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r l TUESDAY, SEPTEMBER 17, 1991 

( 52nd Minnesota Nutrition Conference 

1! AM. DAIRY 
· 7:45 Registration 

Presiding: Jim Linn 
8:15 Welcome - Richard Goodrich 
8:30 Measuring Ruminal Protein 

Degradability and Intestinal Protein l 
,

1

·! Digestibility of Feedstuffs - Marshall D. \ 
Stern 

I· 9:00 Analyzing Forages for Nutrient Content 
and Prediction of Animal Performance -
Neal P. Martin 

9:30 Bioavailability of Trace Minerals -
Inorganic vs Organic - Jerry W. Spears 

10:00 Refreshment Break - Sponsored by 
NFMA 

10:30 Managing the Dry Dairy Cow for 
Optimum-Performance After 
Freshening - Jerry D. Olson 

11:00 Changing the Composition of Milk From 
Dairy Cows Through Feeding 
Programs - Larry E. Chase 

11 :30 Speakers Panel and Discussion 
12:00 LUNCHEON: (Sponsored by Diamond 

V) The Future of Extension Livestock 
Education Programs at the University of 

. MN - Pat Borich, Director Minnesota 
r Extension Service 
I P.M. GENERAL RUMINANT 
I Presiding: Dave Lahr · . 

1 :30 Impact of Nutrition on Immunological 
Function - Cheryl F. Nockels · 

· 2:00 Nutrient Requirements and Various 
Factors Affecting Fetal Growth and 
Development - Calvin L Ferrell 

2:30 Feeding and Managing Light Weight 
(Weaning to 600 lbs) Growing Holstein 
Steers - Hugh Chester-Jones 

3:00 Refreshment Break - Sponsored by 
NFMA 

3:30 Protein Requirements of High 
Performance Feedlot Cattle - Pete T. 
Anderson · 

4:00 Feeding Food Industry Byproducts to 
Ruminants - Steve Rust 

4:30 Speakers Panel and. Discussion 
5:00 Adjourn 

, 5:30 NFMA Social Hour 
6:30 NFMA Dinner 

Speaker - "Bench-warmer" Bob 
Lurtsema, Retired Minnesota Vikings 
Tickets from NFMA @ $24 

WEDNESDAY, SEPTEMBER 18, 1991 

A.M. SWINE 
-Presiding - Mike Trotter 

8:30 Nutrition of Sows During Lactation -
Ray King 

9:00 The Impact of Starter Diets on the 
Subsequent Growth of Swine - James 
E. Pettigrew. 

9:30 Amino Acid Nutrition of Swine for 
Optimum Growth - Gerald C. Shurson 

10:00 Refreshment Break 
10:30 Feeding Phytase to Increase the 

Availability of Phosphorus in Feeds for 
Swine - Gary L Cromwell 

11 :00 Enzyme Applications in Animal Feed 
and A~sociated Industries - Joe Dunne 

11 :30 Speakers Panel arid Discussion 
12:00 LUNCHEON: Feeding the Consumer -

How Safe is Biotechnology Produced 
Food~ Sue Harlander · 

P.M. POULTRY 
Presiding - Sally Noll • 

1 :30 Nutritional Implications of .... 
Gastrointestinal Tract Pevelopm~ht-dn 
Growing :rurkeys - Jerry Sell 

2:00 Update on Minnesota Turkey Research -
Paul Waibel 

2:30 Leg Problems in Poultry - Tibial 
Dyschondroplasia - Mark Cook 

. 3:00 Refreshment Break 
3:30 · Management of Molting Layers - Ken 

Koelkebeck 
4:00 Calcium Nutrition Studies With Layers -

Robin Jevne · 
4:30 Speakers Panel and Discussion 
5:00 Adjourn 



I 
I' 
i 

. ~,); 

1: 

\ii 
,1 
I' 
1:1 

II: 
\, 
I 

11: 
1i1 
·'' 
1

il 
I 

'.! 
" ,1 

q, 
" '. 

l: 
'' 
1 .. 
'' 
'i 
'" 

I' 
I 
I 
I. 
I 

,ii 

CONFERENCE COMMIITEE 

+ Pete Anderson, Department of Animal Science 
Darwin Britzman, GTA Feeds 

+ Hugh Chester-Jones, Southern Exp. Station 
+ Brian Crooker, Department of Animal Science 

Larry D~nn, George A. Hormel & Co. 
Richard Everso(l, Land O'Lakes, Cenex 
Dave Gast, International Multifoods 
John Goihl, Agri-Nutrition SeNices. Inc. 
Chad Hagen, Cargill, Inc. 

+ Mel Hamre, Department ·of Animal Science 
+ Jerry Hawton, Department of Animal Science 
+ Lee Johnston, West Central Exp. Station 
+ Robert Jordan, Department of Animal Science 

Harold King, Bloomfield-Swanson 
Kermit Kjolhaug, Independent Consultant 

* David Lahr, PM ag products 
Richard Larson, Ouali-Tech Products 

+ * James Linn, Department of Animal Science 
Russ Martin, Domain, Inc. 

+ Jay Meiske, Department of Animal Science 
+ Sally Noll, Department of Animal Science 
+ Donald Otterby, Department of Animal Science 

Doug Pamp, Form-A-Feed, Inc. 
+ James Pettigrew, Department of Animal Science 

Michael Schmoll, Kindstrom-Schmoll, Inc. 
Laverne M. Schugel, Zinpro Corp. 

+ Jerry Shurson, Department of Animal Science 
Ralph Soule.- Nutrition Consulting SeNice 
Virgil Stangeland, Farm SeNice Elevator 

+ Marshall Stern, Department of Animal Science 
Mike Trotter, Hubbard Milling Co. 

+ Gerald Wagner, Extension Education 
+ Paul Waibel, Department of Animal Science 

• Conference Chairmen 
+ University of Minnesota 



.. I 
a;r .. ~!.;t;..t: 

Pete Anderson is beef cattle extension specialist at 
University of Minnesota. He conducts research on effective 
implants for feedlot cattle, efficiency of various slaughter 
endroints and provides resource Information for Minnesota 
bee industiy. His BS and MS are from Kansas State and 
PhD from Michigan State. 

L.E.(Larry) Chase, associate professor Cornell University, 
has an extension/research appointment In dairy nutrition. 
His research Is the effect of added enzymes on silage 
fermentation and application of the Cornell net 
carbohydrate protein model to dairy nutrition programs. He 
has a BS in dairy from Ohio State, MS in animal science 
from NC State and PhD in animal nutrition from Penn 
State. 

Hugh Chester-Jones, .animal scientist University of 
Minnesota Southern Experiment Station. His research focus 
Is on nutrition/management systems to raise Holstein/beef 
calves and interrelationships between genetics, nutrition 
and physiological development of dairy heifers. His 
background is In British agriculture with a degree In animal 
science from University of Massachusetts and a PhD from 
Virginia Tech. 

Mike B. Coelho, manager technical services In animal 
nutrition, BASF, Is responsible for technical support of 
customers, marketing and sales, applied research and 
publications. His research focus Is on effects of vitamins 
and organic acids on livestock and poultry nutrition and 
management. His PhD Is In animal nutrition from Louisiana 
State and MBA In marketing from Fairleigh Dickinson. 

Mark Cook, associate professor University of Wisconsin, 
teaches a course In nutritional principles, metabolism and 
biochemistry and other poultry courses. His research focus 
is on mode of action of nutrients, toxins, drugs, and 
chemicals In metabolism, metabolic disease, and Immune 
responses of birds. He received a BS, MS, and PhD from 
Louisiana State University. 

Gary L Cromwell, professor University of Kentucky, Is 
involved in research/teaching swine nutrition and 
management since 1967. Research emphasis is in mineral 
and amino acid nutrition of pigs and feed additives. His BS 
in Agricultural Education Is from Kansas State and his MS 
and PhD in animal nutrition are from Purdue. He was 
president of ASAS 1989-90. 

Joe Dunne is VP and General Manager of Quest 
Bioproducts Group, Sarasota, Fl. He has worked as a 
post doctoral research fellow on enzyme mechanisms at 
Max Planck Institute at Dortmund, W. Germany and at U. 
Ca. San Diego. He is a graduate at University College 
Dublin, Ireland and was a lecturer in· biochemistry there. 

Calvln L Ferrell Is Research Animal Scientist, USDA, Clay 
Center, NE since 1975. His BS and MS In animal science 
are from Oklahoma State and a PhD In nutrition from UC 
Davis. He has final responsibility for all phases of research 
at the Center including areas of biological engineering, 

• herd health, nutrition, production systems and reproductive 
' physiology. He Is on the graduate faculty at •University of 

Nebraska 

Susan K.Harfander Is associate professor of food 
biotechnology University of Minnesota. She has a BS In 
biology from UW-Eau Claire, MS In microbiology and PhD 
in food science University of Minnesota. Research focus Is 
application of recombinant DNA technology for genetic 
improvement of microorganisms utilized in food 
fermenlations, use of plant tissue culture for processed 
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foods, and rapid Identification methods for foodborne 
pathogens. 

Robin L Jevne, research associate department of animal 
science University of Minnesota, received her MS end PhD 
In non-ruminant nutrition from University of Minnesota. Her 
specialty Is In poultry management and nutrition. The 
locus of her research Interest Includes muscle protein 
metabolism and growth modeling In poultry. 

Ray King Is research scientist, VOA, Australia. His research 
Is energy and protein metabolism In young sows and 
factors affecting milk production. Awarded an Industry 
sponsored fellowship to undertake research at University of 
Minnesota. His BS Is from Melbourne University and PhD 
from University of Western Australia. 

Ken Koelkebeck, assistant professor and poultry extension 
specialist, University of Illinois, provides leadership In 
extension emphasizing efficiency of egg and turkey 
production. Research ls In nutritional management of 
molting layers, feeding excess amino acids to layers, 
effects of carbonated drinking water on heat stressed 
laying hens. He has BS and MS degrees from University of 
Missouri and a PhD from Texas A&M. 

Neal P. Martin, professor/extension agronomist-forages 
University of Minnesota, received a BS from Ohio State, 
MS and PhD from Iowa State, all In agronomy. He 
develops educational programs for forage crop and 
grassland production. His research focus Is the use of near 
Infrared reflectance spectroscopy (NIRS) In forage testing 
of farm grown forages and feeds, evaluation of accuracY. of 
forage test results and alfalfa variety evaluation for quality. 

Jamee K. Miiier, professor of anlmal nutrition. University of 
Tennessee, has a BS from Berry College, and the MS and 
PhD both from University of Georgia. Research at UT 
Includes feed delivery systems for dairy cows, iodine 
concentrations In milk, magnesium metabolism, grass 
tetany, milk fever, placental retention and udder edema. 
His appointment Is 15% teaching and 85% experiment 
station. · 

Cheryl Nockels, professor Colorado State University, 
teaches metabolism and nutrition courses. Her research . 
focus Is on nutrients affecting Immunity, effects of stress 
on metabolism and nutrient utilization, particularly Vitamin 
E. Her BS and MS are from CSU and PhD from University 
of Missouri all In animal nutrition. 

Jerry Olson, associate professor College of Veterinary 
Medicine University of.Minnesota, has a 50% appointment 
In Extension. He teaches nutrition, reproductive diseases 
and management of dairy cattle, metabolic diseases 
mastitls, and dairy ,farm management. Research Is clinical 
and field trials of BST, dairy nutrition trials and 
reproductive diseases of dairy. His B.S. MS, and DVM are 
all from UM College of Veterinary Medicine. 

James Pettigrew, professor University of Minnesota, 
teaches principles of animal nutrition and concepts and 
developments In swine nutrition. His research Is defining . 
the connection between diet an8 reproduction in the sow, 
mathematical modeling, and effects of weanling pig diets 
on subsequent performance. His BS is from Southern 
Illinois University, MS frqm Iowa State and PhD from 
University of Illinois. ' 

Steven R. Rust, associate professor Michigan State 
University, conducts research, delivers extension program5 
and supervises and manages the Beef Cattle Research 
Center. His research Involves utilization of home grown 
feeds, use of byproduct feeds, growth promoters, silage 
fermentation and use of feed additives. His BS is from 
University of Wisconsin River Falls and MS and PhD is 
from Oklahoma State. 

Jerry Self is professor in poultry nutrition and C.F. Curti·;~ 
distinguished professor in agriculture at Iowa State. A 
native Iowan, he has his BS, MS. and PhD from Iowa State. 
Sell served as president and was elec!ed Fellow of the 
Poultry Science Association. Research interests are 
functional development of the intestines of young turkeys 
and economic Impacts of amino acid-energy nutrition on 
turkey production. 

Jerry Shurson, assistant professor University of Minnesota, 
teaches undergraduate swine courses and addresses swine 
nutrition and management problems In extension. 
Research emphasis Is on quality control of on-farm feed 
manufacturing, amino acid needs of growing pigs and 
lactating sows, laxative agents, nutrient utilization and 
sows post weaning. His BS Is from University of Minnesota 
and MS and PhD are from Michigan State. 

Jerry W. Spears Is professor animal science and 
Interdepartmental nutrition coordinator North Carolina 
State. He teaches graduate nutrition classes and 
researches the role of copper, selenium and zinc in 
immune function, mineral bioavailability, chelated minerals, 
Interactions between minerals and ionophores and anion
cation balance in beef diets. His BS and MS are from 
University of Kentucky and PhD Is from University of 
Illinois. 

Marshall Stern, professor University of Minnesota, 
received the BS, MS, and PhD from Cornell U, Rhode 
Island U and Maine U, respectively. His research focus is 
on protein nutrition of ruminants Including methodology for 
determining ruminal protein degradation and microbial 
protein synthesis. His work has included the study of 
factors affecting fermentation and microbial populations in 
the rumen. He teaches graduate and undergraduate 
courses In ruminant nutrition. · 

Alan L Sutton, professor of animal sciences Purdue 
University, has BS and MS from Iowa State and PhD from 
Cornell. He teaches microbial physiology of monogastrics. 
His research Is on effects of various dietary carbohydrate, 
protein, and feed additive sources on the gastrointestinal 
tract environment, microbial populations, microbial 
fermentation, and techniques to prevent establishment of 
pathogenic organisms In monogastrics. 

Paul Waibel, professor University of Minnesota, teaches 
nutrition and does research In turkey nutrition and 
management. A recipient of several distinguished awards 
given by the poultry industry, Waibel Is highly regarded for 
his work in poultry nutrition research. 

Wllllam P. Weiss, associate professor at Purdue University, 
received BS and MS from Purdue and PhD from Ohio ·' 
State. His dairy research locus is selenium and vitamin E 
metabolism, utilization of forages, utilization of forages 
with emphasis on digestion of proteins and fiber, and 
evaluation of feeds. He teaches a course in computer 
applications to dairy nutrition. 
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MEASURING RUMINAL PROTEIN DEGRADABILITY 
AND INTESTINAL PROTEIN DIGESTIBILITY 

OF FEEDSTUFFS 

Marshall D. Stern and Sergio Calsamiglia 
Department of Animal Science 

University of Minnesota 

INTRODUCTION 

Protein degradability of dietary feed ingredients in the rumen is 
one of the most important factors influencing intestinal protein 
supply to the ruminant animal. 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. Recently proposed systems for calculating 
the protein requirements of lactating dairy cattle require a 
value estimating the proportion of dietary protein that is 
degraded in the rumen. The National Research Council (1989) 
introduced new recommendations for calculating protein 
requirements .of dairy cattle and used absorbed protein in g/day 
as the unit ·for protein requirements rather than total cr~de 
protein. Absorbed protein recognizes differences in the : 
proportion of dietary protein. that leaves the rumen undegraded 
but total crude protein does not. For these new systems to be 
effective, it is imperative that reliable procedures are 
developed to provide rapid and reliable estimates of ruminal~ 
protein degradation for a wide variety of dietary feed ... 

" ingredients. The fact that protein passes through the -rumen ··<~~ 
undegraded and reaches the small intestine for digestio'n does not 
necessarily mean that the protein is digested efficiently. 
Therefore, rapid and reliable measures of intestinal protein 
digestion of undegraded dietary protein are also necessary. 

METHODS FOR MEASURING RUMINAL PROTEIN DEGRADATION 

In Vivo 

In vivo measurement of ruminal degradation of dietary protein 
requires animals surgically prepared with cannulae in the 
abomasum or duodenum, suitable methods for calculating flow rate 
of digesta and a reliable microbial marker for differentiation 
between microbial and dietary protein flowing to the small 
intestine (Stern and Satter, 1982). Microbial and endogenous 
sources of protein are estimated at the duodenum. Undegraded 
dietary protein is then equal to total duodenal protein minus 
microbial protein plus endogenous protein. Because there is 
limited data available regarding the amount of endogenous protein 
flow to the duodenum of cattle, undegraded dietary protein is 
routinely calculated as the difference between total protein flow 
at the duo~enum and microbial protein. 
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Various methods have been used to differentiate microbial and 
d1etary protein in digesta leaving the ruminant stomach and 
reaching the duodenum. The majority of these techniques are 

'based on determination of a single chemical marker believed to 
characterize the microbial components. Diaminopimelic acid 
(DAPA) , aminoethylphosphonic acid, nucleic acids (DNA, RNA or 
purines), and isotopes (35s, 15N, 32 P) incorporated into protein 
in the rumen have been used for this purpose. Advantages and 
disadvantages of these methods are discussed in a review by Stern 
and Hoover (1979). 

Currently, the two most commonly used microbial markers for 
differentiation of microbial and dietary protein are DAPA and 
purines. Stern et al. (1986) compared these two markers and 
noted that interpretation of ruminal nitrogen metabolism data was 
quite different when purines were used as the microbial marker 
compared with DAPA (Table 1). Bacterial degradation of protein 
was lower (P<.06) with a low -total nonstructural carbohydrate 
(TNC) diet when using purines as the microbial marker; however, 
this effect was not observed with DAPA. Both markers showed that 
efficiency of protein synthesis was higher (P<.04) for the low 
TNC diet, although numerically the use of DAPA was approximately 
12.5% higher compared to purines. Ethanol treatment of. soybeans 
reduced (P<.01) protein degradation from 85.9 to ·70.1% determined 
by DAPA analysis. In contrast, no difference (P>.10) were 
observed using purines as the marker. There was-a trend for 
efficiency of bacterial protein synthesis to be higher (P<.08) 
with the low degradable protein diet using purines, howev~r, DAPA 
showed no such trends. Therefore, depending on the microbia,l 
marker used in this study, interpretation of data could be qui;te 
different. 

Table 1. Protein degradation and synthesis determined using purines and diaminopimelic 
acid (DAPAI as microbial markers.a 

TN Cb Protein degradation 

Item High low P<c High Low 

Protein degradation % 66.2 59.8 .06 65.2 60.9 
80.3 75.7 NS 85.9 70.1 

Bacterial synthesis, 32.0 34.9 .04 32.3 34.7 
g N/kg OM digested 36.4 40.0 .01 38.7 37.7 

- a Bold values were determined using DAPA as the microbial marker. 
b TNC = total nonstructural carbohydrates. 
c P < = Probability value; NS = not significant (P <. 1 0). 

P< 

NS 
.01 

.08 
NS 

SE 

2.1 
3.3 

.9 

.8 

Illg and Stern (1990) used means analyses to compare ruminal 
microbial activity using DAPA and purines as microbial markers 
from four in vivo experiments (Table 2). Means of estimates of 
protein 'degradation, true OM digestion and microbial nitrogen 
flow to the duodenum measured by purines were lower than means of 
estimates measured by DAPA. Estimates of efficiency of microbial 
synthesis were similar between purines and DAPA. 
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Table 2. Mean (SE) of estimates of microbial activity determined by diaminopimelic 
acid (DAPA) and purines in vivo.a 

( 

lterp 
\., 

. Crude protein degradation, % b 

· Tru~ organic matter digestion, %b 

Efficiency of microbial synthesis, 
g N/kg organic matter truly digested 

Microbial N flow to duodenum, g/dayb 

a n = 80 observations. 
b Values for DAPA and purines differ (P< .05). 

DAPA 

65.9 (1.2) . 

61.1 (1.6) 

27.9 (1.4) 

162.2 (16.3) 

Purines 

57.2 (1.8) 

53.1 (1.8) 

28.4 (1.3) 

137.2 (14.5) 

In addition to problems associated with digesta flow rate markers 
and microbial markers, in vivo estimates of protein degradability 
are,expensive, labor intensive, time consuming and subject to 
considerable error. Therefore, alternative procedures for 
measuring ruminal degradation of dietary protein are needed. The 
following in vitro or in situ procedures have been proposed. 

In Vitro 

Ammonia release. Attempts have been made to use ammonia re1~ase 
from protein sources incubated in vitro with mixed rumen fluid 
inoculum as an index of degradation. However, ammonia 
concentration is the result of not only degradation but also . 
microbial utilization, and concentrations are greatly influenced 
by amount and nature of carbohydrate that is fermented (Miller,• 
1982).. For example, Broderick (1982) showed a negative ammonia -

~ ·-·~lease from corn and sorghum grains, which occurred because ··~-. 
· .. dily f ermentable carbohydrate stimulated greater microbial 

:ake than release of ammonia. In an attempt to alleviate this 
problem, Broderick (1987) developed an in vitro procedure for 
estimating ruminal protein degradation rate, which uses 
chloramphenicol and hydrazine to inhibit protein synthesis and 
amino acid deamination by ruminal microbes, which otherwise was 
influenced by fermentable substrates such as starch. Because 
neither of these inhibitors depressed proteolytic activity, the 
inhibitor method might be expected to yield useful kinetic 
estimates of protein degradation. Broderick et al. (1988) found 
that this method ranked proteins with regard to degradability 
similar to the in situ procedure, however, extents of degradation 
estimated by the two methods were significantly different. 
Recently, Hristov and Broderick (1991) developed an in vitro 
~rocedure. for determination ?f r~ina~ protein ?egradation using 

5N-ammon1a to correct for microbial 1ncorporat1on of NH3-N. 

Raab et al. (1983) proposed an alternative method for 
determination of protein degradation based on measurements of 
arrunonia concentration and gas production when feedstuffs are 
incubated in rumen fluid. Starch or other fermentable 
carbohydrates were added in graded amounts to the incubations. 
Gas production (carbon dioxide and methane) and ammonia. 
concentration at 24 h were measured. Extrapolation of ammonia 
release to zero gas production was assumed to correct for ammonia 
uptake, because zero gas production should represent zero 

• l 
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microbial growth where ammonia is not incorporated into microbial 
protein. Broderick et al. (1991) noted that although this method 
might lend itself to analysis of the dynamics of protein 
degradation, the large number of incubations .required for such an 
analysis. could be a practical disadvantage. 

Diazotization. Another approach to assessing proteolysis has 
been to attach a marker molecule to the test protein through 
diazotization (Mahadevan et al., 1979; Baintner, 1982). 
Proteases split off colored azopeptides and the red color of the 
azopeptide is then developed with alkali and measured by 
spectrophotometry. Depending on the chemical structure of the 
protein, diazotization may cause a change in structure, with 
possible effects on the rate of proteolysis. 

Nitrogen solubility. Earlier studies of Hendrickx and Martin 
("1963) who reported a high correlation (r = .99) between nitrogen 
(N) solubility in 10% Burroughs buffer and in vitro degradation 
of purified protein to ammonia in rumen fluid, stimulated 
interest in the use of N solubility to predict ruminal protein 
degradation. More recent studies have shown that soluble 
proteins may be rapidly or slowly degraded and that insoluble 
proteins are degraded at various rates and therefore solubiaity 
is not synonymous with degradability as previously proposed:' 
Stern and Satter (1984) found that the correlation (r) between N 
solubility and in vivo protein degradation in the rumen of 34 
diets containing various dietary N sources was .26. There was 
also no relationship (r = .02) between N solubility (%) and no~
ammonia N flow to the duodenum (g NAN/100 g dietary N) for the ~, ,. 
diets used. Consistent with these observations, Madsen and ~ 
Hvelplund (1985) also showed a poor relationship between N 
solubility and in vivo or nylon bag degradability when used over 
a wide range of feeds. However, it should be noted that positive 
relationships within feedstuffs between degradation and N 
solubility have been observed (Beever et al., 1976; Laycock and 
Miller, 1981). Therefore, it appears that N solubility could be 
a more useful indicator of protein degradation when applied to 
different samples within a feedstuf f than when used to compare 
several feedstuffs differing greatly in their physical and 
chemical properties. 

Incubation with proteolytic enzymes. Commercial proteases from 
Streptomyces griseus (Pichard and Van Soest, 1977) and 
Bacteroides amylophilus (Mahadevan et al., 1980) have been used 
in an attempt to estimate ruminal protein degradation. These 
enzymes have broad specificity for cleavage of peptide bonds, 
however they may have different specificities for protein 
structures from those of mixed rumen bacteria. Chamberlain and 
Thomas (1979) found that although rate constants can be 
calculated by using these proteases, they do not always rank 
proteins in the same order as degradabilities estimated in vivo. 
Krishnamoorthy et al. (1983) attempted to simulate rumen 
proteolysis in vitro by choosing a protease enzyme concentration 
(.066 units/ml) which would provide a proteolytic activity 
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similar to that of whole rumen fluid. Feed samples were 
subjected to proteolysis for 18 or 48 h to resemble mean 
retention times in the rumen for grain and roughages, 
respectively. Residual N at the end of incubation was considered 
as an estimate of undegradable N. These values and those 
determined in vivo for twelve mixed diets were in close agreement 
(r = .78, P<.01). Krishnamoorthy et al. (1983) recommended that 
the technique can be used to evaluate feedstuffs on a relative 
basis and also offers the potential to allow assessment of the 
influence of rumen dynamic criteria, such as proteolytic activity 
and retention of feed, on the predicted undegradable N by 
manipulation of enzyme concentration and incubation time. 

Poos-Floyd e.t al. (1985) examined five commercially available 
proteolytic enzymes for their ability to estimate ruminal protein 
degradation. The five enzymes were a bacterial protease 
(Streptomyces griseus); three. plant proteases, papain, ficin and 
bromelain; and a neutral fungal protease. All proteolytic 
enzymes yielded highly significant correlations with protein 
degradability of various feedstuffs with incubations of 1 and 4 
h. Of the enzymes evaluated, ficin followed by neutral fungal -
protease and papain gave the best results. In contrast, 
Lindquist et al. (1989) found poor correlations between t~e ficin 
enzyme procedure and in situ measurements (r = .25) and between 
ficin and continuous culture measurements (r = .45) for 
estimating protein degradability of > 40 feed proteins.. They 
indicated that the ficin enzyme·assay was not reliable for• 
predicting ruminal degradation of feed protein. Consistent with 
these observations, Roe et al. (1991) showed that the ~~ 
Streptomyces griseus, ficin and neutral protease with ·.amylase ·~~-:. 
methods did not yield feed protein degradation curves·which had a 
consistent relationship to those generated using the in situ 
technique. However, neutral protease with amylase was the only 
method to rank feedstuffs similarly to the in situ techniques. 

Modeling. A sub-mqdel of the Cornell Net Carbohydrate and 
Protein System has been developed for estimating degradability of 
dietary protein (Chalupa et al., 1991). Five protein fractions 

· (A, B, B2, B3 and CJ are determined using solubility in borate 
buffer, tungstic acid, neutral detergent and acid detergent. 
Protein degradability is calculated on the basis of pool size and 
ruminal degradation of protein fractions in combination with 
ruminal passage rate. Estimated protein degradability values 
showed a high correlation with tabular values from NRC (1989), 
however the model requires further ·validation. 

In situ 

Dacron (or nylon) bag technique. This technique has been widely 
used for estimating ruminal protein degradation because it is a 
relatively simple, low cost method compared to that involving 
intestinally cannulated animals. This technique involves 
suspending bags containing different feedstuffs in the rumen and 
measuring nitrogen disappearance at various time intervals. 
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Therefore, it may also provide an advantage compared to 
laboratory methods because it involves digestive processes that 
occur in the rumen of a living animal. However, several factors 
have been found to affect estimates of protein degradation and 
need to be controlled if this technique is to be standardized. 
These factors include porosity of bag material, sample weight:bag 
surface area ratio, particle size of sample, method of bag 
placement in the rumen, animal diet and degree of bacterial 
attachment to feed residues remaining in the bag. To alleviate 
these problems, recommended guidelines leading to a standardized 
in situ procedure have been proposed by Nocek (1988). In 
addition, it should be emphasized that extent of protein 
·degradation in the bag at specific intervals of rumen exposure 
does not ref lec~ a· correct estimate for degradation because it 
does not account for feed particles that leave the rumen 
undegraded. Several mathematical models have been proposed to 
combine degradation rate with outflow rate to estimate protein 
degradation and have potential for success (0rskov and McDonald, 
1979; Mathers and Miller, 1981; Stern and Satter, 1983). 

Broderick et al. (1991) emphasized that although the in situ 
technique is imperfect in ways that cannot be fully compensated 
for, it is rapid, fairly reproducible and requires minima~. 
apparatus. Its accuracy is probably as sound as any other-'method 
presently in use, however, it does require surgical preparation 
of an animal with a ruminal cannula and facilities for their 
maintenance, which may be inconvenient. 

METHODS FOR MEASURING INTESTINAL PROTEIN DIGESTION 

In Vivo 

In vivo measurement of intestinal protein digestion requires 
animals surgically prepared with cannulae in the proximal 
duodenum and terminal ileum. Similar to the in vivo procedure 
for estimating ruminal protein degradation, suitable methods for 
calculating flow rate of digesta are necessary. The difference 
between protein flow to the duodenum and ileum represents 
apparent digestion (absorption) in the small intestine. 
Measurement of intestinal protein digestion is expensive, labor 
intensive and requires a considerable investment of resources 
(ruminants fitted with intestinal cannulae and adequate 
facilities). Therefore, various in vitro and in situ procedures 
have been developed in an attempt to obtain rapid, reliable and 
relatively inexpensive measurements of intestinal protein 
digestion. 

In Situ 

A mobile nylon bag technique was developed for determination of 
protein digestibility in pigs (Sauer et al., 1983). Several 
researchers have modified this technique for use in the ruminant 
animal (Hvelplund, 1985; Rae and Smithard, 1985; DeBoer et al., 
1987). In general, nylon bags are formed by heat sealing, 
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weighed, filled with approximately 1 g samples.of feed and heat 
sealed. Bags are preincubated in the rumen .. After removal from 
the rumen, bags with their residual contents are digested with 
pepsin in an acid environment to simulat~ .digestion in the 
abomasum. Bags are then inserted into the duodenum for 
subsequent recovery in the feces. Recovered bags are washed and 
then digested intact for nitrogen analysis using the Kjeldahl 
procedure. 

A recent study by Erasmus et al. (1990) demonstrated that the 
mobile nylon bag technique permits intestinal digestibility of 
protein in feedstuffs during passage through the intestines of 
the cow to be measured rapidly and economically. However, many 
variables should be defined before the technique provides 
dependable estimates of protein digestibility including sample 
and bag size, pore size, animal varj.ation and animal diet. 

In Vitro 

A variety of commercially available enzymes have been used to 
simulate stomach and intestinal protein digestion. Bodwell 
(1977) indicated that an in vitro technique should meet several 
requirements: 1) be rapid, simple, reproducible and inexpensive, 
2) should be applicable to a wide range of protein sources;' 3) 
provide quantitative information of proteins individually and 
when mixed with other feeds, and 4) should accurately reflect 
differences in protein quality. 

Most enzymatic techniques are based on the same principle. Feep 
samples are incubated at optimal temperature and pH with an ·.-~~ 
enzyme or a combination of enzymes. After the incubation period, 
protein digestibility is measured as the amount of amino acids 
and/or small peptides released from the protein divided by 
nitrogen content of the original sample. End products of prstein 
digestion in the intestine are mixtures of free amino acids and 
short peptides and determination of protein digestibility relies 
on the method used to estimate the amount of these amino acids 
and peptides that are released. Various techniques that have 
heen proposed differ in the enzyme or combination of enzymes used 
and the method selected to determine protein digestibility. 

Several factors affect estimates of in vitro protein 
digestibility, including sample size, amount of enzyme and 
incubation time. One of the most important factors affecting 
estimates of protein digestibility in the small intestine is the 
method used to separate digested protein. Different techniques 
have been developed for this purpose, including filtration, 
precipitation with strong acid followed by centrifugation, 
centrifugation followed by filtration, chromatography, and 
dialysis. Assumptions involved in each of these methods differ 
and interpretation of results is highly influenced by the method 
that is used. 
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Several single enzyme methods have been developed. Enzymes most 
commonly used are pepsin, trypsin, and papain. Results obtained 
using these enzymes have not always been-consistent, which is 
probably due to the small spectrum of specificity of these single 
enzyme systems. Therefore, the development of multienzyme tests 
was necessary. Orie of the most commonly used multienzyme systems 
was developed by Akeson and Stahrnann (1964). This system was 
designed to simulate stomach (pepsin) and intestinal (pancreatin) 
digestion. The technique correlated strongly (r=.98) with in 
vivo studies, and has been successfully tested by other 
researchers. This system provides a more physiological 
environment for digestion and contains proteolytic enzymes with 
similar specificity and activity as those found in the small 
intestine. 

In vitro techniques for simulating biological systems should be 
designed as closely as possible to the in vivo physiological 
conditions (Marable and Sanzone, 1981). Gauthier et al. (1982) 
developed a digestion cell that was designed to closely simulate 
in vivo conditions. A two step digestion (pepsin-pancreatin) 
process was performed in a dialysis bag. As a result, the 
molecular weight of the digestion end products could be carefully 
separated by the selection of the appropriate pore size of the 
dialysis membrane. The constant flow of buffer through the 
digestion cell continuously removes end products of digestion. 
This avoids end product inhibition of proteases and stabilizes 
pH, a situation very similar to the physiological environment in 
the small intestine. In addition, this technique enables th~ 
researcher to study the kinetics of protein digestion and , 
digestibility of individual amino acids. Although this technique 
has generated interesting data, few feed ingredients have been 
tested. The design and assumptions underlying this technique 
provide potential for its use as an excellent tool for studying 
protein digestion in the small intestine. 

A totally different approach was used by Hsu et al. (1977) and 
modified by Satterlee et al. (1979). Samples were incubated with 
an enzyme solution of trypsin, chymotrypsin, pepsin and protease 

'in an HCl buffer at pH 8. Amino acids released during digestion 
decreased pH of the solution. A prediction equation was 
developed to correlate the degree of change in pH at 20 minutes 
after digestion with in vivo estimates. The pH change technique 
has been extensively tested by various researchers and has 
resulted in high correlations with in vivo estimates using a wide 
variety of samples. However, most of the research has been 
conducted in regard to human nutrition and correlated with in 
vivo studies using rats. Research to determine the effects of 
pre-digestion in the rumen on intestinal digestibility of 
proteins is necessary. Although the technique offers several 
advantages over other methods, results may be affected by the 
buffer capacity of the protein (Hung et al., 1984) and the 
technique does not allow for study of kinetics or individual 
amino acid digestibilities (Savoie et al., 1988). 
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SUMMARY 

Attempts to obtain absolute values of ruminal protein degradation 
for a wide variety of feedstuffs or diets-by in vitro or in situ 
means is difficult. It is even more difficult to obtain 
quantitative in vivo measurements against which the above 
methods can be sufficiently tested. Differences between studies 
in animal species, cannula placement, digestibility markers, 
microbial markers and animal variation introduces considerable 
variation into what is supposed to be the standard for 
comparison. In view of this, it may be more realistic to obtain 
relative measures of ruminal protein degradation among feedstuffs 
and {or) diets rather than absolute values. 

The use of a two step digestion method with a pepsin-pancreatin 
enzyme preparation offers potential for the development of an in 
vitro technique to simulate protein digestibility in the small 
intestine of ruminants. The pH drop technique appears to .offer 
an easy, fast and inexpensive method to estimate protein 
digestibility in the small intestine, avoiding complex methods of 
protein separation and amino acid analysis. Selection of the 
appropriate method to estimate intestinal protein digestion 
requires further research. ~·. 

-
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ANALYZING FORAGES FOR NUTRIENT CONTENT 
AND PREDICTION OF ANIMAL PERFORMANCE 

N. P. Martin and J. G. Linn 
Deparunent of Agronomy and Plant Genetics 

and -.. c, 

Deparunent of Animal Science 
University of MiMesota 

Nationally, forage crops supply at least 61, 83 and 91 percent of the nutrients consumed by dairy 
cattle, beef cattle and sheep. Forage crops provide protein, energy, fiber, minerals and vitamins to 
livestock. The feed value of forages is detennined by its final use, i.e. milk, meat and wool. Forage 
quality and animal perfonnance. are ru>t synonymous because animal perfonnance is determined by ~ 

·factors beyond the forage diet As noted by Marten et al. (1988), these include, among others, genetic 
potential, physiological status, and the environment. Yet efficiency of use of nutrients in cattle diets, 
especially for lactating dairy cattle, are heavily dependent on forage quality and is a major limiting 
factor confronting midwest livestock producers in remaining economically competitive within the U.S. 
and world. Tiic importance of accurate forage tests and accurate diet formulation has never been more 
important that now. 

Forage quality has different value for different livestock and the expec_ted animal performance. 
Certainly the forage quality needs of high producing dairy cattle differ from those of nonlactatihg beef 
cows. In economic times when cost cutting is essential to show profitable productim1 it is most 
meaningful to emphasize factors of forage quality limiting animal performance. Digestible energy and 
dry matter ·intake are the factors limiting high milk production from forages. To achieve. high jntake, 
the forage must have a high substitution rate for concentrates. Mertens (1985) has estimated intake · 
accounts for 50 to 70% of an animils productivity. For high digestibility, the fiber proportion of the 
forage must be highly digestible, the rate of fiber digestion must be rapid and the depression of 
digestibility at high intake levels must be minimal. 

This paper will discuss a standardized analytical system to predict animal performance for ruminant ... 
livestock producers in Miilllesota and surrounding states. The system includes test recommended to ~ ·~~ 
evaluate forage quality criteria for visual appraisal, sampling procedure, and accuracy of tests. 

FORAGE QUALITY EVALUATION 

Forage quality determines the contribution of a forage to animal performance. It has at least four 
components: I) Intake - how much is vollintarily consumed, 2) Digestibility - how much is absorbed 
into the animal body through the digestive system, 3) Efficiency - the ratio of animal production to 
nutrient supply, and 4) Anti-quality factors - components of the feed that inhibit intake digestibility or 
efiiciency. A combination of analyzed val'ues and calculated values are used to evaluate quality. 

A Definition of Quality Terms Routinely Used in Diet Formulation 

Dry matter (DM) is the percentage of feed that is not water. Hay and other feed must be expressed 
on a dry matter basis to deteimine if a daily ration meets the animal's nutrient requirements. 100 
minus DM equals moisture percentage. Moisture content is used to determine storage conditions of 
hay. Less than 18% moisture is required for safe storage of hay. 

Crude protein (CP) is determined by measuring total nitrogen in a sample and multiplying by 6.25. 
CP is a mixture of true protein and non-protein nitrogen. 

Acid detergent fiber (ADF) is the percentage of fiber in a forage sample which is insoluble in a weak 
acid. It represents complex carbohydrates (cellulose and Iignin) as well as silica. It determines the 
amount forage digested. by animals. 

Neutral detergent fiber (NDF) is the percentage of fiber in a forage sample which is undigestible in 
neutral detergent solution. It includes acid detergent fiber (except pectin) plus hemicellulose. NDF 
represents the cells wall and is only partially digestible by animals. JOO - NDF equals cells solubles 
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which are highly digestible by animals. NDF is inversely related to voluntary intake; as NDF 
increases intake declines. 

Acid detergent fiber - crude protein (ADF-CP). is a measure of crude protein unavailable to the 
animal, CP not digested by animals. Formation of ADF-CP is called non-enzymatic browning 
(because hay stored too wet turns brown) or Maillard Reaction. 

Adjusted Crude Protein (ACP) is the CP available for animal use. It is calculated when the ADF
CP is greater than 12% of the tested CP in a sample. 

The following example illustrates how CP should be corrected when ADF-CP is greater than 12% of 
the total CP: 

Step 1. 

Step 2. 

Step 3. 

Alfalfa-Grass Haylage 
CP% 
ADF-N% 

DM Basis 
16.5 

Calculate ADF-CP from ADF-N 
ADF-CP% = ADF-N% x 6.25 

2.5% = .4 x 6.25 

.4 

Determine ADF-CP as percentage of the total CP. 
ADF-CP%, % of total CP = CP% in ADF x 100 

CP% 

15.2 % = 2.5% x 100 
16.5% 

Calculate an adjusted CP (ACP) 
ACP % of DM = CP% x [100 - (ADF-CP% - 12%)] 

100 

16.0% = 16.5% x [100 - (15.2% - 12%)] 
100 

- Note: If ADF-CP is 12 percent or less of CP, ACP = CP. 

Digestible dry matter (DDM) is ari estimate of the relative amount of forage that can be digested by 
animals. It is determined from % ADF by the following equation: 

% DDM = 88.9. - (% ADF x .779) 

DDM is an in vivo (animal determination), therefore, it equals % TDN (total digestible nutrients). 

% DDM = % TDN - for Cool-season Legume and Grass 
TDN% = 87.84 - (ADF% x .7) for Com Silage 

Dry matter intake (DMO is an estimate of the relative amount of forage an animal will eat when 
only forage is fed. DMI is determined from NDF by the following equation: 

120 
DMI as a % of body weiglU = Forage NDF (of DM) 

Relative feed value (RFV) is an index used to rank cool season perennial forage crops by their 
potential intake of digestible dry matter. 11le RFV index is used to allocate the correct forage Lo 
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specific animal perfonnanee, to price hay (highest test value correlated with price at quality-tested hay 
auctions) and to assess forage management. harvest an~ storage skills. 

RFV index= 
DDMx DMI 

1.29 -

Net EnergyL (lactation) (NEJ is a more comprehensive measure of energy than TON. Energy is 
expressed megacalories (Meal) per 100 pounds of feed OM. Since feed energy is used equally well 
for maintenance and milk production, NEi. is used to fonnulate energy needs in dairy canle diets. NEL 
is calculated from TON. 

~ 

NEi. (Meal/lb) = (TON% x .01114) - .054 

For small grain hay or silage, NEi. is calculated as 

NEi. (Meal/lb) = .3133 x [2.86 - ( 35.5 )] 
. , 100 - (ADF% x 1.61) 

Equations for estimating NEi. of com grain are: 

Ear Com 
NEL (Meal/lb) = 1.04 - (ADF% x .02) 

Shelled Com 
NEi. (Meal/lb)= .905 - (ADF% x .003) 

~\ 

Net Energym (maintenance) NEm and Net Energy. (gain) NE1 are comprehensive measures of 
energy used to fonnulate beef rations. Calculation for NE, and NEm require calculation of NE 
(metabolizable energy) first 

.ME (Meal/kg) = 1.808 x TON % 
50 

NEm (Meal/lb) = (1.37 x ME) - (1.38 x ME2
) + (.0105 x ME3 - 1.12 

2.205 

NE, (Meal/lb) = (1.42 x ME) - (.174 x ME2
) + (.1022 x ME3) - 1.65 

2.205 

CRlcium (Ca), Phosphorus (P), Potassium (K), and Magnesium (Mg) are expressed as a percentage 
of dry weight Ca is higher in legumes (alfalfa) than grasses. P and K are usually higher in immature 
forages and higher when grown under adequate soil fertility programs. 

Application of Fiber Tests 

Plant fiber, mostly cell-wall material, provides structure, rigidity, and protection for plants. It is not 
digested by mammalian enzymes, but can be panially digested by rumen microorganisms. The fiber 
and non fiber (cell solubles) composition of early bloom alfalfa is shown in Fig. 1. The cell wall 
portion of this alfalfa sample contains cellulose (28%), hemicellulose (10%) and lignin (10%). The 
cell wall is determined by and NDF test (48%). Acid detergent fiber contains cellulose and lignin. 
Hemicellulose equals NDF-ADF (48-38 = 10%). These complex carbohydrates in the cell wall are 
only partially digested by animals; and, the ADF test is the best predictor of digestibility. The 
remaining pan of the sample, 100% - NDF%, is cell solubles (100 - 48 = 52%). Cell solubles are 
almost completely and rapidly digested by the animal. Last, NDF is the best predictor of voluntary 
imake. 
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Fig. 1. 

Relative Feed Value Index 

NDF 
(48%) 

ADF 
(38%) 

AOL llgnln 
(10%) 

Fiber composition of early bloom alfalfa. 

Digestibility and potential DM intake are the two most limiting factors restricting performance of 
lactating dairy cattle fed forages. The RFV is an index which combines intake and digestibility. 'This 
index is used: 1) to allocate forage crops for feeding, 2) to purchase forage crops and 3) to assess the 
quality of forages grown, harvested and stored for feeding. The RFV index developed by Wisc&nsin 
and Minnesota is the basis of quality test standards to rank. legumes, grasses and mixtures, Table l. 

~ 

Table 1. Legume, grass and legume-grass mixture quality test 
standards. 

Anal}'.sis 
RFV ADF NDF DOM 

Standard" --------- % of DM ---- % 

Prime >151 <31 <40 >65 
1 151-125 31-35 40-46 62-65 
2 124-103 36-40 47-53 58-61 
3 102- 87 41-42 54-60 56-57 
4 .. 86- 75 43-45 61-65 53-55 
5 <75 >45 >65 <53 

"Standard assigned by Hay Market Task Force on AFGC. 
SOURCE: Linn and Martin, 1989. 

" I' ... ';-:,_ 

DMI 
%ofBW 

>3.0 
3.0-2.6 
2.5-2.3 
2.2-2.0 
1.9-1.8 

<1.8 

Using an RFV index as a determinant of forage quality is more accurate than CP. Eighty-nine (89) 
samples of legume hay in which CP only varied 2 units (18.5 to 20.5%) had large variations (20.5 and 
25.2 units between low and high for ADF and NDF, respectively), fiber tests Figure 2. Factors which 
influence digestibility and intake do not influence CP. In addition, forage CP concentration is easily 
changed in grasses by N fertilization while N fertilization has lillle effect on intake potential. Thus, 
the feeding value of perennial cool-season grasses and legumes is more accurately predicted by 
measuring digestibility, intake or RFV index of a forage. 

. ~:.i. 



CP ADF NDF 

Figure 2. Range In fiber of legume hay with protein llmlts. 

Minerals 
~· . 

