh 
cut corn plants (pH 3.66), corn silage (pH 3.86) or neutralized (NaHC03) corn silage (pH 
5.94). Corn plants were acidified with HCL to prevent confounding of pH effects with 
organic acid effects. Dry matter intake of steers was reduced when com silage or acidified 
com plants were fed, compared to fresh com plants or neutralized silage. Because the corn 
plants were acidified with HCL, depression of DMI was attributed to hydrogen ion 
concentration. Other studies (Shaver et al., 1984; Erdman, 1988) support this conclusion. In 
1984, Shaver et al. compared the effects of corn silage pH on DMI of dairy heifers. Four 
dietary treatments included com silage with pH of 3.72, 4.46, 5.62, and 8.05 (neutralized with 
NaHC03). Com silage pH of 4.46 and 5.62 significantly increased DMI 1.1 and 1.4 kg, 
respectively, compared to corn silage with pH of 3.72. Com silage pH had a quadratic effect 
on intake because DMI of 8.05 pH com silage was .5 kg lower as compared to the corn 
silage with a pH of 3.72. Decreased palatability from either high pH, or high NaHC03 was 
suggested as the cause of this quadratic response. Similar results have been observed by 
Erdman (1988), who conducted two studies on the effect of forage pH on DMI of mixtures 
consisting of 40% forage and 60% concentrate. Forage was fed ad libitum, and separately 
from concentrate. In study one, the forage source was corn silage with pH 3.64 or 5.44 
(neutralized with NaHC03). At a pH of 5.44, cows consumed more forage DM (1.0 kg/day). 
and more total DMI (1.3 kg/day) than at ph 3.64. In study two, alfalfa haylages of two 
different pH (4.62 or 5.45) were fed. No differences were observed in DMI. The author 
used regression of literature data in addition to study data to determine DMI as a perc't!nt of 
BW = .96 + .88 pH - .077 pH2

• Use of this equation, revealed that pH above 4.5 had little 
effect on DMI. This was suggested as a reason for no DMI response with haylages of pll~~ 
4.62 or 5.45. These results are partially supported in a study by Shaver et al. (1985) 
comparing alfalfa haylage of different pH (4.48, 4.84, 5.34, and 5.78). The authors found no 
effect of haylage pH upon DMI, but there was a numerical increase in DMI of cows fed the 
three highest pH haylages. 

Stage of forage maturity also has an effect on DMI, although variation occurs depending upon 
forage type. A recent study by De Boever et al. (1993a) compared perennial ryegrass silage 
harvested at vegetative, mid-ear emergence, and late-ear emergence. Animals consumed more 
vegetative silage than late-ear silage. They also tended to consume more mid-ear silage than 
late-ear silage. Results were attributed to increased lignification of the cell walls during 
maturation. Findings with ryegrass are in contrast to those with corn silage (De Boever et al., 
1993b). Corn silage was harvested at the milk dough stage, dough stage, and hard dough 
stage. Dry matter intake tended to increase with silages of later stages of maturity. Fiber in 
the corn silage was decreased with increasing maturity levels, which was opposite for the 
ryegrass silage (De Boever et al., 1993a). 
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Moisture Content 

Determining the effect of moisture content of the diets on DMI is usually confounded with 
the effects of ensiling. However, Lahr et al., (1983) and Robinson et al., (1990) have added 
water to diets, and Kellems et al., (1991) added alfalfa haylage of different moisture contents. 
Lahr et al. (1983) fed four identical diets with moisture contents of 78, 64, 52, and 40% 
(modified with water). Cows assigned to the 78% DM diet ate 1.8 and 2.9 kg/day more DM 
than cows assigned to the 64, or the 52 and 40% diets, respectively. Cows consuming the 
two diets lowest in DM had identical DMI. Robinson et al. (1990) found no difference in 
DMI·of cows fed diets containing either 35 or 45% DM (study 1), or 45 or 60% DM (study 
2). Kellems et al. (1991) found no difference in DMI of cows fed diets containing 62.7, 52.8, 
or 45.8% DM (alfalfa haylage of different DM was used to alter dietary DM). Data from 
these three studies suggest that DMI either increases when diet DM exceeds 50% (but does 
not decrease below this level), or is not affected at all by diet DM content. 

These results contradict the NRC's (1988) statement (based upon results of Davis et al., 1983) 
that DMI is depressed when diets are below 50% DM. Davis et al. (1983) used wet brewers 
grains to decrease diet DM from 69 to 46%. Dry matter intake of cows consuming the 46% 
DM diet decreased 4.9 kg/day. Since the results by Davis et al. (1983) contradict both 
studies using water addition (Lahr et al., 1983; Robinson et al., 1990) and the study~ using the 
addition of haylage of different moisture contents (Kellems et al., 1991), it is possible that 
Davis et al. (1983) observed a response due to the addition of brewers grains, and not the 
addition of moisture content. 

; 
I 

Neutral Detergent Fiber 

Three common dietary fiber determinations used in formulating ruminant diets are acid 
detergent fiber (ADF), crude fiber (CF), and neutral detergent fiber (NDF). Acid detergent 
fiber and CF are better correlated with digestibility than NDF. Neutral detergent fiber is 
better correlated with intake than either ADF or CF. Neutral detergent fiber is measurement 
of the fibrous (cellulose, hemicellulose, and lignin) components of the diet. In a series of 
papers, Mertens (l 985a, 1985b, 1987) discussed use of dietary NDF content to determine 
·DMI. ·The author's justification was that NDF was correlated to dietary volume and density, 
and should be a good representation of the diet's fill effect. Based upon experimental results, 
maximum dietary intake of NDF was determined to be 1.1 % of BW. Jung and Linn (1988) 
used 28 studies from the literature to evaluate the validity Of Mertens' theory. They found no 
significant relationship between NDF and DMI when diets greater than 42% NDF were 
excluded from the analysis. The authors suggested composition differences in NDF based 
upon feed type could account for the lack of agreement between the studies that they 
summarized and Mertens results. Also, Mertens' theory is designed to maximize forage DMI 
of cows. Poor correlation may have resulted because some of the studies reviewed may not 
have attempted to maximize forage DMI. Briceno et al. (1987) also evaluated Mertens' 
theory using 20 experiments and found NDF yielded a significant quadratic response on DMI 
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when forage types were combined. However, when data for forage types were separated, 
NDF was a good predictor of DMI. Currently, it appears more research is needed to 
understand NDF's effect on DMI. 

Protein Content 

It has been demonstrated that mature cows in early lactation consume more OM when crude 
protein (CP) content of the diet is increased (Roffler et al., 1978; Claypool et al., 1980; 
Cressman et al., 1980) however, this does not seem to apply to first lactation animals (Roffler 
et al., 1978; Cressman et al., 1980). 
Roffler et al. (1978) fed cows of 1st, 2nd, or 3rd lactation diets containing either 12.2 or 
16.2% crude protein (CP) from week 2 until week 12 of lactation. When all lactations were 
combined, cows consuming diets containing 16.2% CP ate 1.4 kg per day more DM. 
However, DMI of first lactation animals was not significantly different regardless of protein 
level. Results agree with thos.e of Claypool et al. (1980) and Cressman et al. (1980). 
Claypool et al. (1980) fed mature cows iso-caloric diets containing either 12.7, 16.3, or 19.3% 
CP. Treatments lasted for 90 days beginning day four of lactation. Dry matter intake 
increased with increasing amounts of CP. Cressman et al. (1980) fed cows ad libitum for 5 
weeks beginning ~ay 3 of lactation. Diets contained 12.4, 15.1, or 17.7% CP. No ef~ect on 
DMI was observed for heifers, but a quadratic effect was observed for mature cows. Cows 
fed the 15.1 % diet consumed 2.3 kg per day less than those fed the 12.4% CP diet, but cows 
fed the 17.7% diet ate 1.9 kg more DMI than those fed the 12.4% CP diet. The reduction in 
DMI of cows fed the 15.1 % CP diet may have been a result of cows being over-conditioaed. 
On the other hand, not all investigators have observed a DMI response to increased CP levels. 
Edwards et al. (1980) fed cows alfalfa hay and concentrate ad libitum for an entire lactation: 
Diets contained 13, 15, or 17% CP. Total DMI was not different, but cows on the 13% CP 
diet consumed less concentrate during the first 21 weeks of.lactation. Possible reasons for 
increased DMI may be due to increased microbial growth in response to additional protein. 
This may allow for increased OM digestion in the rumen. 

It has been suggested that cows in later lactation may not require higher protein levels if they 
receive sufficient levels early in lactation (Edwards et al., 1980). This theory is supported by 
the results of Roffler and Thacker (1983) who fed cows diets containing 17% crude protein 
during the first month of lactation, and then either continued this regimen, or reduced protein 
levels to 13.5% after the first or second month of lactation. Cows fed diets reduced to 13.5% 
CP after the first month of lactation tended to have lower DMI and had significantly lower 
milk production during the 2nd and 3rd months of lactation compared to cows still consuming 
17% CP. Reduction of protein after month 2 of lactation did not affect DMI or milk 
production. 
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ENVIRONMENTAL FACTORS 

Barn/Bunk Design 

The two main types of barns in the Mid-West are tie-stall and free stall. In free stall barns, 
animals are able to interact and exert normal social behavior when eating. Although it is 
difficult to measure individual DMI in a free stall situation, some conclusions can be 
determined based upon general observations. Dry matter intake of animals in free stalls is 
affected to a much greater extent by social behavior and dominance than animals in tie stalls. 
Friend and Polan (1974) used time-lapse photography to evaluate the effects of social 
dominance on feeding behavior. The feed trough was .5 m in length for each cow. Cows 
averaged 3.7 hours each day at the feed trough. It may be of no surprise that social rank had 
the highest correlation to being at the feed trough immediately after feeding, however this had 
a very poor correlation to total time at the trough. This means the socially dominant cows 
were the first ones to feed, but quickly filled up and left, leaving the remaining feed for other 
cows to consume. This conclusion is supported by Albright (1991) who stated that socially 
dominant cows a.te faster than younger cows. In a study conducted to determine the optimum 
amount of bunk space in a free stall barn, Friend et al. (1977) evaluated lengths of .1, .2, .3, 
.4, and .5 m per cow. Average time spent at the feed bunk decreased when .1 m feed bunk 
per cow was provided. Average daily intakes were also reduced. Although an earlier study 
(Friend and Polan, 1974) showed dominant cows speri~ less time at the feed bunk, this study 
showed as bunk space decreased, correlation of dominance with average duration of eating 
periods increased. Albright (1991) describes a Michigan herd with over 600 cows where 
animal behavior did not differ when space per cow was .46 or .61 m. The critical manger 
length per cow depends upon the number of hours per day feed is in the manger. Although 

' data evaluating bunk length per cow is limited, these studies demonstrate bunk length should,~ 
exceed .2 m per cow. 

Albright (1991) recommended two factors to improve feeding behavior from bunks. The first 
is to place them at floor level, because cows eating with their heads down produce up to 17% 
more saliva than cows with their heads raised. Additionally, cows with their heads raised 
exert more feed tossing/wasting behavior. The second is to line concrete mangers with epoxy 
finishes, wood, or tile to improve intake. Concrete becomes etched over time when exposed 

·to silage or other feedstuffs and becomes abrasive to the cow's tongue. 

Feeding Frequency 

Feeding frequency does not appear to affect DMI to a large degree. Gibson (1984) 
summarized 35 experiments on the effect of feeding frequency for dairy cows. In 11 of the 
studies, one or more dietary components were offered ad libitum. Only three of these showed 
a significant increase in roughage DMI, and only one a significant increase in total DMI when 
feeding frequency was increased. In two studies, cows were offered concentrates ad libitum, 
but no effect on DMI was observed. This summary is supported by studies of Hansen et al. 
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(1991) and Maltz et al. (1992). Hansen et al. (1991) compared feeding a TMR twice a day to 
the use of an automatic feeder which fed grain and protein supplements six times a day. 
Even though animals fed automatically were fed more often, they consumed less OM than 
those fed a TMR. Maltz et al. (1992) compared TMR feeding with computerized self
feeding. Cows eating the TMR consumed .7 kg per day more OM than cows on the self
feeder. 

On the other hand, the amount of time cows have access to feed does appear to greatly affect 
DMI. Cows which have longer access to feed, have higher OMI. Erdman et al. (1989) 
conducted a study evaluating the amount of time cows had access to diets and the effect on 
OMI. They looked at access times of 8, 12, 16, or 20 hours. All animals were fed twice a 
day. Cows which had access to feed for 20 hours consumed 1.2 kg/day more OM than those 
having access to feed for only 8 hours. 

Photoperiod 

Cows exposed to a longer photoperiod consume more OMI. Peters et al. (1981) exposed 
cows to either 16 hours of fluorescent light, or 9 to 12 hours of natural light. Cows were 
divided into early lactation (37 to 74 days in milk) or late lactation (94 to 204 days in milk) 
groups. Mean OMI for the cows exposed to fluorescent lighting was 1.0 kg/day higher than 
cows exposed to natural light. 

Temperature 

Cows exposed to heat stress consume less OM. McGuire et al. (1989) subjected cows in 
temperature controlled chambers to either thermal comfort, or heat stress. Between the hours 
of 9:00 PM and 9:00 AM, all animals were exposed to a temperature of l 9°C. Between the 
hours of 9:00 AM and 9:00 PM, temperature was raised to 25 or 40°C for animals assigned 
to thermal comfort or heat stress, respectively. Cows exposed to heat stress consumed 4.0 kg 
less OMI than cows exposed to thennal comfort. Lough et al. (1990) found similar results. 
Between the hours of 6:30 PM and 8:00 AM, all animals were exposed to a temperature of 
2b°C. Between the hours of 8:00 AM and 6:30 PM, the temperature was raised to 25 or 
39°C for animals assigned to the thermal comfort treatment, or thermal stress treatment, 
respectively. Cows exposed to thermal stress consumed 3 kg/day less DMI than cows 
exposed to thermal comfort. 

Cows exposed to cold stress consume more OM. Unlike a response to heat stress (Lough et 
al., 1990; McGuire et al., 1989), which is independent of energy status, increased OMI in 
response to cold stress reflects increased energy demands (Baile and Forbes, 197 4; Young, 
1983). 
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Summary 

Today, a good understanding of the factors affecting DMI is necessary in order to survive as 
a nutrition~st·or producer in the dairy industry. This review, has detailed some of the main 
factors _affecting DMI. It is clear that many of these factors are continually interacting and 
are inseparable. However, by understanding the relationships among them we will be better 
able to meet the nutrient needs of dairy cows. 
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PROTEIN CONCEPTS IN RUMINANT NUTRITION 

Marshall D. Stern, Marcia I. Endres and Sergio Calsamiglia 
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INTRODUCTION 

Protein supply to the duodenum of ruminants consists of microbial protein synthesized in the 
rumen, undegraded dietary protein and endogenous protein. Microbial protein provides a 
substantial portion of the total protein reaching the duodenum. Because the amino acid (AA) 
profile of rumen microbes is rather constant, modification of the AA composition of duodenal 
digesta is difficult. Significant alteration of the AA profile of duodenal digesta would require 
that undegradable protein sources supply approximately 50% of the total dietary protein · 
(Erasmus, 1991). Nutrient supply to the microbes is considered largely in terms of ruminal 
availability of N and carbohydrates that can be fermented in the rumen to provide carbon 
skeletons and energy in the form of ATP for microbial protein synthesis. Because rumen 
microbes provide high quality protein for the dairy cow and microbial growth rates affect AA 
availability to the animal, it is important to maximize microbial protein synthesis in the 
rumen. .· 

Ruminal degradation of protein determines the availability of ammonia-N, AA, peptides and 
branched-chain VFA which influence microbial growth rates in the rumen. In addition, rate 
and extent of ruminal proteolysis determines the quantity and quality of undegraded dietary 
protein that will reach the duodenum. The National Research Council (1989) introduced-pew 
recommendations for calculating protein requirements of dairy cattle and used absorbed ,. --~,. 
protein in grams per day as the unit for protein requirements rather than total crude protein. 
The absorbed protein system recognizes that there are differences in the proportion of dietary 
protein that leaves the rumen undegraded and its intestinal digestibility. For this system to be 
effective, it is imperative that reliable procedures be developed to provide rapid and realistic 
estimates of ruminal degradation and intestinal digestion of protein for a wide variety of 
dietary feed ingredients. Various techniques for estimating ruminal protein degradation and 
intestinal protein digestion were recently reviewed by Stern and Calsamiglia (1991). This 
review will evaluate various factors that affect ruminal protein metabolism and subsequent 
AA supply to the small intestine. In addition, an in vitro procedure for estimating intestinal 
protein digestion will be introduced. 

IMPORTANCE OF RUMINAL MICROBIAL PROTEIN 

The theoretical contribution of microbial protein to the lactating dairy cow, calculated at three 
efficiencies of microbial protein synthesis, is presented in Table 1. Contribution of microbial 
protein to total protein requirement was determined using National Research Council (NRC) 
values (1989) for a 600 kg lactating dairy cow producing 25, 35, and 45 kg 4% FCM daily. 
At these three levels of milk yield, microbial protein would contribute 73, 64 and 59% of the 
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total protein required by the animal when microbial synthesis in the rumen is 30 g N/kg 
organic matter truly digested (OMD). When milk yield is 45 kg/d, the contribution of 
microbial protein to total protein required by the cow would increase from 39 to 79% with an 
increase in efficiency of microbial protein synthesis from 20 to 40 g N/kg OMO. Stem and 
Hoover (1979) reviewed the literature and reported that approximately 30 g N were 
synthesized per kg OMO in the rumen, with values ranging from 10 to 50 g. Efficiencies for 
microbial protein synthesis used in Table 1 are therefore realistic and the calculated 
contribution of microbial protein clearly depicts the importance of optimizing microbial 
protein synthesis in the rumen of high producing dairy cows. In addition, these calculations 
demonstrate that as milk production increases, a substantial quantity of additional dietary 
protein from protein supplements must leave the rumen undegraded to· meet the animal's 
protein requirement. 

TABLE 1. Theoretical contribution of microbial protein to total protein requirement of the 
lactating dairy cow .1 

Theoretical contribution of microbial protein when 
daily milk production (kg) equals: 

Efficiency of microbial synthesis, 
g N/kg OM truly digested2 25 35 

: 

45 

--------------------- % -----------------------

20 49 42 39 

\ 

30 73 64 59 ··-.,.-:.. 

40 98 85 79 

1 Requirements determined using NRC (1989) .. 
2 Assumed that 55% of OM intake is truly digested in the rumen . 

. EFFECTS OF FAT ON RUMINAL NITROGEN METABOLISM 

Higher energy demands of high producing cows, increased knowledge of benefits of added fat 
to t_he diet and greater availability of fat supplements has increased the use of supplemental 
fat in diets fed to dairy cows (Wu et al., 1991). Although dietary fat is energy dense, it does 
not provide energy for microbial growth in the rumen. Addition of fat to the diet can affect 
microbial protein flow to the duodenum by altering the quantity of carbohydrate in the diet, 
the fermentability of carbohydrate and possibly the efficiency of microbial protein synthesis. 
Several researchers reported no effect of feeding various sources and amounts of supplemental 
fat on efficiency of microbial protein synthesis in the rumen (Ooreau et al., 1991; Klusmeyer 
et al., 1991b; Ohajuruka et al., 1991; Ferlay et al., 1992; Ooreau et al., 1993; Palmquist et al., 
1993). Iii contrast, other researchers showed an increase in efficiency of ruminal microbial 
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protein synthesis due to fat supplementation (Sutton et al., 1983; Jenkins and Palmquist, 1984; 
Jenkins and Fotouhi, 1990; Klusmeyer et al., 1991a). 

Sutton et al. (1983) reported an increase in flow of total N, microbial N and efficiency of 
microbial protein synthesis when sheep were fed diets supplemented with linseed oil or 
coconut oil. Ruminal protozoa! numbers were reduced by 78 and 90% when diets were 
supplemented with linseed oil and coconut oil, respectively. When oils were fed to sheep in a 
protected form, effects on microbial protein synthesis and protozoa! numbers were not 
observed. Addition of 5.2% soybean lecithin or 2.4% com oil to a diet fed to sheep 
decreased ruminal ammonia concentration and N flow to the duodenum (Jenkins and Fotouhi, 
1990). Microbial N flow to the duodenum w,as not affected by fat supplementation, but 
adding fat to the diet increased efficiency of microbial protein synthesis in the rumen. 
Responses observed in these studies could be due to. the defaunating effect of fat, which 
depresses protozoa! predation ori bacteria resulting in a greater efficiency of microbial protein 
synthesis in the rumen (Jenkins and Palmquist, 1984). · 

Calcium soaps of fatty acids or animal-vegetable fat fed at 0, 2.5 or 5% of dietary OM to 
lactating cows did not influence ruminal ammonia-N, efficiency of bacterial protein synthesis 
or bacterial N flow to the duodenum (Ohajuruka et al., 1991). Consistent with these 
observations, feeding Ca salts of long-chain fatty acids (Ca-LCFA) at 4% of dietary' DM did 
not alter flows of nonammonia N (NAN) and microbial N to the duodenum or efficiency of J 

ruminal microbial growth (Klusmeyer et al., 1991b). In contrast, Klusmeyer et al. (1991a) 
reported an increase in efficiency of microbial growth due to lower OM digestion in the 
rumen and similar amounts of microbial N passing to the duodenum when cows were f-ed 
Ca-LCFA. 

Using continuous culture fermenters, Illg (1990) supplemented a basal diet with 3% fat in the 
form of Ca-LCFA, tallow or corn oil. Total fatty acid content of supplemented diets was 
approximately 7 .0% of dietary DM: Because intakes were equal among dietary treatments 
and carbohydrate fermentation was not negatively affected by any of the fat supplements, 
efficiency of bacterial protein synthesis and bacterial N in the effluent were not altered (Table 
2). 

TABLE 2. Influence of fat source on nitrogen metabolism in continuous culture.' 

Fat source 

Item Control Ca-LCFA Tallow Com oil 

NH3N, mg/di 24.5 24.4 25.3 26.7 
Bacterial synthesis, 

g N/kg OM truly digested 35.9 34.4 34.9 33.4 
Effluent N flow, g/d 

Dietary .91 .88 .82 .83 
Bacterial 1.12 1.10 1.14 1.08 
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1 Data from Illg (1990). 

Data from these experiments indicate that fairly large amounts of fat from different sources 
can be used to increase caloric density of the diet fed to lactating cows without having 
deleterious effects on ruminal protein metabolism and microbial protein flow to the 
dundenum. However, feeding excess fat to the dairy cow could result in depressed DM 
intake (Schauff and Clark, 1992). 

EFFECTS OF CARBOHYDRATES ON RUMINAL NITROGEN METABOLISM 

Microbial metabolism in the rumen is regulated primarily by the amount and rate of 
hydrolysis of carbohydrate, which depends on the physical and chemical form of the 
carbohydrate. Carbohydrates provide carbon skeletons and energy, in the form of ATP, for 
ruminal microbial protein synthesis. Fibrous or structural carbohydrates have been most 
commonly defined as those occurring in the plant cell wall as determined by NDF analysis. 
Non-fibrous or non-structural carbohydrates (NSC), typically the more readily digested 
carbohydrate fraction found in animal feeds, are vague and not as well defined (Stern and 
Ziemer, 1992). Varga and Whitsel (1991) demonstrated that the carbohydrate composition of 
different feedstuffs was highly correlated with rate and extent of NSC and NDF digestion . 

.> 

Variation in rumen availability of nutrients can have a major impact on the efficiency of 
microbial protein synthesis in the rumen.· 

Nonstructural carbohydrates 

Nonstructural carbohydrates have been calculated as: 
~00 - (NDF + CP + ash +ether extract) 

or'derived by enzymatic methods using various carbohydrases. 

' . 

Hoover (1988) suggested that microbial protein synthesis was optimized when diets contained 
37% or more NSC. However, supplementation of starch at one lev.el (Cameron et al., 1991) 
or five different levels, ranging from 8 to 32% of the concentrate (Robinson et al., 1987), did 
not alter microbial N flow to the duodenum. It was suggested that the lack of increase in 
microbial protein synthesis could be attributed to either no increase in available energy for 
microbial growth or energetic uncoupling. Feng et al. (1993) reported that when NSC content 
in diets increased from 29 to 39%, efficiency of microbial growth and flow of microbial N to 
the duodenum decreased. Ruminally degradable protein was equal to or greater for the 39% 
NSC diets compared with the 29% NSC diets, suggesting that microbial protein synthesis was 
not limited by N or available energy with the 39% NSC diets. Decreases in microbial N 
flows, and efficiency of microbial growth in cows fed the 39% NSC diets, were associated 
with low ruminal liquid and solid turnover rates. This could have increased microbial 
recycling in the rumen and caused a large amount of the energy and N to be used for 
maintenance rather than growth of the microbes. 
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Degradability of starch from various cereal grains was determined in vitro and in situ 
(Herrera-Saldana et al., 1990b). The same ranking for ruminal starch availability was 
observed using both methods: _oats > wheat > barley> com > milo. Several researchers 
(Rode and Satter, 1988; McCarthy-et al., 1989; Kung et al., 1992) compared com and barley 
as energy sources for microbial growth. Ruminal starch digestion was greater for barley. 
However, there was no effect on efficiency of microbial protein synthesis in the rumen or 
microbial N flow to the duodenum. 

Ruminal availability of starch can be altered by physical or chemical processing methods, 
which have been reviewed by Nocek and Tamminga (1991). For example, the proportion of 
starch digested in the rumen and total tract was greater with steam flaked sorghum grain 
compared with dry-rolled sorghum grain (Oliveira et al., 1992; Oliveira et al., 1993). Ruminal 
ammonia-N concentrations were 65% lower when cows were fed diets with steam-flaked 
sorghum grain compared with dry-rolled sorghum grain (Moore et al., 1992). This effect was 
possibly due to an increase in microbial protein synthesis when more ruminally available 
starch was fed to the cows. 

Data from these experiments demonstrate that supplying supplemental NSC may not increase 
microbial yield or efficiency of protein synthesis. The complexity of the NSC components, . , 
and large variation among feedstuffs in the quantities of sucrose, starches and pectins, can 
result in extreme differences in rates of ruminal fennentation. 

Fibrous carbohydrates 

Replacement of 50% com DM by beet pulp in diets fed to rumen microbes maintained in-~ 
continuous culture fermenters, resulted in decreased ammonia N concentration and molar ' ~"":. 
proportion of total branched chain VFA and increased total protein flow (Mansfield and Stern, 
1991). There were no differences between carbohydrate sources in OM digestion, efficiency 
of bacterial synthesis and total bacterial CP production. Stem (unpublished data) examined 
the effects of supplying com or beet pulp as the substrate for energy metabolism by rumen 
microbes maintained in continuous culture. Total bacterial N production was not different 
between corn and beet pulp d_iets (1387 and 1458 mg/d, respectively), suggesting that ruminal 
energy availability was similar between carbohydrate sources. Similar energy availabilities .. 
can best be explained by the high pectin content of beet pulp which is completely and rapidly 
available for ruminal microbial fermentation (Van Soest, 1986). These results are consistent 
with research where cattle were fed beet pulp compared with barley (Huhtanen, 1987; Rooke 
et al., 1992). 

Treating straw with ammonia (Chen et al., 1992) or alkaline hydrogen peroxide (Bas et al., 
1989) has improved fermentability of the carbohydrate substantially to support ruminal 
microbial protein synthesis. Bas et al. (1989) found that total microbial N flow was 
approximately two times greater for treated straw compared with untreated straw and was 
similar to com starch. Based on microbial N flow, it was concluded that treated wheat straw 
was comparable to corn starch as a source of energy for ruminal microorganisms. Chen et al. 
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(1992) reported that ammonia-treated barley straw fed to sheep did not differ from barley or 
beet pulp as an energy source for microbial CP production in terms of efficiency; however, 
microbial protein supply to the small intestine was lowest .with the treated straw. 

EFFECTS OF PROTEIN ON RUMINAL NITROGEN METABOLISM 

Protein degradability ·of dietary feed ingredients in the rumen is an important factor 
influencing intestinal AA supply to the lactating dairy cow. Rate and extent of protein 
degradation in the rumen affects microbial protein synthesis and determines the quantity of 
undegraded dietary protein that will reach the duodenum. The extent to which protein ·is 
degraded depends primarily upon microbial proteolytic activity in the rumen, microbial access 
to the protein and ruminal retention time of dietary protein (NRC, 1985). 

Soybean meal (SBM) is a protein supplement of relatively high quality commonly fed to 
lactating cows. However, the undegradable protein fraction of SBM or whole. soybeans is 
relatively low compared with by-product feed ingredients such as animal proteins (Figure 1). 
Various physical and chemical methods have been introduced to increase the ruminally 
undegradable protein of SBM and whole soybeans. The most commonly used treatment for 
reducing ruminal microbial protein degradation has been heat processing, including expeller "" 
processing, jet sploding, extrusion, roasting and heat in the presence of calcium frgnosulfonate 
or xylose. Heating facilitates the Maillard reaction between sugar aldehyde groups and free 
amino groups of protein to yield an amino-sugar complex. These linkages are more resistant 
than normal peptides to enzymatic hydrolysis and reversibility of this reaction is dependent 
upon temperature and time of heat exposure. Other treatments successful in decreasini 
degradability of protein in the rumen include the formation or addition of: aldehydes, tar;mins, 
sodium bentonite, sodium hydroxide, calcium lignosulfonate, blood, fish hydrolysate, alcofi'o1 
~d xylose. · 

In situ and continuous culture procedures were used to study the effect of protection methods 
on metabolism of protein from SBM by ruminal bacteria (Waltz and Stern, 1989). 
Treatments of SBM included solvent extraction (control), sodium hydroxide, formaldehyde, 
expeller processing, propionic acid, extrusion, ethanol and lignosulfonate. Results from the in 
situ study (Figure 2) showed that expeller processing, calcium lignosulfonate treatment, and 
formaldehyde treatment were most effective in reducing ruminal protein degradation. 
Degradation of CP in diets containing SBM treated with formaldehyde, propionic acid, 
lignosulfonate, extrusion or expeller processing was lower than in the control diet. Total 
bacterial N output was lowest for SBM protected by formaldehyde, expeller processing and 
lignosulfonate treatments. Undegraded dietary N in the effluent was greatest for SBM 
protected by formaldehyde, expeller processing, propionic acid and lignosulfonate treatments. 
Caution should be used in interpreting these results because processing procedures have been 
modified since this study was conducted. For example, Endres and Stern (unpublished data) 
found that ruminal protein degradation of lignosulfonate treated SBM (LSBM) using current 
processing procedures was approximately 39% (Figure 3). Ruminal protein degradation of 
expeller-SBM was estimated recently at 49% (Calsamiglia et al., 1992). 

100 



r 

Processing factors involved in the lignosulfonate-SBM reaction were examined (Winowiski 
and Stern, 1987). It was concluded that heat and the presence of wood sugars in the 
lignosulfonate preparation, such as xylose, were necessary to protect SBM protein from 
microbial degradation. Cleale et al. (1987) found that ·tre~tment of SBM with xylose (3 mol 
xylose/mol lysine), in the presence of heat, reduced degradation of soybean protein by rumen 
microorganisms and concluded that controlled nonenzymatic browning improved efficiency of 
soybean protein utilization by ruminants. Windschitl and Stern (1988) fed diets containing 
untreated SBM, water-SBM, xylose-SBM and calcium lignosulfonate-SBM to lactating dairy 
cows and found that rumin.al protein degradation was 70.6, 69.6, 55.8 and 53.7%, 
respectively. Duodenal NAN flow was not affected by treatment. However, dietary N flow 

was greater and bacterial N lower for the xylose and lignosulfonate-SBM treatments 
compared with untreated SBM. 

Extruding whole soybeans at 132 and 149°C compared with SBM and unprocessed soybeans 
reduced ruminal protein degradation in situ (Stern et al., 1985). These same four soybean 
sources were. fed to ruminally and intestinally cannulated lactating Holstein cows. Flow of 
total AA to the duodenum and subsequent absorption from the small intestine were lowest for 
the diet containing unprocessed whole soybeans. Extrusion of whole soybeans at 132 and 
149°C increased the flow of AA to the duodenum approximately 10% and caused ~ 17% 
increase in absorption (g/day) from the small intestine compared with unprocessect'soybeans, 
but was not different from SBM. 

Roasting whole soybeans, followed by heat steeping, resulted in greater milk ( 4.5 kg/d)il. 3.5% 
FCM (4.0 kg/,d) and milk protein (.09 kg/d) yields when fed to cows compared with SBM or 
raw soybeans (Faldet and Satter, 1991). This response has stimulated others to produce - \ ... 
roasted soybeans. However, processing conditions have not .been defined clearly. Particle size 
can have a profound effect on ruminal protein degradability of roasted soybeans and will be 
discussed fater in this review. Roasting temperature and holding time after soybeans exit the 
roaster can also markedly affect ruminal undegradable protein and postruminal availability .of 
AA (Faldet et al., 1991; Faldet et al., 1992b). Faldet et al. (1992a) used in vitro estimates of 
protein degradation in the rumen and available lysine, measured chemically and using a rat 
growth assay, to determine optimal heat treatment of soybeans. They concluded that a loss of 
15 to 22% of chemically determined available lysine was necessary to achieve the heat 
treatment that resulted in maximal postruminal available lysine. These types of measurements 
are necessary to assure quality control of roasted soybeans to achieve maximal protein 
utilization by the lactating cow. 

Animal proteins such as meat and bone meal (MBM), blood meal (BM), hydrolyzed feather 
meal (HFM) and fish meal (FM) are high in total protein and undegradable protein compared 
with some of the more commonly fed plant proteins (Figure 1). Palatability, protein quality, 
intestinal absorption of AA, cost per unit of protein, availability and consistency of product 
and impact on animal performance are key elements in deciding how to use animal by
products in diet formulations for lactating dairy cows. Despite a lower degradation of CP (66 
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versus 85%) for MBM compared with SBM, total AA flows from an artificial rumen were not 
different between diets containing 80% of total dietary- CP as MBM or SBM (Blake and 
Stern, 1988). Diets were similar in total CP content, however AA intake was lower for the 
MBM diet presumably due to its higher nonprotein N content. This may be related to the 
relatively large amounts of nucleic acids found in bone marrow. In addition, dietary AA flow 
was greater and bacterial AA flow was lower for the MBM diet compared with the SBM diet. 
These combined effects resulted in similar total AA flows for the two diets. Iii contrast, 
when a combination of HFM, MBM, and BM replaced SBM as the supplemental protein, 
Mansfield and Stern (1991) reported an increase in dietary N and total NAN in effluent from 
continuous culture of rumen contents. 

Waltz et al. (1989) fed diets containing SBM, BM, HFM or a combination of BM and HFM 
to lactating dairy cows. Dietary protein degradation in the rumen decreased and AA flow to 
the duodenum increased when HFM or the combination of BM and HFM were fed. Failure 
of the BM diet to produce these responses was probably due to sorting and feed refusal by 
animals fed this diet, which contained more than recommended levels of BM. If intakes had 
been equal, the BM diet could have increased the supply of available AA provided to the 
small intestine. 

Although FM is generally resistant to microbial degradation in the rumen, there are .
considerable differences in degradability of various fish meals due to processing. Yoon et al. 
(1990) showed that the addition of high solubles to FM increased protein degradation by 
approximately 50%. Moderate heat used in the processing of FM can decrease the rate of 
ruminal proteolysis of fish protein due to a large number of disulfide bridges (Chen et al~, 
1987), which can cause a loss of cysteine and cystine (Opstvedt et al., 1984). Hoover et al .. 
(1989) examined the effects of various forms of FM on microbial metabolism in continuous~--_ 
culture of rumen contents. Fish meals were: FM containing 34.4% free fatty acids, FM 
containing 34.4% free fatty acids with CaC12 added, FM containing 65.6% free fatty acids and 
defatted FM. When pH was maintained at 6.2, the inclusion of any FM except the defatted 
FM greatly reduced the acetate:propionate ratio and microbial CP production and efficiency 
were impaired. Because these effects were not shown when the diet was prepared with 
defatted FM, effects were attributed to the fatty acid content of FM. Protein degradation also 
was greater for the defatted FM diet than for other FM diets. Similarly, Calsamiglia et al. 
(1992) observed a lower acetate:propionate ratio with a diet containing FM and expeller-SBM 
compared with solvent extracted SBM. However, no differences in microbial CP production 
and efficiency of synthesis were found between dietary treatments. Reductions in microbial 
CP flow to the duodenum with FM supplementation have been observed in vivo with cattle 
(Rooke and Armstrong, 1987; Zerbini et al., 1988; Titgemeyer et al., 1989; Cunningham et 
al., 1993) and sheep (Hussein et al., 1991). In contrast, Dawson et al. (1988) reported an 
increase in total microbial CP flow to the duodenum when FM was added to an all silage diet 
fed to steers. Klusmeyer et al. (1991a) showed that feeding FM to cows did not alter 
microbial N flow to the duodenum compared with SBM. 
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Zerbini et al. ( 1988) observed a greater intake of AA in cows fed a SBM diet than ,a FM diet, 
but total flows of AA to the duodenum were similar for both diets. A greater quantity of 
undegraded dietary protein leaving the rumen in cows fed FM compared with SBM was 
counterbalanced by less microbial protein synthesis in the rumen. A similar response in total 
AA flow was detected iri lambs fed SBM versus FM as the protein supplement (Hussein et 
al., 1991). Cunningham et al. (1993) added HFM/BM (3:1 on N basis) at 0, 33, 67, or 100% 
of supplemental CP in diets fed to cows. Flow of nonammonia non-microbial N (NANMN) 
increased but microbial N flow tended to decrease with increasing levels of HFM/BM. Total 
and essential AA flows were not different among diets~ However, profile of intestinal AA 
was affected by treatment. Rooke and Armstrong (1987) found that when FM was 
supplemented in diets fed to cattle, the quantity of AA consumed increased and the AA 
composition of the duodenal digesta changed. 

Titgemeyer et al. (1989) evaluated SBM, corn gluten meal (CGM), BM or FM in supplying 
AA to steers. They showed that decreases in bacterial CP compared with a basal diet were 
greatest when FM was fed, followed by CGM, BM and SBM. Fish meal supplied more total 
AA to the duodenum than SBM. Blood meal and CGM supplied the greatest amount of total 
AA flow to the duodenum. However, these two protein sources were quite different in the 
amounts of individual AA that escaped ruminal degradation. Blood meal supplementation led 
to larger amounts of lysine, histidine, arginine and valine, whereas CGM resulted in more ---, 
methionine, leucine and isoleucine supplied to the duodenum. Total N flow to the srnall 
intestine of steers was 13% greater when supplemental CP was fed as a combination of CGM 
and BM compared with SBM (Cecava et al., 1991). .. 
Keery et al. (1993) examined the effects of supplemental SBM, heated SBM, FM or a _ 

' combination of FM, heated SBM and CGM on AA supply to the small intestine. Similar to .. ~ 
previous observations, bacterial CP flow to the abomasum was reduced when steers were fed 
FM. Supplementation of diets fed to steers with FM, heated SBM or the combination of 
proteins increased flow of essential AA to the abomasum and increased absorption of 
essential AA from the small intestine. Christensen et al. (1993) formulated diets for lactating 
cows that provided 30 or 45% ruminally undegradable protein (RUP). A combination of meat 
meal, CGM, BM, HFM and FM replaced SBM to attain the higher level of RUP. Passage of 
total N, NAN and NANMN were greater with the high RUP diets. Lysine and valine flow to 

"the duodenum increased, but passage of methionine and other essential AA were not altered 
when cows were fed the high RUP diet. 

Blood meal,· CGM or cottonseed meal, fed to lactating cows, altered the patterns of AA 
flowing to the duodenum and closely reflected AA profiles of the protein source (King et al., 
1990). Protein sources provided approximately 46% of the· total CP in the diet and showed 
that quality of undegradable protein can have a profound effect on individual AA supply to 
the small intestin·e. Feeding single supplemental protein sources to lactating cows can 
potentially limit individual AA for milk production. For example, Klusmeyer et al. (1990) 
reported that cows fed supplemental SBM had larger amounts of lysine passing to the 
duodenum and increased production of milk protein compared with cows fed supplemental 
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CGM. Therefore, combinations of protein sources should be considered for supplying the 
individual AA required by the lactating cow in optimal proportions. 

EFFECTS OF PROTEIN AND CARBO HYDRA TE INTERACTIONS ON RUMINAL 
NITROGEN METABOLISM 

Excellent reviews by Hoover and Stokes (1991) and Clark et al. (1992) described the 
relationship between ruminal protein and carbohydrate availability and their impact on 
microbial protein synthesis in the rumen and protein supply to the small intestine. It is 
apparent from these reviews that limited data are available using lactating cows to evaluate 
protein and carbohydrate source interactions. 

Effects of protein (FM or SBM) and carbohydrate (com or barley) source on ruminal N 
metabolism and protein supply to the duodenum of lactating cows were studied by McCarthy 
et al. (1989). Interactions between source of energy and source of protein were not 
significant. Microbial N flow to the duodenum was greater and dietary N flow was lower 

for barley compared with corn. Because ·of a greater DM intake and lower ruminal 
degradability of the com-based diets, AA flow was greater for corn-based diets than barley
based diets. 

Metwally (1989) fed dried sugar beet pulp or com as the carbohydrate source and SBM or 
MBM as the protein source to lactating cows. Efficiency of bacterial protein synthesis and 
total NAN flow to the duodenum were greater when cows were fed a combination of corn 

\ 

and MBM. Generally, cows fed diets with beet pulp had lower ruminal ammonia N '·~,...:;c 

concentrations, lower efficiencies of bacterial synthesis and lower bacterial N flows to the 
-duodenum compared with corn. 

The influence of synchronization of protein and starch degradation in the rumen of lactating 
cows was determined using barley or milo as the carbohydrate source and brewers dried 
grains or cottonseed meal as the protein source (Herrera-Saldana et al., 1990a). Crude protein 
and starch digestion in the rumen were greater for diets containing barley than milo but were 
not affected by protein source. Efficiency of microbial protein synthesis in the rumen and 
microbial CP flow to the small intestine were greatest when a combination of barley and 
cottonseed meal were fed to cows, indicating that synchronization for rapid fermentation 
stimulated ruminal microbial protein production. In addition, milk production increased when 
cows were fed the barley-cottonseed meal combination compared with less ruminal 
degradable diets containing milo and brewers grains (Herrera-Saldana and Huber, 1989). 

Mansfield and Stern (1993) compared com or soybean hulls as the carbohydrate source and 
SBM or lignosulfonate-SBM as the protein source fed to lactating cows. There were no 
significant interactions between carbohydrate and protein source on ruminal N metabolism or 
protein supply to the duodenum. Ruminal ammonia N concentration (mg/dl) was less for 
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soybean hulls (14.4) and lignosulfonate-SBM (12.5) compared with com (16.7) and SBM 
(18.8). Efficiency of ruminal microbial protein synthesis and duodenal microbial N flow were 
not altered by protein or carbohydrate source. These data showed that energy provided by the 
highly digestible fiber in soybean hulls was adequate for supporting microbial growth 
compared with corn. 

Effects of differing levels of NSC and degradable intake protein (DIP) on ruminal microbial 
protein production in lactating cows were studied by Stokes et al. (1991). Diets formulated to 
contain 31 or 39% NSC and 11.8 or 13.7% DIP, as percentages of DM, supported greater 
microbial protein synthesis than a diet containing 25% NSC and 9% DIP. They concluded 
that NSC greater than 24% and DIP greater than 9% of DM will enhance microbial protein 
flow from the rumen. Aldrich et al. (1993) formulated diets for cows in early lactation for 
high and low rumen availabilities of NSC and CP. A diet containing 36% NSC, of which 
80% was digested in the rumen, and 17.5% CP, of which 66% was digested in the rumen, 
resulted in the greatest passage of bacterial N to the small intestine. Decreasing the proportion 
of NSC or protein digested in the rumen reduced passage of bacterial N. Low rumen 
available protein diets increased flow of essential AA to the duodenum but did not increase 
passage of arginine, isoleucine and methionine. Cows in this experiment consumed 
approximately 25 kg DM/d and produced 39 kg milk/d. To further our understanding of the 
influence of protein and carbohydrate source interactions on protein utilization by the high 
producing dairy cow, more experiments using high producing dairy cows are necessary. 

OTHER FACTORS INFLUENCING RUMINAL PROTEIN METABOLISM 

Protein solubility and structure 

Rate and extent of degradation of protein supplements are likely to be influenced by their 
solubility, which is largely determined by the ratio between albumins and globulins (both 
soluble fractions) and prolamins and glutelins (both insoluble fractions). Dietary proteins 
which are most likely to be rapidly degraded in the rumen are soluble, e.g., casein. However, 
the 3-dimensional structure of the protein is important in determining whether the protein will 
be degraded or not. Nugent et al. (1983) compared rates of ruminal proteolysis of soluble 
proteins (casein, fraction I leaf protein, bovine serum albumin) and observed that albumin was 
degraded slower than the other two sources. Treatment of albumin with dithiothreitol in order 
to break the disulfide bridges resulted in a very large increase in the rate of degradation. It 
was concluded that the rate of ruminal proteolysis of soluble proteins was dependent not only 
on solubility, but mainly the protein structure. Stem and Satter (1984) reported that the 
correlation (r) between N solubility and in vivo protein degradation in the rumen of 34 diets 
that contained various N sources was .26. Consistent with these observations, Madsen and 
Hvelplund (1985) also reported a low relationship between N solubility and in vivo or nylon 
bag protein degradation when used over a wide range of feeds. Huntington (1987) measured 
in vitro N solubility and degradability of diets containing casein, SBM, CGM or BM as 
sources of protein. In vitro N solubility was similar for diets containing SBM, CGM or BM 
(23.3, 18.1, and 19.0%, respectively) and higher for the diet containing casein (73.8%). 
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However, in vitro degradability of the SBM diet (77.3%) was similar to the casein diet 
(84.2%) and lower than the CGM and BM diets (46.4 and 31.1%, respectively). Soybean 
meal is an important example of a protein supplement having relatively low N solubility but 
high N degradability. From these studies it can be concluded that solubility is not 
synonymous with degradability, as earlier reported by Hendrickx and Martin (1963). 

Ruminal pH 

Ruminal pH can affect protein degradation in the rumen by altering protein solubility and 
microbial activity. Rode et al. (1985) observed a trend toward more dietary nitrogen escaping 
rumen fermentation with high forage diets when expressed as a percent of N intake. Eliman 
and 0rskov (1984) also observed greater outflow of Cr-treated fish meal from the rumen of 
cows offered high roughage diets compared to high concentrate diets. It was suggested that 
the lower ruminal pH in the high concentrate diets may have affected ruminal protein 
degradation. Studies have been conducted to test this hypothesis using in vitro systems where 
pH can be monitored. Recent research by Endres and Stern (1993) reported lower protein 
degradation of diets containing SBM or LSBM when pH was not controlled (average pH 5.9) 
versus pH controlled at 6.3 in continuous culture fennenters. Flow of ammonia-N was lower 
and flows of NAN and dietary N were greater when pH was not controlled (Table 3). Flow 
of bacterial N was similar between pH treatments. A linear effect on protein degradation for 
dietary protein source (SBM alone, LSBM alone or combinations of both sources) was 
observed at pH 6.3. When pH was not controlled, the effect of SBM treatment on protein 
degradation was not detected (Figure 4). Hoover et al. (1984) also observed lower protein 
digestion of a SBM containing diet in continuous culture fermenters when pH was 5.5 ~ 

compared with 6.5. Consistent with these observations, Bartle et al. (1986) suggested that - , 
protein degradation of SBM, cottonseed meal, MBM and BM decreased significantly when '-·~: 
pH was ·below 6. Low SBM degradation estimates when pH is below 6 agree with in situ 
estimates of protein degradation reported by Loerch et al. (1983) where rumen pH was altered 
by increasing the amount of concentrate in the diet. Similarly, Erfle et al. (1982) reported 
lower ammonia N concentrations in culture fluid as pH decreased from 6 and 7 to 5.5 and 5. 
This reduction in ammonia concentration was accompanied by decreased free amino acid 
concentrations and by increased protease and deaminase activity of washed bacterial cells. 

TABLE 3. Effect of pH on nitrogen flows from continuous culture fermenters. 1 

Nitrogen flow pH 

Ammonia N' 

Nonammoni~-N" 
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Diet2 

SSS SSL SLL LLL 

-------.----------------- g/d ----------------------

.58 

.24 

2.14 

.51 

.29 

2.15 

.42 

.25 

2.25 

.42 

.24 

2.27 
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Dietary N" 

Bacterial N 

NC 

1 Data from Endres and Stem (1993). 

2.45 

1.34 

1.72 

.80 

.74 

2.47 

1.41 

1.74 

.75 

.73 

2.47 

1.49 

1.74 

.75 

.74 

2 Protein supplement contained: SSS=100% SBM; SSL=67% SBM, 33% LSBM; 

2.38 

1.56 

1.64 

.71 

.75 

SLL= 33% SBM, 67% LSBM; LLL=l00% LSBM. 
3 NC= pH was not controlled and averaged 5.9. 
a pH effect (P<.01). 
b Linear effect of SBM source (P<.05). 

Although pH appears to affect ruminal protein degradation, this effect may vary among 
protein supplements. Ganev et al. (1979) investigated the effect of roughage (dried grass) or 
concentrate (whole barley) feeding on ruminal protein degradation. Rate and extent of 
ruminal protein degradation of SBM, groundnut meal and sunflower meal were higher.·when 
roughage was fed. The rate of disappearance of FM was not affected by concentrate or 
roughage feeding. Loerch et al. (1983) fed 3% NaOH-treated com or high moisture corn to 
fistulated cows and observed a higher mean ruminal pH for cows fed NaOH-treated com 
(NaOH-C) than those fed high moisture corn (HMC). In situ N disappearance of casein, • 
SBM and dehydrated alfalfa decreased as the percentage of HMC increased from 20 to 80%-, 
of dietary DM, whereas N disappearance of BM, MBM and CGM was less affected by · .. 
dietary treatment. Mean rate of N disappearance for the six protein sources was lower with 
HMC than with NaOH-C. An interaction between ruminal pH and dietary protein source was 
suggested. Low ruminal pH similar to levels expected in cows fed high concentrate diets, 
appears to reduce ruminal protein degradation of sources high in ruminal protein degradability 
such as soybean meal. 

Particle size of protein source 

Determination of protein protection of feedstuffs from ruminal microbial degradation ~ould be 
interpreted quite ·differently depending on particle size. Grinding might increase ruminal 
degradation of protein in feeds. However, this effect varies according to the type of feedstuff 
that is ground (Michalet-Doreau and Cerneau, 1991). Mansfield and Stern (unpublished data) 
observed that reduction in particle size of roasted soybeans, by grinding at 2mm, showed no 
protein protection compared with raw soybeans (Figure 5). When soybeans were ground at 6 
mm or cracked, run;linal protein degradation of the roasted soybeans was reduced by 17 and 
41 %, respectively, compared with raw soybeans. These observations are consistent with those 
of Lykos and Varga (1993). Tice et al. (1993) reported that undegradable protein as a 
percentage of soybean N was 24.6, 48.3, 44.2 and 28.8% when lactating cows were fed whole 
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raw, whole roasted, cracked roasted and ground roasted soybeans, respectively. Effect of 
particle size of soybeans and other protein sources on protein degradation deserves further 
investigation. 

INTESTINAL PROTEIN DIGESTION 

The value of dietary undegraded intake protein (UIP) depends on its intestinal digestibility. 
Variation in intestinal digestibility of protein supplements has been reported in vivo (Stern et 
al., 1985; Titgemeyer et al, 1989; Waltz et al., 1989). However, estimation of intestinal 
protein digestion in vivo involves expensive and labor intensive experiments and requires the 
use of surgically prepared animals. An in vitro technique has been recently developed at the 
University of Minnesota (Calsamiglia and Stern, 1993) which provides the required data for 
estimates of dietary absorbable protein for individual protein supplements. This technique 
involves ruminal preincubation and pepsin-pancreatin digestion of the test protein source. 
Results from the pancreatin digestion assay were highly correlated (r = .91; P<.001) to in vivQ 
estimates of intestinal digestion. Results from ruminal preincubation studies indicate that 
intestinal digestion of the protein leaving the rumen may be different from that of the original 
feed (Figure 6), which is probably due to the modification of feeds by rumen fermentation. 
This observation is particularly significant for FM, HFM and MBM. Estimates of intestinal 
digestion of different protein supplements are presented in Figure 7. Estimates of postruminal · 
availability of SBM, LSBM, CGM and FM were between 85 and 90%. Two important 
findings of the application of this procedure to various feed samples were the low intestinal 
protein digestion found for MBM (54.0 ± 6.2%) and HFM (69.5 ± 3.9%) and the variation 
observed for BM (80.1 ± 16.7%). -i. 

\ 

The low intestinal digestion of HFM protein agrees with observations by Waltz et al. (1989). 
Apparent digestion of non-ammonia N from the small intestine of cows fed diets containing 
HFM (62.0%) was lower than diets containing SBM (73.7%), BM (78.9%) or a combination 
of BM and HFM (79.6%). A similar pattern was observed for the absorption of total, 
essential and non essential amino acids. Consistent with these results, Palmquist et al. (1993) 
reported that in situ intestinal protein digestion of BM and HFM was 98.9 and 68.3%, 
respectively. A reduction in total tract digestion of CP in diets containing HFM has also been 
reported by others (Goedeken et al., 1990; Blasi et al. 1991; Harris et al., 1992). Blasi et al. 
(1991) suggested that processing procedures had small effects on the quality of HFM and low 
performance was due to the intrinsic structure of the protein (low digestibility and poor amino 
acid profile). The presence of disulfide bridges may be responsible for low ruminal and 
postruminal digestion. 

Calsamiglia and Stern (1993) showed that analysis of five different MBM samples resulted in 
consistently low estimates of intestinal protein digestion (54.0%). Lower weight gains and 
protein efficiency indexes and increased fecal N were reported in cattle fed diets containing 
meat meal compared with those fed diets containing BM, CGM or SBM (Stock et al., 1981). 
Source of the raw material was reported to be a major factor influencing MBM quality 
(Atkinson and Carpenter, 1970; Skurray et al, 1974; Stock et al. 1981). Tendons and bones 
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are rich in collagen and _ossein, respectively. These proteins contain peptide bonds that are 
not sensitive to trypsin hydrolysis, preventing the unfolding of the protein and decreasing 
accessibility of other enzymes. When tendons and bones are added to the MBM, intestinal 
digestibility of protein decreases (Atkinson and Carpenter, 1970). A high correlation between 
hydroxyproline, an amino acid characteristic of collagen, and nutritive value has been reported 
(Atkinson andJ Carpenter, 1970). An increase in ash and hydroxyproline content, and a 
selective retention of collagen in MBM have been associated with a decrease in postruminal 
digestion of the UIP fraction in MBM (Rooke, 1985). 

Variation in intestinal protein digestibility associated with BM is likely to be associated with 
processing methods. Waible et al. (1977) reported that vat drying greatly reduced intestinal 
digestion of the BM protein and decreased lysine and methionine availability compared with . 
ring dried BM. These results agree with Harvey and Spears (1989) who reported that animals 
fed vat dried BM grew slower and were less efficient than animals fed ring dried BM, 
probably due to lower intestinal availability of the protein. 