In general, forages do not contain adequate levels of P, Na, or Cl for satisfactory livestock production. 
Other minerals of concern are Ca, I, Mg and Zn. Of particular interest is Ca:P ratios in legumes and 
Mg level in grasses. Numerous techniques are used to analyze mineral concentration of forages, 
including atmoic absorption, flame photometry and plasma emission spectrometry. These procedures 
estimate the to.tal concentration of minerals but give no information on animal availability. ill 

Antiqualicy Compounds 

Forages can at times contain compounds which are toxic or result in decreased animal performance. 
These compounds are more prevalent in weeds or other plants which invade forage crops but can 
occur in forage crops during adverse growing conditions and improper storage conditions. It is beyond 
the scope of this paper to discuss all the potential toxic compounds and when to analyze for them. · 
Routine analysis for all potentially toxic compounds is impractical but should be done when conditions 
warraru. The first indicator of potential problems generally occurs during the growing season. 
Droughts, frost, or any condition causing plant stress often lead to the development of antiquality 
compounds like nitrates, prussic acid and the mycotoxins. The second best indicator is at the time of 
feeding. Improper storage conditions often lead to mold problems and loss of nutrients Lhrough 
heating. Pastured animals are often exposed to several potentially toxic plants but will• usually avoid 
consuming them when pastures are not overgrazed. 

AGRONOMIC FACTORS INFLUENCING QUALITY:VISUAL APPRAISAL 

Forage quality is influenced by species, stage of maturation at harvest. fertility (N for grasses, P, K & 
S for legumes), method of harvest, rain during harvest, weed invasion, insect damage and disease 
infestation. Many of these characters should be used to describe forage crops to determine if the 
quality evaluation is realistic or in the case of marketing hay - detennine if the buyer is purchasing the 
hay desired. In a study of quality-tested hay auctions we found that buyers rely on quality tests first, 
but a visual appraisal also influences price and selection. The visual description should accompany 
each forage sample being analyzed. A description sheet should list factors such as: 1) type of hay
legume (95%), legume/grass (<50% legume), grass/legume (>50% grass), or grass; 2) which cuuing 
and harvest date; 3) rain damage, weeds, heat damage or mold; 4) bale type; 5) preservatives used; and 
6) method of storage. 

The test results in Tables 2 and 3 show the wide range in composition of forages within types, method 
of harvest and for hay by culling (Table 3). Using RFV index as a criteria for overall quality forage, 

18 

---- - --

. l· 



~ 

'° 

--~---.;;.._----1 

Table 2. Avenge and range of tests of hay, hay-crop silage, com silage and high moisture com grain samples tested by the Minnesota NIRS mobile unit, August 1986 through December 1990. 

CP 
N" Type Avg. Range 

p297} Hay, all 16.4 4-28 
1499 Legume 18.4 6-27 
885 Leg-grau 15.9 6-28 
184 Grau-leg 12.5 5-20 
292 Grau 10.4 5-26 

1253 !:!!l'.-C!!!2 Silaae1 all 18 .2 4-27 
692 Legume 19.6 12-27 
211 Leg-Gtus 16.9 10-24 
20 Grau-Leg 15.7 9-20 
10 Grass 12.7 7-18 

624 Com Silaae1 all 8.9 6-19 
29 Innoc 11.5 6-12 
14 NPN 12.0 9-14 

581 Nomial 8.8 6-19 

361 H.M. Com Grain, all lo.2 7-15 
195 Shelled 1.5.4 8-15 
104 Ear 10.2 8-14 

9 Snapped 9.9 9-11 

"N = Nambar of samples tested 

ADF 
Avg. Range 

36.0 17-53 
34.4 20-52 
36.9 17-49 
39.0 29-53 
39.2 24-52 

37.4 17-56 
36.4 17-52 
38.3 24-52 
37.8 29-44 
41.6 33-47. 

28.0 12-52 
26.8 14-39 
26.7 18-39 
28.l 12-52 

4.9 1-14 
3.2 1-10 
7.3 2-14 

11.0 8-13 

NDF 
Avg. Range 

of dry weigh 

49.0 
44.6 
50.4 
57.0 
61.6 

46.9 
44.2 
48.8 
50.5 
57.2 

44.6 
41.6 
41.6 
44.8 

45.2 
45.7 
51.3 
24.2 

21-80 
26-7~ 
21-72 
39-79 
39-80 

23-87 
23-67 
35-66 
38-62 
44-67 

22-76 
23-67 
28-52 
22-76 

4-96 
4-93 
8-86 
18-29 

«' ,,. ,, 
</ 

v 

Ca p RFV NE, 

Avg. Range Avg. Range Avg. Range Avg. - Range. 

~dcx McaVlOO lb 

1.22 .04-2.0 .26 0.1-.4 121 .56-339 62.4 48-79 

1.38 .7-2.0 .IT .2-.4 134 63-261 63.7 48-77 

1.21 .4-2.0 .26 .1-.4 114 68-339 61.6 51-79 

.92 .3-1.7 .23 .1-.3 97 .56-157 ro.o 48-69 

.67 .04-1.3 .22 .1-.4 90 (J()...165 ro.o 48-73 

1.21 0.3-1.9 .29 .1-.4 . 122 48-311 61.1 45-79 

1.28 .5-1.9 .30 .2-.4 131 68-311 62.0 49-79 

1.06 .3-1.6 .28 .2-.4 115 68-176 ro.4 49-72 

.87 .2-1.4 .28 .2-.3 112 87-lro ro.9 55-69 

.57 .1-1.3 .28 '.2-.3 94 77-134 . 57.7 53-65 -

.30 .05-.8 .28 .02-.5 - - 70.6 52-83 

.32 .2-.5 .30 .2-.4 - - 71.5 62-81 

.34 .2-.6 .29 .2-.4 - - 71.6 62-78 

.30 .05-.8 .28 .02-.5 - - 70.5 52-83 

- - - - - - 97.6 85-99 

- - - - - - 89.4 76-99 

- - - - - - 81.9 78-87 

~-
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hay crop silages of perennial cool-season legumes, legume-grass or grass-legume mixtures or grasses 
tested higher in RFV and CP than their counter part harvested as hay. 

Stage of ~aturitv 

As alfalfa, red clover, other legumes and other grasses advance in maturity the quality and animal 
~cceptability decline. 

An estimate of the quality' changes expected in Minnesota on alfalfa is shown in Table 4. These 
estimates apply· more to first and second cutting; the 2 cuts with the most rapid decline in quality 
during the season. Alfalfa normally reaches 1/10 bloom at Rosemount, Minnesota on June 5. An 
alfalfa plant will advance from bud to seed stage of maturity on its first cutting from 2 to 4 weeks. 

Table 4~ Expected forage quality values as alfalfa advances in maturity. 

Stage of 
maturity, 

Vegetative 
Bud 
Early bloom 
Late bloom 
Seed pod 

Crude 
protein 

Acid 
detergent
fiber 

Neutral 
detergent 
fiber 

Average 
Digestible Relative 
dry feed 
matter value 

- - - - - - - - - - - - % of dry weight - - - - - - - - - - - - index 

>22 
22-20 
19-18 
17-16 
<16 

<25 
25-31 
32-36 
37-40 
>41 

<34 
34-41 
42-46 
47-50 
>50 

>69 
67 
62 
60 
<58 

>188 
166 
13i 
115 

'<108 

The decline in forage quality of cool'-season grasses, smooth bromegrass, tall fescue, Kentucky 
bluegrass, orchardgrass, reed canarygrass and timothy are shoWn in Table 5. The range in Ci>: NDF 
and digestibility (IVDDM is 6 units higher than DOM - in vitro vs in vivo) from vegetative to ~,ilk 
development of seed is more extreme with grasses than alfalfa. Orchardgrass is the earliest to mature 
followed by smooth bromegrass, reed canarygrass and timothy. Smooth bromegrass and reed 
canarygrass initiate heading when alfalfa reaches 1/10 bloom. 

Table 5. Range and average of forage quality tests of cool-season grasses harvested 
at six stages of maturity at Rosemount, MN. 

Species 

S. bromegrass 
T. fescue 
K. bluegrass 
Orchard grass 
R. canarygrass 
Timothy 

CP NDF IVDDM 
range avg range avg range avg 

- - - - - - - - - - - - % of dry weight - - - - - - - - - - -

6-19 13.3 54-73 63.7 50-79 64.7 
7-19 13.2 52-70 61.1 53-76 64.7 
8-19 13.6 53-65 58.8 55-71 63.8 
5-17 11.1 48-66 57.0 59-79 68.6 
8-22 15.2 53-72 62.7 51-78 64.4 
5-16 10.8 52-71 61.2 51-77 64.0 

SOURCE: Hochcnsmith, Ryan. 1990. M.S. Thesis. Univ. of Minn. 

RFV 
avg 

index 

86 
89 
91 

102 
87 
88 
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Legume:Grass Ratio 

%of dry 
'weight 

- ... .. Cellulose 

.. - AOL llgnln 

- - Hemlcellulose 

NDF 
(58%) 

ADF 
(36%) 

Fig. 3. Fiber cornposltlon of reed canary grass 

The fiber composition of reed canarygrass is shown in Figure 3. Note ai similar ADF Fig. 2 vs. Fig. 3 
(alfalfa vs. grass) the NDF is much higher in the grass. Since NDF predicts intake, we expect less 
animal performance from the grass than alfalfa because intake will be inferior to alfalfa. Alfalfa 
forage intake is usually greater by animal than grass forage cause much more of the alfalfa drtmaner, 
and that of other legumes, is in the forum of readily available cell solubles. Alfalfa's advantage·\ 
includes the potential for increased consumption, and faster rate of digestibility (Marten et al. 1988)·-,~ 
(Figure 4). If alfalfa and grass are tested for only ADF (only digestibility predictor used in National 
Alfalfa Hay Standards) and not NDF we may conclude they're equal in animal perfonnance · 
(digestibility is equal) but will be incorrect because the intake limit of the grass will reduce intake of 
digestible dry matter. Note the RFV index accounts for this difference, (Table 4 vs. Table 5). 

z 
0 ;: 
::! ... z 
w 
(.J Digestible solubles 
z 
8 200 

Digestible solubles 
200 

ALFALFA ORCHARDGRASS 

0o 10 20 . o~--~--,i,,...._,,,o,.1 30 . . 0 . 10 20 30 . 
Fermentation Time, h 

Fig. 4. A comparison of the sources of dry matter digestibility 
and digestion rates of alfalfa and orchardgrass. 
SOURCE: Marten et al, 1988. Agronomy No. 29. 
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Sampling is a major factor affecting the accuracy of forage quality analysis. We must recognize the 
extreme variation in physical fonn and quality in existence with hay and commit ourselves to 
developing good sampling procedures: Samples !!ll!fil be taken carefully to represent the average value 
of the entire hay lot Any quality analysis which represents the lot is valid only to the extent that the 
sample represents the entire lot Sample variation is influenced not only by the natural variation of 
hay, but by sampling method, sampling equipment, and sample handling. The following conditions 
should be satisfied: ' 

Hay Lot 

The sample must represent a single hay lot. A lot is defined as hay taken from the same cutting, at 
the same stage of maturity, the same species (pure or mixture) and variety, the same field and 
harvested within 48 hours. The factors that might influence the formation of lots would include rain 
damaged hay, hay that contains higher amounts of grass and/or weeds, distinct soil differences within 
the same field, hay that has been handled after cutting by different procedures or delays in harvesting 
time. 

Sampling Equipment 

In Minnesota, only core sampling tubes or probes are acceptable. They must be long enough to 
penetrate 12 to 18 inches into square bales and to the center core of large round bales. They must 
have an internal diameter of at least l/l inch. 

Below are the names and addresses of probes1 available in the Midwest. 

PROBE RESOURCE LIST1 

Forageurs Hay Probe: Forageurs Corp., 8500 - 210th Street West. Lakeville, MN 55044 -- stainless 
steel probe with resharpenable hardened steel tip. Unit has canister which cores are pushed into after 
sampling from bale. Canister will hold 20 to 30 cores before it needs to be emptied. Probe cuts cores 
0.60 inches in diameter, up to 14 inches long. This probe is designed for use with hand bract; but 
may be used at slow speed with electric drill. Unit sells for $92.50 plus shipping. , 

\' 

;,.-~-:, 

E-Z Probe: Techniserve, Inc., 1713 SW Highway 97, P.O. Box 848, Madras, OR 97741 --stainless 
steel probe with resharpenable tool steel tip. Unit has canister which cores are pushed into after bale 
is sampled. Canister will hold up to 30 cores before it has to be emptied. Probe cuts cores 0.50 
inches in diameter, up to 12 inches long. This probe is designed for use with hand brace. Unit sells 
for $98.00 plus shipping. 

Penn State Forage Probe: Nasca West, 1524 Princeton Avenue, Modesto, CA 95354 -- stainless steel 
probe with replaceable cutting tip. Probe must be disassembled and emptied after each core (depress a 
button to remove probe end and pull probe apart}. Probe cuts core 0. 75 inches in diameter, up to 17 
inches long. Outside diameter of probe 1.125 inches. Unit for use with hand brace sells for $78.00 
plus shipping. Unit for use with electric drill sells for $72.00 plus shipping. Replacement cutting tips 
cost $27.90. · 

Oakfield Probe: Oakfield Apparatus, Inc., PO Box 65, Oakfield, WI 53065 - a heavy stainless steel 
probe with a replaceable serrated screw-on tip. Hay sample is quickly removed from the side of the 
tube. Extension robs are available as well as an adapter for 0.5 inch electric drills. Unit sells for 
$64.00 plus shipping. 

Utah Hay Sampler: c/o Jody A. Gale, 595 East 4th North, Logan, UT 84321 -- probe has 
resharpenable serrated hardened steel tip and threaded coring tube that pulls the sampler into the bale. 

1
Mention of a trade name or proprietary product does not constitute endorsement by the University 

of Minnesota over products of other manufacturers that may also be suitable. · 
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Unit has canister which cores are pushed into after bale is sampled. Canister holds 20 cores. Probe 
cuts cores approximately lfl inch in diameter and 18 inches long. This sampler may be used with 
either a hand brace or electric drill. Unit sells for $90.00 plus shipping. 

Sampling Procedure 

Square bales should be probed near the center of the 'butt' end of the bale, with the probe entering at 
right angles to the surface and not slanted up, down, or sideways. Sample bales selected at random. 

Currier et al., 1984, showed the bale structure and distribution of leaves and stems within a bale or 
package is dependent on the mechanical movement of the windrow from pickup to tying the package. 
A schematic diagram of a sm~ two-twine tie bale is shown in Figure 5. Because the distribution of 
leaves and stems of all bale types is unknown, one should sample from the same location on all bales 
sampled. Sample small rectangular bales at the center of the 'bun end.' 

'-'>OSESIDE 

c:uT SIDI 

IUTTEND 

Figure 5. Structure of a 36' x 18' small (2 wire) hay bale. 
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The National Alfalfa Hay Quality Committee recommend oollecting 20 cores at random from a hay 
loL Note the range of variation for CP, ADF, and NDF of individual cores of bales in a 
demonstration conducted in Minnesota, Table 6. The average of aU individual samples from each bale 
is the 'true value.' The test of a 20-core composite sample was within acceptable limits of agreement 
of the 'true value' average of all tests. A repeat test of the composite of all cores shows the 
repeatability of each test. A composite of cores from 20 bales of a lot taken at random is the 
recommendation for representing the 'true quality' of a hay lot. · 

Table 6. Quality tests of single bales (probe from 'butt' end) and tests of composite ,, 

of all bales of alfalfa hay.1 

bale sampie 
., 

RFV 1 

no. wt., g DM CPADF NDF index Ca p 

- - - ·- - % of dry weight - - - - - index -- % of d. wt. --

l 13.6 85.6 20.3 36.9 54.l 103 1.45 .29 
2 9.8 86.7 18.4 35.8 48.7 117 1.02 .30 
3 11.9 . 86.9 20.5 32.5 39.1 151 1.49 .27 
4 11.2 87.4 20.5 32.0 39.2 152 1.42 .28 
5 11.9 85.2 21.9 32.1 40.3 148 1.41 .29 

: 6 11.l 88.0 20.3 31.5 38.5 156 1.47 .26 
i' 7 9.5 88.4 19.8 31.4 38.3 156 1.40 ' .27 

8 10.2 86.6 18.4 36.1 44.3 128 1.42 "''.28 
9 11.8 87.8 22.4 29.4 37.0 166 1.49 .27 
IO 10.7 85.9 20.3 . 32.7 40.0 148 1.61 .26 
11 11.4 87.3 18.9 32.5 39.0 152 1.69 .23 
12 11.2 86.4 20.8 31.5 41.2 145 1.42 .27-ta 
13 9.3 87.9 18.2 35.3 44.6 128 1.39 .26 ... 
14 11.2 87.1 19.8 32;7 41.5 142 1.48 .25 \ 

'" 
15 12.1 86.2 20.8 33.4 42.0 139 1.42 .29 

~";~ 

16 10.3 84.7 21.3 31.4 38.5 156 1.44 .28 
I-7 11.4 89.9 21.5 28.6 33.7 184 1.67 .26 

,l 18 12.3 86.8 21.4 29.3 33.9 181 1.72 .25 
\ 19 10.6 88.0 21.2 30.3 35.7 170 1.70 .25 
'i 20 10.0 85.5 20.4 32.1 40.6 146 1.65 .24 I· 
1' 

1' 

Min 9.3 I 84.7 18.2 28.6 33.7 103 1.02 .23 
Max 13.6 89.9 22.4 36.9 54.1 184 1.72 .30 

-Avg. 11.0 86.9 20.4 3f.4 40.5 148 1.49 .27 

Composite2 88.t 20.7 31.5 40.7 147 1.48 .27 
Composite2 88.0 20.3 31.7 41.0 146 1.47 .27 
Grab 87.0 20.1 33.0 42.9 137 1.49 .26 

1Forageurs probe used in this study. 
2Composite sample of twenty bales replicated twice (repeatability of a test). 

Sample Handling 

The whole sample s~.ould be_ pla~d in a poly~thylene freezer bag and sealed tightly so the laboratory 
repon of dry matter as received can approximate the dry matter concentration of the lot when mixed 
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and subsamples taken for analysis. Samples should be stored in a cool place and care must be taken 
to prevent puncturing plastic bags. A sample should never be divided before being received by the 
laboratory and ground. 

ACCURACY OF TEST'S 

Source of Analytical Error, Laboratory Accuracy and Precision 

One of. the most important questions to ask about any analytical procedure is: How accurate is it? 
One method of assessing accuracy is to compare analytical values obtained on the same sample using 
the same procedure from different laboratories. Results from 30_ samples analyzed in six U~D~ 
laboratories are shown in Table 7. Two types of errors are possible: 1) errors that occur within a 
laboratory, measured by variation of repeated analyses on the same samples and those between 
laboratories, measured by ·variation in the mean analytical values; 2) between-laboratory errors of CP 
and ADF were nearly double those within laboratory errors for chemistry, Table 7. 

Table 7. Standard errors (%)associated with analyses of five quality parameters of 30 forage 
samples at six laboratories. 

Quality 12arameters 
Methods of Neutral Acid ·Acid in vitro 
analysis and Crude detergent detergent detergent dry matter 
effects protein fiber fiber lignin digestibility 

Chemical <), ~ , 
Between labs 0.75 1.82 2.24 1.01 2."08 
Within labs 0.43 1.70 1.40 0.90 3.67 

NIRS 
Between labs 0.83 2.45 1.81 1.07 1.33 • 
Within labs 0.56 1.12 0.60 0.63 0.83 

,.. 
\ 
\\ 

Source: Templeton et al. 1981. 
'\ ........ ~ 

A second question to ask about an analytical procedure is: How precise is it? Running duplicate or 
triplicate analyses on the same sample is a measure of precision, often expressed as standard error of 
the laboratory (SEL). The National NIRS Forage Research NetWork has recommended maximum 
allowable SEL limits for forage quality analyses. Recommended maximum limits of SEL are: s 0.3% 
OM, S 0.6% CP, S 1.2% ADF,·s 1.5% NDF and S 2.0% IVDDM. SEL values reported by Minnesota 
Extension NIRS Project for their equations on the same bulk sample analyzed in duplicate favor a 9-

- month period show values below allowable limits. Accuracy of the NIRS analyses are evaluated by 
comparing the mean values of reference method vs NIRS. Fiber values of com silage (ADF and 
NDF) do not agree within acceptable limits and potassium is less accurate for hay and haylage than 
minerals of all .forage crops. 

The National Forage Testing Association (NFfA), P.O. Box 37115, Omaha, NE 68137, (402) 333-
7485, conducts a laboratory certification program to improve accuracy of CP and ADF analysis of 
alfalfa hay. Laboratories must obtain acceptable values for CP and ADF on 3 or 4 alfalfa hay samples 
analyzed within a given year. Laboratories analyze the same alfalfa hay sample in triplicate for CP 
and ADF. All values from participating labs are used to generate a median (middle point value) and a 
median absolute deviation (MAD). The MAD describes the betWeen laboratory error. For 
cenification in 1990, the mean of triplicates must fall within tWo MAD's of the median at least three 
of four times per year. In 1991, the acceptable limits will be dropped to one and one-half MAD's. 

The NFr A certification program assesses both accuracy and precision of analysis. The accuracy of a 
laboratory in the program can be examined by comparing their mean value for an analysis to the 
median value. Table 9 illustrates this comparison for Miilllesot.a NIRS analysis and the 1990 NFTA 
cenification program results. Precision measurements (MAD) for the NFT A program exceed the 
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maximum limits established by the National NIRS Forage Research Network. However, laboratory 
certification is. relatively new (initiated in 1985 - 33 labs certified; 73 in 1989) and improvement is 
expected as time progresses. Seventy-one (71) of the panicipating laboratories had ADF values within 
ne MAD (1.38) for the 3rd quarter 1990 sample, an acceptable limit 

Table 8. Accuracy (median vs. mean) and precision (MAD & SD) of Minnesota Extension NIRS 
hay equation on alfalfa hay certification samples (National Forage Testing Association-
NfTA) run in 1990. · 

NfTA MNNIRS 
Quarter/test n "Median MAD n Mean SD 

% ±% % ±% 
1st quarter 

CP 94 24.00 0.969 3 24.73 0.225 
ADF 66 28.22 1.572 3 30.35 0.098 
NDF 28 41.58 3.454 3 38.58 ·0.155 

2nd quarter 
CP 100 16.42 0.615 3 15.09 0.037 
ADF 100 31.58 1.663 3 31.56 0.165 
NDF 48 . 42.96 2.147 3 41.89 0.346 

~ 3rd quarter 
CP 100 21.93 0.929 3 21.39 0.087. 
ADF 99 34.23 1.381 3 33.65 0.470 
NDF 45 42.28 2.538 3 41.86 0.554 

4th quarter ~ 

CP 112 18.80 0.625 3 17.86 0.102 
ADF 111 37.97 2.105 3 37.75 0.165 
NDF 53 47.38 2.105 3 47.57. 0.209 

• 
\ , . 

... ""'!~ 

Panicipation in a voluntary laboratory certification program is encouraged; This certification will 
~ow testing facilities to "fine tune" their procedure and reduce analytical variation. It will also 
enhance the development and utilization of a common language in reference to laboratory procedures, 
equations to calculate energy concentration, forage quality, and marketing techniques. 

SUMMARY 
. 

. The forage quality evaluation used by the University of Minnesota addresses the intake and 
digestibility needs of high producing dairy cattle. The analytical system of forage crops must include 
a visual appraisal, sampling and testing of forage, and accuracy of tests. Growers, educators, 
marketing personnel and researchers need to develop standardized analytical procedures used to 
research new forage quality tests. Join the Minnesota Forage and Grassland Council's efforts by 
accepting and recommending standards to sell hay. Utilize the standards discussed herein as much as 
possible to improve uniformity of standards, language and tests. 
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BI0AVAIL7$ILITY OF TRACE MINERALS - INORGANIC VS ORGANIC 

Jerry W. Spears, E. B. Kegley and J. D. Ward 
Department of Animal S~ience 

North Carolina State Un.iversity 

This paper will review the bioavailabili ty of trace minerals, , 
focusing on differences between inorganic and organic sources. The·...., 
term bioavailability is often used incorrectly. In reference to 
trace minerals, bioavailability is defined as the proportion of the 
ingested element that is absorbed, transported to its site of 
action and converted to a physiologically active form (O'Dell, 
1983) . Thus, bioavailability implies not only absorption, but alsq 
utilization of the mineral for a specific.function. Absorption of 
trace elements is often a major limitation of their utilization; 
however, in certain instances organic trace minerals may be· 
utilized differently from inorganic sources following absorption. 

In theory, bioavailability studies should-be conducted in animals 
receiving the mineral in question at levels below its requirement 
for a specific function (growth, bone strength, immune function·,· 
maximal enzyme, activity, maximal hormone activity, etc.) . In 
recent years, a number of studies have estimated bioavailpbility of 
trace element sources by feeding the mineral at concentra"tions well 
above the animal's requirement and measuring tissue accumulation of 
the element. The value of such measurements in estimating 
bioavailability can be questioned since the mineral is-~robably not 
limiting for biological processes. Bioavailability ·studies with 
inorganic trace elements have frequently used reagent ·grade sources 
and these may differ in purity and absorbability from feed grpde 
sources (Nelson, 1985). Feed grade sources of inorganic trace 
minerals prepared by different processes also may differ in purity 
as well as availability. Therefore, the sou.rce of the mineral fed 
must be taken into account when.comparing different studies. 

ORGANIC TRACE MINERALS 

Organic trace mineral supplements commercially available vary in 
regard to the type of ligand or ligands used to form the me.tal 
complex or chelate. Most of the organic minerals marketed are 
classified as complexes, chelates or proteinates. Definitions 
given by the Association of American Feed Control Officials for the 
various types of organic mineral products are shown in table 1. 
Chelation refers to a special type of complex formed between a 
ligand and a metal ion. To be classified as a chelate the ligand 
or chelating agent must: 1) contain a minimum of two functional 
groups (oxygen, nitrogen, amino, hydroxyl) each capable of donating 
a pair of electrons to combine (via coordinate covalent bonding) 
with a metal and 2) form a heterocyclic ring structure with the 
metal (Kratzer and Vohra, 1986). Nott all metal complexes are 
chelates. ~ 
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Proteinate forms are commercially available for copper, cobalt, 
iron, manganese and zinc. Copper, iron, manganese and zinc also 
are marketed as metal amino chelates. Metal complexes marketed 
commercially include zinc methionine, zinc lysine, manganese 
methionine, iron methionin~, copper. lysine and cobalt 
glucoheptonate. 

"" 
Table 1. Definitions of various organic mineral products according to the Association of 

American Feed Control Officials1 

T57.150 Metal amino acid complex - The product resulting from the complexing of a soluble 
metal salt with an amino acid(s). 

56.142 Metal amino chelate - The product resulting from the reaction of a metal ion from a 
soluble metal salt with amino acids with a mole ratio of one mole of metal to one to three 
(preferably two) moles of amino acid to form coordinate covalent bonds. The average weight of 
the hydrolyzed amino acid must not exceed 800. 

67 .13 Metal proteinate - The product resulting from the chelation of a soluble salt with amino 
acids and/or partially hydrolyzed protein. · ~ 

56.29 Metal polysaccharide complex - The product resulting from complexing of a sofoble salt 
with a polysaccharide solution declared as an. ingredient as the specific metal complex. 

1From Patton, 1990. 

Trace metals in blood and other tissues and trace minerals 
naturally occurring in feedstuffs exist largely bound to various 
ligands as organic complexes or chelates rather than as free ions. 
In contrast, trace minerals have usually been supplemented to 
animal diets as inorganic salts. The development ·and marketing of 
trace mineral complexes or chelates has centered arGC-nd the theory 
that they are more bioavailable or more similar than inorganic 

·sources to forms. naturally occurring in the body. If the metal 
complex or chelate is stable in the digestive tract, the metal 
would be protected from forming complexes with other· dietary 
components that inhibit absorption and thus allow for greater 
absorption. This assumes that the metal complex or chelate can be 
absorbed as such or can be modified to a chemical form of the 
mineral that can be absorbed. 

Studies conducted several years ago with chicks indicated that 
bioavailability of zinc in ZnO and ZnS04 were equal (Edwards, 1959; 
Roberson and Schaible, 1960). Reagent grade zinc sources were used 
in these studies and estimates of availability were based on weight 
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gain responses to added zinc in chicks fed a zinc-deficient diet. 
Recently, Wedekind and Baker (1990) compared zinc availability from 
feed grade sources of ZnO and ZnS04 in chicks fed a zinc deficient 
diet. Based on weight gain, zinc from ZnO was only 61% as 
available as ZnS04 • Tibia zinc concentrations indicated that zinc. 
in ZnO was 44% as available as ZnS04 (Wedekind and Baker, 1990). In 
growing pigs availability of zinc from metallic zinc dust was 
estimated to be 30% higher than reagent grade ZnO based on l' 
increases in serum zinc concentrations (Miller et al., 1981). · · 

Studies have not been conducted comparing ZnO and ZnS04 as sources 
of zinc in ruminants receiving diets inadequate in zinc. However, 
when fed at levels in excess of dietary requirements ZnO appears to 
be absorbed as well as ZnS04 (Kincaid, 1979; Sandoval et al., 
1990). Kincaid (1979) dosed calves with 20 mg zinc/kg body weight 
from different sources and estimated availability using the 
increase in plasma zinc concentrations. He concluded that zinc 
availability from ZnC12 , ZnS04 , ZnO and ZnC03 was similar. Sandoval 
et al. (1990) fed reagent grade zinc sources to sheep at levels in 
excess of requirements and used accumulation of zinc in liver, 
kidney and pancreas to estimate availability. Using liver zinG 
concentrations, they reported relative availabilities of 100, +36, 
135, and 95% for ZnS04 , ZnC03 , ZnO and zinc metal, respectively. 

Zinc methionine 

Zinc methionine (ZnMet) has been studied to the greatest extent of 
·any of the chelated or metal complexes currently available. The 
methionine portion of ZnMet has been shown not to be degrad~d to a 
large extent by ruminal microorganisms (Heinricks and Con,rad, 
1983) . This suggests that the ZnMet complex remains intact iri"-:.t-he 
rumen and that the complex would potentially be presented to the 
small intestine as such. 

Bioavailability of zinc from ZnMet and reagent grade ZnO was 
similar in lambs fed a semi-purified diet deficient in zinc, based 
on plasma zinc, plasma alkaline phosphatase activity and animal 
performance (Spears, 1989). In this study, zinc was supplemented to 
the deficient diet· at a level well below the lamb;g-requirement .. 

. Apparent absorption of zinc from ZnMet and ZnO also was similar in 
,lambs fed a semi-purified deficient diet or a hay-based diet 

. : (Spears, 1989). In lambs fed the semi-purified diet·, urinary 
excretion of zinc tended to be lower in lambs fed ZnMet resulting 
in higher zinc retention. Following oral dosing with a high level 

· ~of zinc from ZnMet or ZnO, plasma zinc decreased to pre-dosing 
:~baseline values at a slower rate in lambs given the methionine 
·';form. It was concluded from these studies that zinc in ZnO and 

\.ZnMet was absorbed to a similar extent, but zinc from these two 
:Jsources appeared to be metabolized differently following absorption 
;~(Spears, 1989) . 
. j; 

~eathery et al. (1972) also provided evidence that organic zinc was 
~etabolized differently from inorganic zinc following absorption by 
·ealves. In this study, calves fed a zinc-deficient diet were dosed 
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with 65Zn from ZnC1 2 . or from corn forage where labeled zinc was 
incorporated during plant growth. Fecal excretion of labeled zinc 
was similar for the two'sources. However, 65Zn retention seven days 
post dosing was higher in liver, spleen, heart, lung and small 
intestine of calves dosed with 65 Zn labeled forage compared with 
those given 65 ZnCl. They' suggested that the differences in zinc 
metabolism may have been due to the two forms of zinc being 
transported in combination with different ligands (Neathery et al., 
1972) . 

Using tibia zinc concentrations as a measure of availability, 
relative availability of zinc in ZnMet was 177 to 206% compared to 
feed grade ZnS04 in chicks (Wedekind et al., 1990). In contrast, 
Pimentel et al. (1991) reported that bioavailability of zinc from 
ZnMet and reagent grade ZnO was similar in chicks based on growth 
and liver and bone zinc concentrations. However, chicks fed ZnMet 
had higher zinc concentrations in the pancreas (Pimentel et al., 

·1991). No differences were observed in bioavailability between 
ZnS04 and ZnMet in growing and finishing pigs based on growth and 
serum and bone zinc concentrations (Hill et al., 1986). Zinc 
uptake from ZnMet and ZnC1 2 was found to be similar using 
noneverted intestinal sacs from pigs and chicks (Hill et al., 
1987) . 

"' Zinc methionine also has improved performance, carcass quality and 
immune response measurements in ruminants above those noted in 
animals fed isozinc levels from ZnO. It is unclear if these 
responses relate to enhanced zinc bioavailability for these 
processes or some other stimulatory property of zru.iet notia-related 
to zinc. Spears (1989) fed growing heifers a corn silage based 
diet containing 24 ppm of zinc or the basal diet supplement~d~-:.with 
25 ppm of zinc from ZnMet or reagent grade ZnO. Average daily gain 
and feed efficiency were similar for control heifers and those 
supplemented with ZnO. Heifers receiving ZnMet gained 8.1% faster 
(P<.07) and 7.3% more efficiently (P<.08) than control heifers for 
the entire i26-day study. ,An isozinc comparison between the oxide 
and methionine form of zinc also has been conducted with finishing 
steers (Greene et al., 1988). The basal diet used in this study 
contained 82 ppm of zinc and the addition of 360 mg of zinc from 
either source did not significantly improve performance for the 
entire 112-day study. However, quality grades, marbling scores and 
percent kidney, pelvic and heart fat were higher in steers fed 
ZnMet compared to steers in the control or ZnO treatments. 

We recently completed a 2~year study designed to determine if 
including ZnMet and manganese methionine (MnMet) in a free choice 
mineral would affect performance of beef cows and their calves 
(Spears . and Kegley, 1991) . Treatments consisted of complete 
mineral supplements containing: 1) no supplemental zinc and 
manganese, 2) 2,500 ppm of zinc and manganese from the oxide forms 
and 3) 2, 500 ppm of zinc and manganese (two-thirds from the 
methionine forms and one-third from the oxide forms) . The 
experiment started approximately 3 months prepartum and cows 
remained on the same treatment for both years unless they were 
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culled. Sixty-six cows were used in year 1 and 60 cows were used 
in year 2. Cattle were fed corn silage and alfalfa haylage during 
the winter and grazed, orchardgrass, bluegrass and white clover 
pasture during the growing season. Calf weaning weights, adjusted 
for sex, age and MPPA scores of the dams, are shown in table 2. 
Compared to the control treatment, weaning weights were higher 
(P<.10) for calves in the ZnMet and MnMet treatment in year 1, but 
not in year 2. Weaning weights were higher (P<.05) for ZnMet and 
MnMet calves compared to control calves when data were combined . f 
across·~oth years.· Interestingly, calves receiving the zinc and 
manganese oxide supplement tended to weigh less than controls at 
weaning in both :years. Weaning weights of calves in the ZnMet and 
MnMet treatment were heavier than those in the oxide treatment in 
year 1 (P<.05) and year 2 (P<.10). It is not clear if the response 
in calf gains was due to ZnMet, MnMet or the combination of the two 
metal complexes. Further studies are warranted in this area. 

Lactating dairy cows fed ZnMet tended to have lower somatic cell 
counts and higher milk yields than cows fed a similar level of zinc 
from ZnO (Kincaid et al., 1984). There is evidence that ZnMet 
affects immune responsiveness and disease resistance differently 
than ZnO in cattle. Antibody titers against bovine herpesvirus-1 
(IBR) 14 days following vaccination were 47 and 31% higher in 
stressed steers supplemented with ZnMet compared to contrpl and ZnO 
fed steers, respectively (Spears et al., 1991). Steers were fed a 
control diet that contained 26 ppm of zinc or the control diet 
supplemented with an additional 25 ppm of zinc from~ither ZnO or 
ZnMet. Calves experimentally challenged with Infectious Bovine 
Rhinotracheitis virus (IBR) tended to recover from the'disease more 
rapidly when fed ZnMet compared· to ZnO (Chirase et al., 1991.) . 

~ 
':'.~-.~~ 

Table 2. Weaning weights of calves receiving zinc methionine arid manganese methionine 
in a free-choice mineral 

Supplement 

Control ZnO,MnO 

Weaning Weights, kga 
Year 1 304.5 296.9 
Year 2 255.7 251.6 
x 280.0b 274.lb 

8Adjusted for age,sex and MPPA scores of darns. 
b,~eans in a row with unlike superscripts differ (P<.05). 

ZnMet,MnMet 

318.8 
261.6 
290.3c 

Two studies were conducted recently to determine the ef feet of 
feeding ZnMet to calves prior to weaning on health and performance 
after weaning and shipping ( Sp~ars et al. , 19 91) . Calves were 

32 

. ~------- - -

'-, 



't., .. ,rr--------------------------------------
i' 
I, 
! 

ii 
I ... 
I 
" 

weaned in North Carolina and immediately shipped to Amarillo, 
Texas. Zinc methionine was compared to ZnO at an isozinc level and 
cattle received the same zinc source on arrival at the feedlot. In 
both studies ·calves fed ZnMet consumed more feed and tended to gain 
faster during the postshipping period than those fed ZnO. 
Morbidity rate appeared to be lower ( 0 vs 20%) for ZnMet ·· 
supplemented calves in one of the two studies. 

Zinc chelates 

In vitro, zinc amino acid chelate was taken up by rat intestinal 
tissue and transported from the intestinal mucosal to the serum at 
a faster rate than ZnC1 2 (Ashmead, 1991). Plasma zinc 
concentrations and alkaline phosphatase activity decreased greatly 
in lambs fed a zinc-deficient diet supplemented with only 5 ppm of 
zinc from either chelated (EDTA) or sequestered zinc (Ho and 
Hidiroglow, 1977). Lambs fed 5 ppm of chelated or sequestered zinc 
did not develop signs of zinc deficiency and gained similarly to 
lambs fed 50 gpm of zinc from zinc sulfate during a 42-day period. 
However, in zinc sulfate-fed lambs when dietary zinc was reduced 
from 50 to 5 ppm, signs of zinc deficiency were observed within 28 
days (Ho and Hidiroglou, 1977). 

COPPER 

Radioactive copper in the form of CuS04 or CuC03 was absorbed at a 
faster rate following oral administration than cupr~c oxide (CuO) 
or cuprous oxide (Cu20) in cattle (Chapman and B~ll, 1963) and 
sheep (Lassiter and Bell, 1960). In cattle, Cu20 appeat'ed to be 
absorbed to a greater extent thari CuO (Chapman and B_ell, 1963). In 
recent studies with pigs (Cromwell et al., 1989) anq chicks ~,(,)?aker 
et al., 1991), feeding high levels of CuO did not increase liver 
copper suggesting that this form of copper was unavailable. Copper 
sulfate at equivalent copper concentrations greatly increased liver 
copper in both species. Reagent grade Cu20 was as available as 
reagent grade CuS04 based on liver copper accumulation in chicks 
(Baker et al., 1991). In cattle and sheep, CuO needles were 
effective in preventing copper deficiency (Suttle·, 1981). The CuO 
needles have been shown to be retained in the acid environment of · 
the abomasum and release copper at a slow rate over a period of 
days or months (Suttle, 1981). 

Copper bioavailability in ruminants can be very low, primarily 
because of interactions with molybdenum and sulfur in the rumen. 
When dietary molybdenum and/or sulfur are high, providing copper in 
a form that would be stable in the rumen and not interact with 
these elements, but be available for absorption in the small 
intestine, would be advantageous. Two studies (Kincaid et al., 
1986; Wittenburg et al., 1990) have compared the proteinate and 
sulfate forms of copper in cattle fed high molybdenum and the 
results obtained have been contrasting. 

Kincaid et al. (1986) compared copper proteinate and copper sulfate 
in terms of their ability to increase copper status in calves (>12 
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weeks old initially) fed a hay-concentrate diet naturally high in 
molybdenum. The basal diet contained 2. 8 ppm of copper and 3 .1 ppm 
of molybdenum. After 84 days calves given 26 mg of copper per day 
from copper proteinaEe had higher plasma (.87 vs .75 mg/l) and 
liver ·(325 vs 220 ppm) copper concentrations than calves 
supplemented with a similar level of copper from the sulfate form. 
Copper su'lfate did not increase plasma or liver copper above values 
observed in non-copper-supplemented calves. However, control 
calves were not deficient in copper at the end of 84-day study 
based on liver and plasma copper concentrations and calf gains were 
not affected by copper level or source. These results suggested 
that absorption of copper from the proteinate form was less 
affected by high molybdenum. 

Recently, Wittenberg et al. (1990) published the results of two
stud1es which indicated that availability of copper in copper 
proteinate and copper sulfate was similar in copper-depleted steers 
fed diets containing high molybdenum. A summary of their findings 
is presented in Table 3. In both experiments steers were depleted 
of copper prior to the start of the study by feeding a diet 
supplemented with 100 ppm of molybdenum and .3 to .4% sulJur for 35 
to 42 days. Steers were fed corn silage-barley based diets 
supplemented with 10 ppm of molybdenum in both experiments. Copper 
was supplemented to the· basal diets to provide either O or 10 ppm 
added copper from the sulfate or proteinate form. Experiment 1 
lasted 140 days and experiment 2 lasted 84 days. Liver and~plasma 
copper values shown in table 3 are mean values of samples ~taken 
initially and at 35 {experiment 1) or 42-day {e~periment. .. ~~2) 
intervals. In both experiments plasma copper was increased by 
copper supplementation, but plasma copper was not affected by 
copper source. Liver copper was not affected by copper level or 
source in experiment l,, but liver copper was increased by copper 
supplementation in experiment 2. 

It is interesting to note that even though liver and plasma copper 
were not affected by copper source, steer gains were higher in 
steers receiving copper protel:nate in experiment 1 but not in 
experiment 2 {Wittenberg et al., 1990; table 2). The proteinate 
diet in experiment 1 analyzed 20% higher in copper than the copper 
sulfate diet. Steer gains in experiment 1 appeared to respond to 
increased dietary copper. Therefore, it is not clear if the high 
gain in steers fed copper proteinate was . simply due to higher 
dietary copper or to copper proteinate per se. 
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Table 3. Effect of copper proteinate and copper sulfate on copper status and performance 
of steersa 

Treatment 

Control Copper Sulfate ~~ 

Experiment 1 

Plasma Cu, µg/dl 33b 48c 51c 

Liver Cu, mg/kg 12.5 15.6 15.9 
i.19b Gain, kg/d l.29b.c 1.3~ 

Feed/gain 8.43 7.56 7.52 

Experiment 2 ,)-

.' 

Plasma Cu, µg/dl 44b 61c 65c 
Liver Cu, mg/kg 21.7b' 34.0" 38.lc 
Ruminal soluble Cu, µg/dl 41 53 ..,74 
Gain, kg/d 1.02 .98 ~l.01 

~ 

Feed/gain 6.36 6.64 6.41 

.? 

aFrom Wittenberg et al. (1990). ) 

b·'Means in a row with unlike superscripts differ P<.05. 

There are differences between the s.tudy conducted by Kincaid et al. 
(1986) and those conducted by Wittenberg et al. (1990) that may 
explain the contrasting results in regard to copper bioavailability 
from copper proteinate. Kincaid et al. ( 1986) compared the 
relative availability of copper from the proteinate and sulfate 
form in calves adequate in copper while Wittenberg et al. (1990) 
made similar measurements in steers deficient in copper. Calves 
used by Kincaid et al. ( 1986) also were much younger than the 
steers used by Wittenberg et al. (1990). Finally, Wittenberg added 
ammonium molybdate to increase dietary molybdenum while Kincaid 
used hay that was naturally high in molybdenum. 

Relative availability of copper from copper lysine (a complex) and 
CuS04 was similar in. growing steers based on plasma copper 
concentrations and activity of ceruloplasmin, a copper dependent 
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enzyme' (Ward 1 and Spears, unpublished data) . In this study, the two 
copper ·sources were compared in the absence and presence of high 
dietary molybdenum. Copper availability from copper lysine also 
was similar to CuS04 in the chick based on liver accumulation of 
copper (Baker et al., 1991). 

-
An atnirio acid copper chelate was taken up by rat intestinal tissue 
in vitro at a much faster rate than inorganic forms of copper 
(Ashmead, , 1991) .· Based on liver copper concentrations, no 
differences in relative availability of copper were observed 
between ·· EDTA chelated copper and CuS04 in steers fed a high 
molybdenum diet (Miltimore et al., 1978). Stansburg et al. (1990) 
compared ED.TA chelated copper·, a copper polysaccharide chelate and 
CuS04 in terms of their ability_to stimulate performance of growing 
swine when fed at 62.5 to 250 ppm. Performance of pigs fed CuS04 
and the chelated forms of copper was similar in three of four 
trials. In one trial, pigs fed 125 ppm of copper from the EDTA 
chelated form gained less efficiently than those fed a similar 
level of copper from CuS04 or polysaccharide chelated copper. 

MANGANESE 

Manganese sulfate is the most bioavailable of the inorganic feed 
grade sources of manganese. Relative to MnS04 availabiljty values 
for MnO have varied from 58% in sheep (Wong-Valle et al./ 1989) to 
91% in chicks (Henry et al., 1989). Relative availability of 
manganese from manganese proteinate was similar to MnS04 in chicks 
fed diets either devoid of or containing fiber and phytate (Baker 
and Halpin, 1987). Manganese availability was assessed using bone 
and bile manganese concentrations in chicks fed high levels ~l,000 .. ~ 

ppm) of manganese. Radioactive manganese in the form of an amino 
acid chelate was absorbed by rats and retained in tissues to a 
greater extent than 54MnCl (Ashmead, 1991). 

Studies with chicks have indicated that manganese in MnMet is more 
available than manganese in the oxide (Fly et al., 1989) or sulfate 
form (~enry et al., 1989) ·. Relative availability· of manganese in 
MnMet was 174% of that present in MnO based on bone manganese 
accumulation (Fly et al., 1989). Compared to MnS04 , relative 
availability of manganese in the methionine form was 108% based on 
bone and 132% based on kidney manganese concentrations (Henry et 
al., 1989) . Chicks fed MnMet consumed slightly less feed and 
gained.more (P<.05) efficiently than chicks fed equivalent amounts 
of manganese and methionine from MnS04 and DL-methionine (Henry et 
al., 1989). In turkeys, MnMet was slightly more (111%) available 
than MnO based on kidney manganese concentrations (Ferket et al., 
1991). Incidence of tibial dyschondroplasia was lower at 12 weeks 
of age in turkeys fed MnMet compared to those fed MnO in this 
study. 

Manganese methionine addition to diets of growing beef heifers 
improved gain and feed efficiency in one of two experiments (table 
4). Manganese oxide did not affect performance in either 
experiment. In both studies, heifers were fed corn silage and a 
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protein-mineral supplement containing 0 or 20 ppm of supplemental 
manganese from either MnO or MnMet. Supplemental crude protein in 
experiment 1 was s·upplied from a corn-urea supplement while 
approximately one-half of the supplemental protein in experiment 2 
was provided from soybean meal and the other one-half from urea. 
Lack _of a performance response to MnMet in experiment 2 may relate 
to the higher manganese content of the basal diet especially the 
protein supplement. Part of the naturally occurring manganese in 
the soybean meal may have been present as MnMet or similar 
manganese complexes. 

Table 4. Effect of manganese methionine on performance of growing beef heifersa 

Experiment 1 

Gain,kg/d 
Feed/gain 
Manganese content, ppm 

Com silage 
Protein supplement 

Experiment 2 

Gain,kg/d 
Feed/gain 
Manganese content, ppm 

Com silage 
Protein supplement 

Control 

17.9 
7.8 

.96 
- '9.7 

25.1 
23.5 

Treatment 

Manganese Oxide 

.96 
9.7 

aspears, unpublished data; Studies were 140 days in length 
b·'Means in a row with unlike superscripts differ P<.06. 
11.~eans in a row with unlike superscripts differ P<.05. -

IODINE 

Inorganic iodine sources are approximately equal 
bioavailability. Calcium iodate is the most widely 
inorganic iodine in the feed industry because of its 
mineral supplements and diets. Iodide forms such 
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iodide are less stable and considerable losses can occur due to 
heat, moisture, right and exposure to other minerals (Nelson, 
1985) . 

Ethylenediamine dihydroiodide (EDDI}, an organic form of iodine, 
has been widely used in,cattle to prevent foot rot. The amount of 
EDDI fed to prevent foot rot is much higher than dietary 
requirements. Inorganic forms of iodine have not been shown to be 
effective in foot rot prevention. Miller and Swanson ( 1973) showed 
that iodine from EDDI was metabolized differently from inorganic 
iodine in dairy cows. Absorption of iodine from EDDI in cows was 
at least equal to NaI.· However, iodine from EDDI was retained in 
cartilage and soft tissues longer than iodine from NaI. Lactating 
dairy cows secreted more iodine in milk and excreted less in the 
urine when EDDI was given compared to KI (Miller and Swanson, 
1973}. Differences in metabolism of iodine from EDDI and inorganic 
sources is a good example of an organic ·trace mineral being 
metabolized differently from inorganic forms following absorption. 

SELENIUM 

Selenium is generalJ.y supplemented to animal diets as sodium 
selenite (Na2Se03 } while selenomethionine (SeMet} is the predominant 
form of seleni'um in most feedstuffs. Se.lenium bioavailab}.lity from 
different sources appears to be affected by animal species and by 
the criterion used to assess bioavailability. 

Bioavailability of SeMet was consider.ably less than Na2Se03 or 
selenocystine (SeCys} based on their ability, when fed at-t-graded 
levels, to prevent exudative diathesis in chicks fed a selenium
deficient diet (Cantor et al., 1975a, Osman and Latshaw, 19\1-6,}. 
However, when prevention of pancreatic fibrosis was -used as the 
criterion to estimate bioavailability, SeMet was four times as 
effective as Na2Se03 or SeCys (Cantor et al., 1975b}. 
Selenomethionine was 78% as available as Na2Se03 in restoring serum 
glutathione peroxidase activity in selenium-depleted chicks 
(Gabrielsen and Optvedt, 1980} . Chicks fed SeMet had higher 
selenium concentrations in pancreas and breast muscle but lower 
selenium in kidney, liver and heart than chicks fed Na2 Se03 or SeCys 
(Osman and Latshaw, 1976). Retention· of selenium from SeMet has 
generally been higher than from Na2Se03 • This is at least partly 
due to SeMet being incorporated into nonspecific body proteins in 
place of methionine (Behne et al., 1991}. Selenium absorption in 
ruminants is much lower than in nonruminants (Wright and Bell, 
1966}. The lower absorption· of selenium is believed to relate to 
reduction of Se03 to insoluble forms in the rumen. 
Selenomethionine was approximately twice as available as Na2 Se03 or 
cobalt Se03 in growing heifers (Pehrson et al., 1989}. 
Bioavailability of selenium in this study was estimated by 
measuring the increase in erythrocyte glutathione peroxidase 
activity following selenium supplementation in selenium-deficient 
heifers. In lambs, SeMet increased whole blood selenium and 
glutathione peroxidase activity to a greater extent than Na 2Se03 
(Larsen et al., 1988}. 
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Sodium selenate (Na2 Se0~) , although not currently used to any extent 
in the feed industry, may be· more available in ruminants than 
Na2Se03 • .Turner et al. (1990) .recently reported that Na2Se04 was 
absorbed at a more rapid rate than Na2Se03 by sheep ileum using 
everted sacs· ~d an isolated vascularly perfused ileum system. 
Absorption of selenium from Na2Se04 also was higher (94 vs 62%) than 
Na2Se03 in humans (Thomson and Robinson, 1986) . 

CONCLUSIONS 

The use of certain organic trace mineral complexes or chelates in 
ruminant diets has increased performance (growth and milk 
production), carcass quality and immune responses and decreased 
somatic cell counts in milk compared to animals fed inorganiG forms 
of the mineral at iso levels. ·The mode of action of trace mineral 
chelates or complexes is largely unknown. For organic trace 
minerals to be beneficial in ruminants it is reasonable to assume 
that they must be stable - (at least partially) in the rumen 
environment and abomasum and be delivered to the small intestine 
intact. There is little evidence that trace mineral chelates or 
complexes are considerably 'better absorbed than inorganic forms 
based on apparent absorption or tissue and blood· concentrations. 
Differences in absorption alone cannot justify the additional cost 
of the organic trace mineral in most instances, because higher 
amounts of the inorganic trace mineral could be added tb the diet 
at a lower cost. In explaining the beneficial responses to certain 
organic trace minerals,· the quantity of mineral absorbed may not be 
as important as the form of the mineral absorbed. Certain trace 
mineral chelates or complexes may stimulate certa-in bielogical 
processes or the mineral present in the organic form ma~ enter 
different pools within the body than inorganic forms. Irt .. _high 
producing ani~als, the conversion of certain inorganic minerais to 
organic forms may limit certain physiological processes. 

Further research with trace mineral chelates and complexes is 
needed to: 1) better define conditions where performance or health 
responses may be expected, 2) determine the mode qf action whereby 
organic trace mineral supplements improve animal performance and 3) 
determine if responses observed are of a magnitude necessary to 
justify the cost. 
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INTRODUCTION 

The dry period has often been viewed as an unimportant period which follows 
lactation. The dry perioa might be better viewed as an important preparatory -
period which affects health, r~productive performance, and production of the 
cow in the subsequent lactation. The goals of managing dry cows should 
include: 1) preparing a cow for the uncomplicated birth of a viable, healthy 
calf, 2) making the transition from the dry period to lactation without health .. 
problems, 3) preparing the digestive tract and metabolism for the transition 
from a low to a high plane of energy following parturition, 4) minimizing the 
risk of reproductive diseases, stimulating rapid return of the estrous cycle, 
and optimizing fertility. To achieve these goals, management of the dry cow 
must include administration of various vaccinations, careful formu9ation of 
sound nutrition, medical treatments for prevention of various disease$, and 
providing an acceptable environment for the cow. All goals are interrelated. 
Failure to achieve these goals results in periparturient diseases and 
adversely affects subsequent reproductive performance and production • 
(Oltenacu, et al., 1984, Stevenson and Call, 1988). 

" ,. 

Dry cow management and nutrition affect the health of the peripartum cow. 
~ .. "::~ 

Many diseases of the peripartum cows are interrelated. For example, Curtis, 
et al., found parturient paresis increased the risk of complicated ketosis by 
a factor of 23.6. Included in the peripartum disease complex are milk fever, 
the fat cow syndrome, the fatty liver syndrome, ketosis, displaced abomasum, 
udder edema, mastitis, retained fetal membranes, dystocia, uterine prolapse, 
m~tritis, hypomagnesemic tetany, anovulation and anestrus (Stevenson and Call, 
1988). The average incidence of one or more abnormalities 36.9%, with a range 
of 19.9 to 81.6% between herds. Nutritional deficiencies or imbalances may 
have multiple manifestations; likewise a clinical disorder may have multiple 
etiologies. For example, disorders of calcium metabolism may be manifested as 
clinical milk fever or an increased incidence of dystocia, retained fetal 
membranes, or uterine prolapse. An increased incidence of retained fetal 
membranes may occur with deficiencies of selenium, vitamin E, or vitamin A. 
The incidence of retained fetal membranes may also increase in which are over 
conditioned cows or have milk fever. 

Although the National Research Council has defined one standard of nutritional 
requirements for the dry pregnant dairy cow, this should not be construed to 
mean that nutritional management of the dry cow is simple or unimportant. 
Usually the dry period is divided into two parts: 1) the early dry period and 
2) the transition period which is the last 2 to 3 weeks of dry period. The 
transition period allows for change from the_ high forage-low energy rations of 
the dry period to the high concentrate-high energy rations of early lactation. 
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DRY OFF 

) . 
The first objectives for the dry period are to obtain cessation of milk flow 
and involution of the udder. 'For cows producing less than 40 pounds of milk 
per day, dry off can be completed by abruptly ceasing to milk cows and 
mastitis controlled by treatment with an intramammary infusion antibiotic 
product formulated for dry cows. For cows producing more than 20 kg per day, 
cessation of milk flow is better obtained by reducing dietary energy intake a 
week before dry off (Van s·aum, 1991). Dry cow mastitis treatment has 
therapeutic valµe in eliminating mammary infections carried into the dry 
period and prophylactic value in reducing the incidence of new infections 
acquired during the early dry ~eriod (National Mastitis Council, 1987). By 
eliminating existing intramammary infections and preventing new infections, 
the incidence of clinical cases of mastitis in early lactation is reduced. 
Cows should be observed carefully during the early dry period for signs of 
clinical mastitis. 

VACCINATIONS 

One of the goa 1 s of the dry period· is to produce a healthy, v i'"ab le ca 1f. A 
means of achieving this goal is to· vaccinate the dam to stimulat~ specific 
antibody production for immunity which will be passed to the calf through 
colostrum. Vaccinations which hav.e been given to the dam to develop 
protective colostral immunity include entero-toxigenic .L.. coli, rq.tavirus and 
coronavirus, enterotoxemia from Clostridia perfrinqes, and salmonel]a. Most 
modified live viral vaccines are contraindicated at this time because of a 
potential abortifacient effect. Va~cinations are usually given at th~~onset 
of the dry period and boostered 2 to 3 weeks before calving. Vaccination of 
the dam with a multivalent clostridial vaccine can also afford the cow 
protection against postpartum clostridial uterine infections. 

MILK FEVER 

Milk fever is a metabolic disease of dairy cattle resulting from an inadequate 
ionized calcium concentrations in the serum. The low serum calcium results 
from a sudden, high demand for calcium needed for the formatiqn of colostrum. 
The lactational incidence rate of milk fever is estimated to be <7% (Erb and 
Grahn, 1988). Milk fever is rarely observed in first lactation cows but the 
incidence increases with increasing lactation number. Milk fever is important 
because it reduces the mean productive life of a dairy· cow by an average of 
3.4 years (Payne, 1968). When cows of similar production were compared, 
production of the cows with clinical milk fever was reduced 14% (Block, 1984). 
In addition, cows with milk fever are at an increased risk for dystocia, 
retained fetal membranes, ketosis, mastitis, and abomasal displacement (Hull 
and Wass, 1973, Curtis, et al., 1985). 

Various approaches have been implemented to prevent milk fever. The most 
common approach has been to limit calcium intake during the dry period. 
Barton, 1981, summarized the results of 67 trials. By extrapolation of data, 
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the intake of calcium would have to be reduced to 54.5 g per day (Fig. 1) to 
limit the incidence of milk fever.to 103. Goings, et al., 1974, found that 
diets providing less than 2o·g of 'calcium per day were effective in preventing 
milk fever .. In herds that do riot have access to grass or small grain forages 
to substitute for high calcium legume forages~llimitation of calcium to this 
low level may not be practical. Others have recognized the difficulty of 
·formulating low calcium diets and recommended the limitation of daily calcium 
intake to between 80 and 100 g (Jorgenson, 1974). 

An alternative approach to prevention of milk fever has been manipulation of 
the dietary cation-anion difference (DCAD). ·Recent research has shown that 
DCAD is more important in preve~ting milk fever than limiting calcium .intake 
(Oetzel, et al., 1988, Beede, et al., 1991). Dietary cation-anion difference 
is a major determinant of metabolic acid-base status of the animal. Diets 
which have an excess of anions, with respect to cations, tend to promote a 
mild metabolic acidosis. A metabolic acidosis promotes calcium absorption 
from the gut and enhances calcium mobilization from the bone (Fredeen, et.al., 
1988). Sodium and potassium are. the most important cations and chloride and 
sulfur the most important anions in determining the DCAD of the ration. The 
two most commonly used formulas to express DCAD are: 1) DCAD = meq[(Na + K) ~ 
(Cl - S)] per 100 g dry matter (OM) ~nd 2) DCAC =·meq[(Na + K) - Cl] per 100 g 
OM. The first equation has the advantage that it is valid whether sulfur is 
manipulated in the diet or npt. This equation also had the better correlation 
with the incidence rate of milk fever (Oetzel, 1991). Several trf~ls have 
demonstrated a significant reduction·in the incidence of milk fever by adding 
supplemental anionic salts to create a diet with negative DCAD (Dishington, 
1975; Dishington and Bjornstad, 1982; Block, 1984; Oetzel, et al., 1988; 
Gaynor, et al., 1989; Beede, el al.,. 1991). Supplemental anionic salts which 
have been used to create rations with negative DCAD include: aluminum~ 
sulfate, calcium chloride, calcium sulfate, magnesium chloride, magnesiu·ll),._. 
sulfate, ammonium chloride and ammonium sulfate. " ··V 

In addition to a reduction in the incidence of milk fever from 47.4% (9 of 19) 
to 0% following dry period supplementation of anionic salts, Block, 1984, also 
found a significant 6.8% increase (P<0.05) in 305-d milk yields (486 kg) over 
cows fed cationic diets. Beede~ et al., 1991, observed a significant 3.6%. 
increase (P<0.01) in 305.:d ME (327 kg) in 260 dry cows supplemented with 
anionic salts for 3 to 5 week prepartum compared tb 250 untreated cows. 
Improved reproductive performance was also observed for cows supplemented with 
anionic salts. 

Some guidelines can be synthesized from the literature for the use of anionic 
salt supplementation as a feed additive for the prevention of milk fever. 
Forages which contain high concentrations of potassium should be avoided since 
a large positive DCAD may result which will predispose cows to milk fever. 
Legume forages typically contain higher concentrations of potassium than grass 
forages or corn silage. However, the potassium content of forages can be 
increased by fertilization practices. If the dietary intake of potassium in 
the dry cow can not be easily reduced by changing forages in the ration, the 
DCAD can be reduced by supplementing rations with anionic salts. In most 
trials, 2 to 3 equivalents of anionic salts have been fed per day (Table 2). 
Palatability limits the amounts of anionic salts which can be used. The lack 
of palatability of anionic salts is most easily solved by feeding the salts in 
total mixed rations {TMR) containing corn silage or haylage. Where TMR's are 
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not practical, m.ixtures .of anionic salts in a grain or by-product feed pellet 
or agents to mask the·flavor have been used. Other factors to consider in 
supplementation of anionic salts include restrictions on the use of aluminum 

·salts in.rations of food animals, and maximum dietary dry matter intake 
recommendations for sulfur (.40%), magnesium (.50%), and non-protein nitrogen· 
(.50%) (National Research Council, 1980). Combinations of anionic salts are 
recommended because this decreases the potential of toxicity of any one ion. 
It appears that sulfate and chloride salts of magnesium, calcium, and ammonium 
are equally effective in altering acid-base balance of cows (Oetzel, et al., 

. 1991)·. A positive calcium bal'ance can be maintained in dry cows by feeding 
supplemental calcium with anionic salts (Ender, et al., 1970). The ideal DCAD 
for dry cow rations has""not been determined but several investigators (Block, 
1984, Oetzel, et al., 1988, and Beede, et al., 1991) saw a reduction in the 
incidence of milk fever by lowering DCAD (Table 1). Anionic salts render a 
protective effect toward.,.mil k fever when fed for 21 days prepartum (Oetzel, et 
al., 1988). The total cb5t of fee~ing anionic salts for 2 to 3 weeks 
prepartum varies from $2.50 to $5.00 per cow. If cows fed anionic salts 
produce an additional 325 to 490 kg of milk, the improvement in yield can 
potentially return $10 to $20 for each dollar invested in anionic salts. 

Milk fever can be prevented by restricting intake of legume forages during the 
late dry period. This reduces the iDtake of both calcium and potassium and by 
reducing potassium intake, the DCAD is reduced. If restriction of legume 
forages is impractical or the incidence of milk fever is uKacceptably high, 
supplementation of the dry cow diet with anionic salts can effectively reduce 
clinical parturient paresis and subclinical parturient hypocalcemia. Addition 
of anionic salts may increase milk production and improve reproductive 
performance in the subsequent lactation by preventing subcliniGal 
hypocalcemia. ~ 

' ,. 
Abomasal Displacement 

~.,~~ 

Although most cases of displaced abomasum are diagnosed within the first month 
following calving, there is ample evidence that prepartum nutrition and 
management affect the intidence of abomasal displacement. Coppock, et al., 
1972, fed 40 Holstein cows four total mixed rations varying in forage to 
concentrate ratios; a) 75:25; b) 60:40; c) 45:55; and d) 30:70, for 28 days 
prepartum. The incidence of abomasal displacement was 0/10, 2/12, 4/10, and 
4/11, respectively, for the four rations. Others have observed that heavy 
grain feeding prepartum is associated with an increased incidence of abomasal 
displacement (Coppock 1974, Rob~rtson, 1968). Feeding corn silage as the only 
forage compared to combinations of corn silage and hay, or hay crop silage has 
resulted in an increased incidence of abomasal displacement (Coppock, 1974). 
The increased incidence of abomasal displacements may be because corn silage 
can be greater than 50% grain on a dry matter basis. 

Subclinical hypocalcemia may also be predisposing factor for abomasal 
displacement. Hull and Wass, 1973, determined serum calcium concentrations in 
90 cows on days 1, 3, and 7 postpartum. Abomasal displacement occurred in 
7/26 cows which had concentrations of serum calcium below 6.5 mg/dl while only 
1/64 cows with normal serum calcium had abomasal displacements. 

Several authors have observed that abomasal displacement is secondary to 
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primary diseases including metritis, retained fetal membranes, ketosis, and 
aciduria (C.oppock; 1974, Gryme:., 1980, Markusfeld, 1986). 

Diseases of Lipid Mobilization 
- - . .:~; 

The primary diseases of lipid mobilization are the fat cow syndrome, fatty 
liver syndrome, and ketosis. The process of lipid mobilization is a normal 
process· stimulated by endocrine changes associated with physiological 
preparation for parturition and lactation. Lipid mobilization normally begins 
in late gestation and continues in early lactation. Most of the clinical 
diseases of excessiv~ li~id mobilization are seen in early lact~tion. 
However, the nutrition of the dry period affects the risk of lipid 
mobilization diseases in two ways. In the first case, cows with excessive body 
condition or fat reserves at the onset of the dry period are more susceptible 
to periods o.f negative energy balance. Dry or lactating cows, which are in a 
negative energy balance, will mobilize lipids. More lipids will be mobilized 
with greater negativ~ energy balance. The process can become pathological when 
the rate of fat mobilization exceeds the livers ability to metabolize non
esterified fatty acids or ·results in enough triglyceride accumulation to 
interfere with liver function. Over conditioned dry cows fed diets severely 
restricting energy intake by either restricting DMI or offering poor quality 
forages during the dry period can develop hepatic lipidosis. Gerloff and 
Herdt, 1984, reported that over conditioned dry cows which were plafed on a 
diet of .straw developed clinical hepatic lipidosis. 

Second, ·feeding excess energy during the dry period can be associated with 
disease of 'lipid metabolism. Dry cows fed diets exceeding NRC energy de.nsity 
guidelines gained more weight and had greater body condition at parturitipn 
than cows fed rations more closely conforming to NRC guidelines (Boisclair\ ... et 
al., 1986). ·The results provide these trials demonstrate that dry cows don''i 
match energy intake to ~equirements when rations are energy dense. Body 
condition at parturition affects the interval from calving to peak dry matter 
intake (DMI), and loss of body weight and condition. The result is that cows 
with greater body condition derive more of the energy for milk production in 
early lactation from lipids mobilized from adipose tissue. In two trials, 
Garnsworthy and Topps, 1982, fed three groups of dairy cows during the dry 
period to attain body condition sc_ores at calving of 1.5 to 2 (low), 2.5 to 
3.0 (medium), and 3.5 to 4 (high). The condition scores were subjectively 
assigned on a seal e of 1 to 4, with a score of 1 represent i n·g a very thin cow 
and 4 an excessively fat cow. Cows with high body condition scores at 
parturition had longer intervals to peak DMI, and greater loss of body weight 
and condition than cows with medium or low body condition. Cows with medium 
condition scores had intermediate intervals to· peak DMI and weight loss. 
Although no significant differences were found between groups in milk 
composition, thin cows in the second trial produced significantly {P<0.05} 
more milk in the first 16 weeks of lactation than fat cows. It was concluded 
that body fat at calving had an inhibitory effect on DMI during early 
lactation. Thus cows with greater body condition are more dependent upon 
lipid reserves to support milk production and are at greater risk for problems 
associated with fat mobilization because they are mobilizing more fat than 
thinner cows. The energy balance in early lactation is an important 
determinant of rate of lipid mobilization. Energy dense rations in early 
lactation can mitigate the severity of the negative energy balance and reduce 
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lipid mobilization. 

The energy balance in the late dry period also can influence cow health 
following calving and is a function of DMI and energy density of the diet. 
Dry matter intake normally decreases during the~ate dry period beginning with 
a gradual decrease 2 to 3 weeki before calving, declining more rapidly the 
last week of gestation, .and dropping precipitously the last 48 hours before 
calving (Coppock, et al., 1972, Zamet, et al., 1979). Cows entering first 
lactation have lower dry~matter intake than multiparous cows (Zamet, et al ..• 
1979). Rations with lower forage:concentrate ratios have lower dry matter 
intakes prepartum (Coppock, et al., 1972). Seasonal effects have been 
observed on DMI and heat stress,; ir. particular, has an adv~rse affect on DMI. 
Van Saum, 1991, estimated that DMI would decrease by 2 kg per day from early 
dry period to the close-up dry period. Van Saum, 1991, suggested that the 
energy density of the transition ration should be increased from 1.10-1.20 
Meal/kg dry matter (OM) for the early dry period to 1.45-1.55 Meal/kg DM for 
close-up cows. The implications are that prepartum lipid mobilization can be 
minimized by increasing the er;iergy_density of the transition ration to 
compensate for reduced DMI. It is also apparent that postpartum nutrition has 
a vital role in affecting rate of lipid mobilization. 

Body condition of cows at dry-off is. determined by predry-off nutrition and 
management~ Since cows are more efficient in converting feed energy to body 
reserves, the ideal time to restore body condition is during late lactation 
(Moe, et al., 1971). The goal for body condition at dry-off is 3.5 (Ferguson 
and Otto, 1989) using 5 point scale were 1 is very thin and 5 is obese 
(Wildman, et al., 1982). Body 'condition should be evaluated at the tJme·of 
dry-off. Cows which are under conditioned should be moved to ca higher .plane 
of nutrition. Two to 4 weeks prior to parturition, the nutritional plane of 
the dry cow should be increased to prepare the cow for the dietary chang~S' 
which are to occur post-calving and' to compensate for the declines in DMI as 
the cow approaches parturition. This can be done abruptly by changing to a 
transition TMR or g~adually through programming of a computerized feeder or 
hand feeding of concentrates. 

R~TAINED FETAL MEMBRANES 

An increased incidence of retained fetal membranes has been associated with 
over-conditioned cows (Morrow, 1976), deficiencies of vitamin E and selenium 
(Harrison, et al., 1984), parturient paresis and lower protein intake 
prepartum (Curtis, et al., 1985). 

Appropriat~ nutritional management and supplementation should minimize the 
incidence of dietary induced retained fetal membranes. 

ENVIRONMENT 

Dry cows need a clean, dry, environment with good ventilation. The maternity 
area is especially important. A clean, dry, well bedded maternity area 
reduces the risk of mastitis, uterine, infections, and calf diseases. At 
times of the year when there is the potential of heat stress, cows should have 
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access to well ventilated, shaded areas. Collier, et al., 1982, observed that 
cows which had access to shade produced larger calves and produced more milk 
in the subsequent lactation. Stress from a cold environment is less of a 
problem. 

RELATIONSHIP OF CALCIUM 
INTAKE TO INCIDENCE OF MILK FEVER 

60 
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20 
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j, 
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r • .63 

Figure 1. Relationship of Calcium Intake in 
the dry period to Milk Fever 

Table 1. S1.111T1ary of dry cow trials feeding anionic salts .. 

Total Milk 
OCAD 1 OM! Ca p Cows Fever 

(meq/kg OM) kg (g/d) (g/d) No. No. (X) 

Block, 1984 
-129 13.4 92.5 32.2 19 0 (0.0) 
+331 13.5 85.2 33.8 19 9 (47. 7) 

Oetzel, et al., 1988 
-75 8.6 53/97 27 24 1 (4.2) 

+190 9.4 54/112 29 24 4 (16.7) 

Gaynor, et al., 198if! 
+266 8.0 162 39 5 0 (0.0) 
+631 9.0 150 39 6 2 (33.3) 

+1281 8.6 155 39 6 1 ( 16. 7) 

Beede, et al., 1991 
-250 10.0 181 31 90 4 (4.4) 
+50 10.0 92 31 85 10 ( 11. 7) 

1 OCAD = meq[CNa + K) - CCI + S)J 
2 OCAO = meq(Na + K) · Cl 

so 
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Table 2. SU111111ry of anionic safts fed~in trials. 

Reference 

Dishington, 1975 

Block, 1984 

Anionic Sal ts 

Calcium chloride 
Magnesium chloride 
Aluminum sulfate 

s· 

Total 

Calcium chloride 
Magnesium sulfate 
Aluminum sulfate 

Total 

Oetzel, et al., 1988 
Anmonium chloride 
Anmonium sulfate 

Total 

Gaynor, et al., 1989 

Beede, et al., 1991 

Calcium chloride 
Magnesium chloride, 
Anmonium chloride 

Total 

Anmonium chloride 
Anmonium sulfate 

.Magnesium sulfate 

Total 

'\ 

Amount Fed 
g/d eq/d 

31 
80 

130 

241 

33 
99 

115 

247 

100 
100 

200 

38 
97 
44 

179 

108 
53 
34 

195 

0.4 
0.6 
1.2 

2.2 

0.4 
0.8 
1. 1 

2.3 

1.9 
1.5 

3.4 

0.5 
1.0 
0.8 

2.3 

2.0 
0.8 
0.3 

3. 1 
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ALTERING MILK COMPOSITION BY ADJUSTING FEEDING PROGRAMS 

L. E. Chase 
Department of Animal Science 

Cornell Uni vers.~_ty_ 

The milk pricing system utilized in the United States has 
traditionally been based upon both milk yield and composition. The 
primary milk component valued.in pricing systems has been milk. fat. 
However, ·there are also some regional pricing systems which may 
also donsider milk protein or solids-not-fat content. There is a 
continuing trend that alterations in milk utilization patterns may 
dictate changes in cur~ent milk pricing systems. This interest in 
developing alternative milk pricing systems is based on changing 
lifestyle patterns, changes in processing technology and the 
development of new dairy products (Linn, 1988; Hettinga, 1989). 

A number of papers have examined the relationships between milk 
components, product yield and the value of milk received for 
processing (Barbano, 1990; Emmons et al., 1990a). A variety of 
multiple component pricing systems were evaluated when milk was 
used as either fluid milk, butter and powder or cheese (Emmons et 
al., 1990b; 1990c). There was no single pricing formula..,, that was 
satisfactory for all 3 product classes. In the future, it is 
likely that the marketplace may begin to specify some alterations 
in the composition of milk received at processing plants. These 
alterations will reflect the types of products to be manufactured 
from the ·milk. There are a number of relationships -which •exist 
between milk composition and the yield of milk products prod~ced 
(Emmons et al • I l 9 9 ob; 19 9 oc) • '·-.,.~~ 

The challenge for the dairy industry is to provide a milk with a 
composition that meets the needs of the processing· plant. 
Appropriate multiple component pricing systems should maximize the 
economic return to both the processor and the dairy producer. 
There are a variety of options which exist to alter the composition 
of milk. These include genetic selection, identification and 
manipulation of specific genes controlling milk components o.r 

_altering the nutrient composition of the diet fed. This paper will 
focus on some of the potential impacts of nutritional alterations. 
Review papers are available which examine this topic in more detail 
(Linn, 1988; . Knight, 1980; Sutton, 1989; Chalupa and Galligan, 
1989; Emery, 1988, Emery, 1990). 

MILK COMPOSITION 

Table 1 contains the average milk composition of dairy cows 
enrolled in DHI programs in the Northeast. The milk protein to 
milk fat ratio is also calculated for each breed. A recent study 
using Minnesota DHI data has been published which examines the 
variations which exist in milk composition (Schutz et al., 1990). 
Average milk fat and milk protein contents for Holstein cows in the 
third or greater lactation were 3.78 and 3.24%. The standard 
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deviation fo·r milk. fat was 0.54 while it was 0.35 for protein. 
Barbano (1990) reported the results of a study to examine both 
regional and seasonal differences in milk composition. Calculated 
cheddar cheese yields ranged between 9.5 to 10.58 pounds per 100 
pounds of ~milk. There do appear to be __ ;:.significant regional 
differences in milk composition which may impact the economics and 
future locations of the milk processing industry. 

'Table 1. Average milk yield and composition•·b 

Yield Content 

Breed Milk Fat Protein Fat Protein 

--------(kg/lactation)------- (%) (%) 

Ayrshire 5995 236 205 4.0 3.4 

Brown Swiss 6017 '240 212 4.0 3.5 

Guernsey 5501 252 198 4.6 3.6 

Holstein. 7827 284 252 3.6 3.2 

Jersey 5413 259 207 4.8 3.8 
r: 

11Adapted from Jones et al., 1989. 

bNortheast OHi data, 1988 

MILK SYNTHESIS 

Milk Protein/Milk 
Fat 

.85 

.875 

.78 

.89 
» 

.79 .. 

ii> 

~ 

~ . ... \:. 
Milk fat is synthesized in the mammary gland from two basic types 
of precursors. Short-chain fatty acids derived primarily from 

,, acetate and beta-hydroxybutyrate. are produced in the mammary gland. 
Acetate and butyrate are derived in the rumen by the rumen 
microorganisms as a result of carbohydrate digestion. The short
chain fatty acids produced normally.contain 4 to i4 carbon units. 
The longer chain fatty acids in milk are extracted by the mammary 
gland from the·circulating blood. These fatty acids are mainly of 
dietary origin but can also be derived from body fat mobilization 
or by liver metabolism. About 50% of the total milk fatty acids 
are synthesized in the mammary gland while the other 50% are 
derived directly from the blood (Linn, 1988). 

Milk protein is synthesized in the mammary gland from compounds 
carried in the blood. The primary precursors utilized in this 
process are amino acids. Some of the milk proteins, including 
immune globulins and blood serum albumin, appear to transfer 
directly from the blood. Casein, alpha-lactalbumin and beta
lactoglobulin are the predominant milk proteins. These compounds 
comprise greater than 90% of the total milk proteins. As a single 
compound, casein normally represents about 80% of the total milk 
protein. 
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MILK PRICING SYSTEMS 

There are a number of genetic, . environmental and nutritional 
factors which influence milk composition. The dairy producer is 
interested in·maximizing the milk income:;..oto, the dairy enterprise. 
The milk~processor wants to maximize his profit by coriverting milk 
to dairy products. ,The ideal milk pricing system would benefit 
both groups. However, many of our current systems do not 
accomplish· this goal. A key factor is related to whether milk 
pricing . is on ci composition ( % ) or yield (lbs) basis. In most 
existing pricing systems, the dairy producer is paid for the 
quantity or yield of the product. At the same time, it is common 
practice· to use the percentage composition value to determine 
whether or not the producer qualifies for a premium payment. A 
clear and economically viable pricing system must be available to 
the dairy producer before the dairyman will attempt to alter milk 
composition. 

ALTERATIONS IN MILK FAT 

1. Energy Intake 

Energy intake, rumen fermentation patterns and milk composition are 
closely interrelated. In most dairy rations, energy ,;,intake is 
elevated by increas;ing the quantity of concentrate: fed and 
decreasing the qu~ntity of forage. A subsequent shift occ~rs in 
ruminal fermentation patterns and the microbial population. One 
result of this sit~ation is normally a decrease in acetate 
production as a proportion of the total volatile fatty acid's. At 
the same time, the proportion of the VFA's present as propionate 
will increase. A number of studies have ind.icated that milJ(.,.i;at 
percent declines as the quantity of concentrate increases in the 
ration (Linn, 1988; Sutton, 1.989; Weiss and Shockey, 1991). 

The results of a trial examining the causes of milk fat depression 
on low forage-high grain rations has been reported (Grummer et al., 
1987). A control ration with a F:C ratio of 55:45 was compared to 
a high grain ration with a F:C level of 24:76. A significant 
depression in milk fat content was reported for the low forage-high 
grain ration. The authors also noted a significant decrease in 
total daily chewing time and a decrease in the acetate to 
propionate ration on this ration. Weiss and Shockey (1991) 
reported a significant decrease in milk fat content when 
concentrate in the ration exceeded 20%. This trial was done using 
both alfalfa and orchardgrass forages. 

The type of concentrate and its ruminal degradation rate appear to 
be important in addition to the quantity of concentrate in the 
ration. There have been a number of research trials which indicate 
that milk fat content is depressed when barley is substituted for 
corn in dairy cattle rations (Weiss et al., 1989; DePeters and 
Taylor, 1985; Casper et al., 1990; Eisenbeisz et al., 1990). This 
effect could potentially be related to differences in ruminal 
carbohydrate degradation rates between these two grains. 
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2. Forage Particle Size 

The chewing and rumination activity can also be influenced by 
forage particle size. As a result, rumen fermentation patterns and 
milk fat cont.~nt ntay be affected. Woodford and Murphy ( 1988) 
conducted a trial u'sing rations with a constant 40: 60 forage to 
concentrate ratio. The forage portion of the ration consisted of 
either 100, 70 or 30% alfalfa hay. The remainder of the forage 
component was supplied using alfalfa pellets. Both milk fat content 
and chewing time decreased,as the proportion of alfalfa pellets in 
the ration increased. Milk fat content and daily eating and 
rumination time decreased when finely ground hay replaced coarsely 
ground hay in dairy rations (Grant et al., 19908

). Substituting 
finely chopped silage into dairy rations elicited a similar effect 
on milk fat content and eating and rumination activity (Grant et 
al., 1990b). In both studies, total chewing time decreased and the 
acetate to propionate -ratio narrowed when the finer particle 
forages were fed. It has, been suggested. that a mean forage 
particle size of 0.64 CM.or greater may be required to maintain a 
normal milk fat test (Woodford et al., 1986). The overall trends 
of these studies may indicate that a total daily chewing time of 
600 minutes or more per day may be needed to maintain a normal milk 
fat test. 

3. Added Fat 
.-, 

I 

As the genetic potential of our dairy cat_tle population continues 
to increase, there is increased interest in altering ration energy 
levels. One method by which ,this can be done is through the ~use of 
added fats. Fat sources commonly used include whole soybeans, 
whole cottonseed, tallow or rumen inert fats. The effect of a:Oded 
fats on milk fat test has been variable. Adding whole cottonseed 
at levels up to 20% of the total ration dry matter has resulted in 
increased milk fat content (DePeters et al., 1985). Sutton (1989) 
reported that moderate levels of saturated fats resulted in slight 
increases in milk fat content. As the intake of long-chain fatty 
acids increased, there was also an elevation of milk fat content 
(King et al., 1990). The addition of fish meal has been reported 
to depress milk fat test (Spain et al., 1990; Wohlt et al., 1991). 
It is probable that the oil contained in fish meal is altering the 
microbial ecology. A depressed milk fat test has also been 
associated with the feeding of extruded soybeans (Schingoethe et 
al., 1988; Guillaume et al., 1991). The' exact metabolic 
alterations which occur when fats are added to the ration which 
influence milk fat content are not clearly defined. 

4. Feed Additives 

A wide variety of feed additives have been used over the years in 
an attempt to enhance milk fat content. One of the most commonly 
utilized materials have been buffers which alter ruminal 
fermentation. In a recent review paper, Staples and Lough (1989) 
indicated an average increase in milk fat content of 0. 22% in 
rations with corn silage as the base forage. Variable responses to 
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buffers were reported by the same authors for rations with grass or 
legume forages. A recent paper reported an elevation in milk fat 
test when sodium . .-carbonate was used as a buffer (Belibasakis and 
Triantos, 19191) . 'Milk fat responses to the inclusion of yeast or 
methionine ·hydroxy analogue in the r~~ion have been variable 
(Dildey, 1988; Wohlt et) al., 1991). A.better understanding of the 
mechanism of action in the rumen of buffers, yeasts and other feed 
additives will increase the probability of an elevated milk fat 
test by more ·carefully defining situations in which they are 
potentially valuable. 

ALTERATIONS IN MILK PROTEIN 

1. Energy intake 

Emery (1978) reported; that milk protein content increased by .015 
units for each additibnal megacalorie of net energy intake. This 
relationship only applied when the extra energy was from a 
concentrate or roughage source. In a review of fifty-three 
experiments, Sporndly _(1989a) reported that the amount and 
concentration of metabdlizable energy in the ration had a strong 
positive correlation with milk protein content. 

The data from 27 feeding trials were reviewed by Crag;le et al. 
(1986) to examine the relationship between diet and 'milk 
composition. Milk protein content and yield were higher in cows 
fed rations with 59% concentrate than rations with 49% concentrate. 
About 85% of the improved milk protein yield was associated with an 
increase in milk production. An increased milk pro~ein ~ontent 
accounted for the other portion of the population sampled. ~ 

\· ,, 
.. ~~~ 

Both the quantity and type of carbohydrate in the ration may be 
important. Adding either molasses or whey to dairy rations has 
been repo;rted to elevate milk protein content (Sutton, 1989). 
These rapidly degraded carbohydrate sources may stimulate increased 
microbial protein synthesis. There were no alterations in m·ilk 
protein content when corn and barley rations were compared (Weiss 
et al., 1989; Casper et al., 1990). 

2. Added Fat 

A reduction in milk protein content has frequently been reported 
when fat sources have been added to dairy rations (Linn, 1988; 
Sutton, 1989; Chalupa and Galligan, 1988). This depression has 
frequently been 1n the range of 0.1 to 0.2 units. This depression 
in milk protein content has been reported with a wide variety of 
fat sources. However, there are exceptions to this general trend 
in the literature. The exact mechanism by which fat feeding 
depresses milk protein has not been elucidated. One possibility is 
that added fats decrease microbial protein synthesis. This could 
decrease the supply of amino acids available for milk protein 
synthesis. 
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3. Ration Protein Content 

The review by Emery (1978) indicated that milk yield was more 
responsive to dietary protein levels than was milk protein content. 
A more significant relationship appear:::; _to be developing between 
the balance of protein types, amino acid balance and milk protein 
contents. Results to-date from research studies linking DIP and 
milk protein content have been inconsistent. This could be due to 
factors such as depressed microbial protein synthesis or inadequate 
energy available for the transfer and utilization of the amino 
acids reaching the small intestine. 

Adjusting or controlling the amino acids available for milk protein 
synthesis appears to hold promise (Linn, 1988; Sutton, 1989; 
Chalupa and Galligan,. 1989 and Thomas and Martin, 1988). An 
improvement in milk protein content has been reported when rumen 
protected methionine or lysine sources have been fed (Thomas and 
Martin, 1988). Even though these results are encouraging, 
consistent and predictable a1terations in milk protein content 
await additional research work to determine the quantities and 
balance of amino acids required for synthesis. 

4. Feed Additives 
.. .. , 

The responses of milk protein content as a result of using feed 
additives have been inconsistent to-date. The addition of niacin 
has increased milk protein content in some rations cont?ining whole 
cottonseed. However, this response appears to be somewhat 
variable. ~ 

Summary 

Nutritional and dietary manipulations do offer some potential to 
alter milk composition. However, the potential controlling 
mechanisms still need to be better defined. In addition, the 
processing industry will need to develop pricing programs to 
compensate the dairyman for the required feeding program 
adjustments. A key factor to optimizing milk composition appears 
to be the proper balancing of ruminal versus postruminal digestion 
of protein and carbohydrate sources. As additional research is 
done to better define the mechanisms involved, then practical 
feeding programs can be developed to assist in altering the 
composition of milk to better suit both the processor and the 
consumer. 
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IMPACT OF NUTRITION ON IMMUNOLOGICAL FUNCTION: 

INTRODUCTION 

BEEF AND DAIRY C~TTLE 

Dr. Cheryl F. Nockels 
Department of Animal .Sciences 

Colorado State University 
Fort Collins, co 80523 

Beneath the hair and· hide, fur and feathers, there functions an 
immune system which is quite similar among animal species. This 
similarity in disease resistance is quite fortunate at least in 
understanding nutritional influences on immunity. While som~ 
aspects of nutritional immunomodulation are known in cattle, many 
nutrients known to impact' this system in monogastrics, have yet to 
be studied in the bovine. It is not just chance that specific 
nutrients have similar .effects in enhancing or decreasing immunity 
among species. The nutrient produces the same general ef feet 
because the biochemical mechanism through which it works is the 
same. Some specific nutrient effects will be given regarding 
ruminant immunity. A few examples of other· nutrients which have 
improved disease resistance (or aided recovery) in mon9gastrics, 
but have not yet been explored in ruminants will also be cited. 
Some of these nutrients, such as amino and fatty acids, can now be 

·rumen bypassed and their _effects on immunity ·await testing. 

REVIEW OF PROBLEM AND LITERATURE 

Immune Function and Nutrient Needs 

The immune system of the animal might be divided into two areas 
based on antigen response specificity (Chandra, 1988) . Antigen
specific responses are du~ to cellular mediated and humeral 
(antibody) immunity. These components work synergistically with 
antigen-nonspecific factors such as skin, phagocytes (neutrophils, 
macrophages), complement, interferon etc. to implement host 
resistance to an infection. These cells involved in immunity are 
present in specific tissues such as the thymus, lymph nodes 1 and 
bone marrow or are circulating in the blood and traverse among the 
cells of tissues. Because of the wide spread location of these 
cells it's difficult to realize that they probably have some 
specific nutrient requirements. The requirements for some of these 
nutrients (vitamins A, E and C and selenium and zinc) for optimum 
disease resistance have been found to be in excess of the NRC level 
recommended for growth and reproduction (Nockels, 1986). 

When an infectious organism invades the body, a tremendous increase 
in metabolic events must occur to rapidly insure the production of 
millions of lymphocytes, phagocytes and specialized proteins 
involved in the immune response. The increase in cell numbers and 
protein requires a large expenditure of energy. Production of new 
protein may result from sacrificing other body proteins. In order 
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to provide sufficient energy, amino acids and minerals for rapid 
immune modification, immune cells produce their own cytokines to 
modulate hormonal output to· provide these substrates (Nockels, 
1991a). If calories (energy), protein (amino acids), vitamins and 
minerals are inadequate for the dynamic m~tabolic events necessary 
in disease resistance, then the immunocompetency of-the animal is 
breached. 

Specific Nutrients Affecting Ruminant Immunity 

Nutrients which have been shown to impact cattle disease resistance 
are the carotenoids and vitamin A (Chew, 1987), vitamin D (Reinhart 
and Hustmyer, 1987), vitamin E (Nockels, 199lb), vitamin C (Itze, 
1984) and the elements selenium (Se), copper (Cu) and zinc (Zn). 
The importance of these trace minerals to ruminant health will be 
addressed. 

Neutrophils are very importai:it phagocytic cells which travel in the 
. circulation, but exit and migrate in tissues to where infective 
agents have entered. They ingest, by phagocytosis the object and 
kill it by producing free radicals such as superoxide anion (02 -) 

and hydrogen peroxide. These powerful oxidants if not ·controlled 
may destroy the phagocyte as well. Protection of the neutrophil 
from these oxidants may in part come from Cµ, Zn sqperoxide 
dismutase (SOD) and selenium containing glutathione peroxidase 

. (GSH-Px) . A deficiency in these trace elements would therefore 
jeopardize neutrophil function and survival. 

Copper. Neutrophils from Cu deficient sheep, had les~ SOD 
activity, decreased killing of Candida albicans, poorer genera.tion 
of 0 2- but no difference in phagocytosis of the yeast (Jones ~nd 
Suttle, 1981) . Neutrophils from Cu deficient cattle did not have 
a depression in phagocytosis but killing of ingested c. albicans 
was compromised relative to controls (Boyne and Arthur, 1981). In 
another study, neutrophils from Cu deficient cattle were again 
found to have reduced candidacidal activity (Arthur and Boyne, 
1985). Since the previous studies utilized tetrathiomolybdate to 
enhance the effects of low dietary Cu, the intent of the next 

. research was to determine if Cu deficiency produced by feeding iron 
(Fe), would cause similar changes in cattle neutrophil activity as 
that produced when using molybdenum (Mo) . A group of cattle were 
also fed at 80% of ad libitum intake of controls to simulate the 
influence of decreased feed intake during Cu deficiency (Boyne and 
Arthur, 1986). Regardless of whether Mo or Fe was used to produce 
Cu deficiency neutrophil candidacidal activity was decreased. To 
a lesser extent this activity was also reduced in the neutrophils 
from restricted-fed cattle. Phagocytosis of the neutrophils was 
also decreased by Cu deficiency but not by dietary restriction. 