Using the in situ method to detennine ruminal degradation and the three step procedure to 
estimate intestinal digestion of protein supplements, it is possible to estimate the total dietary 
absorbable protein provided by different protein supplements. This value can be used as a 
criteria for evaluating the quality of proteins. For example, based on rurninal prote1~ 
degradation, three BM samples were found to be adequately protected (Figure 8). However, 
when intestinal protein digestion was considered, the BM-3 sample provided considerably less 
available protein than the other two sources, presumably due to overprotection of the protein . ... 
CONCLUSIONS 

Evaluation of factors affecting ruminal metabolism and intestinal digestion of protein has 
shown that: 1) fairly large amounts of fat from various sources can be used to increase 
caloric density of the diet fed to the lactating cow without having a consistent deleterious 
effect on ruminal protein metabolism and microbial protein flow to the duodenum; 2) feeding 
more NSC to the lactating cow will not necessarily improve microbial protein production, and 
the level of NSC required in the diet is dependent on protein source and amount, ruminal 
.turnover rate, pH and other factors, 3) to optimize milk production in high producing dairy 
cows, microbial protein synthesis in the rumen must be maximized and AA in the dietary 
protein escaping ruminal fermentation must complement those in microbial protein; and 4) 
variation within and among protein supplements in rurninal degradation and intestinal 
digestion of protein should be a major concern to feed manufacturers and producers. 
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FIGURE 1. Ruminal undegradability of protein (NRC, 1989) of sunflower 
meal (SFM), soybean meal (SBM), cottonseed meal (CSM), meat and 

bone meal (MBM), fish meal (FM), hydrolyzed feather meal (HFM) and 

blood meal (BM). 
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FIGURE 2. Extent of ruminal protein degradation of solvent extracted 

soybean meal (control), soybean meal treated with sodium hydroxide 
(NaOH), ethanol (EtOH), extrusion (EXTR), propionic acid (PROP), 

calcium lignosulfonate (LS03), expeller processed (EXPL) and 

formaldehyde (CH20). Data from Waltz and Stern (1989). 
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PROTEIN FEEDING STRATEGIES FOR LEAN GAIN 

Allen Trenkle 
Iowa State University 

. 
INTRODUCTION 

Significant changes in growth of cattle have resulted in leaner 
and faster gaining animals needing less feed per unit of gain. 
These changes in growth have been the result of cross breeding 
traditional beef breeds with more muscular breeds, improved 
genetic selection for lean growth, inclusion of trenbolone 
acetate in the anabolic program, trends towards slaughtering of 
younger animals, and increased energy density in feedlot diets. 
Insufficient dietary intake of nutrients will limit an animal 
from attaining its potential growth. Most of the influence of the 
changes on growth of cattle has occurred since the data were 
obtained to-establish current NRC feeding standards and models 
for nitroQen usage for beef cattle. It therefor seemed 
appropriate to investigate the nutrient requirements of higher
performing cattle. First efforts have been directed towards 
studying the effects of feeding additional protein. 

: 

PROTEIN REQUIREMENT 

The calculated daily requirement for metabolizable protein (1) 
for 700 lb control and implanted steers gaining at differe~t 
rates is illustrated in Figure 1. The assumption in these 
calculations was that the implanted steers gained 30 percent· more 
body protein per day~ Results of two studies (2,3) in which -~ 
protein gain of implanted steers was measured indicate this 
assumption is reasonable. Requirements for metabolizable protein 
increase in proportion to composition and rate of gain. 
Conversion of these 
metabolizable protein values 
into requirement for crude 
protein as a percentage of 
diet dry matter is shown in 
Figure 2. These calculations 
suggest that cattle gaining 
less than 3 lbs per day 
require less protein than 
generally used in the feedlot 
industry. The results are, 
however, in agre·ement with NRC 
(4) and other published 
studies (5,8). As rate of gain 
increases, especially for 
cattle with leaner gain, 
calculated protein requirement 
increases. There is a 
significant proportion of the 
cattle population capable of 
gaining over 3.5 lbs per day 

Metabolizable protein, g/d 
1000~~~~-'-~-=~~~~~~~~ 

400 

200 

0 
2.5 3.0 3.5 4.0 4.5 

Gain, lba/d 

Figure 1 .Metabolizable protein 
requirements of 700 lb steers 
with and without implants of 
estrogen and trenbolone acetate 
at different rates of gain 
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for some portion of the 
feedlot phase, but there are 
no published studies or 
feeding standards for steers 
gaining at these rates. It 
should be indicated that the 
data base used to develop the 
protein model used to 
calculate the requirements 
shown in Figures 1 and 2 was 
obtained from cattle gaining 
significantly less than 3.5 to 
4.5 lbs per day. 

Young cattle with rates of 
gain of 4 or more pounds per 
day have high calculated 
requirements for protein 
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Figure 3 Gain and feed intake 
of high-performing steers 
implanted with estrogen and 
trenbolone acetate. 
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Figure 2 Crude protein 
requirement of 700 lb steers 
with and without implants of 
estrogen and trenbolone acetate 
at different rates of gain. 
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Figure 4 Requirements for 
metabolizable and crude 
protein by high-performing 
steers implanted with estrogen 
and trenbolone acetate. 

because of the greater protein concentration in their high rates 
of gain. Because cattle gain at a slower rate and retain a lesser 
percentage of gain as protein as they mature, dietary protein 
requirements should decrease with time on feed. These 
relationships are illustrated in Figure 4 for steers performing 
as shown in Figure 3. Protein requirement expressed as percentage 
of diet dry matter decreased dramatically as cattle mature 
because of decreased needs for metabolizable protein coinciding 
with increased dry matter intake. If mature cattle utilize 
metabolizable protein less efficiently than assumed in these 
calculations (.47), their requirements may be greater than 
depicted in Figure 4. Research at Ohio State (5) and Wisconsin 
(8) indicated that protein intake of steers could be reduced 
during the later phases of the finishing period without affecting 
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gain and feed efficiency, thus supporting the concept illustrated 
in Figure 4. These studies, however, were done with cattle 
gaining less than gains frequently observed in feedlots today. 

EXPERIMENTAL METHODS 

The experiments to measure the response of large frame steers 
implanted with estrogen and trenbolone acetate to dietary protein 
have been conduct~d with young steers 9 to 10 months of age and 
traditional yearling steers 13 to 16 months of age. All the 
cattle were crossbreeds with the younger cattle having a high 
percentage of continental breeds. Most of the cattle had been 
previously implanted with an estrogen implant. Two basal rations 
contaihing either ground corn cobs or corn silage as sources of 
roughage (Table 1) have been used in all the studies. Rations 
containing 9.5 to 11.75% crude protein had all supplemental 
nitro~en from urea. Rations containing 12.5 tir 14.0% crude 
protein had supplemental nitrogen from urea and soybean meal, 5 
and 10% soybean meal for the 12.5 and 14.0%, respectively. Two 
studies have been done comparing rations containing either 1.04% 
corn gluten meal, .78% blood meal, and .85% urea (12.7% crude 
protein) or 2.08% corn gluten meal, 1.57% blood meal, and .85% 
urea (13.9% crude protein) with the rations containing .85% urea 
(11.5% ctude protein) or.10% soybean meal and .35% urea (14.0% 
crude 
protein) . The cattle were fed starting rations containing 40% 
roughage from ground corn cobs while being immunized, treated for .. 
Table 1. Composition of basal diets (dry basis) a. 

Ingredient 
Corn cobb Corn silagec 

Urea SBM Urea SBM 

Cracked corn 82.25 72.95 83.72 74.68 
Ground cobs 10.00 10.00 
Corn silage 12.00 12.00 
Cane molasses 5.00 5.00 
Urea 1.10 . 76 .85 .35 
Soybean meal 10.00 10.00 
Other 1. 65 1.29 1. 93 1. 47 

Crude protein 11. 0 14.0 11. 5 14.0 
Me tab protein 7.9 9.2 8.3 9.8 

aAll diets contained 12 mg Rumensin per pound of DM. 

bDiets containing cob were mixed and fed as a complete feed. 

cDry ingredients were mixed together and weighed into bunks 
separately from corn silage. 
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internal and external parasites, and being prepared for allotment 
to experimental groups. The experiments were started after 
allotment at random from weight groups. The cattle were implanted 
on the day the experiment was started. The cattle were changed to 
the experimental rations at the start of the experiment and limit 
fed for 3 to 4 weeks. After the cattle were on feed they were fed 
according to appetite. 

RESULTS WITH YOUNGER STEERS 

The results of an experiment with young 700 lb steers during the 
initial 85 days of the finishing period are given in Table 2. 
Supplementing a corn-based ration with urea to 11.0% protein was 
adequate for ste~rs without implants gaining 3.3 lbs per day. 
Implanting the-steers increased rate of gain and increasing 
protein cont~nt of the ration from 9.5 to 14.0% resulted in 
greater gain by implanted steers .. 

Table 2. Effects of dietary protein and implants on performance 
of young steers during first 85 days of the finishing 
perioda. 

: 

Implant No Yes 
Protein, % 9.5 11. 0 12.5 9.5 11. 0 12.5 14.0 

No. steers 36 36 36 36 36 36 ~6 
Start wt, lbs 710 710 714 698 704 712 711 
ADG, lbs 3.20 3.30 3.37 3.45 3.70 3.94 4. 2 6 ;~ 
Feed DM/d,lbs 17.9 18.0 18.6 17.9 18.5 19.4 19. 6 ·--~~ 

Feed/gain 5.68 5.54 5.58 5.22 5.02 4.92 4.67 

acombined data from two experiments that were replicated over two 
years. Rations containing 9.5 and 11.0% crude protein were 
supplemented with urea. Rations containing 12.5 and 14.0 % crude 
protein were supplemented with urea and 5 or 10% soybean meal, 
respectively. Steers implanted with Synovex-S + Finaplix-S. 

Calculated metabolizable protein requirements of control and 
implanted steers compared with metabolizable protein intake of . 
steers fed different concentrations of protein are shown in 
Figure 5. Cattle fed 9.5 to 11.0% crude protein had adequate 
metabolizable protein intake to support 3.3 lbs per day gain of 
steers without implants. On the average the steers which were 
implanted had the potential to gain 4.26 or more lbs per day as 
evidenced by those fed 10% soybean meal. At this level of 
performance, diets containing less than 14.0% crude protein did 
not provide sufficient metabolizable protein. 

The results of a second experiment with young steers during the 
first 70 days of the finishing period and fed different sources 
of supplemental nitrogen are summarized in Table 3. Increasing 
crude protein in the rations to 14% by addition of the higher 
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level of corn gluten meal + 
blood meal or soybean meal 
increased rate of gain of 
steers without implants. All 
groups of steers without 
implants, however, were 
consuming more metabolizable 
protein than the calculated 
requirement (Figure 6). Steers 
with implants responded to 
each increase in concentration 
of dietary protein. If the 
potential of the implanted 
steers to gain was four or 
more pounds per day, only the 
rations containing the higher 
concentration of corn gluten 
meal + blood meal or soybean 
meal provided adequate 
metabolizable protein (Figure 
6). 

Metabolizable protein, g/d 
900.,....-~~~-'-~--'--"~~~~~~~~~ 

No Implant With Implant 

800 - Re uirement 

600 

400 
9.5 11.0 12.5 9.5 1t0 12.5 14.0 

Dietary protein 

Figure 5 Requirement and intake 
of metabolizable protein by 
young large-frame steers with or 
without implants of estrogen and 
trenbolone acetate (Table 2). 

These results suggest that young large-frame steers had potential 
to gain 3.0 to 3.3 lbs per day. Feeding more dietary protein did 
not significantly increase the growth of the steers without 
implants. If implanted with an estrogen and trenbolone acetate 
that potential gain was increased to over 4.0 lbs per day. The 
implanted steers had to be fed at least 14% crude protein to• 
reach their optimum potential growth rate. Adding soybean meal; or 
a mixture of corn gluten meal and blood meal provided the -~ 
additional metabolizable protein required by the steers, but 
soybean meal seemed to be somewhat superior to a mixture of 
higher escape proteins. More trials need to be conducted with 
different sources and levels of escape proteins to more 
adequately compare different proteins with soybean meal. 

Table 3. Effects of dietary protein and implants on performance 
of young steers during first 70 days of the finishing 
perioda. 

Implant (Revalor) No Yes 
Supplemental N Urea CGM CGM SBM Urea CGM CGM SBM 

+BM +BM +BM +BM 
Protein, % 11. 5 12.7 13.9 14.0 11. 5 12.7 13.9 14.0 

No. steers 32 18 18 32 32 18 18 32 
Start Weight, lbs 722 723 723 725 723 725 723 722 
ADG, lbs 2.91 2.87 3.23 3.36 3.28 3.41 3.63 4.02 
Feed DM/d,lbs 15.2 15.3 15.0 15.8 15.7 15.7 15.4 16. 2 
Feed/gain 5.21 5.32 4.65 4.70 4.72 4.60 4.25 4.02 

asee method section for composition of supplemental nitrogen. 
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RESULTS WITH YEARLING STEERS 

The steers used in the 
experiment summarized in Table 
2 continued to be fed the urea 
supplement (11.0% crude 
protein) or the soybean meal + 
urea supplement (14% crude 
protein) . All except one group 
of steers were implanted with 
Synovex-S + Finaplix-S at· the 
start of the second phase of 
the finishing period. The 
results are presented in Table 
4. The implants increased gain 
of the cattle fed the ration 
supplemented with urea 28%. 
Feeding the soybean meal 
supplement resulted 1h an 
additional 10% increase in 

Metabolizable protein, g/d 
eoo~-----'----'"-"---------~ 

No implant With Implant -
1100 

400 
1t6 12.7 13.9 M.O 11.6 12.7 13.9 14.0 

Dietary protein 

Figure 6 Requirement and intake 
of metabolizable protein by 
young large-frame steers with or 
without implants of estrogen and 
trenbolone acetate (Table 3). 

gain. The urea supplemented ration, however provided enough 
metabolizable protein to support the gains made by steers fed 
soybean meal (Table 4). All rations provide excess metaoolizable 
protein. 

Table 4. Effects of dietary protein and implants on perforrq,ance 
of yearling steers during final phase of the finishing 
period (101 days)a. ··., 

Implant 
Supplemental N 
Protein, % 

No. steers 
Start wt,lbs 
ADG,lbs 
Feed DM/d,lbs 
Feed/gain 

Metabolizable protein 

Required,g/d 
Intake,g/d 

No 
Urea 
11. 0 

72 
983 

2.61 
20.0 
7.67 

455 
714 

Yes 
Urea 
11. 0 

72 
1006 
3.34 
21. 0 
6.37 

641 
754 

:--_.._ ... 

Yes 
SBM 

14.0 

72 
1008 
3.67 
22.8 
6.26 

680 
952 

aThis study was a continuation of the experiment reported in 
Table 2. Steers were implanted with Synovex-S + Finaplix-S on the 
first day of this portion of the trial. 

A second study with yearling steers is summarized in Table 5. 
Increased gain response was observed during both phases of the 
finishing trial by feeding more protein, but the greater response 
to protein was obtained during the first 56 days of the study. 
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During the first phase, only 
the ration containing soybean 
meal + urea (14% crude 
protein) supplied enough 
metabolizable protein to meet 
the requirement for the gain 
of cattle fed, soybean meal 
(Figure 7). Howev~r, during 
the second phase, the urea 
supplement provided excess 
metabolizable protein (Table 
5) for the greatest gains 
observed among the tree 
treatments. 

Results of a third experiment 
with yearli'ng steers are given 
in Table 6. During the first 
63 days of the experiment, all 
steers had very high gains, 

Metabolizable protein, g/d 
No Implant With Implant 

aooi---= .. ==-~R=e~u=ira=.:.:me=n=t~~~~~~~-v//h 
~ Intake 

11.5 
Dietary protein 

14.0 

Figure 7 Requirement and intake 
of metabolizable protein for 
control and implanted yearling 
steers during the first part of 
the finishing period (Table 5) . 

but only the two rations containing 13.9 or 14.0% crude protein 
supported the greatest gains. The two high protein rations were 
the only two to provide enough metabolizable protein to support 
the potential gains of the implanted cattle (Figure 8) . 

.. Table 5. Effects of dietary protein and implants on performance 
of yearling steersa. 

Implant (Revalor) 
Supplemental N 
Protein, % 

No steers 

0-56 days 
Start weight, lbs 
ADG,lbs 
Feed DM/ d, lbs 
Feed/gain 

56-111 days 
Start weight, lbs 
ADG,lbs 
Feed DM/d,lbs 
Feed/gain 

Metabolizable protein 
Required,g/d 
Intake,g/d 

No 
Urea 
11. 5 

18 

838 
3.92 
18.2 
4.66 

1058 
2.82 
19.8 
7.07 

479 
759 

Yes 
Urea 
11. 5 

18 

842 
4.45 
18.6 
4.18 

1091 
3.45 
22.6 
6.58 

650 
866 

Yes 
SBM 

14.0 

18 

838 
5.33 
19.4 
3.64 

1137 
3.62 
26.0 
7.22 

667 
1093 

asteers were backgrounded on hay, corn silage and corn grain. 
They were about 13 months of age when started on trial. 
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During the second phase, all 
supplements provided excess 
metabolizable protein for the 
gain observed in the steers 
with implants (Table 6). 

These results indicate that 
implanting estrogen and 
trenbolone acetate in larger
frame yearling steers 
increased growth and thereby 
increased the requirement for 
metabolizable protein during 
the early phase of the 
finishing period when the 
cattle had potential for/ 
greater rates of lean growth. 
Increased gains were observed 
during this period by feeding 
additional protein, either 

Metabollzable protein, g/d 
1000~--------------~ 

No Implant With Implant 

. 1100 

400 
11.5 1t5 12.7 13.9 14.0 

Dietary protein 

Figure 8 Requirement and intake 
of metabolizable protein for 
control and implanted yearling 
steers during the first part of 
the finishing period {Table 6) . 

from soybean meal, or a mixture of corn gluten meal + blood meal. 
During the second phase of the finishing period of yearling 
cattle when a greater proportion of the gain is fat, the: urea 
supplemented diets containing 11.0 or 11.5% crude protein, seemed 

Table 6. Effects of dietary protein and implants on .. 
performance 

of yearling steersa. ,, ,. 

Implant (Revalor) No Yes ·Yes Yes Yes 
Supplemental N Urea Urea CGM+BM CGM+BM SBM 
Protein, ~ 

0 11. 5 11. 5 12.7 13.9 14.0 

No. steers 18 18 18 18 18 

0-63 days 
ADG,lbs 3.62 4.66 4.62 4.94 4.91 
Feed DM/d,lbs 18.4 18.7 19.5 19.5 19.3 
Feed/gain 5.08 4.01 4.23 3.94 3.96 

63-116 days 
ADG,lbs 3.31 4.02 4.17 3.66 4.34 
Feed DM/d,lbs 23.3 26.5 26. 0 25.1 27.8 
Feed/gain 7.16 6.63 6. 26 6.92 6.41 

Metabolizable protein 
Required,g/d 530 721 740 673 758 
Intake,g/d 884 1004 1112 1193 1242 

asteers were backgrounded on native pastures in North Dakota. 
They were about 17 months of age when started on trial. 
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to provide more than adequate metabolizable protein for the 
observed gains. This observation is consistent with previous 
studies of finishing steers in which reducing the concentration 
of protein during the later stages of the finishing period did 
not result in reduced performance. 

In the present itu~ies, the steers fed the high protein diets 
containing soybean meal consistently had greater gains during the 
last phase of the finishing period than those fed the urea 
supplemented diets. It seems unlikely that this is a reflection 
of greater requirements for dietary protein or a specific amino 
acid during this period. The steers fed soybean meal always 
consumed more feed. Increased consumption of feed by cattle fed 
soybean meal has been observed in other experiments (6,7) when 
the cattle probably did not have increased need for additional 
dietary p~otein. The unanswered question is what is the role of 
soybean meal under these conditions? It may be providing 
additional available nitrogen for the rumen fermentation. If so, 
then adding more urea should also result in some additional gain. 
The rations were originally formulated to add enough urea for the 
positive urea fermentation potential of the ration, but the feed 
values used for this calculation may not be adequate for the 
conditions of these studies and additional urea may have some 
value. Alternative explanations may be that soybean meal provides 
amino acids, peptides, or some nonprotein factor to enhance the 
fermentation. 

CONCLUSIONS 
' 

It has been demonstrated in these studies that large-frame Steer~ 
implanted with estrogen and trenbolone acetate have a high 
requirement for dietary protein. The protein requirement of 
steers without implants was similar to that projected by NRC or 
the metabolizable protein system. Cattle gaining three or less 
pounds per day do not need to be fed the higher concentrations of 
dietary protein. The implants seemingly increased rate of gain 
and protein content of gain to the point that more dietary 
protein must be fed to obtain the potential rate of gain of the 

·implanted steers. This was most apparent in the younger steers 
and the yearling steers during the first half of the finishing 
period. These periods are related to times when the cattle have 
the greatest rate of growth and would be depositing the most lean 
gain. During these periods, if the cattle have the potential to 
gain four or more pounds per day, the protein requirement seems 
to about 14% of ration dry matter. 

Practical recommendations are difficult because adding enough 
protein to corn-based rations to increase crude protein to 14% 
significantly increases feed costs and long-fed cattle tend to 
compensate during the last half of finishing for less than 
optimum gains during earlier periods. Phase-feeding programs in 
which dietary protein is reduced or all-urea supplements are used 
during the later periods, when the protein requirements are less, 
may be useful for obtaining most of the benefits of feeding more 
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protein with some reduction in cost. Feeding trials will have to 
be designed to investigate some of these strategies for 
optimizing the protein nutrition of lean gaining cattle. 
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OPTIMUM HEIFER GROWTH FOR PRODUCTION AND PROFIT 

INTRODUCTION 

H. Chester-Jones, University of Minnesota 
Southern Experiment Station 

, P. C. Hoffman, University of Wisconsin 
Marshfield Experiment Station 

A. L. Skidmore, Department of Dairy Science 
Michigan State University 

The cost of raising dairy heifer replacements prior to calving can range from $2.25 to $3.00 
per 100 lb of milk produced. This cost can directly reflect the profitability of a dairy 
operation. Factors that can reduce replacement rearing costs include milk yield per cow, low 
number of replacements, freshening replacements at 24 months of age or earlier, and 
optimizing heifer growth and development to attain their genetic potential for milk production 
with prudent control of costs (Conlin and Chester-Jones, 1987). This paper will briefly 
discuss heifer raising costs and options, with a primary focus on nutrition and management 
considerations for optimum growth for production and profitability. 

: 

RAISING REPLACEMENTS: COSTS AND OPTIONS 

Costs related to raising dairy heifers should be established concurrently with acceptable goals 
for heifer growth and development that are appropriate for the size of herd, facilities • 
available, labor and feed resources. An example of raising heifers from birth to first , 
freshening age is shown in Table 1. This example represents a cost of $42.56/month of age.' .. 
Smith (1991) reported a range of $25 - $52/month of age with higher costs for smaller herds 
which were attributed to differences in average fixed or overhead costs. 

The University of Wisconsin Replacement Budget Summary (Luening et al. 1987) indicated a 
cost of $77 /month of age from birth to 3 months, $37 /month of age from 3 to 12 months old, 
and $50.75/month from 12 to 24 months. This resulted in an average cost of $49/month from 
~irth to 24 months old. Costs of $1.50 to $3/heifer have been estimated for each day calving 
is delayed beyond 24 months (Hoffman et al. 1992). 

Alternative options for raising heifer replacements should be cost competitive with home 
raised systems. Objectives for growth and development to first calving age should be the 
same for all situations. Contract raising provides the opportunity to reduce some of the fixed 
costs typically associated with home raised dairy replacements (Smith, 1991). Purchasing 
heifer replacements is another option, although the risk of losing a consistently improved herd 
genetics base may be enhanced. 
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GOALS FOR HEIFER GROWTH AND PERFORMANCE 

a. Facilities management 

Management criteria to consider prior to establishing growth and performance goals are 
housing facilities, housing management and expectations for the number of replacements 
needed (based on predicted calf mortality, herd cull rate, heifer cull rate and first 
calving age). Inadequate housing and grouping strategies could negate goals for heifer 
growth and performance. 

Housing facilities should allow for optimum heifer grouping by size, no more than a 
2-3 month age difference within a group, and a minimum of four heifer groups from 
weaning to freshening (Menzi, 12.91). This author provided guidelines for five post 
weaning management groups, based on heifer weight and age as: group 1, 3 to 4 
months old - max BW 290 lb; group 2, 5 to 8 months old - max BW 516 lb; group 3, 9 
to 12 months old - max 722 lb; group 4, 13 to 17 months old - max BW 956 lb; and 
group 5, 18 to 24 months old - max BW 1250+ lb. The number of replacements within 
each group will be determined by the total number needed to provide adequate 
replacements for the lactating herd, depicted in Table 2. Calculations by Luening et al. 
(1987) suggest that, for each month above or below a first calving age of 24 months, 
the number of replacements needed will be increased or decreased 4.2%, respectively, 
within given calf mortality and cull rates. 

b. Current overview 
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A recent National Dairy Heifer Evaluation Project reported by Heinrichs et al. (1993) 
summarized data from 1,811 dairy farms in 28 states, representing 78% of the national 
dairy cow population. The weight (lb) and wither height (in) of growing dairy heifers 
at 6, 12, 18 and 24 months of age were as follows: 365, 39.6; 666, 46.2; 972, 50.7; and 
1167 and 52.8, respectively. Herds with above average milk production had slightly 
greater heights and weights at a given age, especially at older ages. Of the herds 
surveyed, 95% were Holsteins with an average herd size of 86 cows and 305 d ME 
milk production of 16,702 lb (Wells et al. 1993). Average first calving age was 25.9 
months. 

Improved genetics in many herds, that often allow for first lactation milk yields of 
>22,000 lb, and growth and performance of replacement heifers should minimize heifer 
raising costs without sacrificing milk production potential. Goals suggested by Hoffman 
and Funk (1992) for Holstein heifers were a pre-c_alving weight at 24 months old of 
1350 lb, a wither height of 54.5 in and body condition score (BCS) of 3.5 (1-5 scale, 
l=very thin; 5 = very fat). These goals fit well with selected high producing Wisconsin 
herds (Table 3). Average daily gain would range from 1.7 and 1.8 lbs/day for these 
examples. 
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Modification of these goals to attain similar body frame and weights at earlier calving . 
ages is currently being evaluated with Holstein heifers in research projects at Cornell 
University, Michigan State University and University of Wisconsin. A research 
example of proposed accelerated growth guidelines for 18-19 month-old first calving 
age is ·shown in Table 3, with comparative daily gains necessary to attain the 
accelerated growth. To date these regimens are not general recommendations. 
Commercial programs for accelerated heifer growth have been initiated in the field but 
results to date are limited. 

A recent comprehensive review of the literature on dairy heifer growth and management 
by Hoffman and Funk (1992) supported the current suggested optimal age at first 
calving of approximately 23 to 24 months. As indicated by Heinrichs et al. (1993), 
adoption of this recommendation does not have total widespread approval by dairy 
producers. Testimonials from dairy producers suggest that calving ages >24 months are 
implemented to ensure adequate growth of heifers to support optimal milk production in 
their first lactation, and prevent potential dystocia or other calving problems. Gardner 
et al. (1988) found that calving age did not effect herd longevity or milk yield 
(Table 4). Although earlier studies by Gardner et al. (1977) found that heifers 
freshening at 19.7 months had <first lactation yield than those freshening at '2,,6.7 
months. Hoffman and Funk (1992) indicated that the independent effects of age are 
assumed to account for only a small fraction of milk loss in the first lactation. 

Goals and genetic effects 

Another important concept is the genetic effects on growth as transmitted by a heifer's"~ . 
sire within breed, which could have a profound effect on criteria for first breeding age 
based on weight alone. This is exemplified by the breeding project at the University of 
Minnesota, Crookston, where two distinct dairy herds are managed together, one bred 
for high prodl]ction and large body size, and the other bred for high production and 
small body size (Verex et al. 1988). In that study a difference of 110 lbs was observed 
for body weight at first calving (1274 vs 1164 lbs for large vs small heifers, 
respectively), and a 200 lb mature weight difference. Wither heights averaged 52.3 vs 
50.5 in for heifers at freshening from the large vs small herd, respectively. During first 
laGtation, small heifers utilized feed 2.8% more efficiently than large heifers. There 
were·no differences in milk production. Varying breeding weight according to a 
heifer's sire genetic potential for size will ensure that a goal for freshening at 23-24 
months is maintained within a weight range of 1200 to 1400 lbs. 

Comparable evaluations to the Crookston project can be considered within breeds of 
similar, or smaller frame sizes than the Holstein. Target weights and heights for Brown 
Swiss freshening at 23-24 months of age would be very similar to that of Holstein 
heifers; Ayrshire and Guernsey heifers will freshen at approximately 150-200 lb lower 
weight and at least 2 in. lower wither height than Holstein heifers; and Jerseys will be 
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approximately 350-450 lb less weight and 4-5 in. lower at the withers, than Holsteins 
(Clapp, 1982). Heinrichs and Hargrove (1987, 1991) evaluated breed comparisons for 
standards of weight and height as summarized in Table 5. These data provide useful 
standards to evaluate heifer growth rates on an individual farm basis. 

RA TI ON ALE FOR NUTRIENT REQUIREMENTS OF GROWING HEIFERS 

Recent heifer research has focused on refining NRC (1989) nutrient requirements to enable 
heifers to optimize growth, promote mammary gland development and express genetic 
potential fo~ milk production during first and subsequent lactations. Suggested diet 
specifications for large breed heifers gaining 1.7 lb/day are shown in Table 6, and current 
NRC (1989) energy and protein requirements for 1.8 and 2.2 lb/day gain are summarized in 
Table 7. 

Recent reviews by Waldo et al. (1989), Van Amburgh et al, (1991), and Hoffman and Funk 
(1992) clearly established that mammary secretory tissue development is differentiated into 
distinct phases. In the isometric phase from birth until 2-3 months of age (approximately 88 
to 200 lb BW), mammary growth is 1.6 times that of live weight growth. During the period 
from 3 to 9 months of age (approximately 200-500 lb BW), mammary developmept changes 
to an allometric growth rate, being 3.5 times faster than live weight growth. This change is 
mediated by endogenous hormones such as estrogen and somatotropins and possibly prolactin. 
The most rapid mammary growth occurs near puberty (approximately 600 lb BW) for 
Holstein heifers. Post pubertal mammary growth declines to 1.5 times that of live weight
growth, between IO and 12 months of age. 

Strategies for optimum heifer growth would be to ensure that between 3 and 9 months of age 
maximum proliferation of mammary gland parenchyma is perpetuated. Sejrsen et al. (1982) 
observed that feeding high energy diets during this critical period reduced endogenous 
somatotropin secretion to 70% as much in heifers gaining 2.6 lb daily vs those gaining 1.3 
lb/day. This had a negative effect on mammary secretory tissue development. Administration 
of exogenous somatotropin has reversed these effects (Sejrsen et al. 1986). Early work by 
Swanson (1960), and Little and Kay (1979) demonstrated that feeding high energy diets 

· during the critical pre-pubertal period reduces lifetime milk production. More recent work by 
Foldager and Sejrsen (1987) suggests that accelerated body weight growth prior to 200 lb BW 
in heifers may adversely affect subsequent milk production. These authors proposed a growth 
rate of 1.3 lb/day from 198 to 440 lb BW in large breeds, and <1 lb gain from 132 to 
308 lb BW in small breeds. Criticisms of these recommendations were elucidated by 
Hoffman (1992) who noted at these restricted growth rates an acceptable breeding weight for 
Holstein heifers would not be attained until 16-months of age. This author also expressed 
some concern with the validity of these earlier studies, when comparing data to the needs of 
the current populations of high producing Holstein heifers. Post pubertal mammary growth 
appears to respond positively to high dietary energy intake (Van Amburgh et al. (1991). 
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Studies by Lacasse et al. (1991a, 1991 b) found that pre- and post-pubertal growth rates of 
>1.85 lb/day did not affect milk production but may affect reproductive performance post
partum. Kertz et al. (1987) noted that heifers could gain from 2 - 2.2 lb/day from 3 to 10 
months of age witho.ut excess overconditioning, although there were no subsequent 
postpartum data in this study. Grummer et al. (1993) fed different pre-partum energy levels 
to pregnant 19 month-old Holstein heifers. Heifers fed high energy pre-partum diets had 
greater daily gains (2.5 vs 2.2 lb/day) and heavier pre-calving weights (1526 vs 1460 lb) and 
greater BCS (3.72 vs 3.55) than those fed lower energy diets. There was no effect of calving 
weight and body condition on subsequent daily milk yield, although dry matter intake (DMI) 
tended to be lower for heifers fed high energy diets. Wassertrom and Herbein (1993) fed 
diets to pregnant heifers (14% CP, 33% ADF) during the last trimester of gestation that 
contained 4.8 vs 2.9% of the diet OM as supplemental fat, using soybean meal vs whole raw 
soybeans (WRSB). Heifers fed WRSB tended to gain more weight, have greater post-calving 
BW, greater milk production by 35 days in milk (74 vs 63 lb/day), and greater milk protein 
yield (1.96 vs 1.69 lb/day). 

A concept of a "stair-step" regimen designed to induce distinctive compensatory allometric 
mammary development during different hormonal states coinciding with prepubertal, pubertal, 
and late gestation stages to improve efficiency of growth was evaluated by Park eFal. (1987). 
The schedule was initiated with a restricted diet for 3 months, with 5.5 months old Holstein 
heifers (15% <NRC; .9 Meal ME/lb; 10% protein), followed by a diet fed for 2 months 
formulated for 40% >NRC (17% protein; 1.42 Meals ME/lb). These were followed by 
alternating· periods: 5 month restricted - 2 month 40% >NRC - 5 month restricted, and a final 
2 month 40% >NRC. Heifers freshened between 25 and 26 months of age at 1220-1276-11;> 
BW. Heifers fed the stair-step regimen consumed 24% less feed, gained more weight and· ·~:. 
produced 10% more milk than control heifers. Average daily gain was 1.5 vs 2.2 lb/day for 
control and stair-step heifers, respectively. The DNA, RNA and protein contents in mammary 
tissue from late gestation heifers on the stair-step regimen were higher than controls and 
mammary fat was less in stair-step fed animals (Park et al. 1989). 

CURRENT CONCEPTS IN FEEDING HEIFER REPLACEMENTS 

a. Dry matter intake 

' To understand the effect of genetic selection for milk production within breed on heifer 
dry matter intake growth rate and body composition, Murphy (1992) fed growing 
heifers from divergent genetic lines in the University of Minnesota Southern Experiment 
Station dairy herd (divergence over >6,000 lb/lactation, based on Std ME) for a 10-
month period (4 to 14 months of age). Diets were based on alfalfa haylage, corn silage 
and fonnulated to NRC (1989) requirements to support 1.65 lb gain/day. Results are 
summarized in Table 8: Dry matter and nutrient intakes were >for heifers selected for 
higher milk production, although there were no differences when expressed on a percent 
body weight basis. The effect of genetics on DMI stabilized by 14 months of age. For 
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both groups, DMI exceeded NRC (1989) guidelines by an average of 6-8%. Daily gains 
were statistically not different between the genetic lines, but tended to be higher for 
heifers selected for high milk production. Body weights and wither heights tended to 
be greater for heifers selected for high milk production .. Genetic selection had no effect 
on percentage distribution of body composition estimates. First lactation milk yield 
reflected the heifers' genetic divergence potential. 

Different DMI equations have been developed for growing dairy heifers based on ad 
libitum feeding (Table 9). Hoffman et al. (1993) conducted field evaluations of the 
effect of the Hubbert (1992) and Howard (1990) equations on predicting ADG. They 
found that Hubbert (1992) equations over predicted gain potential of replacement 
heifers. Hoffman (personal communication) cautioned that further evaluation of these 
and other equations are necessary in commercial herds as heifers are often fed a more 
restricted than an ad libitum diet which may cause inconsistent predictions of gain 
potential. Accurate DMI predictions are critical to energy requirement 
recommendations. Level of fiber in a diet may limit DMI. Howard (1989) suggested 
that dietary NDF level will determine maximum DMI by growing heifers. Up to 12 
month-old heifers will consume .8 to 1 % of BW as NDF and after 12 months 1 to 1.2% 
of BW as dietary NDF fraction. -' 

b. Energy 

c. 
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Modifications to estimated NRC (1989) base energy requirements for dietary heifers are 
summarized in Table 10. Current NRC (1989) suggests a declining energy , 
concentration with increasing body weight. Hoffman (1993) indicates that with the ' , :_ 
modified DMI predictions for growing heifers vs those estimated by NRC (1989), 
energy concentration would be less variable, averaging approximately 64% TON across 
weight ranges (300 - 1200 lb BW). Hoffman et al. (1993) proposed that the concept 
developed for the relationships of energy requirements to ADG, as predicted by NRC 
(1984) for beef cattle, is more appropriate for growing dairy heifers. They further 
observed that in commercial dairy herds, dietary energy status alone is of little value in 
predicting or improving heifer performance without consideration for environment and 
management options. Energy adjustments for environment and management factors 
based on predictions of Hoffman et al. (1993) are included in Table 10. Typically, 
dietary energy is the first limiting nutrient ·but excessive energy can be detrimental to 
rumen, metabolie, and physiological functions which necessitates a minimum dietary 
fiber level (22% ADF) to be maintained (Hoffman, 1993). 

Forages 

If an average growth rate of 1.7 lb/day from birth to a first calving age of 23-24 months 
is a target recommendation, then a relatively high quality forage diet base ·should be 
included in dietary regimens to attain these goals. Hoffman (1993) noted, for example, 
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that in a forage only diet, alfalfa in the bud stage could support target growth rates of 
1.7 lb/day under ideal management conditions, but not under poor conditions where 
heifer energy demands· would be higher to maintain target growth rates. He further ' 
suggested that under poor management conditions, high quality corn silage would meet 
the energy needs of heifers, but under more ideal conditions would provide excess 
energy and overconditioning. It was recognized that forage-only diets based on high 
quality corn silage may not be the most desirable regimen for growing heifers. Murphy . 
et al. (1991) fed an ad libitum high corn silage diet (with 16% CP urea supplement fed 
from 154 to 297 lb) vs a high alfalfa haylage diet (plus grain or com mix to meet a 
growth rate of 1.8 lb/day) to evaluate the effect on heifer growth rate and lactation 
performance. Heifers were bred at 13 (min 649 lb BW) or 16 (800 lb BW) months of · 
age. Average freshening ages were 24.3 and 25.6 months of age for early and late 
groups, respectively. Daily gains from 154 to 900 lbs averaged 1.68 vs 1.74 lb/d, and 
from 900 to 1122 lb (post calving weight) 1.56 vs 1.83 lb/day, for heifers fed haylage 
vs com silage diets, respectively. Heifers fed haylage were higher at the withers at first 
calving than those fed corn silage (54 vs 52 in). There were no differences in total first 
lactation milk yields, but heifers fed com silage had a lower DMI and milk yield during 
the first 90 days of lactation. Any differences in DMI disappeared during the second 
lactation. It is appropriate to note that first lactation milk production by both groups in 
the Murphy et al. (1991) study averaged <15,000 lbs/lactation indicating that the heifers 
were only of average genetic potential. These authors concluded that heifers can be 
raised on high corn silage diets but only when fed under requirement guidelines to 
optimize lactation performance. • 

Feeding to NRC (1989) Requirements ~ .. - ' 

Responses to comparative NRC (1989) dietary nutrient levels were evaluated at Kansas 
State University. Dutrow et al. (1991) fed heifers, from 3 months old to calving, either 
100 or 115% NRC (1989) requirements for protein, energy, major minerals, and 
vitamins A & D (rations were reformulated weekly). Diets were formulated for a target 
gain of 1.6 lb/day. Heifers fed 115% NRC diets calved 45 days earlier (747 vs 702 
days), but increased subsequent post partum days to first service by 14 days, compared 
to those fed 100% NRC diets. There were no differences in body condition or milk 
yields for the dietary regimens. Work in the same lab by Bartone et al. (1991) found 
that feeding 115% NRC (1989) diets to growing dairy heifers decreased age at puberty 
by 23 days, but had similar body weights to those fed 100% NRC (1989) diets. 

Daccarett et al. (1993) fed free choice bromegrass hay and a concentrate to growing 
heifers that attained intakes of 108 and 125% of NRC (1989) requirements from 3 to 6 
months of age. Heifers on the high nutrient regimen gained more BW and had greater 
increases in wither height, but were not overconditioned (BCS avera.ged 3.0). From 6 
to 24 months of age these heifers were fed 100 vs 115% of NRC nutrient requirements. 
Weekly BW of heifers were used to determine diet formulations. Heifers fed 115% of 
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nutrients (DMI; 3.04 vs 2.64% of BW at 330. lb, and 2.12 vs 1.84% of BW at 1210 lb 
for 115 and 100% diets, respectively) were 7 weeks younger at first service and 
conception vs 100% NRC fed heifers. No excessive fattening was observed. 
Protein requirement~ 

Protein needs for growing heifers for optimum growth are a subject of much debate by 
ruminant nutritionists. Tables 6 and 7 delineate current suggestions for crude protein 
and proportion of undegradable vs degradable intake protein (UIP vs DIP) in relation to 
body weight and gain. Kertz et al. (1987) suggested that increasing dietary CP to 10% 
>NRC requirements effectively enhanced ADG of 3 to 6-month old heifers without 
excess body condition. Bagg et al. (1985) also noted small positive effects of 
increasing CP on wither height in 2 to 10-month old heifers. The important concept to 
consider is to maximize DMI to ensure that both energy and protein intake are 
appropriate for production goals established. 

A considerable amount of interest has been shown in improving protein quality in heifer 
diets that may result in leaner, faster growth rates of dairy replacement heifers. Recent 
experiments with different levels of ruminal UIP have shown variable responses. 
Current NRC (1989) suggest 51, 36 and 19% UIP of total dietary crude protein for 3-6, 
6-12 and >12 month old heifers, respectively. Swartz et al. (1991) fed calves in two 
periods from 1 to 12 weeks of age (diets contained 33, 37 or 46% UIP with 16.8% CP)
and 14 to 25 weeks of age (diets contained 30, 34 or 38% UIP with 15.3% CP). Daily 
gains were not affected by UIP level in both periods. From 14 to 25 weeks a-f age, 
calves fed 34% UIP had the highest DMI and lowest feed/gain. The data sugge~ted tha,t 
higher levels of UIP recommended by NRC (1989) may not be necessary if DMI·-is, ad -
libitum. 

In contrast Casper et al. (1991) fed heifers SBM based diets (32.7% UIP) or extruded 
soybean (ES) based diets (40.4% UIP) with barley or corn, in a 16% CP ration, from 
330 lb BW. Diets containing ES supported > daily gains and DMI, with a better 
response for barley than corn. It is postul(!ted that this response may have been a 
partial energy response from the supplementary dietary fat in ES, in addition to a µIP 
response. Heinrichs and Gorman (1992) fed animal protein supplements with or 
without canola meal vs canola meal alone, to dairy calves from 2 to 12 weeks of age. 
No improvement in calf performance was observed for diets containing higher UIP 
levels from animal proteins. Van Amburgh et al. (1992) observed no improvement in 
gain of heifers from 200 - 400 lb BW, when offered supplements containing SBM and 
urea, or 50% bloodmeal, 25% meal and bone and 25% feathermeal. Heifers were fed to 
gain 1.32, 1.76 or 2.2 lb daily, and the animal protein supplement was fed at .25, .50 
and .75 lbs for the target gain groups, respectively. Diets decreased from 19 to 17% CP 
with increasing heifer BW. Tomlinson et al. (1991) formulated diets for Jersey heifers 
from 250 to 660 lb BW that contained 30, 40 or 50% UIP of total N and three levels of 
nonstructural carbohydrates (NSC; J 7, 22 or 26% of DM). Diets were formulated for 
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1.32 lb of daily gain. No response to UIP was observed. The lowest change in body 
fat occurre,d at 22% NSC. The quality of ruminal bypass protein source may affect 
response to varying UIP levels. 

Current ongoing research at Cornell University is varying protein quality by using urea, 
soybean meal and animal protein combinations in diets for growing heifers to attain 
three target rates of gain to 700 lb BW (1.32, 1.85 and 2.21 lb/day). After 700 lb BW 
all heifers will be fed to gain 2 lb daily (Van Amburgh et al. 1991). It is interesting to 
note that experimental modifications in dietary regimens for heifers to gain 2 -
2.2 lb/day (Table 11) take relatively small adjustments compared to current 
recommendations in Tables 6 and 7. The object of the Cornell work is to attain an 
early calving age at 1350 lb BW without overconditioning of the heifers. These 
guidelines are experimental and not current recommendations for general heifer feeding. 

A recent review by Merchen and Titgemeyer (1992) that focused on manipulating 
protein quality and supply to growing ruminants, clearly demonstrated that several 
amino acids may be co-limiting (sulfur amino acids, lysine, histidine and possibly 
threonine, valine and isoleucine). They suggested that feeding a combination of 
proteins is the most practical approach to supplying optimal proportions. of amin0 acids. 
Despite the knowledge base on the quality of protein of a number of feedstuffs, the 
ideal combinations for growing ruminants have not been clearly defined. 

Ionophores 

Ionophores, when used in a properly balanced diet, can result in an increase in rate of ,' -~~ 
gain and feed. efficiency (Fox et al. 1991). Strategies for utilizing ionophores for 
growing heifers were evaluated by Meinert et al. (1992). They fed heavy (726 lb BW) 
or light (477 lb BW) growing heifers for 450 days. Diets were based on corn silage 
(2% BW) or ad libitum grass pasture supplemented with concentrates (2.2 - 3.3 lb/heifer 
daily). Diets were fed with or without monensin (200 mg/heifer daily). Results are 
summarized in Table 12. Feeding monensin decreased age at breeding by 15 and 24 
days, and age at calving by 36 and 61 days for the heavy and·light heifer groups, 
respectively. There were no monensin effects on body composition or BW gain, but 
age of puberty was decreased. 

Ionophores have been shown to exert a protein sparing effect when included in 
ruminant's diets (Patterson et al. 1983). Work by Steen et al.(1992) evaluated the 
hypothesis of whether feeding ionophores alone,, or in combination with different UIP 
levels would exert positive responses on growth and body composition of Holstein 
heifers. These authors fed 557 lb Holstein heifers ad libitum fescue hay (12% CP) with 
concentrate mixes (7 lb/heifer daily, 16% CP) that provided 0 or 200 mg 
lasalocid/heifer daily, and 32 vs 42% UIP. Results are summarized in Table 13. Heifers 
were fed to gain 1.32 to 1.54 lb daily. Lasalocid and 42% UIP when fed individually 
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·caused slight changes in body composition. Age at breeding was reduced when 
lasalocid was fed ~one. Diets had no effect on rates of gain. The authors observed 
that a combination of 42% UIP with lasalocid may have limited microbial protein 
synthesis and reduced heifer growth. Henrichs et al. (1993) compared 200 mg 
lasalocid/heifer, incorporated into ryelage based diets, to the use of animal protein 
supplements fed to 470 lb growing heifers for two 20-week periods. No performance 
differences were observed. The authors concluded that heifers gaining 1.65 lb daily 
have relatively low protein requirements that makes it difficult to test response 
differences between varying UIP .intake levels. 

Pasture 

Potential savings in heifer raising costs may be derived from integrating rotational 
grazing systems in nutritional regimens (Smith, 1991). Fox et al. (1991) intensively 
grazed Holstein heifers over two successive years with or without protein 
supplementation (.4 lb protein from SBM vs fishmeal). Heifers were subdivided into a 
light (358 lb BW) and heavy group (478 lb BW). Performance exceeded expected daily 
gains of 1.7 lb/day (Table 14). Bower et al. (1993) demonstrated in a Virginia study 
that pasture nutrients, both energy and protein, can exceed requirements for growing 
heifers to gain 1.7 lb daily. In a 2-yr study, cattle had access to a free choice mineral 
mix that contained lasalocid and were dewormed at the beginning of the grazing season. 
Heifers gained well over 2 lb daily during the height of the grazing season in the spring 
and summer months. Body condition score changed from an initial 2.7 to 3.1 authe end 
of the grazing period. Average CP content of the pasture over the two years was 1~.3% 
(range 12.2 - 21.9%) and TDN 62.6% (range 59.7 to 66.6%). Cost of raising growfrig 
heifers from 500 to 800 lb for a 154 day grazing season over two years was 43 
cents/heifer daily and 18 cents/lb gain. These data were quite variable between grazing 
seasons and require cautioµs use with different conditions in Virginia compared to the 
upper Midwest. 

h. Future - nutrient partitioning agents 

The use of somatotropins (BST) and beta agonists as nutrient partitioning agents may be 
prevalent for accelerated rearing and early calving replacement programs (Hoffman and 
Funk, 1992). The time table for their inclusion (if ever) as applied management tools is 
unknown. 

CONCLUSIONS 

Optimum heifer growth for production and profitability implies linkages between 
management, nutrition, genetics and economic considerations. These are not independent 
functions but can be addressed singularly, then pooled and refined f_or individual farm 
circumstances. An overview of each consideration is outlined below ·.-in an applied format. 
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1. Target goals should be set for heifer growth that are compatible with the management 
skills, heifer housing facilities, herd genetic base and feed resources on individual 
farms. Initial targets should take into account the genetic size consistency of the herd. 
A first breeding weight of 775 - 800 lb at 13 months of age, a calving age of 22.5 to 24 
months, a calving weight between 1250 and 1350 lb, a wither height of 53-55 inches 
and a body condition score at first calving of 3.5 to 3.75 appear to be reasonable initial 
goals for Holstein heifers. Targets can be refined when optimum proficiency level in 
terms of enhanced herd profitability, has been attained. 

2. Target goals will provide standards for herd replacement needs and allow for efficient 
replacement grouping in heifer housing facilities. Note that total herd management and 
the PTAM of the heifer's sire have a more critical effect on first lactation milk yield 
than calving age and growth characteristics. 

3. Evaluate risks of alternative heifer raising options vs home raised, and establish costs 
related to each using the same target goals for all situations. 

4. Evaluate the interrelationships of key replacement management concepts as described by 
Hoffman and Funk (1992), a) that rearing costs can be reduced by reducing age at 
calving, b) reduced age of calving requires increased planes of nutrition, c) increased 
planes of nutrition may negatively influence pre-pubertal mammary development and 
potential first lactation milk yield (increased planes of nutrition may reduce postpartum 
reproductive performance), d) increased calving weight reduces incidences of dystocia; 
e) increased calving weight has a positive effect on first lactation yield, and f) incre(!.sed 
calving weight has negative effects on feed efficiency. ·' -~~ 

5. Optimum heifer. breeding management can enhance herd profitability. Considerations 
suggested by Funk (1990) include: a) using more expensive semen on heifers rather 
than on older cows - heifers having better conception rates and should be higher in 
genetic merit, b) consider use of calving-ease bulls to reduce heifer calving difficulties, 
but not as a substitute for suboptimal management, c) if heat detection in heifers is a 
concern, consider estrus synchronization, and d) use AI and not natural service sires for 
breeding heifers. 

6. Optimal nutrition and health management for heifers begins a birth. Heifer diets should 
be balanced to maximize rumen function, heifer growth and health. Frequent feed 
analysis is critical for formulating precise diets, and heifer growth and body condition 
should be closely monitored. Under current guidelines an average daily gain of 1.7 -
1.8 lb from birth to first calving age should attain initial target goals. Use of 
management tools such as ionophores (and perhaps in the near future, nutrient 
partitioning agents) in conjunction with the concept of some deceleration of growth rate 
during the critical pre-pubertal phase, followed by post pubertal compensatory growth 
period, will allow refinement of target goals for calving age and body weight. 
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7. Feed costs account for 50% of the total costs of raising heifer replacements. An 
understanding of changes in heifer feeding concepts may help to increase feed 
utilization efficiencies and reduce costs of gain. Current work to refine accelerated 
feeding programs at Cornell, Michigan State and University of Wisconsin is ongoing, 
and as such, attempts should be made to modify a knowledge base in preparation to 
adopt, or consider, future accelerated feeding recommendations. An update on current 
feeding concept considerations was outlined by Hoffman (1993) as follows: a) 
Lowering a dietary energy concentration of older, heavier replacement heifers may not 
provide adequate growth, b) nutrient requirements alone to alter heifer growth is a poor 
technique, c) replacement heifer energy requirements need to be adjusted for 
environmental and management effects, d) crude protein should be fed at or slightly 
above (1 to 10%) NRC levels; excessive protein feeding is not recommended, e) use of 
high rurninal bypass protein supplements in heifer replacement diets have not given a 
consistent response and economics should be the main criteria for choice of supplement, 
and f) minerals ·and vitamins should be fed to NRC levels. 

LITERATURE. CITED 

-
Bagg, J. G., D. G. Brieve, J. H. Burton, and J. B. Stone. 1985. Effect of protein on growth 

of Holstein heifer calves from 2 to 10 months. J. Dairy Sci. 68:2929. 

Bartone, E., J. L. Morrill, and J. S. Stevenson. 1991. Earlier puberty in Holstein heifers fod 
115% of all NRC requirements. J. Dairy S_ci. 74(Suppl.1):213. _ 

Bower, L., J. M. Swisher, Jr., H. White, S. Carr, and D. M. Kiracofe. 1992. Summary of 
- two year on-farm dairy heifer rotational grazing demonstration. Mimeo. Virginia Tech 

Cooperative Extension Service. Blacksburg, VA. 

Casper, D. P., D. J. Schingoethe, G. A. Bruno, M. J. Brouk and F. C. Ludens. 1991. Growth 
response of dairy heifers to increased undegradable protein with two nonstructural 
carbohydrate sources in the diet. J. Dairy Sci. 74(Suppl):214. 

Clapp, H. J. 1982. Charting heifer growth. Agdex 412/15. Ministry of Agriculture and 
Food, Ontario. 

Conlin, B. J., and H. Chester-Jones. 1987. Factors affecting dairy profitability. Minnesota 
Dairy Report, AG-BU-2235 pp 6-12. Minnesota Extension Service and Animal Science 
Dept., Univ. of Minnesota, St. Paul. 

Crowley, J., N. Jorgensen, and T. Howard. 1985. Raising Dairy Replacements. North 
Central Regional Ext. Bull #265. p. 37. 

148 

lJ 



r-·-
1 

I 

I 
t 

Dacc;rrett, M:- G., E. J. Bartone, D. E. Isbell, J. L. Morrill, and A. M. Feyersham. 1993. 
Performance of Holstein heifers fed 100% or more of National Research Council 
requirements. J. Dairy Sci. 76:606. 

Doane's, 1993. Accelerating dairy heifer growth. Doane's Agric. Rpt. Newsletter Vol. 56, 
No. 17-6. 

Foldager, J., and K. Sejrsen. 1987. Mammary gland development and milk production in 
dairy cows in relation to feeding and hormone manipulation during rearing. In: 
Research in Cattle Production: Danish Status and Perspectives. p. 102. 
Landhusholdningsselskabets Forlag, Copenhagen, Denmark. 

Fox, D. G., D. J. Ketchen, and D. L. Emmick. 1991. Optimizing heifer growth on pasture. 
Proc. Heifer Management Symp. pp 19-29. Cornell Coop. Ext. Bull. No. 149, Ithaca, 
NY. 

Funk, D. 1990 .. Breeding replacement heifers. Mimeo. Minnesota Extension Service. 
Workshop Training. 

Gardner, R. w.; J. D. Schuh and L. G. Vargus. 1977. Accelerated growth and early breeding 
of Holstein heifers. J. Dairy Sci. 60: 1941-1948. 

Gardner, R. W., L. W. Smith, and R. L. Park. 1988. Feeding and management of daii;y 
heifers for optimal lifetime productivity. J. Dairy Sci. 71 :996. · 

' 
·;-:, 

Grummer, R. R., M. L. Luck, S. J. Bertics, and P. C. Hoffman. 1993. Effect of pre- and 
post-partum dietary energy on growth and lactation of primiparous cows. J. Dairy Sci. 
76(Suppl. 1):276. (Abstr.). 

Hargrove, G. L. and A. J. Henrichs. 1993. Standards of height and heart girth for Ayrshire, 
Brown Swiss, and Milking Shorthorn dairy heifers. J. Dairy Sci. 76(Suppl 1.)241. . 
Abstract P282. 

Heinrichs, A. J., S. J. Wells, and S. H. Hurd. 1993a. The National Dairy heifer Evaluation 
Project:dairy heifer growth assessment. J. Dairy Sci. 76(Suppl.):241. Abstract P283. 

Heinrichs, A. J., C. L. Garman, and D. P. Ross. 1993b. Addition of an animal protein source 
or an ionophore in dairy heifer diets on feed efficiency and growth. J. Dairy Sci. 
76(Suppl.1)221. (Abstr.). 

Heinrichs, A. J., and G. L. Hargrove. 1991. Standards of weight and height for Guernsey 
and Jersey heifers. J. Dairy Sci. 74:1684. 

149 



1i. 
l 

I 

"I 
I 

I . 
I 

r I", {i 
' 
I. 
; I 
'I 

! ' 
I I , I 

\ 1 
I 

Heinriehs, A. J., and d: L. Hargrove. 1987. Standards of weight and height for Holstein 
heifers. J. Dairy Sci. 70:653. 

Hoffman, P. C., D. A. Funk, and T. D. Syverud. 1992. Growth rates of Holstein replacement 
heifers in selected Wisconsin herds. College of Agricultural and Life Sciences Research 
Report. R3551. Univ. of Wisconsin-Madison. 

Hoffman, P. C. 1992. What it's worth to have heifers raised. Hoard's Dairyman. 137:615. 

Hoffman, P. C. and D. A. Funk. 1992. Applied dynamics of dairy replacement growth and 
management. J. Dairy Sci. 75:2054. 

Hoffman, P. C. 1993. New concepts in feeding dairy replacement heifers. Proc. Heifer 
Mgmt. Symp. Cornell Co-op Ext. Service, Sept. 8-9, Ithaca, NY. 

Hoffman, P. C., N. A. Brehm, W. T. Howard, and D. A. Funk. 1993. Effect of energy 
status, environment and management on performance of replacement heifers in 
commercial dairy herds. J. Dairy Sci. 76(Suppl. 1):276. (Abstr.). 

.· 
Howard, W. T., R. D. Shaver, and A. C. Wollengien. 1990. User's Guide for TMRINPUT, 

TMRFIXED, DRYINPUT, TMRDRY HEFINPUT, HEIFER. Wisplan Computing 
Center, Univ. of Wisconsin-Extension, Madison, WI. 

~ 

Howard, W. T. 1989. Heifer feeding to calve at 24 months. Mimeo. Four-State Dairy_ _ 
Seminar, Univ. of Minnesota, St. Paul, Univ. of V{isconsin, Madison, Iowa State Urtiv., 
Ames, and Univ. of Illinois, Champaign. Co-operative Extension Services. 

Hubbert, C. J. 1992. Factors influencing dry matter intake in dairy heifers. M. S. Thesis. 
Virginia Polytechnic Inst. State Univ., Blacksburg. 

Kertz, A. F., L. R. Prewitt, and J. M. Ballam. 1987. Increased weight gain and effects on 
growth parameters of Holstein heifer calves from 3 to 12 months of age. J. Dairy Sci.' 
70:1612. 

Lacasse, P., E. Block and D. Peticlerc. 1991A. Effect of plane or nutrition during the second 
isometric and allometric phases of mammary development on milk production of dairy 
heifers. J. Dairy. Sci. 74(Suppl. 1):189. 

Lacasse, P., E. Block, L. Guibault and D. Petitclerc. 1991b. Effect of plant of nutrition 
during second isometric and allometric phases of mammary development on health 
reproduction and penpartum IGF-1 and progesterone heifers. J. Dairy Sci. 
74(Suppl. 1):189. 

150 

v 



Little, W., and R. M. Kay. 1979. The effects of rapid rearing and early calving on the 
subsequent performance of dairy heifers. Anim. Prod. 29: 131-142. 

Luening, R. A., R. M. Klemme and W. T. Howard. 1987. Wisconsin Farm Enterprise 
Budgets. University of Wisconsin Publication A2731. 

Meinert, R. A., C-M J. Yang, A. J. Heinrichs and G. A. Varga. 1992. Effect of monensin on 
growth, reproductive performance and estimated body composition in Holstein heifers. 
J. Dairy Sci. 75:257. 

Menzi, W. Jr. 1991. Planning successful housing systems. Proc. Heifer Management Symp. 
pp 1 to 14. _Cornell Co-operative Extension, No. 149. Ithaca, NY. 

Merchen, N. R., and E. C. Tigemeyer. 1992. Manipulation of amino acid supply to the 
growing ruminant. J. Anim. Sci. 70:3238. 

Murphy, K. D., 1992. the effects of selection for milk production on composition of growth, 
feed intake and growth related hormone levels in Holstein heifers. Ph.D. Dissertation, 
Univ. of Minnesota, St. Paul, MN. 

Murphy, K. D., D. G. John'son, R. D. Appleman and D. E. Otterby. 1991. Effects of 
weaning diet, age at freshening and lactation feeding system on performance. J. Dairy 
Sci. 74:2708. 4 

National Research Council. 1984. Nutrient requirements of beef cattle. 6th Rev. ed. Natl. ' -~~ 
Acad. Sci., Washington, DC . 

. t National Research Council. 1989. Nutrient requirements of dairy cattle. 6th Rev. ed. Natl. I Acad. Sci., Washington, DC. 

Park, C. S., G. M. Erickson, Y. J. Choi, and G. D. Marx. 1987. Effect of compensatory· 
growth on regulation of growth and lactation: response of dairy heifers to a stair-step 
growth pattern. J. Anim. Sci. 64:1751. 

Park, C. S., M. G. Baik, W. L. Keller, I. E. Berg, and G. M. Erickson. 1989. Role of 
compensatory growth interaction: a stair-step nutrient regimen modulates differentiation 
and lactation of bovine mammary gland. Growth, Development and Aging 53:159. 

Patterson, J. A., B. M. Anderson, D. K. Bowman, R. L. Morrison, and J. E. Williams. 1983. 
Effect of protein source and lasalocid on nitrogen digestibility and growth by ruminants. 
J. Anim. Sci. 57:1537. 



-\·~-rr-------------------====~~~--~-=-~-----------------!!!!!! 

I 

I I 
I ' 
'I 

I '. 

i ! 

Quigley, J. D., R. E. James, and M. L. McGilliard. 1986. Dry matter intake in dairy heifers. 
2. Equations to predict intake of heifers under intensive management. J. Dairy Sci. 
69:2863. 

Sejrsen, K., J. T. Huber, H. A. Tucker and R. M. Akers. 1982. Influence of nutrition on 
mammary development in pre- and post-pubertal heifers. J. Dairy Sci. 65:793-800. 

Sejrsen, K., J. Foldager, M. Sorensen, R. M. Akers and D. E. Bauman. 1986. Effect of 
exogenous bovine somatotropin on pubertal mammary development in heifers. J. Dairy 
Sci. 69:1528-1535. 

Smith, T. R. 1991. Are you raising heifers for fun or profit? Strategies for evaluating the · 
profitability of the dairy replacement enterprise. Proc. Heifer Mgmt. Symp. pp. 77-88. 
Cornell Coop. Ext. Bull. No. 149, Ithaca, NY. 

Steen, T. M., J. D. Quigley, III, R. N. Heitmann and J. D. Gresham. 1992. Effects of 
lasalocid and undegradable protein on growth. and body composition of Holstein heifers. 
J. Dairy Sci. 75:2517. 

Swanson, E. W. 1960. Effect of rapid growth with fattening of dairy heifers on their 
lactational ability. J. Dairy Sci. 43:377-387. 

Swartz, L. A., A. J. Heinrichs, G. A. Varga and L. D. Muller. 1991. Effects of varying 
dietary undegradable protein on dry matter intake, growth and carcass composition of 
Holstein calves. J. Dairy Sci. 74:3884. .~_"'C.-

Tomlinson, D. J., R. E. James and M. L. McGilliard. 1991. Effect of varying levels of 
neutral detergent fiber and total digestible nutrients on intake and growth of Holstein 
heifers. J. Dairy Sci. 74:537. 

Waldo, D. R., A. V. Capuco and C. E. Rexroad, Jr. 1989. Feeding dairy replacements for, 
optimum milk production. In: Proc. 50th Minnesota Nutr. Conf. pp 47-58. University 
of Minnesota, St. Paul. 

Wassertrom, V. M., and J. H. Herbein. 1993. Subsequent milk production and metabolic 
responses of first-calf heifers fed whole raw soybeans during the last trimester of 
gestation. J. Dairy Sci. 76(Suppl. 1):221. Abstract p. 223. 

Wells, S. J., A. J. Heinrichs and H. S. Hurd. 1993. The National Dairy Heifer Evaluation 
Project: dairy calf demographics. J. Dairy Sci. 76(Suppl. 1):270. Abstract S370. 

Van Amburgh, M., D. Galton and D. Fox. 1991. Optimizing heifer growth. Proc. Heifer 
Management Symp. pp 89-100. Cornell Coop. Ext. Bull. No. 149, Ithaca, NY. 

152 



'l 
I 

I 
! 

i 
I 
ll 
I 
I 

i 
I' 

Verex, R. P., C. W. Young, J. D. Danker, and G. D. Marx. 1988. Effects of selection for 
body size on feed efficiency and size of Holsteins. J. Dairy Sci. 71:1355. 

Table 1. Example of heifer raising costs from birth to 24 months of age." 

Item Price/unit Units Cost/herd 

Feed cost: 
Forage $55/ton 6.5 tons 357.50 
Grain $2.25/bu 20 bu 45.00 
Protein $200/ton 300 lb 30.00 
Mineral $24/cwt 60 lb 14.40 
Salt $8/cwt 45 lb 3.60 
Milk Replacer $80/cwt 35 lb 28.00 
Calf Starter $13/cwt 150 lb 19.50 

Other variable costs: .. 
Bedding $40/ton 1 ton 40.00 
Health $25/heifer 25.00 
Breeding $16/unit 1.5 units/heifer 24.00 
Power and fuel $22/heifer 22.00* 
Supplies $20/heifer 20.00 
Interesth 58.15 

Labor and Management 
Labor $6/hr 24 hrs 144.00 
Management $12/hr 1 hr 12.00 

Opportunity Max 
Fixed costs Valuec CRC %d Capacity 

Buildings $40,000 14% 60 93.33 
Equipment $30,000 17% 60 85.00 

Total cost/head $1021.48 
Av. cost/day (720 days) $1.42 

a Adapted from Hoffman (1992). 
h Interest = 10% on 0.5% of the feed and variable costs for 2 yrs. 
c Opportunity value = current debt fair market value or rental value divided by 

CRC %, whichever is higher. 
d CRC = capital recovery charge. 
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Table 2. 

First 
calving 
age 
(months) 

18 
20 
22 
24 
26 
28 
30 
32 

Number of replacement heifers per 100 cows as affected by age of first 
calving, heifer calf mortality and cow culling rate.a 

Cull Rate,% 
26 30 34 38 

Heifer calf mortahty6
, % 

5 10 5 1p 5 10 5 10 
- - - - - - - - - - - - - No. of replacements - - - - - - - - - - - - - -

56 59 65 68 73 77 82 86 
59 62 68 72 77 81 86 91 
61 65 71 75 80 85 90 95 -
64 68 74 78 84 88 94 99 
67 70 97 81 87 92 97 103 
69 73 80 85 91 96 101 107 
72 76 83 88 94 100 105 111 
75 79 86 91 98 103 109 115 

a Adapted from Luening et al. (1987) Wisconsin Fann Enterprise Budgets - Dairy 
Cows and Replacements 

b Calf mortality factored at a 14% heifer cull rate as 1.23 and 1.30 calves required for 
one replacement heifer for 5 and 10% heifer mortality, respectively. 
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. Table 3. Growth rate for 24-25 months first calving age in selected Wisconsin herd 
examples vs proposed research example of accelerated heifer growth rates 
for 18-19 months first calving. 

He if er growth Proposed accelerated growth 
Selected WI herdsa guidelinesb 

Age Heifer BW Wither Heifer BW, Cumulative 
(mo) lbc height, inc lb gain/lb 

1 129 31 140 
2 173 34 196 2.0 
4 292 37 336 2.2 
6 424 41 499 2.4 
8 510 44 666 2.5 

10 662 46 835 2.6 
12 784 49 1002 2.6 
14 867 50 1164 2.6 
16 914 50 1305 2.6 
18 1050 52 1402 ~.5 

20 1166 53 
22 1228 53 
24 1355 54 

a Adapted from Hoffman et al (1992); 13 Wisconsin herds av. RHA >22,100 lb; 
1st lactation yields, .18561 lb@ 24.9 months (23.1 - 25.9) first lactating age. 

b Adapted from Doanes Agric. Rpt. 56:17-5 (1993) on Michigan State University 
research. 

c Least squares means. 
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Table 4. Effect of accelerated growth of Holstein heifers on 305-d milk yield and herd 
longevity .3 

Acceleratedb Controlc 

% Heifers Av milk % Heifers Av milk 
Location No. left/lact. yield, lb left/lact. yield, lb 

1 100 14804 100 15367 
2 73 17252 74 17138 
3 46 18326 46 18040 
4 31 20095 27 20858 
5 18 21094 19 21703 
6 7 22238 4 20933 
7 3 22246 1 21254 

a Adapted from Gardner et al. (1988). 
b Av. gain 1.96 lb/d to reach 748 lb BW by 1st breeding BW@ 11.3 mo and calving 

age @ 22.2 mo. 
c Av. gain 1.71 lb/d to reach 748 lb BW by 1st breeding BW@ 12.8 mo and calving 

age@ 24.6 mo. 

,. 
Table 5. Breed comparison for standards of weight and height for heifers. 

~~ 

Breed 
Holstein~ Guernsey" Jersey" 

Heifer Parameter 
Age Weight Height Weight Height Weight Height 
(Mo) lb m lb m lb m 

6 371 39.4 365 40.4 258 35.9 
12 666 46.4 575 44.8 471 42.1 
18 924 50.1 863 50.1 638 45.2 
24 1133 52.0 1012 51.3 789 47.8 

a Adapted from Heinrichs and Hargrove (1987) - 5723 Holstein heifers from 163 
commercial herds. 

b Adapted from Heinrichs and Hargrove (1991) - 1777 Guernsey heifers from 54 
commercial herds; 1564 Jersey heifers from 49 commercial herds. 
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·Table 6. ·Suggested ration' specifications for replacement heifers.a 

Age (months) 
3-6 7-12 13-18 19-22 
Average weight (lb, large-breed heifers) 

Item 300 600 900 1200 

Estimated dry matter intake, lb/d 
Intake % body weight 

7 - 9 12 - 16 17 - 21 24 - 28 

Crude protein 
Total digestible nutrients (TON) 
Calcium 
Phosphorus 
Trace mineral salt 

2.9 2.7 2.5 2.2 

Nutrient specifications (% of dry matter)b 
16 15 14c 12c 

68-74 64-70 60-63 60-63 
.50-.60 .40-.50 .40-.50 .40-.50 
.35-.40 .32-.35 .28-.32 .28-.30 

.30 .30 .30 .30 
19 22 22 22 Acid detergent fiber (minimum) 

Foraged 20 ~ 60 30 - 90 40 - 100 40 - 100 

Vitamin A (IU/lb OM) 
Vitamin 0 (IU/lb OM) 
Vitamin E (IU/lb OM) 

1,000 
140 
11 

1,000 
140 
11 . 

a Adapted from Crowley et al. (1985) and Hoffman (1993). 

1,000 1,000 
140 140 
11 11._ 

b Trace mineral salt, a high-calcium (15% to 25%) and phosphorus (10% to 20%) 
mineral mixture, and water should be available free choice all times. 

c Twenty to 30% of the total crude protein can be provided by non-protein nitrogen 
sources for heifers weighing more than 800 lbs. 

d The percent fiber and lowest of forage are minimum required for proper rumen 
function. Higher levels of AOF and forage are recommended for more economical 
rations and to limit TON levels shown above. 

157 



; ! -- - .- ------·--

\. 

~ 

!' 

I 
i 
I 

. I' 
I 

'. 1 

I 

I 

Table 7. Estimated NRC1 energy· and protein requirements for large frame growing 
heifers gaining 1.8 or 2.2 lb/d. 3 

tJ 
BW Gain DMI NEm NEg TDN UIP DIP CP 
- - - - - - - lb - - - - - - - - - Meals - - - - - ·- - - - - - lb - - - -· - - - - -

220 1.8 6.64 2.72 1.66 4.64 .82 .20 1.06 
2.2 7.06 2.72 1.88 4.95 .89 .24 1.13 

440 1.8 10.93 4.57 2.05 7.35 .65 .. 65 1.63 
2.2 11.57 4.57 2.35 7.79 .69 .71 1.75 

660 1.8 15.53 6.20 2.77 9.94 .52 1.08 1.87 
2.2 16.41 6.20 3.15 10.52 .55 1.17 1.98 

880 1.8 20.81 7.69 3.24 12.69 .44 1.52 2.50 
2.2 ·22.00 7.69 3.68 13.42 .45 1.42 2.64 

1100 1.8 27.13 9.09 3.68 15.75 .40 2.01 3.02 
2.2 28.67 9.69 4.18 16.65 .41 2.15 3.26 

1320 1.8 35.18 10.43 4.11 19.36 .43 2.58 4.23 
2.2 37.25 10.43 4.77 20.48 .43 2.76 4.48 

a Adapted from NRC (1989) - nutrient requirements for dairy cattle . 
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Table 9. Dry matter intake estimates for replacement heifers. 3 !J 

Weight (lbs) 
Equation reference 300 600 900 1200 

- - - - - - - - - - - - - DMI lbs/day" - - - - - -. - - - - - - -

Quigley et al. (1986) 7.8 15.1 19.8 22.7 
Hubbert (1992) 9.7 17.3 23.0 26.7 
Howard (1990) 8.3 14.3 20.3 26.4 
NRC Beef (1984) 9.9 16.6 22.5 27.9 
NRC Dairy (1989) 8.1 14.0 20.9 30.0 

• Adapted from Hoffman (1993). 
b Estimates made with the following assumptions: Average daily gain = 1.7 lbs/d; TON 
concentration of the diet = 64.0%; ADF level of the diet = 34.0%. 
c No equation given; tabular values used. 

Table 10. Modified energy requirements for dairy replacement heifers3
• 

Weights (lbs) 
Item 300 600 900 .. 1200 
Base Reqmrements 

Average daily gain, lbs/d 
Dry matter intakeb, lbs/d (Modified) 
Dry matter intake\ lbs/d (NRC) 
TON required, lbs/d 
TDN % of OM (Modified) 
TON % of OM (NRC intake) 

Energy Adjustments 
Fall x Open Housing 
Winter x Open Housing 
Spring x Open Housing 
Summer x Confinement Housing 
Fall x Unwonned x Open Housing 
Winter x Unwonned x Open Housing 
Spring x Unwormed ·x Open Housing 
Moderate Body Mud Coverage 
Heavy Body Mud Coverage 
Ionophore Fed 
Gestation 

1.7 
8.3 
8.1 
5.6 

67.5 
69.1 

1.7 
14.3 
14.0 
9.1 

63.6 
65.0 

1.7 
20.3 
21.0 
12.8 
63.1 
61.0 

1.7 
26.4 
30.0 
17.0\ 
64.o' 
56.7 

- - - - - - - TDN lbs/d - - - - - - -
.15 .22 .33 .50 
.22 .30 .44 .60 
.15 .22 .33 .50 
.15 .22 .33 .50 
.15 .22 .33 .50 
.15 .22 .33 .50 
.15 .22 .33 .50 
.22 .30 .42 .60 
.29 .38 .50 .70 

- .15 - .30 - .42 - .60 
2.63 

• Adapted from Hoffman (1993). 
b Dry matter intake calculated as 2.25 + (.0201 x BW) (Howard, 1990). 
c NRC Dairy (1989). 
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Table 11. Cornell research diet guidelines for accelerated heifer growth programs for 
first calving age of 21 mo.a 

,Heifer weight range, lb 
Parameters 200-400 400-oOO o00-800 800-IOOO IOOO-I350 

DMI, Ibid 7-9 10-14 15-18 19-24 25-35 
CP, % of OM 17 16-17 15-16 14-15 12-14 
UIP, % of CP 35-45 35-40 25-35 15-20 10-15 < 

NEg, Meal/lb .52-.56 .48-.52 .42-.45 .38-.42 .30-.35 

a Adapted from Van Amburgh et al. (1991); goal is for heifers to reach puberty at 
8-9 mo (550-650 lb BW); breeding by 12 mo (750 lb) and first calving at 21 mo 
(1350+ lb) - average daily gain of 2 lb. 

Table 12. Effect of monensin on growth, reproductive performance and body 
composition of Holstein heifers when fed to gain 1.54 lb/day.a 

Light heifers Heavy heifers 
(230 d-old) (380-d old) 

Item Control Monensm6 Control Monensm6 

Initial BW, lb 
Initial height, in 
Initial body condition score (BCS) 
Final BW, lb 
Final height, in 
Final BCS 

Daily gain, lb 

Av body compositionc 
Empty body water, % 
Empty body protein, % 
Empty body fat, % 

480 
42 
2.2 

1231 
52 
3.0 

1.67 

65.3 
17.8 
10.6 

479 
43 
2.1 

1249 
52 
2.9 

1.72 

65.9 
17.8 
10.1 

732 
47 
2.7 

1446 
53 
3.0 

1.58 

62.2 
18.4 
13.6 

.. 
715;-
48 
2.4 

1513 
53 
3.2 

1.78 

62.5 
18.4 
13.3 

a Adapted from Meinert et al. (1992); 450 d study; heifers fed a grain mixture with 
corn silage (Jan - April) with pasture (May - Sept), and with corn silage (Oct -
March). 

b Monensin fed at 200 mg/d; monensin feeding reduced age at first breeding by 25 d 
and first calving by 48 d. 

-'"';"!, 

c Estimated by urea space dilution at 2 mo intervals until heifers were 150 d pregnant. 
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Table 13. Effect of undegradable protein level (UIP) and lasalocid on growth and 1i 

body composition fed in Holstein heifer diets from 550 lb BW.° 

Item 

DMI, lb 
Daily gain, lb 
Age at first breeding, mo 
Age at calving, mo 

Predicted growth parameters 
@ 20 mo of age: 

BW, lb 
Wither height, in 
Empty body fat, % 
Empty body protein, % 

LO 

19.4 
1.57 
16.2 
25.4 

1000 
51.3 
14.4 
18.4 

LL 

18.9 
1.65 
15.5 
24.8 

1033 
51.3 
14.4 
18.5 

Dietsb 
AO 

19.1 
1.65 
16.1 
25.1 

1041 
52.2 
14.2 
18.5 

a Adapted from Steen et al. (1992). " 

AL 

18.9 
1.61 
16.4 
25.4 

1015 
51.6 
14.1 
18.5 

b Basal diet consisted of 16.6% CP concentrate fed with free choice fescue hay (12% 
CP); LO = 32% UIP + 0 lasalocid; LL = 32% UIP + lasalocid @ 200 mg/d; 
HO= 42% UIP + 0 lasalocid; HL = 42% UIP + lasalocid@ 200 mg/d. 

Table 14. Two-year performance of Holstein heifers on pasture with or without, 
supplemental protein.ab '· .. ~~ 

Item 

Lightweight heifers c 
Heavyweight heifersc 

Protein supplementsd 
None 
0.4 lb protein from SBM 
0.4 lb protein from Fishmeal 

a Adapted from Fox et al. (1991). 

Initial BW 

352 
478 

422 
419 
403 

Final BW 

619 
771 

686 
205 
693 

Av Daily Gain 

2.05 
2.25 

2.02 
2.19 
2.23 

b Pasture averaged .65 tons OM/acre with 21.6% CP (80% degradable); 25.2% ADF 
and 46% NDF. Pasture species included perennial ryegrass, Ladino clover and 
orchard grass. 

c Initial BW effect on daily gain (P<.10). 
d Protein supplement effect on daily gain (P<.10). 
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TMR STRATEGIES FOR TRANSITION FEEDING OF DAIRY COWS 

INTRODUCTION 

Randy Shaver 
Department of Dairy Science 

University of Wisconsin - Madison 

The dry period marks both the end of one lactation cycle and the start of another. Improper 
feeding and management of the dry cow can result in a higher incidence of metabolic 
disorders around the time of calving (Curtis et al., 1985), lower milk yield in early lactation 
(Berries et al., 1992), and lower reproductive efficiency (Britt, 1989; Butler and Smith, 1989). 

Metabolic disorders are inter-related, and are influenced by dry cow feeding and management 
practices (Curtis et al., 1985). Curtis et al. (1985) reported the following set of relationships 
from the use of path analysis and logistic regression to model clinical disorders occurring 
within 30 days after calving in 31 commercial dairies. Cows with milk fever were four times 
more likely to have a retained placenta (RP), and 23.6 times more likely to develop ketosis. 
Ketosis was 16.4 times more likely in cows with RP, and 53.5 times more likely in cows with 
displaced abomasum (DA). Metritis was 4.9 times more likely in cows with dystocia, and 5.7 
times more likely in cows with RP. Lead feeding protein 2 to 3 weeks prior to calving was 
related to reduced incidence of RP and uncomplicated ketosis. Lead feeding energy 2 to 3 
weeks prior to calving was related to reduced incidence of DA. 

There have been several other recent field surveys of factors affecting the incidence of ., 
metabolic disorders. Pehrson and Shaver (1992) reported that high incidence DA herds went·'<~ 
through more abrupt prepartum social and nutritional changes around the time of calving than 
low incidence herds. Bazeley and Pinsent (1984) reported that high incidence larninitis herds 
went through more abrupt social, environmental and nutritional changes around the time of 
calving .than low incidence herds. Gerloff (1988) suggested that reducing stress around the' 
time of calving may reduce the incidence of ketosis and fatty liver. 

These observations emphasize that feeding and management of the close-up dry cow 2 to 3 
·weeks prior to calving is especially important for the prevention of metabolic disorders. 
Recent trials with regard to prepartum intake depression and the development of fatty liver 
(Bertics et al., 1992), protein nutrition of the dry cow (Van Saun et al., 1993), and use of 
anionic salts for the prevention of milk fever (Oetzel, 1991) also point toward the close-up 
dry period as being of major importance. 

Staples et al. (1990) compared a 'group of cows (n=15) that were anestrus for nine weeks 
postpartum based on plasma progesterones ( <1 ng/ml) with two cycling groups, one group of 
cows (n=25) showing corpus luteum (CL) activity within 40 days postpartum and a second 
group of cows (n=l4) showing CL activity between 40 and 60 days postpartum. All cows 
received ad libitum 55% corn silage:45% concentrate diets containing 16% crude protein 
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(CP). Anestrus cows ate less feed, produced less milk, and lost more body weight (BW), 
resulting in a more negative energy balance than cycling cows. Differences in energy balance 
and the resulting negative effects on fertility were more related to low intake of dry matter 
than to high yield of milk. Differences in energy balance among groups were greatest the first 
three weeks postpartum. Villa-Godoy et al. (1988) showed that most of the variation in 
energy balance during the first few weeks after calving was related to feed (energy) intake 
(r=.73) rather than level of milk production (r=-.25). 

Britt (1992) proposed a model that suggests that there can be a time-lag of several weeks 
from when a cow experiences a severe negative energy balance and when the greatest 
negative impact on fertility is observed. The time-lag is the 60 to 100 day period required 
from the time a resting dormant primordial follicle within the ovary is activated to begin 
development until the follicle is mature and ready to ovulate. This may occur because 
developing follicles become imprinted by the metabolic environment in which they begin 
early development and when these follicles mature they produce eggs that are less fertile and 
CL's that secrete lower amounts of progesterone (Britt, 1992). The time-lag model suggests 
that the first one or two follicles that ovulate after calving at approximately 3-4 weeks and -7 
weeks postpartum began development during late lactation or the dry period, while the third 
through fifth follicles that ovulate after calving began development during the period 
immediately around calving and during the first five weeks postpartum when negative energy 
balance is the most severe. 

These observations emphasize the critical importance of proper feeding and management of 
the early postpartum cow. Peak milk yield occurs before peak dry matter intake in early• 
lactation, and cows mobilize body reserves in an attempt to meet the energy deficit (Kertz ·et 
al., 1991). Kertz et al. (1991) found that intake data were best fit when separate equations ' 
were developed for each week postpartum up through week five. Dry matter intake is a major 
factor influencing milk yield and BW change in the early postpartum cow, beoause it governs 
her ability to consume specific nutrients in sufficient amounts to support lactational demands. 
Thus, nutrient densities of rations for early postpartum cows need to be adjusted to 
compensate for the intake lag. This was recognized in the NRC (1989), as separate 
recommended nutrient densities for cows 0-3 weeks postpartum were provided. HoweveJ, this 
feeding strategy is often ignored by dairy managers feeding total mixed rations (TMR) 
because herd size and facility constraints limit the number of groups that are feasible. 

FEEDING CLOSE-UP (2-3 WEEKS PREPARTUM) DRY COWS 

Prepartum Intake Depression 

NRC (1989) estimates dry matter intake (DMI) of dry cows at 1.8 to 2.0% of body weight 
(BW), or 27 to 30 lb. for a 1500 lb. dry cow. This agrees with several reports (Bertics et al., 
1992; Van Saun et al., 1993; Zamet et al., 1979). However, intakes are not maintained at this 
level for the full dry period, as several trials report a gradual decline in DMI starting 2 to 3 
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weeks prior to calving followed by a rapid drop starting 3 to 5 days prior to calving (Bertics 
et al., 1992; Marquardt et al., 1977; Van Saun et al., 1993; Zamet et al., 1979). This 
prepartum intake decline is shown in Figure 1. 

Zamet et al. (1979) reported that DMI decreased 30% between days 7 and 1 prepartum. It is 
interesting to note that cows developing at least one metabolic disorder prior to 30 days 
postpartum consumed 25% less DMI on day one prepartum than normal cows. A 30% decline 
in DMI between days 7 and 1 prepartum is in agreement with the qbservations of Bertics et 
al. (1992) and Marquardt et al. (1977). 

Van Saun (1992) reported a 15% decline in DMI between the close-up (last 2-4 weeks) and 
far-off (first 4-6 weeks) dry periods. A DMI decline of 5% between weeks 3 and 2 
prepartum, 5% between weeks 2 and 1 prepartum, and 30% during the last week prepartum 
would approximate a 15% average reduction between the close-up and far-off dry periods. 
This prepartum intake decline dictates that a separate ration with higher nutrient densities be 
fed to close-up dry cows to more closely meet their nutritional requirements. Assuming a 
far-off dry group DMI of 1.8% of body weight and a 15% reduction in DMI between the 
far-off and close-up dry groups, DMI for the close-up dry group would average 22-23 lb. per_ 
cow per day. This level of intake can be used to formulate nutrient densities of close-up dry 
group rations. •· 
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Figure 1. Prepartum intake decline (Adapted from Bertics et al., 1992). 

Development of fatty liver. Be'rtics et al. (1992) evaluated the effects of prepartum 
intake depression on the development of fatty liver. Eleven cows were fed ad libitum 
prepartum (control), and another 11 cows were maintained at the same level of DMI as 
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recorded during days 21 to 17 prepartum by force feeding feed refusals via rumen cannulae. 
Feed intake of control cows declined 28% over the final 17 days prepartum. Liver triglyceride~ 
increased 227 and 75% for control and force-fed cows, respectively, between day 17 . 
prepartum and day 1 postpartum. Prepartum DMI was correlated negatively (r=-.80) with liver 
triglyceride immediately postpartum. Higher plasma glucose concentrations for force-fed cows 
two days prepartum (76 vs. 63 mg/dl) were possibly due to higher nutrient intakes, and were. 
correlated negatively (r=-.50) with liver triglyceride immediately postpartum. Cows that were 
force-fed prepartum produced milk with a higher fat content (4.22 vs. 3.88%; P<.06), and 
tended to produce more 3.5% fat-corrected milk over the first 28 days postpartum (101 vs. 92 
lb/day; P<.11). These results suggest that enhancing glucose status of the cow prepartum by -. 
lead feeding grain to increase stiµ-ch intake may be beneficial. However, benefits of this 
feeding strategy are restricted by limitations to the amount of grain that can be fed prepartum 
because of the inherent prepartum intake depression. Berries et al. (1992) theorized that 
administration of glucose precursors prepartum to increase blood glucose may elicit an'insulin 
response and reduce fatty acid mobilization from adipose. 

Propylene glycol administration. Studer et al. (1992) evaluated the effects of prepartu-m 
propylene glycol (PG) administration on the development fatty liver in 24 cows. Treated C()WS 
were drenched with 1 liter (32 oz.) PG once daily starting 10 days prior to expected calving 
until parturition. Total liver lipids measured one day postpartum were 29.5 and' 21.4% ,.r

(P<.OS) for control and PG. Prepartum plasma glucose and nonesterified fatty acid (NEFA) 
concentrations were 69.2 and 75.6 mg/dl (P<.01) and 408 and 232 uM (P<.001) for control 
and PG. Plasma NEFA concentrations one day postpartum were lower for PG drenched cows 
(640 vs. 863 uM; P<.01). These results indicate that prepartum propylene glycol • 
administration may have a role in the prevention of fatty liver. This practice may be ·f90St 
beneficial for over-conditioned or ketosis-prone cows. There were no significant differ'ences 
between C and PG over the first 21 days postpartum for DMI, milk yield, or milk 
composition. 

Winkler et al. (1993) compared different doses of PG for efficacy in reducing plasma NEFA 
during feed restriction. Holstein heifers averaging 90 d prior to first calving at trial initiation 
were restricted to 50% of ad libitum intake and dosed with 0, 296 ml (10 oz.), ·592 ml (20 
oz.), or 887 ml (30 oz.) of PG as an oral drench once daily for 5 days. Linear effects of PG 
dose were observed for plasma glucose, insulin, NEFA and beta-hydroxy-butyrate (BHBA) 
concentrations, but most of this response was observed with the 10 oz. dose of PG. It was 
concluded that 10 oz. PG administered as an oral drench once daily may be beneficial for 
alleviating accumulation of fat in the liver during periods of intake depression. 

Due to the difficulty of drenching cows orally for several days prior to calving, questions 
about the feasibility of adding PG directly to the close-up dry group ration have been raised. 
There are no data available at this time to show whether or not this approach to PG 
administration would be efficacious. One concern is whether or not administration of PG in 
several small sub-doses throughout the day (ration additive) would elicit a similar response in 
plasma glucose, insulin, NEFA and BHBA concentrations as observed with the once daily 
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oral drench used in the trials of Studer et al. (1992) and Winkler et al. (1993). This also 
raises a question about whether or not the daily dosage of PG recommended from the oral 
drench trial of Winkler et al. (1993) would apply if PG were fed as a prepartum ration 
additive. Use of propylene glycol as a ration additive for early lactation cows has been shown 
to reduce milk ketones (Emery et al., 1964; Fisher et al., 1973) and plasma NEFA and BHBA 
(Sauer et al., 1973). Fisher et al. (1973) observed that intakes of forage and concentrate were 
not adversely affected when concentrate mixtures for early lactation cows were supplemented 
with 0, 3, 6, or 9% PG to provide PG intakes of approximately 5-8, 10, and 15 oz. per cow 
per day, respectively. However, there was a tendency for greater weighback of concentrate for 
the 9% level of PG supplementation. Emery et al. (1964) dosed PG via the ration at levels 
ranging from .03 (6 oz.) to .40% (75 oz.) of BW to three dry cows and one lactating cow and 
reported that when PG exceeded about 5% of ration DM some reduction in feed intake 
occurred in the three dry cows, but the lactating cow did not reduce feed intake even when -
PG was supplemented at ·16.7% of ration DM. These limited data suggest that it may be 
possible to add PG to a TMR for close-up dry cows without major reductions in feed intake, 
but more research is needed. Assuming a close-up dry group DMI of 22-23 lb. per cow per 
day, PG would need to added to the TMR at 3 to 5% of ration DM to achieve a PG dosage· 
rate of 10-20 oz. per cow per day. Research is needed to evaluate the efficacy of PG as ration 
additive for close~up dry cows. High cost of supplementation may limit routine use of PG as 
a ration additive. Schultz (1958) supplemented 100 cows with either 0 or 4 oz. of"'sodium ,,, 
propionate for the fust six weeks of lactation and reported higher glucose and lower ketone : . 
concentrations in blood from cows supplemented with sodium propionate. The efficacy of 
sodium propionate as a glucose precursor for close-up dry group rations has not been 
evaluated. However, Littledike et al. (1981) reported that use of sodium propionate to prevent 
ketosis has largely been replaced by PG because PG is more palatable. · . 

Use of ionophores. Thomas et al. (1993) fed 47 Holstein cows (35 multi- and 12 
primi-parous) monensin at 0, 150, 300, or 450 mg per cow per day for 2-4 weeks prior to 
calving and the first 12 weeks of lactation. Serum NEFA and BHBA were reduced (P < .05) 
for multiparous cows during the first 28 days postpartum with 300 and 450 mg/day monensin. 
Serum glucose was not affected by feeding monensin. Sauer et al. (1989) fed 36 multiparous 
Holstein cows monensin at 0 and approximately 200 or 400 mg per cow per day for the first 
3 weeks of lactation. The concentration of BHBA in blood from cows fed the high level of 
monensin was reduced (3.9 vs. 7.2 mg/lOOml; P < .05). During the first 3 weeks postpartum, 
50% of the cows in the control group had clinical or subclinical (blood ketones > 9 mg/100 
ml) ketosis whereas incidence rates in the low and high monensin groups were 33 and 8%, 
respectively. More research is needed to evaluate the efficacy of ionophores as antiketogenic 
agents in close-up dry and early postpartum rations. Ionophores are only approved for use in 
dairy replacement rations at this time. 

Prepartum concentrate lead feeding. Lead feeding concentrates to close-up dry cows is 
an important practice to improve energy intake in cows confronted with prepartum depression 
of intake, and to adapt cows gradually to the higher starch content of lactation rations. Results 
of the force-feeding and propylene glycol oral drench experiments suggest that lead feeding 
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concentrates prepartu'm to increase starch intake and thereby provide more propionate as a 
glucose precursor should prove beneficial. Dirksen et al. (1985) reported that lead feeding 
concentrates prepartum to increase starch intake and thereby increase ruminal VFA 
concentration increases the absorptive capacity of the ruminal papillae, and suggested that this 
was important for reducing rumen acidosis and intake lag in the early postpartum cow. Also, 
prepartum lead feeding of concentrates provides an adaptation period for the rumen microbial 
population as it shifts from a high fiber dry cow ration to a higher starch lactation ration. 

Limiting concentrate DMI to .75% of BW in the close-up dry period should provide a 
reasonable adaptation program, considering that prepartum intake decline limits total DMI of 
the close-up dry group to about 1.5% of BW. This would limit concentrate intake to about 
50% of ration OM, or 11 lb. per cow per day for a close-up dry group with a total DMI of 
22-23 lb. per cow per day. It should be noted that concentrate refers to all non-forage 
ingredients in the ration. One major advantage of feeding a TMR to close-up dry cows is that 
it provides the opportunity to maintain a constant forage:concentrate ratio as DMI fluctuates 
dramatically during the week prior to calving. 

Feed additives. Numerous feed additives have been targeted for use in close-up dry 
cow rations, generally with the intent of improving ration intake and(or) digestibility and 
reducing metabolic disorders around the time of calving. These include B-vitamins ·with 
emphasis on niacin and choline, methionine hydroxy analog (MHA), yeast cultures, fungal 
additives, bacterial direct-fed microbials, beta carotene, and chelated minerals. Evaluation of 
the efficacy of feed additives in prefresh rations is extremely limited and more research is 
needed. Reviews of niacin, choline and MHA effects on fatty liver and ketosis were provided
by Grummer and Shaver (1992) and Drackley (1993). For an extensive review of feed 
additive use in dairy cattle rations refer to Hutjens (1992). 

Protein Nutrition 

NRC (1989) recommends a 12% crude protein (CP) allowance (OM basis) for dry cows, and 
provides no guidelines for undegraded intake protein (UIP). Van Saun (1992) challenged this 
and recommended 12-13% CP, 30-35% UIP as a % of CP (UIPIP) for far-off dry cows and 
)3-14% CP, 33-38% UIPIP for close-up dry cows. 

For three weeks prior to calving, Van Saun et al. (1993) fed 20 primiparous Holstein cows 
isocaloric (.63 Meal NEl/lb.) diets differing only in source of supplemental protein; soybean 
meal (SBM) or blood meal (BM). SBM and BM diets contained 12.4% CP, 27% UIPIP and 
15.3% CP, 39% UIPIP, respectively. Feeding more UIP prepartum increased body condition 
score at calving and every week postpartum through the first six weeks of lactation (3.24 vs. 
3.03; P<.07), and increased milk protein content (3.18 vs. 2.96%; P<.03) over this time 
period. Milk yield, protein yield, and fat content or yield were not different. Hook et al. 
(1989) fed 44 Holstein heifers isocaloric diets containing either 10 or 13% CP for 70 days 
prior to calving. Milk yield was higher (25,784 vs. 23,776 lb.; P<.05) for heifers fed the 13% 
CP diet prepartum. 
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Van Saun (1992) fed 44 mature cows isocaloric diets containing either 12.0 or 13.5% CP for 
the full dry period. The high protein diet contained similar concentrations of soluble and 
degradable protein as the low protein diet, but contained an increased concentration of UIP 
from blood meal. 

Feeding more UIP prepartum reduced days open and the incidence of ketosis. Feeding a high 
energy, high protein diet prepartum reduced fatty liver score determined by liver biopsies (.5 
vs. 3.0) compared to feeding a high energy, low protein diet (Holtenius and Hjort, 1990), but 
cow numbers were too low (4 per treatment) and ration description too incomplete to draw 
any firm conclusions. 

Julien et al. (1977) conducted a trial with 53 dry cows and reported a 69% incidence of 
metabolic disorders for cows fed a 15% CP diet for the full dry period compared with a 7% 
incidence rate for cows fed an 8% CP diet. Incidence of RP were looked at separately (Julien 
et al., 1976), and feeding the high protein diet prepartum reduced RP (20 vs. 50%). Incidence 
of "alert downer" or "fat cow syndrome" cows was 30% for the high protein diet compared 
with zero incidence for the low protein diet. Soybean meal, a highly degradable protein 
source, was used to increase dietary CP content. Cows on both treatments were 
over-conditioned in this study. Feeding more degradable protein prepartum may be more 
detrimental in over-conditioned, fatty liver prone cows than in cows with proper body 
condition, since the ability of the liver to detoxify absorbed ammonia may be compromisec;L 
Degradability of the protein source and body condition of the dry cow may impact the 
observed response to supplemental protein during the dry period. 

There is not enough information available to justify increasing the recommended CP cont~nt 
of rations for far-off dry cows above 12%, or maintaining UIPIP levels above the inherent ~~~ 
range of 30-35%. Feeding rations containing 15% CP or more for the full dry period may be 
detrimental, particularly when the protein is highly degradable (Julien et al., 1977). This may 

I be of practical significance when high protein silages are fed to dry cows, and may dictate 
dilution with lower protein forages. There is limited evidence to suggest that feeding more 
UIP to close-up dry cows may be beneficial. However, precise UIP requirements have ndt 
been defined. Also, whether or not the specific source of UIP influences the response to UIP 
remains unclear. It is common in the field to increase the CP content of close-up dry cow 
rations to 14-15% (DM basis) from 12-13% CP in the far-off dry cow ration. This practice 
may help compensate for the intake depression that close-up dry cows incur, and adapts cows 
gradually to the higher protein content of lactation rations. Generally, this supplemental 
protein is supplied by the high group protein mix for adaptation purposes. Since this protein 
mix is typically high in UIP, close-up dry cow rations will often contain 33-38% UIP-CP. 
This agrees closely with the suggestions of Van Saun (1992). More research is needed to 
better define protein feeding guidelines for close-up dry cows. 
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Body Condition 

Ferguson and Otto (1989) recommended that BCS· at calving should be 3.5 to 3.75. Ideally v 
this BCS should be achieved during late lactation and then maintained through the dry period 
until calving. Fat cows should be avoided as they are more susceptible to fatty liver and 
ketosis and they consume less energy after calving (Treacher et al., 1986; Drackley, 1993). 
However, Drackley (1993) cautioned against assigning fat cows to a restricted energy diet to 
lose condition during the dry period, because this strategy may increase fat deposition in the 
liver. It was recommended that fat cows be fed to maintain condition during the dry period 
and managed carefully during the close-up dry and early postpartum periods. Fat cows can be 
held to a minimum with an aggressive reproduction program, intensive culling, and proper 
mid/late lactation grouping and feeding strategies. 

Cows drying off too thin is often more of a problem than too fat, particularly for high 
producing herds. A tremendous amount of effort is extended by nutritionists and dairy 
managers to replenish body condition during mid/late lactation when it is most efficient. 
Although, it is less efficient to add body condition during the dry period it may be desirable 
to feed thin cows extra nutrients during the dry period. It may be possible to add .5-.75 BCS 
units during a normal 60 day dry period, but metabolic effects of dry period weight gain in 
thin cows have not yet been evaluated in research trials (Drackley, 1993). Maintaining a 
separate far-off dry group ration for thin cows with higher nutrient densities is a common 
practice on large western dairies. Research on the feasibility of partially replenishing body 
condition during the dry period is needed, particularly with the potential approval of bovine 
somatotropin. 

:~ 

Palmquist (1993) suggested an optimal BCS at calving of 3.0 based upon the work of ~ 

Gamsworthy and Huggett (1992). They fed cows to a BCS at calving of 3.2 (fat; scale 1-4; 
approximately 4 on 1-5 scale) and 2.3 (thin; scale 1-4; approximately 3 on 1-5 scale). For the 
first 11 weeks of lactation, cows were fed either a high fat (9.6%) or a low fat (2.9%) 
concentrate. DMI was not affected by treatment, but intake of digestible energy was highest 
for thin cows fed a high fat diet. Milk yield was 7.9 lb/day lower for thin cows fed a low fat 
diet when compared with the average of the other three treatments. Milk yield of thin cows 
fed a high fat diet was similar to that of fat cows fed high or low fat diets. Thin cows lost 
less body condition over the first 11 weeks of lactation than fat cows (.04 vs .. 65 units BCS). 

Grummer et al. (1993) fed replacement heifers 60 or 69% TON diets for 25 weeks prior to 
expected calving. After calving, half of the animals from each prepartum treatment were 
assigned to postpartum diets containing either 0 or 2.8% supplemental fat in ration DM. One 
week prior to calving, heifers fed the high energy diet prepartum weighed more (1526 vs. 
1460 lb.) and had higher BCS (3.72 vs. 3.55). Postpartum plasma NEFA and BHBA 
concentrations and liver fat percentage were higher for heifers fed the high energy diet 
prepartum. Postpartum DMI was lower and BW loss greater for heifers fed the high energy 
diet prepartum. Average daily milk yield over the first 23 weeks of lactation was not affected 
by prepartum energy level. Feeding supplemental fat postpartum interacted with prepartum 
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energy level by increasing BW, decreasing BHBA, and increasing milkfat percentage and 
yield for heifers fed high but not low energy prepartum diets. 

Garnsworthy and Topps (1982) fed cows to a BCS (adjusted from 1-4 to 1-5 scale) at calving. 
of 2-3 (low), 3-4 (medium), and 4-5 (high). For 16 weeks after calving, all cows were fed the 
same TMR. Cows with higher BCS at calving ate less and reached maximum DMI later than 
cows with lower BCS. Milk production differences across the three groups were small. Cows 
that had a higher BCS at calving lost more BW and BCS, over a longer period, and started to 
regain the losses later than cows with lower BCS. It was concluded that feeding cows to 
achieve a BCS at calving of greater than 2-3 was of little benefit if high energy TMR's are 
offered in early lactation. 

Ferguson and Otto (1989) suggested that cows with BCS 3 at calving would produce similar 
amounts of milk as cows scoring BCS 4 at calving, only if postpartum rations are of high 
quality and intake is truly ad libitum. Drackley (1993) pointed out that these conditions are 
often not met in the field, and that milk production will drop if body energy reserves are not 
adequate. More research on the optimum BCS at dry-off and calving is needed. The 
suggestion of Palmquist (1993) for a thinner cow at calving is interesting, and this strategy 
would likely ease the transition from dry to lactating cow rations thereby reducing the 
incidence of metabolic disorders around the time of calving. Future research may ·find that 
there is no one optimum BCS at calving that can be recommended across all herds. Some 
dairy managers seem to be able to manage a heavier cow through the transition period 
without much difficulty, while others often find a thinner cow at calving much easier to 
transition. The suggestion of Palmquist (1993) deserves further testing. At the present ·time, 
aiming for a BCS of 3.5 to 3.75 at calving seems to offer the best compromise between-t<;>0 
fat and too thin. ,. ·,,-:. 

Anionic Salts 

The traditional method of preventing milk fever has been to restrict calcium intake during the 
dry period. Milk fever is a temporary imbalance between calcium intake and demand that 
occurs around the time of calving. In theory, limiting calcium intake during the dry period/ 
helps condition the cow to calcium deficiency and makes her better able to respond to the 
high calcium demand that occurs with the onset of lactation (Littledike et al., 1981). 

This is generally accomplished by restricting the use of high-calcium forage such as legume 
hay or silage in feeding programs for dry cows. Replacing some or all of the alfalfa hay or 
silage in a dry cow ration with grass hay or silage, small-grain silage, corn stalks, and(or) 
com silage reduces calcium intake during the dry period and helps prevent milk fever. This is 
a common and effective feeding practice, but it can be expensive and difficult to manage 
since multiple forages are needed and because of the way dry cows are housed and forages 
are harvested and stored on some farms. Recent research shows that supplementing dry cow 
rations with anionic salts is another effective method of milk fever prevention. Dietary 
cation-anion difference (DCAD) may be more important in controlling milk fever than 
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calcium intake (Oetzel, 1991; Beede, 1993). Researchers have used anionic salts such as 
calcium chloride, magnesium sulfate, aluminum sulfate, ammonium chloride, and ammonium 
sulfate to develop low or negative DCAD dry cow rations. Ammonium chloride, ammonium 
sulfate, magnesium sulfate, and calcium sulfate are the anionic salts most commonly used by 
field nutritionists to manipulate DCAD of dry cow rations. 

Details of the DCAD concept and the research results will not be presented here since 
extensive reviews are available (Oetzel, 1991; Goff, 1992; Beede, 1993). However, some 
specific areas of concern for practical application will be discussed. Anionic salts should not 
be supplemented when calcium intakes are low (Goff, 1992). It appears that anionic salts 
work best in rations providing moderate to high calcium intakes. The recommended calcium 
intake when anionic salts are fed is not well defined. Recommendations for calcium intakes 
range from greater than 100 grams/day (Block, 1993), 120-150 grams/day (Goff, 1992), and 
150-180 grams/day. Controlled experiments are needed to define the desired level of calcium 
intake more clearly. Recommended target' levels for DCAD are -100 to -200 mEq/kg DM 
(Goff, 1992; Beede, 1993). This DCAD level will be difficult to achieve with alfalfa based 
forage programs that are high in potassium. Goff (1992) reported that adding more than 300 
mEq anion/kg diet tends to reduce feed intake. Therefore, it may be necessary to reduce the 
DCAD of the base forage mixture by adding corn silage or some other low potassium 
feedstuff to the ration along with addition of anionic salts. Anionic salts are very unpalatable 
and therefore are difficult to topdress in a grain or mineral mix. Magnesium sulfate is more 
palatable than the ammonium salts (Oetzel and Bannore, 1993). Numerous anionic salt 
products have been developed by the feed industry to enhance palatability when compared 
with ingredient blends. Palatability problems are less of a concern when anionic salts are fed 
in a TMR. However, it is important that the TMR is formulated properly for all nutrients. and -
that the desired level of supplemental anionic salts and calcium are actually delivered to And;:.. 
consumed by the cow. This is of particular concern when a partial TMR is fed. 

Implementation Strategies 

Suggested formulation target levels (DM basi's) for close-up dry cow rations are as follows: 

• DMI 22-23 lb/day 
• CP 14-15% 
• UIPIP 33-38% 
• NEl .68-.72 Meal/lb 
• ADF, Min. 25-30% 
• NDF, Min. 35-40% 
• NDF-forage, Min . 25-30% 
• NFC 35-40% 

Formulation of a special close-up dry group TMR to meet these nutrient specifications should 
be a relatively simple task. However, herd size and facility constraints often limit the ability 
of the dairy manager to provide a separate close-up dry group TMR. Always encourage the 
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implementation of a separate close-up dry group TMR as the best feeding option. When this 
strategy is not possible or is unacceptable to the dairy manager then look for practical ways to 
achieve the objectives of the steam-up concept. 

Notice that the CP and NEl densities of the close-up dry group ration are about half way 
between dry cow and high group ration specifications. Some dairy managers simply leave 
extra high group ration in the mixer and remix 50:50 with dry cow forage to prepare a 
prefresh ration. This eliminates the need to re-add all ingredients to the mixer and prepare a 
totally new batch for a few cows. Check the nonfiber carbohydrate (NFC) content of this 
blend closely, because depending upon the NFC content of the high group ration and the 
quality of the dry cow forage a ration too low in NFC to be an effective steam-up may result. 
Replacing a portion of the high group ration component of the mix with corn may be · 
necessary to bring the -NFC content of this blend up to an acceptable level. Inclusion of 
dietary buffers in the high group ration may dictate use of anionic salts in the close-up blend 
to regulate DCAD. Trace mineral and vitamin levels, particularly selenium and vitamin E, 
will be diluted with this approach, and may need to be added back to the close-up blend. 

The practice of feeding the close-up group TMR once every 2 to 3 days to increase the batch 
size to a feasible level for mixing should be discouraged, even with the addition of propionic 
acid to the TMR as a preservative. The problem is that cows may "tank" up initially thereby 
emptying the feed bunk, and then go without feed for the last day. This causes wide 
fluctuation in rumen fill and intake of nutrients from day to day. Timid cows and springing _ 
heifers may be underfed if the feed bunk sits empty too long. Sorting of coarse stems and 

~ cobs out of the TMR seems to be greater when cows are offered large amounts of feed at one 
time, as would be the case when cows are fed once every few days. ~ 

Some dairy managers feed a partial TMR in an attempt mimic a close-up dry group ration. 
Basically, a set amount of high group TMR is offered (approximately 10 lb. of DM) and 
cows are allowed free-choice access to silage and(or) hay. Some may even run close-up cows 
with the high group for half the day and with the dry group for the rest of the day. The 
partial TMR approach is at best difficult and at worst impossible to control. How much high 
group TMR, silage, or hay are the cows actually eating ? What are the nutrient densities of 
the ration actually consumed by the cow ? How much does the consumed ration vary from 
cow to cow? 

There are several factors that govern the success of feeding a partial TMR, and these include: 
ability to control intake of the high group TMR to the desired level because of its high 
protein, energy and mineral content, ability to control intake of corn silage to the desired level 
because its nutrient profile is very different from the desired ration specifications, hay must 
be of sufficient quality that cows will actually eat the desired amount, and sufficient feed 
must be offered to allow cows to reach the desired total DMI. These requirements for 
successful implementation of a partial TMR are seldom met on-farm, particularly when cows 
are fed in a free-choice bunk system. For example, even attempting to limit group intakes of 
the partial TMR, silage, and hay to a set level will result in some cows over- or 
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under-consuming individual components of the ration. This may explain why some producers 
have found transitioning cows with a TMR feeding system more difficult than when they 
were simply offering forage free-choice and top-dressing grain and protein supplement 
individually prepartum. Developing practical strategies for implementing full rather than 
partial TMR's for close-up dry cows will be a ·tremendous step forward for most dairies. 

It appears that maintaining adequate rumen fill prepartum is important in the prevention of 
DA' s (Pehrson and Shaver, 1992). Monitor chop length of silages used in close-up dry group 
rations; about 20% (weight basis) of the particles should be over 1 1/2 to 2" long (Shaver, 
1990). It may be necessary to feed at least 5 lb. of long or chopped hay to provide sufficient 
"effective" fiber. Feeding hay in the TMR is more desirable than offering separately so that 
selective consumption is minimized. Monitor TMR moisture content to ensure that coarse 
stems and cobs are not being sorted out of the TMR because it is too dry. Also, extremely 
wet silages may limit consumption of close-up dry group rations and should be avoided. 
Feeding good quality forages that close-up dry cows will consume readily is important. It is 
common to adapt cows prepartum to the odor and palatability of tallow or inert fats (.25-.50 
lb./cow/day) and animal protein by-products, but monitor closely as unpalatable feed 
ingredients that depress prepartum intakes should be avoided. Moldy, mycotoxin contaminated 
feeds should not be included in dose-up dry group rations . 