Sheep had decreased resistance to bacterial infections when made Cu 
deficient on pastures high in molybdenum and sulfur as reviewed by 
Suttle and Jones, 1989. These sheep also had decreased lymphocyte 
replication in response to mitogens which was corrected by Cu 
supplementation. 
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Copper _deficiency effects on immune responsiveness and disease 
resistance were studied_ in calves (Spears, 1988). When calves 
became Cu deficient' based on serum Cu and serum ceruloplasrnin 
activity, they and controls were inoculated with infectious bovine 
rhinotracheitis virus (IBRV) followed 7.days later with Pasteurella 
haemolytica. Serum.IgM concentrations.were lower in Cu deficient 
calves following disease exposure. Ceruloplasmin activity rose 
_following inoculations in controls but remained low in Cu deficient 
calves .. No change_ in rectal temperature or feed intake occurred in 
either group. 

In a recently completed study conducted in our department 
(unpublished data) both Cu deficiency as well as Cu source were 
investigated in calves relative to titer development to IBRV 
following stress. Thirteen steer calves weighing approximately 239 
kg were allotted to each of five treatments: 1) con~rol, rtb Cu 
supplement; 2) 5 ppm Cu from copper sulfate; 3) 5 ppm Cu from 
copper proteinate; 4) 10 ppm Cu from copper sulfate and 5) 10 ppm 
Cu from copper proteinate. The calves were individually fed. The 
basal diet (corn silage, corn, protein, vitamin and mineral 
supplement) contained approximately 3.5 ppm Cu. Molybdenum·from 
sodium molybdate was added to each treatment to maintain a 1':3 '-c:::,u 
to Mo ratio. The cattle were weighed and bled each 28 days for·84 
days. Then the cattle were stressed by transporting, ):1andling, 
mingling with unfamiliar steers and fasted for 48 hours. The 
calves were then vaccinated with IBRV. Blood serum for antibody 
titers to IBR were obtained prior to stress and at 14 and 2E days 
postinoculation. Neither feed efficiency or weight gain were 
affected by treatment pre- or posts tress. Serum Cu in the controls 
(deficients) dropped - ( P<. 05) during the first 84 days wit.h no 
change in hematocri ts. Twenty-eight days after stress, hematoc~its 
were less (P<.05) in the controls and 5 ppm copper sulfate 
supplemented steers than those fed 10 ppm Cu. Titers to IBR were 
better (P<.05) in those steers receiving 10 ppm copper proteinate 
relative to controls and those given 10 ppm copper sulfate 2 weeks 
after inoculation.' This difference (P<.05) included those 
supplemented with 5 ppm copper sulfate at 4 weeks. These data are 
evidence that the level and source of copper fed to cattle that 
were stressed does affect their ability to produce antibody titers 
to .a virus. 

Selenium. As previously indicated peroxides, lipoperoxides and 
hydrogen peroxides, may be converted to lipid alcohols and water, 
respectively, by the selenium containing enzyme GSH-Px. 
Glutathione peroxidase activity has been investigated in immunity 
as peroxide could be detrimental to neutrophil function. Steers 
made Se deficient did have reduced neutrophil candidacidal activity 
(Boyne and Arthur, 1979, 1981; Arthur and Boyne, 1985). Several 
functions such as random migration, chemotaxis and phagocytosis 
were impaired in neutrophils from Se deficient goats (Aziz et al., 
1984). Besides altering neutrophil function, the humeral immune 
respo~se was stimulated by Se in laboratory mice and rats (Nockels, 
1986). Selenium supplemented sheep had an increase in their 
primary antibody titer to tetanus toxoid (Moksnes et al., 1988). 
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Both the primary and secondary immune response were studied in Se 
adequate and deficient calves infected with IBRV (Reffett et al., 
1988b) . .Whole blood .and plasma GSH-Px were increased after IBRV 
inoculation in Se adequate but not Se deficient calves. Serum IgM 
was higher in the Se fortified calves tjyring challenge. Antibody 
titers to IBR were higher in Se supplemented calves compared to 
controls. . Calves marginally deficient or adequate in Se were 
stressed by weaning and transporting followed in three days by 
infection with Pasteurella haernolytica (Stabel et al., 1989). 
Blood and plasma GSH-Px concentrations were higher in the Se 
adequate calves. Pi'a-sma GSH-Px was increased in response to 
infection. Se supplemented calves had higher IgM levels but no 
change in IgG concentrations and lower anti-P. haernolytica titers 
than calves not getting Se. 

In order to test the effect of Se on the primary and secondary 
humoral immune response to hen egg lysozyme inoculation, calves 
were allotted to six treatments (Swecker et al., 1989). Calves 
were fed a Se deficient ration supplemented with 1) 10 mg Se/kg 
mineral mixture ad libitum, 2) same as 1), and injected with 0.1 mg 
Se and 0.22 IU vitamin E/kg body weight, or fed 3) 80 mg, 4) 120 
mg, 5) 160 mg or 6) 200 mg of Se/kg of mineral. 

The calves were weighed, vaccinated twice and bled periodically to 
measure IgG antibody titers and Se levels. Selenium supplemented 
at 120 mg/kg of mineral or more increased blood Se values. Calves~ 
g~tting 200 mg Se/kg mineral ate less mineral than any other group 
and no adverse effects were noted. Humoral antibody responses over 
time were lowest in treatment 1 calves, intermediate in t~eatments 
2, 5 and 6 and highest in treatments 3 and 4. No differences in 
weight gains were found among the calves at any time. Thes"'e.'°:.data 
give further evidence that the amount of nutrient necessary for an 
optimal immune response is greater than that needed for growth. 

The role of Se in augmenting_ the mammary glands' resistance to 
infection has been reviewed (Smith et al., 1988) and is the subject 
of one of the presentations at this meeting. 

Se-Vitamin E. Since Se and vitamin E are quite mutually beneficial 
on both the utilization of each other and in regards to their 
antioxidant function with polyunsaturated lipids (McDowell, 1989), 
then the administration of the two together might increase 
immunocompetence. · Previous research showed that while Se aided 
killing of ingested organisms it did not affect phagocytosis. · A 
similar result also occurred in cattle given vitamin E and Se, as 
their neutrophils better killed Staphylococcus aureus than Se 
deficient cows but phagocytosis remained unchanged (Gyang et al., 
19 84) . 

The primary and secondary immune response in sheep to parainf luenza 
virus (PI 3 ) was studied relative to Se and vitamin E administration 
(Reffett et al., 1988a). The four treatments were combinations of 
no or added Se (.2 mg/kg diet) and no or added vitamin E (20 mg/kg 
diet). Se supplementation increased IgM but not IgG concentrations 
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and were unaffected by the vitamin E. Selenium and vitamin E were 
found to each independently increase antibody titers to PI3 • 

The effect of injecting 25 mg Se and/or 340 IU vitamin E or 50 mg 
Se plus 680 IU vitamin E into steer_s_ ~-~ither before or after 
transport to the feedlot and vaccinatea with P. haemolytica was 
investigated in five trials (Droke and Loerch, 1989) . Serum 
antibody response ~o P. haemolytica was enhanced with the 
combination of Se anq vitamin E which was better than if either 
nutrient alone was given. 

Antibody titer development to several different antigens was 
studied in groups pf cattle eith~r maintained Se deficient, 
supplemented with 6 g of elemental Se, supplemented with 1400 IU/d 
of vitamin E and 6 g of Se or vitamin E supplemented (1400 IU/d) 
(Nemec et al., 1990). Unlike previous reported research there was 
little benefit of any supplement on immunoglobulin · levels to 
Brucella abort us. Cattle given vitamin E had the highest IgM 
titers to Salmonella typhimurium. The authors present several 
suggestions as to why Se and/or vitamin E evoked little to no 
immune response. 

Bovine neutrophil phagocytosis and killing of Staphylococcus aureus 
and Escherichia coli were measured (Hogan et al., 1990) . pn day 21 
of lactation, neutrophils were obtained from Holsteins fed' 0 or 90 • 
IU vitamin E/kg conce~trate dry matter, and 0 or . 45 mg· Se/kg· 
concentrate dry" matter in a 2 x 2 factorial arrangement. Cows fed 
Se also received an injection of 50 mg of sodium selenite suspended 
in 680 IU of vitamin Eat the start of the trial. Vitamin E and Se 
independently increased killing of the bacteria and the ef f ect~s of 
both nutrients were not additive. Neither Se or vitamin E affec"'t.e.d 
phagocytosis. 

Zinc. Zinc (Zn) is integral to protein synthesis and is a 
constituent of proteins and enzymes vital to many facets of the 
immune system as reviewed by Cunningham-Rundles and Cunningham
Rundles, 1988). This trace element has been well studied in 
relation to immunity in man and other monogastrics. Zinc has also 
been shown to be essential for thymic hormone activity which may be 

_the basis for thymic atrophy when Zn is deficient. Evidence is 
also presented that thymic atrophy may occur due to increased 
glucocorticoid production from adrenal hypertrophy which also 
arises in a Zn deficiency (Keen and Gershwin, 1990) . Holstein
Friesian cattle containing the lethal A-46 mutation were found.to 
be unable to absorb Zn which resulted in thymus atrophy, 
lymphopenia and T-cell malfunction~ One other important function 
that Zn has in regards to disease resistance is in maintaining the 
structural soundness of the protective barrier, epithelium, from 
pathogen entry. 

In some of the earliest ruminant work Zn was employed to reduce 
footrot in sheep (Cross and Parker, 198la,b). Research since then, 
has been to supplement Zn to cattle following stress to determine 
if it will improve recovery, feed intake, gains and health. 
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Following the stresses of weaning, transportation, feed and water 
restriction, calves were weighed, bled, vaccinated for IBR, 
parainfluenza (PI 3 ) and Leptospirosis and allocated to one of four 
treatments (Reffett et al., 1986). The treatments were 1) control 
diet containing . 038 ppm Se and 26 ppm Zn, 2) control diet and 
injected with 15 mg Se, 3) control diet plus 25 mg Zn/hd/d and 4) 
control diet, 15 mg .Se injected and 25 mg Zn/hd/d. Se and Zn 
supplementation did not affect the total 28 day feed intake, gain 
or feed efficiency.· , Calves that were initially marginally Se 
deficient according to whole blood GSH-Px levels had an improved 
growth response (P<.10) following Se injection. Zn supplementation 
depressed GSH-Px at day 19. No effect of Se or Zn was noted on 
antibody titers to- IBR and PI 3 • On day 19, Zn increased the 
percent circulating monocytes and decreased percent lymphocytes. 

Feeding 350 mg Zn/hd/d to morbid steers in a. ration containing 43 
mg/kg increased their 28-day feed intake al')d gain (P<. 05) in 
relation to controls after arrival in the feedlot (Hutcheson, 
1989). The number of treatment days per morbid calf and number of 
calves retreated were reduced. 

In another study, after arrival at the feedlot, stressed steer 
calves were weighed, bled, vaccinated for bovine herpes virus-1 
(BHV-1) and PI 3 and randomly-assigned to treatments (Sp~ars et al., 
1991). The control treatment 1) ration contained 26' mg Zn/kg;" 
treatments 2) and 3) had 25 mg of Zn added from zinc methionine and 
zinc oxidet respectively to the control diet. Weight gains for the 
28-day study were not different among treatments put steers fed 
zinc methionine and zinc oxide consumed 5.2 and 4.4% m~"re feed, 
respectively, than controls. Antibody titers to BHV-1 J.,4 days 
after inoculation tended to be higher ( P< .16) in steers fed·-.... ~inc. 
Steers fed zinc methionine had greater (P<.07) antibody titers (4-
8) to BHV-1 than controls with-antibody titers of 0-2. Only 10% of 
the zinc methionine fed steers were seronegative, whereas controls 
were 33% and zinc oxide were 23% at 14 days. No differences in PI 3 

titers were found among treatment steers, however, most had titers 
on ·arrival. 

In none of the just described experiments were the cattle known to 
be deficient in zinc. Low Zn blood values are not necessarily 
indicative of status as they generally fall following an acute 
stress. 

Areas of Future Bovine Immune Research. Much research conducted in 
humans and rodents has focused on the detrimentai effects of 
protein-energy malnutrition. and vitamin inadequacies in immunity 
(Chandra, 1988; Gershwin et al., 1985). Little research has been 
dedicated to elucidating the effects of energy and protein 
deficiency or B vitamin needs of cattle. More research needs to be 
performed with vitamins, particularly vitamin C and with minerals. 
As the need for specific rumen bypassed amino acids for increased 
reproduction or production is determined, then the benefits of 
these amino acids to immune function should be assessed. 

70 



Frequently methionine may be considered deficient when certain 
feedstuffs are fed to cattle (Schingoethe, 1991). In poultry 
feeding methionine in excess of that for growth resulted in 
improving antibody response (Tsiagbe et al., 1987) . Pregnant. gilts 
fed sorghum diets supplemented with th~~onine had their IgG 
response restored .in plasma and enhanced antibody synthesis to T
dependent antigens· (Cuaron et al., 1984) . These authors suggested 
that the higher threonine requirement may be related to the 
elevated threonine content of immunoglobulin proteins. 

Another amino acid found to be very beneficial to the recovery of 
the seriously ill is supplemental glutamine (Lacey and Wilmore, 
1990). Glutamine appears to serve not only as a preferred energy 
source for the lymphocyte but an important precursor of nucleic 
acids, nucleotides, amino sugars and proteins which are vital to 
augmenting and sustaining an immune response. 

Lipids. Increasing the energy concentration of the ruminant diet 
may occur by increasing its fat content. All fatty acids are not 
equal when assessing their effects on the immune system (Gershwin 
et al., 1985). Both the concentration and saturation of fatty 
acids.alter cellular and humeral immunity. Immunosuppression by 
feeding ·diets with added polyunsaturated fatty acids has been 
reported in humans and laboratory animals. Essential fatty acid 
deficiency also reduced 1mmunity. Trans fatty acids have also been 
implicated in reducing disease resistance (Johnston, 1988) . That 
polyunsaturated fatty acids of dietary origin may bypass the rumen 

· unhydrogenated and increase tissue levels has been reported 
(Arthur, 1988), thereby making the animal less disease iesistcl'ht. 

~ 

~ 

The number of nutrients which might be immunoenhancing dr:~~ 
imrnunosuppressing to ruminants is lengthy. An excellent source on 
single nutrients affecting the· immune response of monogastric 
animals has been compiled· (Beisel, 1982). 

SUMMARY 

In order to maintain health in animals challenged with increased 
stresses from production and management, the nutrient demands of 
tl)e immune system must be met. These nutrient levels are not 
static as the animal . is required to continually produce more 
product. As more of the nutrients are partitioned into product, 
less is available for immune defense mechanisms. Since many 
nutrients in monogastrics have been shown effective in altering 
immunity, then these nutrients should also be investigated in 
ruminants. It is far better to maintain heal th and prevent 
infection than to incur the costs of medication, labor, decreased 
productivity and antibiotic residue problems. An ounce (nutrient) 
of prevention is worth a pound (antibiotic) of cure (Ye Olde 
Cliche, 1776). 
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1. 

NUTRIENT REQUIREMENTS AND VARIOUS FACTORS AFFECTING FETAL GROWTH 
AND DEVELOPMENT 

Calvin L. Ferrell .. 
USDA-ARS . --

Roman L. Hruska U.S. Meat Animal Research Center 
Clay Center, Nebraska 

INTRODUCTION 

Prenatal growth and development impact animal production in several 
ways. Birth weight, as the ·end result of prenatal growth, is 
typically related to neonatal mortality by a "U" shaped curve. 
Birth weights lower than optimum are associated with reduced energy 
reserves, lowered thermoregulatory capability, and increased 
perinatal mortality. In addition, low birth weight is correlated 
with low rates of growth postnatally and decreased mature size. 
Conversely, birth weights greater than optimum result in increased 
dystocia and perinatal mortality as· well as decreased rebreeding 
performance of the dam. 

Fetal growth is influenced· to varying degrees by numerou~ factors 
including fecundity, sex, parity, breed of sire, breed of aam, heat 
or cold stress, and maternal nutrition. The importance of these 
and other effectors of fetal growth differ among species. In 
general, however~ fetal growth, or birth weight, is decreased with 
increased numbers of fetuses, is greater for males tha~ for 
females, and increases with increased parity, or age of the~dam. 
Birth weights are decreased by heat stress or poor materl].!=11 
nutrition, and increased by cold stress. ·Some of the possibie 
explanations for these observations will be discussed in subsequent 
sections. 

Normal growth and requirements. 

Typical patterns of fetal weight versus stage of gestation in the 
bovine (Ferrell et al., 1976) and ovine (Koong et al., 1975) are 
shown in Figure 1. Similar patterns are seen in swine and other 
species. Fetal weight increases slowly during early gestation, but 
quite rapidly during later stages. About 90% of birth weight is 
achieved during the·last 40% of gestation in both the bovine and 
ovine. In addition to the rapid changes in weight, percentages of 
dry matter, protein and fat increase by two-fold or more during 
this interval. These patterns of fetal growth infer that fetal 
nutrient demands are small during early stages of gestation, but 
increase rapidly during the latter stages. Data reported by Brody 
(1945), Jakobsen (1956), Jakobsen.et al. (1957), Moe et al. (1971), 
and Ferrell et al. (1976, 1982) suggest nutrient needs follow 
similar patterns. Estimates of nutrient requirements (Ferrell et 
al., 1976, 1982) of cattle for "normal" fetal growth are shown in 
Table 1. 
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The observed. patterns of growth and nutrient requirements also 
suggest the need for substantial changes in maternal circulation 
and metabo'lism as well as -in uteroplacental (uterus plus placenta) 
function to meet fetal nutrient needs for growth and development. 
A plot of uterine, fetal membranes (.90.tyledons, allantoic and 
chorionic membranes) and fetal weights, as proportions of weight 
attained at parturition is shown in Figure 2. 

Figure 1. Relationship of 
fetal weight to stage of 
gestation in the ovine and 
bovine. 
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Figure 2. Relationship of weight of the uterus, fetal membranes and 
fetus, e)cpressed as percentages of predicted weight at 
parturition, to day of gestation. 
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Table 1. Estimates of daily nutrient requirements of cattle for 
pregnancy at different stages of gestation. 

Nutrient 
Day of Metabolizable Digestible Ca 1 c i um>:..·_ ~~p.sphorus Magnesium Iron 
gestation energy 3 Meal groteini g g g mg mg .. ~ 

100 0.26 12 0.16 0.18 0.04 9.8 
130 0.53 21 0.56 0.47 0.08 14.8 
160 1.02 43 1.62 1.18 0.16 24.2 
190 1.88 79 3.76 2.42 0.31 39.2 
220 3.26 137 6.62 4.04 0.51 56.2 
250 5.37 229 8.42 5.20 0.62 65.4 
280 8.34 368 6.84 4.64 0.68 57.2 

Those data have been interpreted as suggesting that growth of the 
uterus precedes growth of the fetal placenta which, in turn, 
precedes growth of the fetus. In addition, those data lead to the 
speculation that factors which impact growth and development of 
those tissues may, as a result, influence subsequent fetal growth. 
Factors that influence fetal growth and some of the potential 
causes will be discussed in subsequent sections. 

Nutritional influences. 

In view of the small size of the fetus during early gesta't:-ion, most 
of the research efforts regarding nutritional influences on fetal 
growth have centered on the later stages of ·pregnancy. Some 
evidence, however, indicates severe deficiencies pos·tmating may 
retard growth of th~ conceptus during the embryonic stage in.sheep. 
Parr et al. (1982) reported reduced weight of embryos at 11 qnd 21 
days postmating in ewes fed at 25% of· maintenance from marri9g. 
Wallace (1948) found no decrease in fetal weight at 90 days in ewes 
that had lost 7% of body weight during the first 90 days of 
gestation, but Everitt (1964) observed a 10% reduction in fetal 
weight and a 30% reduction in cotyledonary weight at 90 days in 
ewes that had lost 12% of their body weight. Similarly, Curet 
( 1973) observed that fetal weight at 90 days was adversely affected 
by protein undernutrition in early pregnancy. Adverse effects of 
nutritional deficiencies on fetal weight in early gestation have 
not been reported in cattle. Compensation during late gestation 
for effects of malnutrition during early or mid gestation depends 
on tl)e degree and duration of malnutrition (Mellor, 1987). Total 
compensat,ion for severe deficiencies during early gestation may not 
occur (Alexander and Williams, 1971). 

Numerous reports are available that demonstrate reduction in birth 
weight of lambs from ewes that received restricted energy, protein 
or total ration during mid and/or late gestation (Wallace, 1948; 
Robinson, 1977; Holst et al., 1986; Mellor, 1987) . Calf birth 
weight is reduced similarly by deficiencies of energy and/or 
protein (Hight, 1968; Tudor, 1972; Kroker and Cummins, 1979) during 
mid and/or late gestation. Typical patterns of birth weight 
response to altered energy intake are shown in Figure 3. 
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Numerous· reports are available that demonstrate reduction in birth 
weight of lambs from ewes that received restricted energy, protein 
or total ration during mid and/or late gestation (Wallace, 1948; 
Robinson, 1977; Holst et al., 1986; Mellor, 1987) . Calf birth 
weight is reduced similarly by defici-encies of energy and/or 
protein (Hight, 1968; 'J;'Udor, 1972; Kroker and Cummins, 1979) during 
mid and/or late gestation. Typical patterns of birth weight 
response to altered energy intake are shown in Figure 3. 

Available evidence suggests that detrimental effects of low 
maternal protein intake is accentuated by low levels of energy 
intake (Sykes and Field, 1972). The effects of deficiencies are 
more prevalent and severe in ewes with twin or multiple fetuses 
than in ewes with single fetuses and are more likely to occur in 

·immature than in mature females. 

Figure 3. Relationship of calf birth weight to metabolizable energy 
intake of the cow (Ferrell and Jenkins, 1990). 
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In addition to influences on birth weight and neonatal survival, 
inadequate food intake during late pregnancy is associated with 
weak labor, increased dystocia, reduced milk production, extended 
postpartum anestrus, and lower rebreeding performance in cows 
(Kroker and Cummins, 1979). In ewes, the additional problem of 
pregnancy toxemia may result in death of both the mother and fetus. 
Perhaps of equal importance are observations that reduced birth 
weight resulting from . severe maternal undernutrition during 
pregnancy resulted in reduced postnatal growth of calves and lambs 
(Kroker and Cummins, 1979; Bell, 1984). Lambs that were born 30% 
lighter as a result of poor maternal nutrition were 25% lighter at 
weaning and 5-10% lighter at 3 years of age than those from well 
fed ewes. 

Conversely, gross overfeeding during early and mid-gestation can 
cause reduction in lamb birth weight of up to 40% (Robinson, 1977). 
Although birth weight was not affected by obesity in cattle (Arnett 
et al., 1971), dystocia and neonatal death loss were increased 
substantially. A serious consequence of overfeeding dairy cattle 
during gestation has become known as the "fat cow syndrome:· Butler 
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(1990) ·reported birth weight of calves born as twins (34.3 kg, 
N=530) was 76% of birth weight of calves born as singles (44.8 kg, 
N=2214). As a side note, growth rate to 200 days of age of calves 
born and raised as twins was 89% and growth rate of calves born as 
twins-· and raised as singles was 94% o.C .. that of calves born and 
raised as singles. Bellows et al. (19'90, Table 2) observed. no 
difference in weight of twin as compared to single fetuses at 95 
days of gestation, but an 8% and a 23% decrease at 180 and 250 
days, respectfully. Their observation that placentome and membrane 
weights were reduced by 20% as early as 95 days of gestation is of 
particular interest. Reduction in weight of those tissues was 
sim1lar when data were pooled across the 180 and 250 day groups. 
Those data support the suggestion that placental growth was reduced 
relatively 

Table 2. Influence of type of pregnancy on fetal, placentcme and 
membrane weights of cows at different stages of gestation 
in cows. 

Day of Type of 
gestation pregnancy 
95 Single 

Twin 

180 Single. 
Twin 

250 Single 
Twin 

fetus 
249 
245 

5886 
5431 

22866 
18595 

Weight, g 
placentome 

102.3 
81.0 

1261.0 
992.4 

membrane 
175.9 
129.9 

787.0 
674.9 

'"''!;-:. 

early in pregnancy in cows with twin fetuses. It seems likely that 
reduction in placental growth resulted in reduced fetal growth 
subsequently. 

Temperature. 

Although this review is primarily concerned with factors affecting 
birth weight, it is important to note that high environmental 
temperatures during or shortly after conception can significantly 
increase embryonic mortality in rats, pigs, sheep, and cattle 
(Bell, 1987) . In addition, elevated temperatures particularly 
during early pregnancy, may result in a wide range of congenital 
defects in many species. 

Several studies are available to document that chronic exposure of 
pregnant animals to high environmental temperatures results in 
decreased birth weights in ewes and cows as well as in many other 
species (Bell, 1987). For example, data reported by Alexander and 
Williams ( 1971) show (Table 3) that birth weight of lambs was 
reduced when ewes were exposed to high temperatures (44°C for 9 h 
and 32°C for 15 h) during either mid or late pregnancy, but maximum 
reduction~ in birth weight and placental weight occurred when ewes 
were exposed throughout pregnancy. 
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Table 3. Effect of heating pregnant ewes on fetal and placental 
- weights at, term (142-147 d) 

Treatment 
Expt. - Mid-third Last-third 
1 Nil Nil 

Heat Heat 

2* Nil Nil 
Heat Heat 
Heat Nil 
Nil Heat 

*"Nil" treatment ewes fed at levels 

No. 
ewes 

7 
9 

5 
5 
5 
4 

similar 

Fetal 
weight, kg 

:o--·3.62 
1. 79 

3.23 
1.63 
2.45 
2.29 

to heated ewes. 

Placental 
weight, g 

377 
120 

423 
139 
288 
251 

It should be noted that the effect of heat is often confounded with 
inadequate nutrition. Many have, therefore, argued that much of 
the heat stress ef feet on birth weight is due to inadequate 
maternal nutrition. 

Cartwright and Thwaites_ (1976) observed that heat likely has a much 
larger effect on birth weight than inadequate maternal nutrition 
(Table 4). 

Table 4. Lambing performance of ewes and birth weight of lambs as 
affected by high temperatures and nutrition. ~ 

Expt. 
1 

2 

Group 
Heated, maintain weight 
Unheated, lose 5 kg 
Unheated, maintain weight 
Unheated, gain 5 kg 

Heated, fed ad libitum 
Unheated, pair fed to above 
Unheated, fed ad libitum 

No of No of Birth 
ewes lambs weight, kg 

20 16 2.30 
15 9 2.99 
15 13 3.60 • 
15 10 4.22 

10 
9 
9 

4 
6 
5 

1.27 
3.75 
3.40 

Their data suggests that, in fact, high feed intakes during heating 
may accentuate the negative effects of heat. These and other 
available data show that influences of heat on birth weight are not 
explained by reduced maternal nutrition. 

Although many data are available to document influences of heat on 
birth weight, limited data are available regarding influences of 
cold. General observations have indicated that when pregnant ewes 
have been shorn during the winter, and therefore presumably 
cold-exposed, they have delivered lambs which were heavier than 
those from control ewes (Rutter et al., 1971, 1972). Thompson et 
al. ( 1982) reported data (Table 5) from control ewes that were 
maintained at 15°C during the last 5-6 weeks of pregnancy and from 
shorn ewes exposed to 1-2°C during that interval. Ewes gave birth 
to single or twin lambs. In both types of pregnancy, lambs were 
heavier when born to ewes exposed to the colder temperatures. 
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Table 5. Birth weight of lambs from ewes.exposed to thermoneutral 
and cold environments during-the last 5-6 weeks . of 
pregnancy 

Parity. 

No. of ewes 
No. of lambs 

Singles 
Twins 

Birth weight, kg 
Singles 
Twins · 

Thermoneutral 
13 

2 
22 

3.3 ± 0.60 
3.1 ± 0.14 

Chronic cold 
13 

6 
14 

4.2 ± 0.18 
3.4 ± 0.12 

It is well recognized that parity or age of the cow or ewe has 
substantial influence on birth weight. Birth weight is lower when 
lambs are born to ewe lambs than when born to mature ewes. As 
shown by some recently published data of Gregory et a~. (1990, 
Table 6) birth weight of calves is generally lowest when they are 
born to 2-year-old cows, and increases until cows are approximately 
4 years old, then plateaus. Birth weight of calves tends to 
decline when cows become old. .. 
Table 6. Influence of age of cow on calf birth weight 

~ 
•--::.. 

Cow No. of Birth 
age 2 yr calves weight 2 kg 

2 808 34.6 
3 613 37.9 
4 420 39.2 
5 333 39.8 
6+ 570 39.4 

Breed. 

It is well recognized that breed of progeny may result .in large 
differences in birth weight of progeny. Data reported from the 
Germ Plasm Evaluation project (Gregory et al., 1982; Cundiff et 
al., 1988) shows the extent of differences that may be expected due 
to breed of sire (Table ·7). In that project, all calves were born 
to Angus or Hereford dams. 
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In addition, breed of dam may have a substantial impact on birth 
weight. The data-reported by Sacco et al. (1989) clearly shows 
influences of breed of dam influences on birth weight of Red Poll 
and Charolais sired calves (Table 8). 

Table 8. Influence of breed of dam on birth weights of calves 
sired by Red Poll and Charolais bulls. ~ 

Breed of dam 
Brahman· 
Jersey 
Angus 
Hereford 
Holstein 

Birth weight, kg 
29.2± 1.3 
30.0± 1.9 
32.2± 0.9 
33.9± 0.7 
38.6± 1.0 

Undoubtedly, a portion of 'those differences in birth weight among 
dam breeds resulted from the dam's contribution to genotype of the 
calf. However, of particular interest, is the observation that 
when Brahman was included as a sire breed (Gregory et al., 1982), 
calves with heavy birth weights resulted (40. 9 kg), but when 
included as the dam breed (Sacco et al., 19·89), the resulting 
calves weighed the least (29.2 kg) of the breeds studied. This 
difference may, in part, be attributed to the influence of maternal 
uterine environment. The classical studies of Walton and Hammond 
(1938) clearly show an influence of the maternal uterine 
environment on birth weight beyond that which the dam contributes 
to fetal genotype. In that study (Table 9), genetically similar 
Shire-Shetland reciprocal crosses weighed much less at birth and at 
30 months when carried by Shetland.than when carried by Shire darns. 
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Table .9. Weight of foals of Shire and Shetland parentage at birth 
and at 30 months of age. 

Breed of Breed of WeightJ kg 
mare sire "> ~B'i rth 30 months 

Shetland Shetland 19.6 200 
Shire 17.8 275 

Shire Shetland 49.4 400 
Shire 71.0 950 

Potential reasons for altered birth weight. 

Growth of the fetus at any time results from a balance between its 
genetic potential for growth, reflected by its demand for 
nutrients, and the limits imposed on the supply of those nutrients. 
It now seems evident that the fetus rarely expresses its full 
genetic potential for growth, but is limited to varying degrees by 
the supply of nutrients available from the maternal and/or 
placental systems. Two of the major factors involved include 
delivery of nutrients to the uteroplacenta, as determined by blood 
flow, and nutrient content of the blood, and functional capacity of 
the placenta. Weight or size of the placenta, although a crude 
measure, has frequently been used as an index of fµnctional 
capacity. 

The patterns of change in uterine and umbilical blood flows during 
the last half of gestation in cows· (Reynolds et al., 1986) are 
showri in Figure 4. Both follow a pattern similar to that of•fetal 
weight (Fig. 1). Closer inspection, however, reveals ·that 

' umbilical blood flow increases slightly more rapidly , but uterine 
blood flow increases less rapidly than fetal weight during this 
interval. These observations support the suggestion that nutrient 
delivery to the uterus, via blood flow, may result in a limitation 
of growth of gravid uterine tissues, ·even in the "normal" animal 
during the latter stages of pregnancy. 

Typical patterns of metabolite concentrations (Ferrell et al., 
1983) in maternal and fetal blood (Table 10) indicate that 
concentrations· of oxygen and glucose are lower in the fetal 
circulation than in the maternal circulation. These metabolites 
are generally thought to traverse the placenta by passive or 
facilitated diffusion. Conversely, concentrations of amino acids, 
as indicated by alpha-amino nitrogen, lactate and u~ea are higher 
in fetal than in maternal blood. Amino acids cross the placenta by 
active transport mechanisms, and urea flows from the fetus and 
placenta to the maternal circulation by diffusion. Lactate does 
not cross the placenta, but is produced by maternal and fetal 
placental tissues and secreted to both the maternal and fetal 
circulations. 
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Figure 4. Relation of uterine 
(closed circles) and umbilical 
(open circles) blood flow to 
day of gestation in cows 
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Table· 10. Concentrations of several metabolites in ·maternal and 
fetal circulations. • 

Umbilical 
\ 

Uterine . 
Metabolite Source arter~ A-V vein v-a 
Oxygen, mM blood 6.30 0.66 3.31 1.03 
Glucose, mM blood 2.50 0.14 1.29 0.12 
Lactate, mM b.lood 0.85 ..:0.032 2.17 0.19 
AAN, meq/L plasma 17 .25 0.33 34. 77 0.22 
Urea N~ megLL glasma 7 .15 -0.11 7.23 0.12 

Uterine and umbilical blood flows in that study (Ferrell et al., 
1983), measured at 168 days of gestation averaged 5.95 and 1.11 
l/min, respectively. Net uptake of various metabolites by the 
gravid uterus, fetus, and, by difference, the uteroplacenta, were 
calculated by the us·e of blood flow and uterine arterio-venous or 
umbilical venus-fetal arterial concentration differences. 
Resulting estimates of nutrient use by tissues of the gravid 
uterus at 168 days of pregnancy are shown in Figure 5. Those data 
indicated oxygen, glucose, and alpha-amino nitrogen were taken up 
from the maternal circulation in substantial quantities and used by 
uteroplacental and fetal tissues. Those data indicated that only 
29% of the oxygen, 17% of the glucose, and 16% of the alpha-amino 
nitrogen taken up from the maternal circulation was used by the 
fetus. Higher proportions are seen at later 
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Figure.5. Summary of net utilization of several substrates by the 
gravid uterus, uteroplacenta, and fetus of cows at 168 
days. Urea N and alpha-amino N are expressed as meq/min 
and other fluxes as nunol/min. 
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stages of gestation (Reynolds et al., 1986) . In that study, 
proportions of gravid uterine oxygen and glucose uptakes used by 
the fetus were 58% and 17% at 250 days.' These data dem9nstrate 
that the uteroplacental tissues, rather than the fetus, ~re the 
major sites of nutrient use in the gravid uterus. Lactate was 
secreted from uteroplacental tissues to both the maternal and fetal 
circulations in approximately equal amounts. Lactat'e production by 
uteroplacental tissues account for 33% of the glucose used by ehose 
tissues, if glucose is assumed to be the sole source of lacta~e. 
Urea was secreted from the fetus and uteroplacenta to the materii-a-1 
circulation. About 54% of the alpha-amino nitrogen taken up by the 
fetus was deaminated. Glucose, lactate, and alpha-amino nitrogen 
potentially supply about 50%, 25%, and 25%, respectively, of the· 
energy needs of the fetus. 

Under conditions in which fetal growth is adversely affected, 
uterine and umbilical blood flows,· placental size and placental 
metabolism are reduced. For example, Bell (1984) reported that 
_uterine blood flow was reduced by 32% in chronically undernourished 
ewes during late pregnancy (Table 11). In that study, 
uteroplacental oxygen and glucose uptakes were reduced by 63% and 
66%, respectively. · 

Table 11. Effect of undernutrition during late pregnancy on uterine 
blood flow and uteroplacental metabolism 

No. 
Uterine blood flow; ml/min 
Uteroplacental o2 uptake, ml/min 
Uteroplacental glucose uptake, µrnol/min 

86 

ewes 
7 
5 
5 

Well fed 
1907 
15.8 
.178 

Under fed 
1297 
5.9 

60 
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Uterine blood flow per fetus was 20-25%' lower with twin as compared 
to single fetuses in both Charolais and Hereford cows at 183-190 
days of ges_tation (Ferrell and Reynolds, 1987) . Umbilical ·blood 
flow averaged-18% lower for twin as compared to single fetuses. 
Those data are consistent with those of _Bellows et al. (1990) which 
indicated both fetal and placental weights were reduced in twin 
pregnancies (Table 2). Both sets of data suggest growth reductions 
with twin fetuses occur relatively early in cattle and that the 
negative effect of twins on placental growth and uterine blood 
flows precede effects on fetal growth. 

Similar results have been observed under conditions of heat stress 
in both cattle (Reynolds et al., 1985) and sheep (Bell et al., 
1987). In cattle (Table 12), fetal weight was reduced 22% at 180 
days of gestation after cows were heated from 100 days of 
gestation. At that time, uterine and umbilical blood flows were 
reduced 50% and 30%, respectively. Net fetal uptake of oxygen and 
glucose were reduced by 22% and 65%, whereas uteroplacental oxygen 
and glucose uptakes were reduced by 49% and 42% in heated cows. At 
that stage of gestation, oxidative metabolism of uteroplacental 
tissues was more adversely affected by heat stress than was fetal 
oxidative metabolism. · 

Table 12. Influence of chronic heat stress on fetal weight and 
metabolism of the fetus and uteroplacenta of cows at 180 
day of gestation 

Control Heat stressed 
Fetal weight, kg 6.0 4.91& 

.... 
Uterine blood flow, l/min 6.2 4 .1 ~ 

\' 

Umbilical blood flow, l/min 1.3 1.0 
_, 

Fetal oxygen uptake, mmol/min 1.82 1.42 
uteroplacental oxygen uptake, mmol/min 4.22 2.16 

Fetal glucose uptake, mmol/min 0.17 0.06 
UteroQlacental glucose UQtake 3 mmolLmin 1.03 0.60 

Several data are available to support the suggestion that uterine 
blood flow and placental size/function are strongly interrelated, 
and together impact subsequent fetal growth. Data reported 
recently (Ferrell, 1991) provide some insight into this phenomenon. 
In that study, Brahman embryos were transferred to Charolais cows 
and Charolais embryos were transferred to Brahman cows. In 
addition, Brahman cows with Brahman fetuses and Charolais cows with 
Charolais fetuses were used. At 232 days of gestation, weights of 
Brahman fetuses from Brahman and Charolais cows were similar (Table 
13). Likewise, placentome weights iri those groups did not differ. 
Similarly, although Charolais fetuses weighed nearly twice as much 
as Brahman fetuses, weights of Charolais fetuses in Brahman and 
Charolais cows did not differ. Placentome weight was twice as great 
in Charolais cows with Charolais fetuses than in cows with Brahman 
fetuses. However, placentome weight was 16% less in Brahman cows 
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with Charolais fetuses than in Charolais cows with Charolais 
fetuses. Conversely, uterine blood flow was about 5 l/min in 
Brahman cows, regardless of fetal genotype, but in Charolais cows 
with Brahman fetuses averaged 7.18 l/min and in Charolais cows with 
Charolais fetuses averaged 9. 24 1 /min.,_:-~-::.-

Umbilical blood flow and fetal oxidative metabolism were greater 
for Charolais than for Brahman fetuses, reflecting differences in· 
fetal weight, but neither were influenced at that stage of 
gestation by cow breed. 

Table 13. Influence of breed of cow and breed of fetus on tissue 
:weight, blood flows, and metabolism of gravid uterine 
tissues at 230 d 

Fetus weight, kg 
Placentome weight, kg 

Uterine blood flow, l/min 
Umbilical flow, l/min 

Fetal o2 uptake, mmol/min 
Uteroplacental uptake 

Brahman 
Brahman 
fetus 
· 13.2 
2.88 

5.01 
2. 71 

2.32 
3.48 

cow 
Charolais 

fetus 
23.7 
4.66 

4.66 
3.65 

3.89 
1.57 

Charolais 
Brahman 
fetus 
12.9 
2.85 

7 .18 
1.88 

2.27 
2.83 

cow 
Charolais 

fetus 
22.4 
5.56 

9.24 
3.. 99 

3.83 
3.93 • 

Conversely, oxidative metabolism of uteroplacental tissues of 
Charolais fetuses in Brahman cows was severely reduced. This was 
especially evident when the ratio of fetal to uteroplacental 0xygen 
use was evaluated. These results suggest that the Charolais ~cows 
responded to fetal nutrient demand by increasing uterine blogd · 
flow, but that uterine blood flow in Brahman cows did not change to 
meet the increased needs of the Charolais fetuses as compared to . 
the Brahman fetuses. In the Brahman cows with Charolais fetuses, 
the needs of the fetus were apparently met to the detriment of 
uteroplacental ·needs for metabolism and growth. Subsequent 
influence of those events are evident in weights .of tissues from 
cows in these four groups at 271 days of gestation (Table 14). 

Table 14. Influence of breed of cow and breed of fetus on tissue 
weights at 271 days of gestation. 

Brahman cows Charolais cows 
Brahman Charolais Brahman Charolais 
fetus fetus fetus fetus 

Fetus, kg 25.5 33.9 30.4 46.9 
Placentomes, kg 3.59 4.96 4.19 6.44 
Liver, gm 571 662 722 947 
Semitendi nos us, gm 73 99 76 148 
Liver DNA, gm 4.61 6.00 8.16 8.46 
Semitendinosusi gm 0.172 0.250 0 .175 0.389 
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Those da.t.a clearly show that fetal growth may be constrained by the 
maternal uterine environment, particularly during late gestation. 
This was especially evident in the comparison of Charolais fetuses 
in Charolais versus those in Brahman cows. At 232 days {Table 13), 
weights of Charolais fetuses in the, ___ 1=._~9 breeds of cows were 
similar, but at 272 days Charolais fetuses in Charolais c;ows 
weighed 13 kg more than those in Brahman cows. Approximate rates 
of growth during this interval was 0.63 kg/day versus 0.26 kg/day, 
respectively. Conversely, Brahman fetuses in Charolais cows gained 
0.45 kg/day, whereas those in Brahman cows gained 0.32 kg/day 
during that 40-day interval. Those data support the observation of 
Gluckman and Liggins (1984) that even in the "normal" situation, 
fetal growth may be constrained by the maternal environment. 

CONCLUSIONS 

Fetal growth and birth weight results from the balance between 
fetal· genetic potential· for growth and the limits imposed by the 
supply of substrates for fetal use. It is important in this regard 
to distinguish between maternal and fetal nutrition. Fetal 
undernutrition, resulting in fetal growth retardation, may occur as 
a result of -severe maternal undernutrition. However, fetal 
undernutrition and growth retardation may also occur in well fed 
mothers as a result of insufficient uterine blood flow and/or 
placental insufficiency. A large proportion of the d~trimental ~ 
influences of heat, increased fetal numbers, parity, and maternal 
breed apparently result from insufficient perfusion and functional 
capacity of the placenta. Conversely, available data on the 
positive effects of cold and certain maternal environments, suggest 
that fetal growth is constrained to some extent even· in "no_rmal" 
situations. ~ 
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INTRODUCTION. 

The demand for Holstein bull calves born in the main U.S. milk 
producing states continues to be excellent as they are an integral 
part of the U.S. beef industry, comprising approximately 25% of 
the U.S. annual bull calf production.and representing about 5% ~f 
the finished feed lot cattle. The Holstein steer fits the 
consumer driven market demand for high quality lean beef with 25-
30% less trimmable fat than more traditional beef breeds. Recent 
low availability of ntraditionaln feedlot cattle due to the status 
of U.S. beef cow,nurnbers has increased feedlot feeding of Holstein 
steers. Therefore, Holstein calf feeding has emerged as an 
economically important segment of the beef industry. Selecting. 
uniform groups of strong heal.thy calves between 90 and 11·0 lbs. is 
essential to allow for efficient feeding and management systems, 
whether calves are retained on dairy farms or purchased at 3 to 14 
days old. Optimizing th~ excellent growth characteristics of the 
young Holstein calf establishes a potential base for an economic 
return. Holstein-beef calves are typically fed high energy ~iets 
to ensure the utilization of metabolizable energy for maintena~ce 
and gain for energy efficiency to maximize production. '·._.,.,, 

Holstein-beef feeding can be subdivided into distinct· segments . 
that provide management opportunities for the dairy farmer feeder 
or specialized feedlot operator to identify a niche that fits 
available feed, labor, facilities and marketing options. The 
ultimate goal is production of a finished steer between 12 and 14 
months old. Interim production phases include pre-weaning 
(typically 28-35 days); weaning through growing (between 300 anq 

.600 lbs) and a finishing period in commercial feedlots or retained 
ownership on a dairy farm. The production of light feeder 
Holstein steers between 300 and 600 lbs is a marketing niche most 
suitable to states such as-Minnesota and Wisconsin. It is a 
highly specialized segment of the cattle industry which must rely 
on excellent management to provide a steer that will perform 
optimally in the feedlot. An important consideration is for calf 
size and uniformity of calves to be of scale for commercial 
feedlot utilization. Geographically there are key differences in 
systems for starting Holstein calves. Large individual hutch 
facilities predominate in the southwestern United States, whereas 
large groups of calves (100-500 head) are raised in crate-type 

; barns previously used for veal production in the Midwest and 
Northeastern states, ~ith smaller groups being raised in hutches 
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or individual pens on dairy farms. Differences exist in these 
management schemes. 

This paper will focus on calves growri in._crate-type barns but many 
comments will be relevant to the dairy farmer feeder who opts for 
reta~ned ownership to light feeder or finished market weight. 
Feeding and management options will be highlighted with examples 
from both research studies and field data. Economic implications 
will be addressed for productions of the light feeder steer and 
overall economic efficiencies to finished market weight. It is 
recognized that the pre-weaning production phase warrants a 
lengthy discussion which will only be briefly addressed in this 
paper. 

Common Conditions of Pre-Weaning Calf Population 

Selection of uniform healthy calf groups is the key to efficient 
production systems. Often purchasing calves offers a greater 
chance to obtain uniform calf groups than on the dairy farm where 
calving patterns dictate the availability of uniform groups. The 
predominant calf population will be the purchased calf with common 
conditions and variables attributed to the pre-wea~ing phase that 
are clarified below: ~ 

I. Less than 35% of these calves have received colostrum at 
birth. This percentage of colostrum fed calves is correlated 
to 1-3 day old calf prices and tend to decrease as calf 
prices increase. Holstein calves are immunologically • 
deficient compared to traditional colored cattle. 

Calves are co-mingled and grouped prior to delivery to the 
individual housing systems. This exposes the calves to a 
high health risk status. Often calves arrive at their. new 
.destination in the middle of the night with low body 
reserves, paving missed a couple of feedings (Elliot, 1991). 
Quality management will offset much of ·these deficiencies but 
chronic problem calves should be identified and culled (often 
5-10% of these chronic calves are culled prior to group 
housing) . 

Vaccination programs are highly variable among management 
programs. Often 7-11% of calves will die prior to weaning. 
Recent observations by Vermeire (1991) suggest .that some 
treatments calves receive prior to weaning, in fact, cause 
higher mortality during the postweaning period. A goal is to 
attain less than 5% death loss. During the first 28 days G. 
I. tract disturbances, specifically diarrhea, are the 
great.est concern. Respiratory problems are the greatest 
cause of mortality/morbidity after weaning. 

IV. Calves are often excessively medicated orally prior to 
weaning; .this poses the emerging threat of drug resistance. 
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v. Calves on an early weaning system are typically fed 25-30 lbs 
of milk replacer and dry feed intake is encouraged as soon as 
possible with palatable high energy diets. Establishing feed 
consumption levels of at least 1. 5 .J;p. 2 lb daily provides. a 
base for 28 day weaning with continuous increases in dry feed 
'intake postweaning. 

Refinement Considerations for Pre-Weaning Feeding Programs 

It is perhaps appropriate to delineate in this section refinements 
of pre-weaning calf feeding programs that may enhance dry feed 
intake and offer a quality calf for transition from individual 
pre-weaning systems to postweaning group housing and maintain 
optimum calf performance. Factors that influence calf feed intake 
include diet composition and digestibility, rumen pH, acid/base·
balance and saliva production. Coarse textured calf starters that 
offer 1.3 to 1.5 Meals ME/lb, 16 to 18% CP, at least 8-10% fiber, 
2000 IU/lb vitamin A, 200 IU/lb vitamin D, 25 IU/lb vitamin E 
(supplementation with 125 IU vitamin E/day has been shown to be. 
beneficial to 24 wks of age, Reddy et al. 1987), include .7 to .8% 
Ca and .45 to .5% P, DM basis, appear to encourage dry feed 
intake. 

)., 

Colostral replacement products appear to be effective up ~o 0.5 
lb/feeding with 4 lb warm water for rtewly born calves (Quigley et 
al., 1991). Dry pre-starters based on milk products (22% protein, 
12% fat) fed at 0.5/lb have encouraged intake and early weaning 
(Morrill et al., 1984). Performance benefits have been shown by 
positive dietary cation-anion balance (+37 meq(Na+K-Cl)/.22 1-bJ in 
work by Jackson and Waterman (1991). Although in contrast, "'~-.~ 
Beighle et al. (1988) noted that lower dietary cation-anion 
balances enhances dietary phosphorus availability as high dietary 
cation-anion balances may interfere with phosphorus utilization. 
Positive effects on calf homeostasis were shown for inclusion of 
1% potassium bicarbonate or 1.5% potassium chloride in calf diets 
(Jordan et al., 1987). , 

Prevalence of coccidiosis in calves has shown improved performance 
.benefits when utilizing coccidiostats such as decoquinate 

(Heinrichs et al., 1990) and lasalocid (Pruiett et al., 1988). 
Studies by Chester-Jones et al. (1991a) did not find a benefit for 
including feed flavors and probiotics in pre- and post weaning 
programs for Holstein bull calves. The use of yeast culture (.2%) 
and sodium bicarbonate (3%) in starter diets appear to have an 
initial stabilizing effect on ruminal pH and VFA but increased 
consumption of high grain diets still caused alterations in 
metabolite concentrations (Wallis et al., 1991). These examples 
indicate the potential use of feed additives but more work is 
needed to clearly define their role. 

During the initial individual feeding phase calves should be 
castrated, dehorned and possibly implanted at a time that best 
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suits the individual program; for example within 2 weeks after 
weaning. Any change in feeding program immediately postweaning 
should be conducted gradually. Reducing calf stress especially in 
inside housing systems can·be ensured by_a~~quate ventilation 
{such as 4· air changes/hour in winter months and 30-40 air 
change-s/hr in hot summer months with a fresh air intake) . House 
temperature pre-weaning that is kept at 50-55 ° F can be adjusted 
down in stages as calves approach 6 to 8 weeks old. This will 
help acclimate calves for outside group housing systems in the 
winter months. Two hundred cubic feet of volume air space/calf is 
a rule of thumb for inside housing systems. Production goals for 
pre-weaning performance are an average daily gain of .65 to 1 
lb/calf. 

Post Weaning Facility and Management Considerations - An Overview 

The first phase of the postweaning program is transition to group 
housing systems. Many midwestern crate barn operations ar~ 
deficient in facilities to group feed calves from weaning to light 
feeder weight. To maintain optimum growth, facilities should 
allow for feeding high energy diets (.58 to .60 Meal/lb NEg) to 
optimize efficient performance until dry feed intake reaches at 
least 9-10 lb/calf daily {about 300 lb) . Expect some reduction ig 
performance from individual housing to group pens initially. 
Recent work by Chester-Jones et al. {1991d) observed a reduction 
in intake from 2.7 to 2.5% body weight for 2 weeks during this 
transition. These calves respond most optimally to group sizes 
under 50 calves per pen although larger groups (100-150 calves) 
can work if facilities provide adequate space with optimal 
management. \ 

' 

Housing typically can be an inside bedded pack or concrete floor 
providing 10-15 sq ft/calf to 300 lb, 15-20 sq ft/calf to 500 lbs, 
and 20-25 sq ft/calf from 500 lbs to market {Fox et al., 1986), 
Access to well protected outside exercise lots providing 20-30 sq 
ft/head can work well. for these light feeder calves. Buildings 
must be well ventilated at all times. Bunk space, feed and water 
must be readily accessible for less aggressive calves {Hutchinson, 
"19 91) . 

Hol~tein steers are "station" feeders and prefer liberal bunk 
space at these light growing weights. Optimal space seems to be 
6-9 inches/head to 300 lb and 9-12 inches/head from 300 to 600 lbs 
is recommended, from field obs~rvations. Many light feeder 
Holstein steers are fed from self feeders although the authors 
observed reduced calf morbidity rate if calves are "hand-fed" each 
day. In the latter situation a bunk space of 12 inches per calf 
is advisable {Hutchinson, 1991) . Adequate bunk space in a given 
situation acclimates calves to eating from a bunk which is 
important for subsequent performance in commercial feed yards. An 
important consideration for facility design and management, is 
that growing Holstein calves consume 7-12% more water than 
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traditional beef calves and thus will excrete more urine (personal 
communication) . As producers identify a market niche for light 
feeder Holstein steer production, it is imperative to consider 
that pen sizes or groups represent the.p~qper number of steers to 
fill a 50, 000 lb load as the industry s-tandard. Constantly 
escalating freight rates emphasize this necessity. Naturally, 
consideration should be given for suitable steer restraining and 
handling facilities. 

Successful management of growing Holstein steers must include 
maintenance of uniform groups. As during the pre-weaning phase, a 
certain number of steers are culled which do not maintain expected 
performance. Justification of culling is realized when we 
remember that Holsteins are fed for such long periods and it is 
imperative to have uniform groups because of this. For example, 
500-600 lb Holstein steers transferred to a feed yard will average 
235 days on feed. If 10% of the pen is marketed 45 days later 
than the balance of the pen, the feed lot must absorb the empty 
pen space on 90% of the cattle for 45 days. Field ob$ervations 
have shown that typical culling rates at each phase of production 
are approximately 10% at weaning; 5% at 300 lbs and, between 3 and 
5% at 600 lbs. Another management consideration is to anticipa:te 
the availability of abuller" pens to alleviate excess ri¢ing ... 
Holstein steers exhibit higher riding (buller) rates than:· English 
breeds. These steers may be fed separately in the larger feedlot 
operation in buller pens with adequate performance. Suspicion of 
increased bulling is 'indicative of improper implantation technique 
(Rains, 1991 Personal Communication) • • 

\ 

Many successful systems in the field are utilizing self-feeders._~ 
that require less time, labor, facilities and equipment than ' 
feeding total mixed diets. A 2-3 ton capacity 12 ft. feeder, for 
example, would be adequate for a pen of up to 80 calves. Often 
these systems also provide rack~ for long hay to off set potential 
digestive problems. The alternative feeding system would be daily 
provision of total mixed diets. ·Advantages for this system would 
include: greater control of ionophore level, greater ability to 
measure group pen intake swings, ability to integrate by-product 

. and/or higher moisture feedstuffs, ability to utilize roughage 
more effectively, ability to change diets immediately with drastic 
weather patterns, and greater ability to notice sick animals. 

Influence of Diets Fed to Light Feeder Holstein Steers on 
Performance Parameters 

Selection of feeding programs for light feeder Holstein steers are 
based on feeds available, market price fluctuations and 
formulation of diets that maximize dry matter intake. Plegge et 
al. (1984) summarized a data base involving over 14,000 head of 
cattle in University of Minnesota feedlot trials and found that 
Holstein steers consumed 7% more dry matter than beef steers. 
They also· observed that implanted cattle consumed 8% more feed 
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th~n those non-implanted. Cattle fed ionophores enhanced feed 
efficiency by 5%. Work by Goodrich et al. (1984) indicated that 
the effects of implants and ionophores on cattle performance are 
c·umulative. An understanding of the impa_st __ of environmental 
factors on performance of Holstein steers can be integrated with 
the knowledge of nutritional factors to reduce the risk in feeding 
Holsteins that is directly under the producer's control (Fox and 
Traxler,, 1991). Work by Rayburn and Fox (1990) established a 
computer program to predict performance of Holstein steers under a 
variety of conditions. Examples included a reduction in daily 
gain and feed efficiency due to the following: diets processed 
too finely, heat or cold stress, wet conditions with or without a 
significant wind speed, and the effect of age, body weight and 
flesh condition. Factors that influence environmental stress 
should be minimized as Holstein steers appear to be more sensitive 
to environmental conditions than most beef breeds (Fox and 
Traxler, 1991). 

Performance on Complete Diets 

The efficient performance of male Holstein calves weaned at 28 
days and fed high energy starter diets has been established 
(Anderson et al., 1987; Chester-Jones et al., 1990 and 1991d). 
Attainable production goals from weaning to feeder weigh't.· between~ 
300 and 400 lb body weight based on a summary of research results 
at the Southern Experiment Station (Table 1) include: average dry 
feed intake of 7.5 lb, average daily gain of 2.4 lb and feed/gain 
of 3.1 lb. The better steer performances have occurred witm 
either a whole corn diet fed 3:1 with a pelleted protein _ 
supplement (28% CP, Table 2), or a complete coarse mixture of~ 
rolled corn, 10% ground alfalfa with soybean meal (SBM), extruded 
soybeans with or without urea as supplemental N sources. The 
self-feeding of whole corn and pelleted diets to feeder Holsteins 
has been heavily promoted in the midwest farmer-feeder cattle lots 
with much success. Present evaluation of successful light feeder 
Holstein production systems indicate that the availability of a 
source of long hay (0.25 to 2 lb/steer daily) alleviates potential 
digestive problems that may result from inconsistent feed intake 
from self-fed whole corn/pellet systems. The implementation of a 
whole corn/pellet based program from weaning would require a 
transition period from the textured starter to whole corn and 
pellet program. Observations by Vermeire (1991) suggest that 
inclusion of a similar pellet for the grower supplement to that 
used in the textured starter diet reduces stress on the calf 
during this feed transition period. 

Supplemental Protein Sources and Level 

Attempts to improve the quality of available protein to the 
growing Holstein feeder steer fed high energy diets has met with 
mixed results. Miller et al., (1986) fed diets containing higher 
ruminal bypass sources (dried distillers grains, meat meal and 
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formaldehyde-treated soybean meal} to calves from 94 to 400 lb. 
Diets included corn and 10% ground alfalfa. Higher rwninal bypass 
sources had no advantage over SBM based diets·. Work by Chester
Jones et al. (1990) indicated that ext~ud_§!jl.soybeans with or 
without urea were as effective as SBM as supplemental N sources 
for growing Holstein steers to 400 lb. These sources were 
superior· to supplemental urea or raw soybeans. Performance 
differences observed during the grower phase of this study were 
maintained throughout to market weight, which emphasizes the 
importance of optimum growth for light feeder Holstein steers. 
The choice of supplemental N-source for high energy Holstein-beef 
diets should be based on both economics and nutritional benefits. 
Plant protein sources are preferable for the growing steer 
although young calves can utilize urea quite effectively (Miller 
et al., 1986). Comparison of a higher ruminal bypass supplemental 
N source (feathermeal) with or without urea did not enhance 
performance of Holstein steers from 450 to 870 lb compared to urea 
alone when incorporated into high energy diets that contained 12% 
corn silage (DM basis) with a full.feed of whole or rolled corn · 
fed with 3 lb supplement/steer daily (Chester-Jones et al. 1991d). 
Feeding a full feed of whole corn with a protein supplement (4 
lb/steer daily} did not indicate any performance benefits from 362 
lb to 1040 lb market weight when the supplement containeg SBM feQ 
in combination with f eathermeal or urea vs meat and bone meal 
(Perry, 1990). Although in that study the steers fed 
SBM:feathermeal supplement gained 7% faster than steers fed the· 
other diets. This author did note that 6% of the steers died 
from chronic bloat probl~ms during the feeding period, the ~ 
majority of losses occurring within the first 3 to 4 weeks on.. 
feed. Studies by Fox and Ketchen (1991) compared brewers grain§ 
to SBM as supplemencal N-sources in diets based on corn silage or 
high moisture corn fed to Holstein steers from 200 to 700 lb 
(Table 3). In that work, steers responded to the quantity of 
protein fed in the corn silage based diets but not the.high 
moisture ear corn based diets. 

Increasing the protein level from 13 to 17% in complete non
pelleted diets containing 20% ground alfalfa hay, rolled corn and 

-SBM fed to Holstein steers up to 400 lb resulted in a linear 
increase for ADG and feed efficiency as protein level increased 
(Miller et al. 1986). When these steers were fed a common growing 
diet an inverse relationship with previous protein level fed wa~ 
observed (Table 4) . This compensatory gain after underfeeding of 
protein was exemplified in a study by Abdalla et al. (1990) with 
Holstein steers fed from 220 lb to market weight. In that study, 
the efficiency of gain was always higher for the compensating 
calves. This compensatory gain affect allows for some flexibility 
in feeding programs. Typically a constant protein percentage is 
fed during the growing period. Reduction of feed costs may result 
if more precise feeding of protein is implemented. In a recent 
study by Chester-Jones et al. (1991b) protein levels were adjusted 
biweekly to 85, 100 or 115% of predicted NRC (1984) requirements 
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in diets of rolled corn and pelleted supplement fed from 130 to 
440 lbJ No differences in DMI or ADG were observed, although F/G 
was lower for the 115 vs 100% NRC diet (Table 1). 

__ _.;.::_. ... -

By-product Feeds in High Energy Diets 

By-product feeds can be utilized as partial dietary energy and/or 
protein replacement for corn and SBM in high energy grower diets 
for Holstein steers if a complete compositional analysis and 
economic evaluation of these feeds are assessed before developing 
formulations. Dicostanzo et al. (1990) observed that replacing 
corn and SBM with 21 or 44% corn gluten feed (CGF) tended to 
increase DMI and ADG but decrease feed efficiency compared to 
calves fed 0% CFG (Table 1). The energy value of CGF was 
calculated to be 91% that of corn from this study. Replacing corn 
with 15 or 30% beet pulp (BP) in grower diets containing 10% 
alfalfa pellets and SBM from 118 to 340 lb indicated a reduction 
in ADG when 30% BP was fed but not at the 15% BP level (Table 1). 
Similar diets fed to 700 lb showed an overall linear decrease in 
performance with increasing BP levels (Table 5) due possibly to 
the increase in acetate production with BP level (Chester-Jones et 
al. 1991e). Beet pulp was as effective as corn for microbial 
protein synthesis in an in vitro continuous culture evaluation of 
the diets fed during the in vivo study. It is interest"ing to note 
that ionophores were not used in this study, although the steers 
were implanted. 

Evaluation of Programs from 300 to 600 lbs 
~. 

Utilization of high energy diets ( .-60 to .62 Meals NEg/lb) fr.om 
weaning to between 600 and 700 lb with a 10% minimum roughage base 

- should result in cumulative ADG approaching 3 lb and F/G of 
between 3 and 4 lb, DM basis. There is a concern that continued 
feeding of high concentrate diets throughout the growing-finishing 
periods, especially through a self feeding system, result in a 
"stall-out period" that cause less than desirable dry matter 
intakes. Schaefer et al. (1989b) also observed that long periods 
of concentrate feeding (from 250 lbs to finished market weight) 
may increase frequency of ulceration of rumen papillae which might 
result in increased liver abscesses. A two phase approach may 
result in a more predictable overall performance of light feeder 
Holsteins in the feedlot. 

Miller et al. (1986) found that steers offered 30% hay in starter 
diets performed better from 300-600 lb when fed all concentrate 
grower diets than those steers fed all concentrates through both 
periods (Table 6). In contrast steers offered high corn silage 
grower diets did not perform as well as those fed concentrate 
grower diets regardless of hay level fed in the starter period. 
This compensatory growth response due to concentrate feeding 
following a period of higher roughage levels was well illustrated 
in later work reported by Fox and Ketchen (1991). In that study 
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purchased Holstein calves were f~d a 90% concentrate diet to 20 
weeks of age (340 lb) then switched to 10, 30 or 50% alfalfa 
silage (17% CP) diets with whole corn and SBM with monensin 
supplement for 98 days, followed by a 9,0.%;..:;_9.oncentrate finishing 
diet to a common market weight ( 1150 lb-·approx.) . Steers were 
implanted with Ralgro at the beginning of the growing phase and 
Revalor at the initiation of the finishing phase. There were no 
significant differences in ADG, however, steers fed 30% alfalfa 
silage growing diets had improved feed efficiencies {Table 7). 
During the trial an overall 16% response in ADG and 12% response 
in F/G-were observed for steers implanted with the combination 
implant Revalor. These results offer flexible options for the 
selection of feeding programs from 300 to 600 lb. 

Recommendations from Miller et al. (1986) for growing-finishing 
programs based on performance, carcass· quality and input costs 
suggest that if plenty of corn silage is available a grower diet 
of 55 to 60% DM as corn silage and 40 to 45% ·corn and supplement'_ 
followed by a finishing diet containing 28.7% corn silage DM works 
well. Later work reported by Fox and Ketchen (1991) suggested 
high forage diets, (based on all corn silage or up to 50% alfalfa 
haylage) or pasture, can be fed up to 600 to 850 lb to Holstein 
steers that had received high grain starter diets from 20_,0-400 l~. 
if followed by a high concentrate finishing diet. These workers 
also noted that problems associated with long term feeding of high 
moisture corn (subacute acidosis) can be alleviated by feeding a 
high proportion of dry shelled corn in the later stages of the 
finishing feeding period. ~-

' When selectipg Holstein calves to utilize designed feeding 
programs in combination with implant strategies, recent work 
reported by Perry et al. (1991) suggest that the middle sized 
calves (frame .size 8 or the middle half of typical bull calf 
stature range) may be more suited to optimize feedlot performance 
and marketability to maintain economic efficiencies. Recent 
research has indicated that implanting strategies for growing 
Holstein steers can be modified to meet a market niche with a 
combination of implant types (Schaefer et al., 1989a; Chester
.Jones et al. 1991c; Fox and Ketchen, 1991; Perry et al. 1991 and 
Vermeire, 1991). 

Field Data Performance Observations, Marketing Options and 
Economic Evaluations 

The market niche for production of 300-350 lb light feeder 
Holstein steers has evolved to a sophisticated level in recent 
years. Profitability from this system can be maintained if light 
feeder steer market prices remain stable. The ability to purchase 
lower priced 1-2 week old calves is influenced by seasonal changes 
and demand for veal ·calves. Demand for young Holstein bull calves 
will continue to be strong and a drastic reduction in prices is 
not anticipated and thus it will be critical to optimize 
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performance of these light feeders to minimize overhead costs. 

An example of the potential of this first phase production system, 
100 to 350 lbs, generating a suitable-_profit base is exemplified 
from a summary of field studies involving five groups of 1-.2 week 
old calves (total of 852 head) . The calves were purchased through 
sale barn auctions, with a range of 95 to 111 lb, placed in crates 
for 8 weeks, then group fed for 58 days to attain a 350 lb feeder 
weight at approximately 17 weeks of age. These steer calves 
averaged 2.05 lb daily gain (range 1.9 to 2.2) and 2.45 lb F/G 
(range 2.27 to 2.56). Cost of gain averaged $58.74/100 lb. 
Average.investment/head was $310.67 (1990 prices) with a return on 
investment of 35.3%. Variable costs included: 
veterinarian/medical, $6/head (range $3.78 to $12.09); yardage 
total $35.83/hd ($3/wk in the crates and 25 cents/day in the 
feedlot); feed costs including milk replacer, $67.47/hd (corn@ 
$2.50/bushel; supplement at $200/ton and milk replacer at 
$1175/ton). The break even price in this example was 88 cents. 

Recent changes in the cattle industry have increased demand for 
500-600 lb feeder Holstein steers to be finished in large 
commercial feedlots. These operations are designed to feed 
500 lb cattle or heavier with fixed bunk space, bunk height, and 
pen size. Custom commercial feedyards generate income~'from 
yardage changes and selling feed. Holstein steers fulfill both 
objectives for income opportunities for commercial feedyards. 

These feedyards prefer to have cattle come into feedlots ~nd 
generate yardage for long periods. For example, 500 lb Holstein 
steers will generate yardage for 235 days compared to 120 daY.s for 
yearling cattle (770 lb). With low cattle numbers in the u.s'. and 
feedlots competing for cattle occupancy, Holstein steers are a 
desirable commodity from a yardage and start-up management 
standpoint. However, DMI must also be a predictable parameter in 
Holstein steers for commercial f eedyards and often many midwestern 
Holsteins have poor DMI when finished in commercial yards. 

This parameter is the biggest variable for economic projections 
for feedlot cattle (Owens, 1987). This author noted that the 
impact of DMI on f eedyard economics relates to rate of gain and 
time on feed, not efficiency of gain. In contrast, Peters (1991) 
reported on 10,484 Holsteins fed from 372 to 1155 lb under several 
feeding regimens. Data indicated that in long fed. (average 217 
days on feed) Holsteins, theimpact of increased DMI increased rate 
of gain and improved efficiency of gain. Based on current feedlot 
yardage and typical feedyard economics, increasing DMI by 1 lb, 
calculates to 6.1 cents per head daily and $16.90/head increased 
profits. Selection of Holstein steers fed a two-phase program to 
600 lb may enhance DMI potential in the commercial feedyard. The 
authors confirm that this regimen has been implemented. High 
energy fed light feeder Holstein steers (300-350 lb) have been 
a .52 to .54 Meal NEg/lb diet from 350 to 600 lb with adequate 
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growth and improvement of rumen environment and integrity. Steers 
are finished on high concentrate diets from 600 lb onwards. 
Additional advantages for a total mixed diet vs self feeding are 
indicated, as previously discussed. Field data utilizing a .54 ---Meal NEg/lb growing diet and a .64 Meal NEg/lb finishing diet has 
result'ed in superior overall performance to feeding a high 
concen-trate diet continuously, which is in agreement with Fox and 
Ketchen (1991). 

Feedlot Economics: Growing Program Effect on Total ,Performance 

Cormnon diets utilized in Midwest programs are shown in Table 8. 
The example cited includes performance parameters realized from 
closeouts comparing Holsteins fed total mixed diets or through 
self feeders (Peters, 1989). Real pe~formance from these two 
systems was' then projected, equating economic conditions. 
Economic parameters used are realistic although the projected 
market data is an estimate at $68/cwt. Yardage charge per day is 
less for self-fed cattle, the differential accounted for by 
increased labor and equipment associated with daily feeding of 
total mixed diets. Corn price was valued at $2.50/bushel. Diets 
were iso-nitrogenous and of similar energy values for finishing 
diets. The total mixed grower diet contained 53.75 Meal NEg/cwt 
vs 57.65 Meal NEg/cwt for the self-fed diets. v. 

Total mixed diets were based on corn/corn silage with addition of 
wet brewers grains, exemplifying the opportunities to utilize by
product feeds in production regimens. Cormnercial prices w~re 
applied to supplements which provided 275 mg monensin and 90~. mg1, 
tylan/steer daily. Similar DMI were used for formulating diet§. 
and target weights for transition onto finishing diets at 700 lbs. 
Feeding parameters are shown in Table 8. Animal performance is 
summarized in Table 9. Average DMI was .6% higher for the cattle 
fed the total mixed diets. Comparing this to past performance 
data indicated that Holsteins grown on a .54 Meal NEg/lb diet 

.•. consume an average of 0.85 lb more feed/day than those on 
continuous high concentrate systems. This was reflected in 
improved ADG and net energy efficiency in cattle fed total mixed 
diets. Economic inputs for each production system and economic 
analysis are summarized in Table 9. Interest on feed was included 
as an input which is often overlooked. In this example the self 
fed cattle lost $1.37/cwt compared to a profit of $6.35/cwt for 
cattle fed total mixed diets. Return on equity was also higher 
for the latter system (Table 9). Return on equity is often the 
more appropriate term to use when relating to money return for the 
rnidwestern farmer feeder. The term includes the typical scenario 
of the producer who only borrows the purchase cost of the cattle. 
Definitions of cattle return parameters are outlined in Table 10. 

The economic examples of Holstein steer production systems is 
presented to provide an opportunity to consider alternative to the 
self-feeder system by feeding total mixed diets that may reduce 
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the incidents of "Holstein stall-out". In addition, an economic 
opportunity is provided to the midwest farmer feeder to raise or 
"grow" Hol$tein steers to a weight that is "compatible" to the 
commercial feedlot. Utilization of home grown forages or low 
priced byproducts can also be considereci'for the total mixed diet. 
Field dat~ suggest that lqng fed Holstein steers can perform well 
when grown- on a combination of forage and concentrates. .It is 
the opinion of these authors that traditional beef cattle can 
seldom be "grown" in feedlot conditions (i.e., ADG >2 lb) and 
consequ~ntly yield optimal finishing performance. - Conversely, it 
is well known that Holsteins fed grower rations similar to those 
previously discussed can maximize gain during the growing period 
and still attain optimal feedlot performance. Thus, feedlot 
operators often observe that predictability of feeding light 
weight Holstein· calves to finish is more consistent than feeding 
light weight traditional beef cattle for the same period. 

SUMMARY 

An evaluation of the potential for feeding and managing light 
weight (weaning to 600 lb) growing Holstein steers has been 
presented. The discussion focused on the purchased Holstein bull 
calf that had been raised in crates to weaning. The calf 
population was defined with comments applicable to both""'.the 
specialized feedlot producer and dairy farmer feeder. Feeding and 
management options were highlighted to meet specific market 
niches. Opportunities for production of the 500-600 lb feeder 
steer were outlined in addition to the more established 30~-350 lb 
production systems. Discussion included evaluation of nutri.tional 
regimens based on both research studies and field data summaries. 
An economic projection was presented from field data. The .. 

-potential for establishing a network of light feeder production 
systems based on availability of uniform cattle groups in the 
upper Midwest was confirmed. 
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Table 1. Holstein steer performance at the Southern Experiment Station when fed various 
c?mplete diets from weaning at 4-5 wk up to 440 lb BW. 

Diet examples: Final BW Av. cp·-:.:.' :..:.:DMI ADG FLG 
lb %DM - - - - - - - - lb - - - - - - - -

1. 3 pt com:l pt 28% CP 
suppl. pellet 

Rolled com (RC) 405 14.4 7.19 2.321 3.11 
Whole com (WC) 425 14.4 7.50 2.46b 3.05 
RC switched to WC 421 14.4 7.59 2.42ab 3.14 

,. 
ti 
I: I 2. 4 pt com: 1 pt 25% CP pellet ·1 ! /, 

adjusted with com gluten 
Ii meal for protein %c 'I I: 85% NRC Protein level 430 15.1 8.10 2.39 3.391 

!I 100% NRC Protein level 440 16.8 8.14 2.47 3.301b 
115% NRC Protein level 426 18.8 7.46 2.36 3.16b 11 

I 
I 

3. Beet pulp (BP) for comd 
"" 

0% BP 341 15.2 6.781b 2.311 2.92 
.. 

15% BP 337 14.9 7.021 2.271 3.10 
30% BP 339 15.1 6.29b 2.05b 3.08 

• 4. Pelleted com gluten feed . 
\ (CGF) for com and SBMe " .. ';>.~ 

0% CGF 385 16.8 7.241 2.16 3.361 

21% CGF 400 16.6 7.9~b 2.27 3.521b 
44% CGF · 403 18.0 8.18b 2.31 3.54b 

5. Different N sources' 
Urea (U) 396 15.6 6.89 2.2oa 3.131 

SBM 392 14.9 6~97 2.40b 2.9lb 
Raw soybeans 396 15.2 6.34 2.131 2.97ab 
Extruded beans 394 14.9 6.78 2.38b 2.85b 
Extruded beans+ U 394 14.9 7.25 2.46b 2.90b 

ab 
Means in the same column within diet with unlike superscripts differ (P<.05). 
Diets adjusted biweekly for protein level based on NRC estimates (1984). 

d 
All diets included 12% alfalfa pellets, 10% SBM, .22% urea, DM basis, with varying 
levels of com and beet pulp. 
All diets included 26% rolled oats, DM basis, wfrh varying levels of com and SBM. 
All diets included 10% alfalfa hay, DM basis, with varying levels of rolled com and N 
sources. 



Table 2. Pelleted supplement fed with whole com from weaning to 425 lb at the Southern 
Experiment Station.1 

Ingredient 

Alfalfa meal 
Soybean meal ( 46.5% CP) 
Limestone 
Dicalcium phosphate 
Trace mineralized salt 
Vitamin premix2 

As Fed 
% 

48.00 
43.86 

3.76 
2.20 
2.00 

.18 

1 Fed at one part supplement to three parts com to supply 
14.4% CP, .73% Ca, .44% P; dry basis, in total diet. 

2 To supply 8036 IU vitamin A; 803 IU vitamin D; and 
28 IU vitamin E/lb pellet. 

~: 

Table 3. Postweaning performance of Holstein steers from 200 to 700 lb as influenced by 
dietary protein level and source•b 

Diet !YQe and supplemental protein source 
Com silage High moisture ear com 

Item Low CP: High CP: BGd Low CP: High CP: BGd 

Initial wt, lb 194 199 197 197 200 196 
Final wt, lb 652 711 679 704 696 681 
Daily gain, lb 2.70 3.05 2.88 3.02 2.95 2.89 
Feed/lb gain 1 lb DM 4.00 4.11 3.92 4.05 4.04 4.18 

a Adapted from Fox and Ketchen (1991 ). 
b Purchased bull calves from auction barns (85-105 lb), weaned at 6 wk old, 

and fed a 90% concentrate starter diet to 8 wks. From 8-12 wk starter 
was gradually replaced by com silage or high moisture ear com+ 
protein/mineral suppl. 

c Low CP diets averaged 13.2% (adjusted from 16 to 10.5%) with com silage 
and 13.8% (adjusted from 17 to 10%) with ear com diets; high CP diets 
averaged 15.2% (adjusted from 19 to 12%), with com silage and 17.4% 
(adjusted from 23 to 12%) with ear com diets. SBM was the source of 
supplemental protein with these diets. 

d BG = Brewers grains fed at levels to attain similar CP content to that 
of the high CP diets. 
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Table 4. · Influence of starter protein level on Holstein steer grower performance when fed a 
common diet. 

Protein %, DM basis~fed in starter period 
Parameter 13.1 15.1 17.2 

Init. wt, lb · 
Final wt, lb 
DOF 
ADG, lbc 
FIG, lb DMC 

381 
686 
103 
2.96 
4.70 

• Adapted from Miller et al. (1986). 

388 
685 
106 
2.80 
4.76 

b Grower Diet; 4 pt com silage to 1 pt com, as fed, plus 1 lb 
urea based supplement/steer daily. 

c Linear effect to starter period protein level (P<.05). 

394 
684 
108 
2.69 
5.00 

/ 

Table 5. Postweaning performance of Holstein steers to 700 lb BW when fed different levels 
of beet pulp with soybean meal as main supplementary N source• 

Item 0 15 30 ii> 

Initial age of steersd 38 39 38 
Initial wt, lbc 117 120 118 
Final wt, lbd 703 695 703 
Days on feed 211 215 231 
Daily gain, lbr 2.78 2.67 2.53 
Daily feed intake, lb DMe 10.69 11.64 . 10.82 
Feed/lb gain, lb DM' 3.85 4.36 4.28 

a Adapted from Chester-Jones et al. (1991e). 
b All diets contained 12% alfalfa pellets, 10% soybean meal, .23% urea and 

rolled com averaging 15% CP; no ionophores were included; steers were 
implanted with Ralgro at weaning and every 77 days. 

c BW adjusted for 4% shrinkage. 
d Weight taken after withholding feed and water 16 h. 
e Quadratic effect of beet pulp level (P<.05). 
r Linear effect of beet pulp level (P<.05). 
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Table 6. Holstein steer performance from 300-600 lb as affected by starter and grower diets•. 

Starterb All-cone 15% Hay 30% Hay 
-·-

Gr6wer All-cone S+C All-cone S+C All-cone S+C 

Init. wt, lb 313 313 317 330 321 
Final wt, lb 575 595 589 605 613 
DOF 116 135 116 131 114 
ADG, lbd 2.30 2.09 2.38 2.09 2.57 
FIG, lb DMC 4.86 5.47 4.60 5.51 4.41 

a Adapted from Miller et al. (1986) 
b Starter diets; all-cone: 79.6% com, 17.6% SBM; 15 or 30% ground hay substituted 

partially for com and SBM. 

321 
580 
120 
2.18 
5.37 

c Grower diets; all-cone: full-feed cracked com plus 1 lb urea based suppl. (50% CP) per 
steer daily; S+C: 6 pt com silage to 1 pt com, as fed, plus 1 lb urea based suppl. 

d Starter effect; 30% hay>all cone or 15% hay (P<.01) Grower effect; all cone vs S+C 
(P<.01). ~ 
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Table 7. Holstein steer performance when fed 90% concentrate starter and finishing diets · 

with different alfalfa silage levels in the grower period with or without implants•b . 

Item 
I. 

Init. wt., lb 
Days on feed 
Final wt, lb 
Daily· gain, lb 
Feed/lb gain, lb DM 

Final wt, lbd 
Daily gain, lb 
Feed/lb gain, lb DM 

Daily gain, lb 
Feed/lb gain, lb DM 

Alfalfa silage %, DM- oasis 
50 30 10 

Implant 
With Without 

- - - - - - - - - - - - - grower period - - - - - - - - - - - . 
345 .-343 - 340 342 342 

98 98 98 98 98 
592 614 639 626c 603 
2.52 2.77 3.05 2.9oc 2.66 
5.09 4.72 4.45 4.55c 4.95 

- - - - - - - - - - - - - finishing period - - - - - - - - - - -
1143 1134 1155 1126 1162 
2.89 2.95 2.62 3.05c 2.58 
6.83 6.47 7.77 6.40c 7.24 · 

- - - - - - - - - grower and finishing period - - - - - - - -
2.75 2.79 2.80 2.98c ~~ 2.57 ~ 

6.22 5.87 6.02 5.70c 6.37 

a Adapted from Fox and Ketchen (1991). •· 
b Steers fed 90% com concentrate diet to 20 wk of age; switched to alfalfa silage:, . 

(17% CP) diets with whole com, SBM and rumensin suppl. for 98 days "-.~~ 
(implanted with Ralgro at switch); fed 90% concentrate + 10% alfalfa finishing 
diet (implanted with Revalor after grower period). 

c Implant effect (P<.05). 
d Adjustect to common dressing percentage (60.4); overall average of 78% choice. 

'; 
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Table 8. Diet composition and feeding parameter examples of different Holstein production 
systems from 350 lb to market 

Production System 
Self Feeders Total Mixed Diets 

Item Grower Transition Finisher Grower Transition Finisher 
- - - - - - - - - - - - - - - - - % DM - - - - - - - - - - - - - - - ~ - - -

Com silage 32.59 6.28 4.5 
Dry com 76.00 85.94 88.75 36.78 63.58 74.00 
Chopped hay 10.00 10.00 5.00 
Grower pellets• 24.00 14.06 . 5.63 5.14 
Finisher pelletsb 11.25 4.50 
Wet brewers gr. 15.00 15.00 12.00 

- - - - - - Self Feeders - - - - - - - - - Total mixed diets - - -
Days:wt, lbs, & diets fed 

Grower 
Transition 
Finisher 

Cost of diet/ton DM, $c 
Grower 
Transition 
Finisher 

100:655 
14:698 
170:1154 

149.17 
130.89 
124.47 

a Grower pellet, commercial 34% CP base. 
b -Finisher pellet, commercial 42% CP base (32% of this from urea) 
c Current prices. 
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Table 9. Perlormance and economic summary of different Holstein production systems from 
350 lb to market. 

Item 

Performance 
Initial wt, lb 
Final wt, lb 
Days fed 
Daily gain, lb 
Feed/gain, lb DM 
Daily DM intake, lb 

Cost input: 
·Purchase cost @$100/cwt 
Y ardage/hd daily 

. Vet and medica]/hd 
Death loss @ 3.5% 
Interest - cattle @ 11 % 
Interest - feed @ 6% 
Feed 

Total cost input 

Projected return: 
Cost of gain/cwt, $ 
Annual return on assets, % 
Annual return on equity, % 

@$.20 

"":.o' ·PY:O<luction system 
Self feeders Total mixed diet 

350 
1154 
284 
2.83 
5.96 

16.89 

350 
1155 
267 
3.02 
5.88 

17.73 

- - - - - - Total/head, $ - - - - - -
350.00 350.00 
56.80 @ $.25 66.25 
20.00 2QOO 
12.25 12.25 
30.37 28.55 . 
14.98 10.00 

316.44 224.23 

.. 

800.84 712.28 • 
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Table 10. Definitions of cattle return parameters• 

1. Return on Assets (ROA) 

(Income+ Interest)/(Purchase Cost+ Yardage+ Vet+ Feed Cost) X 365/Days 
on Feed X 100. 

This calculation reflects total annualized return (including interest cost) against 
the actual costs, or assets, of the pen of cattle. 

2. Return on Equity (ROE) 

Gncome/(Yardage +Vet+ Feed Cost) X 365/Days on Feed X 100 

a This calculation shows the producers annualized return on his equity which is defined 
to include the vast majority of feedlots where the producer borrows the purchase cost 
of the cattle from the bank and the remaining costs of yardage, vet, and feed are paid 
out of pocket by the producer. 
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PROTEIN REQUIREMENTS OF HIGH PERFORMANCE FEEDLOT CATTLE 

PETER T. ANDERSON and BRADLEY J. JOHNSON 
DEPARTMENT OF ANIMAL SCIENCE 

UNIVERSITY OF MINNESOT~ 1 __ _?T. PAUL 

INTRODUCTION 

Recent changes in the industry may af feet protein nutrition of 
feedlot cattle. The industry standard is changing from a heavy, 
backgrounded yearling British breed steer, to a calf, containing 
50% exotic blood, placed directly in the feedlot after weaning. In 
some cases, genetic merit of the cattle, increased energy density 
of the diet, and androgenic/estrogenic implant combinations allow 
previously unattainable growth rates. Composition of growth has 1 

changed as well, each unit of liveweight gain includes more protein 
than previously, especially in rapidly growing steers. Steers 
gaining 1.5 kg/d or more in 1991 may be vastly different than the 
steers that NRC ( 1984) protein requirements were based on and 
designed for. These high growth, or high lean growth cattle are 
well outside the range of cattle· used in the data sets that NRC 
(1984) requirements are based on. This does not mean that NRC 
(1984) is incorrect for industry average cattle. A majority of • 
cattle on feed are within a range for which NRC ·(1984) is· 
appropriate. However, the presence of higher performing cattle, 
along with a general attitude in the industry that NRC (1984) 
underestimates protein needs, imply that reevaluating protein 
nutrition may be appropriate for some cattle. ~ 

FACTORS AFFECTING PROTEIN REQUIREMENTS 

NRC (1984) utilizes the factorial approach to calculation of 
protein requirements as follows: 

CP = (F + U + S + G + C + M)/(D * BV *CE) 

Where: CP = crude protein requirement 
F = metabolic fecal loss 
U = endogenous urinary loss 
S = scurf loss 
G = tissue deposition 
C = fetal growth 
M = milk produced 
D = true protein digestibility 

BV = biological value 
CE = ruminal protein efficiency 

CE is assumed to be 100%, D and BV are set at 90% and 66%, 
respectively. Fetal growth and milk production are zero in feedlot 
cattle, so the equation can be practically shortened to: 

CP = (F + U + S + G)/.594 
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For calculation, NRC (1984) values are: 

CP = (33.44g/kg ·DMI)+(2.75 WT 0
·
5 )+(.2 WT0

·
6 )+(ADG*(268-(29.4*NEg, 

Mcal/kg)))/.594 

NRC assigns DMI, ADG and NEg (energy- deposition) based on sex 
condition (bull, steer or heifer), age (calves or yearlings), frame 
size (medium or large) and previous nutritional status 
(compensating or not). NRC (1984) requirements assume use of an 
estrogenic implant. For purposes of this discussion, two key 
assumptions will be made. First, since U and S are functions of 
weight, differences between protein requirements of rapidly growing 
cattle and typical cattle of the same weight, are assumed to be 
almost entirely due to differing tissue protein deposition (G), 
except for differences in F, which is a function of intake. 

The premise here is that composition of gain affects protein 
requirements and that variables in addition to age, frame size and 
compensatory status are required to accurately predict composition 
of gain in some cases. Frame score, muscle score, and more 
specific description of anabolic implant status will be suggested. 
Only high energy, highly digestible diets will be considered, thus 
D should remain relatively constant across diets. Differences in 
BV will be discussed when appropriate and possible, . but BV is:'.! 
poorly understood in feedlot cattle. · ~ 

The second key assumption is that differences in non-carcass 
protein deposition will parallel differences in carcass protein 
deposition between cattle of varying genetic merit. The ~alidity 
of this assumption is not possible to determine with cur;.rently 
available data but the issue is important since some researc;:hers 
report carcass protein deposition and others report empty -·Body 
protein deposition, making comparisons difficult. NRC (1984) uses 
empty body protein deposition in computation of requirements. For 
this paper, carcass protein deposition will be assumed to comprise 
70% of empty body protein deposition (Carstens et al., 1991,; 
Williams et al., 1987) . Use of any single value increases the 
potential for error since metabolic modifiers such as somatotropin 
(Early et al., 1990) and trenbolone acetate (TBA) (Wood et al., 
1986) increase the proportion of noncarcass protein deposition. 

RATE AND COMPOSITION OF GAIN OF FEEDLOT CATTLE 

Tissue protein deposition is the largest contributor to protein 
needs of growing cattle. Because of changes in genetics, hormonal 
growth implants, and diets and management, composition of carcass 
gain has changed greatly in the past decade. These changes may not 
have been anticipated by NRC ( 1984), since necessary data were 
unavailable. Byers (1979) stated that as rate of gain of steers 
exceeded 1. 0 kg/d, subsequent increases in the rate of tissue 
deposition were entirely due to increased fat deposition. 
Theoretically, weight gain in excess of 1.0 kg/d should require 
little or no dietary protein to support. While the 1.0 kg/d value 
may represent a portion of the current cattle population, a 
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substantial number, of cattle have potential for tissue protein 
deposition in excess of that observed by Byers (1979). Indeed, 
there are examples of this (Anderson et al., 1988 a,b). 

Within and among breed changes. The indu~J;_ry typical steer has 
shifted to include exotic breeding. For example, there are 488% as 
many registered Limousin bulls in commercial herds in 1991 as there 
were in 1981. Increased use of muscular breeds has resulted in 
cattle that are leaner and have greater ability to deposit carcass 
protein, although liveweight gain of these cattle is not always 
superior. 

Distinct changes have also occurred within the British breeds. 
Research at Michigan State University and the U.S. Meat Animal 
Research Center has compared "modern 11 or 11 current 11 Hereford and 
Angus sires to "traditional 11 sires of one or two decades ago. 
Sires representing the current population of these breeds sire 
faster growing, leaner offspring than historical sires. Thus, at 
any given weight, steers representing the present population will 
be .leaner than historic cattle of similar size and any unit of 
liveweight gain will include a greater portion of lean. 

Implants and other carcass modifiers. As described in Figure 1 4 
implants increase performance by enhancing lean tissue depo"sition. 
While NRC ( 1984) assumes use of estrogenic implants, no dif fefrences 
between estrogenic implants are considered, nor are additional 
effects of TBA, since TBA was approved in 1987. Use of TBA in 
combination with estrogen (TBA+E) · allows realization of rates· of 
weight gain, and particularly protein deposition, that ~ere 
previously unattainable (for example, see Table 1). As described 
by Anderson (1991), use of TBA+E increases growth approximately J,.0%,~ 
above estrogen alone, with increased carcass protein (and 
noncarcass protein to some extent) accounting for the difference. 
Approximately 40% of all feedlot steers are implanted with TBA+E. 

Since increased weight gain would be accompanied by increased feed 
intake as well as a greater published requirement to support the 
resultant rate of growth, presence of TBA does not, per se, 
invalidate published requirements. However, implants increase the 
proportion of lean in gain, even when rate of gain is held constant 
(Lemieux et al., 1990). While addition of TBA to implant programs 
results in minor increases in feed intake, compared to estrogen 
implanted cattle (Anderson, 1991), carcass protein deposition is 
enhanced to a greater extent. 

Dietary/management changes. Substantial nutritional and management 
differences characterize cattle feeding in 1991 compared to 
previous decades including increased dietary energy density, leaner 
carcass endpoints, and increased feeding of calves instead of 
yearlings. Each of these could affect feedlot protein nutrition. 