Pay close attention to the environment in which close-up dry cows are housed and fed. Cow 
comfort, ventilation, and stall, lot and feed bunk management are particularly important for · , 
closeup dry cows under stress associated with prepartum intake decline and calving. · 

. Whenever practical, use the close-up dry period to adapt cows to their early postpartum 
environment. It appears that cows which undergo abrupt environmental and social change5-
around the time of calving are more prone to metabolic disorders (Bazeley and Pinsent, 1984; 
Pehrson and Shaver, 1992). This requires especially careful management of first lactation 
heifers that are being introduced to new herdmates and the milking barn for the frrst time. 
Prepartum management is just as important as prep.artum nutrition! 

FEEDING EARLY (4-5 WEEKS) POSTPARTUM COWS 

Dry Matter Intake 

Kertz et al. (1991) developed separate intake prediction equations for each week postpartum 
up through week five. These equations are outlined below: 

• 
• 
• 
• 
• 
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Week 1 
Week 2 
Week 3 
Week 4 
Week 5 

DMI (lb)= 28.78 + .1468*4%FCM - .003912*BW · 
DMI (lb)= 26.49 + .1951*4%FCM - .001136*BW · 
DMI (lb) = 23.96 + .2061 *4%FCM + .002867*BW · 
DMI (lb) = 22.42 + .2365*4%FCM + .004073*BW · 
DMI (lb)= 20.50 + .3031 *4%FCM + .003478*BW . 
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The correction for first lactation heifers common to each equation is -2.86 lb. per day. 
Separate equations were also developed for the following periods: weeks 6-8, 9-13, and 14~20 
postpartum. DMI did not peak until about 10 weeks postpartum for both multi- and _ 
primiparous cows. Production of milk and 4% FCM for multiparous cows peaked at 4 and ,2 
weeks postpartum, respectively. 

DM intakes were calculated for weeks 1-5 postpartum assuming 1400 lb. week 1 BW, 70 lb. 
BW loss over the 5 week period and 90 lb. 4% FCM for multiparous cows, and 1200 lb. 
week 1 BW, 40 lb. BW loss over the 5 week period and 65 lb. 4% FCM for primiparous 
cows. Estimated intakes are summarized below: 

Multiparous Cows Primiparous Cows 
----~---------lb. D Ml/day----------------

• Week 1 36.5 31.0 
• Week 2 42.5 35.0 
• Week 3 46.5. 38.0 
• Week 4 49.0 40.0 
• Week 5 52.5 41.5. 

DMI of an early postpartum group at these production levels averaging 3 weeks postpartum 
with 65% multi- and 35% primiparous cows would average 42.5 lb. per cow per daf ' 
Depending upon the groups average level of production, weeks postpartum and percentage of 
first lactation heifers, early postpartum group DMI may range from 35 to 45 lb. per cow per· 
day. These factors should be taken into consideration when estimating DMI of early 
postpartum groups. Early postpartum group TMR's should be offered ad libitum to allow'° 
cows to reach peak DM and nutrient intake as soon as possible after calving. Do not allow;, 
empty feed bunks to limit DMI, particularly in early postpartum cows! '~~ 

Carbohydrates 

Carbohydrate nutrition is probably the most challenging aspect of feeding the early 
postpartum cow. Sufficient chemical fiber is needed to maintain rumen function, prevent' 
rumen acidosis, and keep cows on feed. Sufficient physical fiber is needed to promote. 
r:umination activity and saliva flow, maintain adequate rumen fill, and prevent DA 's. 
However, sufficient NFC is also needed to provide adequate propionate as a glucose precursor 
to prevent ketosis. Fiber and nonfiber carbohydrate fractions must be balanced properly, 
particularly for early postpartum rations. 

Recommended fiber densities for high group rations typically observed in the field are 
19-21 % ADF, 27-30% NDF and 21-23% NDF from forage (DM basis), but often times even 
lower fiber rations are formulated and fed. Formulating the early postpartum ration for the 
high end of these ranges (21 % ADF and 30% NDF) should provide for an adequate transition 
to the high group. Monitor chop length of silages used in early postpartum rations; about 20% 
(weight basis) of the particles should be over 1 1/2 to 2" long. It may be necessary to feed at 
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least 5 lb. of long or chopped hay to provide sufficient "effective" fiber. Ration NFC levels 
should be maintained between 35 and 40% (OM basis). 

Whole cottonseed (WCS), soy hulls (SH) and beet pulp (BP) are high-fiber byproducts that 
may be of particular benefit in early postpartum rations. WCS is high in chemical and 
"effective" NOF (Clark and Armentano, 1992), low in NFC, and high in fat. SH and BP 
provide a highly digestible source of NOF (Sievert and Shaver, 1993). Also, the NFC fraction 
of BP is comprised largely of pectin rather than starch (Sniffen, 1988). Inclusion of these 
ingredients in early postpartum TMR's allows the formulation of high NOF, moderate NFC 
diets of high energy density. 

No target energy densities will be provided for formulation of early postpartum diets. It is 
more important to meet minimum fiber requirements, balance carbohydrate fractions, and 
maximize OMI during the transition period! However, depending upon the quality of the 
forage and amount of supplemental fat being fed the calculated NEl content of an early 
postpartum group TMR often falls between .75 to .78 Meal/lb. 

Protein 

NRC (1989) recommended protein content of diets for high producing cows was 17-18% CP, 
6.06.3% UIP (OM basis) or about 35% UIPIP. It was also recommended that the protein 
content of early postpartum rations be increased to 19% CP, 7.2% UIP (OM basis) or about 
38% UIPIP to partially compensate for the early lactation intake lag. Recommended protein 
densities of diets for high producing cows typically ob~erved in the field are 18.0-18.5% C:P, 
35-40% UIPIP or 6.57.2% UIP (OM basis). It is unknown whether or not early postpartum 
cows would respond to higher TMR protein densities than are already being formulated and 
fed in the field. Palmquist and Weiss (1993) fed diets at 100, 120 and 140% of NRC (1989) 
recommended UIP intake with and without supplemental fat during the first two months of 
lactation. Milk production was not affected by treatment, but these workers concluded that the 
response to UIP was limited by the low AOF, highly rumen fermentable diets that were fed. 
More research to detennine the optimum UIP/DIP content of early postpartum TMR's is 
needed. Protected amino acids may also have special application during the early postpartum 
period. 

Supplemental fat has been theorized to be of benefit for early postpartum cows to increase 
dietary energy density and intake of energy resulting in increased milk production and(or) 

I 

reduced BW loss. However, responses to supplemental fat in early postpartum cows have not 
generally been positive. Jerred et al. (1990) reported that cows fed supplemental fat did not 
respond until week 6 postpartum, and actually produced less milk during the first 3 weeks of 
lactation than cows not fed supplemental fat. OMI was about 3 lb/day lower for fat 
supplemented cows resulting in similar energy intakes for cows fed supplemental fat and 
those that were not. 
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Delayed early postpartum response in milk production to fat supplementation has also been 
reported by other researchers (Mattias, 1982; Finn et al., 1985; Ruegsegger and Schultz, 1985; 
Drackley and Schingoethe, 1986; Eastridge and Palmquist, 1988; Hoffman et al., 1991; 
Grummer et al., 1993). This delayed response is apparently a consequence of early lactation 
since numerous 14 to 21 day switchback trials with mid to late lactation cows reported 
significant increases in FCM in response to fat supplementation. To explain the delayed early 
lactation response to fat supplementation Palmquist (1990) suggested that if high fat rations 
are fed during the period of rapid adipose mobilization, cows may decrease feed intake in an 
attempt to regulate plasma NEFA concentrations. Positive responses of early postpartum cows 
to supplemental fat may also depend upon BCS at calving, with thin cows being more 
responsive than fat cows (Gamsworthy and Huggett, 1992). Grummer and Carroll (1991) 
reported small and statistically nonsignificant effects of fat supplementation on energy balance 
in the few trials that actually estimated energy balance. 

It is recommended that early postpartum rations be limited to 2-3% supplemental fat or 5-6% 
total fat (OM basis). If necessary, high group rations can contain more fat up to 7-8% total fat 
in the ration OM. Dairy managers feeding one-group TMR's may not be able to feed a lower 
fat ration to early postpartum cows, but the primary concern appears to be an economic,one. 
Managers who feed their high group TMR along with some high quality hay to early 
postpartum cows are partially limiting fat intake during the transition period. ; 

Feed Additives 

Numerous feed-additives have been targeted for use in early postpartum rations, generalfy 
with the intent of improving ration intake and(or) digestibility and reducing metabolic 
disorders. These include dietary buffers, B-vitamins with emphasis on niacin and choline, 
MHA, yeast cultures, fungal additives, bacterial direct-fed microbials, beta carotene, and 
chelated minerals. For an extensive review of feed additive use in dairy cattle rations refer to 
Hutjens (1992). 

Dietary buffers are used widely in dairy rations, particularly for high and early postpartum 
group cows. Sodium bicarbonate and magnesium oxide seem to be the most commonly used 
ingredients in dietary buffer products. Supplementing high and early postpartum group rations 
·with 6-12 grams of niacin per cow per day is a fairly common practice. Some research 
indicates that this may help prevent ketosis, but research reports are conflicting (Drackley, 
1993). It appears that overconditioned, ketosis-prone cows are more responsive to niacin 
supplementation (Hutjens, 1992). Adding yeast cultures, fungal additives, and(or) bacterial 
direct-fed microbials to early postpartum rations with the intent of improving energy intake is 
a fairly common practice, but research results specific to the transition period are limited. 

Implementation Strategies 

A long-standing practice common to free-stall herds is grouping early postpartum cows into 
the low group for the first few weeks of lactation. This should be discouraged for the 
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following reasons: with a_good prepartum steam-up program it should not be necessary, the 
UIP density of the low group ration will be too low, the NFC content of the low group ration 
may actually be higher than the high group ration, boss cows in the low group tend to be 
more aggressive to new herdmates, and cows tend to remain in the low group longer than 
originally desired by the herd manager. For free-stall herds, implementing an early postpartum· 
group ration is the best strategy for transitioning cows from the close-up dry to the high 
group ration. For free-stall herds that bring cows directly from the close-up dry to the high 
group ration, individual cows that may need special attention must be monitored closely and 
treated promptly. This is more difficult in a large high group compared to a smaller transition 
group. Early postpartum cows must have adequate bunk space (2.0-2.5 ft. per cow) and easy 
access to a clean water supply. Cow comfort, ventilation, and stall, lot and feed bunk 
management are particularly important for early postpartum cows . 

A common practice for tie-stall herds, particularly those feeding one-group TMR's, is to -
side-dress about 5 lb. per cow per day of baled hay along with the high group TMR for the 
first few weeks postpartum. This tends to increase the fiber content and lower the NFC 
content of the diet that is consumed. Feedback from dairy managers has generally been 
positive. The hay-must be of high quality so that it is readily consumed. Also, its protein 
content should be high so as not to lower the protein content of the diet that is consumed. 
Some tie-stall herds feeding one-group TMR's will set the protein density at a moderate level 
to conserve protein on low producing cows, and then topdress protein supplement to high 
producing, early lactation cows. This strategy can be effective, but it is recommended that the 
quantity of feed fed separate from the TMR be kept as small as possible. Problems 
encountered with feeding partial TMR 's discussed earlier for close-up dry cows apply for-c. 
lactating cows as well, and should be avoided whenever possible. 

Mo~itor TMR moisture content to ensure that coarse stems and cobs are not being sorted out 
of the TMR because it is too dry. Also, extremely .wet silages may limit consumption of early 
postpartum group rations and should be avoided if possible. Monitor TMR intakes closely 
when ingredient changes are made, and unpalatable feed ingredients that depress early 
postpartum intakes should be avoided. Moldy, mycotoxin contaminated feeds should not be 
included in early postpartum rations. 
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BEEF BROOD COW FEEDING STRATEGIES 

J.C. Meiske 
Department of Animal Science 

University of Minnesota 

Profitably in the beef cow operation is determined by four factors--percentage calf crop, 
weaning weight, cost of maintaining the cow and price of calves. Equivalent values of these 
factors have been calculated (Meiske, 1984) to be: 1 percentage unit calf crop is equivalent to 
5 lb weaning weight which is equivalent to about $3/yr annual cow cost which is equivalent 
to $0.50 to 0.75/cwt selling price of calves. Thus, improving calf crop percentage 5% has the· 
same value as increasing average weaning weight by 25 lb, or decreasing annual cow co'st by 
$15/head. Similarly, decreasing annual cow cost $9 has the same value as increasing weaning 
weight by 15 lb or improving calf crop percentage by 3%. 

Of course cattle require a solid genetic makeup to have the. ability to be profitable performers, 
but a sound nutritional program along with timely management decisions and procedures are 
essential for overall success. To keep costs of production low, it is important that a producer 
evaluate the nutritional needs of his cow herd and the forage resources available. We'll 
review several of the factors to consider in meeting the nutritional needs of the cow herd. 

STAGE~OF PRODUCTION 

To build a sound nutritional program we need to understand the nutritional requirements:.of 
the cow. These requirements vary depending on whether the cow is lactating or dry, the si.ze 
of cow, level of milk production and stage of production of the cow. Table 1 outlines a cow~.,, 
nutrition calendar, starting with calving and ending 365 days later. Period 1 begins when the 
first calf is born. To ensure that a large percentage of the cows are in the same period and 
can, therefore, be fed similarly, a short breeding season that results in a short calving season 
simplifies managing the program. 

Table 1. The beef cow year.a 

Period Length, d Stage of production 

1 85 Postcalving (early lactation, breeding) 0 

2 120 Lactating and early gestation 

3 110 Midgestation 

4 50 Precalving (late gestation) 

a Adapted from Corah (1987). 
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To keep costs of production low, the producer should have the breeding season timed to 
coincide with peak forage availability. In this area that is usually June. Therefore, calving 
should be in March. To permit a longer postpartum interval for them, first-calf heifers should 
start calving in February. The following table gives a sample comparison of requirements for 
a 1200-lb cow, according to NRC (1984). 

Table 2. Requirements for a 1200-lb cow,' average (15 lb/d) milk production.a 

Item 

TDN, lb/d 
Protein, lb/d 
Calcium, g/d 
Phosphorus, g/d 
Vitamin A, IU/D 

1 

14.0 
2.4 

34 
26 

41,500 

2 

12.5 
2.0 

30 
24 

38,000 

Periods 

a Adapted from NRC Requirements for Beef Cattle (1984). 

3 

10:1 
1.4 

18 
18 

26,000 

4 

11.8 
1.7 

26 
21 

28,000 

·' 
Obviously, nutrient requirements are highest in Period 1 (early lactation, rebreeding) than at ' 
the other times. Requirements are lowest in Period 3 (midgestation; after weaning) because, 
in addition to maintenance, needs are for only fetal growth, and this is small during this time. 
Requirements increase during Period 4 (late gesta.tion) because fetal growth is greater dW"ing 
this time. Therefore, for cows that are in good condition, the midgestation period (following 
weaning) is the period when low quality feeds (such as straws, stalks, etc.) can be best 
utilized in cows' diets with minimum supplementation. Low quality feeds may be utilized 
during late gestation but in restricted amounts and requiring greater supplementation. 

SIZE OF COW AND MILK PRODUCTION 

In recent years, producers have emphasized growth and milk production in their selection 
processes. Consequently, average cow size and level of milk production is higher now than a 
·short time ago. The relationship between cow size and milk production effects on nutrient 
requirements can ~e evaluated from Table 3. From the table note that a 5 lb increase in milk 
production per cow daily increases TON requirements about 10% and crude protein 
requirements 10 to 15%. 

Research indicates that normal reproductive performance can be maintained in these more 
productive, larger cows, provided the added nutrient needs are met. Thus, the producer needs 
to adjust his management and nutritional programs to accommodate the added nutrient 
demands of a higher producing cow. 
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Table 3. Effects of cow size and milk production level on energy and protein -
requirements.a -

Cow Milk production Milk/cow TDN Cr. protein 
weight, lb level daily, lb needed, lb needed, lb 

1000 Average 10 11.5 2.0 
Above average 15 12.7 2.2 
~uperior 20 13.8 2.5 

1100 Average 10 12.1 2.0 
Above average 15 13.3 2.3 
Superior 20 14.5 2.6 

1200 Average 10 12.8 2.1 
Above average 15 14.0 2.4 
Superior 20 15.2 2.7 

a Adapted from NRC Requirements for Beef Cattle (1984). 

CONDITION OF THE COW 

Adequacy of the nutritional program may be estimated by a simple body condition score 
check. The cattle do not need to be weighed or handled through a chute--body condition 
scoring can be adequately assessed visually. The 9-point condition scoring scale most tsed 
by beef producers is briefly described in Table 4. - ·-

It is especially important to avoid having a cow thin at calving time. Thin cows take longer 
to start cycling and, as a result, conceive later in the breeding season. Also, cows that are 
thin at calving time are likely to have weaker calves, milk less and have slower gaining 
calves. Many successful producers aim to have their cows at a 6 condition score at calving. 
To ensure that c<;>ws are in desirable condition at calving, body condition should be assessed 2 
or 3 months before calving. Other times to monitor body condition are at the beginning of 

_ the breeding season, at mid-summer and at weaning time. 

Cows that produce more than 15 lb milk daily tend to milk more persistently than lower 
producing cows. These cows likely will carry less condition at weaning time than cows 
milking less. Thus, they should not be roughed as hard during the winter dry period, but fed 
to be in a desirable condition by calving time. 
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Table 4. Be.ef cow condition scores.a 