Diets containing 1.48 or 1.50 Meal NEg/kg have become common in the 
industry with some feedlo.ts experimenting with diets as high as 
1.54. For the most part, these increases in dietary energy have 
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been independent of changes in concentration of other nutrients. 
As Campbell (1988) has -described, either protein or energy 
consumption can limit protein deposition, through separate and 
independent mechanisms. The classic work of Black and Griffiths 
(1975; Figure 2) describes that as ene};.:gy intake increases, the 
dietary N level that will produce max-imum N retention increases. 
The inverse is certainly true as well, increased dietary energy 
density may result in N content of the diet limiting protein 
deposition. Increased energy density of feedlot diets often has 
been accompanied by little or no change in protein content. 
Dietary energy may have increased to a point that protein has 
become the limiting nutrient in some cases. 

Responding to demands for leaner meat products and improved 
efficiency, industry average carcasses have become somewhat leaner. 
This has been accomplished without decreasing carcass weight, 
suggesting that the ability of the cattle to deposit muscle has 

·increased and that muscle comprises a greater portion of weight 
·gain. Feeding calves instead of yearlings results in much the same 
compositional change as the leaner carcass endpoints. In- addition, 
calves consume less feed than yearlings of comparable weight (NRC, 
1984; Hicks et al., 1990). While NRC (1984) recognizes differences 
between calves and yearlings, feedlots may not have adequately 
incorporated these differences. ~ 

The net effect of these changes in diet, management, genetics and 
implants has been to increase the diversity of the cattle 
population and potential for performance. As a result, cattle 
often perform at rates not predicted by NRC (1984). Addit.3J.onally, 
differences in composition of gain suggest that rate of gain alone 
is insufficient to describe differences among cattle. ~ 

CALCULATED EFFECTS OF ALTERED COMPOSITION OF GAIN ON PROTEIN 
UTILIZATION 

For this discussion, protein nutrition of three example steers will 
be considered. The steers will be designated "typical, " "high 
growth" and "high lean growth." Performance and composition values 
(Table 2) were arbitrarily chosen based on industry average figures 
and composition data of Anderson et al. (1988 a,b). Feed 
consumption and dietary protein content values are from NRC (1984)\ 

The high lean growth steer would deposit 171 g of carcass protein 
per day, 65 g (61%) more than the typical steer. While the high 
lean growth steer would consume 1.3 kg (15%) more feed, dietary 
protein content would be similar (10.15 vs 10.30). Thus, according 
to NRC (1984), increased feed consumption is sufficient to account 
for any difference in dietary protein needs and an 18% increase in 
protein consumption can allow a 61% increase in protein deposition. 

The high lean growth steer deposits 17.1% of his dietary protein 
intake as carcass protein, compared to 12.5% for the typical steer, 
a 36.8% improvement· in protein efficiency. In contrast, a high 
performance (50 kg milk/d) dairy cow is 15.2% more efficient than 
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, a typical (30 kg/d) cow (37 .1% protein efficiency vs 32 .2%; (NRC, 
1989) , because the high producing cow would consume 45% · more 
protein (4173 g/d vs 2886). The marginal efficiency of the high 
producing dairy cow is 48.2% ( (1550-930) I (4173-2886)), not 
particularly different from the margi_nal,, efficiency of the high 
performance steer, 43.0% ((171-106)/(999::-848)). 

Not all high growth cattle are particularly lean. Table 2 also 
describes a high growth steer with typical carcass composition. 
Although this steer would gain weight faster than the typical 
steer, due to greater intake, total, marginal or partial protein, 
efficiency would differ little from that of the typical steer. 
Because of similar size, weight and age, the high growth and high 
lean growth steer would have similar requirements according to NRC 
(1984), despite 29% greater protein deposition in the high lean 
growth steer. 

l 

Differences in protein efficiency are_ reduced slightly if empty' 
body protein deposition (143% of carcass protein deposition) is 
used in c~lculations. Nonetheless, conclusions are similar in this 
case. 

While cattle do not need to be undergoing ,compensatory growth to 
attain ADG rates of 1.59 kg/d, NRC protein requir~ments of 
compensating steers may be more appropriate to descrioe proteih 
needs of high performance cattle. If the high lean growth steer in 
the example is considered to be compensating, his requirement would 
increase to 1031 g of dietary protein, 10.9.% of the expected 9.45 
kg intake and 21. 5% greater than the typical example steer, a 
relatively modest increase. _ 

~ 

IS ESCAPE PROTEIN REQUIRED? 
~ -~~ 

Microbial protein is adequate to maintain moderate growth of 
typical feedlot cattle (Allison et al., 1982; Bergen et al., 1982) 
but microbial protein synthesis falls short of the recommended 
levels in most cases. While any typical feedlot diet includes some 
protein that will not be degraded in the rumen, high growth or high 
lean growth cattle may require a fraction of their protein supply 
in highly undegradable form. 

Use of metabolic modifiers provides opportunities to study\ 
metabolism of food producing animals and many mimic genetically 
superior animals. Increased dietary crude protein or lysine 
increased the response of growing pigs to the beta-adrenergic 
agonist ractopamine (Anderson et al., 1987) and to somatotropin 
(Krick et al., 1990 a, b). Lactating dairy cows treated with 
somatotropin respond to increased dietary protein content or 
reduced protein degradability (McGuffey et al., 1988; Chalupa and 
Galligan, 1988). However, responses of somatotropin-treated dairy 

'cows to reduced protein degradability are inconsistent (Crooker et 
~a .. , 1983; Mcclean and Laarveld, 1988; Calsarniglia et al., 19 9 O) , 
erhaps in some studies protein needs were met by the control diet. 
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Anderson ·et al. ( 1989) showed no difference in performance of 
ractoparnine treated steers fed either 11 or 14% crude protein diet 
although steers fed both levels responded to ractopamine. The 
level of undegradable protein was held constant between the two 
dietary treatments. Thus, ractopam~I)_e treatment may have improved 
the efficiency of amino acid deposition such that levels exceeding 
11% were useless for improving protein accretion. Alternatively, 
microbial protein synthesis may have been maximized at the 11% 
level and the added urea from the 14% was useless for increasing 
rnicrol:::>ial protein synthesis. In support of the latter, NRC 
(1985) made recommendations for level of degradable protein in the 
diet (Table 3). NRC (1985) suggests that for various levels of 
intake and energy density the efficacy of urea changes. For 
example a typical :feedlot steer consuming 1.45 Meal NEg/kg DM at 
2.25% of its body weight will see no benefits from urea above 9.5% 
assuming a 30% escape protein in the diet. 

Research has shown benefits from feeding undegradable protein to 
lambs administered cimaterol (Beermann et al., 1986). Supp+emental 
fishmeal fed a,t 3% of the diet dry matter significantly l.mproved 
ADG during a 10 week feeding period. Likewise. the fishmeal 
supplement improved hot carcass weight, dressing percent, 
longissimus muscle area·and leg conformation score in lambs that 
.were not treated with cimaterol. The combination of cimaterol and 
fishmeal was not completely additive, however t'he combination 
resulted in up to a 13 % increase in individual muscle weights. 
Beermann et al. (1986) also found that long-term (10 wk) fishmeal 
feeding resulted in a threefold increase in muscle hypertrophy as 
compared to the short-term (5 wk) supplementation. • 

Newbold et al. (1986) reported that cattle implanted with~,~~9tradiol 
responded to differing levels of undegradable protein. Tnere was 
a positive, linear response of liveweight gain (LWG) to UDP 
concentration (19, 27, 35 or 45 g/kg DM). UDP inclusion had no 
ef feet on LWG of control animals. The authors suggested that 
currently recommended levels (ARC, 1980) of UDP should be increased 
for implanted steers. 

However, Dalke et al. (1991) have reported no response to protein 
sources differing in degradability in rapidly growing steers 
treated with somatotropin, although somatotropin increased growtra 
and muscling and reduced fatness of these steers.. ' 

Houseknecht et al. (1990) have applied novel means to evaluate the 
response of growing steers to somatotropin and increased 
postruminal amino acid supply. These authors infused casein (.9 
g/kg BW) or water into the abomasum of steers treated with 
somatotropin (200 ug/kg BW) or excipient. Nitrogen retention data 
of these steers are depicted in Figure 3. Both casein infusion and 
somatotropin treatment increased nitrogen retention (21 and 33%, 
respectively). Combined treatment with casein and somatotropin 
increased nitrogen retention by 75%. Beermann et al. (1991) 
observed almost identical results in growing sheep in response to 
somatotropin administration and postruminal casein infusion. Diets 
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in the study of Houseknecht et al. (1990) contained 115% of NRC 
(1984) metabolizable protein requirement. Boyd et al. (1991) 
concluded from these results that meeting, or even exceeding the 
requirement for· digestible protein does not ensure adequacy of 
indispensable amino acid supply. 

In a study examining the response of growing steers to supplemental 
fishmeal and hormonal growth promotants (Anderson and Johnston, 
unpublished results; Table 4), we observed a pattern of response 
similar to that of Houseknecht et al. (1990). In a 2x2 design, 
steers were implanted with estrogen or TBA+E and fed a control diet 
containing 11.5% crude protein or the same diet with 136 g/d of 
supplemental protein from fishmeal. Both fishmeal (5.6%) and TBA+E 
(9.8%) increased ADG, the combination of fishmeal and TBA+E 
increased ADG by 12.7%. 

Our data, along with those of Houseknecht et al. (1990) and 
Beermann et al. (1991), suggest that both somatotropin and 
trenbolbne acetate improve protein efficiency. For example, ,in our 
work, steers implanted with TBA+E and fed the control diet grew 
slightly faster than steers implanted with E, which consumed 161 
g/d more protein than the TBA+E steers. The explanation that this 
observation i~ trivial because protein needs of both groups were 
met is invalidated by the response of the TBA+E steers .J:hat were 
fed fishmeal. 

The basis for improved protein efficiency is unclear. It seems 
unlikely that somatotropin or TBA would affect D. Boyd et al. 
(1991) have suggested that somatotropin treatment improves~BV of 
absorbed protein in ruminants. If so, protein requirements could 
be easily recalculated using existing NRC ( 1984) equations, \.J:i~th 
increased values for BV. Studies have not been designed to 
elucidate the appropriate value for BV, or the circumstances in 
which BV of .66 is inappropriate. 

In the case of TBA, which increases protein deposition.by reducing 
degradation, rather than increasing synthesis, som.e have argued for 
reduced protein requirements. The theory is that since both 
protein synthesis and degradation are reduced, protein deposition 
can be supported with less consumption. We consider this 
possibility far-fetched at best. Amino acids are not irretrievably \ 
lost in the cycle of protein turnover. Thus, the rate at which 
turnover occurs should be unrelated to the protein requirement, 
which would be a function of rate of protein deposition (Reeds and 
Mersmann, 1991) . 

If we equate genetically superior cattle to animals that have 
received metabolic modifiers, two theoretical scenarios (Boyd et 
al., 1991) can be developed. If the rate of protein accretion 
increases but the efficiency of amino acid use is unaltered, the 
requirement for that amino acid would increase in direct proportion 
to the increase·in rate of protein accretion. Alternatively, if 
the heavy-muscled animal increases the efficiency of protein 
accretion via altering the efficiency of amino acid use then the 
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requirement would be proportionally less than is required for the 
typical animal although may still be increased in absolute terms. 
These possibilities are illustrated in Figure 4 and 5. Boyd et al. 
(1991) speculated that a 20-40% improvement in partial efficiency 
of protein accretion may not alte:r-_, the requirement. 

While somatotropin and the beta-adrenergic agonists provide models 
for l.ntellectual pursuit, impact of these products on agricultural 
production is still zero. On the other hand, TBA+E, which can 
elicit effects as great as somatotropin and beta-adrenergic 
agonists is widely used in the feedlot industry and would seem the 
greater research priority. 

PRACTICAL CONSIDERATIONS 

Protein/energy source interactions. When analyzing protein needs 
one must consider the grain source. A 450 kg steer consuming 11 kg 
of a 85% corn-based·concentrate diet will meet approximately 2/3 of 
its protein requirement (assuming a recommended level of 12. 5%) 
from the corn grain. One-half of the 8% crude protein supplied by 
the corn is escape (NRC, 1989). Approximately 1/3 of the 
recommended level will be escape protein from the corn. In 
comparison (Table 5) only 25% of the recommended level of crude 
protein is escape from the grain if barley is used instead of corn. 
This change in escape protein supported by the diet will change the 
efficacy of urea utilization in each of the different.diets. 

Another conside.ration is the value of the roughage as a source of 
protein. Re~ent speculation is that the fiber from tme roughage 
has no energy value due to the extremely low pH in the rumen of 
cattle on high concentrate diet and high rate of passage?~~If this 
is true, utilization of protein in roughage, especially· poorly 
soluble forage sources, may be minimal. Considering protein and 
including protein from forage may result in underfeeding protein. 

Tailoring protein to cattle type. If the premise is accepted that 
using weight, age, frame size, rate of gain and compensatory status\ 
to describe protein needs is inadequate, the obvious question is 
whe~her protein nutrition, either quantity or type, can be tailored 
to cattle type a~d performance. If so, what input variables are 
required to adequately describe cattle for calculation of protein 
requirements? 

Improved physical description of cattle would likely improve 
prediction of requirements. Frame score would be more specific 
than only large and medium classifications. A physical description 
of muscling would also likely improve prediction. 

If NEg accurately predicted the ADG of the high growth steer 
depicted in Table 2, growth of the high lean growth steer would 
have been underestimated, due to reduced energy content of gain. 
Perhaps failure of NEg to accurately predict gain would be an 
appropriate signal that composition differed from NRC (1984) 
assumed values, suggesting that protein needs may differ as well. 
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As an example, in a recent study (Anderson et al., 1991; Table 1), 
large framed, muscular yearling steers were implanted (TBA+E) or 
not implanted. Nonimplanted steers consumed 9. 9 kg DM/d and gained 
1.31 kg/d. TBA+E steers consumed 10.5 kg DM/d of the same diet and 
gained 2. 01 kg/d but had leaner, mo:r:.e~muscular carcasses than 
nonimplanted steers at similar slaughter weights. In this study, 
observed ADG/predicted = 102.1% for control steers but 147.8% for 
TBA+E steers. Thus, protein deposition of the TBA+E steers was 
vastly urtderpredicted by NRC (1984) NEg values. This error is c 
magnified.if TBA+E steers had greater maintenance requirements than 
nonimplanted steers (observed/predicted= 160.8% if NEro requirement 
is increased 25%). 

These steers were fed a diet containing 11. 5% protein. Both 
control and TBA+E steers consumed more protein than required 
according to NRC ( 1984), by approximately the same proportion 
(Table 1). However, carcass protein deposition efficiency (carcass 
protein deposition/protein available for gain) , was 68% greater for 
the TBA+E steers (23.8% vs 14.2). Thus, it is reasonable to 
question whether protein or energy was limiting in the TBA+E group. 

Inclusion of TBA use or nonuse seems to be required for accurate 
prediction of ADG. Foutz et al. (1990) reported that implantation 
with TBA resulted in observed NEg content of the diet qp much as 
13% greater than predicted in steers gaining approximately 1.45 • 
kg/d. In another study (Johnston and Anderson, unpublished data), 
NEg was an excellent predictor of ADG of steers growing in excess 
of published values (large frame steers, ADG = 1.8 kg/d). In this 
case, steers received less efficacious anabolic implants an~ were 
depositing carcass fat rapidly, as predicted by NRC ( 1984) . --~-

-"':~ 

Description of muscling may or may not improve prediction. In the 
work of Stanton et al. (1988), NEg predicted ADG of muscular steers 
more accurately than ADG of average steers (Table 6). These steers 
consumed diets containing 1.34 Meal NEg/kg and grew at relatively 
rapid rates (grand mean 1.49 kg/d). Perhaps genotype, endocrine ·\ 
manipulation, and dietary energy density and the interactions 
between these variables must be considered for accurate prediction 
of protein requirements. 

Requirements vs recommendations.- A calculated nutrient requirement 
based on factorial data should not be considered a feeding 
recommendation. Thonney (1987) summarized several individual 
feeding experiments which indicated that the standard error of a 
feed consumption mean is typically 10%. Thus, with all other items 
equal, dietary protein concentration should exceed the mean 
requirement by 20% in order to meet the needs of 97. 5% of the 
cattle within a group, based on differences in intake alone. 
Exceeding the recommended dietary concentration by 10% would meet 
the needs of 84% of the cattle in this example. 

When individual differences in weight, rate and composition of gain 
and appetite are included, it would seem that meeting the nutrient 
needs of all individual cattle within a group requires feeding at 
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a level well above published requirements. On the other hand, if 
differences among individuals within a group are related, i.e. 
those with the highest requirement also consume the most feed, 
perhaps formulating diets to meet average needs and allowing 
differences in consumption to provide__ for differences in 
requirements is sound. - --

The practical significance of this is that the common industry 
practice of feeding diets containing 1-2 percentage units more 
protein than NRC. ( 1984 i suggests, is likely a sound practice. 
Feeding to meet the needs -of those with the greatest requirement 
results in overfeeding of .a portion. This implies that recommended 
nutrient content of diets for uniform groups of cattle could be 
lower than for nonuniform groups, not because the individual 
requirements are lower but simply because variation in requirements 
within a pen is reduced. 

Percentage vs quantity. Protein requirements calculated with the 
factorial method are expressed in g/d. However, diets are 
typically formulated to contain a specified percentage of protein. 
This percentage is based on assumed levels of intake, but is 
typically not altered if observed intake differs from projected. 
Therefore if the quantity of protein is the true requirement, 
cattle may be over or underfed due to deviations from expected 
intake. Theoretically, if a diet is properly formulat€d, and if 
weight gain above expected is entirely comprised of fat, any feed 
provided in excess of anticipated intake need only contain 3.3% 
protein, since F would be the only protein need. 

SUMMARY 
' ' 

The current population includes some cattle that grow at rates far 
-in excess of the maximum predicted by NRC (1984); in particular, 
carcass protein deposition may exceed anticipated values. Protein 
requirements of these cattle are not known, nor are the effects of 
altered composition of gain. Crude protein requirements of high 
lean growth cattle can be estimated though extr~polation -of NRC 
( 1984) equations. For actual requirements of high lean growth 
cattle to equal estimated requirements, protein deposition 
efficiency must be improved dramatically. Use of metabolic 
modifiers improves protein deposition efficiency, superior genetics 
may produce the same result. If not, protein concentration of the 
diet may need to be increased in some cases. Research is limited 
but current practice of feeding 1-2 percentage units more protein 
than recommended by NRC (1984) seems warranted, although diet 
formulation based on quantity, rather than percentage of protein 
would be most efficient. Inclusion of slowly degraded protein 
sources has increased performance of cattle with high genetic 
merit, treated .with metabolic modifiers. Failure of Net Energy to 
accurately predict gain may be used as a signal that protein 
deposition, and potentially protein needs, are atypical. Inclusion 
of frame score, a description of muscling, and specific description 
of anabolic implant use may improve estimation of protein 
requirements. 
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TABLE 1. EFFECT OF TRENBOLONE ACETATE AND ESTRADIOL IMPLANTS ON 
PROTEIN UTILIZATION BY LARGE FRAME STEERS8 

Control TBA+E 

ADG, kg 1.31 2.01 
ADFI, kg 9.9 10.5 
FIG 7.6 5.2 
ADG observed/predicted, % 102.1 147.8 
ADG observed/predicted, %b 102.1 "\ 160.8 
Protein requirement, g/dc 998 1040 
Protein consumption, g/d 1139 1208 
Consumed/required, % 114.1 116.2 
Maintenance protein, g/dc 398 418 
Protein available for gain, g/d 741 790 
Carcass protein deposition, g/dd 105 188 
Gross protein efficiency, %e 9.2 15.6 
Protein deposition efficiency, %f 14.2 23.8 

a Anderson et al. (1991), crossbred exotic steers (400 kg) fed 69 (TBA+E) or 
103 (Control) days. 

b Calculated with 25% increase in NEm requirement for TBA+E steers. 
c NRC (1984). 
d Estimated. 
e Carcass protein deposition/protein consumption. 
r Carcass protein deposition/protein available for gain. 
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TABLE 2. COMPARISON OF COMPOSffiON OF GAIN AND PROTEIN UTILIZATION 
OF TYPICAL, HIGH GROWTII AND HIGH LEAN GROWTII STEERS: 
ESTIMATED VALUES -·-

High growth 
Typical Lean Typical 

Weight on feed, kg 250 272 272 
Slaughter weight, kg 522 568 568 
ADG, kg 1.27 1.59 1.59 
Days on feed I 214 186 186 
ADFI, k( 8.4 9.7 9.7 
CP intake, g/d8 848 999 999 
CP content of diet, % of DM8 10.15 10.30 10.30 

Dressing percentage 63 65 63 
Carcass weight, kg ,329 369 358 
Carcass protein content, % 14.5 16.0 14.5 
Carcass protein deposition, g/d 106 171 q3 

Protein depositi.on!mtake, % 12:5 17.7 13.3 
Marginal protein efficiency, %c 54.6 17.9 
CP req at 12.5% efficiency, g 848 368 1064 ilk 

Percentage of DM 10.15 14.25 10.97 -
~ 

CP req at 17 .1 % efficiency, g 620 999 777 \ 

Percentage of DM 7.38 10.30 8.01 

Maintenance CP req, g 342 388 388 
CP available for growth, g 506 611 611 
Partial protein efficiency, %d 20.9 28.0 21.8 

a NRC, 1984. 
b Crude protein. 
c Example: [(171 - 106) I (999 - 848)] x 100. 
d Carcass protein deposition/CP available for growth. 
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TABLE 3. UREA USEFULNESS WI1H VARIOUS RUMINAL DIGESTIONS OF 
QIETARY PROTEINa 

% escape protein in diet 
20 20 30 30 40 40 50 

Daily intake, % of BW 
NEg, Mca1/kg 2.0 2.25 2.0 2.25 2.0 2.25 2.0 

50 

2.25 

---------------- % dietary protein above which urea is useless -----------------

1.30 9.4 9.8 10.5 11.0 12.0 12.5 13.8 14.4 
1.42 8.3 8.7 9.3 9.7 10.6 11.0 12.2 12.7 
1.54 6.5 6.6 7.2 , 7.3 8.2 8.3 9.4 9.6 

,). 

a Adapted from NRC, 1985. 
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TABLE 4. EFFECTS OF IMPLANT STRATEGY AND SUPPLEMENTAL FISHMEAL 
ON FEEDLOT PERFORMANCEa 

!• 
Implantb E E TBA+E TBA+E 
Proteinc CTL +FM CTL +FM 

: ! 

Start wt, kg I : I 299.9 306.3 ' 306.4 303.6 
,I 

,1 
:I 

I Performance d 0-56 
;·! ENDWT, kg ' 381.8 395.6 403.3 400.2 I 

ADG, kg 1.46 1.59 1.73 1.73 
' ADFI, kg 7.8 8.2 7.8 8.3 
I Intake, % of BW 2.29 2.34 2.20 2.35 

FIG 5.34 5.15 4.52 4.79 
' I I 

' ' ! 
Performance d 57-189 i 

ADG,kg 1.14 1.18 1.18 1.21 
ADFI, kg 9.1 9.3 9.2 9.3 
Intake, % of BW 2.19 1.96 1.90 2_.04 
FIG 8.03 7.83 7.76 7.68 

Performance d 0-189 · 
ENDWT,kg 533.5 553.4 560.2 561.2 ii> 

ADG, kg 1.25 1.33 1.38 1.41 
ADFI, kg 8.7 8.9 8.7 9.0 ' \" .. ~-:;,. 
Intake, % of BW 2.09 2.08 2.01 2.07 
FIG . 6.95 6.74 6.34 6.35 
CP intake, g/d 1001 1164 1003 1167 

Carcass data 
Fat th, cm 1.01 1.24 1.22 1.27 
REA, cm2 78.7 79.4 81.9 80.6 
YG 2.66 2.98 2.87 2.98 
Marblingd 318 351 308 329 
Quality gradee 5.67 5.97 5.55 5.81 

a Anderson and Johnston, unpublished data. Crossbred steers fed 189 days, reimplanted 
on d 92. 

b E = Synovex, TBA+E = Synovex + Finaplix. 
c Control diet = 11.5% CP, +FM = 136 g of supplemental protein from fishmeal. 
d 300 =small 0, 400·= modest 0. 
e 5.0 =choice-, 6.0 = choice0 



TABLE 5. THE EFFECTS OF VARIOUS GRAIN SOURCES ON QUANTITY OF 
PROTEIN ESCAPING RUMEN FERMENTATION: ESTIMATED VALUESa 

Diet DM. intake, % 
Grain intake,kg 
Crude protein,% 
Total protein intake,g 
Crude protein, %DMI 
Escape -potential,% of CP 
Escape protein,% of CPI 

Com 

85 
9.35 

10 
935 

8.5 
50 
34 

Sorghum 

85 
9.35 

11 
1029 

9.35 
50 
37 

a Assume a 450 kg steer consuming 11 kg of a 12.5% CP diet. 
b Com = 42.5% of diet DM; Wheat = 42.5% of diet DM. 

Barley 

85 
9.35 

12 
1122 

10.1 
30 
24 

TABLE 6. -~ RATIO OF OBSERVED TO PREDICTED ADG OF 
MUS~AR OR AVERAGE STEERSa 

Days on feed 
84 

112 
140 

a Stanton,,,et al., 1988. 
b 1 =muscular, 2 =average. 

Muscle scoreb 
_1 i 

.98 .78 
1.04 .87 
1.12 .82 
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Corn/Wheatb 

85 
9.35 

10/13.5 
1099 

9.9 
50120 
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FEEDING FOOD INDUSTRY BY-PRODUCTS TO RUMINANTS 

Dr. Steven R. Rust 
Michigan State University 

Diversity' of agriculture in. the mldwe~t and proximity to 
manufacturers of human foods provides Minnesota and surrounding 
states a wide variety of by-product and non-typical feedstuffs for 
use in ruminant diets. In some instances, these feedstuffs can b~ 
economically used in beef, sheep, and dairy operations. However, 
many others are not worth the cost, labor'· and added facilities 
required. The purpose of this paper is to discuss the advantages 
and disadvantages of the by-product feeds commonly available in.the 
midwest. 

Three reasons exist for feeding non~typical or by-product feeds. 
From the food processors· standpoint, ruminants can be an 
alternative method of waste disposal for unwanted residue as 
compared to discharging in a landfill area. Processors contract 
with vendors to dispose of unwanted residues; who may contact 
livestock operations in an attempt to market these materials as 
ruminant feed. From the cattlemen's perspective, by-product feeds 
reduce ration costs and, thereby, increase profitability. Lastly, 
particularly for high producing dairy cows, non-typical feedsturffs 
are utilized to increase nutrient density. ~. 

The meat processing industry produces protein meals that are low in 
rumen degradability, and subsequently can be used to supply the 
absorbable protein deficit in high prod'l,lcing dairy cows. Likewise,. 
non-typical or by-product feedstuffs can be used to incr.ease. 
dietary energy content such as whole cottonseeds. The high lrP.id 
content of whole cottonseeds increases calorie density without a 
subsequent reduction in milk fat content. 

The primary reason for inclusion of non-typical or by-product feeds 
is to increase profitability by utilizing less expensive diets or 
increasing efficiency of existing dietary ingredients. The use of 
by-products should be matched to animal requirements for specific 
production goals. Some by-product feedstuffs are inappropriate in 

. diets for dairy cattle but can be used in diets fed to beef cows. 
Unfortunately, what appears to be an inexpensive feedstuff, may in 
reality increase ration costs on a dry matter basis or per nutrient 
basis. 

Several factors n~ed to be considered before purchase of a by
product or non-typical feedstuff. First, many by-product 
feedstuffs, especially fruit and vegetable wastes, contain high 
moisture levels and price evaluation must be performed on a dry 
matter basis. For instance, carrots offered at $10/ton delivered 
to your feedlot will contain approximately 88% water which 
translates into a cost of $83. 33 /ton of dry matter. Even though 
carrots are nutritious feed-stuffs, the amount of moisture present 
may limit their usefulness. Feeding high moisture by-products 
increases the amount of feed delivered to the bunk and management 
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i required to ensure fresh feed is available at all times. 
Consequently, f eedbunks may have to be larger and cleaned more 
frequently. 1 This will be especially important during the summer 
mont,hs. Generally by...,.products are delivered to the farm in truck 
load lots whi'ch requires adequate stor_qge and handling facilities. 
High moisture feedstuffs can deteriorate rapidly during warm 
weather which will reduce palatability and quality. High moisture 
by-product feedstuffs may require special handling facilities to 
minimize runoff. 

By-product or non-typical feedstuffs occasionally have excessive 
levels of certain minerals or may be contaminated with pesticides. 
For instance, corn gluten feed may contain high levels of sulfur 
which may induce Polioencephalo-malacia (PEM or "Polio") when fed 
in high proportions of the diet. The high sulfur content which 
results from chemicals added during the extraction procedure may 
decrease the availability of thiamine which results in FEM. 
Likewise, potato screenings and peels may contain excessive levels 
of sodium which will limit the effectiveness of monensin and reduce 
dry matter consumption when fed at high levels. In addition, 
certain by-products have low levels of calcium or high levels of 
phosphorus which may cause an imbalance in the calcium to 
phosphorus ratio. The minimum recommended relationship of calcium 
to phosphorus should be in excess of 1. 5 to 1. Dieta;:y phosphoru's 
levels in excess of calcium can cause urinary calculi,; Additional 
calcium will have to be added to diets containing high levels of 
corn gluten feed because of the high phosphorus level. 

Fruit and vegetable processing wastes may contain ~pesticide 
residues which can have adverse effects on cattle. P:r:.ocessing 
wastes which are suspect for high pesticide levels sho~uld be 
ensiled and tested before feeding or destroyed. Another safety 
concern is the potential for salmonellosis and. listeriosis. 
Salmonellosis may be contracted from fresh, unprocessed vegetable 
wastes and green chop forages. Documented case.s of salmonellosis 
have been reported as the result of feeding fresh green chop 
forages. Listeriosis occurs from feeding decomposing plant 
materials. Both of these diseases are of concern because of the 
potential health hazards from contaminated meat or milk. These 
safety concerns should not prevent the use of by-products in 
ruminant diets. However, appropriate management procedures should 
be initiated to minimize the potential hazards. 

Another concern with non-typical feedstuffs is the daily variation 
in nutritive content. This variation occurs between. batches from 
the same plant and also between plants. Variation in moisture 
content can alter the economic value of the feedstuff and 
palatability. The vendor or manufacturer should provide a minimum 
guarantee on moisture and nutritive content or sufficiently lower 
the price to accommodate the variation. Periodic documentation of 
the moisture and nutritive contents may be necessary to ensure the 
guarantee. These details can be negotiated for each vendor-client 
relationship. 
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I The decision. to purchase and feed by-product . and non-typical 

feedstuffs should be based on the relative value of feedstuffs
currently utilized. For most operations, these feedstuffs would be~ 
priced against' alfalfa, corn, and soybean meal. The nutritive· 
contents of many by-product and non-typical_~feedstuffs are shown in 
Table 1. Values in this table are av·erage values and may not 
represent all feedstuffs accurately. · If there is any doubt, 
nutrient analysis should be performed. Nutrient and mineral 
content can vary as well. In a recent survey conducted in Missouri 
of several proc.essing plants, coefficients of variation for ADF, 
NDF, ash, IVDMD, crude protein, fiber bound nitrogen (ADIN), 
starch, and fat analyses of five by-product feeds (corn gluten 
feed, dry distillers grain, rice hulls, soybean hulls, and whole 
soybeans) were 6.0, 4.7, 40.0, 1.7, 4.6, 30.5, 16.1, and 18.1%, 
respectively. The components with the greatest variation were 
energy (fat and , starch), mineral content (ash), and nitrogen 
availability (ADIN) . 

Beef Cattle and Sheep 

The values of various by-product or non-typical feeds in different 
types of ruminant diets are presented in Tables 2 and 3. Table 2 
presents calculated values (as-fed) for the various by-products 
based on corn silage priced at $18. 90/ton and soybean mea.l priced' 
at $200 or $265/ton. The comparisons in·Table 2 are based on the 
ratio of metabolizable energy values for the by-product feed and 
corn silage in growing diets for beef cattle and sheep. Monetary 
adjustments are made to correct for additional protein needed or 
saved. Notice the column heading "maximum recommended fe.eding 
levela. In very few instances can by-product feeds replace all of 
the corn silage in the diet without sever~ reductions ~iP 
performance. The column with the 8% crude protein heading·, 
provides a price comparison for the various feedstuffs based on the·, 
proportion of metabolizable energy content present in corn silage. 
Adjustments for crude protein content are not included in this 
column. Since many of the by-products contain crude protein values 
that are different from that of corn silage and because of the 
added expense of supplemental protein (generally soybean meal), 
adjustments for crude protein deficit or excess were performed. 

_The value of the non-typical feedstuffs will also be influenced by 
the different supplemental protein costs and crude protein levels 
in the diet. Cost per unit of crude protein of $3/% unit, $4.5/% 
unit, and $6/% unit are equivalent to the following soybean meal 
and urea prices: 50% of the crude protein from urea ($180/ton) and 
50% from soybean meal ($200/ton); 100% soybean meal ($200/ton); and 
100% soybean meal ($265/ton), respectively. The cost per 
percentage unit_ of crude protein is calculated by dividing the 
price of the protein source by its protein content. For example, 
soybean meal (44% CP) priced at $200/ton would have a cost per 
percentage unit of crude protein of $4.54 ($200/44%). Two dietary 
protein levels (11 and 13%) are presented under each cost per unit 
of crude protein heading. To fully understand the table, consider 
apple pomace. The maximum recommended feeding level is 25% of the 
ration dry matter. It has 80% of the ME value of corn silage and, 
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'i on an ME basis; is worth $17.33/ton (as-fed) when corn silage is 
worth $18.90/ton: Since apple pomace has less crude protein than 
corn silage, additional .supplemental protein is required, which 
reduces its value.'· If the supplemental protein is a urea-soybean 
meal mixture with a cost of $3 p~r. percentage unit of crude 
protein, apple pomace would be wo:ttn'$14.45/ton delivered to the 
feed bunk. A supplemental crude protein cost of $6. 00 per 
percentage unit 'would reduce the value to $11. 57 /ton (as-fed). 
Corn gluten feed has mo~~ crude protein than corn silage and, thus 
increases its value over the metabolizable energy suppl_ied. In 
this case, on an ME basis only, corn gluten feed (40% DM) is worth 
$25. 61. However, credit for the additional crude protein increases 
the value to $29.21/ton in a 11% crude protein ration or $31.61 in 
a 13% crude protein ration when compared at a supplemental crude 

· protein cost of $3/% unit. The value of vegetable processing 
wastes may not be sufficient to return transportation costs in many 
instances. 

To compare the value of a by-product of non-typical feedstuf f in a 
maintenance type diet (beef cows), utilize the value listed in the 
8% crude protein column in Table 2. 

Table 3 compares the value of by-product and non-typical feedstuffs 
which can replace corn in finishing diets for beef cattle and 
sheep. The tabl.e format is identical to Table .\2 and can be 
utilized in a similar manner. Corn was priced at $2.00/bushel. 
Animal fat has 197% (based on NRC, 1984) the ME value of corn and 
should not exceed 5% of the ration dry matter. On an energy basis 
only, animal fat would be worth $161.81/ton (or $.(l8/lb) as a 
replacement for corn priced at $2.00/bushel (NRC, 1984, ME value 
for fat may be an underestimate) . Howe~er, animal fat is-~devoid of 
crude protein and supplemental protein would have to be aaded to 
equalize the crude protein value of corn. rrn this case, with $3.00 
per percentage unit of supplemental crude protein, animal fat is 
worth $28.21/ton less ($133.60/ton). The appropriate value to 
utilize for animal fat could depend on the other factors such as 
the amount of heat stress and dustiness of diet. Diets that exceed 
(greater than 12.0%) crude protein requirements would benefit from 
5% anima·l fat in the diet without causing a protein deficit. The 
price relationships presented in Tables 2 and 3 would change as 
least cost ration formulation techniques are utilized. 

Dairy Cattle 

By-product or non-typical feeds are added to lactating dairy cattle 
diets to enhance caloric density, increase absorbable protein flow 
to the small intestine, reduce rumen acidosis, and finally, to 
lower feed costs. High producing dairy cows are unable to consume 
sufficient energy during early lactation to meet requirements. 
Addition of fats or non-typical feeds high in fat, such as whole 
soybeans, can be used to increase caloric density in diets early in 
lactation. Similarly, in early lactation, absorbable protein 
delivered to the small intestine or escape protein may be limiting 
production. Animal protein meals, by-products from the packing 
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industry, can be added to increase escape protein, and subsequently 
increase milk production. Feedstuffs that are high in solubles and 
low in fiber, such as corn silage or lush haylage, can result in 
low rumen pH and acidosis. Addition of by-product or non-typical 
feedstuffs to slow the rate of digest_ion or stimulate salivary 
product.ion and gut motility in these:- fypes of diets has been 
useful. Lastly, by-product or non-typical feedstuffs are added to 
diets· to lower feed costs. The calculation of value should be 
based on the protein and energy that can be replaced by the 
f eedstuf f in question. This is best determined by least cost 
ration formulation. However, general thumb rules can be generated 
based on crude protein and energy replaced. The nutritive values 
and recommended inclusion rates for various by-product or non
typical feedstuffs are shown in Table 4. A value for a specific 
by-product or non-typical f eedstuf f can be calculated by the use of 
energy and protein factors (Table 5). To determine the value of a 
feedstuff, multiply the energy factor from Table 5 by the price of 
corn ($/cwt) and add to it the product of protein factor times the 
price of soybean meal ($/cwt). For example, the value of corn 
gluten meal on a dry matter basis is $21.39/cwt ($4.40/cwt *(-.272) 
+ $16.00 * 1.412) when corn is priced at $4.40/cwt and soybean meal 
at $16.00/cwt. 

Comparison of protein sources are shown in Table 6: Price 
comparisons are based on the energy and protein value of soybean 
meal. Protein sources with less metabolizable energy content than 
soybean meal were discounted using the energy value and price of 
corn ($2.00/bushel) to equalize energy content. Again, notice the. 
recommended maximum level in the diet. Blood meal is worth $d56.67 
and $480. 34/ton when soybean meal costs are $80 and $240Lton, 
respectively. ~~~ 

Sorghum hybrids have been planted on set-aside acres in many areas. 
Most of this forage is harvested as silage. Silage from direct cut 
material will contain 20-27% dry matter. The feeding value of the 
various types of sorghums are shown in Table 7. Sorghum-sudan 
grasses are approximately equal to average quality hay in energy 
content, whereas forage sorghums which have berries present, may 
have 75% of the energy value of corn silage. Sorghum hybrids may 
be more appropriate in growing rations with net energy values near 
42 megacalories/lb or as a roughage source in dry corn diets. 

Small grain silage.can provide nutritious feedstuffs which have 75-
90% the energy value of corn silage. Crude protein levels may be 
greater as well, depending on the amount of stem in the silage. 
Corn and soybean stover contain approximately the same energy value 
as average quality hay. 
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Table 1. Nutrient composition of various by-product and non-typical feedstuffs (dry matter basfs). 

Dry Hetabol fzable Net energy Net energy Crude Ether 
matter, energy, maintenance, gafn, protefn, extract, Ash, Calc1tnn, Phosphorus, Potassfum, Feedstuffs I Heal/lb Heal/lb Heal/lb I I s s s s 

,/ 

Animal fat 99 2.91 2.16 1.60 o.o 99.5 0.0 o.oo 0.00 o.oo Apple pomace 40 0.92 0.54 0.28 5.6 5.2 3.5 0.13 0.12 0.49 Bakery waste 95 1. 55 1.06 0.73 11.2 12.7 4.4 0.14 0.26 0.53 Beet pulp 91 1.22 0.80 0.52 9.7 0.6 5.4 0.69 0.10 0.20 Beet tailings 15 0.84 . 0.45 0.20 6.8 2.8 32.5 1.56 0.29 5.74 Blood meal 92 1.08 0.64 0.37 86.0 1.4 5.8 0.32 0.26 0.10 Brewers grafns 23 1.09 0.69 0.41 27.0 6.5 4.8 0.33 0.55 0.09 Brewers grains 91 1.09 0.69 0.41 27 .2 7.2 3.9 0.33 0.55 0.09 Bro11er lftter 89 1.09 0.69 0.41 24.5 3.0 22.0 3.16 1.78 1.68 Buckwheat 88 1.18 0.77 0,4'9 12.5 2.8 2.3 0.11 0.37 0.51 Canola meal 90 1.25 0.83 0.54 36.5 7.9 7.5 0.72 1.14 0.90 Carrots 12 1.38 0.94 0.64 9.9 1.4 8.2 0.40 0.35 2.80 Cookie meal 90 1.52 1.05 0.73 7.0 14.0 4.4 0.14 0.26 0.53 ~ Corn 87 1.48 1.02 0.70 9.5 4.2 1.4 0.02 0.35 0.37 :f:: Corn cobs 90 0.82 0.44 0.19 3.2 0.7 1.7 0.12 0.04 ,'~ 0.87 1.36 0.92 0.62 26.2 2.4 7.5 . 0.36 0.82 i 
Corn gluten feed 40 

f. 0.64 Corn gluten feed 92 1.36 0.92 0.62 26.2 2.4 7.5 0.36 0.82 f• 0.64 Corn gluten meal 90 1.46 1.00 0.69 67.2 2.4 1.8 0.08 0.54 0.21 Corn silage 35 1.15 0.74 0.47 '.) 8.0 3.1 4.5 0.23 0.22 0.96 Cottonseed hulls 91 0.69 0.31 0.07 4.1 1.7 2.8 0.15 0.09 0.87 Cottonseed meal 90 1. 31 0.83 0.54 44.0 1.6 7.1 0.18 1. 21 1.52 Cottonseeds 93 1.58 1.10 0.77 23.9 23.1 4.8 0.16 0.75 1. 21 Cull beans 90 1.38 0.94 0.64 25.3 1.5 5.2 0.18 0.59 1.47 Cull cucumbers 8 0.95 0.64 0.27 17 .9 8.9 8.9 0.24 0.43 3.32 Oistfllers grain 93 1. 41 0.96 0.66 23.0 9.8 2.4 0.11 0.43 0.18 Feather meal 93 1.15 0.74 0.47 91.3 ,_ 3.2 3.8 0.28 0.72 0.31 Ffsh mea 1 90 1.22 0.76 0.48 67.0 8.0 21.0 5.90 3.30 0.60 Grape pomace 20 0.45 0.05 o.oo tl3.0 7.9 10.3 0.34 0.12 0.35 Homfny feed 90 1.55 1.02 0.75 t 11.5 7.7 3.1 0.05 0.57 0.65 ,-,, 
(con' t.) •.' 
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Table I (con' t.) 

Ory Hetabolfzable Net energy Net energy Crude Ether 
matter, energy, maintenance, gafn, protefn, extract, · Ash, Cal cf um, Phosphorus, Potassium, 

Feedstuffs S. Meal/lb Meal/lb Meal/lb s s ·s s s s 

Lettuce 5 0.84 0.38 0.08 16.6 4.1 . 15.9 0.86 0.46 4.52 
Linseed meal 90 1.28 0.85 0.56 39.8 1.5 6.5 0.43 0.89 1.53 
Ma 1t sprouts 94 1.17 0.70 0.43 28.1 1.4 7.0 0.23 0.75 0.23 
Heat scraps 94 1.17 0.70 0.43 54.8 9.7 23.4 6.37 3.33 , 0.60 
Meat/bone meal 93 1.09 0.65 0.40 50.4 10.4 31.5 11.06 5.48 1.43 
Mint _by-products 27 0.94 0.55 0.21 14.0 1.8 16.0 l.10 0.57 o.oo 
Molasses 78 1.30 0.87 0.58 8.5 0.2 11.3 0.17 0.03 6.07 
Oat hulls 92 0.58 0.19 0.00 3.9 1.8 6.6 0.15 0.15 0.62 
Oat screenings 90 1.26 0.78 0.54 12.9 4.6 2.5 0.08 0.49 0.55 
Peas 89 1.43 0.98 0.67 25.3 1.4 3.3 0.15 0.44 1.13 
Potato by-products 53 1.43 0.99 0.68 5.3 0.4 3.4 0.04 0.18 1.38 
Potato screenings 33 1.33 0.92 0.64 8.4 0.4 3.4 0.16 0.25 0.39 
Rf ce hulls 92 _.. 0.20 0.00 0.00 3.3 0.8 20.6 0.10 0.08 0.57 

0.94 0.64 13.8 1.7 1.9 0.07 ~ Rye 90 1.38 0.37 0.52 VI 
Safflower mea 1 92 0.94 0.79 0.50 25.4 1.4 8.2 0.37 0.81 0.82 
Soy hulls 90 1.08 0.65 0.39 8.0 2.1 5.1 0.49 0.21 I' 1.27 
Soybean meal 89 1.38 0.94 0.64 44.0 1.5 7.3 0.33 0.71 

•,, 
2.14 

Speltz 90 1.23 0.81 0.53 13.3 2.1 3.9 0.13 0.42 \, 0.50 
Sunflower mea 1 93 1.07 0.67 0.40 49.8 3.1 8.1 0.44 0.98 1.14 
Sweet corn waste 32 1.18 0.77 0.49 . 7.7 5.2 4.9 0.30 0.90 1.15 
Thin stillage 5 1.45 0.99 0.68 29.7 9.2 7.8 0.35 1.37 1.80 
Tr1ticale 90 1.38 0.94 0.64 17.6 1. 7 2.0 1.70 0.27 1. 92 
Vegetable fat 100 2.91 2.16 1.60 o.o 99.9 0.0 o.oo 0.00 0.00 
Wheat by-products 90 1.14 0.73 0.45 18.8 4.9 5.2 0.13 0.99 1.13 
Whey 7 1.55 1.09 0.75 13.0 4.3 8.7 0.73 0.65 2.75 
Whole soybeans 92 1.50 1.03 0.71 42.8 18.8 5.5 0.27 0.65 1.82 
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Table 2. ~alue ($/ton) of various by-product and non-typical feedstuffs fn growing ratfons for beef cattle and sheep. 