Score . Description 
~~~~-'-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~· 

1 

2 

Severely emac_iated. All ribs and bone structure easily visible. Physically weak. 

Emaciated. Similar to 1 but not weakened. Lacks evidence of visible muscle 
tissue. 

3 Very thin. No fat on ribs or brisket. Evidence of muscle tissue. Backbone 
easily visible. 

4 Thin. Several ribs easily visible. Fair muscling in shoulders and hindquarters. 
Backbone is visible. 

5 Moderate to thin. Last two or three ribs can be seen. Little evidence of fat in 
brisket, over ribs and around tailhead. 

6 Good. Smooth appearance throughout. Some fat in brisket and over tailhead; 
Ribs covered. Back appears rounded. 

7 Very good flesh. Brisket full. Tailhead shows small patches of fat. Back 
starting to flatten or square due to fat. Ribs very smooth. .· 

8 Obese. Back is square~ Brisket is enlarged. Heavy fat deposits at pins and 
tailhead. Neck appears thick and short. 

9 Very obese. Shouldn't be seen. Like 8 only to higher extreme. He~·Yy 
deposition of udder fat. · · 

a Adapted from Herd and Sprott (1986) and Neuman and Lusby (1986). 

AGE OF CA TILE 

A desirable management practice used by many cattle producers -is to sort cattle by age. Bred 
yearling heifers should be separated from the mature cows to ensure that they have the 
opportunity to secure adequate energy and protein to maintain their growth. Replacement 
heifer management and development is critical. Yearling heifers should attain 65% of their 
projected mature weight by time of their first breeding, and 85% of their projected mature 
weight at first calving. 

Heifers and young cows are yet growing in addition to maintaining themselves and growing a 
fetus; thus, it is often stated that their nutrient needs are higher. However, comparison of 
their requirements during the last third of gestation indicates little difference between cows 
and heifers (Table 5). Therefore, because of social orders that develop in herds containing 
c9ws of different ages, the reason to separate by age group is to ensure that the young cattle 
have the opportunity to consume adequate amounts of feed. This is also about the time that 
central incisors are being replaced by permanent teeth and this may be another reason for 
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potential differences in feed intake. Proper development from weaning to breeding has a 
major impacf on productivity of a heifer with her first calf and on how readily she will 

. rebreed. Once the replacement heifer is bred, it is important that she continue to grow and 
develop to calving at 2 yr of age. Higher producing heifers will be more difficult to rebreed .· 
and will produce poorer calves if not properly managed nutritionally .. It is usually · 
advantageous to separate heifers from older cows so that the heifers can be maintained on a 
higher plane of nutrition, can be watched more closely at calving time and can be given 
greater attention to ensure proper development and growth. Some like to keep 2-yr-old and 
3-yr-old cows separate from the mature cows . 

Table 5. Nutrient requirements of pregnant yearling heifers and dry mature 
cows. during last third of pregnancy.a 

Nutrients 

Weight, lb Daily gain, lb TON, lb Protein, lb Ca, g P,g 

Yearling heifers 

800 1.4 10.4 1.5 25 16 .. 
800 1.9 11.6 1.6 28 17 
900 1.4 11.3 1.6 26 18 
900 1.9 12.5 1.7 28 19 

Mature cows • 
uoo .9 11.2 1.6 25 20 
1200 .9 11.8 1.7 26 21 
1300 .9 12.5 1.8 28 . 23 

a Adapted from NRC Requirements for Beef Cattle (1984). 

ENVIRONMENT AL STRESS 

: 

In this area of the country, we think of cold and wind as the primary weather stressors for 
cattle. In extreme cold, especially with rain, snow or high winds, more energy is required for 
maintaining body temperature. Heat production, incurred during digestion and metabolism of 
nutrients, is of use to the cow during these cold weather stress periods. A wind chill table for 
cattle has been developed (Table 6). Ames and coworkers (1978, 1980) estimated the critical 
temperatures of beef cattle (Table 7). 
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Table 6. Windchill values for cattle.a 

Temperature, °F 

Wind speed, 
mph -10 -5 0 5 10 

0 -10 -5 0 5 10 
5 -16 -11 -6 -1 3 
10 -21 -16 -11 -6 -1 
15 -25 -20 -15 -10 -5 
20 -30 -25 -20 -15 -10 
25 -37 -32 -27 -22 -17 
30 -46 -41 -36 -31 -26 
35 -60 -55 -50 -45 -40 
40 -78 -73 -68 -63 -58 

a From Better Beef Business (1981). 

Table 7. Critical temperatures for beef cattle.a 

Coat description 

Summer, or wet 
Fall 
Winter 
Heavy winter 

a Ames (1978). 

op 

59 
45 
32 
18 

Table 8. Increased energy needed for cattle per degree (F) of coldness.a 

Cow weight, lb 

Coat description· 1000 1100 1200 

15 

15 
8 
3 
0 

-5 
-12 
-21 
-35 
-53 

.· 

oc 

.. 15 
7 

:,o 

20 

20 
13 
8 
4 
0;; 

-7 
-16 
-30 
-48 

... ~!. 

-8 

1300 

----------------------------------- ~ ---------------------------------

Summer, or wet 2.0 2.0 1.9 1.9 
Fall 1.4 1.3 1.3 1.3 
Winter 1.1 1.0 1.0 1.0 
Heavy winter .7 .7 .6 .6 

a Ames (1978). 
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Fortunately, most cattle are not exposed to these windchill temperatures because they find 
protection. Under midwestern conditions, protection may be access to a shed or at least a 
windbreak of trees, but sometimes it is only a coulee or ravine in more extensive western 
operations. The increased energy costs for cattle have been estimated (Table 8). Apparently, 
energy increases average slightly less than 1 % per degree F (or about 1.5% per degree C). 

An example of a method to determine the increased amounts of energy needed by a cow 
exposed to various temperatures and wind conditions is illustrated in Table 9. 

Table 9. Example calculations of adjusting TDN requirements for an 1100-lb pregnant 
cow. 

Temperature, °F 0 0 -10 
Wind speed calm 10 mph 10 mph 

Lower critical temperature, °F 18 18 18 
Windchill, °F 0 -11 -21 
Degrees of coldness 18 29 .. 39 
Energy adjustment, % 18 29 39 
Normal TDN, lb 11.2 11.2 11.2 
Adjustment, lb TDN 2.0 3.2 4.4 
Extra hay, lb 4 6 • 8 
Extra grain, lb 2.5 4.0 5.5 

~~ 

Because daily temperatures usually rise and fall from morning to evening, the question arises
-when is the appropriate time to measure the temperature on which to base the adjustment in 
feeding? Most producers agree that 18 F seems a somewhat high estimate of critical 
temperature of a beef cow in good condition, 
and that it probably is nearer 0 F. In the University herd, we have commonly increased the 
amount of feed offered when temperatures are below 0 F at 7 or 8 am. This may not be 
perfect, but at least it is an adjustment in· the right direction. 

Although a widely held view is that rumen fermentation of fibrous feeds such as hays and 
roughages is a big supplier of heat, it may be misleading. Work from over 75 yr ago resulted 
in the partitioned energy values of some concentrates and forages (Table 10). 

Gross energy values of all these feeds are fairly similar. Excreta energy is greater from 
forages than from concentrates. This is because forages are less digestible; therefore, more of 
the gross energy of forages is unused or lost. The amount left for metabolizing is greater 
from a unit of concentrate than that from a unit of forage. As a percentage of gross energy, 
concentrates have higher metabolizable 
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" 1,,;,:::. Table 10. Estimated energy values of feedstuffs (per 100 lb DM).8 .. • Metabolizable energy ,, Heat increment Net energy (' 
.... ;. 

Gross Excrete • energy losses, 
Feed Meal Meal Meal ·~ %GE Meal % GE -% ME Meal %GE %ME 

Timothy hay 205 121 84 41 35 17 42 49 24 58 
Red clover hay 202 111 91 45 44 22 48 47 23 52 
Corn stover 197 108 89 45 48 24. 54 40 20 45 
Corn meal 201 50 151 75 58 29 38 93 46 62 
Hominy feed 214 54 160 75 62 29 39 98 46 61 
Meadow hay 201 102 99 49 57 28 58 42 21 42 
Oat straw 201 129 72 36 46 23 64 26 13 36 
Wheat bran 206 92 114 55 53 26 46 61 30 54 
Wheat straw 202 139 63 31 52 26 83 11. 5 17 

a Adapted from Arms by and Fries ( 1916). 



energy contents, or energy that is useful. The amount of heat produced from a given weight 
of feed is greater from concentrates than that from forages. When heat production is 
expressed a~ a percentage of digestible or metabolizable energy, forages do have higher 
values but the qualifying statement "as a percentage of digestible or metabolizable energy" is 
often not made. So on a pound-for-pound basis, feeding concentrates results in more heat 
production than feeding a like amount of forages. 

When good quality feeds are being fed in limited amounts, it is easy to adjust for cold 
weather conditions by feeding larger amounts of the feeds. However, when poor quality 
feeds are being fed ad libitum, the cattle will not be able to consume larger amounts. Then, 
one must substitute some higher quality feed for the, poor quality feed to enable a greater 
metabolizable energy intake. Occasionally this may most easily be done by feeding some 
grain if ample good quality forage is not available. Caution is justified when introducing 
highly digestible feedstuffs .into the diet. 

FEEDS 

At the beginni,ng of this discussion, the need to keep costs of production low was emphasized. 
One of the obvious way.s to accomplish this is to feed. low cost feeds. Often these may be 
low quality feeds-:-s·uch feeds as straws, stalks or stubble aftermath. Because these, are high in 
fiber and usually: low in protein, phosphorus, vitamin A and E potencies and several trace 
minerals, they must be appropriately supplemented when used in brood cow diets. No other 
class of livestock is as well-fitted for utilizing these low quality feeds as the gestating beef 
cow, because her energy requirements are low at that time. The most economical way~o 
utilize these feeds is to let the cows graze or glean the fields, but some ._ 
operators harvest and.store these feeds by stacking, making big bales or ensiling. We ofteff~~ 
assume that a supplement is a commercial block or lick, but often a simple low cost 
supplement of an oil meal, with appropriate mineral and vitamin additions, or good quality 
hay can be used. A· limited amount of high quality hay may serve nicely as a supplement for 
cows gleaning corn stalk fields, for example. 

Just because they are low quality does not mean that low quality feeds will not vary 
considerably in nutrient content. Berger, et al. (1979) showed that digestibility of com stover 
decreased from over 60% to around 40% as time passed grain harvesting. Crude protein 
content of corn stover may vary from less than 4% to over 7%. 

A trace mineralized salt-phosphorus mixture is usually recommended to be available to the 
cows on a free-choice basis. A 50:50 mixture of salt and dicalcium phosphate will commonly 
suffice. 

In many instances, grain is a more economical energy source than forage. Ohio work 
(Loerch, 1992) demonstrated that feed costs can be reduced substantially by feeding high 
concentrate diets in restricted, but sufficient, amounts to meet energy needs of gestating 
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heifers and cows. No detrimental effects on reproductive performance were observed. Again, 
considerable caution and astute bunk management must accompany utilizing this approach. 

Although more heat may be produced per unit weight of concentrate or good quality forage 
than from low quality forage, the more rapid rate of digestion of high quality feeds results in 
a more rapid rate of passage and a shorter time that the heat production may be beneficial. 
One of the benefits of low quality forages is the longer period of heat production, which 
arises from their slower rate of digestion and rate of passage. Perhaps a diet consisting of 
both low and high quality feeds may slow rate of passage and result in a more sustained 
period of heat production than feeding only high quality feeds. 

SUMMARY 

Strategies that were recommended for feeding beef brood cows should be in line with keeping 
costs down, yet resultant diets should be '!-dequate in essential nutrients to permit good 
reproductive and productive performance. Breeding season (lactating cows to rebreed) should 
coincide with peak forage availability. Pasture use should be optimized by proper stocking 
rates. Producers should be aware of the influenc;es that size of cow and her inherent milking 
ability have on her nutrient needs. Body condition should be· adequate (near body score 6 at 
calving) and can serve as a guide on feeding adequacy. Age of cow will have a bearing on 
her social status within the herd and on her eating ability. Especially when limited amounts 
of high quality feeds are used, it was recommended that cows be grouped by age and 
condition--2- and 3-yr-olds fed apart from the mature cows, and bred yearling heifers also fed 
separately and pennitted to develop well. * 

Low quality feedstuffs can and should be used to keep costs low, but the materials should be 
used ~t the appropriate time--when the cows' nutrient needs are low (gestation and not 
lactating). Supplementation should not be wasteful but adequate protein, minerals (P, Mg, 
Mn, Cu, Zn, Se) and vitamins (A and E) need to be supplied for optimal performance. 
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VITAMIN E IN BEEF NUTRITION AND MEAT QUALITY 

INTRODUCTION 

G. M. Hill and S. E. Williams 
Department of Animal and Dairy Science 

University of Georgia, Tifton and Athens 

Vitamin E (a-tocopherol), an essential nutrient for ruminants, has 
received increased attention from nutritionists and physiologists 
during the last decade. While grazing ruminants generally consume 
enough dietary vitamin E in green forages to meet requirement9, 
vitamin E supplementation at high levels may be required under the 
stressful· conditions of modern production systems. Increased 
dietary vitamin E has improved 28-d performance of stressed feeder 
cattle shipped long distances, while decreasing both incidence and 
severity of. illness in these newly arrived calves. Vitamin E 
supplementation has decreased incidence rate and severity of 
mastitis in dairy cows (Smith et al. 1984; 1985) and has increased 
performance in feedlot cattle during the initial transition from 
forage to high-concentrate diets. 

Dietary vitamin E requirements for cattle have not been. clearly 
defined. A recommendation of 15 to 60 .IU vitamin E/kg DM was made 
for young· cattle in NRC (1984), but no recommendation was made for 
older cattle .. Most of the improvements in performance and immunity 
to disease attributed. to vitamin E supplementation occurred•when 
dietary levels were raised substantially higher than the levels 
alluded to by NRC (1984). A new area of interest commandl.-ng 
research attention involves enhancement of color stability and 
reduction in rancidity of beef caused by high-level vitamin E 
supplementation for substantial periods of time before slaughter. 
Vitamin E effects on beef cattle production will be_ discussed with 
regard to immune response of feeder cattle, feedlot performance and 
color ~etention of steaks artd meat quality. 

Response of stressed calves to vitamin E 

Each year millions of dollars are lost in the beef industry as beef 
calves endure varying degrees of stress related to .weaning, 
intermingling with calves from numerous herds, shipping stress 
resulting from long distance shipment ranging from 500 to 1500 
miles, drastic weather changes and dietary stress involving 
transition from milk and grass to high-concentrate diets. Stress 
levels vary, but some stress occurs when calves are weaned and 
moved into stocker/finishing operations on the same farm. This 
stress can contribute to reduced initial performance, increased 
incidence of sickness among calves, and often subclinical sickness 
that may reduce performance throughout an entire feeding period. 
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Vitamin E can reduce the effects of stress encountered by cattle 
because it functions as an intracellular antioxidant, aiding in 
maintenance of normal structure and physiological functions of 
vital body tissues (Adams and Zimmerman, 1984); It also protects 
the animal from various infections (Stuart, 1987). Vitamin E 
functions as an antioxidant in the phospholipid portion of the 
cellular membranes (Burton and Ingold, 1989) . It protects the 
membrane fatty acids and particularly the polyunsaturated fatty 
acids, from peroxidative damage caused by highly reactive oxygen 
containing molecules. These reactive oxygen molecules are free 
radicals such as hydroxyl radical, peroxyl radical and superoxide, 
as well as hydrogen peroxide (H20 2 ), which is ·not a free radical. 
These mol.ecules are normal metabolic products generated by cellular 
enzymes such as oxidases; dehydrogenases and peroxidases (Machlin 
and Bendich, 1987). The normal cellular processes may form 
substantial quantities of reactive oxygen molecules, and stress may 
result in release of hormones that may increase the number of free 
radicals. Vitamin E, which is located in the cell membranes, acts 
to prevent oxidative damage of membranes from these reactive oxygen 
molecules (Nockels, 1991) . Excellent discussions and illustrations 
of vitamin E effects on immune response in beef cattle ·are 
contained in recent reviews (Coelho, 1991; Nockels, 1991). 

Unlike vitamin A, vitamin E is not stored in great quantities in 
the liver of cattle for mobilization over time. Consequently, the 
need for dietary supplementation increases rapidly under stress 
conditions or when dietary levels of vitamin E are low. Volker and 
Steinberg (1985) reported that blood vitamin E levels returne~ to 
pre-supplemental levels within three weeks after vitamin. E 
supplementation was discontinued. Retention of vitamin E (a
tocopherol, as the free alcohol form) by the liver shows a 
logarithmic response to dose. However, turnover rates are rapid, 
and large quantities of a-tocopherol are not . retained for long 
periods of time. Consequently, there is a high correlation between 
plasma and liver levels of a-tocopherol; and, between dietary a
tocopherol and plasma levels (Coelho, 1991). Since vitamin E is 
not stored for a long time in the body, plasma or serum a
tocopherol levels can be utilized to determine vitamin E status of 
Gattle. 

In several experiments (Hill et al. 1987; 1990; 1993), we have 
observed apparent rapid depletion of vitamin E over 14-d transition 
periods when 700-800 lb steers were brought up to approximately 80% 
of full-feed on high-concentrate corn based ·diets before entering 
the feedlot and being fed vitamin E supplemental diets. Table 1 
(Hill et al. 1993) illustrates the rapid depletion of plasma a
tocopherol under minimal stress conditions. Steers· had a
tocopherol concentrations at or below the 4 ug/ml concentration 
suggested as adequate for cattle (Smith et al. 1988) on d 1 when 
they entered the feedlot, and these concentrations were 
considerably lower for each group of steers compared with values 
when the steers were removed from pastures (d -14). Control steers 
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were still below 4 ug/ml plasma u-tocopherol by d 28, but vitamin 
E steers were already substantially above this concentration. We 
have consistently shown more rapid increases in plasma u-tocopherol 
levels in.cattle supplemented with vitamin E during the initial 
phase of experiments (Hill et al. 1987; 1990; 1993). 
Table 1. Plasma a-tocopherol in steers supplemented with vitamin 

E for 126 d. 

Item 

No. steers 
No. steers bled 

Plasma u~tocopherol 
Day of trial 

-14 (off grass) 
1 (enter feedlot) 
28b 
g4c 
112c 

avitamin E supplements were 
were bled. 

~eans differ (P < .05). 
cMeans differ (P < .01). 
Hill et al. 1993. 

Control 

18 
12 

5.2 
3.7 
3.8 
4.3 
4.2 

Treatmenta 
Vit. E 

500 IU/hd 

18 
12 

ug/ml 

7.7 
3.5 
4.8 
6.5 
5.4 

Vit. E 
1000 IU/hd 

.. 

18 
12 

5.8 
4.1 
6.7 
7.2 
9.1 

fed beginning on Day 1 after ste~rs 

In lighter weight, younger cattle, weaning and shipping stress is 
often devastating. Table 2 illustrates very positive effects of 
feeding vitamin E at 1600 or 800 IU/hd daily for the first 21 d of 
the receiving period for calves shipped to Oklahoma from the 
Southeast (Gill et al. 1985; Hays et al. 1987). In Trial 1 (Table 
2), cattle fed vitamin E gained 22% faster (P < .05), had 11.7% 
less morbidity ·and 12. 5% fewer sick days compared to controls. 
Vitamin E injections had no effect on 28-d performance. Similar 
results were reported by Hays et al. (1987) in Trial 2 (Table 2). 
In other studies· (Lee et al., 1985) 450 IU of vitamin E/hd daily 
improved the 28-d performance of newly arrived stressed beef 
calves. However, vitamin E injections have not improved 
performance of young cattle (Gill et al. 1985; May et al. 1987; 
Droke and Loerch, 1987). Factors that might have contributed to 
the lack of response to vitamin E supplementation include Se and 
vitamin E adequacy of rece1ving diets, adequate vitamin E status of 
cattle, level of stress of calves, and level of vitamin E 
administered during stress recovery periods. A growing body of 
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evidence supports the need for vitamin E supplementation of 
stressed cattle and those in transition from green forages grown on 
Se adequate soils to low-vitamin E stocker and finishing diets. 

Table 2. Effect of vitamin E supplementation on health and 
performance of newly received stressed beef calves. 

Trial 1a Trial 2b 
Item Control Vitamin E Control Vitamin E 

No. cattle 252 250 67 61 
No. never sick 146 i58 
ADG, lb ·. 95ct 1.17c 1.64f 2. 27e 
ADG, of those 

never sick, lb 1. 34ct 1. 4 7c 
Sick days 3.2 2.7 4. 7h 3. 69 

Morbidity, % 43.3 37.5 78 .1 h 61. 49 

Mortality, % 1. 8 1. 6 2.3 0 

aGill et al. (1985); Vitamin E fed at 1600 IU/hd for 21 d, a:·nd 800 
IU/hd from d 22 to d 28. Base ration was prairie hay with 
supplemental protein, minerals. 

bHays et al. (1987); Vitamin E fed at 800 IU/hd for 21 d, and 400 
IU/hd from d 22 to d 28. Base ration was prairie hay w.Jth 
supplemental protein, minerals. 

c,ctwithin Trial 1, means with different superscripts differ 
(P < .05). 

e,fWithin Trial 2, means with different superscripts differ 
"( p < . 01) . 

g,hWithin Trial 2, means with different superscripts differ 
(P < .07). 

Performance of finishing cattle supplemented with vitamin E 

Dietary vitamin E supplementation of finishing beef cattle appears 
to be needed most during early phases of the finishing period. 
This concept is supported by plasma a-tocopherol data of finishing 
cattle shown in Table 1. This is compatible with the adjustment of 
cattle to new diets, different environments and increased feed 
intake over time. Vitamin E contained in high-grain diets is quite 
low, and vitamin E content of high moisture corn and silages may be 
reduced during fermentation and storage processes. Vitamin E 
content of mos·t common feedstuffs is generally lower than 
previously believed, as evidenced by HPLC analyses presented by 
Cort et al. 1983. Harvey and Bieber-Wlaschny (1988) also reported 
lower HPLC a-tocopherol values for corn, wheat and corn silage 
(2.72, 6.80 and 5.44 IU/lb, respectively) than had previously been 
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reported and utilized by the industry. Consequently, an 1100 lb 
finishing steer consuming 22 lb of DM daily with a vitamin E 
content of 3.0 IU/lb, would provide a vitamin E intake of 66 IU/hd 
daily. This level of intake would be considerably lower than the 
recorrunended levels of 100 to 200 IU/hd daily (Stuart, 1987), 5 to 
7 IU/lb of dry feed [Hutcheson et al. (1991); at 22 lb DM/day = 110 
to 154 IU/hd intake), and 150 to 350 IU/hd daily depending upon 
weight and previous diet/stress level of cattle (Coelho, 1991). 
Additionally, destruction by other minerals and chemicals in diets 
and ruminal destruction of feed a-tocopherol may be substantial. 
Alderson et al. (1971) reported that ruminal destruction of vitamin 
E by rumen microf lora increased as the corn content of the ration 
increased. These factors indicate that supplementation of m0st 
feedlot diets with ~itamin E is required for optimum prod~ctiqn. 

The interrelationship of vitamin E with Se is well documented, 
although vitamin E has a different metabolic function than Se 
(Scott, 1980). Feedlot cattle fed feedstuffs produced on soils 
deficient in Se, and cattle originating from Se deficient areas may 
respond to Se supplementation. Perry et al. (1976) reported 
increased performance of steers supplemented with .1 ppm Se in one 
trial, but not in a second trial. Byers and Moxon (1980) reported 
positive gain responses in cattle supplemented with Se during the 
growing phase, but not during the finishing phase. Hutcheson and 
Cole (1985) reported increased cattle gains when diets were_ 
supplemented with .1 ppm Se and 100 or 300 IU of vitamin E. Hill 
et al. (1987) reported tendencies for increased ADG in steers fed 
.1 ppm Se compared with controls. Feed ingredient and silage Se 
content should be known, and inexpensive Se supplements should\ be 
added to increase dietary Se content to . 3 ppm (current lega-:1 
limit) to optimize feedlot performance. 

The response of feedlot cattle to vitamin E supplementation has 
been variable, probably relating to stress level of cattle, 
previous vitamin E dietary history, and level and availability of 
vitamin E in the diet. Hutcheson and Cole (1985) reported 
increased gains in finishing cattle fed 50, 100-or 300 IU vitamin 
E/hd daily for 56 _d when Se was included in the diet. These cattle 

-had been fed a vitamin E depletion diet for 84 d before the trial 
began. Carri ca et al. ( 1986) reported no improvement in feedlot 
performance when 200 IU vitamin E/hd was fed to heavy steers. 
Schaefer et al. ( 1989) reported no improvement in growth rate or 
carcass traits in Holstein steers fed supplemental vitamin E at 370 
IU/hd daily. No differences in feedlot performance were noted when 
Holstein or crossbred beef steers were fed high concentrate diets 
supplemented with vitamin E (Arnold et al. 1992). We have shown 
increased performance in steers fed various levels of vitamin E, 
often observing statistical differences and strong trends, 
especially during the first 28-d of the trials. 
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Our vitamin E research with feedlot cattle began in 1986, using 
beef steers weighing 750 to 850 lb when trials began in October 
each year. The steers had previously grazed bermudagrass or pearl 
millet pastures for 100 to 160 d prior to initiation of the 
experiments. Steers were fed 85% concentrate corn-based diets 
free-choice. All diets contained Se at .1 ppm and lasalocid 
(Bovatec®), and steers were implanted with Synovex-S on d 1 of each 
trial. Performance responses are shown in Table 3 for steers fed 
varying levels of vitamin E for different time periods. The 
initial 28-d performance is included for most trials (Table 3), 

Table 3. Feedlot performance of steers supplemented with 
vitamin E. 

Item 

Trial 1 

Trial 2 

Trial 3 

Trial 4 

202 

Suppl. 
vit. E. 
in feed No. 
IU/lb steers 

0 
10 

0 
10 

0 
24.9 
49.9 

0 
24.9 
49.9 

0 
43.2 

0 
43.2 

0 
43.2 

0 
43.2 

24 
24 

21 
20 
20 

29 
28 

18 
17 

Day 
of 

trial ADG 

56 
56 

130 
130 

28 
28 
28 
84 
84 
84 

28 
.28 
133 
133 

27 
27 

126 
126 

2.49 
2.60 
3.33 
3.35 

3. 66c 
4.43d 
4. 52d 
3.68 
3.99 
4.12 

2.58 
2.64 
3.22 
3.35 

2.58 
2.94 
3.40 
3.68 

F/Ga 

6.7 
6.7 

5. 01 c 

4. 22d 
4. 22d 
5.81 
5.47 
6.08 

6.44 
6.03 
6.34 
5.91 

6.34 
7.24 
6.68 
6.34 

% change 
ADG F/G 

4.4 

21. 0 
23.5 

8.4 
11. 9 

2.3 

4.0 

13.9 

8.2 

18.7 
18.7 

6.2 
-4.6 

6.8 

7.2 

14.1 

5.4 

Refer
enceb 

1 

1 

2 

2 
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Trial 5e 

Trial 6 

aFeed/gain 
diets 

bReference: 
1993. 

0 
21. 6 
43.2 

0 
21. 6 
43.2 

0 
62.5 

0 
62.5 

18 
18 
18 

21 
21 

28 3.79 
28 3.31 
28 3.11 

126 3.80 
126 3.85 
126 3.89 

28 2.98 
28 3.80 

133 3.47 
133 3.63 

5.90 3 
6.11 -14.7 -3.6 
6.96 -17.9 -18.0 
6.42 
6.26 1. 3 2.6 
6.33 2. 3 1.4 

6.84 
5.38 27.5 27.1 
7.00 
6.82 4.6 2.6 

(F/G) hased upon 88% DM in 85% concentrate corn-based 
fed ad libitum. 
l=Hi.ll et al. 1987; 2=Hill et al. 1991; 3=Hill et al. 

c,aMeans within columns differ (P < .05). 
eAt Day 56, ADG for vitam~n E supplemented at 0, 21.6 or 43.2 IU/lb 

of feed, respectively, were 3.80, 3.74 and 3.88 lb. 

because of the importance of vitamin E in assisting cattle with stress 
encountered as they change diets and environmepts at the beginning -of 
the feedlot period; Both ADG and feed/gain were improved (•p < . 05) by 
vitamin E supplementation during the initial 28 d period of Trial 2, and 
the gain response was extended throughout the experiment. These steers 
were abruptly moved into the feedlot from pasture, which probably 
increased transitional stresses, and vitamin E was effec~ive in 
improving performance. 

Beginning with Trial 3 (Table 3), we standardized our transition p~riod 
by bringing steers into a 2-3 acre pasture in October where 
unsupplemented basal diet consumption was increased over a 14-d period 
to approximately 80% of expected full-feed consumption levels. Higher 
levels of vitamin E were included in supplemented diets for Trials 3 and 
4 (Table 3) because we were studying effects of high-level vitamin E 
supplementation on incidence of liver abscesses and shelf-life color 
extension of beef. 

Ih Trial 3, pelleted peanut hulls were included in the diets as the 
roughage source, and small improvements (P > .10; Table 3) in ADG and 
feed/gain were observed at both d 28 and d 133 of the trial. Trial 4 
diets included coarsely ground peanut hulls, and 28-d ADG and feed/gain 
were each improved by 14% (P > .10), while 126-d performance tended to 
be somewhat higher for vitamin E supplemented steers. Pelleted peanut 
hulls are known to induce liver abscesses when fed at high levels to 
feedlot cattle, and liver abscess incidence was reduced from 41.4% (12 
of 29) for controls to 21.4% (6 of 28) for vitamin E steers in Trial 3. 
The liver abscess incidence was 5.5% (1 of 18) for Controls and 11.8% (2 
of 17) for vitamin E supplemented steers in Trial 4. These results 
suggest that vitamin E supplementation may reduce liver abscess 
incidence in feedlot cattle fed high-concentrate diets. 
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Trials 5 and 6 (Table 3) were conducted primarily to ~etermine effects 
of high-level vitamin E supplementation on color retention and rancidity 
in beef. In Trial 5, feedlot performance was depressed during the 
initial 28-d period at both levels of vitamin E supplementation. ' 
However, by d 56 ADG was similar for all treatments, ·and by d 126 both 
ADG and feed/gain were slightly improved (P > ·.10) by vitamin JE ' 
supplementation. The performance depression observed early in this 
trial is uncharacteristic of other trials we have conducted (Table 3), 
and reasons for ~he depression in performance have not been explained. 
In Trial 6, (Table 3) cottonseed meal was used as the, protein supplement 
in contrast to Trials 1-5 in which urea or soybean meal were fed as 
protein supplements. Future trials will be conducted to determine if 
there is a source of protein x vitamin E interaction with feedlot 
performance. In Trial 6 the largest improvement in 28-d performance was 
recorded when vitamin E supplementation at 62.5 IU/lb (1500 IU/hd daily) 
resulted in 27% improvements in both ADG and feed/gain compared with 
controls. Small improvements ( P > .10) were recorded in favor of 
vitamin E steers for overall 133-d performance. 

The trials summarized in Table 3 produced steers grading Select~ or 
Choice-, and no significant differences in carcass quality traits or 
feed consumption were observed. These trials suggest that performance 
responses may be variable, although generally positive, when vitamin E 
is added to beef cattle feedlot diets. Since our cattle were older and 
were moved directly from pasture to a transition lot, and then into the 
feedlot with a minimum of stress, vitamin E supplementation might be 
expected to enhance performance responses in cattle that ha'\re been 
subjected to higher levels of shipping stress and disease chal,lenge 
before entering the feedlot. ' 

Dietary vitamin E supplementation effects on color stability of beef 

While vitamin E supplementation has had no effect USDA yield and quality 
grades of finishing cattle, recent research has indicated that rancidity 
may be decreased and color retention of steaks may be extended by high
level vitamin E supplementation. Increased color retention and 
decreased rancidity in steaks and ground beef could improve eye appeal 
extend shelf-life of primal cuts of beef sold in retail markets. Flavor 
of steaks and ground beef might also be enhanced by the reduction of 
rancidity afforded by vitamin E supplementation. Vitamin E 
supplementation might also affect flavor of steaks and ground beef 
products by reducing rancidity. Faustman et al. (1989a) reported 
increased chroma and Hunter "a" values in steaks from Holstein steers 
supplemented with 370 IU vitamin E/hd daily after 2, 4, 6 and 8 d of 
storage at 4°C under simulated retail display case conditions. In a 
later study (Faustman et al. 1989b), metmyoglobin accumulation and lipid 
oxidation were significantly greater in ground sirloin beef from control 
vs vitamin E supplemented Holstein steers, resulting in increased color 
stability 6f the meat. The rate of discoloration of meat is believed to 
be related to the effectiveness of oxidative processes and enzymatic 
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reducing systems in controlling metmyoglobin levels in meat (Faustman 
and Cassens, 1990). 

Color retention is shown in Table 4 for rib steaks obtained from steers 
fed a control diet or from steers fed vitamin E for 126 d and observed 
over a four-day period under retail display case storage (Hill et ~l. 
1990; 1991) . The 4-day observations by a trained panel indicated a 
trend for higher color scores during the observation period for steaks 
from vitamin E supplemented steers. The average discoloration scores 
were higher (P < .07), indicating less discoloration for steaks from 
vitamin E supplemented steers. Steak color retention has been improved 
by vitamin E supplementation in several other reports including Faustman 
et al. (1989a,b); Schaefer et al. (1989); Arnold et al. (1992), Ga:tber 
et al. (1992); and Liu et al. (1992). In other trials conducted at-our 
station, rib steak color was not affected by vitamin E supplementation 
(500 or 1000 IU vitamin E/hd daily; Table 3, Trial 5; Hill et al., 
1993). In this study rib steaks from the 1000 IU/vitamin E treatment 
tended to be less rancid (lower TBA values) after 5 and 10 d of di~play 
case storage than Control steer steaks. In another trial, Kiser et al. 
(1993) reported no differences in 

Table 4. Vitamin E effect on visual color retention in rib steaks 
commercially packaged and stored at 2.5°C for four days. 

Item Control VElOOO 

No. ste'aks (1/steer) 9 9 

Color retention scorea 
Day 1 5.22 5.55 
Day 2 4.89 5.11 
Day 3 4.33 4.44 
Day 4 3.44 4.11 

Mean 4.47c 4. 80b 

acolor score: 6=no discoloration; 5=10%; 4=25%; 3=50% 
discoloration. 

b,cMeans differ (P < .07). 
Hill et al. (1992). 

SE 

.12 
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Table 5. Color retention in ground beef from steers supplemented 
with vitamin E after packaging and storing at 4°C. 

Item 

No. steers sampled 

Ground beef color 
retention scorea 
Day 0 
Day 1 
Day 2 
Day 3 
Day 4 
Day 5 
Day 6 

Dietary treatment 
Control VE500 VElOOO 

9- 9 9 

6.00 6.00 6.00 
6.00 6.00 6.00 
6.00 5.93 5.96 
5.96 5.85 5.96 
5.85 5.41 5.96 
4. 37c 4.3r 5. 33b 
1. 33c 2. 44b 2. 33b 

SE 

.23 

.23 

.23 

.23 

.23 

.23 

.23 

acolor score: 
1=50%. 

6=no discoloration; 5=10%; 4=20%; 3=30%; 2=40%; 

b. cMeans on same 1 ine 
Hill et al. (1992) 

with different superscripts differ (P < .05). 

discoloration for strip steaks from Control or vitam~n E 
supplemented heifers (1500 IU/hd daily for 112 d); however, 
spectrophotometric analyses revealed that vitamin E supplemented 
heifers tended ( P < . 0 9) to have more red color than contrors 
during display periods initiated at 14 d or 21 d postmortem. 

The debate continues regarding the level of vitamin E required to 
cause color stability in steaks. Comstock et al. (1991) observed 
no difference in color retention of steaks from steers fed 2000 IU 
vitamin E/steer daily for 28 d. In one of our studies (Hill et 
al., 1993), no differences in color retention were observed for 
vitamin E supplementation at 500 or 1000 IU/hd daily for the last 
·42 d of a 126-d feeding trial. Arnold et al. (1992) fed crossbred 
beef steers and Holstein steers high-concentrate diets and 
determined that color stability during display of longissimus 
lurnborum steaks from cattle supplemented with vitamin E at 300 
IU/hd daily for 266 d, 1140 IU/hd for 67 d or 1200 IU/hd for 38 d 
was extended by 2. 5 to 4. 8 d. Gluteus medius steaks had an 
extended color display life of 1.6 to 3.8 d. The definitive study 
of Arnold et al. (1993) indicates that vitamin E supplementation 
for at least 44 d at 1300 IU/hd daily is expected to incorporate 
adequate a-tocopherol into muscle (3.3 ug/g for 1. lurnborum) to 
produce beef with extended color and lipid stability. They 
suggested that feeding 400 IU/hd daily for 180 d might provide the 
same. level of tissue vitamin E to elicit the color stability 
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response. Additional studies are currently being conducted at 
several universities to further define levels of vitamin E 
supplementation and duration of feeding to ensure a color retention
response. 

Ground beef constitutes more than 50% of beef sales in the United_ 
States, and vitamin E dietary supplementation effects on color' 
stability and _rancidity -of this economically important product 
could have a major impact on the beef industry. Color retention of 
ground beef from steers fed vitamin Eat 0, 21.6 or 43.2 IU/lb of 
feed (500 or 1000 IU/hd daily; Table 3, Trial 5; Hill et al. 1992; 
1993) for 126 d before slaughter is shown in Table 5. Ground beef 
from 1000 IU/d vitamin E supplemented steers had less (P < .05), 
discoloration and remained brighter in color after 5 d of storage 
compared with controls. The 10-d average TBA values (a measure of 
oxidative rancidity) were lower in ground beef from vitamin E 
supplemented steers, indicating lower rancidity, but rancidity 
values were not statistically different (P > .10). In a later 
study (Kiser et al. 1993), vitamin E supplementation of beef 
heifers (1500 IU/hd for 112 d) suppressed lipid oxidation of steaks 
and ground beef, but there were no visual differences between the 
control and vitamin E treatment for ground beef discoloration. 
Redness or Hunter "a" values were higher (P < .05) for grqund beef 
during retail display beginning at 14-d postmortem. High-level 
vitamin E supplementation has reduced lipid oxidation in beef 
steaks and ground beef in a number of studies. It appears that 
color stability may be more sensitive to duration and level of 
vitamin E supplementation than reduction of lipid oxidation in•meat 
by feeding vitamin E. 

CONCLUSIONS 

Vitamin E is a prominent nutrient required by cattle, especially 
when they are stressed by such events as weaning, shipment to 
stocker or feedlot operations over great distances, disease 
challenge, and changes in dietary components. Young cattle often 
show the greatest response to vitamin E supplementation, however, 
feeding 100 to 200 IU vitamin E/hd daily to feedlot cattle may 

- increase initial gains during the feeding period. This may be 
cheap insurance for the particular set of cattle that may have 
higher requirements for the vitamin than the general population of 
cattle moving through a particular operation. Perhaps the greatest 
potential for vitamin E supplementation of feedlot cattle involves 
shelf-life extension of beef. While high levels of dietary vitamin 
E can increase color retention and decrease rancidity in steaks and 
ground beef, this may increase the attractiveness and wholesomeness 
of beef, making it a little more competitive with other meats in 
the showcase. Preliminary data from one large blind study 
conducted in three major cities resulted in average savings of 
$156/1000 lb of meat from vitamin E supplemented cattle compared 
with controls, based upon price discounts of retail cuts, resulting 
primarily from discoloration. Increasing shelf-life of beef by one 
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to two days has been conservatively estimated to be worth $1 
billion annually to the beef industry if the majority of feedlot 
cattle are fed higher l~vels of vitamin E. Researchers are now 
investigating the effects of dietary vitamin E supplementation on 
color stability of beef being exported to Japan. The potential for 
increasin-g exports of higher quality, brighter colored beef to IJ 
other countries may further increase beef sales. Research is 
continuing to define optimum levels of dietary vitamin E for 
improved health and increased performance of cattle and enhanced 
color and quality of beef products. 
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NEW CONCEPTS IN PRE-FARROWING AND POST-LACTATION FEEDING OF 
sows 

-

Dr. Jerry Shurson 
Department of Animal Science 

University of Minnesota 

INTRODUCTION 

Successful feeding 'programs for the breeding herd must be focused on maximizing the number 
of pigs produced/sow reproductive lifetime. To achieve this goal; supplying the proper amount 
of nutrients during each reproductive stage is essential for maximizing reproductive efficiency., 
Reproductive stages can be differentiated as: 

Gilt development 
Pre-breeding 
Breeding 
Gestation 
Pre-farrowing 
Lactation 
Weaning-rebreeding or weaning-market. 

Of all these reproductive stages, the pre-farrowing and post-lactational periods often receive the 
least amount of research and management attention. The focus of this paper is to review 
previous studies involving these reproductive phases and to present some new fi_ndings rel:atiye 
to our understanding of nutritional needs and responses during the pre-farrowing and post
lactational periods of the reproductive cycle. 

PRE-FARROWING NUTRITION OF THE SOW 

The amount of feed sows consume during lactation is a major determinant of their lifetime 
productivity. It is well understood that high feeding levels (> 4 to 5 lbs/day) during gestation 
will increase sow body condition scores and reduce feed consumption during lactation. As a 
result, sow milk production is reduced and body weight loss during lactation is increased. In 
many cases, excessive weight loss of sows during lactation has a detrimental effect on their 
ability to normally return to estrus after weaning as well as on their subsequent reproductive 
performance. 

Constipation, lactation failure (mastitis, metnt1s, agalactia) and reduced feed intake in early 
lactation are common problems associated with feeding the sow prior to and immediately after 
farrowing. In order to prevent or correct these problems, many producers modify their feeding 
programs for sows in late gestation and early lactation in attempts to minimize these problems. 
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Some of these modifications include, increasing feed intake during late gestation, restricting feed 
intake during early lactation, and/or using various laxative agents. 

Are Laxatives Needed ? 

The need for laxatives in sow diets is controversial. Reese et al. (1992) suggested that laxatives 
play a minor role in preventing constipation, agalactia and feed intake problems in newly
farrowed sows and that the quantity of feed fed to sows during late gestation and early lactation 
is more important. It is well accepted that sows must be restricted to 4 to 5 lbs of a corn-soy 
diet throughout gestation to maximize feed -intake during lactation (Weldon and Lewis, 1990). 
However, the optimum feeding strategy for the first week after farrowing has been controversial. 
Reese et al.' (1992) suggested that for optimum lactation performance, sows should ·be fed 3, 5, 
8, 12, 12+ lbs of feed/day at farrowing, day 1, day 2, day 3 and day4 of lactation, respectively. 
If sows will eat more than these prescribed amounts,- they should' be allowed to do so. These 
recommendations are in agreement with recent University of Minnesota research (Koketsu et al., 
1992; Tokach et al., 1992a; Tokach et al., 1992b; Koketsu et al., 1991). 

Reese et al. (1992) also suggest that three feeding management scenarios often appear to 
predispose sows to constipation. These include: 1) when sows are full-fed the last two weeks 
of gestation, 2) when feed is withheld from newly farrowed sows for about 24 hours' and then 
gradually offered in increasing amounts (i.e. 0,2,4,6,8,10,12,12+ lbs/day during the first week 
after farrowing), and 3) when farrowing house temperatures are above the sow's comfort zone 
(exceed 70 degrees F). 

To test this hypothesis, Reese et al. (1992) used 36 crossbred sows to evaluate the effect~of 
feeding a 10 % beet pulp-com-soy diet to sows from day 100 of gestation to day 21 of lactatio'ri. -
In this study, sows were full-fed the last two weeks of gestation, feed was withheld from ne.wly 
farrowed sows for about 24 hours after farrowing and then was gradually offered in increasing 
amounts, and farrowing house temperatures were maintained at 80 degrees F in an attempt to 
create a constipation condition~ Under these conditions, 83 % of the sows had not defecated 
within 3 to 4 days after farrowing and 11 % of these sows had an increase in rectal 
temperature. Feeding the IO % beet pulp diet had no effect on sow feed intake, fecal 
moisture, rectal temperature pig survival rate or litter weight gain. These results suggest 
th.at improper feeding management can induce constipation during the first 3 to 4 days after 
farrowing. However, in this study, constipation had little effect on sow and litter performance. 
As a result, beet pulp as a laxative agent had no effect on sow and litter performance. 

Previous research at the University of Minnesota (Moser, 1985) also supports the idea that the 
quantity of feed provided to sows after farrowing affects the consistency of the sow's feces. 
Sows that were full-fed had looser stools from day 0 through 6 post-farrowing than those given 
1 lb on the day of farrowing and followed by increasing feed fed by 2 lb/day until reaching ad 
libitum feed consumption on day 6 of lactation. 
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The rate of transition between a lower protein gestation diet to a higher protein lactation diet may· 
also be an important consideration for minimizing constipation. Clemens (1988) reported results 
from a study suggesting that increasing dietary protein level from 12 % (gestation diet) to 20 % 
(lactation diet), alters the structure of the large intestine and reduces its ability to absorb and 
secrete fluids and electrolytes (sodium, acetate and bicarbonate ions). This may result in the 
large intestine becoming impacted (constipation). As a result of this study, Clemens (1988) 
suggests that a gradual transition (7 to 10 days) from a low protein gestation diet to a higher 
protein lactation diet will reduce the incidence of constipation at farrowing. 

The Biology of c'onstipation 

Constipation can be defined as a decrease in the frequency and/or amount of defecation 
accompanied by a'prolonged and difficult passage of the stool. In the constipation condition, the 
overall rate of food passage through the digestive system is slowed. This reduced passage rate ' 
is caused by slowed fecal mass movement through the colon and is not related to the rate of 
gastric emptying or transit time through the small intestine (Y akabowich, 1990). Constipation 
is considered a symptom, not a disease process (Binder, 1990). In humans, there are many 
factors associated with the constipation condition, including age, pregnancy, diet, psychological 
condition and lack of exercise (Y akobowich, 1990). 

; 

Sow constipation often results from reduced exercise, water consumption, diet particle size and 
fiber content of the diet as well as tfie physiological and hormonal patterns associated with 
pregnancy and lactation. In addition, when sows are moved into gestation stalls or farrowing 
crates, they often undergo stress due to reduced mobility and environmental changes. Thi'S stress 
may result in reduced feed and water consumption leading to irregular bowel movements .. and 
constipation. ~,,~ 

Classes of Laxative Agents and Their Mode of Action 

In a review of the role of laxatives in the treatment of constipation, Yakabowich (1990) classified 
laxatives as 1) bulk forming, 2) osmotic, 3) surfactants (wetting agents), 4) contact agents 
(stimu~ants, irritants), and 5)lubricants (emollients), based on their general mode of action in the 
gastrointestinal tract. The following discussion is a summary of the Y akabowich (1990) review 
of the biological action of these laxative agents and their application in treatment of constipation. 

1. Bulk-forming laxatives include ingredients such as bran, psyllium husks and 
methylcellulose. These compounds act by increasing water retention in the 
fecal mass of the large intestine thereby, distending the colon and 
stimulating peristalsis. The increase in stool softness as a result of water 
retention also aids in defecation. Furthermore, microbial fermentation of 
these compounds (fiber sources) in the lower gut may also promote 
increased defecation as a result of the production and accumulation of 
osmotically active acidic metabolites (Pietrusko, 1977). These compounds 
generally produce the desired laxative effect within 24 hours after ingestion, 
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4. 

but may take as long as 3 days. Compared to other laxative agents, these 
compounds are often required in the largest doses and take the longest time' 
to elicit a laxative r~sponse. 

Osmotic laxatives include ions such as magnesium, sulfate, phosphate and · 
tartrate that osmotically attract water into the lumen of the large intestine, .'. 
increasing bulk of the. fecal mass and subsequentiy stimulating peristalsis" 
(Smith, 1987). Sulfates are considered to be the most effective ions, with 

' magnesium salts bein~ intermediate and phosphl!te and tartrate ions being_ 
least potent. These -compounds produce a laxative effect much faster 
(within 2 to 6 hours after ingestion) than bulk-forming agents. 

Surfactants include a class of compounds called dioctyl sulfosuccinates 
which are anionic surface active agents with detergent activity. In other 
words, they lower surface tension of the stool which allows the fecal material 
to be penetrated ,by water and fat. Some research indicates that these 
compounds may change '!ntestinal morphology and interfere with cellular 
function (Hutchinson, 1978). 

Contact laxatives are considered gut irritants and include three different 
classes of compounds. These are castor oil, anthraquinones (e.g. aloe, 
cascara sagrada) and diphenylmethanes which_ induce a mild laxative effect 
at moderate doses. High doses of these compounds may lead to intestinal 
damage, electrolyte disturbances and reduced nutrient absorption. it> 

The laxative action of castor oil is a result of the production of an ·active 
metabolite (ricinoleic acid) from hydrolysis of castor oil in the small intestine. 
Ricinoleic acid acts by causing fluid to move into the gut while inhibiting _salt 
and water absorption. 

The mechanism of action, of the anthraquinones is unknown, but they are 
powerful irritants of the colon and induce a laxative effect within 6 to 12 
hours after ingestion. 

Diphenylmethanes (e.g. phenolphthalein) work on the mucosa! nerve plexus 
of the colon and enter the enterohepatic circulation allowing them to remain 
effective for several days after a ingestion of a single dose. Unfortunately, 
prolonged use impairs absorption of calcium and vitamin D. 

5. The most common lubricant laxative is mineral oil which is a mixture of 
undigestible liquid hydrocarbons. It acts by lubricating fecal content to 
prevent dehydration of the stool. This keeps the stool soft and allows 
passage. However, mineral oil interferes with nutrient absorption and should 
not be used as a laxative. 



r 
Laxatives in Sow Diets 

Of all of the laxative agents available, the bulk-fonning agents (fiber sources) and osmotic agents 
(mineral salts) have been the most commonly used in sow diets. Fiber sources with a high 
percentage of insoluble fiber are generally the most effective. Common fiber sources used in sow 
diets include: wheat bran, alfalfa meal, psyllium husks, soy hulls and beet pulp. Mineral salts 
commonly used have been magnesium sulfate, potassium chloride, sodil!m sulfate and potassium 
sulfate. These laxative sources vary in cost and effectiveness and application in lactating sow 
diets. 

Traditional fiber sources 

Fiber is relatively undigestible to swine, and consequently acts as a bulking agent in the colon 
by absorbing water and. making feces soft (Yen, 1988). These fiber sources are often added at 
levels between 5 to 20 % of the total diet to obtain the desired laxative effect. However, one oL 
the concerns associated with using high amounts of these high fiber, low metaboliz.able energy 
ingredient involves the reduction in dietary ME concentration, and the subsequent reduction in 
daily energy consumption below what is needed to support maximum milk production and 
minimize lactation weight loss by the sow . Pollman et al. (1979) showed that as the fiber 
content of the diet increases, digestibility of fiber, energy and· nitrogen decreases. Furthermore, 
Seerley and Chan (1989) showed that feeding 10 % soy hulls slightly reduced feed intake as well 
as energy and crude protein digestibility. Therefore, due to the relatively high inclusion rate 
needed to obtain a laxative effect, and the low energy ·value of these fiber sources, daily energy 
consumption may be limited, especially for heavy milking sows. • 

Research conducted on the effectiveness of traditional fiber sources (e.g. wheat bran, alfalfa meal~'-:. 
beet pulp, and soy hulls) has shown either no effect (Hollis, 1982; Seerley and Chan, 1989; 
Reese et al., 1992) or an increase (Aheme, 1983) in sow and litter performance. However, wheat 
bran (Aheme, 1983) and soy hulls (Seerley and Chan, 1989) have been shown to be effective in 
increasing fecal moisture. Some of the potential reasons for inconsistent responses performance 
may be due to source and level fed, presence or absence of a constipation condition, and level 
of feeding before and after farrowing. 

Psyllium 

Psyllium is a relatively new bulking agent used in sow diets and produces a laxative responses 
at relatively low inclusion rates (10 to 30 g/sow/day). Several commercially manufactured 
laxative products contain psyllium husks or seed (at various levels) as the primary laxative agent. 
Stevens et al. (1988) showed that in humans, wheat bran and psyllium gum decreased transit 
time, increased fecal moisture and daily number of defecations. Wheat bran had a greater effect 
on transit time than psyllium, but psyllium had a greater effect on increasing fecal moisture 
(Stevens et al., 1988). Although only two studies (Sohn et al., 1992; Pollmann, 1990) have 
evaluated the use of psyllium as a laxative agent in sow diets, psyllium appears to be the 
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most effective in reducing constipation and improving sow and litter performance of all laxative 
sources, and is only needed in small amounts. 

Mineral Salts 

In order to minimize the dietary energy dilution effect of natural fiber sources in sow diets: 
mineral.salts (magnesium sulfate, sodium sulfate, potassium chloride) have also been used atlowu 
inclusion rates in the diet (0.75 to 1.5 %) or included in commercial products to provide laxatiop. 
Most mineral salts alter water absorption in the colon to provide a laxative effect (Y akabowich, 
1990). Swine producers often observe inconsistent responses when using these mineral salts as 
laxative agents. In many cases, laxation effects are good initially, but depending on the level and 
duration of use, sows appear to build a tolerance toward these compounds and their effectiveness 
is reduced. There is also .a concern, among nutritionists and producers, about the potentj.al 
disruption of electrolyte balance and various mineral interactions which may occur when usipg 
these compounds. Limited research evaluating the use of these compounds has shown variable 
laxative and performance responses. In studies evaluating the use of mineral salts in sow diets, 
no improvement in sow and litter performance has been observed (Hollis, 1982; Baker et 
al., 1976; Seerley and Chan, 1989; Kemp et al. 1991; Aherne, 1983). However, a few studies 
(Seerley and Chan, 1989; Aheme, 1983) showed an increase in laxation despite no observed 
performance benefits. The use of these compounds as laxative agents and their effect on nutrient 
utilization has not been well studied, and the long-term effect of using potassium chloride, 
sodium sulfate or magnesium sulfate on the health of the sow is unknown. 

Current U of M Research ·on the Efficacy of Laxative Agents and Their Effect on Nutrient 
Balance in Sows 

Objectives and General Procedures 

A series of experiments have been conducted Richard Fisher, Sayed El Kandelgy and Jerry 
Shurson at the U of M Agricultural Experiment Station at Rosemount over the last two years to 
extensively evaluate laxative agents when fed to sows from day 103 of gestation to farrowing, 
and throughout a 23 day lactation period. Research has focused on three primary objectives: 
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1. Detennine the minimum effective inclusion rate of two bulk forming agents 
(psyllium husks and methylcellulose) and an osmotic agent (potassium 
chloride) on producing a laxative response. 

A multi-response criteria approach was used to determine effectiveness of 
type of laxative agent and feeding level in producing a laxative response. 
These include: 



r 

2. 

3. 

Initial Results 

a. fecal dry matter content 

b. fecal score according to the following scale: 

1 = constipated 
2 =firm 
3 = moderately firm 
4 =soft 
5 =loose 

c. number of defecations/sow/day 

d. rate of passage of digesta as measured by mean 
retention time 

Determine the effect of feeding these laxative agents at various 
nutrient utilization by the sow. 

levels rn 

In addition to evaluating laxative effectiveness, feed intake was measured 
and feces and urine were collected over a 7 day collection :period to 
determine nitrogen and energy balance for each laxative agent and feeding 
level. 

Determine the effect of feeding various levels of these laxative 
sow and litter performance. 

Sow feed intake, lactation weight change, litter size at birth and 21 days, 
and litter weight at birth and 21 days were determined to evaluate effects 
of levels of these laxative agents on performance. 

A portion of the results from this study have been completed. Effect of dietary level of 
potassium chloride, psyllium husks and methylcellulose on fecal dry matter(%), fecal score and 
number of defecations/sow/day are shown in Tables 1,2,and 3. · 

Potassium chloride added at a level of 1.65 % of the diet reduced fecal dry matter and increased 
fecal scores compared to other treatment levels (Table 1 ). Feeding 0.55 or 1.10 % potassium 
chloride also irn;:reased feed consumption of lactating sows compared to sows receiving no 
laxative (Table 2). These beneficial results: of adding potassium _chloride to sow diets have not 
been observed in previous studies. It. is likely that beneficial effects of potassium chloride 
observed in this study are a result of feeding higher dietary levels (1.10 to 1.65 % ) than those 
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used in previous studies. Evaluation of passage,rate, nutrient balance and litter performance data 
will provide additional information on the usefulness of this laxative agent. 

Table 1. 

Table 2. 

Treatment 
(% of Diet} 

0 

0.55 

1.10 

1.65 

Effectivenes~ of Dietary Level of Potassium Chloride in 
Reducing Fecal Dry Matter Content· and Increasing Fecal 
Scores and Number of Defecations/Day (n = 32 sows). 

Treatment 
Level % Dry Fecal # Defecations 
(% of Diet} Matter Score Per Day 
0 39.6 2.01 3.5 

0.55 39.2 1.98 3.9 

1.10 41.0 1.95 2.9 

1.65 37.6* 2.25** 3.8 

* Significantly lower (P<.05) than other treatment levels. 
**Significantly higher (P<.1) than other treatment levels. 

Effect of Dietary Level of Potassium Chloride on Lactation 
Feed Intake (lb/day), n = 48 sows. 

Avg. 
Wkl Wk2 Wk3 Wk4 Wks 1-4 

9.4 10.1 *' 10.0* 12.1 9.8* 

11.0 13.2 13.3 12.8 12.7 

11.1 13.3 12.8 10.8 12.3 

9.8 11.7 12.3 11.1 11.3 

* Control (0 g/day) is lower (P < .1) than 0.55 and 1.10 % treatment levels. 

.· 

.. 
.. 

.., 

Feeding psyllium husks at 0.55 (10 g/sow/day) and 1.10 % (20 g/sow/day) tended to reduce fecal 
dry matter, increase fecal score and increase the number of fecations/sow/day (Table 3). 
However, it had no effect on feed intake of lactating sows regardless of level fed (Table 4). 

220 

tJ 



"" ·i 
:~ 

.t 
~ 

Table 3. Effectiveness of Dietary Level of Psyllium Husks in Reducing 
Fecal Dry Matter Content and Increasing Fecal Scores and Number of · 
Defecations/Day (n = 32 sows). 

Treatment 
Level % Dry Fecal # Defecations 
(% of Diet) Matter Score Per Day 

0 39.0 2.04 3.4 

0.55 37.9 2.32 4.2 

1.10 36.4 2.52 4.3 

1.62 36.3 2.38 3.6 

Table 4. Effect of Dietary Level of Psyllium Husks on Lactation Feed Intake 
(lb/day), n = 48 sows. , 

• 
Treatment Avg. 

~ {% of Diet} Wkl Wk2 Wk3 Wk4 Wks 1-4 ..... ~ 

0 7.3 8.9 10.7 11.5 9.7 

0.55 6.5 8.3 10.0 10.6 8.8 

1.10 8.0 10.6 11.2 11.4 10.4 

1.65 7.6 8.9 9.5 10.9 9.3 

Methylcellulose up to 0.45 % of the diet had no effect on fecal dry matter, fecal score, and 
number of defecations/sow/day (Table 5). However, sows fed increasing levels of 
methylcellulose during lactation tended to eat more feed than sows receiving no methylcellulose. 
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Table 5. 

Table 6. 

Treatment 
% of Diet 

0.00 

0.15 

0.30 

0.45 

Effectiveness of Die~ary Level of Methylcellulose in Reducing Fecal Dry 
Matter , Content and Increasing Fecal Scores and Number of · 
Defecations/Day (n = 32 sows). 

Treatment 
Level % Dry Fecal #Defecations 
(% of Diet) Matter Score Per Day 

0.00 40.1 1.84 2.8 

0.15 40.3 1.97 3.2 

0.30 42.1 1.66 3.5 

0.45 39.1 2.06 2.7 

.. 
Effect of Dietary Level of Methylcellulose on Lactation Feed Intake 
(lb/day), n = 48 sows. 

Avg . .. 
Wkl Wk2 Wk3 Wk4 Wks 1-4 _ .. 

·~ 

6.7 10.3 11.2 13.3 10.4 

8.6 11.7 12.2 11.8 11.1 

8.3 12.7 12.4 12.7 11.6 

10.2 13.2 13.5 14.5 12.7 

Pre-farrowing Summary 

Based on limited research results, it appears that restricting feed intake to 4 to 5 lbs/day 
until farrowing, while gradually switching from a lower protein gestation diet to a higher 
protein diet, and quickly bringing her up to full feed by day 4 after farrowing will help 
alleviate constipation and feed intake problems. In addition, operating the farrowing house 
at 65 to_ 70 degrees F. and providing ample water will also reduce the incidence of 
constipation. 
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However, despite following all of these recommended feeding management measures, 
constipation may still occur in some sows due to stress and combinations of other factors. 
In this situation, it appears that the use of laxatives are warranted. Use of high inclusion 
rate fiber sources are not recommended due to their relatively slow rate of producing 
laxation, limited effectiveness and the disadvantages of 1) reducing sow energy intake 2) 
increasing diet cost. Mineral salts have the advantage of low inclusion rates but previous 
studies have not shown consistent laxative effects. Initial results from current U of .M 
studies suggests that potassium chloride provides a significant laxative effect when fed at 
a level of 1.65 % of the diet, and levels of 0.55 and 1.10 % appear to increase lactating 
sow feed intake. Psyllium may be the best laxative compound because it can be added at 
low levels to the diet to produce laxative response and increase in sow and litter 
performance, but additional analyses of results from U of M studies are needed to. 
characterize it effects. Methylcellulose, added at levels of 0, .15, .30, and .45 % of the 
diet, appears to be ineffective in producing a laxative response based on fecal dry matter, . 
fecal score and number of defecations/sow/day. 

POST-LACTATION NUTRITION OF THE SOW 

As for all other reproductive phases, nutritional management is highly determined by the 
sow's previous nutritional status. Most often, productive sows lose appreciable amounts 
of weight and body tissue during lactation. If the sow is to remain in the. breeding herd 
for another reproductive cycle, she will need to return to estrus within 3 to 7 days post
weaning, ovulate a large number of eggs, conceive, and recover weight and tissue losse~ 
by the time she farrows her next litter. If the sow is to be culled from the breeding .Herd, 
a decision must be made whether to sell her immediately as a "wet sow" and obtain. a 
lower market price and value, or feed .her for a period of time to put on more weight arid,-:. 
market her at a higher market price. Post-weaning sow management depends on the 
whether a sow is going to continue to remain in the breeding herd or be marketed as a cull 
sow. 

Feeding Strategies for Rebreeding Sows 

For sows that are to remain in the breeding herd, our first concern is to provide a feeding 
program that insures that sows return to estrus promptly after-weaning. In most cases, 
moderate feeding levels (4 to 6 lbs/head/day) are generally recommended. If sows have 
lost tremendous amounts of body condition during lactation, a high feeding level (7 to 9 
lbs/head/day) may be warranted, especially for primiparous sows in poor body condition, 
to begin replacing depleted body tissue and improve energy status (Brooks ahd Cole, 1972; 
Brooks et al., 1975). After breeding, feed levels should be reduced to (4 to 6 lbs/day) to 
prevent a high incidenc~ of embryonic mortality. 

Limited evidence for less than moderate feeding levels (feed and water deprivation) has 
resulted in an increase in the number of days to successful service and an increase in the 
number of sows not in ,ystrus within 21 days post-weaning (Orr et al. 1981). In other 
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words, providing adequate water and moderate feed intake increases intramammary pressure 
to rapidly stop milk secretion and stimulates the sow to return to estrus sooner. 

Feeding .and Marketing Strategies for Cull Sows 

The sale of cull sows can represent a small, but significant contribution (4 to 6 %) to swine 
enterprise income, particularly with annual sow replacement/culling rates as high as 40 to 
50 % in many herds. Unfortunately, very little research has been conducted to evaluate 
feeding, management and marketing strategies to improve the economic value of this by- ti 
product of pork production. 

Pork producers have two alternatives to consider when marketing cull sows. Sows can be 
either sold immediately after weaning as "wet" sows, or fed for a period of time and 
marketed as "dry" sows. Both alternatives have advantages and disadvantages. Economic 
returns from feeding cull sows are· dependent on a number of different factors including 
feed cost, rate and efficiency of weight gain, facility costs, market price, and discounts for 
"wet" sows. Evaluating feeding programs and diet composition to reduce feed costs may 