Dry Metabolfzable Energy Crude 
Maxfmum 

recommended Cost of su22lemental crude 2rotefn {Sll unftla 
matter, energy, conversion protein, dietary 3 4.5 6 

Feedstuffs s Meal/lb factor s level, S of DH 8bc 116<1 136<1 116<1 136<1 116<1 lJD<f 

Yaluet 1£ton las-fed) 

Apple pomace 40 0.92 0.80 5.6 25 17.33 14.45 14.45 13.01 13.01 11. 57 11. 57 
Beet pulp 91 1.22 1.06 9.7 25 52.05 56.69 56.69 59.01 59.01 61.34 61.34 
Beet tailings 15 1.15 1.00 6.8 20 8.07 7.53 7.53 7.26 7.26 6.99 6.99 
Broiler litter 40 1.09 0.94 24.5 35 20.40 24.00 26. 40 ' 25.80' 29.40 27 .60 ' 32.40 
Buckwheat 88 1.18 1.03 12.5 35 48.83 56.75 60.71 60.71 66.65 64.67 72.59 
Carrots 12 1.38 1.20 9.9 20 7.79 8.47 8.47 8.81 8.81 9.15 9.15 
Corn cobs 90 0.82 0.72 3.2 15 34.77 21.81 21.81 15.33 15.33 8.85 8.85 
Corn gluten feed 40 1.36 1.19 26.2 90 25.61 29.21 31.61 31.01 34.61 32.81 37.61 
Corn gluten feed 92 1.36 1.19 26.2 50 58.91 67.19 72.71 71.33 79.61 75.47 86.51 
Corn silage 35 1.15 1.00 8.0 90 18.90 18.90 18.90 18.90 18.90 18.90 18.90 

.... Cottonseed hulls 91 0.69 0.60 4.1 40 29.52 18.88 18.88 13.55 13.55 8.23 8.23' 
~ Cull beans 90 1.38 1.20 25.3 25 58.40 66.50 71.90 70.55 78.65 74.60 85.40 °' Cull cucumbers 8 0.95 0.83 17.9 25 3.59 4.31 4.79 4.67 5.39 

I 

5.03 5.99 
Grape pomace 20 0.45 0.39 13.0 20 4.18 5.98 7.18 6.88 8.68 1.t8 10.18 
Lettuce 5 0.84 0.73 16.6 30 1.97 2.42 2.72 2.65 3.10 2.87 3.47 
Mint by-products 27 0.94 0.82 14.0 25 11.93 14.36 15.98 15.57 18.00 16.79 20.03 
Oat hulls 92 0.58 0.50 3.9 20 24.94 13.62 13.62 7.96 7.96 2.31 2.31 
Oat screenings 90 1.26 1.10 12.9 40 53.40 61.50 66.63 65.55 73.25 69.60 79.86 
Rice hulls 92 0.20 0.17 3.3 15 8.44 -4.53 -4.53 -11.01 -11.01 -17.50 -17. 50 
Soy hulls 90 1.05 0.91 8.0 80 44.37 44.37 44.37 44.37 44.37 44.37 44.37 
Speltz 90 1.23 1.07 13.3 50 52.06 60.16 65.56 64.21 72.31 68.26 79.06 
Sweet corn waste 32 1.18 1.03 7.7 80 17.76 17 .47 17.47 17.33 17.33 17.18 17 .18 
Thin stfllage 5 1.45 1.26 29.7 10 3.42 3.87 4.17 4.09 4.54 4.32 4.92 
Wheat by-products 90 1.14 0.99 18.8 35 48.02 56.12 61.52 60.17 68.27 64.22 75.02 
Whey 7 1.07 0.93 13.0 25 3.51 4.14 4.56 4.46 5.09 4.77 5.61 
Whole soybeans 92 1.50 1.30 42.8 25 v 64.60 72.88 78.40 77.02 85.30 81.16 92.20 

(con' t.) 
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Table 2 (con't.) 

a Cost/S unf t of protein f s catculated by dfvfsion of ingredient cost/ton by crude protein content. $3.00/1 unit • 501 crude protein equivalent from 
($180/ton) and SOS from SBM ($200/ton); $4.50/1 unit • $200/ton for SBM; $6.00/I unit • $265/ton for SBM. Corn silage was priced .at $18.90/ton. 

b Dietary crude protein level. 

c Value of each feedstuff based on energy content only. 

d Value of each feedstuff based on energy content of corn silage and added SBM to match crude protein in corn silage or credit feedstuff for crude 
protein content in excess of corn silage. 

Calculations 

A. Corn silage price - $18.90/ton (351 DH). 
B. Corn silage price on a dry matter basis - $54.00/ton ($18.90/.35). 
C. Prfce of alternative feedstuff (feed x) with crude protein content less than corn silage. 

[($54.00 * energy conversion factor) + (crude protein content of feed x -8) * (cost per unit of supplemental crude protein)]+ (dry matter content 
of feed x/100). 

~ D. Prfce of alternative feedstuff (feed y) with crude protein content greater than desired level in ration. 

[($54.00 * energy conversion factor) + (desired crude protein in ration -8) * (cost per unit of supplemental protein)] + (dry matter content of 
feed y/100). n; 
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Table 3. Value ($/ton) of various by-product and non-typfcal feedstuffs fn ffnfshfng ratfons for beef cattle and sheep. 

Maxfmum 
Ory Hetabol fzable Energy Crude recommended Cost of su~~lemental crude ~rotefn {$£1 unft}a 

matter, energy, conversion protefn, dietary 3 4.5 6 
Feedstuffs I Meal/lb factor I level, I of OM 9,5bc 116d 126d 116d 126d 116d 126d 

Value 1 $£ton {as-fed} 

Animal fat 99 2.91 1.97 o.o 5 161.81 ' 133.60 133.60 119.49 119.49 105.38 105.38 
Bakery waste 95 1.55 1.05 11.2 20 82.49 86.76 87.33 88.90 89.76 91.04 92.18 
Beet pulp 91 1.22 0.82 9.7 25 62.28 62.83 62.83 63.10 63.10 63.38 63.38 
Brewers gra f ns 23 1.09 0.74 27.0 30 14.04 15.07 15.76 15.59 16.63 16.11 17.49 
Brewers grafns 91 1.09 0.74 27.2 30 55.54 59.64 62.37 61.69 65.78 63.73 69.19 
Buckwheat 88 1.18 0.80 12.5 35 58.43 62.39 65.03 64.37 68.33 66.35 71.63 
Carrots 12 1.38 0.94 9.9 20 9.32 9.46 9.46 9.53 9.53 9.60 9.60 
Cookie meal 90 1.52 1.03 7.0 25 77.00 70.25 70.25 66.87 66.87 63.50 63.50 
Corn 87 1.48 1.00 9.5 100 72.21 72.21 72.21 72.21 72.21 72.21 72.21 
Corn cobs 90 0.82 0.56 3.2 15 41.60 24.59 24.59 16.09 16.09 7.58 7.5B _. 
Corn gluten feed 40 1.36 0.92 26.2 90 30.65 32.45 33.65 33.35 35.15 34.,25 36.65 ~ 

00 Corn gluten feed 92 1.36 0.92 26.2 50 70.49 74.63 77 .39 76.70 80.84 78.77 84.29 
25 69.87 73.92 76.62 ' Cull beans 90 1.38 0.94 25.3 75.95 80.00 77 .97 83.37 

01sti11ers grain 93 1.41 0.96 23.0 60 73.86 78.05 80.84 80.14 84.33 82.23 87.81 
Hominy feed 90 1.55 1.05 11. 5 30 78.15 82.20 83.55 84.22 86.25 86.25 88.95 
Malt sprouts 94 1.17 0.79 28. l 30 61.94 66.17 68.99 68.28 72.51 70.40 76.04 
Molasses 78 1.30 0.88 8.5 20 56.97 54.63 54.63 53.46 53.46 52.29 52.29 
Oat screenings 90 1.26 0.86 12.9 40 63.90 67 .95 70.65 69.97 74.02 72.00 77.40 
Peas 89 1.43 0.97 25.3 25 71.60 75.60 78.27 77.60 81.61 79.61 84.95 
Potato by-products 53 1.43 0.97 5.3 15 42.64 35.96 35.96 32.62 32.62 29.28 29.28 
Potato by-products 33 1.33 0.90 8.4 15 24.69 23.60 23.60 23.06 23.06 22.52 22.52 
Rye 90 1.38 0.94 13.8 50 69.87 73.92 76.62 75.95 80.00 77 .97 83.37 \• Speltz 90 1.23 0.83 13.3 50 62;2~ 66.34 69.04 68.36 72.41 70.39 75.79 
Thin stfllage 5 1.45 0.98 29.7 10 4.09 4.31 4.46 4.42 4.65 4.54 4.84 
Trfticale 90 1.38 0.94 17.6 90 • 69.87 73.92 76.62 75.95 80.00 77.97 83.37 • Vegetable fat 100 2.91 1.97 00.0 :" 5 163.45 134.92 134.95 120.70 120.70 106.45 106.45 ,. 
Wheat by-products 90 1.14 0.77 18.8 :> 35 57.46 61.51 64.21 63.54 67.59 65.66 70.96 Whey 7 1.07 0.72 13.0 25 4.20 4.52 4.73 4.67 4.99 4.83 5.25 Whole soybeans 92 1.50 1.01 42.8 25 77.30 81.44 84.20 83.51 87.65 85.58 91.10 
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(con't.) 

Table 3 (con't.) 

a Cost/I unit of protein is calculated by division of ingredient cost/ton by crude protein content. $3.00/S unit • SOS urea crude protein equivalent 
from urea ($180/ton) and SOS from SBH ($200/ton); $4.SO/S untt • $200/ton for SBH; $6.00/S untt • $26S/ton for SBH. Corn stlage was prtced at 
$18.90/ton. 

b Dietary crude protein level. 

c Value of each feedstuff based on energy content only. 

d Value of each feedstuff based on energy content of corn and added SBH to match crude protein fn corn sf lage or credft feedstuff for crude protein 
content in excess of corn. 

Calculations 

A. Corn price - $2.00/bushel (87S DH). 
B. Corn prfce - dry matter basts~ $82.00/ton ($2.00/bushel * 3S.7 bushel)+ .87. 

ton 
C. Price of alternative feedstuff (feed x) wtth crude protein content less than corn sflage. 

(($54.00 * energy conversion factor) + (crude protetn content of feed x -9.5) * (cost per untt of supplemental crude protetn)] f (dry matter content 
of feed x/100). 

D. Price of alternative feedstuff (feed y) wtth crude protein content greater than destred level tn ratton. I\ 

~ [($54.00 * energy conversion factor) + (destred crude protetn tn ratton -9.S) * (cost per untt of supplemental protetn)] f (dry matter content of 
feed y/100). 
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Table 4. Composition and relative costs of protein and enH'JY from selei:ted by-proi!•Jct: tlnd n1Jn-typical fo~ds for dJi;·y cattle. 

Crude ' Acid Maximum 
Dry NE1 protein detergent % of total 

matter 3 x H (adjusted) fiber Ca p Mg K s ration DH 

_%_ Mca1£1b DH % DH 
Alfalfa 88 .58 16 38 1.18 .27 .24 1.70 .19 80 
Apple pomace 32 .40 4 41 .17 .11 .07 .40 --- 25 
Bakery waste 91 .97 9 2 .07 .11 --- ---- --- 20 
Barley 88 .87a 14 7 .05 .37 .15 .45 .17 60 
Beans, field, navy (cull) 88 .85 23 6 .17 .58 .15 1.50 .26 15 
Beet pulp (sugar) 20 .75 8 29 4.20 .29 .24 .19 .20 20 
Beet tailings (sugar) 15 .60 12 25 ---- ---- --- ---- --- 20 
Brewers grains, wet 22 ,75b 2sc 25 .25 .54 .16 .09 .25 30 
Brewers grains. dry 92 ,75b 24c 29 .25 .54 .16 .09 .25 25 
Brewers yeast 15 .82 48 4 .29 .. 2.06 .31 2.40 .40 10 
Candy-salvage 95 .90 0 0 ---- ---- --- ---- --- 5 
Canola meal 92 .72 39 11 .75 .1.28 .25 1.40 
Citrus pulp 90 .88 6 22 2.00 .13 .16 .77 .07 
Corn gluten feed 90 .81h 23 12 .10 .1.00 .51 1.50 .40 25 
Corn gluten meal 91 ,93b 66 4 .08 .51 .09' .20 .42 20 
Corn 88 ,93a 10 3 .02 .26 .14 .so .08 60 
Corn silage 35 .70 8 28 .30 .20 .17 1.00 .07 45 
Cottonseeds 91 .96b 25 32 .15 .73 .35 .73 .26 15 _. 
Cottonseed meal 92 .83 45 20 .17 1.07 .59 1.53 .28 25 VI 

0 Distillers grains 90 .87b 24c 16 .30 1.40 .so 1.80 .40 25 
Fat 100 2.35 -- -- ---- ---- --- ---- --- r' 2 
Grape pomace 90 .26 -- 54 ---- ---- --- ---- --- '.• 

I 
Grain dust 88 .90 6 4 .10 .18 --- .40 --- 't J, 

Hominy 91 ,95b 12c 13 .01 .58 .26 .60 .03 30 
Meat and bone meat 90 .74 54 -- 10.30 5.40 1.20 1.40 .30 10 
Molasses. cane 75 .78 4 0 1.00 .10 .40 3.00 .40 10 
Oats 88 .79 14 17 .07 .38 ~14 .40 .23 20 
Potato peelings 30 .78 8 7 .10 .19 .10 .31 --- 20 
Potato screenings 40 .82 7 3 .24 .19 .09 .67 .07 15 
Potato by-product ·55 .94 9c -- .04 .22 .12 2.00 .09 
Screenings (corn-cereal) 88 .84 13 11 .30 .30 .10 ---- --- 35 
Soybean meal 90 .82 49 10 .34 .70 .30 2.20 .47 25 

~· Soybean 89 1.00 42 7 .27 .65 .29 1.80 .24 10 
Soy hulls 90 .18b 12c 46 .45 .17 --- 1.00 --- 20 
Steep water, corn 50 .90 0 0 ~ 

v ---- ---- 10 --- ---- ---
Wheat 89 ,94a 14 .4'° .05 .40 .13 .40 .15 40 
Wheat mids or mill run 90 .85 18 ;to .11 .96 .39 I 1.10 .18 20 
Whey 7 .81 13 0 .90 .81 .14 2.30 .37 20 
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~ Cracked = .84. b NEl value may be less than stated when fed to high producing cows and especially when larger quintities are fed. 
protein corrected for unavailable protein. d Taken from Dairy Nutrition Handbook, Michigan State University (1990). 

c New crude 

Table 5. Factors for comparison of by-product and non-typical feedstuffs for lactatfng dairy cows based on replacement value of shelled 
corn and 441 soybean meal (1001 DH basis). 

Net Net 
energy for Crude energy for Crude 
lactation, protein, Corn Soy Forage and lactation, protein, Corn Soy 

Grains Heal/lb s factor factor substitutes Heal/lb s factor factor 

Bakery waste 0.93 11.9 0.9Bl 0.048 Alfalfa hay, early 0.61 20.0 0.130 0.253 
Barley 0.87 13.9 O.Bll 0.098 Alfalfa hay, mfd 0.59 18.0 0.130 0.202 
Beet pulp 0.81 8.0 0.809 -0.951 Alfalfa hay, late 0.51 15.5 0.013 0.139 
Brewers grain, dry 0.68 27.1 0.127 0.432 Alfalfa-grass hay 0.53 14.0 O.OB7 0.101 
Brewers grain, wet 0.72 28.0 0.193 0.455 Apple pomace 0.71 4.9 0.662 -0.129 
Canola meal 0.76 42.0 -0.019 0.808 Beet mangels 0.81 11.4 0.737 0.035 
Cano la, whole 1.21 21.5 1.372 0.290 Corn cobs, ground 0.47 2.8 0.197 -0.182 
Citrus pulp 0.80 6.9 0.811 -0.078 Corn stalks 0.43 5.9 0.047 -0.104 
Corn 0.92 10.0 1.000 0.000 Corn silage, eared 0.72 8.0 0.618 0.051 
Corn gluten meal 0.88 65.9 -0.272 1.412 Corn sflage, no ears 0.60 5.9 0.408 -0.104 
Corn gluten feed 0.86 25.0 0.554 0.379 Corn sf hge, NPN 0.69 12.5 0.459 0.063 

~ Corn, ground ear 0.84 9.3 0.845 -0.018 Corn, sweet cannery waste 0.72 8.8 0.601 -0.030 l.n 
~ Cottonseed meal 0.77 44.8 -0.057 0.879 Grass hay 0.56 11.0 0.214 0.025 

Cottonseed, whole 1.03 24.9 0.917 0.376 Oat straw 0.48 4.4 0.185 rC -o. u1 
Cull beans 0.90 22.9 0.6B4 0.326 Potato waste 0.82 9.6 0.796 ~ -0.010 
Distillers grain 0.88 29.5 0.501 0.492 Small grain silage 0.56 10.0 0.236 lj 0 .000 
Fat 2.28 0.0 4.100 -0.253 Sorghum x sudan 0.60 11.0 0.299 0.025 
Hominy 0.97 11.8 1.068 0.045 Soy straw 0.44 5.2 0.083 -0.121 
Linseed meal 0.81 38.6 0.159 0.722 Wheat straw 0.45 4.2 0.125 -0.146 
Oats 0.79 13.6 0.648 0.091 Wheat straw, NPN 0.45 10.0 0.002 0.000 
Soy hulls 0.81 12.0 0.724 0.051 
Soybean meal, 441 0.85 49.6 0.000 1.000 
Soybean meal, 481 0.85 54.0 -0.093 1.111 
Soybeans, whole 1.00 37.7 0.582 0.699 
Urea, feed grade o.oo 281.0 -6.707 6.843 
Wheat 0.92 11. 5 0.968 0.038 "' 
Wheat bran 0.72 18.0 0.406 0.202 
Wheat mids 0.83 18.7 0.624 0.220 It 

Whey, liquid 0.89 13.0 0.873 0.07~<Y 
~ . 

~t 

... 
Taken from the Michigan Dafry Nutrftfon Manual (1990). 
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Table 6. Value of by-product and non-typfcal feedstuffs as replacement protefn sources. 

Haxfmum 
Dry Hetabolfzable Energy Crude Protefn recornnended 

matter, ·energy, conversion protefn, conversfon dfetary Cost of solbean meal {Slton} 
Feedstuffs s Heal/lb ·factor s factor level, I of DH 80 133 160 186 214 240 

Value 1 llton {as-fed} 

Blood meal 92 I.OB 0.78 86.0 1.95 5 156.67 264.56 318.50 372.45 426.39 480.34 
Brewers gra f ns 91 1.09 0.79 27.2 0.62 30 45.67 79.42 96.30 113.17 130.05 146.93 
Brewers grafns 23 1.09 0.79 27.0 0.61 30 11.45 19.92 24.15 28.38 32.62 36.85 
Brofler lftter 89 1.09 0.79 24.5 0.56 35 ' 39.75 69.48 84.35 99.22. 114.0B 128.95 
Canola meal 90 1.25 0.90 36.S 0.83 14 65.00 109.80 132.20 154.59 176.99 199.39 
Corn gluten feed 40 1.36 0.99 26.2 0.60 90 21.30 35.59 42.74 49.88 57.03 64.17 
Corn gluten feed 92 1.36 0.99 26.2 0.60 so 48.99 81.86 98.30 114.73 131.17 147 .60 
Corn gluten meal 90 1.46 1.06 67.2 1.53 8 125.07 207.54 248.78 290.01 331.25 372.49 
Cottonseed mea 1 90 1.31 0.95 41.0 0.93 10 74.34 124.66 149.82 174.98 200.14 225.30 
Cottonseeds 93 1.58 1.14 23.9 0.54 20. 48.82 79.13 94.28 109.44 124.59 139.75 

~ Cul 1 beans 90 1.38 1.00 25.3 0.58 25 46.58 77 .63 93.15 1D8.68 124.20 139. 7 3 
N Dfstf llers grafn 93 1.41 1.02 23.0 0.52 60 44.30 73.47 88.05 102.63 1p.22 131.80 

Feather meal 93 1.15 0.83 91.3 2.07 5 169.70 285.48 343. 38 . 401.27 459.16 517 .OS 
I 

Ff sh meal 90 1.22 0.88 67.0 1.52 10 120.62 202.85 243.96 285.08 326.19 367.30 
Lf nseed mea 1 90 1.28 0.93 39.8 0.90 15 71.61 120.45 144.88 169.30 193.72 218.14 
Ma 1t sprouts 94 1.17 0.85 28.l 0.64 30 50.40 86.42 104.43 122.44 140.45 lSB.46 
Meat scraps 94 1.17 0.85 54.8 1.25 .10 101.74 171.98 207 .10 242.23 277 .35 312.47 
Meat/bone meal 93 1.09 0.79 50.4 1.15 10 90.88 154.80 186.76 218.71 250.67 282.63 
Peas B9 1.43 1.04 25.3 0.58 25 46.88 77 .58 92.94 lOB.29 . 123.64 138.99 
Safflower meal 92 0.94 0.68 25.4 0.58 15 40.24 72.10 88.03 103.97 119.90 135.83 
Soybean meal 89 1.38 1.00 44.0 1.00 12 80.10 133.50 160.20 186.90 213.60 240.30 
Sunflower meal 93 1.09 0.77 49.8 1.13 10 89.35 152.51 184.08 215.66 247 .24 278.82 
Thfn stfllage 5 1.45 1.05 29.7 0.67 10 3.10 5.13 6.14 7.15 8.17 9.18 
Urea 100 o.oo o.oo 281.0 6.39 l'' 511.20 849.87 1022.05 1315.64 1507.23 1698.82 
Whole soybeans 92 1.50 1.08 42.8 0.97 25 82.47 136.17 163.01 189.86 216.71 243.55 .. -.-

•/ 

Calculations 

Price of alternative protein source (feed x). Feed x • [(Price of SBH •·crude protein conversion fa.ftor) + (energy conversion factor -1) + 1.48 * 
(prfce of ~orn (OMB)] * (dry matter of feed x/100). · · 
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Table 7. Relative feed value of various annual grasses 
for silages. 

Corn silage (NEg, 46-48 Meal/cwt) 
Male sterile corn silage 
Grain sofghum silage 
Forage sorghum silage 
Non-heading sorghum or 

sorghum-sudangrass silage 
Barley silage 
Oat silage 
Wheat silage 
Alfalfa silage 
Rye silage 
Corn stover 
Corn stover silage 
Soy stover 
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Relative 
feed value 

1.00 
.90 
.87 
.74 

• 57 
.• 91 

.84 

.74 

.70 

.81 
• 55 
.65 
• 57 
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NUTRITION OF SOWS DURING LACTATION 

R.H. King 
Victorian Institute of Animal Science 

Werribee, Vic. Australia;;e · 

The objective of the feeding policy during lactation is to cater adequately for: milk . 
production and to prevent excessive loss of weight and condition while suckling, so that 
the SOW will come into oestrus and conceive soon after weaning. . 

If feed intake is limited, either by appetite or by constraints of management, sows attempt 
to maintain milk supply by mobilising body reserves. This ability of the sow to uti~ise 

body reserves for milk production complicates any assessment of her nutrient requirements 
during lactation. Variation in milk yield, sow weight, expected weight loss during . 
lactation, litter size and the length of the lactation all influence nutrient needs. Of •these 
the amount of milk produced is the major contributor to the requirements for nutrients. 

MILK YIELD 

Eisley (1971) extensively reviewed the literature concerning milk production in sows .. His 
data, presented in Figur~ 1, provided the basis of ARC (1981) estimates for the nutrient 
requirements of lactating sows. However _the data compiled by Eisley ( 1971) was obtained 
from a limited population of animals at least 20 years ago, and it is not consisten~ with 
either the likely efficiencies of conversion of milk to piglet body weight or with mqre 
recent measurements of milk yield. The determination of sow milk yield has become~ 
more accurate with new dilution methods being used rather than the traditional weigh
suckle-weigh technique in which piglets were weighed before and after each suckling. 
Much higher estimates of average milk yield using the deuterium oxide dilution method 
have been reported in recent experiments (Table 1 ). Further examination of the data for 
first-liner sows collected by Toner et. al. (1991) revealed that piglets could consume at 

· least lkg milk/day and that peak production was maintained for up to 3 weeks. (Figure 
2). 

Table 1: Estimates of mean daily milk production by sows 

Reference 

Schoenherr et. al. (1989) 
King et. al. (1989) 
Toner et. al. (1991) 
Noblet and Etienne (1986) 
Cromwell et. al. (1991) 

Milk production 
(kg/day) 
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8.3 
8.7 
8.7 
7.1 
9.5 

Litter size 
suckled 

9.1 
8.4 
8.3 
9.5 
8.7 
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Figure 1: Milk production from a first-litter sow 
. suckling 9 piglets (ARC, 1981) 
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Figure 2: Milk production from first-litter sows 
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The amounts -of dietary nutrients required to satisfy milk production can be predicted from 
the amount and composition of milk and the known efficiencies of utilisation of nutrients 
for the production of milk. As an example, let us assume that we have a 200kg sow 
producing an average of 10 kg milk per day. There will be slight changes in milk 
composition throughout lactation but it will generally remain relatively stable during 
established lactation. In the present example it was assumed that milk contains 

5.0% crude protein (CP), 0.35% lysine and 1.10 Meal gross energy (GE)/kg 

Thus the daily output of nutrient in the milk is 500g CP, 35g lysine and 11.0 Meal GFJkg. 

The nutrient requirements of the 200kg sow and· the appropriate calculations are presented 
in Table 2. 

Table 2: Daily nutrient requirements of a 200kg sow producing 10 litres milk/day 

Energy Protein Lysine 

Nutrient in milk 11.0 Meal GE , 500g CP 35g lys "" 

Nutrient required in diet 15.3 Meal ME1 714g DCJ>2 50g D lys 
for milk 

Maintenance requirement 6.0 Meal ME3 126g DCF4 2g D lys 

Total dietary requirement 21.3 Meal ME 840g DCP 52g D lys 

22.2 Meal DE 988g CP 61g lys 

1Efficiency of milk energy production from feed ME is 0.72 (Mullan et. al. 1989) 

2Efficiency of milk protein production from digested crude protein (DCP) is 0. 70 (Mullan 
et. al. 1989) 

3Maintenance energy requirement is 113 kcal ME./kg BW·75/d (Mullan et. al. 1989) 

4Maintenance protein requirement is 2.38g DCP/kg BW·75/d (Mullan et. al. 1989) 

5Maintenance lysine requirement is 36mg Dlys/kg BW·75/d (Fuller et. al. 1989) 

The daily requirements of a 200kg sow producing lOkg of milk per day is approximately 
22.2 Meal DE, 988g CP and 61g lysine. The sow would thus have to consume at least 
?kg/day of a lactating sow diet containing 3.1 Meal DFJkg, 14.0% CP and 0.87% lysine to 
meet these requirements. However the sow is often unable to consume this amount of 
food and in the event of a dietary deficit of nutrients for milk synthesis, the sow will 
catabolise body protein and body fat. 
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H the under-supply of dietary nutrients is marginal then the catabolism of maternal protein 
and fat reserves will supply milk synthetic needs pro-rata. This is because the overall 
efficiency of nutrient utilisation ·is similar irrespective of whether dietary nutrients are used 
directly .in· lactation for milk production or whether dietary nutrients are deposited in body 
reserves during pregnancy for later use in the subsequent lactation to support milk 
production. For example, the net efficiency of energy utilisation of feed into body tissue 
is 0.80 (Noblet and Etienne, 1987) whilst body tissue energy is converted to milk energy 
at an efficiency ratio of 0.87 (Mullan et. al. 1989). Thus the overall efficiency of energy 
use for milk production via body tissue is 0.70 (0.87 x 0.80) ·which is similar to the 
efficiency of energy utilisation when food energy is used directly for milk production 
(Mullan et. aL 1989). 

However if the under-supply of nutrients is extreme, the sow is unable to supply sufficient 
nutrients from body tissues to support milk production and milk production will decline 
(Whittemore et. al. 1988). The level to which nutrient intake must fall to affect mqk 
production will depend largely upon the amount of the available body fat and protein 
reserves in the sow and Whittemore and Morgan (1990) have suggested that milk 
production could suffer if average daily feed intakes fell below 5kg during lactation. 

LACTATION FEED INTAKE 

The requirement for nutrients is a major determinant of appetite in sows; lactating sows 
have greater appetites than pregnant ones, as do those suckling larger litters or those with 
lower body tissue reserves. Various nutritional and management related factors. also 
influence the appetite of lactating sows. It is well established that voluntary feed intake 

' during lactation may be reduced if feed intake and live weight gains during pregnancy 'are, 
high or if the protein content of the diets offered during either pregnancy or lactation is 
low (Table 3). High temperatures reduce voluntary feed intake and attempts have been 
made to increase voluntary feed intake during lactation by reducing environmental 
temperature. Other measures to increase voluntary feed intake during lactation include 
increasing the energy density of the diet and presenting the feed in .cubed form rather than 
as a meal or as a wet mash rather than in the dry form. The influence of some of these 
factors on the amount of feed consumed by lactating sows has been reviewed by O'Grady 
et. al. (1985) and is documented in Table 3. 
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Table 3: Attempts to increase voluntary feed intake of sows during lactation 

Treatments· Voluntary feed intake 

Density of diet 
3.0 Meal DE/kg 

· 3.3 Meal DE/kg 

Wet vs Dry 
Dry feeding (ad libitum) 
Wet feeding (twice daily) 

Shed temperature 
27° c 
21° c 

Protein level during pregnancy 
9% 
13% 
17% 

Protein level during lactation 
12% 
18% 

Daily feed intake during pregnancy (kg) 
1.4 
1.9 

. 2.4 
3.0 

-'-~ (kg/day) 

4.9 
5.1 

4.7 
5.3 

4.6 
5.2 

5.2 
5.7 
6.0 

5.0 
6.3 

4.3 
4.3 
3.9 . 
3.4 

O'Grady et. al. (1985) 

.. 
~ 

'· 

Voluntary feed intake is generally lower for first-litter sows compared with older sows 
(Yang et. al. 1989) and, furthermore, the subsequent fertility of first-litter sows appear to 
be much more vulnerable to low feed intakes during lactation. 

WEANING TO OESTRUS INTERVAL 

The weaning to oestrus interval is frequently longer in first-litter sows~ approximately 50 
percent of first-litter sows may fail to exhibit oestrus within one week of weaning whereas 
almost 80 percent of older sows are mated within the same period. Low feed intake in 
lactation will lengthen the weaning to oestrus interval, particularly in first-litter sows, with 
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low body reserves at parturition. Whilst the results of initial experiments suggested , that 
low energy intake during lactation was involved in post-weaning anoestrus, the results of 
more recent experiments by Brendemuhl et. al. (1987) and King and Dunkin (1986) 
suggest that protein intake during lactation may play a greater role (Table 4). As a guide, 
daily intakes of a least 12 Meal DE, 700g CP and 35g :lysine· are required during lactation 
to minimise pos~-weaning anoestrus amongst first-litter sows. These dietary intakes are 
often achieved only when grower or even weaner diets are offered to sows during their 
first lactation . 

Table 4: 
.·•· 

. Effect of protein and energy intake during lactation on the performance of 
first-litter sows and their piglets 

Digestible energy (Meal) 
Crude protein (g) 

Preweaning piglet growth (g/d) 

Number of sows exhibiting 

10.8 
510 

180 

oestrus within 8 days of weaning 5/22 

DIET FORMULATION 

Sow daily intake 

10.8 
705 

204 

14/22 

14.6 
510 

193 

9/22 

15.1 
815 

202 

13/22 

• 

.. 
King and Dunkin (198q) 

... ~ ~ ~":;~ 

Difficulties in formulating a lactating sow diet arise because of the large variations in both 
voluntary feed intake of sows and the milk production of sows as well as the variation in 

· the availability of body reserves in sows. As the majority of nutrients required by the 
lactating sow will be used to support milk synthesis, the amount of milk produced will be 

- the major factor in the calculation of the daily requirement of nutrients. In addition, as 
dietary formulation is calculated on the basis of percentage nutrient, assumptions have to 
be made about the daily feed intake of sows. 

The "average" sow weighing 180kg at farrowing and producing 8.5kg of milk each day 
would require approximately 19.2 Meal DE, 846g CP and 52g lysine each day. Assuming 
this "average" sow consumed 6kg feed/day, a diet formulated to contain a minim~m of 3.2 
Meal DFJkg, 14% crude protein and 0.85% lysine would meet the nutrient requirements of 
this "average" sow without the need to use body tissue reserves. 
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SUMMARY 

The amount of milk produced by sows has the major bearing on the dietary requirements 
for nutrients. Associated with the improvement in the genetic potential of sows and the 
more accurate estimates of milk production, it_:_ is "'now apparent that the level of milk 
production by modem sows is far in excess of traditional values. The lactating sow is 
unlikely to be able to consume sufficient nutrients to satisfy the nutrient needs to support 
body maintenance and milk production. Thus maternal catabolism of protein and fat 
reserves will be necess~ to supply the requirements for milk synthesis. As maternal 
catabolism of body tissue reserves becomes progressively greater both milk production and 
weaning to oestrus .interval will suffer, particularly in young sows. 

To combat the adverse effects of maternal catabolism of body reserves during lactation, 
produces should aim to optimise nutrient intake in lactation by examining management 
procedures to increase voluntary feed intake and by increasing the protein and amino acid 
contents of the diet. 
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THE IMPACT OF STARTER DIETS 
ON THE SUBSEQUENT GROWTH OF SWINE 

J. E. Pettigrew and J. T. F. Stairs 
Department of Animal Science 

university of Minne~ota 

Controversy exists regarding the type of diet to be fed to weanling 
pigs. There is considerable evidence that simple corn-soy diets do 
not support maximum growth rate and feed efficiency of weanling 
pigs (Nelssen et al., 1990), as they do in the case of older pigs. 
Inclusion of dry skim milk, dried whey, spray-dried porcine plasma 
proteins, and other ingredients in the diet improves performance. 
However, these ingredients are expensive, and their use markedly 
increases the cost of the diet. The central question then becomes 
whether the improved pig performance overrides the increased diet • 
cost. 

Differences in growth rate during the short starting period have 
very little effect on the total time required to reach market 
weight. However, if the diet fed during this period affected the 
growth performance of the pig later in life, that· could have an 
important effect on overall performance and on the eFonomic 
comparison. 

Either of two conflicting paradigms, each with supporting evidence, 
can be applied to the issue of subsequent effects of starter diets. 
First, pigs restricted in nutrients during the starting period•may 
partially compensate by more rapid growth later, a phenomenon 
called compensatory growth. If one assumed that a simple corrt-:;.,-;. 
soy starter diet represents a nutrient restriction, one could 
suggest that pigs given such diets during the starting period will 
grow faster during the growing-finishing period than will those 
given more complex starter diets. This paradigm shifts the 
economic advantage toward simple starter diets. On the other hand, 
pigs that grow faster early in life continue to grow faster later, 
suggesting that any advantage of complex diets during the starting 
period will be augmented by improved performance during the 
growing-finishing period. This paradigm shifts the economic 
advantage toward the more expensive complex starter diets. 

We have embarked upon a research program to investigate the effects 
of starter diets on subsequent performance. This paper reviews our 
findings to date. 

COMPENSATORY GROWTH 

The first question is whether compensatory growth actually occurs 
in pigs. We have reviewed the available evidence. Our focus has 
been the growth rate and feed/gain of pigs during a "compensation 
period" following nutrient restriction. We examined studies in 
which nutrient restrictions were applied to some pigs, with 
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appropriate control treatments receiving adequate nutrient supply 
throughout the experiments. We considered only studies in which 
the pigs were allowed ad libiturn access to a nutritionally adequate 
diet during the compensation period. We included only studies 
whose designs were conducive to inclusiQn,in an overall summary of 

.response, and orily those that used an abrupt di~t change between 
the restricted period and the compensation period. Studies 
included in the summary were as follows: Lucas et al. (1959); 
Elsley (1963); Robinson (1964); Cole et al. (1968); Meade et al. 
(1969); Wyllie et al. (1969); Zimmerman and Khajerern (1973); 
Campbell and Biden (1978); Hogberg and Zimmerman (1978); Pond et 
al. (1980); Prince-et al. (1983); Wahlstrom and Libal (1983); 
Stamataris et al. (1985); and Pond and Mersmann (1990). 

First, the nwnber of positive and negative responses to previous 
nutrient restriction were counted, without regard to statistical 
significance within the experiment. Then, for each study, the 
growth rate and feed/gain of previously restricted pigs were 
expressed as percentage of.the values for controls. Weighted mean 
values across experiments were calculated, with each experimental 
value being weighted by the harmonic mean nwnber of replicates per 
treatment (Pettigrew, 1981). The studies were then subdivided in 
various ways to seek to identify conditions in which compensatory 
growth should be expected to occur. This approach is.subject to 
bias if some studies that failed to show the "desirea-0 response 
were not published. 

The results of this survey confirm the existence of compensatory 
growth in pigs provided adequate diets after nutrient rest~iction. 
On average, growth rate was 8.1% faster in previously restricted 
pigs, with positive responses in 16 cases and negative respon~ses in 
only 5 (Table 1) . Feed required per unit of gain was 5. 2% lower in 
previously restricted pigs, with advantage in 13 cases and 
detriment in 4 cases. 

The nature of the compensatory response may be influenced by the 
stage of growth (Table 1). There appears to be a subsequent growth 
rate response to nutrient restriction applied during either the 
starting or growing period. However, in the case of feed 
efficiency, a positive response followed nutrient restriction 
during the starting period, but not during the growing period. 

Protein restriction during the starting period was followed by 
inconsistent responses in growth rate (Table 1). The nature of the 
experiments that did or did not show compensation following protein 
restriction appears consistent with the arguments of Hogberg and 
Zimmerman (1978) that an extreme protein restriction is not 
followed by compensation. 

Restriction of either protein or total feed during the growing 
period was followed by compensation in all cases except the only 
one in which the restriction was so severe that the 'pigs lost 
weight (Pond and Mersmann, 1990). If this extreme case 
excluded, pigs previously restricted during the growing period 
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Table 1. ,Summary of performance of previously restricted versus 
control pigs while subsequently fed adequate diets. 

Avg. Daily Gain FeedLGain 
Category No. (+)a No. ( - ) b Meanc ~ - _ _,_No. (+)a No. ( - ) 6 Meanc 

Overall 16 5 108.1 13 4 94.8 

Starting' 8 4 112.9 9 0 91.1 
Protein 4 4 99.2 5 0 94.9 
Feed 3 0 119.1 3 0 89.5 

Growing 8 1 101. 3 4 4 99.9 
Protein, 2 0 106.3 2 0 9-5. 8 
Feed 6 1 100.7 2 4 100.3 

aNumber of comparisons in which performance of previously 
restricted pigs was superior. 

1Number of comparisons in which performance of previously 
restricted pigs was inferior. 

cPercentage of control value. 

subsequently grew 9.3% faster than controls. We haNe not 
identified any other pattern of response in pigs restricted durinq 
the growing period. 

~ 

Overall, this sununary shows clearly that pigs compensate fot 
previous moderate nutrient restriction. The question remains 
whether a simple corn-soy starter diet causes uncomplicat-~d 
nutrient restriction that results in subsequent compensation, which~ 
in turn would diminish the performance advantage of complex diets~ 

COMPLEX VERSUS SIMPLE DIETS 

We are engaged in a research program to determine the subsequent 
effects of feeding simple versus complex starter diets. 

An experiment was conducted at the University of Minn~sota West
Central Experiment Station to determine whether the growth 
advantage gained from feeding a complex diet during the starting 
period was lost during the subsequent grow-finish phase {Tokach et 
al., 1991). A total of 240 pigs initially weighing 5.3 kg and 21 
days of age, were allotted by litter to six replicates and four 
dietary treatments. The starting period was divided into two 
stages; stage one consisted of weeks 1-2, stage two weeks 3-5. In 
phase 1, treatment 1 was a corn-soy diet; treatment 2 included 6% 
added soy oil; treatment 3 included 20% dried whey and 20% dry skim 
milk; treatment 4 consisted of 6% added soy oil plus 20% dried whey 
and 20% dry skim milk. In phase two, the dry skim milk was 
eliminated and the soy oil level was reduced to 3%. After the 
starting period, all pigs were fed a conunon grow-finish diet. The 
results {Table 2) show no interactions between fat {soy oil) and 
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Table 2. :rnf luence of starter diet on grow-finish performance . • 

Soy oil 0 + 0 
Milk 2roducts 0 0 + 

Wt. at 56 days, lb.b 35.3 35.5 
-~-~ 

37.7 

Daily gain, lb. c 1.47 1. 48 1. 53 
Daily feed, lb. c 4.83 4.80 5.07 
Feed/Gain 3.29 3.24 3.32 

Wt. at 180 days, lb. c 218.5 218.3 229.5 

aFrom Tokach et al., 1991. 
bEnd of starter period. Milk product effect, P<.01). 
cFat x milk product interaction, P<.08. 

+ 
+ 

39.7 

1.48 
4.75 
3.22 

221. 3 

milk products in the diet. The addition of milk products to the~ 
diet improved growth rate during the starting period. During the' 
grow-finish period, when all pigs were fed the same simple corn-soy 
16% protein grower and 14% protein finisher diets, pigs that had 
previously been fed the starter. diet containing milk products but 
no soy oil grew faster and consumed more feed daily then.did the 
pigs previously given the other diets. This was a beneficial 
subsequent effect of milk products in the starter diet. Adding fat 
to the starter diets did not improve overall performance. These 
results indicate that no compensatory gain occurred following a 
simple starter diet, and in fact the opposite occurred. *'·The 
advantage gained by milk products in the starter diet was augmented 
during the subsequent growing-finishing period. ~ 

A, second study was conducted at the University of Minnesota 
Southern Experiment Station in Waseca to determine whether the milk 
product response could be repeated, and to determine whether the 
starter diet could be made more cheaply with the same results 
Stairs et al., 1991). A total of 200 pigs (initially 7.4 kg and 
28 days of age) were blocked by weight (5 blocks) and allotted to 
four dietary treatments. The starter phase was divided into two 
-stages; stage 1 was weeks one and two, stage two was weeks three 
through five. During stage one, treatment 1 was a corn-soy diet 
with no added milk products; treatment two included 20% dried whey; 
treatment 3 included 20% dry skim milk and 20% dried whey during 
week one but only 20% dried whey during week two; treatment 4 
included 20% dry skim milk and 20% dried whey during both weeks one 
and two. During stage two, treatments one, two, and three included 
no milk products, but treatment four received 20% dried whey. At 
the end of five weeks all pigs were fed a common grower _diet of 
16% protein until 120 lb., followed by a common finisher diet 
containing 14% protein. The experiment was completed when pigs 
weighed 225 lb. Addition of milk products to the starter diets 
increased growth rate and daily feed intake (P<.01) during that 
period (Table 3). During the subsequent growing period, pigs grew 
faster (P<.02) if milk products were added to the previous diet. 
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t Table 3. Influence of starter diet on grow-:f inish 

Treatment 1 2 

Daily gain, lb. 
Startingb .89 . 90 
Growingc 1. 65 1. 76 
Finishing 2.01 2.01 

Daily feed, lb. 
Startingb 1.46 1. 49 
Growing 4.09 4.24 
Finishing 6.71 6.77 

Days to 225 lb. bd 133 129 

aFrom Stairs et al., 1991. 
bTreatment 1 (control) versus others, P<.01. 
cTreatment 1 (control) versus others, P<.02. 
dFrom weaning at 28 days of age. 

3 

~ 

.94 
1. 75 
2.00 

1. 57 
4.48 
6.79 

128 

performance.• 

4 

1. 02 
1.72 
1.98 

1. 63 
4.23 
6.41 

129 

There were no treatment effects on growth rate or daily feed intake 
during the finishing period. The number of days from weani.n.g to 
225 lb. was reduced by the inclusion of milk products (P<.01), but 
there were no differences among the three milk treatments. This 
suggests that the cheaper whey diets give subsequent results 
similar to those of the more expensive skim milk diets. 

The same treatments were used in another experiment conducted at ~, 
the University of Minnesota St. Paul Swine Research Facility. A ~~~ 
total of 32 pigs were weaned at 21 days of age and 5.4 kg, and 
blocked by weight (4 blocks). The pigs were weaned into individual 
metabolism crates with solid partitions. After five weeks the 
pigs were moved into individual grow-finish pens. The results of 
this study showed no differences among treatments during the 
subsequent grow-finish phase (Table 4) . These results may have 
been confounded by stress resulting from the lack of contact among 
pigs immediately after weaning. 

Thus; in three experiments we have seen subsequent benefits of 
complex starter diets twice, and no subsequent effects once .. In no 
case has there been any indication of compensatory growth. Data 
from France (Seve, 1985) support these observations. These results 
shift the economic advantage toward complex starter diets. 

Further studies, including body composition measurements, are 
underway and planned for the future. 

167 



:· \. , _J 

Table 4. Influence of starter diet 

Treatment 1 

Daily gain, lb. 
Startingb .91 
Growing 1. 75 
Finishing 2.05 

/ 

Daily feed, lb. 
Startingc 1.45 
Growing 4.41 
Finishing 7.52 

aFrom Stairs et al., unpublished. 
bTreatment 2 versus 3 & 4, P<.06. 
cTreatment 2 versus 3 & 4, P<.10. 

GENERAL DISCUSSION 

on grow-finish performance.• 

2 3 4 

--: 8 9 1. 01 1. 05 
1. 70 1. 71 1. 67 
2.11 2.10 2.11 

1.42 1. 52 1. 57 
4.40 4.41 4.11 
7.17 7.48 6.96 

,, 

We suggest that the growth limitation resulting from the use of a 
simple corn-soy diet for weanling pigs should not qe considered a 
simple nutrient restriction. Our summary of respons~s to previous 
nutrient restriction shows that compensatory growth should be 
expected unless the restriction is severe. However, our 
observations on subsequent effects of complex versus simple diets 
show the opposite, that the advantages in starter performance 
gained by a high-quality starter diet are augmented ~Y improved 
subsequent performance. Perhaps the delayed effects. we have 
observed are due to dietary effects on body compositiG>;n or to 
persistent effects on physiological conditions or metabolisfu. Our 
results are consistent with either. a beneficial effect of dry skim 
milk and/or dried whey or a detrimental effect of corn and/or 
soybean meal. 