offer significant opportunities to increase economic returns when feeding cull sows prior 
to marketing. Sow weight and body condition affect the efficiency of converting feed to 
live weight gain. Therefore, the decision of whether to feed cull sows could be made based 
on expected efficiencies of weight gain for sows of various weights and body condition if 
those performance levels are known. 

Weight Gain, Feed Intake and Feed Conversion of Sows Post-Weaning 

Limited studies have been conducted to evaluate the rate and efficiency of weight gain of;
ctill sows post-weaning .. Tribble and Orr (1976, 1977) reported that multiparous sows 
weaned after a 28-day lactation period and weighing 493 lbs, lost weight while consuming 
moderate amounts of feed during the first week post-weaning. However, over the 
subsequent 3 week post-weaning, sows had a net gain of 31.9 lbs. Moser and Zimmerman 
(1977) reported that 343 lbs primiparous sows weaned at 42-days post-partum gained 
weight during the entire 24-day post-weaning period and had a net gain of 50.4 lbs. 
Results from these previous studies suggest that sow performance can be quite variable and 
that. various traits such as lactation length and sow weight at weaning may significantly 
influence individual sow performance. Previous research by Shurson et al. (1991) showed 
that primiparous .sows averaging 352 lbs at weaning lost weight during the first week post
weaning, and gained more weight during the second and third week post-weaning than the 
fourth week after weaning. Weight gains and feed intake patterns were variable, and were 
dependent upon sow weight and body condition at weaning. 

Body Composition of Cull Sows 

Limited studies have been conducted to determine carcass composition of cull sows or 
evaluate the influence of body condition on expected weight gains post-weaning. 
Zoiopoulos et al. (1983) showed that the loss of body water at weaning is considerable, but 
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is significantly less than that which occurs in the fasted animal, and that the depletion of 
body tissue (including protein) occurs in the newly weaned sow. Aziz et al. (1990) 
evaluated data on carcass weight of over 100,000 sows, and carcass composition of 
approximately 800 sows slaughtered in Canada and reported tremendous variation in 
backfat depth (3 to 9-fold) and loin muscle depth (2 to 3-fold) within any given weight 
class. Shurson et al. (1991) showed that sows that have less backfat at weaning, gain more 
weight and consume more feed than fatter sows that lost less weight and body condition 
during lactation. 

Nutrient Utilization of Cull Sows 

Grandhi (1990) studied changes in energy and nitrogen absorption and retention between 
heavy and light weight sows. Results from that study suggested that significant 
opportunities may exist to improve the value of cull sows by using dietary methods to 
improve efficiency of weight gain and improve lean composition. 

Sows are relatively efficient in utilizing high fiber feedstuffs, which have limited nutritional· 
value in other phases of production. Fernandez et al. (1986) evaluated 26 different 
feedstuffs and diets and showed that sows have a superior ability to digest all nutrients 
compared to growing pigs. Of particular interest was the finding that the superior ability 
of sows to digest gross energy was negatively correlated with the soluble carbohydrate and 
gross energy concentration of the feed. However, Pollnian et al. (1979) evaluated diets 
containing sun-cured alfalfa, tall wheat straw, and com-soybean meal and showed that as

1 

the fiber content of the diet increases, digestibility of fiber, energy, and nitrogen decrea-ses. 
These findings suggest that source and level of dietary fiber need to be considered whe.n 
developing feeding programs to optimize nutrient (energy) utilization efficiency. ~ -~~ 

Effect of Pregnancy on Nutrient Utilization and Rate, Efficiency and Composition of Gain 

Nutrient utilization efficiency, body weight and compositional changes are different 
between pregnant and non-pregnant sows (Close et al.,1984; Noblet et al.,1985; Close et 
al.,1985). In the pig, there is a conflict of evidence on the extent to which maternal 
nutrition influences fetal growth. If there is a range of feed intakes over which fetal 
growth arid development is independent of maternal nutrition, then there is likely to be a 
range in which nutrients are partitioned between maternal and reproductive tissues (Close 
et al., 1984). Close et al. (1984) showed that net maternal gain and the differences between 
pregnant and non-pregnant animals varied with both feeding level and stage of gestation. 

Current Research on Feeding Management Strategies for Marketing Cull Sows. 

In order to determine an optimal feeding program for cull sows, we (Jerry Shurson, Brian 
Buhr, Richard Fisher and Dean Koehler) at the University of Minnesota along with George 
Libal at South Dakota State University and Joe Crenshaw at North Dakota State University, 
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conducted a collaborative study to answer a series of questions related to rate, efficiency, 
composition, and cost of gain of when feeding cull sows after weaning. Some of the 
questions we are addressing are: 

1. Does dietary energy density affect rate, efficiency, 
composition of gain of sows post-weaning? 

2. Does limit feeding during the first week post-weaning (when sows 
lose body weight and consume less feed than in subsequent weeks), 
followed by ad libitum feeding for the remainder of the 42-day 
feeding period, improve rate, efficiency and cost/lb of gain compared 
to feeding ad libitum during the first week post-weaning? 

3. Are pregnant sows superior to non-pregnant sows in 
rate, efficiency, and composition of gain during a 42-day post
weaning period? 

This study utilized a total of 269 multiparous sows in a 2 x 2 x 2 factorial arrangement of 
treatments (Table 7) to evaluate feeding level, diet composition and pregnancy status effects 
on performance and changes in backfat. Genetic composition of sows at UM and SDSU .. 
were York x Landrace Fl 's. Yorkshire x Hampshire x Duroc sows were used at NDSU. 
Least squares means for weekly and cumulative averag~ daily gain, average daily feed 
intake and gain/geed are shown in Tables 8,9 and 10. Increases in average back fat\ 
thickness during the 42-day feeding period are shown in Table 11. -ii> 

Table 7. Description of Treatments Used For Evaluating Feeding 
Management Strategies for Cull Sows. 

Treatment Description 

1 Barley-sunflower meal diet, 1252 kcal ME/lb, 14.6 % protein, 0.52 % lysine 

Full fed wk 1 post weaning and full fed remaining 5 wks of trial 

Not bred during the 42-day post-weaning period 

2 Corn-soy diet, 1442 kcal ME/lb, 12.2 % protein, 0.52 % lysine 

Full fed wk 1 post weaning and full fed remaining 5 wks of trial 

Not bred during the 42-day post-weaning period 
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3 Barley-sunflower meal diet, 1252 kcal ME/lb, 14.6 % protein, 0.52 % lysine 

Limit fed 4 lbs/day wk 1 post weaning and full fed remaining 5 wks of trial 

Not bred during the 42-day post-weaning period 

4 Com-soy diet, 1442 kcal ME/lb, 12.2 % protein, 0.52 % lysine 

Limit fed 4 lbs/day wk 1 post weaning and full fed remaining 5 wks of trial 

Not bred during the 42-day post-weaning period 

5 Barley-sunflower meal diet, 1252 kcal ME/lb, 14.6 % protein, .52 % lysine 

Full fed wk 1 post weaning and full fed remaining 5 wks of trial 

Bred during 3-7 days postweaning 

6 Com-soy diet, 1442 kcal ME/lb, 12.2 % protein, 0;52 % lysine 

\ 

Full fed wk 1 post weaning and. full fed remaining 5 wks of trial 

Bred during 3-7 days postweaning 

7 Barley-sunflower meal diet, 1252 kcal ME/lb, 14.6 % protein, .52 % lysine 

Limit fed 4 lbs/day wk 1 post weaning and full fed remaining 5 wks of trial 

Bred during 3-7 days postweaning 

8 Com-soy diet, 1442 kcal ME/lb, 12.2 % protein, 0.52 % lysine 

Limit fed 4 lbs/day wk 1 post weaning and full fed remaining 5 wks of trial 

Bred during 3-7 days postweaning 

How Does Dietary Energy Density Affect Rate, Efficiency, and Composition of Gain of 
Sows Post-Weaning? 

Sows fed the lower ME (1252 kcal/lb), barley-sunflower meal diet gained an average of 
0..38 lbs/sow/day less than sows fed the higher energy (1442 kcal ME/lb), com-soybean 
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meal diet throughout the entire 42-day post-weaning feeding period. Even though sows fed 
the barley-sunflower meal diets tended to average less feed (12.21 lbs/day) and energy 
consumption (15.29 Meal ME/day) than sows fed the com-soy diet (12.64 lbs feed and 
18.23 Meal ME/day) over the 42-day feeding period, they were also less efficient (0.18 lbs 
of gain/ lb feed) compared to corn-soy fed sows (0.21 lbs of gain/lb of feed). Using a 
$15/ton difference in feed price between the more expensive com-soy diet and the barley
sunflower meal diet, sows fed the barley-sunflower diet had a slightly higher cost/lb of gain 
($0.29/lb) than sows fed the corn-soy diet ($0.28/lb gain). However, as expected, sows fed 
the lower energy barley-sunflower diet tended to accumulate less backfat (6.94 mm) over _-IJ 

the 42-day feeding period compared to sows fed the higher energy corn-soybean meal diet 
(8.76 mm). 

How Does Limit Feeding During the First Week Post-Weaning, Followed By Ad Libitum 
Feeding for the Remainder of the 42-Day Feeding Period, Affect Rate, Efficiency and 
Cost/Lb of Gain? 

Sows that were limit fed the lower ME (1252 kcal/lb), barley-sunflower meal diet during 
week 1 post-weaning, gained an average of 0.20 lb/sow/day less throughout the entire· 42-
day post-weaning feeding period, than sows that were full fed that same diet. However, 
there were no differences in overall average daily gain between sows that were limit fed 
or full fed the corn-soy diet during week 1. During the first week after weaning, limit fed 
sows lost an average of 4.19 lbs/day, while full fed sows lost an average of 1.99 lbs/day 
(47 % less weight loss). However, the 15.4 lb difference in total weight loss between 11rnit 
fed and full fed sows at the end week 1, was almost completely recovered (72 %) at th~ 
end of the 42-day experimental period. This indicates that sows that are nutrient restrictecl · 
during the first week post:weaning, achieve compensatory gain during subsequent feeding 
periods. Sows that were limit fed during the first week after weaning had similiar backfat 
accretion (8.01 mm) during the 42-day feeding period compared to sows that were full fed 
during week 1 (7.69 mm). Furthermore, sows that were limit fed during the first week 
after weaning ate 35 lbs less feed (504 lbs vs 539 lbs) than full fed sows during the entire 
42-day feeding period, but were equally efficient (0.19 lbs of gain/lb of feed). Therefore, 
sows that are limit fed during the first week after weaning have an overall cost/pound of 
gain equal to sows that were full fed during week 1. These results indicate no advantage 
of limit feeding sows during the first week after weaning to reduce overall feed cost/lb of 
gain. 

Are Pregnant Sows Superior to Non-Pregnant Sows in Rate, Efficiency, and Composition 
of Gain During a 42-Day Post-Weaning Period? 

Sows that were mated as they returned to estrus after weaning, and remained pregnant over 
the 42-day feeding period, gained an average of 0.61 lb/sow/day more than sows that were 
not pregnant during the study. Some of this weight gain advantage occurred during week 
4 of the feeding period where pregnant sows gained 2.83 lbs/day while non-pregnant sows 
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lost 0.11 lb/day. Weight loss of non-pregnant sows during week 4 was a result of those 
sows returning to estrus and a 3.4 lb/day reduction in daily feed intake. However, the 
majority of the weight gain advantage of pregnant sows was due to higher average daily 
feed consumption (13.0 lbs/day vs 11.85 lbs/day) over the 42-day feeding period. Pregnant 
sows also tended to be more efficient in converting feed to body weight gain (0.21 lb 
gain/lb feed) than non-pregnant sows (0.18 lb gain/lb feed). However, a greater proportion 
of body weight gain of pregnant sows was due to fat. These results suggest that horn;10nal 
patterns associated with pregnancy have a large effect on body weight gain, ad libitum feed 
intake and gain efficiency. 

Table 8. Least Square Treatment Means for Weekly and Cumulative Cull Sow 
Average Daily Gain (Lbs/Day). 

Treatment Wkl Wk2 Wk3. Wk4 Wk5 Wk6 Wkl-6 

1 -2.38 4.87 3.50 -0.24 3.06 2.69 1.91 

2 -1.09 4.89 3.22 -0.40 4.13 2.49 2.21 

3 -4.17 5.77 3.47 -0.15 2.76 2.96 1.77 

4 -3.65 6.78 4.04 -0.37 3.70 2.95 2.37 .. 
5 -2.55 5.60 3.95 2.51 3.38 3.00 2.64 

:- .. 

6 -1.94 5.93 3.85 3.67 3.52 2.48 2.92 

7 -4.82 6.64 3.86 2.95 3.66 2.16 2.39 

8 -4.12 7.33 4.34 2.20 4.11 2.57 2.74 
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Table 9. Least Squares Treatment Means for Weekly and Cumulative Cull Sow i. 

1. 

Average Daily Feed Intake (Lbs/Day). 

11 Treatment Wkl Wk2 Wk3 Wk4 Wk5 Wk6 Wkl-6 
I; 

1 6.67 11.77 14.47 12.45 12.90 14.47 12.08 'j ' 

I 
I 2 8.85 13.11 14.24 10.98 13.14 13.88 12.36 ' ~ 

~ 
~ 3 3.65 11.13 13.61 

;u 
11.42 11.98 13.33 10.85 

4 4.07 13.11 15.18 12.08 13.58 14.65 12.11 

5 6.23 12.42 15.10 15.84 15.63 16.50 13.62 

6 8.17 13.65 15.05 14.92 14.00 14.06 13.31 

7 4.23 11.80 14.52 14.84 14.44 13.90 12.29 

8 4.22 12.72 15.47 14.84 14.81 14.60 12.77 .. 

Table 10. Least Square Means of Weekly and Cumulative Cull Sow 
Average Gain/Feed. • 

Treatment Wkl Wk2 Wk3 Wk4 Wk5 Wk6 
: 

Wkl-6 

1 -3.72 0.40. 0.24 -0.03 0.21 0.18 0.16 

2 -0.25 0.38 0.22 -0.09 0.29 0.15 0.19 

3 -2.74 0.57 0.26 -0.08 0.21 0.23 0.16 

4 -1.04 0.52 0.28 -0.01 0.24 0.21 0.20 

5 -8.10 0.47 0.26 0.13 0.21 0.18 0.19 

6 -0.44 0.45 0.25 0.22 0.25 0.17 0.22 

7 -16.8 0.58 0.27 0.20 0.25 0.20 0.19 

8 -1.01 0.57 0.29 -0.46 0.28 0.19 0.22 



Table 11. Least Square Means of Average Backfat Increase (mm) 
from Weaning to Day 21 Post-Weaning (W-21), Day 21 
to Day 42 Post-Weaning (21-42) and Weaning to Day 42 
Post-Weaning (W-42). 

Treatment W-21 21-42 W-42 

1 1.80 4.29 6.10 
" - ' 

2 3.64 3.77 7.22 

3 1.62 3.74 5.40 

4 2.16 5.25 7.50 

5 2.45 5.27 7.73 

6 2.83 6.64 9.69 

7 2.30 6-:-22 8.53 

8 3.09 7.52 10.61 
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ABSTRACT 

!LEAL DIGESTIBILITY AND AVAILABILITY VALUES 
FOR FORMULA TING DIETS FOR SWINE 

E.S. BA TTERHAM 
Wollongbar Agricultural Institute 

Wollongbar, NSW 2477 
Australia 

Recent research has clarified the relationship between ileal digestibility and availability values 
for formulating diets for swine. Ileal digestibility values have most application for cereals 
and adequately processed protein concentrates, they over-estimate availability in heat-damaged 
proteins. For the latter, estimates of the availability of amino acids are needed, at least for 
lysine, threonine, methionine, tryptophan and phenylalanine. In this regard, there is a need 
for the development of new techniques to rapidly assess the availability of these amino acids 
in heat-processed protein concentrates. "-

INTRODUCTION 

Substantial progress has been made in developing feeding systems based on the ileal 
digestibility of amino acids. The ileal digestibility assay has the advantage over techniques 
for assessing amino acid availability in that all essential amino acids can be assessed at tfte 
one time. However, recent research has identified that ilea! digestibility over-estimates 
availability in heat-damaged meals for a number of amino acids. For this reason, both 
systems of assessing amino acids are needed, depending on the source of protein and 
processing conditions being considered. 

ILEAL DIGESTIBILITY OF AMINO ACIDS 

The ileal digestibility of amino acids is determined by collecting digesta from the terminal 
ileum and calculating digestibility. As amino acids are absorbed in the small intestine, ileal 
digestibility values have the advantage over faecal digestibility values in that they more 
closely reflect digestibility at the point where absorption is complete and interference from 
micro-organisms in the hind gut is avoided. 

Ileal digestibility is measured by a number of procedures - either by insertion of cannulas in 
the terminal ileum or ileo-caecal junction, by ileo-rectal anastomosis or by slaughter 
techniques (Sauer and Ozimek, 1986; Low, 1990). With the former, simple or re-entrant 
cannulas are used. An indigestible marker is included in the diet to allow the calculation of 
digestibility for those techniques involving only partial collection of digesta. 
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Apparent and True Digestibility 

The amino acids passing the terininal ileum are a mixture of undigested feed amino acids and 
amino acids from endogenous origin (from digestive secretions and from cells sloughed from 
the lining of the small intestine during the passage of digesta). Thu~ when determining ileal 
digestibility, one has the choice of determining apparent or true ileal digestibility. 

Apparent digestibility values are calculated by including all the amino acids measured in the : 
digesta collected at the terminal ileum. As such, they are affected by the level of protein in 
the test diet. With a low protein diet, the proportion of amino acids from endogenous sources 
forms a higher proportion of the amino acids reaching the terminal ileum. As the protein 
level in the diet increases, the proportion from endogenous sources decreases, and the 
apparent digestibility of the diet increases. Thus apparent digestibility is under-estimated if it 
is determined in diets low in protein. 

The advantage of apparent values is that they take into account both the ileal digestibility of 
amino acids in the test source and the endogenous cost of digestion. 

True digestibility includes a correction for endogenous secretions, and as such more 
closely reflect the actual digestibility of amino acids in the test source. As a consequence, 
true digestibility values are unaffected by the protein content of the test diet. 

In the past, corrections for endogenous loses were made by feeding a protein-free diet or by 
feeding graded levels of a test diet and extrapolating back to zero. Both of these t~chniques 
give similar results. However, research with 15N has shown that the traditional techniql,Jes 
under-estimate true digestibility. With the 15N technique, the amino acid pools are labelled 
with 15N before the test meal is given. The ileal digestibility of the test meal is then assessed, 
assuming that any undigested amino acid that is labelled with 15N is of endogenous origin. 

Using this technique, the true ileal digestibility of most amino acids is very high (Low, 1982; 
Huisman et al. 1992). 

True digestibility of lysine can also be determined with the use of homoarginine (Hagemeister 
and Erbersdobler, 1985) which gives values similar to that of the 15N technique . 
The relationship between apparent and true ileal digestibility is shown in Figure 1. 
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Values for apparent ileal digestibility increase until the protein content of the diet is about 14-
16%. From thet¢, the difference in apparent and true digestibility reflects the endogenous 
cost of digestion for that protein. This will vary between protein sources depending on 
factors such as fibre contents. 

The important aspect of this relationship is that apparent ileal digestibility values may be 
under-estimated if the protein level of the diet is low. This is of real concern with the 
determination of apparent ileal digestibility of amino acids in cereals or grain legumes. If 
these protein sources are used as the sole source of protein in the test diet, the dietary crude 
protein level' may only be 8-10% and the apparent ileal digestibility of the amino acids may 
be considerably under-estimated. 

Which Value to Use 

Apparent digestibility values are more applicable than true values in least-cost diet 
formulations using linear programming as they take into account the endogenous cost of 
digestion of proteins. This is a real cost that varies with protein source and should be debited 
against that feed source. If true digestibiiity values were used, no correction would be made 
for this loss. 

True digestibility is used in computer simulation models that simulate the growth of 
swine. In this case, the computer model should automatically make a correction for the 
endogenous cost of digestion. To use apparent values in a computer simulation model would 
result in a double correction for endogenous losses. • 

Ileal Digestibility and Absorption 

Strictly speaking, it is not possible to measure ileal digestibility, as digestion and absorption 
of amino acids occur almost simultaneously, and it is not possible to separate ileal 
digestibility from absorption. In essence, one measures the indigestible amino acids and 
assumes that the difference reflects digestibility and absorption. This is the one weakness of 
the ileal digestibility system - the fact that one assumes that if an amino acid is not recovered 
at the terminal ileum, then it has been absorbed in a form suitable for utilization. This 
assumption has been shown to be incorrect, especially for heat-damaged proteins. 

AVAILABILITY ASSAYS 

Availability is defined as the proportion of an amino acid that is in a form suitable for 
digestion, absorption and utilization; ie. useable amino acid. Whether an amino acid is 
actually used is more an attribute of dietary formulation. 

Availability can only be determined by procedures that take into account the above three 
factors and with diets in which the amino acid (say lysine) is limiting. It is normally 
determined with diets arranged in a slope-ratio design. Lysine-deficient diets are formulated 
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containing graded levels of lysin~ from a protein concentrate or graded levels of free lysine. 
The response of swine to the graded levels of protein concentrate is expressed as a proportion 
of the response to the diets containing the graded levels of free lysine. Care has to be taken 
to ensure that the response is due to the lysine in the diets and is not influenced by. other. 
dietary factors. This is not easy. Diets need to be equalised for factors such as digestible 
energy, crude fibre etc and depressing effects of anti-nutritional factors either neutralised _or 
avoided. There are safeguards in the statistical analysis to try to ensure that the response is to~ 
the test amino acid and is not influenced by other factors (see review by Batterham, 1992). . 

-
At Wollongbar, a multi assay, suitable for determining lysine availability in five test sources 
at the time, was developed (Batterham, 1992). The assay used 128 swine over the 20-45 kg 
growth phase. They were fed restrictively, every three hours, with an automatic frequent 
feeder, to ensure the full utilization of added free amino acids. Feed conversion efficiency, 
on a carcass basis, was used as the parameter of response. 

The essential features of this assay were 1) the use of controlled feeding, to avoid differences 
in intakes, which may occur as a result of differences in the balance of amino acids between 
diets or to palatability of different ingredients 2) frequent feeding, to ensure full utilization of 
added free amino acids and 3) assessment of responses on a carcass basis to avoid differences 
in the amount of gut contents inflating availability values for fibrous feed sources. 

Using this assay, the availability of lysine in all the major protein concentrates was 
determined. The results (Table 1) indicate: 

• Availability varies from 1.08 in blood meals to 0.41 in cottonseed meals. -~.--~. 

• Availability was low in lupin-seed meals (0.54); this was unusual as the meals are fed 
raw, and have a high ileal digestibility of lysine (0.85). 

• Availability was fairly consistent for most meals (0.39 - 0.43, cottonseed meals, 0.54 -
0.66, sunflower meals, 0.80-0.98, soybean meals). Only with meat and bone meals was the 
variation between meals considerable (0.40 - 0. 96). Thus for most meals, reference tables 
can be used with confidence. 
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Table 1. Availability of lysine (proportion of total) in protein concentrates for growing 
swine 

Protein 
concentrate 

Blood meal (ring-dried) 
Cottonseed meal 
Field peas 
Fish meal 
Lupin-seed meal 
Meat meal and meat and bone meal 
Peanut meal 
Rapeseed meal 
Skim milk powder 
Soya-bean meal 
Sunflower meal 

From Standing Committee on Agriculture (1987). 

Comparisons with Ilea! Digestibility 

Mean 

1.08 
0.41 
0.93 
0.89 
0.54 
0.70 
0.57 
0.87 
0.85 
0.88 
0.60 

Availability 

Range 

1.03-1.13 
0.39-0.43 

0.37-0.74 
0.40-0.96 

0.77-0.97 

0.80-0.98 
0.54-0.66 

The slope-ratio assay is limited in that it is expensive and time consuming to conduct, and 
only one amino acid can be assayed at a time. As there is a need for information on th~ 
availability of all essential amino acids, quicker and less expensive techniques for estimating 
availability are needed. This is the advantage of the ileal digestibility assay in that all ·~~ 
essential amino acids can be assessed simultaneously at a considerably reduced cost. As 
mentioned earlier, the assumption when using ileal digestibility as an estimate of availability 
is that if an amino acid is not detected in the terminal ileum, then it is assumed to have been 
absorbed in a fonn suitable for utilization. 

A comparison of the ileal digestibility of lysine in three cottonseed meals and a soybean meal 
_indicated that for the soybean meal, ilea! digestibility and availability were similar. For 
cottonseed meals, however, ileal digestibility was considerably higher than availability (Table 
2). 

239 



' ' ' 

i ,, 

I 

Table 2. True ileaLdigestibility and availability of lysine in cottonseed and soya-bean 
meals 

Cottonseed meal No. 1 

Soya-bean meal 

2 
3 

From Batterham et al. (1990b). 

Ileal digestibility 

0.58 
0.68 
0.72 
0.89 

Availability 

0.27 
0.30 
0.29 
0.90 

In order to evaluate the lysine availability values, diets were formulated to similar total (diets 
1 and 4) or available (diets 2 and 4) lysine levels from cottonseed or soybean meals (Table 
3). In addition, the availabilities of the other essential amino acids were estimated by using 
the lysine value as a correction factor and additional amino acids added where needed to 
maintain the required balance of amino acids, relative to lysine (diets 3 and 4). 

Table 3. Formulation of diets (%) from cottonseed and soybean meals on a total and 
available amino acid basis 

Wheat 
Cottonseed meal 
Soybean meal 
L-Lysine HCI 
L-Threonine 
DI-Methionine 
L-Tryptophan 
Min-vit premix 
Oil 
Solka floe 
Starch 

Lysine 
Total 
Available 

From Batterham et al. (1990b). 
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1 
Cot 

64 
26 

0.17 

+ 
5 

+ 

100 

0.8 
0.49 

2 
Cot+ Lys 

64 
26 

0.44 

+ 
5 

+ 

100 

1.01 
0.7 

3 
Cot+ Lys 

+ AAs 

64 
26 

0.44 
0.1 

0.04 
0.02 

+ 
5 

+ 

100 

1.01 
0.7 

.· 
4 

Soya 

.. 64 

22 -

+ 
1.8 
2.9 
+ 

100 

0.8 
0.7 
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The results (Table 4) indicate similar growth performance was achieved with swine given the 
diets containing equal available amino acids contributed by either the cottonseed or soybean 
meals (diets 3 and 4). This indicated that the lysine availability values were applicable, and 
that lysine could be used as a correction factor for the other essential amino acids. 

Table 4. Growth responses and lysine retention of swine fed diets formulated to equal 
available lysine contents 

1 2 3 4 LSD 
Cot Cot+ Cot+ Lys Soya p = 0.05 

Lys + AAs 

Lysine(%) 
Total 0.8 1.01 1.01 0.8 
Available 0.49 0.7 0.7 0.7 

Gain (g/d) 541 607 610 631 22 
FCE 0.424 0.470 0.479 0.492 0.017 
Protein deposited (g/d) 74 90 94 99 5.3 
Lysine retained: available lysine intake 0.72 0.57 0.64 0.64 0.038 

From Batterham et al. (1990b). 

These results indicate, that for meals of high availability, ileal digestibility and availability 
were similar, but for meals of low availability, ileal digestibility over-estimated availability. 

UTILIZATION OF ILEAL DIGESTIBLE AMINO ACIDS 

In order to 1) investigate whether ileal digestibility values were useful for formulating diets 
and 2) to determine the utilization of ileal digestible amino acids, a series of experiments was 
undertaken. Initially, the ileal digestibility of amino acids in three proteins was determined -
cottonseed meal, representing a meal of low lysine availability (30-40%), meat and bone 
meal, representing a meal of medium availability (70%) and soybean meal, representing a 

. meal of high availability (90% )(Table 5). 
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Table 5. Apparent ileal digestibility of the major essential amino acids in cottonseed, m~at 
and bone and soybean meals 

Cottonseed Meat and bone Soybean SEM 

Lysine 0.74 0.78 0.89 0.022 
Threonine 0.76 0.72 0.85 0.024 
Methionine 0.79 0.86 0.91 0.020 't 

Tryptophan 0.81 0.65 0.90 0.018 

From Batterham et al. (1990a). 

Diets were then formulated to similar levels of ileal digestible lysine, with the three protei.n 
sources the only sources of lysine in sucrose-based diets. The diets were supplemented with 
free amino acids, to ensure a surplus of 30%, relative to lysine. An additional three diets 
were supplemented with free lysine to verify that lysine was in fact the limiting amino ac~d in 
the original three diets. The diets were offered restrictively to swine over the 20-45 kg 
growth phase. At the completion of the experiment the swine were slaughtered and the lysine 
content in the empty bodies determined. 

Growth, feed conversion and protein deposition were all superior in swine given the diet 
containing soybean meal (Table 6). The retention of ileal digestible lysine in swine given 
cottonseed meal was only 36% compared to 75% for that from soybean meal. 

iii 

Table 6. Growth responses and retention of ileal digestible lysine by growing swine given 
diets formulated to 0.36 g ileal digestible lysine/MJ DE ;. 

Diets 

Response 1 2 3 SEM 
Cot Meat Soya 

Gain (g/d) 377 492 541 11.5 
Food conversion ratio 3.5 2.6 2.3 0.07 
Protein deposited (g/d) 38 66 77 1.6 
Lysine retained: ileal 
digestible lysine intake 0.36 0.60 0.75 0.012 

From Batterham et al. (1990a). 
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These results indicate that a considerable portion of the ileal digestible lysine in cottonseed 
meal was apparently absorbed in a form that was inefficiently utilised.· As such, the ileal 
digestibility assay over-estimates lysine availability in heat-damaged meals. 

Similar experiments have been conducted with the other essential amino acids. These results 
have confirmed that ileal digestible threonine and methionine are also apparently absorbed in 
a fonn/s that is/are inefficiently utilized (Tables 7 and 8). 

Table 7. Growth responses and retention of ileal digestible threonine by growing swine 
given diets formulated to 0.22 g ileal digestible threonine/Ml DE 

Response 

Gain (g/d) 
Food conversion ratio 
Protein deposited (g/d) 
Threonine retained:ileal digestible threonine intake 

From Beech et al. (1991). 

1 
Cot 

417 
3.2 
47 

0.44 

Diets 

2 
Meat 

452 
2.8 
62 

0.59 

3 
Soya 

524 
2.4 
75 

0.64 

SEM 

9.6 ' 
0.04 
2.3 

0.017 

With tryptophan, it was not possible to supply all the tryptophan from meat and bone meal, as 
excessive calcium would have resulted. Accordingly, the tryptophan was supplied from a. 
combination of meat and bone meal and free tryptophan. The results of this experiment were 
unusual, as the meat and bone meal plus free tryptophan diet stimulated the greatest swine ;'--~~ 
response (Table 9). This tends to suggest that the total values for tryptophan underestimated 
the amount of trY,ptophan in the meals. 
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Table 8. Growth responses and retention of ileal digestible methionine by growing swine 
given diets formulated to 0.09 g ileal digestible methionine/MJ DE 

Diets 

Response 1 2 3 SEM 

Cot Meat Soya lJ 

Gain (g/d) 411 441 496 17.4 
Protein deposited (g/d) 47 57 61 2.3 
Methionine retained:ileal 
digestible methionine intake 0.38 0.45 0.45 0.013" 

From Batterham et al. (1993). 

Table 9. Growth responses and retention of ilea! digestible tryptophan by growing swine 
given diets formulated to 0.065 g ilea! digestible tryptophan/MJ DE 

Response 1 
Cot 

Gain (g/d) 393 
Protein deposited (g/d) 54 
Tryptophan retained:ileal digestible 
tryptophan intake 0.51 

From Batterham et al. (1994). 

Diets 

2 
Meat+ Trypt 

531 
75 

0.49 

3 
Soya 

437 
63 

0.41 

,;. SEM 

27.7 
.. 3.5 

; -· 

New samples of cottonseed and soybean meals were used for the utilization studies with the 
remaining essential amino acids. Similar values were obtained with phenylalanine as 
previously, with growth response and retention of ilea! digestible phenylalanine lower with 
pigs given cottonseed meal compared to those given soybean meal. 

Surprisingly, with isoleucine, there were no differences in the growth performance and little 
difference in the retention of ileal digestible isoleucine (Table 10). 
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Table 10. Growth responses and retention of ileal digestible isoleucine by growing swine 
given diets formulated to 0.23 g ileal digestible isoleucine I MJ DE 

Response 

Gain (g/d) 
Protein deposited (g/d) 
Isoleucine retention: ileal 
digestible isoleucine intake 

From Batterham and Andersen (1994). 

Diets 

1 
Cot 

590 
84 

0.65 

2 
Soya 

594 
91 

0.73 

SEM 

13.0 
2.9 

0.014 

This indicates that ileal digestible isoleucine is useful for formulating diets. Similar results 
were recorded with leucine and valine. 

These results indicate that the branched-chain amino acids (valine, isoleucine and leucine), 
which are metabolised predominantly in the muscles, rather than the liver, are less sensitive to 
processing damage, and the ileal digestibility assay for these amino acids reflects a~ailability. 

Thus for lysine, threonine, methionine, tryptophan and phenylalanine, which are metabolized 
in the liver, heat damage during processing apparently causes changes to occur which have 
little effect on ileal digestibility, but results in a considerable portion of these amino acias 
apparently being absorbed in a form that is inefficiently utilised. Availability values are 
therefore needed for these amino acids in heat-damaged proteins. 

EFFECTS OF HEAT 

A series of experiments was undertaken at Wollongbar to verify that heat was the factor 
responsible for the inefficient utilization of ileal digestible lysine, and to determine the overall 
relationship between the application of heat and ileal digestibility, availability and utilization 
_of lysine in heat-processed field peas. 

The results indicated· that whilst heat has little effect on the ileal digestibility of lysine, the 
utilization of ileal digestible lysine was much reduced (Table 11). 

245 

'

i 'l 

\ 



Table 11. Growth responses and estimated lysine retention of growing swine fed diets 
containing heat-treated field peas and formulated to 0.36 g ileal digestible lysine 
/MJ DE 

Treatment 

Response Raw 110° 135° 150° 165° SEM 

Gain (g/d) 498 482 477 450 314 12.9 
Feed conversion ratio 2.6 2.7 2.8 2.9 4.5 0.12 
Estimated lysine retained: 

ilea! digestible lysine intake 0.72 0.65 0.64 0.58 0.42 0.021 · 

From Van Barneveld et al. (1991). 

Furthermore, these differences were detected using a slope-ratio assay for lysine. 

LIMITATIONS OF SLOPE-RA TIO ASSAYS 

There have been reports of problems with values obtained from slope-ratio assays, particularly 
relating to the effects of imbalances of amino acids within the diets on availability estimates. 
For example, Sato et al. (1987) reported that when the pattern of amino acids contributed by 
the inclusion of soybean meal was added to the standard tryptophan diets, it depressed the 
utilization of the tryptophan by 0.18 units of availability. This factor has not been checked 
with our lysine assay. However, there is no evidence of assay values being depressed, ~ 
values for lysine in soybean meal are high (0.90), similar to the ileal digestibility. It is 
possible that the use of controlled feeding in the lysine assay avoids this problem, as 
depressed feed intake is one of the first consequences of amino acid imbalance. 

ESTIMATING AVAILABILITY 

There is a need for rapid techniques for predicting amino acid availability. A number of 
techniques have been developed in the past, but these have shown little relationship to lysine 
availability, as assessed by slope-ratio assays (Batterham, 1992). 

For example, the results of chemical assays for available lysine are compared with slope-ratio 
assays with pigs in Table 12. . These show in most cases the chemical techniques over
estimated availability in meals of low availability. 
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Table 12. Availability of lysine (proportion of total) in protein concentrates for growing 
pigs and as estimated with chemical tests that were based on either direct or 
indirect reactions with fluoro-dinitrobenzene (FDNB) 

Protein concentrate 

Blood meal (ring-dried) 
Cottonseed meal 
Field peas 
Fish meal 
Lupin-seed meal 
Meat meal No. 1 

2 
3 

Peanut meal 
Skim-milk powder 
Sunflower meal 
Soya-bean meal 

From Batterham (1992). 

Lysine 
availability 

for pigs 

1.03 
0.43 
0.93 
0.89 
0.54 
0.48 
0.59 
0.88 
0.57 
0.85 
0.59 
0.84 

Chemical estimates of lysine 
availability 

Direct FDNB 

0.97 
0.65 
0.83 
0.90 
0.76 
0.80 
0.90 
0.84 
0.80 
0.79 
0.46 
0.77 

Indirect FDNB 

0.91 
0.93 
0.98 
0.89 
0.97 
0.79 
0.84 
0.82 
0.91 
0.96 
0.92 
0.93 

Nor were slope~ratio assays with rats or chicks reliable predictors of lysine availability in .. 
swine (Batterham et al., 1986). -' -.,,~ 

Thus new techniques for assessing availability need to be developed. This is only likely to 
occur when there is a greater understanding of the biochemical mechanisms underlying the 
loses of availability in processed meals. 

WHICH VALUES TO USE? 

The most appropriate system to use depends on available feed sources and the method of 
formulating diets: 

For cereals, ileal digestibility values appear the most appropriate at present, as they account 
for losses in digestibility. The assumption is made that ileal digestibility reflects availability. 
This may not be correct and this aspect requires further research. 
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For proteins that suffer minimal damage during processing, such as soybean meal, the ileal 
digestibility assay is the most appropriate at present for estimating the availability of all 
amino acids. 

For proteins that suffer heat damage during processing, such as cottonseed meal, sunflower· 
meal, meat and bone meal, batch dried blood meal etc, reference values for lysine availability 
are recommended. Corrections can also be made for the estimated availability of threonine, t< 

methionine, tryptophan and phenylalanine, based on modifications to the lysine value. For the 
branched-chain amino acids, ileal digestibility values seem appropriate. 

If diets are being formulated to least-cost using linear programming, then apparent ileal 
digestibility values are the most appropriate, as they take into account the endogenous cost of 
digestion. 

If diets are being formulated by computer simulation models, than true digestibility values are 
the most appropriate, as the model should correct for the endogenous cost of digestion. 

CONCLUSIONS 

Both ileal digestible and availability values have application in dietary formulations, 
depending on the protein sources in the diets. Ileal values are more applicable to proteins 
that have undergone minimal heat damage during processing. Availability values are needed 
for the major amino acids in heat-damaged proteins. The problem is ,that there are no rapid 
techniques for determining availability nor for assessing whether protein concentrates~have 
suffered heat damage during processing. -The results of Van Barneveld et al. (.1991) indipate 
that loss of availability may occur at the same time as ileal digestibility is improved witff the 
application of heat. For this reason, the development of new techniques for rapidly assessing 
amino acid availability is crucial if diets are to be accurately formulated to available amino 
acid concentrations. 
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I CHROMIUM IN SWINE DIETS 
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University of Minnesota 

INTRODUCTION 
The purpose of this paper is to highlight some of the historical and new information 

regarding the use of chromium supplememation in the diets of nonruminants for the purpose 
of optimizing lean tissue production. Throughout this paper we will attempt to capture the 
highlights of this issue in order to bring the reader up to date in a general sense. It is not the 
purpose of this paper to provide an exhaustive review of all of the pertinent research nor is it 
our goal to-provide conclusive recommendations. Rather, our goal is to provide background 
information necessary to understand the topic and hopefully to provide an information base 
that should allow nutrition professionals to begin forming opinions and action plans. 

The attention of animal agriculture has been directed to dietary chromium recently due 
to reports of striking improvements in carcass quality of pigs (Page et al., 1992b; 1993; 
Mooney and Cromwell, 1993; Lindemann et.al., 1993), growth rate of turkeys (Steele and 
Rosebrough, 1979), and growth rate and immune response of stressed feeder calves (Chang 
and Mowat, 1992; Moonsie-Shageer and Mowat, 1993) from chromium supplementation of 
the diet. 

Chromium is an essential mineral that is naturally found in many food stuffs. 

.· 

Research dating back before the 1960s indicates that deficiencies in available chromium can 
have very deleterious affects on ·normal carbohydrate, amino acid and lipid metabolism. ~his 
is coupled with a growing body of evidence suggesting that as many as 90% of the humans\ 
and an un<l:etermined number of the production animals in the U.S. have inadequate chromi1irn~ 
intakes. The inadequate intake of this nutrient may express itself as varying degrees of 
abnormal metabolism that could result in reduced lean tissue growth. 

Inorganic forms of chromium are poorly absorbable from the G.I. tract (0.4 - 3% 
[Anderson, 1987]) and appear to be present in common feed stuffs in widely variable 
concentrations. This variation may cause inconsistant responses to supplemental chromium. 
Organic chealates of chromium (Figure 1) are significantly more bioavailable (Seerly, 1993). 
Some of the efficacious organic fonns of supplemental chromium that may become available 
for use in livestock feeds are: 

I. Specific synthetic compounds 

A. Chromium tripicolinate 

B. Chromium trinicotinate 

II. High-chromium yeast 

251 

'
I 
~ 



t.'":''!~~ 
I' 

r':' 
!1 

i ' 

I 
\ I, 

At the time of this writing (July, 1993), neither of the synthetic compounds is approved for 
use in animal feeds. Most of the recent data concern the tripicolinate, but data on the 
trinicotinate will soon emerge. Each contains about 10-12% chromium. The structure of the 
two organic forms is very similar (Figure 1) however, the trinicotinate form is less lipid 
soluble than the tripicolinate form. 

High-chromium yeasts have high concentrations of chromium (one product contains about 
2,000 ppm), and it appears to be biologically available (Chang and Mowat, 1992; Moonsie- 7l 
Shageer and Mowat, 1993). Traditional brewer's yeast is unlikely to be an important source 
because its chromium concentration (about 1 ppm; Toepfer et al., 1973), while higher than, -· 
most feed ingredients, is too low to serve well as a specific chromium source. It will 
probably be an important chromium source only if it is a major part of the diet. 

The specific mechanism by which chromium functions is unknown. However, it is clear that 
chromium does work as a cofactor with the hormone insulin. Adequate chromium is needed 
for normal insulin action. Only with a chromium deficiency does supplemental chromium 
exhibit any positive affects on metabolism and chromium only has an effect when insulin is 
present. Thus we must think of chromium as a nutrient and not as a therapeutic agent. It is 
a cofactor that allows insulin to function normally and possesses no action in and of itself. . . . / 

NEW INFORMATION ON CHROMIUM IN PIG DIETS 

Much of the current interest in chromium comes from recent exRerimental results that show 
important improvements in carcass leanness of pigs fed chromium tripicolinate. A summary 
of the published results, evaluating the effect of 200 ppb chromium from chromiu111. 
tripicolinate, is shown in Table 1. These results as a whole show marked reduction i_n backfat 
thickness and marked increases in loin eye area and in calculated percent lean in the care.ass 
of pigs consuming diets supplemented with chromium tripicolinate. This increase in leanness 
was found in two separate genotypes that were similar in carcass quality but differed in 
growth rate (Page et al., 1992b). Lindemann et al. (1993) found the effect whether the diets 
contained 100% (low) or 120% (high) of NRC (1988) estimated lysine requirement. Thl;IS, 
data published to date suggest strongly that chromium tripicolinate improves pig carcasses. 
There is always the danger that studies that fail to show differences may not be published, 
and it is not yet clear whether other studies now underway may moderate the strong trends 
shown in Table 1. 
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Dose effects of chromium tripicolinate were evaluated in several studies (Lindemann et al., 
1993; Page et al., 1993). In general, results suggest that about 100 to 200 ppb chromium 
maximizes the response. Larger doses may reduce feed intake and growth rate (Page et al., 
1993), but this is not supported by another study (Lindemann et al., 1993). 

In the third experiment of Page et al. (1993), neither chromium chloride, picolinic acid nor 
the combination of these affected carcass quality when provided at the same dose as in 
chromium tripicolinate. 

' 

.ll 

TABLE 1. CARCASS CHARACTERISTICS OF PIGS FED DIETS WITHOUT SUPPLEMENTAL 
CHROMIUM OR WITH 200 PPB CHROMIUM AS CHROMIUM TRIPICOLINATEa 

Backfat thickness, mm Loin eye area, cm2 % muscle 

Source/ 
Description Control Chromium Control Chromium Control Chromium 

Page et al., 1993 

Exp. 1 28.3 24.4 34.9 37.2 .. 52.9 

Exp. 2 31.5 26.3 .. 34.0 39.9 .. 51.7 

Exp. 3 30.7 23.9 .. 31.5 38.4 .. 52.3 

Page et al., 1992bb 
.. 

Genotype A 32.6 27.8 .. 32.0 34.8 50.4 

Genotype B 34.2 25.5 .. 31.7 38.4** 49.6 

Lindemann et al., 1993 

Low lysine 33.6 27.8* 29.0 33.6* NA 

High lysine 33.0 29.6* 30.1 32.1 * NA 

Mooney and Cromwell, 1993 

37 36 30.0 29.3 43.5 

3Asterisks indicate significant differences from control; * P<.05; ** P<.01. 
bMain effect of diet significant (P<.01) for all three variables; diet X genotype interaction 

(P<.06) for loin eye area and % muscle. 

" :..~-~ 

There is no clear effect of chromium tripicolinate on growth rate or feed conversion in the 
studies cited in Table 1, although some experiments showed an increase in growth rate. 
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Mooney and Cromwell (1993) found an increase (P<.02) in rate of muscle accretion (154 vs. 
127 g/day) in pigs given chromium tripicolinate, but effects on traditional carcass 
measurements were minimal. Evock-Clover et al. (1993) found that pigs treated with porcine · 
somatotropin (pST) and consuming 300 ppb chromium from tripicolinate accumulated less 
lipid than pST-treated controls pigs. There appear to be no effects on several measures of 
pork quality (shear force, drip loss, cooking loss, total loss; Page et al., 1992a). 

CHROMIUM AND CARBOHYDRATE METABOLISM 

In the late 1950s Schwartz and Mertz (1957, 1959) began characterizing a substance they 
called the Glucose Tolerance Factor (GTF). This substance could restore normal glucose 
tolerance in rats fed mineral deficient diets. These investigators ultimately discovered that the 
active agent in their crude GTF preparations was chromium. They found that various 
chemical forms of chromium restored normal carbohydrate metabolism in animals receiving 
chromium deficient diets, suggesting that the GTF potentiated insulin's ability to function as a 
metabolic regulator. Apparently the organic fonns of chromium were the most potent in 
restoring normal insulin function. Similarly, chromium supplementation in humans with mild 
hyperglycemia has been shown to improve glucose tolerance. In addition, chromium 
supplementation normalizes the levels of the metabolic hormones insulin and glucagon 
(Anderson et al., 1991). .. 

Chromium deficiency expresses itself as a general impairment in insulin sensitivity making it 
similar in some ways to type-2 or insulin resistant diabetes. When chromium is deficient, 
supplementation of this element can improve glucose tolerance by increasing the insulili'
stimulated uptake of glucose from the blood. Chromium supplementation also can enhance, 
insulin action which results in reduced blood insulin levels since it takes less insulin to · ··~~ 
promote glucose uptake by tissues. The reason that supplemental chromium has these effects 
in deficient animals is because it is a necessary cofactor for insulin allowing this hormone to 
interact with its receptors on target tissues. This is supported by data from many human and 
laboratory' animal experiments. In addition, recent results from metabolic studies have 
produced results suggesting that dietary chromium (tripicolinate or synthetic glucose-tolerance 
factor) makes insulin more effective in growing pigs (Steele et al., 1977; Amoikon et al., 
1993; Evock-Clover et al., 1993). Preliminary results from research in progress in our 
'laboratory suggest an appropriate dose of chromium trinicotinate gives similar responses . 

CHROMIUM AND AMINO ACID METABOLISM 

Work by Roginski and Mertz (1969) indicated that chromium supplementation of deficient 
rats could increase amino acid uptake into cells and enhance the incorporation of specific 
amino acids into liver proteins of supplemented animals. This and other work by Campbell et 
al., (1989) provided evidence that chromium is an important cofactor for insulin's function as 
a major metabolic regulator of amino acid metabolism and protein synthesis. 
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CHROMIUM AND LIPID METABOLISM 

Schroeder and Balassa (1965) provided evidence that chromium deficiency caused impaired 
lipid metabolism as evidenced by elevated serum cholesterol levels. Animals supplemented 
with chromium exhibited lowered serum cholesterol levels and normalization of lipid 
parameters in the blood. Riales and Albrink (1981) demonstrated that chromium 
supplementation to adult men reduced serum triglycerides and increased high density 
lipoprotein-cholesterol. Insulin is a powerful regulator of lipogenic enzymes in adipose tissue 
which are important in the metabolism of serum lipids and maintaining normal serum lipid 
profiles. Therefore, these results are consistent with an effect of chromium on insulin 
sensitivity in the body. 

Chromium is found throughout the body but is not stored in any specific tissue (Anderson, 
1987). In normal subjects chromium release in the urine has been shown to increase with 
increased intake of various carbohydrates including glucose (Mertz, 197 5). Work by others 
shows that urinary chromium is increased in individuals stressed by disease or exercise. 
These data suggest that chromium is utilized and released from the body in a controlled 
manner consistent with insulin action and tissue growth. 

When considered in total, the above research combines to provide evidence indicating that 
where chromium is deficient, insulin action is impaired to the point where detrimental 
alterations in carbohydrate, amino acid and lipid metabolism are seen. 'fhis evidence allows 
us to begin evolving various hypotheses regarding the role of dietary chromium in animal 
growth. Most, if not all, of the deleterious effects observed with chromium deficiency-tan 
be related to an impairment in insulin action. Thus it appears that adequate chromium is 
necessary for proper insulin sensitivity of peripheral tissues. 

The evidence strongly indicates that chromium supplementation is important only when it is 
deficient and that it is a necessary cofactor for insulin action. Therefore, we must first 
review insulin's role in metabolism in order to begin to understand how chromium 
supplementation in non-ruminant diets might have positive effects on lean growth. 

CHROMIUM AND INSULIN ACTION 

Insulin is one of the most extensively studied and characterized peptide hormones. This 
hormone is secreted by the beta-cells of the pancreas and is composed of 51 amino acids. 
Its primary actions are stiml,Jlating uptake of glucose and amino acids into insulin-sensitive 
tissues such as bone, liver, muscle and adipose tissue thus providing cells with the metabolic 
fuel required for maintenance, growth and development . Like all peptide hormones, insulin 
must first bind to its specific cell surface receptor to elicit a response in target tissues. The 
insulin receptor and the Type-1 insulin-like growth factor (IGF) receptor are similar in gross 
structure. At high concentrations, insulin and IGF-1 can interact with the other hormone's 
receptor. IGF-1 is known to possess insulin-like actions such as increasing glucose and amino 
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acid uptake by tissues as well as stimulating the induction of lipogenic enzymes in 
adipocytes. In addition to this, insulin has been shown to regulate IGF-1 levels arid gene 
expression in situations where insulin is missing (diabetes) or where insulin action is reduced. 
In addition to this relationship, insulin, IGF-1 and growth hormone (GH) are related to each 
other due to complex interactions and regulatory systems (Figure 2 [White, 1992]) Therefore, 
impaired insulin sensitivity can have devastating effects on normal metabolism resulting in 
impaired nutrient utilization as well as altered hormone and growth factor profiles. 
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With this background in mind, a number of potential modes of action for chromium can be 
postulated. All theories regarding the role of chromium in metabolism and growth revolve 
around its role as a cofactor for normal insulin action. For example, chromium's 
involvement in metabolism and growth may involve a direct biochemical interaction between 
chromium and insulin allowing the insulin-chromium complex to more efficiently bind to its 
receptor resulting in increased insulin binding to cells. The lack of sufficient chromium 
prevents insulin form functioning normally, thus decreasing insulin sensitivity in tissues. 
This reduced insulin sensitivity causes a cascade of events resulting in altered metabolism and 
growth ranging from impaired carbohydrate, lipid and amino acid metabolism to altered 
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hormone and growth factor levels as described in previous paragraphs. In addition to these 
complications, others have reported that chromium deficiency can also have deleterious . _ 
effects on immune function and possibly appetite control. All of these negative outcomes in . 
growth and metabolism have the potential to lead to decreased tissue accretion (Figure 3). 
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Figure 3 
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This is consistent with reports on the benefits of supplemental chromium on carcass 
characteristics in meat animals. However, a question remains regarding the effects of 
supplemental chromium on the improved gain of any specific tissue. If chromium 
supplementation in deficient animals restores normal insulin action, it is unclear why the 
growth of a specific tissue type such as lean tissue would be selectively improved over 
another (such as adipose tissue). Insulin has positive effects on both lean and fat tissue. 
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Therefore, with our ,current knowledge, there is no clear reason to expect lean gain to be 
increased over fat. It is possible that the animal's position on its growth curve may be 
involved. Since lean tissue has priority for growth and nutrients earlier in the growth curve, . 
one might expect that chromium supplementation in a deficient animal might have a greater 
effect on lean gain in a younger animal than in an older one. Another possibility is that 
chromium has-different effects on insulin action in muscle versus adipose tissue that 
ultimately results in increased lean gain. However, this is all speculative and deserves 
further research. 

SUMMARY 

The role of chromium in normal metabolism and growth appears to be linked with its 
necessity as a cofactor for proper insulin action. Where it is deficient, the lack of adequate 
chromium reduces insulin's ability to function to varying degrees and can have deleterious 
effects on growth and metabolism. However, it must be made clear that chromium has no 
metabolic or growth actions by itself. Chromium is a nutrient and not a therapeutic agent and 
is a necessary cofactor for normal insulin function. Therefore, supplemental dietary 
chromium can only be expected to have an effect in situations where chromium is deficient in 
the diet. Numerous studies have shown that chromium in the absence of insulin or 
supplemental chromium added to chromium-adequate diets has no effect on growth or 
metabolism. The influx of new data demonstrating the positive effects of supplemental 
chromium in swine diets may mean a significant number of swine herds are somewhat 
chromium aeficient and that depending on the chromium levels found in the sources used to 
formulate swine diets this chromium inadequacy can vary as feed sources vary. 
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PROSPECTIVES ON LEAN GROWTH MODELING APPLICATIONS 

NUTRIENT REQUIREMENTS 

Robert A. Easter, Ph.D. 
Professor, Swine1 Nutrition 

Department of Animal Sciences 
University of Illinois 

Swine nutrition is fundamentally concerned with the preparation of diets that will meet the 
nutritional needs of pigs for growth and reproduction. Consequently, much research effort 
over the past half-century has been devoted to the establishment of the daily needs for each of 
the essential dietary nutrients. This information has been compiled at regular intervals by 
learned committees and published, c.f., NRC (1988), for use by the nutritionists in diet 
formulation. The value of this research and compilation effort to the swine industry has, and 
continues to be, very great. 

Yet, there are limitations and these are appropriately acknowledged in the footnotes and the 
text that invariably accompany any published table of nutrient requirements. Each' pig is a 
unique individual living under specific environmental conditions. Arguably, each pig has 
nutritional needs that are different from those of all other pigs. But, in practical terms, is it 
important to address the nutritional needs of each animal individually? In the instance of 
growing-finishing animals it is probably sufficient to consider together the needs of similar 
animals being feed under uniform conditions. A stronger case can be made for the 
individualization of feeding programs for sows. ·~~ 

Historically, the North American approach has been to classify growing-finishing pigs 
according to weight and to define nutrient requirements for each weight class. For most 
micronutrients, where the concern is achievement of a daily minimum requirement, and where 
excesses neither affect perfonnance or, .in a significant manner, diet cost, this remains an 
appropriate solution. However, in the case of energy and amino acids it should be possible to 
achieve economic benefit by· the use of requirements estimated for specific production 
situations. 

Many factors affect amino acid needs. When requirements are expressed as a percent of the 
diet, the factors often considered significant (Tanksley et al. 1986) are: sex, energy density of 
the diet, protein content of the diet, genetic potential for lean growth and relationships with 
other amino acids. Often not listed but of real importance are the environmental factors, i.e., 
effective temperature, feeder access and floor space, that influence feed intake. The 
increasingly common production practice of providing separate formulations for barrows and 
gilts (Cromwell et al.,. 1993) reflects an effort to capture economic benefit by more closely 
matching diet to actual nutrient needs. 
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Yet many other variables affect nutritional needs. It is practical impossibility to conduct. the 
experiments necessary to correctly define the requirements for key nutrients in each individual 
production situation. Computer growth models are an attempt to provide a reasonable 
alternative. 

COMPUTER GROWTH MODELS 

Models are representations of reality. They are used to visualize concepts, to test ideas, to 
teach or to entertain. The models with which many-have had experience are the physical "tol 
scale" representations of buildings, bridges and automobiles. There are other types. 
Mathematical models, for example, provide a means of predicting results based on defined 
relationships among inputs that are known to influence a final outcome. The last two decades 
have seen a great proliferation of mathematical models primarily as a result of the large, high
speed computation made possible by developments in digital computing. The use of models 
in every-day life range from weather forecasting to the sophisticated golf games that predict 
the consequences of club selection, strength and direction of stroke and sudden gusts of wind 
on the fairway. Video displays provide graphic depictions of the outcome. 

Growth modeling has been a part of swine management for many years as producers have 
attempted to predict performance and profitability before ever putting a pig on feed. 
Sometimes those early modeling efforts were successful but often they were not as factors 
ignored in the original "model" influenced results in unexpected ways. At the same time, 
research efforts throughout the world have contributed to a massive pool of information 
available to define the effects of a multitude of factors on pig growth performance. Th(( 
integration of this data to predict perfonnance responses under specific conditions is a ' --
daunting task. Growth modeling is an attempt to systematically define the interactions using 

- mathematical relationships that pennit rapid, computer-assisted calculation of predicted 
results. 

The University of Edinburgh research group headed by Whittemore deserves recognition for 
early efforts to model the growth consequences of protein and energy intake in pigs 
(Whittemore and Fawcett, 1974). That work, in tum, drew significantly on the research data 
of a pioneering Polish scientist, Dr. Jan Kielanowski, who had examined the energy costs of 
protein and fat deposition in pigs (Kielanowski, 1966). By 1977 (Whittemore, 1981) a 
functional computer growth model, eventually known as the "Edinburgh Model Pig" had been 
produced. 

The Edinburgh Model Pig was designed to answer "what if ... " questions of economic 
significance. A key question, for example, concerned the effect of energy intake on fatness at 
market and thus carcass value. Using genetic, environmental and cost inputs for a particular 
situation, predictions were used by British farmers to' develop the most appropriate feeding 
strategy. Early University of Illinois experience with the Model Pig was positive and 
encouraged our involvement in the field. 
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By the mid-1980's modeling efforts were underway in several centers around the world 
including the U.S. (Watt et al., 1987), The Netherlands (Moughan and Verstegen, 1988) and 
Australia (Black et al., 1986). Some of these models, such as that developed by Black et al. 
(1986), have seen extensive commercial application in swine production. Others, such as that 
developed by Cook (1991) in our lab have served primarily as a mechanism for the 
identification of "gaps" in our knowledge of pig biology. Although most models have 
focused on growing pigs, Pettigrew at Minnesota has given attention to sows and others, c.f., 
Kelyn and Go us ,(1988), have used similar concepts to model performance in poultry. 

To the novice, models may appear to be a "black" box into which certain information is fed 
and from which results appear. The relationships between input and output may not be 
obvious. The Cook (1991) model developed in our lab will be examined briefly to provide 
some concep! of logical sequence of calculations in a model. 

First; genotype and gender information is used to define the upper bounds for feed intake and 
potential lean growth. Then, key environmental variables known to influence feed intake are 
described. These factors inclu.de effective environmental temperature, stocking density and 
number of pigs per pen. And, finally, infonnation is provided regarding certain potential 
dietary factors, i.e., antibiotics, energy density and fonn of diet, that may influence voluntary 
consumption. Equations taken from the swine nutrition literature are then used to predict 
daily energy consumption. Other growth equations are used to predict daily lean and fat 
growth over the desired weight range. From estimates of lean growth, it is then possible to 
calculate the quantity of each individual amino acid that will be required daily, at the rl'ssue 
level, to support that growth. Maintenance needs are calculated based on metabolic body, 
size. In the calculation of daily dietary needs, the quantities of amirio acids required at the·~~ 
tissue level are adjusted for inefficiencies associated with digestion and the utilization of 
absorbed amino acids. The output from the model includes both daily performance, body 
composition and amino acid requirement estimates. 

It should be apparent that assumptions must be made about many different biological, 
environmental and genetic relationships in the process of developing a model. The validity of 
the results are dependent on the correctness of these relationships. It is inevitable that some 
models will be superior to others. And, it is conceivable that some models may be frankly 
misleading. The evidence to date would suggest that valid, reasonably accurate, models can 
be developed. 

To an extent, the capacity of a model to predict reality is based on the type of logic used in 
its development. Deductive logic is derived from a defined and accurate understanding of 
basic relationships. For example, if one applies a certain quantity of heat to a vessel of 
water, it is possible to precisely calculate the amount of water that will evaporate because the 
heat of vaporization is known under standard conditions of temperature and atmospheric 
pressure. Empirical relationships are based on experimentation under one set of conditions. 
One could measure the amount of water evaporated at sea level in an experiment, but a 
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the failure to consider the effect of atmospheric pressure. c 

In a similar manner, models based solely on empirical relationships may "break down" if the 
model is asked to predict results under different conditions. Given the current state of 
incomplete knowledge, most models today contain both deductive and, of necessity, :empirjcal 
elements. As research is stimulated by modeling efforts, increased understanding of basic 
relationships will follow and with that, improvement in validity of model results. 

UTILITY OF GROWTH MODELS 
/) 

The applications for swine growth modeling are limited only by the human imagination. At 
this stage of development, most models are being developed for only one, or a most, a few 
uses. Certainly estimation of nutrient requirements is a high priority. Some other possible 
uses are listed in table 1. It remains to be seen how whether models will be developed for 
these applications. 
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TABLE I. SOME POSSIBLE USES OF SWINE GROWTH MODELS 

1. Sensitivity analysis 

2. Genetic evaluation 

3. Facility modification 

4. Production optimization 

5. Pollutant output 

6. Employee education 

Identification of the factor in a 
production situation which has the 
greatest impact on performance and 
profitability. 

•' 

Prediction of the effect of genetic 
change on resource requirements and 
performance yields. 

Examination of the effect of 
environmental modification on animal 
perf onnance. 

Detennination of the production strategy 
that will yield the greatest economic 
return. 

Estimation of the quantity of nitrogen 
released into the environment from 
different feeding strategies. 

Use of modeling to make employees aware 
of the consequences of failure to execute 
proper practices. 



The evolution of growth models from concept to application in practice has been slow. The 
pace of this process is now being accelerated by developments in technology and by the 
demands of the market place for maximum leanness at a minimum cost. 

LITERATURE CITED 

Black,' J. L.,,R. G. Campbell, I. H. Williams, K. J. James and G. T. Davies. 1986. 
Simulation of energy and amino acid utilisation in the pig. Res. and Dev. in Agri. 

~\ 3:121. 

I: 
I' 

Cook, D. A. 1991. The conceptual analysis of a dynamic mathematical model for the 
estimation of the amino acid requirements for pigs from weaning to maturity. Ph.D. 
Thesis, University of Illinois, Urbana. 

Cromwell, G. L., T. R. Cline, J. D. Crenshaw, T. D. Crenshaw, R. C. Ewan, C. R. 
Hamilton, A. J. Lewis, D. C. Mahan, E. R. Miller, J. E. Pettigrew, L. F. Tribble 
and T. L. Veum. 1993. The dietary protein and (or) lysine requirements of 
barrows and gilts. J. Anim. Sci. 71:1510. .· 

Kleyn, F. J. and R. M. Gous. 1988. A mathematical model for the formulation of 
optimal amino acid and energy concentrations in feeds for laying hens. Agri. Sys. 
26:65. ... 

Kielanowski, J. 1966. Conversion of energy and the chemical composition of gain in bacon 
- pigs. Anim. Prod. 8:121. 

Moughan, P. J. and M. W. A. Verstegen. 1988. The modelling of growth in the pig. 
Netherlands J. of Agri. Sci. 36:145. 

NRC. 1988. Nutrient Requirements of Swine (9th Ed.). National Academy Press, 
Washington, D.C. 

Tanksley, T. D., D. H. Baker and A. J. Lewis. 1986. Protein and amino acids for swine. 
Pork Industry Handbook. Cooperative Extension Service, University of Illinois. 

Watt, D. L., J. A. DeShazer, R. C. Ewan, R. L. Harrold, D. C. Mahan and G. D. Schwab. 
1987. NCCISWINE: Housing, nutrition and growth simulation model. Applied 
Agri. Res. 2:218. 

Whittemore, C. T. 1981. Animal production response prediction in Computers in Animal 
Production (G. M. Hillyer, Ed.) Brit. Soc. Anim. Prod. University of Edinburgh. 

,. 
~-::. 

267 

ii! 

I: ,, 
I 

.,, 

li 
j1 
,I 

ll '· 
II 
J: 
1·11 

'1li 
'I 
I' 
I 

•' ... 
:r 

l'i 
/Ii 



I ' 

i : 

I : 

Whittemore, C. T. and R. H. Fawcett. 1974. Model responses of the growing pig to the 
dietary intake of energy and protein. Anim. Prod. 19:221. 

/ 

•· 

268 



ENERGY CONTENT OF FEED INGREDIENTS FOR POULTRY 

Dr. Nick Dale 
University of Georgia 
Athens, GA 30602 

Energy is one of the most costly components of modern poultry and animal feeds. In order to 
obtain optimum growth and feed conversion, many nutritionists use as high an energy level as 
is economically feasible. Thus, a knowledge of the energy content of individual feed ingredie!lts . 
is an important part of the feed formulation process. Ingredients are often included or reject~d' 
from a given formula according to their relative metabolizable energy content. A fairly preci.se 
knowledge of the energy content of feed ingredients is thus important, not only for purchas1ng 
decisions, but also for adjusting calorie:nutrient relationships. 

Over the past half century, several systems have been used to describe the energy content of feed 
ingredients. The productive energy systems of Fraps (1946), developed in the mid-1940's, was 
a net energy system. In the mid-1950's, the metabolizable energy system became more popular. 
Extensive studies at the University of Guelph (Sibbald and Slinger, 1963), University of 
Connecticut (Potter and Matterson, 1960), and Cornell University (Hill and Anderson, 1958) 
established a bank of ME values. In 1976, Dr. Ian Sibbald (1976) of Agriculture Canada 
developed the true metabolizable energy assay, which has the advantage of being less costly and 
labor intensive than the previous metabolizable energy assay. Our laboratory has adopted the 
TME0 system for routine measurement of the energy content of feed ingredients. 

Concern is sometimes expressed over whether it is necessary to convert true metabolizable eQergy 
(TME

0
) values to metabolizable energy (ME) values prior to formulation. We feel this is.'n·ot 

necessary. On the basis of numerous evaluations at Agriculture Canada and the University of 
Georgia, average TME0 values for corn and soybean meal, respectively, have been found to be 
approximately 1535 kcal/lb and 1100 kcal/lb. These correspond very closely to metabolizable 
energy values in use by nutritionists. Thus, no conversion appears necessary. 

A summary of metabolizable energy values for numerous feed ingredients has been published by 
Agriculture Canada (Sibbald, 1986) and the University of Georgia (Dale and Fuller, 1987). In this 
presentation, discussion will be limited to the energy· content of corn, animal by-product meals, 
and bakery meal. 

YELLOW CORN 

Corn comprises the bulk of most North American poultry diets. Thus, a proper estimate of the 
nutritional quality of incoming car loads of corn is essential for proper dietary formulation and 
optimum poultry performance. In most feeds corn contributes almost 70% of the energy and 
about 25% of the prote~n. However, it is widely kno,wn that corn can vary considerably in quality 
from shipment to shipment and from year to year. It is necessary for nutritionists to be aware of 
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those factors causing variation in the nutrient quality of corn so as to make dietary adjustments 
and ensure the maximum efficiency of broiler and layer production. 

\ .-· 
During the past several years, an extensive series of tests on the nutritive quality of corn has been 
conducted at this laboratory. Three of the major points addressed in this project are the impact 
of (1) broken kernels and foreign material, (2) oil content, and (3) bushel wefght on 
metabolizable energy values. 

Energy of Corn Fractions 

Percent broken kernels and foreign material are taken into account in the grading of yellow '~om. 
However, the energy of these two fractions has not been adequately established. A knowledge 
of their energy content is essential to properly characterize the energy content (and hence feeding 
value) of incoming corn. 

Samples of yellow corn were obtained from eight different trains originating in the upper mid
west. These were divided into whole corn, broken kernels, and foreign material fractions, and 
each was evaluated for metabolizable energy. Results are presented in Table 1. Broken kernels 
were found to have 40 calories per pound less than whole kernels, and foreign material about 150 
calories less. However, an extrenie variation was noted in the latter as many different materials 
(including fine corn particles) comprise the "foreign material" fraction. 

TABLE 1. Mean values of proximate composition and TME0 of different corn fractions . 

Nutrient 
Variable 

Protein(%) 
Fat(%) 
Fiber(%) 
Ash(%) 
TME0 

Whole 
Kernels 

8.1 + .2 
3.7A ± .3 
l.7c + .2 
1.38 + .1 

1563A + 25 

Broken 
Kernels 

8.1 + .2 
3.38 ± .2 
2.38 + .1 
1.28 ± .1 

15248 + 30 

Foreigl\ 
Material'">;.:.. 

8.5 + .7 
2.4c + .4 
5.5A + 2.1 
2.lA ± .5 

·1397c + 84 

A,B,C Means within each nutrient variable with different superscripts differ significantly (P_:s.05). 

Effect of Oil Content 
In recent years, plant geneticists have developed varieties of yellow com with extremely high 
levels of oil. These varieties may find a niche in modem poultry feeds as they contain higher 
energy levels than commodity yellow corn. Twenty-nine samples of corn were evaluated for true 
metabolizable energy with a range in oil (86% dry matter basis) from 2.9 to 13.1 % (Figure 1). 
Those samples with the highest oil content contained approximately 1750 kcal/lb (86% dry 
matter)~ This compares to 1540 kcal/lb for commodity yellow corn. A prediction equation was 
developed to adjust TME0 on the basis of the oil content. of the individual sample. 

TME0 (kcal/lb) = 1456 + 24 (% oil) (R2 = .81) 
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Effect of Bushel Weight on TME
0 

The summer of 1992 in the upper mid-west was characterized by low temperatures, high rainfall, 
and a relatively early frost. These factors combined to have a very negative impact on ,(he test 
weight (lbs/bushel) of yellow corn. Throughout the fall and winter, numerous inquiries_ were 
made to the University of Georgia as to how low test weights might effect the metabolizable 
energy of corn. Twenty-six samples of yellow corn were obtained from industry sources ranging 
in bushel weight from 42 to 60 (yellow corn should weigh about 56 lbs per bushel). Energy 
content was determined on all 26 samples (Figure 2) and an equation developed to modify _the 
energy level according to the test weight: The adjustment (3.1 kcal/lb reduction for each pound 
below 56) was less than had been anticipated by some nutritionists. Nevertheless, it is important 
to take this variation into account considering the extreme importance of corn as a source of 
energy in feeds. 

BAKERY MEAL 

Dried bakery product (DBP) is a popular feed ingredient in many parts of the United States and 
Canada. It is composed of various waste products from the baking industry which are blended 
together, usually dried and separated from impurities, ground, and sold to the feed industry 
mainly as an energy source. As inputs come from a number of different baking processes, and 
high fat levels frequently necessitate the addition of inert substances to improve product flow, 
substantial differences in the proximate composition of DBP can occur. A previous publication 
(Dale et al., 1990) cited several studies from the literature which evaluated the nutritive content 
of DBP, and in addition, proposed a prediction equation to estimate true metabolizabl~ energy 
(TME0 ) based upon proximate composition of individual samples. ~ 

Subsequent to that study, numerous additional samples of DBP were obtained from commercial 
sources and evaluated for proximate composition and TME11 • To date, a total of 59 samples have 
been evaluated. As noted in Table 2, considerable variation was seen in the proximate 
composition of samples. Fat levels, for example, ranged from 5.7 to 19.5%, fiber from 0.7 to 
8.4%, and ash from 3 to 13%. TME11 (90% dry matter) was found to V<LJ' from 1332 to 1818 
kcal/lb. Based on these results, a prediction equation was developed to estimate the TME

0 
content 

of proximate composition: 

TME0 (kcal/lb) = 1831 + 11 (% fat) - 29 (% ash + % fiber) 
(R2 = 0.72) 

All values have been adjusted to a 90% dry matter basis. 
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TABLE 2. Proximate composition and TME0 content of Dried Bakery Product (90% dry 
matter) (59 samples). 

Nutrient High Low Average 

Protein (%) 15.5 7.9 10.7 
Fat(%) 19.5 5.7 10.8 

2.6 ,. C. Fiber(%) 8.4 0.7 
Ash (%) 13.0 3.0 6.9 " 
TME0 (kcal/lb) 1818 1332 1671 

POULTRY OFFAL MEAL 

Poultry offal meal is an animal protein product containing virtually all the by-products of poultry 
processing, including viscera, heads, feet, blood, feathers, DOA 's, and frequently, hatchery waste 
and dissolved air flotation sludge. As can readily be appreciated, the composition of such a 
product varies enormously according to manufacturing procedures at different poultry processing 
plants. Proximate composition and mineral content of such meals can readily be determined in 
most quality control laboratories. However, considerable uncertainty existed regarding the 
metabolizable energy content of these meals. Over the past several years, some 22 samples of 
poultry by-product meal from seven different rendering facilities were evaluated for proximate 
composition and TME

0 
content. A summary of these results is presented in Table 3. Using this 

data, a prediction equation was developed to predict the TME0 of future samples. The best 
equation based on two variables (fat and ash) is the following: 

TME0 (kcal/lb) = 1320 + 29.6 (% fat) - 24.6 (% ash) (R2 = .80) 

To properly use the equation, all data should be converted to reflect a 92% dry matter content. 

TABLE 3. 

· Nutrient 

Protein(%) 
Fat (%) 
Ash(%) 

Proximate composition and TME11 content of poultry offal meal (92% dry matter) 
(22 samples). 

High Low Average 

67.6 47.1 52.0 
39.4 18.3 32.2 
14.5 2.8 7.2 

TME0 (kcal/lb) 2385 1648 2104 
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FIGURE 1. Relation between oil content and 
TMEN of yellow corn (86% OM) 
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FIGURE 2. Effect of test weight on the TMEN 
of 1992 yellow corn (85% OM) 
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DESIGNING EGGS AND HEALYH/NUTRITIONAL IMPLICATION 
FOR EGG CONSUMERS 

ABSTRACT 

Jeong S. Sim, Professor 
Department of Animal Science 

University of Alberta, Edmonton Alberta, Canada T6G 2P5 

The rapid decline in per capita egg consumption over the past 30 years is one of the rriost 

challenging problems facing the Canadian egg industry today. The relatively high cholesterol 

content in eggs is undoubtedly one of the major contributing factors. Various attempts to reduce the 

cholesterol content or produce cholesterol-free eggs have met with no success. The option to 

produce cholesterol-free eggs is limited, but it is possible to alter the chemical composition' of the 

eggs in such a way as to make the altered yolk lipids more favorable· for consumers. By 

manipulating the chicken feed, we were able to biologically incorporate w-3 fatty acids into egg 

yolk lipids and to significantly reduce the w-6 to w-3 fatty acid ratios from 19 to 1.4. The purpose 

of this paper is to report the plasma lipids and blood pressure-modulating phenomena of fatty acid

modified chicken eggs (Dr. Sim's Canadian Designer Eggs TM) in animal and human subjects~, 

INTRODUCTION 

Pioneering work by Danish researchers on the apparent health benefits of dietary omega-3 fatty 

acids suggested that consuming fish protects against coronary heart disease in Greenland Eskimos 

in spite of a large intake of fat and cholesterol (Dyerberg et al, 1978; Dyerberg and Bang, 1979). 

Eskimos living in Greenland consume a marine food diet supplying 40-45 3 of calories from fat 

and 700 mg/day cholesterol (264 mg/1000 kcal) and yet have significantly lower plasma LDL (low 

density lipoprotein) and VLDL (very low density lipoprotein) than do Eskimos living in Denmark 

consuming a Western type diet (Bang et al., 1980). The lower incidence of atherosclerosis and 

ischemic heart disease in Japanese fishing villages also has been attributed to a lower plasma 

cholesterol and LDL resulting from the higher fish consumption (Hirai et al., 1989). Japanese 

consume more fish (90 g/day) than do North Americans (less than 20 g/day) and have a six fold 

lower incidence of atherosclerosis and heart disease (Yamori et al., 1985). In both studies 

(Japanese and Dane), the consumption of diets containing high omega-3 fatty acids 

(eicosapentaenoic acid, EPA and docosahexaenoic acid, DHA) were implied as responsible factors 

(Dyberg, 1986; Yamori et al., 1985). 
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There currently is a great deal·of interest in engineering foods to reduce the potential risk of 

coronary heart diseases by direct or indirect incorporation of omega-3 fatty acids into animal 

products including eggs, poultry and even red meats (Kinsella, 1988, Ackman et al., 1988, Farrell · 

and Gibson, 1990, Romans et al., 1989a, 1989b and Sim et al, 1992). Today's consumers are 

more nutrition and health conscious than previous generations and this change in attitude has an· 

increasingly significant impact on their food choices. In the Canadian diet, a major proportion of 
u 

dietary fat and most saturated fat and cholesterol intake are of animal origin (58 3, 67 3 and 100 

3, respectively). Thus it is of considerable importance to animal agriculture and consumers alike to 

produce food products that are perceived as being more healthful. Animal scientists need to 

understand the biochemical mechanisms of the effects of fish oils and to ultimately apply this 

understanding to nutrition strategies in ani'1Jal agriculture. 

The overall aim here is to explore the far-reaching nutritional implication of the fatty acid-modified 

animal products which modulate tissue/plasma cholesterol and fatty acid composition upon 

consumption. The immediate objective of this "Canadian Designer Egg" concept present7d today is: 

1) to recapture consumers who have given up eating eggs because of cholesterol-phobia, 2) to 

increase the overall per capita table egg consumption, 3) to make the egg industry competitive in the 

world food market, 4) to diversify egg industry by developing a variety of new products and 5) to 
. . 

stimulate the sagging egg industry in Canada, with spin off returns to the feed industry and oUseed 

growers of Canada. 

ENRICHING EGGS WITH OMEGA-3 POLYUNSATURATED FATTY ACIDS 
(Development of Designer Eggs) 

The emphasis has been on the longer chain polyunsaturated fatty acids of the omega-3 family: 

eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). A number of studies have 

confirmed that a-linolenic acid (LNA), the parent omega-3 fatty acid found in vegetable oil seeds 

like flax, canola and soybean, can be converted to EPA and DHA in humans and animals (Adam et 

al.1986). It has been also shown that dietary LNA is more potent than omega-6 fatty acid in 

lowering plasma and hepatic cholesterol (Garg et al. 1988). Enrichment of diets with omega-3 fatty 

acids has been shown to lower the plasma cholesterol and triglycerides in man (Sanders, 1989). It 

was thus suggested that 800 to 1100 mg per day of LNA and 300 to 400 mg per day of 

combination of EPA and DHA are needed to meet the omega-3 fatty acid requirement of the elderly 

(Simopoulos, 1988). Recently, the Canadian Government adopted a recommendation that omega-3 

PUFA are essential nutrients, and dietary supply should be at least 0.53 of energy intake and the 

ratio of dietary omega-3 to omega-3 PUFA should be reduced (Health and Welfare Canada, 1990, 

Beare-Rogers, 1991). 
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In our studies, it was shown that egg yolks could be enriched with omega-3 PUFA by feeding full

fat canola or flax seed to actively laying chickens (Sim et al. 1992; Jiang and Sim, 1992 and 

Cherian and Sim, 1991). One enriched large egg can supply about 600 mg of total w-3 PUFA~ to 

the human diet which is equivalent to a serving of 100 g fish. The chicken egg, therefore, is a 

potential vehicle to provide the much needed omega-3 PUFA. 
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Hgure 1. Total omega-3 PUFA composition of egg yolk lipids when laying hens were fed diets 
containing full-fat oil seeds (DHA, docosahexaenoic acid; DPA, docosapentaenoic acid; 
EPA, eicosapentaenoic acid; LNA, linolenic acid) 

Birds fed flax seed produced eggs enriched with omega-3 fatty acids (7 to 11 3 of yolk lipids) in 

order of LNA>EPA>DPA>DHA. Full fat canola feeding also produced a moderate degree of 

deposition ( 4.5 3 of total fatty acids) which is still 3 times higher than that of the control group 

(Figure I). 

LNA was the major omega-3 PUFA deposited in egg yolks although considerable amounts of 

EPA, DPA and DHA were also detected. This indicate.s that laying hens efficiently convert the 

ingested LNA, the parent form of omega-3 fatty acids derived from dietary omega-3 fatty acids, to 
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EPA, DPA and DHA via desaturase and elongase enzyme system. While LNA was incorporated 

mainly into yolk triglyceride fraction, the longer chain omega-3 PUFA were preferentially 

deJX>sited in the yolk phosphatidylethanolamine fraction. Arachidonic acid (AA), the metabolite of 

linoleic acid (LA) was significantly reduced. Consequently, the ratio of omega-6 to omega-3 

PUFA was drastically decreased in the omega-3 enriched egg (from 8.2 to 1.4) by flax feedfog. 

Flax was more potent than canola in enriching omega-3 fatty acids into egg yolk. We have b~n 

able to incorporate omega-3 fatty acids into egg yolk lipids (500-600 mg/egg) by changing the diets 

of the laying hens, lowering the omega-6 to omega-3 fatty acid ratio from 20: 1 to 1.5: 1 without 

otherwise altering the egg's organoleptic qualities. 

EFFECT OF OMEGA-3 PUFA ENRICHED EGGS ON BLOOD LIPIDS 

It would be interesting to study the influence, if any, of omega-3 fatty acid-enriched egg yolk on 

plasma cholesterol and tissue fatty acid modulation. Thus, the present studies were carried out to 

examine the effects of feeding omega-3 PUFA enriched eggs to rats as an anim'!l model and 

humans as egg consumers on plasma and liver tissue cholesterol levels and fatty acid composition. 

Animal Studies: The response of plasma and tissue lipids to the consumption of omega-3 .. 
PUFA enriched egg yolk by rats was investigated. The eggs were hard boiled, yolks_ were 

removed, pulverized and dried. Dry yolk JX>wders were incorporated into a semisynthetic diet at a 

153 level and fed to weanling female Sprague-Dawley rats for 4 weeks. The blood and liver 

cholesterol levels and fatty acid composition were determined at the end of the feeding period. 

Feeding omega-3 PUFA enriched eggs reduced both plasma and liver total cholesterol contents by 

20 and 383, respectively (Figure 2). Further, feeding omega-3 PUFA enriched eggs to rats 

significantly raised EPA, DPA, and DHA, but lowered AA, consequently lowering the hepatic 

- tissue omega-6 to omega-3 PUFA ratios particularly in the phospholipid fractions (Sim et al., 

1992 and Jiang and Sim., 1992). 

This observation encourages us to believe that the health benefits of the fish consuming Eskimo 

and Japanese pop-ulation can be reproduced in a Western diet by engineered fish-like food 

products. Eggs, therefore, are adopted as a pilot study model for this research since they are 

readily modified and make an ideal vehicle to provide the much needed omega-3 PUFA. One 

enriched large egg can supply about 600 mg of total omega-3 PUFA to the human diet which is 

equivalent to more than '30 % of the minimum recommended daily intake. 
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Figure 2. Plasma and liver cholesterol levels of rats at the end of 28-day fed yolk powder with 
and without omega-3 PUFA enrichment (Animal Study) 

Human Studies: (Trial 1) Twenty four healthy male students aged 18-32 were recruited frorn 

the University of Alberta, Edmonton. The selected subjects were healthy and none were taking 

medications known to affect lipid metabolism. Ea.ch subject was requested to sign a consent form 

in order to participate. The personal data of all subjects are presented in Table 3. The subjects were 

randomly divided into two groups of 12 each. Breakfast, consisting of two fried eggs, designer 

eggs for group A and regular eggs for group B (without using additional oil or butter), two pieces 

of 603 whole wheat bread, jams and apple or orange juice, were served between 0730 to 0900 

each weekday morning in the Food Science Department at the University of Alberta. The subjects 

took home the eggs for the weekend and holidays and requested to cook the egg without cooking 

oil or butter. They consumed either two Canadian Designer Eggs or regular eggs per day in 

addition to their habitual diet (unknown, not disclosed). Before and at the end of the 18 day study, 

subjects were fasted for more than 12 hours and blood samples were drawn from an antecubital 

vein into evacuated tubes containing 0.1 3 EDTA (anticoagulating agent). The lipid analysis for 

cholesterol from plasma total, LDL and HDL fractions was carried out by an independent 

commercial clinical laboratory (Dr. T. A. Kasper's Laboratory, Edmonton, Alberta). Plasma total 

cholesterol (TC) and LDL cholesterol (LDL-C) were raised in subjects who consumed regular 

eggs, but were maintained virtuaJJy unchanged in those who consumed w-3 enriched eggs (Figure 
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3). Intake of two regular eggs a day did not affect plasma HDL cholesterol (HDL-C) and plasma 

triglyceride (TG) levels. But intake of two w-3 enriched eggs a day resulted in a signifrcant 

elevation of HDL cholesterol (P<.05) and a reduction (37%) of plasma triglycerides (P<_._01) 

(Figure 3). These results demonstrated that the cholesterolemic property of chicken eggs could be 

modified by altering the fatty acid composition of yolk lipids (Jiang and Sim 1992). 
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Figure 3. Percentage change in plasma total cholesterol and triglycerides levels in human subjects 
after consuming 2 w-3 PUFA enriched (A) or regular eggs (B) (Trial 1). 

(Trial 2) 22 volunteers (15 males and 7 females) consumed two to three designer eggs per day at 

their home for 30 days without changing their normal habitual diets. Plasma lipids were measured 

before and after the trial. Plasma total cholesterol and triglyceride levels were reduced by 5.3%, 

and plasma triglyceride levels decreased by 9.1 % (Figure 4). 

(Trial 3) Another group of 9 volunteers consumed two regular.eggs for the :flrst two weeks and 

two designer eggs for another two· weeks. Blood lipids were determined at the initial, middle, and 

final points. On average, plasma cholesterol slightly increased (+2.5%) after consuming regular 

eggs and declined off slightly (-I .2 % ) after designer egg consumption (although changes are not 

statistically significant, the trend is apparent). 
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Blood triglycerides were elevated by 6.13 during the first two weeks (regular eggs), and was 

reduced by 12.53 during the second two-week period (designer eggs) (Figure 5). These results 

with human subjects from a series of (3) trials demonstrated that the cholesterolemic properties of 

chicken eggs could be reduced by incorporating w-3 PUFA into the yolk. 
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Figure 4. Changes in plasma total cholesterol and triglyceride levels in human subject who 

consumed two or three w-3 PUFA enriched eggs a day for a period of 30 days (Trial 
2). 

.. 

(Trial 5) To confirm the previous observations with male population, fourteen female students 

aged 19 - 31 were recruited from the University of Alberta during the 1992-winter session and 

divided into two groups at random. Participating students wete served two fried eggs, two pieces 

of whole wheat toasted bread and a glass of juice (apple or orange) every morning between 0730 to 

0900 for a period of 4 weeks. Group A (9 subjects) consumed designer eggs (DE) throughout the 

4-week feeding period. Group B (5 subjects) started with designer eggs (DE) and were switched to 

traditional eggs (TE) after 2 weeks (mid-point). As described in trial 2, blood samples were taken 

at 0 (initial= i), 14 (mid-point= m, and 28 (final= f) days and subjected to routine analysis for the 

plasma lipid profiles (total cholesterol, triglycerides, HDL-C and LDL-C, determined by Kasper's 

Laboratory). Blood pressure was also measured in the morning once every two weeks with a 
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standardized mercury manometer. All measurements were performed by an experienced head 

nurse, University Health Centre at the University of Alberta. 
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Figure 5. The changes in plasma cholesterol and triglyceride levels in volunteers who consumed 
two regular eggs during the first two weeks and then two w-3 PUFA enriched eggs for 
another two weeks (Trial 3). 

Group A: When students consumed 2 designer eggs throughout the experimental period, total 

cholesterol and LDL-cholesterol levels were not greatly changed although more than 400 mg extra 

cholesterol was consumed from the eggs included in the daily breakfast (Figure 6). This confirms 

that Designer eggs do not increase plasma cholesterol level in humans. Triglyceride levels, 

however, were markedly lowered (more than 13.7 3 from the initial value. No net change in 

HDL-C was observed. Both systolic and diastolic pressure were substantially decreased upon 

consumption of designer eggs (Figure 7). 
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diastolic pressures) of female students (Group A) consuming Designer Eggs (DE) 
during the 4-week experimental period (Trial 5). 

/ 

Group B: When students began with Traditional Eggs (TE) and switched to Designer Eggs (DE) 

at the 3rd week (immediately after mid-point), the plasma total cholesterol tended to initially raise 

with TE, followed by a decline with DE. Systolic blood pressure also showed a similar pattern, 

initially being raised with TE and lowering with DE (Figure 7).. 

In summary, results from a series of human trials (five trials) are all in the desired direction, although 

the relatively small numbers and acknowledged variability of the human subjects makes it difficult to 

draw statistically significant conclusions. There are clear patterns to state that consumption of 

Designer eggs 1) do not provoke plasma cholesterol despite their high inherent cholesterol 

content, 2) produce a marked reduction of plasma triglyceride levels, 3) tend to modulate 

systolic hlood pressure in a postive way (reducing systolic blood pressures) and 4) also 

enrich bod_y tissue lipids with omega-3 fatty acids, of phospholipids in particular. 

Designer eggs may offer an alternative choice of food product to the todays' nutrition-health 

conscious consumers in North America. 
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IMPACT ON THE PUBLIC HEALTH AND FOOD ANIMAL INDUSTRY 

In the industrialized world, animal products contribute more than 603 of total lipids, 703 saturated 

fats and 1003 cholesterol of the diet. Consumer preference for the animal products will likely 

continue. Thus it would be of national strategic importance in the fight against heart disease to 

design/ modify animal products in such a way that the dietary risks minimized. Both epidemiologic;:J 

and clinical intervention studies have demonstrated a decrease of coronary heart disease mortality in 

people consuming relatively small amount of omega-3 fatty acids (0.5g/day) over a long period of 

time (Simopoulos, 1991; Kinsella et al. 1990). 
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Bi-weekly Determinations (Switching from TE to .DE) 

: 

figure 7. Changes in blood pressures (systolic and diastolic pressures) of female students 
(Group B) consuming Traditional Eggs (TE) and switching to Designer Eggs (DE) 
during the 4-week experimental period (Trial 5). 

IMPACT ON EGG/FOOD/FEED INDUSTRIES 

Consumers continue to emphasize the high cholesterol content of eggs and the egg industry 

continues to suffer from rapidly decreasing per capita table egg consumption in Canada. These two 

phenomena are undoubtedly related. The egg industry in Canada is a significant part of animal 

agriculture and is sustained by a nationally protective supply-management system. An increasingly 
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competitive world market environment requires that industry concentrates on producing what· the 

market needs rather than simply supplying what we produce. The egg industry has been/yery 

responsive in seeking new technology to exploit eggs beyond their traditional food value. One, such 

technology is the Canadian Designer Egg which retains the functional, nutritional and sensory 

qualities of the egg, but dramatically alters the lipid composition including the ratio of w-6:_w-3 

PUFA in the yolk. 
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ABSTRACT 

BONE MODELING AND NUTRIENT INTERACTIONS 

Bruce A. Watkins 
Purdue University 
West Lafayette, IN 

The growth and modeling of limb bones in poultry are regulated by complex interactions between 
the animal's genetic potential, environmental influences and nutrition. These factors interact to 
produce a bone structur:e that balances functionally appropriate morphology with the skeleton's 
involvement in calcium and phosphorus homeostasis. In growing poultry the long bones increase 
in length, and diameter l;>y the process called modeling. Bone modeling represents an adaptive 
process that is distinct from bone remodeling, which is the term used to describe the resorption 
and formation of mineralized tissue which maintains skeletal mass and morphology in adult 
poultry. As many of the skeletal lesions which afflict poultry are the consequence of 
abnormalities in bone.modeling, not bone remodeling, an appreciation of the differences between 
these two ... contrasting processes is a prerequisite for understanding the pathogenesis of skeletal 
lesions in poultry. 

.· 
Numerous growth regulatory factors are present in bone tissues. The prostaglandins and 
cytokines affecting the skeletal system are produced locally by chondrocytes, osteoblasts, 
monocytes/macrophages and lymphocytes found in or associated with bone. These compounds 
are biosynthesized and secreted by the aforementioned cells either from induction by So/Stemic 
endocrine hormones such as parathyroid honnone, estrogen and vitamin 0 3, or by autocrii:ie or 
paracrine si,gnaling agents within bone. :- •,,::. 
Several nutrients influence the growth and development of long bones in poultry. The effects 
of calcium, pnosphorus and 1,25(0H)2vitamin 0 3 on bone growth are well known. Low calcium 
intakes result in reduced serum calcium, osteoporosis or low calcium rickets, and thin eggshells 
and reduced egg production. A severe phosphorus deficiency can cause rickets, but serum 
phosphorus levels are usually maintained during deficiency. Vitamin 0 3, the antirachitic vitamin, 
affects several aspects of bone metabolism. Since the discovery of vitamin 0 3 (cholecalciferol) 
and its chemical synthesis, poultry diets are easily supplemented with this vitamin to facilit~te 
total confinement rearing. The active metabolite of vitamin 0 is 1,25-dihydroxyvitamin 0 3 

(l,25(0H)20 3). The 1,25(0H)20 3 elevates calcium and phosphorus levels in plasma. In many 
respects, the response of l,25(0H)20 3 on target tissues is similar to that of a classical steroid 
hormone; however, new evidence suggests that 1,25(0H)20 3 elicits biological responses via a 
nongenomic pathway. 

This paper will: 1) explain the process of bone modeling and remodeling in poultry; 2) discuss 
the roles of prostaglandins, cytokines and growth factors involved in the local regulation of bone 
metabolism; and 3) describe some of the research in our laboratory on the effects of lipids on 
bone modeling in broiler chickens. 
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BONE METABOLISM 

Bone is a metabolically active tissue comprised of pop,ulations of chondrocytes, osteoblasts, 
osteoclasts, osteocytes, endothelial cells, monocytes, macrophages and lymphocytes. . The 
complex milieu of cells found in bone tissue produce a variety of biological controls that 
influence bone metabolism. Endocrine hormones (parathyroid hormone (PTH), estrogens and 
1,25(0H)2D3), and autocrine and paracrine factors (prostaglandins, cytokines and insulin-like 
growth factors) regulate bone metabolism to inc:rease the length and diameter of long bones as 
poultry grow. The activities controlling bone grow!h in poultry are: bone matrix formation, 
mineralization of new bone matrix and resorption of bone apatite. Osteoblasts participate in bone 
formation and osteoclasts are responsible for resorption of bone. 

The prostaglandins (PG) and cytokines affecting the avian skeletal system are produced locally 
by chondrocytes, osteoblasts, monocytes/macrophages and lymphocytes found in or associated 
with bone. These compounds are biosynthesized and secreted by bone cells or cells a~sociated 
with the skeleton. Most PG and cytokines influence metabolic processes in bone to stimulate or 
inhibit matrix formation, mineralization and resorption as well as induce mitogenic effects on 
bone cells. 

BONE REMODELING 

The skeletal morphology of adult poultry represents a sophisticated compromise between 
structural obligation and metabolic responsibility, serving the animal in support and locomotion 
while actively participating in the regulation' of calcium homeostasis (Bain and W'lltkins, 1993). 
This compromise is accomplished through the animal's genetic potential for growth an.d intricate 
interactions between nutrition, metabolism and endocrine factors. Hormones and certairi··nutrients 

) 

modulate the autocrine and paracrine cellular relationships (actions of PG and cytokines) 
responsible for the maintenance of bone mass and architecture. In the adult skeleton, the 
coordination of bone resorbing and bone forming activities is termed the "bone remodeling 
cycle". 

The regulation of bone remodeling and its corresponding role in the maintenance of adult bone 
mass (as in the laying hen or breeding stock) is distinctly different from the processes which 
control skeletal growth and bone modeling in young poultry (for example rapidly growing meat
type poultry). 'As the name implies, modeling is responsible for altering bone shape. Modeling 
of bone is an adaptive process, providing order and specificity to the more generalized increases 
in bone mass which accompany tissue growth (Bain and Watkins, 1993). The most important 
cells responsible for the majority of bone metabolism are the osteoblasts and osteoclasts. 
Osteoclasts attach to the bone surface and resorb bone in specific sites. The osteoclast becomes 
attached to the bone surface in a membrane bound microenvironment which can be optimized 
for enzyme actions and cell activities associated with dissolution of the mineralized matrix and 
release of bone Ca2

+. As the period of bone resorption subsides osteoblasts are brought to the 
site for deposition of new bone matrix. 
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The formation of bone matrix (osteoid) is initi~ted by groups of osteoblasts being recruited, to the 
site. The osteoblasts synthesize and deposit new bone. matrix into the excavated cavity. The 
osteoid becomes the site for mineralization. The bone remodeling "cycle is complete after 
osteoblasts refill the cavity left during resorption of bone. The events of resorption and formation 
are believed to be "coupled" such that resorption is always followed with new bone formation. 
It is hypothesized that a reservoir of growth factors and cytokines reside in bone to maintain the 
bone remodeling cycle (Canalis, 1988). According to this hypothesis, osteoclastic bone resorption 
releases regulat~,ry molecules into the local microenvironment, where they in turn produce the 
autocrine .and paracrine interactions that are associated with the recruitment of the osteoblast to 
the remodeling site (Farley et al., 1987). 

BONE MODELING 

In contrast to bone remodeling, bone modeling lacks local coupling of resorption with bone 
formation on the modeling bone surface. The resorption' and fonnation in bone modeling occurs 
on separate surfaces; therefore, surface activation in modeling bone may be followed· by either 
resorption· o.r formation (Burr and Martin, 1989). The timing and sequence of the cellular events 
and the ex~ent of their activities in bone remodeling and modeling processes are fundamentally 
different (Table 1). 

Table 1. Comparison of bone modeling and remodeling activities .-

Local Coupling 

Timing and Sequepce 
of Activity 

Extent of Surface 
Activity 

Anatomical Objectives 

Bone Remodeling 

formation and resorption 
are coupled 

cyclical: A1-RS2-RV3-F4; 
formation always follows 
resorption 

20% of surf aces are 
active 

skeletal maintenance 

Bone Modeling 

formation and resorption 
are not coupled 

F and RS are continuous 
and occur on separate 
surfaces 

100% of surf aces are 
active 

gain in skeletal mass 
and changes in skeletal 
form 

1 A = activation, 2 RS = resorption, 3 RV = reversal, 4 F = formation 

To summarize the activities of bone cells during modeling, osteoclasts resorb bone on the inner, 
endos~eal surface (marrow cavity) while osteoblasts add matrix q~ the outer, periosteal surface. 
As the bone grows the osteoblastic and osteoclastic activities will lead to increases in bone size 
and changes in longitudinal and cross-sectional geometry which are characteristic of individual 
skeletal components. Modeling drifts reflect the bone's ability to sculpt its morphology in 

289 



response to functional demands. For example, increasing muscle mass and physical activity. of 
the bird will influence how the bone is modeled. 

Diet also affects bone modeling in rapidly growing meat-type poultry. Turkey poults (Watkins 
et al., 1989a) and broilers (Watkins et al., 1989b) demonstrate varus bone defects when fed 
biotin-deficient diets. Photomicrographs of cortical bone modeling patterns at the mid-diaphysis 
of the tibiotarsus in biotin-deficient poults and chicks revealed varus defocts compared to the 
biotin-adequate and pair-fed animals. The difference in the pattern of bone formation drifts and 
cortical thickness relative to the fibula indicate a lack of bone resorption. 

In rapidly growing meat-type poultry, the functional demands on the bone necessitate that the 
diaphysis must grow via an advancing front of radial lamellae (Riddell, 1981). These lamellae 
are assembled by groups of osteoblasts continually recruited from precursor cells in the thick 
periosteum (membrane covering the outer borie surface). As -poultry mature, the scaffold of 
primary osteons will be consolidated (Riddell, 1981). With periosteal expansion in this system 
capable of exceeding 100 µm per day (Bain et al., 1988; Watkins et al., 1989a), poultr;y may well 
represent the ultimate bone modeling system with growth rates and modeling drifts that far 
exceed most mammalian farm animals. 

BONE MINERALIZATION ; 

Matrix vesicles 

The calcifying cartilage in long bones of growing chickens contains chondrocytes which elaborate 
matrix vesicles that initiate mineralization (Wuthier, 1988). Matrix vesicles are also present in 
developing long bones of the embryonic chick. Wuthier (1988) describes the matrix vesicle 
structure as a lipid enclosed microenvironment with acidic phospholipids (such as 
phosphatidylserine) that exhibit high-affinity binding for Ca2

+. A major proportion of matrix 
vesicle phosphatidylserine is complexed with Ca2

+ and Pi (Wuthier, 1988). Matrix vesicles 
contain ion-transport proteins for Pi and Ca2

+ and possess several active phosphatases, especially 
alkaline phosphatase. -The matrix vesicle rapidly accumulates Pi and Ca2

+ to yield octacalcium 
phosphate which forms apatite (Wuthier, 1988). The developing mineralized crystals eventually 
rupture the matrix vesicle membrane. 

THE LOCAL REGULATION OF BONE METABOLISM 

Hormones 

PTH is a stimulator of osteoclastic bone resorption in poultry but the effect may be mediated 
through another cell type q~ a paracririe interaction. Likewise, 1,25(0H)2D3 stimulates bone 
resorption but cytosolic receptors for this form of vitamin 0 3 have been found in the osteoblast 
and not in the osteoclast (Suda et al., 1992). As with PTH, l ,25(0H)2D3 may activate bone 
resorption via the osteoblast or by a localized compound that regulates bone cell function. 
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Prostaglandins 

The essential fatty acid linoleic (18:2n6) is metabolically converted to polyun'saturated fatty acids 
(PUFA) in the liver of the chicken (Watkins, 1991 ). Linoleic acid is referred to as an n-6 PUF A 
because the terminal double bond nearest the methyl end of the molecule in its carbon chain is 
located at the 6th position. Enzymatic desaturation (addition of double bonds) and chain
elongation (by 2-carbon units) of 18:2n6 leads to the formation of arachidonic acid an n-6 PUFA 
(Figure 1). The ~-6 desaturase is probably the major rate-regulating step in PUFA synthesis for 
poultry. Hormonal and nutritional regulation of the ~-6 and ~-5 desaturases controls the rates 
of conversion of 18:2n6 to its respective long-chain n-6 PUFA (Watkins, 1991). 

Specific· PUFA serve as substrates for the biosynthesis of a variety of oxygenated compounds 
called efcosanoids (prostacyclins, prostaglandins, thromboxanes, H(P)ETEs (hydroperoxy and 
hydroxy acids), lipoxins and leukotrienes). For example, 20:3n6, 20:4n6 and 20:5n3 are 
substrates for the 1, 2 and 3 series prostaglandins, respectively. The synthesis of eicosanoids is 
ubiquitous in poultry and these oxygenated Cio carboxylic acids affect nearly all physiological 
systems. Some of their established biological actions in chickens include stimulation of 
myoblast, chondrocyte and bone cell differentiation, and mediation of oviposition and bone 
resorption (Watkins, 1991 ). .· 

Prior to the biosynthesis of PG, substrate fatty acid must be made available for the 
cyclooxygenase and lipoxygenase enzymes. Activation of phospholipases cleaves substrate from 
membrane phospholipids (Figure 1). The liberated fatty acid is available to undergo oxid~ive 
transformation via the· cyclooxygenase or lipoxygenase pathways. Various stimuli (physical, 
hormonal, chemical and toxic) cause the release of prostaglandins in tissues. Prostaglandins, 
prostacyclins and thromboxanes are the major products evolved from the cyclooxygenase pathway-~.,_ 
while H(P)ETEs, leukotrienes and lipoxins are those emanating from the lipoxygenase pathway 
(Figure 1). Cyclooxygenase is inhibited by aspirin and indomethacin. Arachidonic acid is the 
primary ~ubstrate for most of the eicosanoids produced. Once formed, the eicosanoids exert 
localized, often autocrine or paracrine effects on individual cells. The eicosanoids are short-lived 
biological regulators which produce immediate responses before being rapidly degraded by 
enzymes in tissues where they are synthesized. 
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J. 
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! 
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(COMPONENTS OF ALL CELL MEMBRANES AND ORGANELLES) 

J_ PHOSPHOLIPASE 
FREE ARACHIDONIC ACID 

CYCLOOXYGENASE rt' 

THROMBOXANES 
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Figure 1. Conversion of the essential fatty acid linoleic acid to arachidonic acid, 
its incorporation into phospholipids and subsequent biosynthesis into eicosanoids 

In 1970, prostaglandin E2 was observed to cause calcium release from bone tissue indicating 
effects on bone resorption (see Raisz and Martin, 1983). Production of PG has been measured 
in chick cartilage tissue (Chepenik et al., 1984), bone organ culture (Raisz and Martin, 1983) and 
osteoblasts (Feyen et al., 1984). Physical stress (Somjen et al., 1980) and systemic and local 
bone regulatory factors (PTH, epidermal growth factor, platelet-derived growth factors, 
transforming growth factors and interleukin- I) stimulate PG synthesis and release in osteoblast 
or bone organ cultures (Krane et al., 1988). 

Cytokines 

The cytokines are extracellular signalling proteins secreted by effector cells which act on nearby 
target cells. Cytokines exert their effects at low concentrations in autocrine or paracrine cell-to-
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cell communications. Cytokines stimulate anabolic processes in cells but also may inhibit-cell 
activity; hence, they could be called biological modifiers. Some cytokines influence cell behav.ior 
through endocrine hormones or PG. For example, the synthesis and release of PGE2 is associated 
with the response produced by the action of cytokines (Krane et al., 1988). 

The cytokines involved in bone modeling and remodeling include epidermal growth factor (EGF), 
fibroblast growth factor (FGF), interferon-y (IFN-y), interleukins (IL-1, IL-6), platelet-derived 
growth factor (PDGF), transforming growth factors (TGF-a, TGF-p), tumor necrosis factor-a 
(TNF-a) arid insulin-like growth factors (IGF-I, IGF-II) (Canalis et al., 1991; Krane et al., 1988). 
Table 2 provides a brief summary of effects produced by eicosanoids, cytokines and regulatory 
peptides on bone cells and tissues. Whereas, most cytokines are potent stimulators of bone 
resorption, few in fact enhance bone formation (Table 2). FGF, PDGF and TGF-P stimulate 
proliferation and differentiation of collagen synthesizing cells. 

TGF-P regulates the proliferation of chick growth plate chondrocytes isolated from the growth 
plate of three~ to five-week-old chicks. PTH, IL-1 and 1,25(0H)2D3 stimulate bone resorption 
by increasing~ TGF-P activity in bone organ culture (Centrella et al., 1988). 

Table 2. Reported responses of autocrine and paracrine factors in bone' 

Responses observed in bone 

Bone formation or matrix production 

Bone resorption . 

Collagen synthesis 

Cytokihe, Eicosanoid or 
Peptide Growth Factor2 

FGF, IGF, PGE, TGF-13 

EGF, IL, LT, PDGF, TGF-a, 
TNF-a 

FGF, IGF, TGF-13 

1 Adapted from: Canalis et al., 1991; Norrdin et al., 1990; Spencer, 1991. 

2 Epidermal growth factor - EGF; Fibroblast growth factor = FGF; Interleukin = IL; . Insulin
like growth factor = IGF; Leukotriene = LT; Platelet-derived growth factor= PDGF; 
Prostaglandin E = PGE2; Transforming growth factor = TGF-a, TGF-13;Tumor necrosis factor 
= TNF-a. 

Many of the cytokines exert a positive effect on bone resorption. From Table 2, EGF, IL, PDGF, 
TGF-a and TNF-a all stimulate bone resorption in vitro. IFN-y inhibits in vitro bone resorption 
in the presence of cytokines (IL-1, TNF-a and TNF-P) and calcium-regulating hormones (PTH 
and 1,25(0H)20 3). The mechanism by which IFN-y inhibits bone resorption is controversial, but 
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recent investigations suggest that this cytokine interferes with osteoclast formation (Canalis etal., 
1991). 

·, 

Insulin-like growth factors 

The insulin-like growth factors (IGF) which are also called somatomedins, are described as 
paracrine or autocrine regulatory p_olypeptides of cells. These compounds stimulate growth and 
the synthesis of DNA, RNA and proteins in cells. IGF are mitogenic and stimulate 
differentiation in a variety of cell types (D'Ercole et al., 1984). Pituitary growth hormone (GH) 
controls the tissue biosynthesis and s~cretion of IGF-1 (insulin-like .growth factor I or 
somatomedin C) postnatally (Spencer, 1991; Clemmons and Underwood, 1991). Serum 
concentrations of IGF-1 are maintained by liver synthesis under the influence of GH. Much of 
the circulating IGF is bound to plasma IGF binding proteins (IGFBP) (Spencer, 1991). IGF-1 
mediates the effects of GH. IGF-11 is produced in bone tissues and it is stored at higher 
concentrations than IGF-1 in chicken skeletal tissues (Bautista et al., 1990). The liver is the 
principle source of IGF-1 ·posthatch, but extrahepatic tissues contribute much more during 
prehatch in the chicken (Serrano et al., 1990). Interestingly, receptors for IGF-1 are present very 
early (three to six days) and dominate compared to the insulin receptors in chick embryonic head 
and brain (Bassas et al., 1989). 

The plasma IGF concentrations in the growing chicken increase progressively from zero to three 
weeks of age but plateau from three to seven weeks (McGuinness and Cogburn, 1990). When 
chickens were fasted for 24 hrs the concentrations of IGF decreased (Ballard et al., 1990). 
Receptors for IGF in chicken liver also peak at three weeks and then drop from three to 10 
weeks of age (Duclos and Goddard, 1990). 

Throughout embryonic development, IGF receptor numbers and distribution are regulated and 
IGF-1 receptors are present at most stages of embryogenesis in chick growing limbs (Bassas and 
Girbau, 1990). In vitro studies with embryonic chick sternal chondrocytes showed a rapid 
stimulation of RNA and proteoglycan synthesis but delayed glycosaminoglycan and DNA 
synthesis with IGF-1 treatment (Kemp et al., 1988). Stimulation of glycosaminoglycan synthesis 
seems to be an early action of IGF-1. 

We have recently reported that dietary lipids can influence the concentrations of IGF-1 in plasma 
and bone tissues of broiler chicks (Watkins et al., 1993). Feeding n-3 PUFA elevated plasma 
levels of IGF-1 compared to treatments of n-6 PUFA or saturated fat. Dietary sources of n-6 
PUFA elevated cortical bone and growth cartilage IGF-1 concentrations in the tibiotarsus. We 
are currently evaluating the effects of dietary lipids on IGF-1 receptors and mRNA in bone tissues 
of chicks. 
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VITAMIN D3 

Vitamin 0 3 formation, absorption and metabolism 

Vitamin 0 exists in two forms, ergocalciferol (vitamin 0 2) and cholecalciferol (vitamin 0 3). 

Ergocalciferol and its provitamin (ergosterol) are present in plants, but cholecalciferol and its 
precursor 7-dehydrocholesterol are most prevalent in animals. 
The provitamin D sterol 7-dehydrocholesterol is a precursor of vitamin 0 3 as well as a product 
of cholesterol metabolism. In poultry, previtamin 0 3 is formed in the skin from 7-
dehydroc;:holesterol by action of ultraviolet light. The reaction results in the opening of the B ring 
of the sterol nucleus. The previtamin 0 3 undergoes isomerization to form vitamin 0 3• The newly 
formed vitamin 0 3 in the skin is transported by the blood bound to a-globulin. 

Dietary sources of vitamin 0 3 are absorbed from the small intestine of poultry. Efficiency of 
vitamin 0 3 absorption is dependent upon adequate fat digestion and absorption. Bile salts 
facilitate vitamin 0 3 absorption into the gut mucosa. Once absorbed, vitamin 0 3 is transported 
with neutral lipids as portomicrons via the portal blood to the liver. 

In liver, vitamin 0 3 undergoes hydroxylation at carbon 25 on the side chain to form 25-0H 
vitamin 0 3• The vitamin 0-25-hydroxylase in liver is a microsomal enzyrhe requiring 
cytochrome P450• A second important hydroxylation takes place at carbon 1 of the A ring of 
25(0H)D3 in the kidney by action of a mitochondrial 25-0H-vitamin 1-hydroxylase. The fully 
hydroxylated vitamin (1,25(0H)20 3) has 500 times more biological activity than 25(0H)20 3; 

however, 25(0H)03 is the main circulating form of the vitamin. Most of the vitfmin 0 3 

metabolites· are transported in blood by vitamin 0-binding proteins. Other dihydroxyJated 
metabolites of 25(0H)03 are produced by the kidney (24,25(0H)20 3) but their importance is nbt 
fully understood. The activity of the kidney 1-hydroxylase is regulated by the concentrations of 
circulating Ca2

+ and phosphorus, and by .PTH, calcitonin and l,25(0H)20 3• PTH, low plasma 
calcium and calcitonin elevate the activity of kidney 1-hydroxylase while 1,25(0H)20 3 results in 
feedback inhibition of the enzyme. Besides the hydroxylase activity in kidney, extrarenal 1-
hydroxylase has been reported in other tissues (cells) of animals. 

Functions of vitamin 01 metabolites 

The best known physiological role of vitamin 0 3 is the maintenance of calcium and phosphorus 
homeostasis (Norman, 1979). A lack of vitamin 0 3 results in rickets or osteomalacia in poultry. 
The ~ctive form of vitamin 0, 1,25(0H)20 3, acts very much like a steroid hormone. The binding 
of 1,25(0H)20 3 to cell receptors of target tissues and the relocation of the receptor-ligand 
complex to the cell nucleus induces the synthesis of mRNA for Ca-binding proteins (calbindins). 
Cell receptors for 1,25(0H)20 3 have been characterized biochemically and are found in a variety 
of tissues in poultry (Pike, 1991; Minghetti and Nonnan, 1988). The calbindins are widespread 
in poultry with the most notable being the intestinal calbindin which is responsible for calcium 
absorption of which the bulk is vitamin 0 3-dependent. Calbindins are present in avian uterus, 
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kidney, brain, bone and skin. l,25(0H)20 3 also stimulates intestinal absorption of phosphorus. 
Both calcium and phosphorus resorption in kidney is enhanced by 1,25(0H)20 3• · 

Bone resorption is stimulated by vitamin 0 3 and the effect of calcium release is primarily a 
response due to 1,25(0H)20 3• The resorption of bone is a result of osteoclastic activity, yet the 
osteoclast unlike many cells lacks receptors for vitamin 0 3 (Suda et al., 1992). The osteoblast 
does contain receptors for 1,25(0H)20 3 and is probably responsible for mediating vitamin 0 3 and 
PTH effects on bone by affecting osteoclastic activity. 

Vitamin D3 also plays a role in bone formation although the relationships of its action with PTH 
on bone and its function in bone growth are not well defined. Some studies suggest that vitamin 
0 3 metabolites enhance the uptake of Ca2

+ in bone, stimulate the synthesis of growth factor 
receptors or cause the production of anabolic cytokines and growth factors. All of these effects 
would contribute to in vivo bone formation. 
Vitamin D3 Effects on bone resorption r 

The major target cell for 1,25(0H)20 3 in bone is the osteoblast (Suda et al., 1992). Although 
osteoclastic activity is responsible for bone resorption induced by 1,25(0H)20 3, the osteoblast 
appears to medi3;te the effect of vitamin 0 3• Osteoblasts release soluble factors (proteins) to 
stimulate differentiation of osteoclast progenitors. Some of the proteins released by osteoblasts 
are bone and matrix Gla proteins (vitamin K-dependent calcium-binding proteins) and osteocalcin 
(another calcium-binding protein). The production of proteins that stimulate differentiation of 
osteoclast precursors by the osteoblasts is believed to contribute to the bone resorbing response 
of vitamin 0 3• ~ 

CONCLUSIONS 

The differences between bone modeling and remodeling processes. in poultry were explained. 
The osteoblasts and osteoclasts participate in bone formation and bone resorption activities, 
respectively to determine bone architecture in growing poultry. The regulation of bone cell 
activity is controlled by several hormones and localized factors. PTH, 1,25(0H)20 3 and PGE2 

are activators of bone resorption. On the other hand PG and 1,25(0H)20 3 both can stimulate 
cartilage and bone formation. The cytokines induce multiple effects on bone cells to influence 
resorptive and osteogenic activities. Most cytokines stimulate resorption, and synergistic effects 
have been observed on bone resorption with IL-1 and TNF-a. The IGF also participate in the 
local regulation of bone growth in poultry. IGF function as anabolic agents in bone during bone 
modeling in fast-growing poultry but may contribute to remodeling of bone since they can be 
found in mature bone tissue. As the interactions between diet and localized factors regulating 
bone biology are described, a better understanding of bone metabolism in poultry will result. 
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jl ENERGY and AMINO ACIDS for LAYERS 

, Werner Zollitsch, Curt Jevne, Korin Leske, and Craig Coon 

Department of Animal Science 
University of Minnesota, St. Paul, MN 55108 

Introduction. Thecpresent laying hen utilized by the industry has been genetically selected to 
initiate lay at an earlier age, produce more egg mass, and consume less feed than layers of the 
past. Feed formulations are utilized that provide the daily intake of key nutrients such as protein, 
amino acids, calcium, phosphorus, and energy. During the past 10-20 years, the Breeder's 
Mana~ement Guide for the Commercial Layer has recommended substantial dietary increases in 
these nutrients in feed formulations to allow maximum performance. Higher levels· of protein and 
amino acids.have also been encouraged in modern feed formulas because of their stimulus to egg 
size. The increase in dietary protein levels in feed formulas is usually from feedstuffs with lower 
metabolizable energy levels thus nutritionists have been forced to, add fat to keep dietary energy 
levels equal to the past. Besides the changes that have occurred iffpresent feed formulations, · 
today's commercial layer has been selected for lower feed consumption and improved feed 
efficiency. These combined changes have created a need to further study amino acid fequirements 
of the commercial layer. The objectives of the experiments reported herein are to evaluate the 
need for methionine and total sulfur amino acids in pre-peak layer diets and post-peak diets, 
evaluate sulfur amino acid levels needed in feed formulas with and without added fat, evaluate the 
need of sulfur amino acids and dietary energy in different temperatures, and determine if lt>wer 
protein diets with added amino acids provide equal performance to higher protein diets. Albdata 
analysis for the following five experiments was done by ST ATISTIX (NH Analytical Software;~ 
Minneapolis, MN 55414). Multiple mean comparison was done by the method of least significant 
difference with significance set at 5 % level. 

Experimental Design - Experiment 1. Three hundred and sixty XL-Link DeKalb pullets were 
housed at 18 weeks of age in Patchett stack cages with an automated belt manure removal 
system. The layers were housed 6 pullets/cage with each pullet provided 62 square inches of 
cage space in the 19 1/4" x 19 5/8" cages. The layers were housed at 70 F and given 12 hours 
light time of housing. The light was increased 30 minutes per week until 15 hours of light was 
obtained then continued increases of 15 minutes of light/week was provided until reaching a 16 
hour light:8 hour dark photoperiod. The pullets were reared on 9 hour light in a light restricted 
stack cage system. The pullets were fed a 16.8 % CP diet containing 2950 kcal ME/kg with 6 
different levels of methionine and TSAA. The methionine:TSAA levels fed the pullets were 
.317:.574, .357:.614, .397:.654, .437:.694, and .477:.734, and .517:.774 %. The test diets were 
fed to 10 groups of pullets through 30 weeks of age at which time the pullet groups were divided 
equally and 5 reps fed 720 mg TSAA daily and 5 reps fed 620 mg TSAA daily. The pre-peak 
basal diet was the formulation similar to the 95 g daily intake diet listed as diet 4-95 in Table 1. 
The amount of DL- methionine added to the basal was .0365 % instead of .0963 % which 
provided .317 % methionine and .574 % TSAA: Layers were fed on a daily intake basis from 
30 to 64 weeks of age. The layers at 30 weeks of age were fed methionine levels added to the 
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appropriate basal formulations containing 4 % fat in Table 1 that corresponded to daily feed 
consumption. The diets listed in Table 1 are an example of diets for layers consuming 355 mg 
of methionine and 600 mg of TSAA thus slightly higher levels of DL- methionine were added 
to provide 620 mg TSAA ang 720 mg TSAA/day. The layers were weighed at 18 weeks, 22 
weeks, 26 weeks, 30 weeks, 34 weeks, 38 weeks, 46 weeks, 54 weeks, and 64 weeks. The egg 
number and mortality were recorded daily and egg weights taken on one day's eggs per hen 
group/week. The eggshell quality (specific gravity and SWUSA) was determined at 24 weeks, 
34 weeks, 44 weeks, 54 weeks, and 64 weeks. Feed consumption was determined for each 28 
day laying period along wii.h hen-day production. The average egg weights per 28 day period 
was multiplied by hen-day% egg production to dete9rune egg mass/day. Feed efficiency was 
determined by.grams of feed/grams of egg mass. Egg composition was measured by separating 
the yolk, albumen, and shell plus membrane on same days as eggshell quality measurements. 

Six tables are included for Experiment 1. The effects of feeding different levels of methionine 
and total sulfur amino acids in pre-peak diets on performance from 20 to 30 weeks of age is . 
shown in Tables 2 and 3. The basal contains 2952 kcal ME/kg because it contains 4% fat. The . 
basal diet used for the pre-peak diets is the 4-95 diet with the methionine and total sulfur amino. 
acids level of .317 % and .574 %, respectively. The average intake of the 6 groups. from 20 to 
30 weeks was approximately 95 g, however we were not feeding for a specific daily intake 
during this time. The average intake of energy with these diets will be approximately'295 kcal 
ME/day from 20 to 30 w~eks of age. An interesting point is the lower amount of body weight 
gain that occurred for the layers fed the .574 % TSAA diet. As a general rule, the higher levels 
of TSAA and methionine improved the feed efficiency (FE), egg weight (EW), and egg mass , 
(EM) but the diet affects were not significant. The critical LSD values indicate how much

0 

difference would be required to make a significant response. 
/ 

Table 4 shows the major affect of feeding higher levels of methionine during the pre-'..peak period 
and during the post-peak period. Methionine fed at the highest level during pre-peak and layers 
fed the 720 mg day post peak diet produced the largest eggs. I see a trend, howe/er, that shows 
the layers fed highest pre-peak methionine levels are laying bigger eggs but are iaying a few less 
(treatments 8, 10, and 12). The best overall EM production was from the hensied .694 % 

I 

TSAA during pre-peak and fed 620 mg from 30 to 64 weeks. A key diet combination that 
~orked well was the .614 % pre-peak diet with a 720 intake from 30 to 64 weeks. The group 
had a great feed efficiency because they consumed the least amount of feed and produced 
respectable EM. 

The data indicates if you feed lower levels of TSAA during pre-peak such as Treatment 1 and 2 
(.574%), then you are better off keeping the sulfur low during the post-peak period. The layers 
fed .574 % pre-peak and then fed 720 during the post-peak period did not do as well as the birds 
fed .574 % pre-peak and 620 during post-peak. The layers fed the low TSAA diet (.574%) 
during the pre~peak period and then fed the high sulfur amino acids gained additional body 
weight (Table 7) that the layer did not gain earlier. The increased body weight gain during the 
30 to 64 week period tended to take away from the nutrients available to supply EM. 
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Experiment 2. Nine hundred and twelve 30-week old layers, four hundred and fifty-six layers qf 
Strain A and equal number of Strain B, were housed in a Patchett cage system with automated . 
belt manure removal system .. The layers were housed 6 pullets/cage with each pullet provided·: 
62 square inches of cage space in the 19 1/4" x 19 5/8" cages. The layers were housed at 70 F: 
and gi~e a 16 hour continuous light:8 hour dark photoperiod. The hens from each strain were ,· 
divided into 19 groups of 48 hens each. The layers were fed one of 19 test diet regimens that . · 
consists of three levels of added dietary fat (0, 2, and 4%) and 6 daily intakes of TSAA (600 mg, 
650 mg;700 mg, 750 mg, 800 mg, and 860 mg) as shown in Table 1. The layers were weighed 
at 30 weeks, 34 weeks, 38 weeks, 46 weeks, 54 weeks, and 64 weeks. The egg number and 
mortality were recorded daily and egg weights taken on one day's eggs per hen group/week. The 
eggshell quality (specific and SWUSA) were determined at 30 weeks, 40 weeks, 52 weeks, and 
64 weeks. Feed consumption was determined for each 28 day laying period along with hen-day 
produc~on. The feed consumption was measured weekly from select replicates for each test / 
group to evaluate the need to change diets to maintain the TSAA intake throughout the 9 twenty
eight day periods. The consumption of each test diet providing the test TSAA was accumulated 
for each group for each 28-day laying period. The average egg weights per 28 day period was 
multiplied by hen-day% egg production to determine egg mass/day. Feed efficiency was 
determined by grams of feed/grams of egg mass. Egg composition was measured by separating 
the yolk_, albumen, and shell plus membrane on same days as eggshell quality meas~rements .. 

Strain A layers fed the basal diets without added fat did not show an egg production, egg weight, 
or egg m(!ss response to added methionine (Table 8). The Strain B layers consumed slightly 
more feed of the basal without added fat thus dietary energy may have been less limiting. The 
Strain B layer did not produce a significant increase in egg number or egg weight but the* 
increases w.~re almost significant. The Strain B layers had a 87 % hen/day egg production with 
650 mg of TSAA compared to only 81.5 % for hens consuming 600 mg. The amount of -=~ 
difference needed for significance at the .05 level was 6. 19 %. The Strain B hens produced eggs 
approximately 1 gram larger with increased methionine and TSAA levels but with the 
experiment a 2 gram increase was required. The Strain B hens consuming 750 mg TSAA with 
the no fat diets produced a significant 3.9 g increase in egg mass. 

Strain A layers consuming the 2% added fat tended to show an increase in egg number as 
methionine and TSAA intakes were increased. The mean egg production for the Strain A layer 
for the post peak 34 week period was 84.6 % compared to 81.8 % for layers consuming 600 mg 
TSAA. The egg weights of Strain A hens significantly increased 2.2 g when consuming the 
highest level of methionine and TSAA with the 2 % fat diet compared to the hens consuming the 
600 mg levels. The Strain A layers also showed similar significant improvement in egg mass 
production with intakes of 750 to 850 mg day. The Strain B layers fed the 2 % fat diet had a 
peak egg production of 87.9 % with 650 mg consumption of TSAA. The same layers produced 
a 59 gram egg and 51.8 gram egg mass. The egg weight increased 1 gram for the hens fed 650 
mg TSAA and the egg mass increased a significant 3 g/day compared to hens consuming 600 mg 
TSAA. 

Th~ Strain A layers fed the 4 % fat diets and consuming 700 mg TSAA produced hen-day egg 
production of 86.6 %. The Strain A layer consuming 700 mg TSAA produced the maximum 
egg mass of 50.7 grams for all treatments with this Strain. The Strain A layer fed the 4 % fat 
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diet produced significantly larger eggs with the higher levels of TSAA (750 and 850 mg) but 
the egg numbers for these hens dropped to the lowest for this strain. The research seems to show 
that hens can produce a maximum egg mass and if the weight of eggs becomes too large the 
number of'eggs will drop. The data from Experiment 1 also shows this. The Strain B layer 
tended to sho·w the same increase in perforniance with increased TSAA as Strain B layer fed the 
2 % fat diet. The Strain B layer tended to produce larger eggs with the 4 % fat diet and the 
production of the larger egg also suggested the layer needed 750 mg TSAA for maximum egg 
mass. The same strain only needed 650 mg for an average egg mass of 51.8 for hens fed 2 % fat 
diets. The difference is the hens fed the 2 % fat diet with 650 mg TSAA consumption produced 
a 59 g egg with 87.9 % production and the hens fed 4 % fat with 750 mg TSAA produced a 59.8 
g egg while maintaining 86 % hen-day egg production. The observation of interest is the lower 
protein diets (14.6-16.8' % CP depending on intake) utilized for the experiment with proper 
TSAA levels equaled the high protein diets for egg mass production. 

The feed consumption of Strain B layers is slightly greater than Strain A layers. The feed 
consumption adjustments for maintaining the sulfur amino acid intakes for the respective 
treatment was not separated by Strain because of the complexity of the treatments. The actual 
intake of Strain A layers for sulfur amino acid intakes will be slightly less because of less feed 
intake. The actual intake of dietary energy for the 0 % fat diets was approximately 275 kcal ME 
for Strain A whereas Strain B layers had a mean consumption of approximately 289 'kcal ME. 
The Strain A layer had a mean feed consumption for all TSAA treatments of approximately 98-
99 g without regard to increasing fat l~vels. Since the Strain A layer did significantly better with 
the high fat diets, the research indicates the Strain A layer cannot eat enough energy to maintain 
peak performance without adding dietary fat. The Strain B layer tended to produce equal,. egg 
mass without adding high fat levels to diets. The increase in dietary fat improved the mean feed 
efficiency for both strains. Both strains had improved overall egg mass production with added 
d_ietary fat, but the improvements were much greater for the strain with the lower feed 
consumption. Strain A layers had the best feed efficiency because they consumed 4-5 grams less 
feed per day. The mean egg mass output of Strain B layers for each dietary fat level was always 
greater but the strain difference of 1.6 g/day for hens fed diets without fat was reduced to a 
difference between strains -of .7 g/day with 4 % added fat. The most interesting information for 
the entire experiment is the significant difference (.05) between strains for body weight gain . 

. The Strain B layer was expected to gain the most weight because the layer consumed more feed 
and produced the highest overall egg mass. The average body weight gain for the two strains 
(across both dietary fat levels and TSAA levels) was 171 g for Strain A and only 126.6 g for 
Strain B. The Strain A layer is consuming 4-5 grams less feed while maintaining a larger 
increase in- body weight gain. The Strain A layer is also producing less total egg mass with the 
lower feed consumption. The Strain A layer is using nutrients to maintain body weight gain 
with a higher priority than the Strain B. 

Experiment 3. Four hundred fifty laying hens (DeKalb XL, 46 weeks of age) were kept in 
individual cages in four environmentally controlled rooms. Birds were allowed to acclimate to 
the experimental climate conditions for 2 weeks before the start of the experiment. During this 
time they were fed a standard com/soybean me·avmeat and bone meal - layer diet (19.5% CP, 
2900 kcal ME, 4.2% Ca, 1.1 %lysine, 0.8% TSAA) to determine the ad libitum consumption of 
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feed and the correlated ME intake for each of the environmental temperatures. After this time 
they were fed.the experimental diets. The experiment lasted for 13 weeks. 

Temperature in two of the rooms was kept at ?OF to represent thermoneutral environmental 
conditions. In the two other rooms temperature followed a cycling control program: 8 h (1 a.m~ -
9 a.ni.) at 80 F, 4 h (9 a.m. - 1 p.m.) at 85 F, 5 h (1 p.m. - 6 p.m.) at 95 F and 7 h (6 p.m. -: 1 
a.m.) at 85 F. Hereafter these environmental conditions will be referred to as ?OF and 95/80F, 
respecJively. , 

Relative humidity in all 4 rooms was-set to be between 40 and 50%. The lighting program 
provided 16 hours (6-a.m. - 10 p.m.) of light per day. At each ambient temperature 225 hens 
were fed 25 different diets. Therefore, the experimental design consisted of 50 different 
treatments (2 temperatures x 5 TSAA levels x 5 ME levels) with 9 hens per treatment. The 
dietary ME contents of the diets fed to the birds both in the ?OF and the 95/80F climate were 
2450, 2600, 2750, 2900 and 3050 kcal/kg. The TSAA contents of the diets fed in the ?OF 
climate were 0.54, 0.59, 0.64, 0.69, and 0.75 %, the analogous values for the 95/80F treatment 
were 0.60, 0.66, 0;72, 0.78, and 0.84 %. 

The purpose of this design was to maintain constant daily intake of TSAA for the birds in the 
same TSAA treatment but kept in different climates, as the hens at ?OF and 95/80F \Vere given 
95 and 85 g of feed, respectively. The amount of feed provided to the hens was based on the ru.l 
libitum consumption of the 2900 kcal ME control diet after a two week aclimation period. 
Diets were formulated so that the intake of all other nutrients was maintained at a constant level. 
Composition and main nutrient contents of the basal diets are given in Tables 10 and 11. • 

Each of the given basal diets was divided into 5 batches, to these 50 batches the respective -~ 

amounts of DL-methionine were added to achieve the above mentioned TSAA contents: Water 
was given ad libitum with cup drinkers. 

Body weights of the birds were recorded at the beginning of the experiment and every two 
weeks during the experiment. Number of produced eggs and mortality was recorded daily. The 
individual average egg weight was measured once a week, the results were used to calculate 

. daily egg mass production. The non-consumed feed was weighed every four days. Composition 
of eggs (percentage of yolk and albumen) was recorded twice during the experiment for all 
eggs laid on-the respective day. All experimental hens were sacrificed after the 13 week 
experiment and feathers were removed from the carcasses prior to freezing. The carcasses were 
homogenized and proximate analysis completed for each sample. Descriptive regression 
analysis of production data and body weight changes for increased TSAA intake( for both the 
lowest and highest ME levels) were completed separately for the two environmental 
temperatures. The analogous method was used for analyzing the effect of increasing ME intake 
on production parameters. 

TSAA Intake: energy deficiency should not occur under practical conditions of ad libitum 
feeding, only the situation for a high dietary ME level (3050 kcal/kg) is presented here. 
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A linear response of egg mass production on TSAA intake (Figure 1) was shown when the 
dietary ME level was high (3050 kcal/kg). The leve~ of egg mass prodµction (from 48.4 to 51.3 
and from 48.2 to 50.9 g/day for birds at 70F and 95/80F, respectively) as well as the slope of the 
regression equation (0.1376 and 0.1300 g/10 mg TSAA for 70F and 95/80F, respectively) did 
not clearly differ between the two ambient temperatures. 

Analysis of the number of laid eggs and egg weight (Figure 2) showed that increasing TSAA 
intake for the birds at 70F resulted in a clear linear response of egg weight (57.9 g, 58.7 g and 
59.6 g for a TSAA intake of 500, 600 and 710 mg/day, respectively). The slope of the regression 
line was 0.0796 g/10 mg TSAA. The regression- coefficent of egg weight for the birds in the 
95/80F climate was 0.0365, thus representing a much weaker r.esponse of egg weight on 
increasing TSAA intake (57.5 g, 57.9 g and 58.3 g for a TSAAinttµce of 500, 600 and 710 
mg/day, respectively). · 

The response of the number of produced eggs on TSAA intake showed the opposite pattern 
(Figure 2): a slope of 0.1608 % per 10 mg higher TSA~ fotake for the birds kept at 95/80F 
represents increasing egg number with higher TSAA intake (84:0, 85.6 and 87.3 % for 500, 600 
and 710 mg TSANday, respectively). The number of produced eggs was lower for the birds at 
70F (83.7, 85.0 and 86.5 % for 500, 600 and 710 mg TSANday, resp~ctively; this is represented 
by a regression coefficent of 0.1295 % per 10 mg more TSAA). · , 

Birds kept at 70F mobilized body substance over a wide range of TSAA intake (500 - 700 mg/d) 
whereas birds in the 95/80F environment lost body weight for TSAA intake lower than 540 and 
higher than 610 mg/day. The data for this situation (high dietary ME level) show that the"*linear 
positive response of egg mass on increased TSAA intake was accompanied by mobilizing bo.dy 
mass especially in the 70F environment. The higher response of egg weight on TSAA intake for 
70F is accompanied by a lower response of egg number; the situation in the 95/80F climate was 
vice versa. 

, 
Egg compos,ition (repre~ented by percentage of albumen and yolk) was not affected by the level 
of dietary TSAA(Figure 3). Egg size wa_s increased with higher TSAA levels which may have 
been largely due to a significant increase in the weight of the yolks (P=0.043). 

ME Intake; Egg mass production and body weight gain showed clear linear responses on ME 
intake for both ambient temperatures with low (495 mg/day) as well as high (695 mg/day) 
TSAA intake (Figures 4 and 7). For both TSAA intake levels the birds at 95/80F ambient 
temperature showed higher egg mass production and lower body weight loss than the hens at 
70F, given the same energy intake. 

When TSAA intake was low (495 mg/day), eggmass production of birds housed at 95/80F 
showed a higher response to increased ME intake (0.593 g/10 kcal) than hens in the 70F climate 
(0.361 g/10 kcal; Figure 4). When hens in the hot environment consumed 495 mg TSAA and a 
minimum of 250 kcal ME/day they gained weight, for all other situations the birds mobilized 
body tissue. The increase in egg mass production was mainly caused by a significantly positive 
response of number of produced eggs 'With increasing ME intake (Figure 5). The regression 
coefficient was 0.783 and 0.752 % per 10 kcal for the birds at 70F and 95/80F, respectively. The 
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egg weight for 95/80F showed a slight linear response (0.23 g/10 kcal; P=0.068), the situation 
for 70F could be described by a quadratic response curve (Figure 5). 

' , 

Layers holl'sed'in the hot environment gained weight when consuming 495 mg TSAA and a 
minimum of.250 kcal ME, whereas all other layers consuming the low TSAA level lost body 
weight. The response of the amount of body fat on increasing ME intake showed a similar 
pattern as the,body weight change (Figures 4 and 6). The hens in the 95/80F climate contained 
significantly (P<0.001) more body fat than the layers housed at 70F. The slopes of the 
regression.lines for both temperature situations were not significantly different (P=0.186). The 
average di(ference in body fat weight between hens in the two climates was 96.2g. Layers 
housed at 70F fed diets low in TSAA showed a lower response of eggmass production, body 
weight change and total amount of body fat to increasing ME intake than did hens kept at 
95/80F. 

When TSNA intake was high (695 mg/day) hens kept at 70F showed a larger response to ME 
intake than did birds in the 95/80F environment (0.838 compared to 0.593 g/10 kcal, 
respectively). The hens housed at 70F had a higher egg mass production at their maximum 
energy intake: 51.4 g eggmass at 290 kcal ME/day. Hens housed at 95/80F had a 50.7 g egg 
mass output at their maximum energy intake of 260 kcal (Figure 8). 

The response of egg mass production of the birds at 70F was mainly caused by a linear increase 
of the number of laid eggs when ME intake was higher (74.8 % and 87.8 % for 210 and 290 
kcaVday, r~spectively). This is represented by a regression coefficient of 1.62 % per 10 kcal 
(P<0.001 ). Egg weight showed no significant response (P=0.11) on energy intake althoug~ there 
was a tendency to decreased egg weight with higher energy intake. The lack of a significant ~ 

response in egg weight with increasing ME intake was probably because the energy was being -~~ 
partitioned for increasing egg numbers and egg mass (Figure 9). Hens housed at 70F ambient 
temperature.and consuming between 210-270 kcal ME/day lost more weight than layers housed 
at 95/80F (Figure 8). The mobilization of body tissue for hens housed at 95/80F slightly 
decreased with increasing energy intake. Carcass composition data indicated the total body fat 
of the hens kept at 95/80F was significantly higher than the total body fat of hens housed at 70F 
(Figure 10). The quantitative difference between average body fat weight for the two different 
~nvironmental temperatures was 135.5g. Hens housed at 95/80F seemed to show a larger 
increase of body fat with increasing ME intake, although the differences between the slopes of 
the regression iines were not significant (P=0.185). 

The lower response of egg mass production of the birds kept in the 95/80F climate to increasing 
energy intake can be partially explained by the fact that hens in the hot climate were already 
producing significantly more eggs and egg mass with the same energy intake (210-260 kcal ME) 
and thus were closer to their energy requirement complying with the law of diminishing return 
for nutrients. The layers in the hot environment consuming the same energy intake .as layers in 
the thermoneutral_temperature also were able to increa·se their absolute amount of body fat and 
percent fat of body weight although the hens were losing body weight. Hens housed in the 
95/80F environment showed a positive linear response of the egg weight to increased energy 
consumption (0.396 g/10 kcal; P=0.006), whereas the regression line for the number of laid eggs 
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(Figure 9) was not significant (P=0.296). The response of hens to ME intake in both 
environments indicates that severely energy deficient hens will first show a large increase in egg 
number( egg weight may actually decrease) and then as the energy requirements for egg numbers 
are obtained the hen partitions more to egg weight. The layers housed in the 95/80F 
environment may rieed less dietary energy to be utilized for maintenance thus have more 
available energy for increasing the energy retained as egg mass and carcass fat. 

Composition of eggs were not significantly different as affected by housing temperature, 
however the egg composition was significantly affected by the dietary ME level, especialli 
when TSAA intake was high (Figure 11). The yolk percentage was highest for eggs from h~ns 
fed 2750 kcal ME/kg (ME level 3). The percent yolk of eggs from hens fed diets containing, 
2900 and 3050 kcal ME/kg levels were also higher than the percent yolk of eggs from hen$· red 
the 2450 and 2600 kcal ME/kg diets. The hens were fed either 85 or 95g of the ME ·, 
diets(depending on housing temperature) hence the hens consuming the higher ME 
concentrations were receiving larger intakes of ME per day. Albumen percentage responded in 
the opposite way. For the birds with low TSAA intake there was also a tendency towards a 
higher yolk percentage with higher ME levels (P=0.118), albumen percentage remained constant 
(Figure 7). 

Experiment 4. One hundred and ninety-six DeKalb·-XL layers, 27 weeks of age, were randomly 
assorted into cages (10 in. x 18 in.) with 4 layers per cage.· The layers were provided with a 16 
hour light:8 hour dark photoperiod with the environmental temperature maintained at 70 F. The 
layers were divided into 7 groups with each group consisting of 7 individual cages with 4 hens 
per cage. The groups were fed 7 experimental diets (Table 12) for an 8 week period until,he 
layers were 35 weeks of age. The diets fed the 7 groups.of hens were com-soy basal diets. ·The 
com-soy diets contained 14 %, 16 %, and 18 % protein with equal TSAA. Lysine was added to 
the 14 % CP diet (2) and 16 % CP diet (6) to equal the com-soy 18 % protein diet. Lysine and 
tryptophan were both added to diet 3 to equal the control 18 % protein diet. Lysine, tryptophan, 
isoleucine, and valine were simultaneously added to diets 4 to equal the 18 % protein diet. 

Eggs were collected daily during the 8 week study to det~rmine hen-day egg production. Egg 
weights were determined weekly on one-day's eggs from each replicate. Egg mass was 

_determined by multiplying egg production by egg weight and dividing by 100. Hen weights 
were determined at the initiation of the experiment and after each 4 week period. Haugh units, 
specific gravity, and egg composition were determined on eggs from the 4th and 8th week. 

Hens fed the com-soy 18 % CP diet had the highest hen-day egg production during the eight 
week period (Table 13). The egg production was significantly different among treatments, 
however there was no clear trend that the addition of dietary protein or amino acids improved 
the performance. The largest eggs were produced from hens fed the 18 % CP com-soy diet. 
The layers fed the 14 % CP com-soy basal diet produced the smallest eggs for all hens. The 
hens fed the 14 % CP com-soy diet ar~ consuming approximately 700 mg of lysine daily 
whereas the hens fed com-soy 14 % CP diets with added lysine are consuming approximately 
1000 mg/day. The hens fed the 14% CP com-soy.diet with added lysine produced an egg that 
weighed one additional gram co.mparedto the eggs from hens fed the 14 % CP com-soy diet · 
without amino acid supplementation other than methionine. The TSAA was the same for all 
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diets. The addition of tryptophan, isoleucine, and valine did not increase the egg size more than 
the addition of lysine alone. The addition of 2 % protein and crystalline lysine to corn-soy diets 
(16 % CP com-soy plus lysine) increased the size of eggs an additional gram compared to the ,. 
14 % CP corn-soy plus lysine diets. The addition of lysine to the 16 % CP corn-soy diets 
increased ihe numerical size of eggs by .4 g compared to hens fed only the 16 % CP com-s~y 
diets, however the difference was not significant. :: 

The. egg mass output was not significantly different for any of the hens fed the 14 % CP con)
soy diets. The larger eggs observed with the addition of lysine to the 14 CP % corn-soy diet did 
not equate to more egg mass because the egg production was slightly less. The partitioning .of 
amino acids to maintain higher egg numbers with less egg weight may be occurring and as ,
dietary amino acids are added the hen partitions more to increasing the weight of the.egg. Egg 
production, in general, was not significantly different for these low protein treatments. llie 
addition of lysine to the 16 % CP com-soy diets increased the egg mass significantly compared 
to the egg mass from hens fed the 14 % CP diets with and without additional amino acids. The 
hens fed the 18 % CP diets produced the largest amount of egg mass/day which was 4 more 
grams egg mass/day than hens fed one of the 14 % CP plus amino acid diets. 

The feed consumption of the layers ranged from a low of 101.4 g/hen/day to 113.9 
grams/hen/day. The lowest feed consumption for hens fed the corn-soy diets were the ·groups 
fed the 14 % CP diets with additional isoleucine and valine. The high protein diets or amino 
acid diets, in theory, should decrease feed consumption compared to lower density diets because 
of the potential excess of nutrients. In our research program, we have often observed an 
increased feed intake of layers fed diets with increased levels of amino acids or protein. i"._ 
believe in- these situations the hen may need an additional caloric intake to maintain the ;~ 

increased egg mass output that is being generated with the protein or amino acids. The' feed 
""":~ 

efficiency for hens fed the corn-soy 18 % CP diets was the best compared to all treatment groups 
because the hens produced the largest amount of egg mass/day. 

There were no trends for weight gain for the layers fed the various diets. The hens fed the corn
soy 18 % CP diets gained the most from the groups fed the com-soy diets . 

. The specific gravity and Haugh Units of eggs did not show trends that would suggest problems· 
regarding amino acid deficiencies. The· shell quality and interior egg quality for all groups was 
very good. The young hens should be producing these type of eggs because of their age. 
Although this is the first experiment for evaluating the effects of amino acids and protein on 
albumen and yolk percentages, albumen % of the egg tends to increase when lysine is added to 
14 % CP corn-soy diets (Table 14). The hens fed the com-soy 18 % CP diets also produced 
eggs with a larger percent of albumen. The albumen % of eggs from hens fed the 16 % CP 
com-soy diet seems to slightly decrease compared to albumen% of eggs from hens fed the 14% 
CP diets with added lysine. The data may suggest the increased weight of eggs from hens fed 
the 16 % CP diets tends to slightly dilute the increased % of albumen seen with lysine addition 
for 14 % CP diets. The albumen % of eggs may be partitioned as the egg weight changes. The 
egg yolk % is not always a reciprocal of the changes occurring with albumen %. The hens fed 
the 18 % CP corn-soy diets produced the largest% albumen of eggs but the% yolk of eggs from 
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these hens was not the smallest. The hens are giving up some of the% weight of eggs used for 
shell to provide the largest liquid weight yields (85.2%) for all groups. 

Experiment 5. Three hundred and sixty DeKalb-XL layers, forty-six weeks of age, were 
randomly allocated into cages (10 in. x 18 in.) with 3 hens per cage. The hens were dividec:\"into 
15 groups with 8 replicates per group. Each replicate consisted of 3 hens in each of the cag~s. 
The layers were provided a 16 hour light and 8 hour dark photoperiod. The layers were housed 
at a constant 70 degree F temperature and provided water and feed ad libitum., The layers w~re 
fed the 14 experimental diets in Table 15. A group of hens were fed a layer diet containing 2900 
kcal ME/kg with 19.5 % protein as a secondary positive control (diet not included in Table .IS). 
The experimental diets consists only of com and soybean meal protein sources and each coi:itain 
the same TSAA level and ate isocaloric at 2900 kcal/kg. Diets 1 through 10 consist of the fame 
exact 14 % CP basal with the only differences being the additions of crystalline lysine· (2),.lysine 
+ tryptophan (3), lysine+ tryptophan + NEAA (4), lysine+ tryptophan + isoleucine (5), lysine+ 
tryptophan + isoleucine + valine (6), lysine+ tryptophan + isoleucine + valine + NEAA (7), 
lysine + tryptophan + isoleucine + valine + arginine (8), lysine + tryptophan + isoleucine + 
valine + arginine + threonine (9),lysine + tryptophan + isoleucine + valine + arginine + 
threonine+ NEAA (10). Diets 11 through 13 consist of the same 16 % CP basal with the 
addition of lysine (12), and Lysine+ NEAA (13). Diet 14 is a 18 % CP com-soy control diet. 
The amino acids added to the experimental 'diets equaled the amino acid level ir{ diet 14 (18% 
CP control). The experimental diets were fed for four 28 day periods. Egg numbers and 
mortality were determined daily. The egg weights from each group were determined weekly 
from 1 day's eggs. The feed consumption was' determined for each group after each 28 day 
period. The feed efficiency mean was determined for the groups by determining the• amount of 
feed required to produce a gram of daily egg mass. The body weight gain for the layers·.was 
determined at the beginning of the experiment and after each 28 day period. Egg composltion 
was determined after 8 and 16 weeks of the experiment. 

The feeding of 14 % protein diets produced equal layer performance compared to the hens 
consuming the 16 % and 18 % protei.Q diets (Table 16). The highest egg production was for the 
hens fed the 14 % CP diets with supplemental levels of lysine, tryptophan, isoleucine, and 
valine. The poorest egg production was for the hens fed the 14 % protein diet without added 
amino acids other than TSAA. The TSAA for all diets was equal to the 18 CP % control diet. 
The hens prod·ucing the largest eggs were from the hens fed 14 % CP basal plus lysine, 
tryptophan, isoleucine, valine, and arginine. The three groups producing the second largest 
mean egg weight were the hens fed the 14 % CP diet with added lysine, tryptophan, isoleucine, 
valine, arginine, and threonine, hens fed the 16 % CP basal with added lysine and NEAA, and 
the hens fed the 18 % CP basal control diet. The differences seen in egg weight in experiment 4 
that were from the hens consuming the 18 % CP diets did not occur in this experiment. The 
hens fed diet 8 with arginine did not also have a high hen-day egg production, however the 
second best egg weights were from the hens fed the arginine diets with added threonine( diet 9). 
The hens fed the low protein diets with the added arginine and threonine had a high hen-day egg 
production of 88 %. The hens in experiment 4 did not receive additional arginine or threonine in 
the 14 % CP diets. The overall best treatments for maximum egg mass was from the hens fed 
the 14 % CP diets with added lysine, tryptophan, isoleucine, and valine and the hens fed the 16 
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% CP basal with added lysine and NEAA. The poorest egg weight and egg mass were from the . 
hens fed only the 14 % CP basal diet without added amino acids(diet 1). 

An interesting observation occurred for some groups of hens fed the diets with additional 
NEAA. Hens fed diet 13 (16 % CP basal with added lysine and NEAA) and diet 4(14 % CP 1-

basal with added lysine, tryptophan and NEAA) consumed the most feed during the 16 week 
trial (Table 17). Hens fed diet 7 and 10 also had increased levels of NEAA but the hens tended , 
to consume slightly less than the other NEAA fed layers. The NEAA may not add value to the 
diets deficient in other amino acids (diet 4) or in 16 % protein diets (diet 13) that may have 
plenty of non-essential amino acid nitrogen and the extra nitrogen may require the hen to 
consume additional dietary energy to convert the nitrogen to uric acid for elimination. The birds. 
fed the 14 % CP diets (diet 7 and 10) with added NEAA were very efficient but did not produce.~ 
the maximum egg mass for the low protein treatments. There were no significant differences in 
body weight gain, however, the 14 % CP diet with no additional amino acids (diet 1) and the 
diet with only additional lysine( diet 2) had the lowest weight gain. The percent yolk for the eggs 
from the experimental hens was the highest for hens fed diet 10 and 12(Table 18). The layers 
fed diet 1 O. were the most efficient layers in the experiment. The hens fed the 14 % CP diet 10 
also produced the lowest percent albumen. The highest % albumen of 57 .0 in the egg was from 
hens fed the 19 % CP control diet. The albumen% in eggs from hens fed diet 7( 14 % CP with 
added lysine, tryptophan, isoleucine, valine, and NEAA) was 56.8% and was not sig~ificantly 
different to the % albumen from the eggs for the hens fed the 19 % CP diets. 

Conclusions: 
1.) Egg mass output may be a better criteria to evaluate amino acid requirements than egg 
weight or egg number because maximum egg size may limit egg number and reduce egg mass. 
2.) Layers fed lower levels of methionine and TSAA during the pre-peak period and then fed -~~ 
720 mg TSAA from 30 to 64 weeks may gain extra body weight at the expense of egg mass. 3.) 
The level of dietary energy concentration is critical for layer strains consuming less feed than 
other strains while maintaining a high egg mass output. 4.) Layer strains may be partitioning 
nutrient intake into egg output and body weight gain with a different priority. 5.) Energy intake 
may be more limiting than methionine or TSAA for increasing egg mass for layers housed in hot 
temperatures. 6.) Hens housed in thermoneutral (70F) and in the hot (95/80 F) environment 

_produce equal increases in egg mass from methionine and TSAA when dietary ME intake is 290 
and 260 kcal ME/day, respectively. 7.) Hens housed in thermoneutral temperatures that are 
severely deficient in dietary caloric intake(210-260 kcal ME/day) will primarily increase egg 
number with increasing ME consumption whereas hens in hot temperatures consuming the same 
energy intake will primarily increase egg weight because egg numbers are already higher for 
these hens. 8.) Hens housed at 95/80F that consumed either low (495 mg/day) or high (695 
mg/day) TSAA had a significant larger amount of body fat (quantitatively and on a % BW basis) 
compared to hens housed at 70F. 9.) Hens housed in the hot temperature environment produced 
more egg mass and egg numbers than hens housed in the thermoneutral environment with the 
ME intake for both groups ranging between 210-260 kcal/day because hens in the hot 
temperatures have a lower maintenance requirement. 10.) Methionine and TSAA did not 
significantly affect the percentage of albumen or yolk in eggs, however the large increase in egg 
weight produced with the consumption of these amino acids may have been largely from the 
significant increase in yolk weight. 11.) Hens housed in thermoneutral temperatures consuming 
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larger amounts of ME/day significantly increased the yolk percentage and decreased the albumen 
percentage of eggs. 12.) Egg mass output for 46 week old layers fed 14% CP with added 
methionine, lysine, tryptophan, and isoleucine was equal to layers fed 16% CP or 18% CP diets · 
whereas similar low protein diets with same added amino acids fed to 27 week old hens 
produced less egg mass(lo~er egg weights) than 16% or 18% CP diets. 13.) Crystalline NEAA. 
may increase layer feed consumption if added to a balanced 16% CP diet or 14% CP diet 
without adequate added essential amino acids. 14.) Arginine added to 14% CP diets( with 
added methionine, lysine, tryptophan, isoleucine, and valine) at a level of .35%(total of 1.27%) 
produced an increase in egg weight equal to egg weights from hens fed 16 % CP and 18% CP 
diets suggesting part of the egg weight response related to dietary protein may be higher levels 
of arginine. 15.) Crystalline NEAA added to 14 % CP diets with add~d methionine, lysine, 
tryptophan, isoleucine, and valine produced a high % albumen of eggs which was equal to the % 
albumen of eggs from hens fed the 19.5%CP control diets. 
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Table 1. The experimental diets for Experiment 1 and 2. 

DIET IDENTIFICATION 

(ADDED DIETARY FAT-GRAMS FEED INTAKE/HEN/DAY) 

Ingred 0-95 2-95 4-95 0-100 2-100 4-100 0-105 2-105 4-105 0-110 2-110 4C110 · 

% 

Com 66.2 63.8 61.3 68.3 65.9 63.5 71 68.6 66.1 73.4 71 . 68.5 

Soy47 18.7 19.2 19.6 16.5 17 17.4 14.4 14.9 15.3 12.5 12.9 13.4 

Meat 5 5 5 5 5 5 5 5 5 5 5 5 

Fat 0 2 4 0 2 4 0 2 4 0 2 4 

Lime 8.9 8.9 8.9 8.9 8.9 8.9 8.46 8.45 8.45 8.07 8.07 8.07 

I 
Pl8.5 0.55 0.55 0.56 0.57 0.57 0.58 0.47 0.48 0.49 0.38 0.39 0.39 

Salt 0.33 0.33 0.33 0.33 0.33 0.33 0.3 0.31 0.31 0.28 0.29 0.29 I 
Lys 0.42* 0 0 2.73* 1.80* .88* 5.08* 4.15* 3.23* 7.26* 6.33* 5.41 * 

Vit 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 
.. 

0.05 0.05 

Chol 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 o:o~. 

I.min 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 

Meth 9.10* 9.38* 9.63* 8.24* 8.44* 8.75* 7.29* 7.49* 7.69* 6.62* 6.69* 6.89* 

*% amino acids added to diet x 1x10·2 

I 
!. 

Calculated nutrient values: ME, kcal/kg; Percent amino acids = amino acid values x 1 x 10·3 

-CP% 16.88 16.88 16.88 16.04 16.04 16.04 15.28 15.28 15.28 14.58 14.58 14.58 

ME 2,787 2,870 2,952 2,806 2,889 2,972 2,844 2,927 3,009 2,878 2,961 3,044 

TSAA 631 631 631 600 600 600 570 570 570 546 546 546 

Meth 375 375 375 355 355 355 336 336 336 320 320 320 

Lys 821 825 831 780 780 780 743 743 743 709 709 709 

Tryp 199 200 200 186 187 188 175 175 176 164 165 165 

Arg 1, 106 1, 114 1, 122 1,030 1,039 1,047 959 968 976 894 902 911 

Val 982 976 969 947 941 934 916 910 904 888 882 876 

Ile 730 732 733 689 690 692 651 652 654 616 618 619 
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Table 2. The effect of methionine and total sulfur amino acid levels in pre-peak layer 
· diets on performance from 20 to 30 weeks of age. 

Diet 
Met{fSAA HDEP EW EM 

(%) (%) (g) (g/h/day) 

1 .317/.574 74.6 49.15 34.85 
2 .357/.614 75.0 49.57 35.12 
3 .397/.654 77.6 48.86 36 
4 .437/.694 75.6 50.18 36.24 
5 .477/.734 75.9 49.44 35.58 
6 .517/.774 76.8 50.18 36.53 

.05 level NS NS NS 
Pooled SE .757 .194 .367 

Critical LSD (.05) 5.41 1.33 2.7L 
P value .883 .269 .799 

~ 



Table 3. The effect of methionine and total sulfur amino acid levels in pre-peak layer 
diets on performance from 20 to 30 weeks of age. 

... Diet Feed Feed Body 
Met/fSAA Intake Efficiency Wt. Gain 
·, (%) (g/h/day) (gF/gEM) (g) 

·.: 

1 .317/.574 95.457 2.620 217.9 
2 357/.614 94.604 2.561 261.0 
3 ;391/.654 93.868 2.480 245.2 
4 .437/.694 94.828 2.502 260.6 
5 .477/.734 94.104 2.532 266.4 
6 .517/.774 94.962 2.480 253.3 

.05 level NS .NS NS 
Pooled SE .356 .0247 7.569 

Critical LSD for 
mean ·comparison 2.53 .173 52.8 

P value .771 .559 .487 
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Table 4. The effect of feeding different levels of methonine and total sulfur amino acids 
in pre-peak and post-peak diets on total performance from 20 to 64 weeks of 
age. 

Diet 
18 wks 30wks 

Met/TS AA HDEP EW EM 

(%) mg/hen/daily · (%) (g) (g/hen/day) 
intake 

1 .317/.574 620 84.1ab 55.46ab 46.67ab 
2 .317/.574 720 so.ob 55.s3ab 44.5sb 
3 .357/.614 620 s1.9ab 55.6oab 45.54ab 
4 .357/.614 720 82.6ab 56.3sab 46.61 ab 
5 .397/.654 620 84.4ab 55.38ab 46.14ab 
6 .397/.654 120· 85.2ab 55.56ab 47.33ab 
7 .437/.694 620 84.2ab 56.57ab 47.62a 
8 .437/.694 720 - 81.6ab 56.19ab 46.29ab 
9 .477/.734 620 83.6ab 55.24b 46.16ab 
10 .477/.734 720 s2.5ab 56.5oab 46.53ab 
11 .517/.774 620 86.la 55.39ab 47.66a 
12 .511n14 720 si.sab 51.05a 46.12ab 

Pooled SE .5509 .1737 .28 J.6 
Critical LSD 

for mean 5.536 1.687 2.84 
comparison 

P value 
(ANOVA) .649 .345 .68 



Table 5. The effect of feeding different levels of methionine and total sulfur amino acids 
in pre-peak and post-peak diets on total performance from 20 to 64 weeks of 
age. 

Diet 
18 wks 30wks Feed Feed Body 

Met{fSAA Intake Efficiency W:t'Gain 
(%) (mg/hen/day) (g/hen/day) (gF/gEM) , (g) 

1 .317/.574 620 104.sa 2.24gab 405.6 
2 .317/.574 720 102.1abc 2.3ooa 463.4 
3 .357/.614 620 100.ocd 2.202abc 459.8 
4 .357/.614 720 99.4Cd 2.14oabc 447.6 
5· .397/.654 620 10i.1abcd 2.164abc 415.3 
6 .397/.654 720 10i.oabcd 2.135bc 446.4 
7 .437/.694 620 104.1ab 2.191abc 457.9 
8 .437/.694 720 102.1abc 2.209ab 430.7 
9 .477/.734 620 103.1abc 2.236ab 438.9 
10 .477/.734 720 100.3bcd 2.157abc .450.5 
11 .517/.774 620 98.ld 2.059C 384.4 
12 .517/.774 720 99.8Cd 2.146abc 480.3 

(.05 level) NS 
Pooled SE .429 .017 10.Q8 

Critical LSD 
for mean 3.82 .164 103.7 :· -~~ 

comparison 

I 
P value 

(ANOVA) .029 .313 .857 



Table 6. The effect of feeding layers different levels of methionine and total sulfur 
amino acids in pre-peak and post-peak diets on subsequent performance from 
30 to 64 weeks of age. 

Diet 
Met{fSAA HDEP EW EM 

(%) mg/hen/daily (%) (g) (g/hen/day) 
intake 

1 .317/.574 620 86.2 58.2oab 50.16 
2 .317/.574 720 83.3 58.65ab 48.76 
3 .357/.614 620 84.9 58.26ab 49.45 
4 .357/.614 720 84.6 59.2oab 50.08 
5 .397/.654 620 87.4 57.92ab 50.59 
6 .397/.654 720 87.2 58.69ab 51.18 
7 .437/.694 620 87.0 59.56a 51.80 

I 

8 .437/.694 720 83.9 59.44a 49.80 I 

\ 9 .477/.734 620 86.0 57.60b 49.52 
10 .477/.734 720 84.9 58.94ab 50.02 
11 .517/.774 620 88.3 57.94ab 51.20 
12 .511n14 720 84.6 59.64a 50.49 

(.05 value) NS NS 
Pooled SE .572 .183 .... 321 

Critical LSD 
for mean 5.877 1.763 3!31 i 

comparison 
P value 

(ANOVA) .84 .287 .867 



Table 7. The effect of feeding layers different levels of methionine and total sulfur 
amino acids in pre-peak and post-peak diets on subsequent performance from 
30 to 64 weeks of age. 

Diet 
18 wks 30 wks Feed Feed Body 

Met!fSAA Intake Efficiency Wt Gain 

(%) (mg/hen/day) (g/hen/day) (gF/gEM) (g) 

1 .317/.574 620 l08.2ab 2.162a 160.4b 
2 .317/.574 720 105.5abcd 2.115a 272.7a 
3 .357/.614 620 102.3de . 2.076ab 193.4ab 
4 .357/.614 720 10i.4de 2.033ab 19i.9ab 
5 397/.654 620 104.5abcd 2.067ab 142.9b 
6 .397/.654 720 103.8bcd 2.03oab 228.5ab 
7 .437/.694 620 108.6a 2.102ab 201.6ab 
8 .437/.694 720 104.7abcd 2.101ab 165.9b 
9· .477/.734 620 106.9abc 2.162a 1.49.8b 
10 .477/.734 720 103.ocde 2.06ab 206.9ab 
11 .517/.774 620 99.le 1.936b 154.4b 
12 .517/.774 720 102.1de 2.033ab 203.7ab 

(.05 level) .. 
Pooled SE .551 .018 9.674 

Critical LSD 
for mean 4.627 .173 92.46 

comparison 
P value 

{ANOVA} .004 .268 .236 

,' 
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Table 8. The effect of feeding different levels of dietary fat, methionine, and TSAA on 
~- performance of two Leghorn strains from 30 to 64 weeks of age. 
111 

I 
t , Diet l 

Meth:TSAA Hen-Day Egg Production Egg Weight Egg Mass 
(mg/hen/day) (%) (g) (g/day) 

Strain A Strain B- Strain A Strain B Strain A Strain B 
0 % Fat 
355:600 81.5 81.5 58.8 58.6 47.8 47.7 
405:650 83.4 87.2 57.7 58.3 48.2 50.9 

t 
82.9 83.2 56.9 59.3 47.2 49.3 11 455:700 

.i 505:750 80.8 86.6 58.3 59.6 47.1 51.6 :~I 

555:800 81.5 83.1 58.9 57.8 48.0 48.0 
605:850 83.2 81.2 57.3 59.5 47.7 48.3 
Means 82.2 83.8 58.0 58.8 47.7 49.J 

2 % Fat 
I -355:600 81.8 84.0 57.8 58.1 47.3 48.8 . ' 

·i 405:650 81.0 87.9 58.3 59.0 47.2 .· 51.8 
455:700 83.6 86.0 57.2 58.3 47.7 50.2 
505:750 84.6 87.7 58.3 58.7 49.4 51.5 
555:800 83.3 80.6 59.2 ~ 59.1 49.3 47.6 
605:850 82.6 81.8 60.0 59.0 49.5 4;8.3 

· Means 82.8 84.7 58.5 58.7 48.4 49.7 

4 % Fat 
355:600 83.3 84.1 58.8 59.0 49.0 49.7 
405:650 85.4 84.7 58.9 59.5 50.3 50.4 
455:700 86.6 85.4 58.6 58.8 50.7 50.2 
505:750 83.4 86.0 59.6 59.8 49.7 51.4 
555:800 83.7 85.4 58.6 58.4 49.1 50.0 
605:850 80.2 85.7 61.0 58.1 48.9 49.8 
Means 83.8 85.2 59.2 58.9 49.6 50.2 

Control 
I (19.5%CP: 82.6 81.8 58.3 60.5 48.2 49.5 
:, 2900 kcal 

ME/kg) I 

'I .. 
Pooled SE .354 .127 .222 I 

Critical LSD 
value (.05) 6.19 2.1 3.857 

P value .638 .154 .529 
* Superscripts were not shown for the 38 multiple mean comparisons. The critical LSD 

value represents the difference needed between means for significance at the .05 level. 
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I Table 9. The effect of feeding different levels of dietary fat, methionine, and TSAA on I I 

\ 

performance of two Leghorn strains from 30 to 64 weeks of age. 

! Diet 
I 
I Meth:TSAA Feed Consum2tion Feed Efficiency Body Weight Gain I 

I (mg/hen/day) {g/b/d} {gFC/g EM} {g} 

\ 
Strain A Strain B Strain A Strain B Strain A Strain B 

I 

I 0 % Fat 
355:600 103.5 102.7 2.168 2.154 170.2 61.5 

I 405:650 98.3 105.9 2.042 2.084 158.1 30.3 I 
455:700 100.4 103.5 2.131 2.100 95.4 98.7 
505:750 95.4 106.7 2.028 2.070 132.6 105.6 
555:800 97.5 102.4 2.035 2.142 135.4 119.9 
605:850 98.1 101.9 2.061 2.119 123.0 99.9 
Means 98.9 103.8 2.08 2.11 135.8 86.0 

2% Fat 
355:600 98.0 99.9 2.074 2.053 146.6 1~4.4 
405:650 97.3 104.4 2.066 2.016 198.6 137.3 
455:700 94.2 99.5 1.976 1.986 134.7 160.0 

I 505:750 100.2 103.6 2.031 2.016 167.6 88.9 I 

I 555:800 100.2 102.9 2.033 2.172 187.3 196.4 .. I 
~ 605:850 98.8 105.9 1.995 2.216 205.8 121.4 
~· Means 98.1 102.7 2.030 2.080 173.4 148.0 ,. 

I!, 
.. 

\; 

I 4% Fat 
355:600 100.2 100.7 2.050 2.033 154.0 121.6 
405:650 98.1 106.2 1.952 2.108 227.4 130.5 

111 

455;700 96.9 102.3 1.911 2.043 183.9 138.8 
505:750 97.0 104.1 1.952 2.025 202.4 148.3 

f 555:800 100.0 102.3 2.042 2.075 214.7 102.2 
II 605:850 103.0 105.8 2.109 2.132 221.7 147.6 

Means 99.2 103.6 2.000 2.070 200.7 131.5 

Control 
(19.5% CP:2900 102.8 105.7 2.140 2.138 188.8 211.9 

kcal ME/kg) 

Pooled SE .376 .011 7.13 1'. 

Critical LSD 
value (.05) 5.37 .185 121.2 

P value .0001 .405 .30 
* See table 8 

319 



i 
ii Table 10. Composition and nutrient content of basal diets for 70 F 

ME level 
Ingredients 1 2 3 4 5 

% % % % % 

), 
Soybean meal 21.22 20.27 19.42 20.25 21.07 I 
Com 54.37 59.52 64.11 59.65 55.20 ,, 
Meat and bone meal 5.00 5.00 5.00 5.00 5.00 
Cellulose sand 8.12 3.92 

I Fat ,, 0.21 3.84 7.48 
I· Limestone 9.87 9.87 9.87 9.87 9.87 

P18.5 0.74 0.72 0.67 0.68 0.70 
NaCl 0.07 0.07 0.07 0.07 0.07 

:~ I NaHC03 0.35 0.35 0.35 0.35 0.35 I 

I L-lysine 0.04 0.06 0.08 0.07 0.04 I 

l1 
Vitamins and trace elements 0.22 0.22 0.22 0.22 0.22 

' ' 
ii CP,% 17.00 17.00 17.00 17.00 17.00 
! ME, kcal/kg 2450 2600 2750 2900 3050 

,J Ca,% 4.41 4.41 4.40 4.40 4.40 
inorganic P, % 0.47 0.47 0.46 0.46 0.46 

! Na,% ·0.19 0.19 0.19 0.19 0.19., 
Lysine,% 0.90 0.90 0.90 0.90 0.90 
TSAA,% 0.54 0.54 0.54 0.54 0.54 
Tryptophan, % ,0.21 0.20 . 0.20 0.20 0.21 

I Isoleucine, % 0.74 0.74 0.74 0.74 0.74 
11 Valine,% ·0.96 0.97 0.98 0.97 0.96 
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Table 12. Layer diets for experiment 4 

Diets 1 2 3 4 5 .· 6 7 :J 
% % % % % % %" ii 

" I 
'! 
1: SBM-47 17.2 17.3 17.4 17.5 22.7 22.8 28.3 I. 

Com 68.3 67.5 67.3 66.5 61.8 61.4 55.3 I Shell/bone 4.71 4.7 4.7 4.7 4.7 4.7 4.7 ,, 
I 

Unical-F 4.71 4.7 4.7 4.7 4.7 4.7 4.7 
Dical. Ph. 1.77 1.78 1.78 1.78 1.73 1.73 1.69 
Ethoxyquin .017 .017 .017 .017 .017 .017 .017 
Salt .236 .237 .237 .238 .237 .238 .157 
Sod. Bicarb. .272 .272 .272 .272 .272 .272 .272 
Vitamins .05 .05 .05 .05 .05 .05 .05 
Choline CI .085 .085 .085 .085 .085 .085 .085 
Minerals .065 .065 .065 .065 .065 .065 .065 .,, 
Fat .2.34 2.66 2.72 3.03 3.44 3.61 3.47 ' 

" Meth. 98% .213 .214 .214 .215 .159 .159 i .116 ii Lys. HCI .373 .376 .369 .189 I 

.· I 
I 

Tryptophan .065 .061 
Valine .166 
lsoleucine .2 

:: 
i Nutrient Calculations 

.. 
CP,% 14 14 14 14 16 16 18 
MEn (kcal/kg) 2900 2900 2900 2900 2900 2900 2900 Ii Ca,% 4 4 4 4 4 4 4 fi P, inorg. % .44 .44 .44 .44 .44 .44 .44 
Meth,% .46 .46 .46 .46 .43 .43 .4 

i' TSSA, % .68 .68 .68 .68 .68 .68 .68 
I· Lysine,% .67 .96 .96 .96 .81 .96 .96 '\ 

Tryp,% - .18 .18 .24 .24 .21 .21 .24 
Isoleu, % .63 .63 .63 .83 .73 .73 .83 
Va.,% .85 .85 .85 1.01 .93 .93 1.01 
Actual CP, % 14.4 14.5 14.7 15.5 16.8 16.9 18.7 



Table.13. The perfonnance of hens fed different combi!1ations of protein and amino acids in experiment 4. 

Diet HDEP EW EM FC FE BWG 

% g g g/b/day fcbd/em g 

CS14 91.4+/-1.1 abed 54.4+/-.4de 49.8+/-.4cd 104.7+/-.8def 2.10+/-.02cdef 61+/-lOa 

CS14LY 89 .8+/- l .6cde 55.5+/-.4bcd 49.9+/-1.2cd 104.9+/-1.1 ced 2.l l+/-.04bcde 60+/-15A 

CS14LY,T 89.6+/-.9cde 55.2+/-.4bcde 49.4+/-.8d 109.9+/-t.8b 2.26+/-.06a 91+/-27ab 

CS14LY,T,I,V 90.4+/-.8bcde 55.2+/-.5bcde 49.9+/-.5cd 101.4+/-.6f 2.04+/-.02ef 95+/-37ab 

CS16 92.2+/-.9abc 56.0+/-.5abc 51.6+/-1.oabc 106.8+/- t.5bcd 2.01+1-.05def 47+/-34a 

CS16LY 92.9+/1.1 ab 56.4+/-.5ab 52.4+/-.8ab 103 .1 +/- t.oef 1.99+/-.03F 77+/-23ab 

CS18 93.8+/-.8a 57.0+/-.8a 53.5+/-.6a 106.6+/-.8bcd 1.99+/-.02f 103+/-34ab 

a-h Means with a common lettered superscript in a vertical row are not statistically different 

(P > 0.05). 

.. 
Table 14. The effect of dietary protein and amino acids on egg composition 

--

Diets Specific Gravity Haugh Units % Yolk % Albumen 

CS14 l.088tab 90.9scd 26.73a 56.34f 

CS14LY 1.0858c 90.44cd 25.39e 59.24ab 

CSl4LY,T 1.0860bc 90.47cd 25.49de ss.ssabc 

CS 14L Y ,T,I,V 1.os1oaoc 89.57d 25_97cd 58.75bc 

CS16 1.0879abc 91.32bc 26.12c 5g_39bcde 

CS16LY 1.0872abc 91.84abc 2s.27e 58.25cde 

CS18 1.0882ab 89.62d 25.48de 59.74a 
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Table 16. The effect of feeding different amino acids in low protein diets on l~yer ----
performance from 46 to 62 weeks of age. 

Diet HDEP EW EM 
(%) (g) (g/day) 

1. 14 % CP Basal 82.5d 60.lC 49.6C 
2. 1 + Lys 86.6abcd 60.8abc 52_7abc 
3. 1 + Lys, Trp 85.6bcd 61.5abc 52.6abc 
4. 1 + Lys, Trp, NEAA 87.1 abed 61.4abc 53.4ab 
5. 1 + Lys, Trp, Ile 89.7ab 61.2abc 55.oab 
6. 1 + Lys, Trp, Ile, Val 90.6a 61.oabc 55.3a 
7. 1 + Lys, Trp, Ile, Val, NEAA 90.4ab 60.6bC 54_7ab 
8. 1 + Lys, Trp, Ile, Val, Arg 83.3cd 62.4a 51.9bc 
9. 1 + Lys, Trp, Ile, Val, Arg, Thr 88.oabc 61.9ab 54.6ab 
10. 1 + Lys, Trp, Ile, Val, Arg, Thr, NEAA 88.8ab 61.3abc 54.4ab 
11. 16 % CP Basal 89.2ab 61.2abc 54_5ab 
12. 11 + Lys 88.9ab 61.1 abc 54_3ab 
13. 11 + Lys, NEAA 89.2ab 62.oab 55.3a 
14. 18 % CP Basal 87.6abc 61.9ab 54:sab 
15. 19.5 % CP Control 87.oabcd 61.6abc 53.6ab 

Pooled SE .477 .161 .304 
Critical LSD value (.05) 4.94 1.77 3.15 
P value . 041 .583 .035 

... 

324 



Ta,ble 17. The effect of feeding different amino acids in low protein diets on layer 
performance from 46 to 62 weeks of age. 

Diet Feed Feed Body 
Consum2tion Efficiency Weight Gain 

(g/hen/day) (g) 

1. 14 % CP Basal 106.5b 2.159a -10.8 
2. 1 + Lys 104.7b 2.007abc -4.3 
3. 1 + Lys, Trp 106.5b 2.031abc 60.5 
4. 1 + Lys, Trp, NEAA 110.1ab 2.069abc 64.8 
5. 1 + Lys, Trp, Ile 108.3ab l.982bc 21.4 
6. 1 + Lys, Trp, Ile, Val 109.4ab l.988bc 6.0 
7. 1 + Lys, Trp, Ile, Val, NEAA 107.6ab l.968bc 43.2 
8. 1 + Lys, Trp, Ile, Val, Arg l08.2ab 2.094ab 33.3 
9. 1 + Lys, Trp, Ile, Val, Arg, Thr 109.2ab 2.010abc 49.7 
10. 1 + Lys, Trp, Ile, Val, Arg, Thr, NEAA 105.lb 1.934c 62.4 
11. 16 % CP Basal 109.1 ab 2.003bc 6.6 
12. 11 + Lys 105.ob i.944bc 51.9 
13. 11 + Lys, NEAA 112.2a 2.03oabc 44:3 
14. 18 % CP Basal 107.1 ab 1.981 be 57.5 
15. 19:5 % CP Control 105.7b l.976bC 35.3 

NS 
Pooled SE .524 .014 7.02 

.. 
Critical LSD value (.05) 5.65 .156 76.9 ,' 

P value .35 .34 .62 --
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T.able 18. The effect of feeding different amino acids in low protein diets on egg 
COmQOSition. 

Diet % Yolk % Albumen 

1 14% CP Basal 2s.23bcdef 55.24bc 
2 1 +Lys 2s.s4abc 55.26bc 

28.65abcde 3 1 + Lys, Trp 54.64C 
2s.13abcd 56.02abc 4 1 + Lys, Trp, NEAA 
21.s5efg 56.01 abc 5 1 + Lys, Trp, Ile 

6 1 + Lys, Trp, Ile, Val 28.32abcdef 54.74C 
7 1 + Lys, Trp, Ile,. Val, NEAA 28.3oabcdef 56.83a 
8 1 + Lys, Trp, Ile, Val, Arg 21.95defg 56.54ab 
9 1 + Lys, Trp, Ile, Val, Arg, Thr 21.59fg 56.38ab 
10 1 + Lys, Trp, Ile, Val, Arg, Thr, NEAA 29.lla 54.68C 
11 16% CP Basal' 2s.02cdefg 55.86abc 
12 11 + Lys 29.02ab 55.2gbc 
13 11 + Lys, NEAA 28.78abcd 55.s9abc 
14 18% CP Basal 2s.s2abc 56.26ab 
15 19.5% CP Control 27.34g 57.o4a .· 

a-g Means with a common superscript in a vertical r?w are not statistically different 
(P>0.05). .. 

326 



I 
I 

I 
I 

\ 
! 
'I 

Figure 1. Effect of TSAA with high dietary ME level on egg mass production (em) 
and body weight change (bwc) 
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Figure 2. Effect of TSAA with high dietary ME level on egg number and weight 
(ewt) 
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Figure 3. Effect of TSAA with high dietary ME level on egg 
composition from layers housed in thermoneutral and hot 

environments 
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Figure 4. Effect of ME with low TSAA intake on egg mass production (em) and 
body weight change (bwc) 
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Figure 5. Effect of ME with low TSAA intake on egg number and weight (ewt) 
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Figure 6. Effect of daily ME intake on amount of body fat with low 
(495mg/d) TSAA intake 
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Figure 7. Effect of ME with low TSAA intake on egg composition from 
layers housed in thermoneutral and hot environments 
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Figure 8. Effect of ME with high TSAA intake on egg mass production (em) and 
body weight change (bwc) 
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Figure 9. Effect of ME with high TSAA intake on egg number and weight (ewt) 
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Figure 10. Effect of daily ME intake on body fat with high (695mg/d) 
TSAA intake 
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Figure 11. Effect of ME with high TSAA intake on egg composition 
from layers housed in thermoneutral and hot environments 
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TURKEY BREEDER RESEARCH AT THE UNIVERSITY OF MINNESOTA 

INTRODUCTION 

S. L. Noll, P. E. Waibel, M. El Halawani, 
and J. Brannon, 

Department of Animal Science 
University of Minnesota 

St. Paul, Minnesota 55108 

Body weight of turkey breeder hens has increased greatly. Hester and Stevens (1990) reported 
a 25% increase in 16 week weight of Nicholas parent stock hens in the period from 1985 to 
1989. Poorer egg production has been noted in heavy weight strains of poultry. The decline in 
egg production is most often attributed to loss of ova through follicular atresia, internal laying 
and defective ovulations resulting in double yolked, shell-less and slab sided eggs (Hocking, 
1991). 

Restriction of body weight in chicken broiler breeders has been successful in improving 
reproductive performance (Wineland and Myers, 1989). Restrict.ion of body weight Of turkey 
breeders has met with varying success. As indicated in several research reviews (Waibel et 
al., 1981; Whitehead, 1989; Hester and Stevens, 1990), the restriction of body weight through 
physical restriction of feed intake, or the feeding of low energy or low protein diets has 
generally proved unsuccessful in improving reproductive performance. In some cases iti'fias 
been harmful, particularly, when low protein diets have been fed during rearing and holding 
(Voitle and Harms, 1978; Meyer et al., 1980; Waibel et al., 1981). Effects may be observed • .,.,_ 
not only on immediate reproductive traits, but also on poult quality (Waibel and Noll, 1988). 
More recent reports indicate benefits with mild restriction. Miles and Leeson (1990) reported 
that feed restriction amounting to 95% of the control intake improved egg production. 
Previous University of Minnesota studies (Gobbles 47(6/12): 13, 1990) indicated an average 
improvement in egg production of 3.9% by restricting daily feed intake to 90%. 

paily feed restriction is a less desirable method of feed restriction as it is complex in its 
administration. Thus there is interest in managing body weight restriction without daily feed 
restriction. The objective of the following two experiments were to examine different methods 
of body weight control in breeder hen candidates and determine their affect on subsequent 
reproductive performance and progeny performance. 

METHODS 

Experiment 1. 1200 female line hen poults (Nicholas strain), hatched July 6, 1990, were 
housed during 0-12 weeks in 48 pens and were subsequently moved into 48 breeder pens (7' 
x 9') such that there were 12 breeder hens per pen at time of light stimulation. Lighting was 
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changed from 6L:18D (during 19-30 weeks of age) to 14L:10D at 30 weeks of age (Jan. 
30,1991) and remained as such to 57 weeks. The study was terminated on August 8, 1991. 

The pre-breeding diet regimes (Table 1) were designed to achieve differences in body weight 
at time of light stimulation. The six treatments were 1) corn-soy control, 2) high nutrient 
density (HND) containing 2, 4, 6, 8% supplemental fat in successive 4 week periods, 3) low 
protein (LP), 4) low protein with 2% feather meal (FM) to further restrict growth and 
abdominal fat pad development 5) ·Skip day feeding (SD) of Treatment 1 initiated at 2 weeks 
of age and, 6) feeding of the LP diet followed by daily feed restriction of Treatment 1 (90% 
restriction) after 6 weeks of age (LP/R). All diets were pelleted. 

All prebreeder diet groups were fed one of four breeder diet regimes (Table 2): 1) control, 
corn-soy, 15% protein, 2} as 1 with 6% fat, 3) as 1 with 18% protein and, 4) as 3 starting at 
28 weeks of age followed by Treatment 1 at 33 weeks of age. Again all diets were fed in 
pelleted form with Treatments 1, 2, and 3 starting at 30 weeks of age. 

Experiment 2. Female line hen poults (Nicholas strain) were hatched March 26, 1991 and 
randomly placed in 48 pens measuring 8' by 8' and bedded with wood shavings. Diets were 
fed in crumble/pelleted form. The trial ended May 21, 1991. The four prebreeder nutrition 
treatments were 1) com-soy control, 2) low protein, 3) skip day after 2 weeks, and 4) low 
protein to 6 weeks of age followed by daily feed restriction (90%) after 6 weeks of age. In 
the skip day program hens, feed was withheld for one-half day every other day for two to 
four weeks of age. At four weeks of age hens had access to feed every other day. Each diet 
was fed to 12 pens of hens. • 

Hens from each prebreeder feeding regime were raised under two ·lighting programs. In the 
conventional (C) lighting program hens were on short days (6L:18D) during 18-29 weeks of 
age. After 29 weeks of age the hens were lighted (15L:9D). In the step down/up (SD/U) 
program, lights are decreased 1/2 hour/week to reacn 6 hours of light at 17 weeks, then 
increased by 1/2 hour/week. Lights were increased to 15 hours at 29 weeks of age. There 
were 24 pens per lighting group. 

Hens were switched to one of 3 breeder treatments at 26 or 29 weeks of age for the step 
down/up birds and conventional lighted birds, respectively. A com soy control, high fat (6% 
animal fat) and high protein diet (18%) were fed in a factorial manner. 

General Management. Hens were inseminated with pooled semen extended 1: 1 at weekly 
intervals. Body weights and feed consumption were measured at 3 to 4 week intervals and 
mortality was recorded daily. After light stimulation measurements of egg production, egg 
weight, fertility and hatchability were taken. Eggs were pen marked for one week of each 4 
week production period for determination of egg weight, fertility and hatchability. The first 4 
week production period began 3 weeks after light stimulation. 
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RES UL TS AND DISCUSSION 

Experiment 1. Prebreeder- growing performance is given in Table 3. At 16 weeks of age body 
weights ranged from 11.6 (FM) to 16.2 lbs (HND). Mortality was greatest for the SD 
treatment. Two weeks of age was too early to initiate skip day feeding, therefore, feed was 
withheld for 8 hrs of the day, every other day for 7 ~eeks. After this time feed was: withheld 
every other day. At the time of light stimulation, body weights ranged from 22.5 (FM) to 27.2 
lbs (HND). Body weight of the control group was similar to the HND treatment. The LP, FM, 
and SD treatments brought about early restriction in body weight, but weights greater than 22 
lbs were still obtained at the time of lighting on these treatments. Body weights of the hens 
from the non-restricted groups averaged 26.9 lbs at the time of lighting (30 weeks). 

Breeder performance is summarized in Table 4. Similar rates of egg production were obtained 
regardless of pre-breeder dietary treatment. Contrary to previous results, restricting growth did 
not improve egg production. Speculation about the lack of response could include season and 
flock health effects. Hens in this study were lit later in the year resulting in the latter 3 
months of lay occurring in summer conditions. Hens on the LP/R treatment were also , 
restricted to a greater extent than originally targeted (85% vs 90% ). Feeding of the FM 
prebreeder diet which had resulted in lower body weights in comparison to the LP diet also 
tended to have the lowest rate of egg production. Mortality was unaffected by prebreeder diet 
with little mortality occurring through 49 weeks of age. At this time the flock was diagnosed 
witl:t erysipelas. Mortality was greatest at 57 weeks of age. 

Egg production was significantly improved over that of the control breeder diet by fee'ding 
high protein during the 28-33 week or after 30 weeks of age. Work with broiler breeders._has 
also indicated positive responses to higher protein pre-lay diets (Cave, 1984; Brake and co:::~ 
workers, 1985). 

The four prebreeder nutrition treatments were 1) corn-soy control, 2) low protein, 3) skip day 
after 2 weeks, and 4) low protein to 6 weeks of age followed by daily feed restriction (90%) 
after 6 weeks of age. In the skip day program hens, feed was withheld for one-half day every 
other day for two to four weeks of age. At four weeks of age hens had access to feed every 
other 'day. Each diet was fed to 12 pens of hens. 

Other reproductive performance characteristics-egg weight, fertility, and hatchability were not 
affected by breeder or prebreeder regime. 

Experiment 2. Body weights of hens were affected by pre-breeder and lighting treatment. 
Hens on the step down/up program were lighter by about .5 lbs at 26 weeks of age (Table 5) 
with a range of weights from 20.2 to 22.9 lbs. These hens initiated egg production around 28 
weeks-4 days of age. Hens on the conventional lighting program weighed in the range of 21.9 
to 25.3 lbs at 29 weeks of age and came into production at 31 weeks-3 days of age. The skip 
day and low protein treatments resulted in the greatest amount of weight restriction at 26 and 
29 weeks of age. Feed intake through 26 weeks of age was similar for each lighting 
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program. Feed intake was reduced to the same degree for each prebreeder treatment resulting 
in restricted growth. Feed intake for the growth restricted groups increased greatly when 
switched to the breeder feeds at 26 and 29 weeks of age for the respective step down/up and 
conventional lighting programs. 

Egg production through 24 weeks was similar for the two lighting programs (Table 6). The 
skip day program tended to increase egg production in both lighting programs .. Early egg 
weight was reduced with the step-down/up program and were lower in comparison to the 
conventional lighting program hens through out the course of the study. 

The three breeder diets had no effect on egg production or egg weight. When responses are 
separated by prebreeder lighting group, hens in the step down/up program show a slight 
response to the high protein breeder feed. 

Data for the progeny test is not shown due to a lack of space. Weight and mortality of hen 
progeny tended to be poorer for those breeder hens restricted in weight. Mortality for foin 
progeny P<?ults was greater while body weight was unaffected by a restrictive prebreeder 
regime. 

SUMMARY 

The three methods of weight restriction resulted in similar body weights at the time of 
lighting. Restricting body weight did not consistently result in improved egg production. 
Season of the year and level of restriction may be involved in the lack of a response. Low 
protein feeding especially with poor quality protein (feather meal) decreased egg production._ 

In Experiment 1 reproductive performance was significantly affected by breeder diet with a 
20% increase in egg production obtained with the high protein diet as compared to the com
soy control diet. Rate of lay _was increased to a lesser extent with the feeding of a high 
energy diet. A high protein prelay diet (28-33 weeks) was also beneficial. 

The step down/up program brought hens into production 20 days earlier. Egg production, 
· fertility and hatchability were slightly lower. This may be more an effect of changing 
management to accommodate a flock coming into production sooner than usual rather than an 
effect of lighting treatment. 
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TABLE 1. Composition of selected prebreeder diets (Experiments 1 and 2) 1 

Age (weeks! 

0 - 4 12 - 16 

Ingredients (%} High High 
Nutrient Low Feather Nutrient Low 

Control Density Protein Meal Control Density Protein 

Corn 46.55 40.57 56.45 58.77 69.54 55.69 77.75 
Soybean meal ( 44 %} 45.77 - 35. 47 . 31.13 26.51 18.09 
Soybean meal (47%) - 49.00 - 31.58 -
Feather meal - - 2.00 - -
Fish solubles 2.50 2.62 2.61 2.63 .75 .84 .77 
Fermentation 

residue product .25 .26 .26 .26 .07 .08 .. 08 
Animal Fat 2.00 - 8.00 -
DL-methionine (99%) .194 .240 .125 .095 .019 .087 -
Other2 + + + + + + + 

Calculated Nutrient Com~osition 
Protein, % 25.8 28.3 22.2 22.2 18.2 20.3 15.2 
Metabolizable 

energy Kcal/kg 2688 2821 2801 2831 2998 3344 3092 
Methionine plus 

cystine, % 1. 01 1.11 .84 .85 . 40 .47 .42 
Lysine, % 1. 54 1. 69 1. 26 1.17 .76 .82 .64 

Crumbles 0-8 weeks, pellets thereafter. 
Includes salt, minerals and vitamins. 

,, 

_. 

22 - 30 

High 
Feather Nutrient Low Feather 
Meal Control Density Protein Meal 

80.13 84 .13 72.38 92.17 91. 33 
13.69 9 .'99 - 1. 86 

- 13 .34 
2.00 - - 2. 00 

.78 1. 00 1. 00 1. 00 1. 00 

.08 .05 .05 .05 .05 
8.00 
.042 

+ + + + + 

15.2 12.8 13. 7 9.9 11.1 

3123 3170 3509 3264 32 58 

.42 .45 .51 . 37 .44 

.64 .54 .56 . 4 3 .47 
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TABLE 2. Composition of breeder diets 
(Experiments 1 and 2) 

Ingredients Control 
6% Animal 

Fat 
High 

Protein 

-------------- % --------------

Corn 73.69 64.43 65.64 
Soybean meal (44%) 16.25 18.86 24.58 
Animal fat 6.00 
Fish solubles 2.50 2.50 2.50 
Fermentation residue product .10 .10 .10 
DL-methionine (99%) .037 .05 
Other2 + + + 

Calculated nutrient COm.QOSition 

Crude protein, % 15.0 15.4 : 18.0 
Metabolizable energy, 

Kcal/kg 2957 3177 2867 
Metionine plus cystine, % .513 .553 .646 
Lysine, % . 734 .788 

.. 
.958 

~~!. 

1 Fed in pelleted form. 

2 Includes salt, minerals and vitamins. 
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TABLE 3. Effect of prebreeder diet on growing performance 
(Experiment 1) 

Age Prebreeder Diet 1 

(weeks) Control HND LP FM 

Body weight 16 15. 34b 16.16a 13.50c 11.64e 
(lbs) 22 20.s5b 21.63a 19.25c 15.75e 

30 26.65a 27.18a 25.64b 22.54d 

Feed intake 0-16 .385a .374b .333c .304d 
(lbs/day) 0-30 .510a .478b .468b .430b 

Mortality 0-16 . gb .9b . gb .45b 
(%) 0-30 2.68b 3.59b .9b 1. 34b 

1 See text for diet descriptions. 

SD 

12.32d 
18.06d 
23.87c 

.3ood 

.447c 

4.46a 
6. 7·oa 

...... ===··'~"'·"" ___ -,...,,=~-~~-==----==-

LP/R 

13.56c 
19.09c 
23.57c 

.325c 

.437cd 

o.oob 
2.68b 

a,b,c,d 
Means in a row with different superscripts are significantly different 
(P < .05). 
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TABLE 4. Effect of prebreeder diet and breeder diet on reproductive performance during weeks post 
light stimulation (Experiment 1) 

Days to Egg Egg weight Feed intake Fertilitx: Hatch 
first 12roduction 3-7 23-27 0-3 3-27 3 - 27 of 
egg 3 - 27 wks ----weeks----- -----weeks---- weeks fertile 

- % - ------ g ----- --- lb/day --- - % - - % -

Prebreeder diet 1 

Control 18.1 52.6 84.8 98.1 .509cd .534 92.1 75.8 
HND 16.8 50.8 84.7 100.5 .466d .539 94.2 75.6 
LP 18.4 52.1 82.8 99.0 .544c .545 94.2 77.8 
FM 19.4 4 5. 3 84.8 97.4 .662a .546 94.5 75.4 
SD 18.1 52.3 84.9 99.2 .590b .549 92.4 75.3 
LP/R 19.4 50.9 84.3 98.6 .646a .557 94.1 76.7 

Breeder diet 
Control 17.9 45.8 84.2 99.3 .560 .542b 93.8 73.8 
6% Animal Fat 18.2 49.6 83.3 97.3 .550 .520C 92.8 77.5 
High protein 18.4 54.9 84.8 100.3 .576 .564a 94.0 77.8 
High protein 

.553ab (28-33 wks) 18.8 53.3 85.3 98.4 .592 93.9 75.3 

1 See test for diet descriptions. 

a,b, c Means within a colwnn with differ.ent superscripts are significantly different (P < . 05). 
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TABLE 5. Effect of prebreeder feeding regime and lighting program on 
growing performance (Experiment 2). 

Pre breeder treatment 
Measurement Daily feed 

and age 
Lightin1 
program Control Skip day Low Protein restriction 

Body weight (lbs) 

18 wks SD/U 16.8 14.9 15.3 
c 17.3 14.7 15.9 

26 wks SD/U 22.9 20.2 20.9 
c 23.4 20.8 19.6 

29 wks SD/U 24.6 22.2 23.4 
c 25.3 22.3 21.9 

32 wks SD/U 24.0 22.1 23.2 
c 26.4 24.0 24.5 

Peed intake (lbs/day) 

0-26 wks SD/U .448 .411 .410 
c .456 .403 .398 

26-29 wks SD/U .618 .670 .652 
c .649 .543 . 626 

29-32 wks SD/U .499 .524 .477 
c .618 . 740 .729 

Mortality (%) 

0-32 wks 4.8 3.6 1. 7 

1 Lighting program: SD/U = step down-step up; C = conventional 
(see text for description). 

15.3 
15.7 

20.7 
21.3 

22.6 
22.8 

22.4 
24.3 

.407 

.405 

,._634 
.550 

.523 

. 674 

2.0 



TABLE 6. Effect of prebreeder feeding regime and lighting program on 
breeder reproductive performance (Experiment 2). 

Prebreeder treatment 
Measurement Lightin~ Daily feed 

and age program Control Skip day Low Protein restriction 

Egg Production (%) 

24 wks SD/U 49.3 52.4 49.0 51.8 
c 53.4 55.1 51.2 51. 2 

Egg weight ( g) 

0-4 wks SD/U 82.0 80.9 80.9 80.4 
c 84.4 82.0 84.3 84.3 

0-24 wks SD/U 89.0 87.7 87.7 87.3 
c 91.1 90.7 92.0 91.4 

Fertility 

(%) SD/U 92.1 92.4 93.4 94.1 
c 95.6 95.8 94.3 95.7 

1 Lighting program: SD/U = step down-step up; C 
(see text for description). 

conventional 
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