Regardless of the biological mechanisms involved, effects of 
starter diet on subsequent performance.are very important in design 
of feeding programs for weanling pigs. Our observations shift the 
economic balance in the direction of the more expensive complex 
diets. In fact, our rough calculations suggest that improvement in 
subsequent growth performance may be necessary to j~stify the cost 
of some such feeding programs. 

We are at an early stage in the evaluation of subsequent effects of 
starter diets, so our conclusions may be modified as we perfom 
further studies. We need to understand the biological mechanisms 
of this response in order to intelligently manipulate it. However, 
it seems clear that we should not expect a compensatory response 
from the use of simple versus complex pig starter diets. 
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SUMMARY AND CONCLUSIONS 

Pigs partially compensat.e for moderate nutrient restriction by 
enhanced growth rate and/or feed efficiency when subsequently given 
an adequate diet. However, weanling pigs.that grow slowly during 
the starting period because they are i-ed_.,__a simple corn-soy. diet, 
rather than a more expensive complex one, do not compensate during· 
the subsequent-growing-finishing period. In fact, our data suggest 
that pigs given a complex starter diet grow faster during the. 
subsequent growing-finishing period. The difference in subsequent 
performance following a simple starter diet versus nutrient 
restriction suggests that a simple corn-soy diet for weanling pigs 
does not constitute a simple nutrient restriction. The improved 
subsequent performance following the use of complex starter diets 
should be considered in designing feeding programs. 
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AMINO ACID NUTRITION OF SWINE FOR OPTIMAL GROWTH 

INTRODUCTION 

.G. C. Shurson 
Department of Animal Science 

University of Minnesota 
-~ .._::,_-..=.... 

Perhaps our biggest challenge for improving swine feeding programs 
in the 1990's is to adopt new technologies related to improving tbe 
accuracy of determining and meeting nutrient requirements. 
Improving our nnutritional accuracy" is important for a variety of 
reasons. First, we all recognize that both overfeeding and 
underfeeding of nutrients reduces nutrient utilization efficiency 
and increases production costs. Secondly, ecological concerns 
(e.g. water quality) related to land application of swine manure 
can· be reduced by increasing our efforts to improve nutrient 
utilization efficiency and thus, minimize excess nutrients in swine. 
diets. Finally, we are always striving to do a better job in 
meeting consumer demands for leaner pork and nutritional accuracy• 
plays a major role in allowing us to get closer to this goal. 

"Nutritional accuracy" is extremely important for all p_hases of 
pork production because feed costs represent about 65 %· of the 
total cost of production and amino acids represent a major portion 
of this nutritional and cost input. Furthermore, since 75 % of the 
total feed fed in a farrow-to-finish operation is consumed in the 
grower-finisher phase, the potential impact of amino acid acG;Uracy 
on profitability is greater in the grower-finisher phase> of 
production than in other production phases. Therefore, we m'u.$.t 
continue to focus much of our attention on ways to solve 
nutritional problems associated with meeting the amino acid needs 
of the growing-finishing pig. · 

In order to improve accuracy of meeting the amino 
growing-finishing pig, we first need to 
interrelationships of various factors that 
nutritional accuracy. These factors include: 

Improving accuracy in feed formulation 
Improving accuracy in feed manufacturing 

acid neeos of the 
understand the 

contr1bute to 

Improving accuracy in estimating nutrient requirements 
Improving accuracy in measuring feed intake 
Improving accuracy in quantifying ingredient quality and bio
availability 

In addition, cost-benefit relationships must be considered when 
evaluating the significance of adopting new or _improved nutritional 
accuracy technologies. 
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CURRENT CONCEPTS FOR OPTIMIZING AMINO ACID NUTRITION OF THE 
GROWING-FINISHING PIG. 

Are Pork Producers Ready To Adopt New Nutritional Technologies? 

Perhaps the short answer- to this .qu~stion is "yes" and "no". 
Meeting nutrient requirements means different things to different 
producers. To illustrate this point, we conducted a feed analysis 
survey (Shurson et al., 1988) to study the nutritional adequacy of 
complete sow feeds that were formulated and/or manufactured on 112 
Ohio swine farms. Results obtained from that survey indicated that 
only about 20 % of these feed samples met or exceeded NRC 
requirements for crude protein, calcium, and phosphorus. 
Therefore, 80 % of these diets were not formulated and/or mixed 
correctly to at least meet NRC requirements for the three nutrients 
evaluated. Similar results have also been reported in other feed 
analysis surveys conducted in Kentucky (Parker, 1981) and Missouri 
(Rea, 1981). These surveys also showed dramatic inaccuracies of 
on-farm manufactured swine diets from each production phase. 

An example of the potential economic impact of making formulatior.i. 
and/or mixing errors is shown in Table 1. These data suggest that 
for even slight deviations in formulation or mixing errors in crude 
protein, increases in production costs can be pubstantial. 
Therefore, a critical point to remember when evaluating the impact 
of improving nutritional accuracy is that most producers must 
first, focus their attention on improving their fundamental 
formulation and quality control skills in feed manufacturing before 
they will be able to take advantage of 'the additional peirformance 
and profit improvement possible by "fine tuning" feeding programs. 

~ 

TABLE 1. EFFECT OF CRUDE PROTEIN LEVEL ON GROWTH PERFORMANCE, 
FEED AND NON-FEED COSTS FOR FINISHING HOGS (120-220 lb) 

Reguirements Costs 
Protein Feed -

Level ADG F/G {lb} Da~s Feed+ Non-Feed = Total 
11 1.14 4.56 456 88 25.86 8.80 = 34.66 
12 1.37 4.11 411 73 24.21 7.30 = 31.51 
13 1.47 3.81 381 68 23.39 6.80 = 30.19 
14 1.59 3.60 360 63 22.73 6.30 = 29.03 
15 1.66 3.49 349 60 22.80 6.00 = 28.80 
16 1.66 3.49 349 60 23.56 6.00 = 29.56 . 
17 1.66 3.49 349 60 24.33 6.00 = 30.33 
18 1.66 3.49 349 60 25.09 6.00 = 31.09 
19 1.66 3.49 349 60 25.86 6.00 = 31.86 
20 1.66 3.49 349 60 26.61 6.00 = 32.61 

Bache et al. (1985) 
Corn = $2.40/bu, Soy 44 = $240/ton, Non-feed cosVday = $0.1 O 
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How Specific Should Amino Acid Requirements Be? 1 

In the past, we have been satisfied wit.h developing feeding 
programs and formulating diets for average requirements, for 
average pigs, under average conditions, ov~r a wide feeding period 
range for growing pigs (e.g. 40 to 120 lbs·rand finishing pigs (120 
to 230 lbs) . In doing so, we have under-fed nutrients during part 
of the· production phase, and have over-fed nutrients during a 
different portion· of a given production phase. In other words, we 
have not done a very good job in defining amino acid requirements 
for the conditions or types of pig being fed. As a result, the 
relative nutritional impact of not accounting for genotype, sex apd 
stage of growth on amino acid requirements has been substantialJ 

' 
Impact of genotype on amino acid requirements. A Purdue study 
(Schinckel et al., 1988) has clearly demonstrated that growth 
performance and carcass composition _of market hogs is highly 
variable among genetic sources in the industry (Table 2). Because 
of this amount of variability, the rate of lean tissue growth is 
also highly variable ( 0.38 to 0.97 lbs of lean gain/day). Stahly. 
(1989) has demonstrated considerable economic advantages of~ 
producing high lean growth genotypes compared to average genotypes 
in growth rate, feed usage and carcass leanness (Table 3). Large. 
differences in lean growth potential among genotypes also result i~. 
large differences in lysine requirements (Table 4). Ari· initial 
study conducted at the University of Kentucky showed that high lean 
gain genotypes required between 0.80 and 0.95 % lysine Whereas low 
lean gain genotypes required 0.65 % lysine in the diet (Stahly et 
al., 1988). Since that initial study was conducted, Stahly ('.1-1991) 
has developed more specific lysine requirement estimates basep on 
high (400 grams of lean gain/day) and medium (315 grams of ~~qn 
gain/day) genotypes for both barrows and gilts in each of four 
phases of the growing-finishing period (Table 5) . This information 
is extremely valuable for optimizing amino acid nutrition of 
growing-finishing pigs. · 

TABLE 2. PERFORMANCE AND CARCASS COMPOSITION OF A SAMPLE OF 
MIDWESTERN BARROWS OBTAINED FROM 32 SOURCES 

Average Daily Gain, lb. 
Average Daily Feed Intake, lb. 
Feed/Gain 
Backfat (10th rib), in. 
Loin eye area, sq. in. 
Percent carcass lean 
Lean growth rate, lb./day 0.67. 
Feed/Lean gain 

Schinckel et al. (1988) 
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Average 

2.19 
5.92 
2.74 
1.26 
4.99 

47.66 
0.38 
9.18 

1.51 
5.34 
2.40 
0.40 
3.30 

33.50 

6.82 

Range 

3.08 
6.98 
3.09 
2.20 
7.30 

61.00 
0.97 

12.34 
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TABLE 3. ECONOMIC COMPARISON OF DIFFERENCES. IN GROWTH AND 
CARCASS TRAITS BETWEEN THE TOP 2 GENOTYPES AND THE 
AVERAGE OF GENOTYPES. 

,_-;~ 

Trait Difference Unit Value Value 

Days to Market - 4.0 $0.13/day $0.52 
Total feed 

consumed, lb - 74.0 $0.08/lb $5.92 
Carcass 

weight, lb 0.0 $0.55/lb 
Backfat, in. - 0.27 $8.00/in. $2.16 

TOTAL $8.60/pig 

Stahly (1988) 

TABLE 4. EFFECT OF VARIOUS DIETARY LYSINE LEVELS FOR LOW AND HIGH 
LEAN GENOTYPES ON POUNDS OF LEAN GAIN/DAY 

Lysine,% 

Genotype 0.50 0.65 0.80 0.95 

High lean gain 0.63 0.85 0.88 0.90 

·Low lean gain 0.61 0.69 0.69 0.68 

Stahly et al. (1988) 
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Table 5. Estimated Dietary Lysine Needs for Barrows and Gilts with High (400 
g/day) and Medium (315 g/day) Capacities for Lean Tissue Growth. 

Lean Growth Dietary Needs 
Genotypes Sex Weight, lbs . grams/day ...=.-- % of diet 

High Barrow 45-90 15.5 .92 
90-130 21.3 .80 

130-200 20.5 .65 
200-240 20.5 .62 

Gilt 45-90 16.2 .98 
90-130 23.0 .92 

130-200 23.1 .84 
200-240 22.5 .75 

Medium Barrow 45-75 15.2 . 90 • 

75-110 20.0 .78 
110-175 20.0 .63 
175-240 19.0 .52 ; 

Gilt 45-75 15.9 .96 
75-110 21.5 .90 

110-175 22.0 .80 
175-240 21.2 .64 

Based on research conducted at the University of Kentucky (Stahly, 1991 ). 

In order to establish optimum amino acid requirements for 
customized grower-finisher diet formulations, we need more 
integrated estimates of the effect of genotype, sex and stage of 
growth on daily lysine requirements. Once a more comprehensive set 
of these new lysine requirements are established, more widespread 
adoption of this technology will be possible. However, the impact 
of using these new estimates when formulating customized diets is 
dependent on our ability to accurately determine the lean growth 
patterns for pigs on a given farm. · 

Impact of. Sex on Amino Acid Requirements. Barrows grow faster and 
eat more feed than gilts. Gilts have a higher carcass yield, less 
fat, more muscle and better feed conversion than barrows. Because 
gilts consume less feed and yield more lean than barrows, they 
require higher dietary levels of protein and amino acids to support 
optimum lean gain. However, like genotype, the impact of sex on 
optimum dietary amino acid requirements is highly dependent on the 
weight of the pigs. Rates of lean tissue growth and body protein 
accretion are similar among barrows arid gilts at light weights (4S 
to 65 lbs) but gilts gain more lean tissue than barrows as 'they 
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mature (90 to 220 lbs; Stahly, 1991). Consequently, differences in 
relative daily lysine requirements increase as the relative rate of 
lean growth increases for gilts compared to barrows at increasing 
weights. Stahly (1991) has estimated the incremental increases in 
daily lysine requirements for gilts compared to barrows at 45 to 65 
lbs, 110 to.130 lbs and 155 to 175 lbs-'-'to be 0.5 to 0.7, 1.5 to 
1.8, and 2.4 to 2.8 grams/day, respectively. When accounting for 
the lower feed intake of gilts, along with the increased lysine 
needs for muscle growth, gilts weighing 65, 130, 175, and 220 lbs 
would require diets containing .05 to .08, .14 to .17, .17 to .20 
and .10 to .13 percentage units more lysine than barrows, 
respectively (Stahly, 1991). 

In order to take advantage of customized rations for barrows and 
gilts, they must be penned separately. Therefore, the primary 
limitations of adopting separate sex feeding are related to whether 
feeding systems and facilities can be inexpensively modified to 
accommodate the use of separate diets, and whether the inefficiency 
of space utilization caused by different growth rates of barrows 
and gilts can be minimized. The cost of not adopting this separate 
sex feeding practice is that barrows and gilts will be fed the sam~ 
ration containing an average lysine or protein level. This often 
means that protein will be wasted on barrows, resulting in 
increased cost/lb of gain, while robbing gilts of the nutrients 
they need to optimize lean gain, resulting in reduced g~owth rate 
and carcass lean. In economic terms, separate sex feeding can 
reduce production costs by $1/cwt as a result of greater amino acid 
utilization efficiency. .. 
Impact of stage of growth on amino acid requirements. The m~ximum 
rate of muscle growth declines with increasing live weight, but at 
different rates depending on genotype and sex, and reaches zero at 

. maturity. Stahly (1991) reported that in the early stages of 
growth (40 to 80 lbs), the relative response to increasing dietary 
lysine levels was greater for high lean growth genotypes than for 
medium lean growth genotypes. In addition, when a high lysine diet 
was fed in the latter stages of the growth curv~, the amount of 
reduced growth and feed utilization efficiency was less for high 
lean growth genotypes compared to medium lean growth genotypes. It 
is likely that depressions in performance from feeding the high 
lysine diet during the finishing phase are due to the metabolic 
costs associated with deaminating and eliminating the amino acids 
in excess of the pig's requirements. 

Because of these muscle growth/amino acid demand 'relationships, 
amino acid utilization efficiency could be improved and production 
costs could be reduced by altering dietary lysine levels more 
frequently to match the pig.'s growth curve as closely as possible. 
This concept is currently being used for early-weaned pigs (3-phase 
starter feeding program) and performance advantages have been 
obtained by doing a better job matching nutrition with the 
physiological development of the pig. However, the value of using 
more specifically defined lysine requirements will be reduced if 
the same diet is used over a wide weight range. Therefore, "How 
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often can or should we reformulate or adjust diet nutrient levels 
for growing-finishing pigs?". The answer is determined by the 
economic value of multiple phase feeding for growing-finishing pigs 
on a given farm. It seems that if sufficient information is 
available to quantify amino acid requirements for a given sex, 
genotype and weight, and if current ':::f-eeding systems can be 
inexpensively modified to accommodate this technology, diet 
formulations need to be changed every time a feed bin is filled. 

Several implications are related to the adoption of more accurate 
amino acid estimates. The development and use of more specific 
lysine requirement estimates will provide th~ opportunity to 
improve amino acid utilization efficiency and reduce production 
costs. However, the limiting factors for the success of adopting 
this technology is dependent on methods that nutritionists and 
producers can use to accurately quantify the type of pig being fed, ' 
as well as research .studies that provide more descriptive, narrowly 
defined amino acid requirements. The need for information to 
characterize growth patterns of pigs will likely result in the 
increased use of on-farm or central test station performance 
testing programs to establish more accurate estimates. Because of• 
the variability of among genotypes in the industry, heavy emphas1s 
will be placed on the use of high quality, co-nsistent genetics to 
minimize the need to redefine requirements for changing genotypes:, 
Furthermore, the application of potential "quick test" 'techniques 
will likely be developed and used to predict the genetic capacity 
of pigs for lean tissue growth prior to the grower-finisher period: 
Once these limitations are overcome, this technology will allow 
producers to obtain the potential benefits of improved nutrit4onal 
accuracy. 

WHAT DO PIGS EAT? 

Perhaps the most significant nutritional oversight that pork 
producers commit today is that they use or formulate diets without 
considering the amount of feed their pigs eat. A recent study 
measured feed intake (disappearance) on 68 Midwest hog farms from 
July, 1986 to June, 1988 (Brumm et al., 1991) to illustrate .the 
significance of this issue. Results from that study indicated that 
their was tremendous variation in daily feed disappearance for 
growing-finishing pigs during various months of the year (Figure 1) 
and the level of feed intake (disappearance) was less than expected 
(based on NRC, 1988 estimates) for 8 out of 12 months of the year 
(Figure 2) . The net result of these lower than expected feed 
intakes is that pigs grew slower and were less efficient than 
expected when compared to NRC (1988) estimates (Table 6). 
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TABLE 6. COMPARISON OF GROWTH AND FEED EFFICIENCY FOR G~OWING
FINISHING SWINE VERSUS NRC(1988) EXPECTED PERFORMAN~E. 

Weight Range 
lb 

50-110 

44-110 

110-235 

110-242 

Brumm et al. (1991) 

Source 

Swine Graphics, 1987 
Swine Graphics, 1988 
Swine Graphics, 1989 

NRC, 1988 

Swine Graphics, 1987 
Swine Graphics, 1988 
Swine Graphics, 1989 
NRC, 1988 

Average 
Daily Gain 
Ibid 

1.25 
1.25 
1.27 

1.54 

1.53 
1.49 
1.59 
1.80 

Feed/Gain 

2.77 
2.68 
3.00 

2.72 

~ 

3.58 
3.80. 
3.49 
3.79 

To minimize feed cost/pound of lean gain, nutritionists and 
producers must work together to not only more narrowly and 
specifically define target nutrient requirements, but, in addition, 
producers must also attempt. to assess feed intake. Because feed 
intake is a crucial factor when determining the concentrations of 
nutrients in feed, producers who don't perform feed intake 
assessments are not selecting or mixing optimal diets for their 
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hogs. Remember, pigs require specif:lc amounts of nutrients/day-:--it 
is the combination of dietary nutrient concentrations and feed 
intake that determines whether these specific amounts are actually 
consumed. 

We know that pigs from different gen~.;:ti-; lines and sexes have 
different amino acid requirements and eat different amounts of 
feed. A Purdue study (Schinckel et al., 1989) compared barrows 
from 32 genetic sources, and found a large variation in feed intake 
and other performance and carcass traits (Table 2). While these 
barrows consumed an average of 5. 92 lbs/day, their daily feed 
intake ranged from 5.34 to 6.98 lbs/day. If each genotype was fed 
the same ration containing 14 % crude protein, the genotypes that 
consumed 5.34 lps/day would be consuming 339 grams of protein, 
whereas the pigs that consumed 6. 98 lbs of feed/day would be 
consuming 444 grams of protein/day. Unfortunately, there is not a 
close association between feed consumption and nutrient (protein) 
requirements. However, if we assume in this example, that the 
daily protein requirement for all genotypes in that study was 390 
grams/day, then the pigs that consumed only 5.34 lbs/day ,wou~d be 
consuming 51 grams less prot·ein than their daily requirement. 
These pigs would grow more slowly, be less efficient and produce 
less carcass lean. Consequently, their feed cost/cwt of ·pork 
produced would be about $1/cwt higher than if their requirement was 
met. In contrast, those pigs that consumed 6. 98 lbs/day ... wou,ld be 
consuming an excess of 54 grams of protein/day. The excess protein 
consumed by these pigs would be utilized as an expensive energy 
source and would not provide any increase growth rate and carcass 
lean because the requirement was met. Overfeeding protein reltative 
to the pig's requirement would increase feed cost/cwt of pork 
produced by more than $1/cwt because of the increase in cost/lb\·~o.f 
diet due to excess soybean meal. -

In order to avoid paying more for feed for each cwt of pork 
produced, producers must adjust diet formulations to meet as 
accurately as possible, the target protein (amino acid) levels for 
each genotype and sex. In the example above, if all barrows 
required 390 grams of protein/day, the pigs that consumed' 5.34 
lbs/day should be fed a diet containing a concentration of 16.1 % 

.protein, while those that ate 6.98 lbs/day would need only 12.3 % 
protein in their ration. These adjustments would significantly 
reduce feed costs by improving the efficiency of nutrient use. 

In addition to genotype and sex, temperature can have a significant 
effect on feed intake. Temperature, probably more than any other 
environmental factor (i.e. water intake, feed quality, feeder 
design and pig behavior) accounts for much of the variation in feed 
intake among groups of pigs. Optimally, temperatures should range 
from 60 to 75 degrees F for growing pigs (40 to 125 pounds) and 50 
to 75 degrees F for finishing pigs (125 pounds to market). When 
temperatures are below these optimal ranges, pigs will need to 
increase their consumption of feed to maintain their body 
temperature. Because this ·excess feed is used to compensate for 
the increased energy needs of pigs housed at cooler temperatures, 
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' a smaller fraction of the energy is available for lean growth, and 
there will be poorer feed conversion. In contrast, when 
temperatures are higher than the optimal range, pigs eat less feed, 
which results. in 11 stall out 11 during the warm weather months. As a 
general rule, for every 2 degree F _drop or rise in temperature 
below or above the pig's optimal tempe.rature range, energy intake 
will increase (cold) or decrease (hot) by about 40 kcal/day (Holmes 
and Close, 1977). Table 7 illustrates the impact of environmental 
temperature on feed intake, growth rate, feed conversion and 
caloric efficiency. Because temperatures do vary ~n pork 
production facilities, diets need to be seasonally modified to 
compensate for the accompanying differences in feed intake. 

TABLE 7. EFFECT OF TEMPERATURE ON GROWTH PERFORMANCE 
AND CALORIC EFFICIENCY OF GROWING PIGS (40 -120 LB) 

Caloric 
Temp F° ADG, lb ADFI, lb F/G Efficiency 

32 1.19 11.16 9.45 19.4 
41 1.17 8.27 7.10 25.7 
50 1.76 7.70 4.34 41.7 
59 1.74 6.93 3.99 ..., 45.8 
68 1.87 7.09 3.79 48.2 
77 1.58 5.78 3.65 50.2 
86 0.97 4.87 4.91 37.1 
95 0.68 3.33 4.87 ··34.4 

\ 

Nichols (1981) 

In order to optimize the lean gain potential of pigs, we need to 
improve our accuracy in meeting the daily nutrient requirements of 
pigs by measuring feed intake under a given set of conditions, and 
use that information when we formulate customized diets to achieve 
least cost/lb of lean gain. Calculating average daily feed usage 
is simple: 

Feed Usage = Feed Fed 
Pig-Days 

By knowing the amount of feed used, the number of pigs receiving 
that feed and the length of time it takes the pigs to eat that 
known quantity of feed, we can make this determination. 

Methods of quantifying the amount of feed fed in grower-finisher 
units may vary depending on the type of feeding system used. For 
automatic feed delivery systems, one method is to fill the storage 
bins with a known quantity at the start of an inventory period and 
record the number of days and pigs fed when the bin and feeders are 
empty. Another method is to fill feeders to a known capacity 
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(weight) in a representative sample of pens in the facility, and 
record the number of days and pigs fed at the time the feeders are 
empty. Unfortunately, in either case, not all pens of pigs will 
eat the s~me amount of feed over a given period. Therefore, the 
feed 

remaining in some feeders will need t.o be weighed and subtracted 
from the total amount fed in order to accurately determine feed 
usage. In both cases, some type of scale must be used to determine 
the weight of feed used over the feed intake assessment period. 

Feed usage (disappearance) should be determined when management 
conditions change, especially environmental temperature and 
genetics. The type of grower-finisher facilities used affects the 
amount of temperature variation that occurs, which in turn, 
determines the frequency of needing to measure feed usage. For 
example, in environmentally controlled confinement facilities, feed 
usage needs to be determined at least 3 times/year (summer, winter 
and spring/fall) to account for temperature changes. For 
facilities where there is less temperature control (MOF, open-front 
or outside feedlots), feed usage will need to be measured more 
frequently. 

~ 

HOW CAN DIET FORMULATION BE IMPROVED TO INCREASE AMINO ACID 
UTILIZATION? 

Determine the amount and availability of amino acids in feed 
ingredients. Information on digestibility of the nitrogen (amino 
acid) component of the ingredients is essential when attempt~ng to 
improve accuracy of diet formulations for optimal amino ~acid 
nutrition. However, the application of this concept has !?>~_en 
limited for a variety of reasons. First, there is a great deal of 
variability in both amino acid content and bioavailability of amino 
acids within sources of high protein ingredients. Because of this 
variability, amino acid content and digestibility must be 
determined in order to minimize formulation inaccuracies. However, 
the timeliness and cost of analysis, along with the accuracy· of 
results, make applica~ion this technology difficult. ' 

Because of these limitations, and the fact that crude protein 
analysis provides no information on amino acid quantity· and 
quality, researchers have attempted to develop equations for 
predicting the amino acid content of grains and various 
supplemental protein sources using actual crude protein values from 
laboratory analyses. The accuracy of these equations varies 
depending on the grain or protein source, as well as the particular 
essential amino acid that is being considered (Wicker, 1991; Table 
8) . The regression equations that have been developed are 
relatively accurate for predicting some percentages of the 
essential amino acids in grains. However, the accuracy of using 
these equations for drought stressed corn is reduced because of the 
increase in crude protein content associated with low test weights 
(Wicker, 1991). Regression equations for soybean meal and canola 
meal have also been developed and provide relatively good accuracy 
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for some essential amino acids. However, accuracy of regression 
equations that have been _c;ieveloped for predicting amino acid 
content of animal by-products is low {Wicker, 1991). 

TABLE 8. Accuracy (r value) of Regression Eguations for Predicting Lysine, 
Methionine + Cystine, Threonine and Tryptophan Concentrations in 
Grains and Plant By-Products. 

Lys M+C Thr Trp 
Corn .66 .65 .85 .13 
Sorghum .61 .80 .94 .88 
Wheat .72 .87 .86 .46 
Dehulled soybean 

meal .57 .35 .59 .47 
Canela meal .67 .62 .77 .52 

Wicker (1991) 

TABLE 9. Regression Equations for Estimating Lysine, Methionine+Cystine, 
Threonine, and Tryptophan Concentrations in Corn and Dehulled 
Soybean Meal. 

Corn (98 Samples, 86 % Dry Matter): 

% Lysine = 0.049 + 0.026 (% Crude Protein); r = .66 
% Methionine+cystine = 0.127 + 0.032 (%Crude Protein); r = .65 
% Threonine = 0.006 + 0.037 (% Crude Protein); r = .85 
% Tryptophan = 0.040 + 0.002 (% Crude Protein); r = .13 

Dehulled Soybean Meal (175 Samples, 89 % Dry Matter): 

% Lysine = 0.264 + 0.060 (% Crude Protein); r = .57 
% Methionine+cystine = 0.482 + 0.020 (% Crude Protein); r = .35 
% Threonine = 0.400 + 0.032 (% Crude Protein); r = .59 
% Tryptophan = 0.111 + 0.011 (% Crude Protein); r = .47 

Wicker (1991) 

Another method for rapidly determining the amino acid content of, 
feed ingredients has recently been developed. This method involves 
using a new Near-Infrared Spectrophotometry {NIR) procedure 
(Workman, 1991) which appears to be highly sensitive for measuring·· 
up to 12 amino acids in corn and up to 13 amino acids in soybean 
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meal. The correlations between manual amino acid analysis 
procedures and NIR ranged between .83 to .91 for soybean meal and 
between .79 to .95 for corn. 

Although NIR and the development _regression equations offer 
possibilities for improving our accuracy o':f"-amino acid nutrition, 
neither of these two approaches allow assessment of amino acid 
availability in feedstuffs. I~eal amino acid digestibility 
estimates have been determined for a variety of feed ingredients 
and have been published by NRC (1988). However, the amount of data 
used to derive many of these estimates is limited, which 
consequently, limits their accuracy whe·n applied to practical field 
conditions. Furthermore, amino acid digestibility can vary 
substantially within plant and animal by-product sources due to the 
methods used in heat processing these protein sources. As a 
result, attempts to improve performance by using digestible amino 
acid estimates in· diet formulations _have not yet been very 
successful, based on limited University studies. However, as more 
digestible amino acid data are obtained, it is likely that diets 
will be formulated on a digestible amino basis instead of on 1·a 
total amino acid basis in the future.· · 

The impact of using digestible amino acid information will 
undoubtedly improve formulation accuracy, but it will probably 
change the kinds of ingredients used in the diet as w~ll as 
increase the cost/ton of feed. Knabe (1991) evaluated the impact 
of formulating least-cost diets on both a total amino acid basis 
and on a digestible amino acid basis using current ingredient 
prices. The results of his comparison showed that diet composit~on 
and cost varies widely between the two methods. Diets that we~e 
formulated on a digestible amino acid basis were $2 to $10/ton~~
higher than diets formulated on the basis of total amino acids ·~ 
content. Furthermore, this comparison showed that feedstuffs that 
are low in amino acid digestibility would need to be priced $2 to 
$15/ton lower than they are currently, in order for these 
ingredients to enter in a least cost formulation using digestible 
amino acids. Conversely, feedstuffs containing highly digestib+e 
amino acids could be priced higher than they are currently, and 
still be economical in least cost diet formulations. Therefore, 
tnis study suggests that cost differences between protein sources 
will need to change and/or the improvement in feed conversion. 
obtained from using digestible amino acids in diet formulations 
will need to be great enough in order to off set the potential 
increase in diet cost. · I 

Improve the nutrient balance of swine diets. The balance of 
essential amino acids as well as the amount of amino acids relative 
to energy can affect pig performance. As a result, the application 
of the ideal protein concept has received a great deal of attention 
as a means of evaluating and improving amino acid balance and amino 
acid:energy balance in diets for growing pigs. 

Dietary protein is considered to be 11 ideal 11 when the balance of 
amino acids in the diet is similar to that found in the protein of 
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lean tissue, while taking into account different efficiencies of 
utilization between amino acids. Theoretically, the use of the 
ideal protein concept in diet formulation can maximize utilization 
of dietary protein. However, the balance of amino acids relative 
to lysine, and per unit of protein, in pig tissue and diets is not 
clearly defined (ARC, 1981). An example of some of the relative 
dif f~rences in suggested amino acid balance of ideal protein is 
shown in Table 10. · 

TABLE 10. BALANCE OF AMINO ACIDS IN IDEAL PROTEIN IN COMPARISON 
TO 1988 NRC RECOMMENDATIONS. 

ARC(1981)8 ARC(1981 8 

g/16g N % Lysine 

Lysine 7.0 100 

Threonine 4.2 60 

Methionine 3.5 50 
& Cystine 

Tryptophan 1.0 14 

lsoleucine 3.8 54 

Leucine 7.0 100 

Histidine 2.3 33 

Phenylalanine 6.7 96 
& Tyrosine 

Valine 4.9 70 
tsasea on ammo ac1a oa1ance in lean tissue 

b Based on maximum nitrogen retention by the pig 
c Based on empirical data from literature survey 

Wang & Fulleri NRC(1988t 
(1989) 44-110 lb pigs 

%Lysine %Lysine 

100 100 ::· 

72 64 

63 55 
,), 

18 16 

60 61 
~ 

110 80· :-

n.e. 29 

120 87 

75 64 

The application of this concept involves placing a constraint 
any one amino acid (lysine), and using amino acid ratios found in 
ideal protein to set constraints on all other amino acids. The 
initial mathematical steps involved in formulating diets on an 
ideal protein basis are similar to current approaches. However, 
further steps involve the assessment and adjustment of digestible 
dietary amino acid balance relative to that found in ideal protein, 
and relative to energy density of the diet to meet the ideal 
protein requirement for pigs of a given sex, genotype, and weight. 
A summary of these ideal protein formulation steps are as follows: 
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Calculate the total protein supply of the diet. 

Calculate the concentration of amino acids in 
protein. 

dietary 

• .. -.,..,,~....::£ 

3. Compare amino acid concentrations between dietary supply 
and ideal protein and calculate amino acid scores. 

4. Using amino acid scores, the amount of ideal protein in 
the diet is calculated. 

5. The amount of ideal protein in the diet is then compared 
with the ideal protein requirement (grams/day) for pigs 
of defined .lean gain potential. 

6. The quality of ideal protein in the diet is improved by 
adding the appropriate amounts of synthetic amino acids. 

7. Balance the amount of ideal protein adequate amounts o~ 
energy optimize lean tissue accretion. \ 

The relationship of energy to amino acids is biologically important· 
for two reasons. First, inadequate energy relative to the required 
amino acid supply in the diet will limit lean tissue accr,etion~ 
Secondly, excess energy available after the pig's needs for 
maintenance and lean deposition have been met can be used for fat 
deposition. High lean gain genotype pigs use a higher proportion 
of energy consumed for muscle growth, resulting in less being 
available for fat deposition compared to medium and low lean gain 
genotype pigs (Stahly, 1991). Therefore, providing the correct 
amount of energy relative to amino acids is essential for"~~ 
maximizing nutrient utilization efficiency and carcass lean. 

ARC (1981) has expressed protein and amino acid requirements on the 
basis of grams of amino acids in ideal protein/MJ of digestible 
energy for pigs over two wide growth ranges (33-110 lbs and 110-198 
lbs) as shown in Table 11. Although these values provide a basis· 
for determining the relative accuracy of balance between dietary 
digestible energy and amino acids, they do not account for 
differences in sex, and more narrowly defined weight ranges among 
pigs from various genotype sources. Therefore, more specific-. 
estimates of amino acids/unit of DE are needed in order to properly 
fine tune of practical diets for growing-finishing pigs. 
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TABLE 11.PROTEIN AND AMINO ACID REQUIREMENTS OF PIGS 

Pigs 33 - 110 lb Pigs 110 - 198 lb 
Average g/MJ DE .-.;.:~- g/MJ DE 
Daily Intake 

(g) 

Protein 230 12 8.6 
Lysine 16.1 0.84 0.60 
Methionine 
+ Cystine 8.1 0.42 0.30 
Threonine 9.7 0.50 0.36 
Tryptophan 2.3 0.12 0.09 
lsoleucine 8.7 0.46 0.33 
Leucine 16.1 0.84 0.60 
Histidine 6.2 0.32 0.23 
Phenylalanine 
·+Tyrosine 15.4 0.80 0.58 
Valine 11.3 0.59 0.42 ; 

The practical application of this new approach to diet formulation 
is dependent on the accuracy of defining and using information 
related to all of the factors contributing to optimum amincr acid 
nutrition as described throughout this paper. Therefore, we ·need 
acceptable and reliable estimates for: 

1. Lysine requirements for pigs of different sexes, 
genotypes' and weights. 

2. Feed consumption. 
3. Digestible amino acids of feed ingredients. 
4. Amino acid profile in ideal protein. 
5. Cost/benefit relationships using synthetic amino acids 

to adjust amino acid ratios. 
6. Dietary energy:amino relationships for pigs of different 

genotypes, sexes and weights. 

SUMMARY 

Several new technologies offer tremendous opportunities to optimize 
amino acid nutrition of growing-finishing pigs. However, we first 
must insure that the fundamental aspects of providing proper 
nutrition on the farm are satisfactorily accomplished before the 
potential benefits of these new technologies can be realized. 
Secondly, we must be able to better characterize and quantify 
feeding conditions to take advantage of these opportunities. 
Finally, because of the number and interdependency of all of these 
significant nutritional effectors, we will continue to become more 
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dependent on computer assistance to help design feeding programs 
that are customized for individual farms in order to achieve 
maximum profitability. 
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FEEDING PHYTASE TO INCREASE THE AVAILABILITY OF 
PHOSPHORUS IN FEEDS FOR SWINE 

Gary L. Cromwel,l~: 
Animal Sciences Department 

University of Kentucky 

Phosphorus is a key element that is required by . all living beings. 
Phosphorus accounts for over one-fourth of the· total mineral matter in 
the body, and it is second only to calcium, which makes up about one
half of the total body min~rals. 

•.-

More than 99% of the calcium and about 80% of the phosphorus in the body 
is located in the skeleton., where they are deposited as the mineral, 
hydroxyapatite. · The' skeleton serves both as the supportive framework 
for the body and as a reservoir of phosphorus, calcium and other 
minerals that can be mobilized to other tissues when needed. The 
remaining 20% of the body phosphorus is in the soft tissues where it 
serves as an integral part of many organic compounds and plays a vital 
role in almost every series of biochemical reactions in the body (Hays, 
1976; Pike and Brown, 1984; Peo, 1991). 

. .... 

Because of the involvement of phosphorus in so many important biological 
functions, it is important to provide animals with an adequate amount of 
this mineral in their diet. Otherwise, growth of body tissues is 
depressed and bones become soft and fragile. Prolonged dietary 
deficiency of phosphorus can result in rickets in growing an~mals and 
osteoporosis (demineralization of bone) in adult animals, conditions 
which can result in bone ·fractures or paralysis of the limb~·;-';~ The 
impact of feeding a phosphorus-deficient diet to growing pigs on rate 
and efficiency. of growth, carcass muscle and bone mineralization is 
illustrated in Table 1. ' 

Table 1. Responses of Growing-Finishing Swine Fed a Phosphorus Deficient Diei-

Item 

Daily gain, kg 
Feed/gain 
Lean cuts, % of carcass 
Bone strength, kg 
Bone ash,% 

1 

1Cromwell et al. (1972); 21 pigs, 17 to 92 kg. 

Adequate diet 
(.50% phosphorus) 

.77 
3.08 
58.5 
146 
57.4 

Low phosphorus dietb 
(.32% phosphorus) 

.54 
3.82 
55.9 

. 77 

52.8 

bLow phosphorus diet was a corn-soybean meal diet with no supplemental phosphorus. 
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PHYTATE - THE PREDOMINANT FORM OF PHOSPHORUS IN FEEDS 

Corn and soybean meal account for over 80% of the feed grains and 
protein supplements fed to swine in the United States. Most of th 
phosphorus in corn and soybean meal (as-ffeeJ:l as in other cereal grain 
and oilseed meals) occurs as an organic complex known as myo-inosito] 
hexaphosphate, or commonly referred to as "phytatea (Figure 1). 
Phosphorus ·in this form is not available to nonruminants because theYi 
lack the enzyme (phytase) required to cleave the phosphorus from the 
phytate molecule (Taylor, 1965; Nelson, 1967; Peeler, 1972; Cromwell, 
1979, 1989ab) . On the other hand, ruminants readily utilize phytat 
phosphorus because of the abundanc~ of phytase produced by the rume 
microorganisms. Table 2 illustrates that 60 to 80% of the phosphorus i 
grains and seeds is in the form of phytate. 

Figure 1. Phytate Phosphorus 

Table 2. Phytate Phosphorus Content of Some Common Feedstuff sa 

Feedstuff · 

Com 
Grain sorghum 
Barley 
Wheat 
Oats 
Soybean meal 
Cottonseed meal 
Sesame meal 
Wheat bran 
Wheat middlings 

ad~pied from Nelson et al. (1968). 

No. 
samples 

10 
11 
5 
2 
9 

20 
5 
3 
4 
1 

190 

Total 
phosphorus, % 

.26 

.31 

.34 

.30 

.34 

.61 
1.07 
1.27 
1.37 
.47 

Phytate, % of total 
phosphorus 

66 
68 
56 
67 
56 
61 
70 
81 
70 
74 
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I Based on research that we have conducted at the University of Kentucky 

over the past 10 years, pigs are able to utilize only about 10 to 12% of 
the phosphorus in corn and 25 to 35% of the phosphorus in soybean meal 
(Cromwell, 1989ab, 1990). This means that only about 15% of the 
phosphorus supplied by the corn and soyq~a__!b. meal in a typical pig ·grower 
or finisher diet is available to pigs. -As a result, pig diets must be 
supplemented with a source of highly available phosphorus, such as an 
inorganic phosphate (e.g., dicalcium phosphate, defluorinated phosphate) 
or animal products (e.g., meat and bone meal, fish meal) in order to 
supply the pig~s requirement for phosphorus. 

\-

CONSEQUENCES .OF.THE PIG'S INABILITY TO UTILIZE PHYTATE PHOSPHORUS 

A large perce.ntage of the phosphorus in pig diets is not utilized, so 
much of the phosphorus is excreted in the manure. Large amounts of 
phosphorus excreted in the manure pose an environmental concern, 
especially in parts of the world where land and water resources are 
scarce and animals are density populated. 

Over 100 million tons of manure are excreted by livestock and poultry in 
the United Stabes annually (Table 3). Of this total, swine excrete 
about.13.4 million tons of manure per year. The phosphorus content of 
swine and poultry manure ranges from 1.5 to 1.7% (Table 3), two to three 
times greater than the phosphorus content of manure from ruminants. Of 
the one million tons of phosphorus excreted annually by .. farm animals, 
approximately 200,000 and 120,000 tons of phosphorus come from swine and 
poultry, respectively. In other words, swine and poultry are 
responsible for nearly one-third of the total phosphorus excreted by 
animals (Figure 2) . • 

.J-

Table 3. 
\ 

Annual Quantities of Manure and Phosphorus Excreted by Livestock and Pouluy 

Manure Phosphorus Phosphorus excreted 
Species (million tons) content(%) (thousand tons) 

Ruminants 
Beef cows 52.0 .9 468 
Feeder cattle 10.4 .6 94 
Dairy cattle 25.2 .6 151 
Sheep 3.8 .6 23 

Nonruminants 
Swine 13.4 1.5 200 
Poultry 6.8 1.7. 120 

Total 111.6 1,056 

a<1:1p1ed from Sommers and Sutton (1980) and Gilbertson et al. (1984). 
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Figure 2. 

Swine (18.9%) Beef Cows (44.3%) 

Sheep (2.2%) 

Phosphorus Excreted in Manure from Livestock and Poultry (Adapted from Sommers 
Sutton, 1980; Gilbertson et al., 1984). 

Much of the manure excreted) by swine and poultry is disposed of J· 
applying it·to pastures and croplands. Often, the amount of phospho 
applied to land exceeds the amount needed for plant growth. As'. 
result, phosphorus tends to. accumulate in the soil. T;his accumulati0 
of phosphorus and the potential effects of it becoming ... a contaminant.·· 
streams, rivers and lakes poses an environmental concern, particulallill. 
as urban· expansion reduces the land area on, which wastes can be applie· 

Phosphorus is relatively immobile and does not leach out 0>f the soil as 
does nitrogen (Page and Pratt, 1975). The excess phosphorus, that is ·0 

utilized by plants fpr growth is rapidly _converted to wate~-insolu·ill 
forms (such as organic compounds, adsorbed ions, or precipita~ · 
inorganic compounds) that are adsorbed on 'soil particles. 

The major environmental concern regarding phosphorus is 
contamination of fresh water resources, primarily lakes and to a les 
extent streams. Phosphorus is generally considered to be the rn0sti 
limiting nutrient for aquatic plant growth (Syers et al., 1973). ,.Ji 
movement of phosphates into surface water from industrial and munici·ai 
plants, from surface runoff of manure and from soil erosion stimulai e 
growth of algae (called algae bloom) and other aquatic plants in surf ·e 
waters (Sharpley and Menzel, 1987) . This process, caU e 
"eutrophication", results in a marked deterioration in the qualitJ', 0! 
fresh water. Also, as large amounts of aquatic vegetation decompoe, 
oxygen in the water diminishes, creating an environment that ~s 
unsuitable for fish and other wildlife. The Great Lakes contain o 1 

one-fifth of the earth's fresh water supplies, and eutrophication 
been shown to be having a significant ef feet in two of these lakes, Ila€ 
Erie and Lake Ontario (Hurlburt, 1988; Sorenson, 1988). 
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PHYTASE -- ITS POTENTIAL FOR REDUCING PHOSPHORUS IN FEED AND FECES 

As indicated previously, most of the phosphorus in a typical pig diet is 
not utilized and is excreted in the waste~. If the phosphorus in corn 
and soybean meal could be made avail£1.l:>l,,e_ by providing pigs with. an 
efficacious source of phytase enzyme, supplemental inorganic phosphorus 
could be significantly reduced or possibly even eliminated completely. 
This, of course, would markedly reduced the amount of phosphorus in the 
excreta. 

• The use of phytase.in diets is not a new concept. Twenty years ago, 
Nelson et al. (1971) reported that a bacterial phytase improved the 
availability of phosphorus in corn and soybean meal for chicks, but the 
treatment was not cost-effective because the enzyme preparation was 
quite expensive. ,·However, recent advances in recombinant DNA technology 
have allowed scientists to genetically engineer microorganisms that 
efficiently produce phytase in relatively large quantities. 

EXPERIMENTAL STUDIES WITH PHYTASE 

We have recently conducted studies at the University of Kentucky 
(Cromwell et at., 1991) to evaluate the efficacy of a phytase 
preparation (trade name, FINASE™) produced by Alko Biotechnology, Ltd., 
Rajamaki, Finland. The enzyme preparation was produced qy a strain of 
Aspergillus nigei. It contained 350,000 phytase units/gram (a phytase 
unit is defined as the amount that liberates 1 nanomole of phosphorus 
from sodium phytate in 1 minute under sta11dard conditions). The enzyme 
mix also contained other enzyme act·ivity (proteases and carbohydrases) . 

• 
Experiments ·1 and 2 .. 

~ 
"'';;.·.,:-:, 

Procedures. Two experiments were conducted to assess the effects of 
dietary phytase on.performance of growing-finishing pigs. In the first 
experiment, 90 SPF Yorkshire pigs initially averaging 26 kg were fed 
corn-soybean meal diets formulated to contain .80% lysine in the grower 
stage (26 to 57 kg) and .65% lysine in the finisher stage (57 to 101 
kg) . Diets in Treatment 1 were formulated to be adequate in phosphorus 
(.50% in grower, .40% in finisher), based on NRC (1988) standards. In 
Treatment 2, the phosphorus levels were reduced to .40% in the grower 

.and .30% in the finisher. A third treatment consisted of .30% 
phosphorus in both the grower and finisher stages. Three additional 
treatments were the same as Treatments 1-3, except that phytase was 
added to supply 500 units/gram. 

Dicalcium phosphate was the source of supplemental phosphorus. In the 
low phosphorus (.30%) diets, no supplemental phosphate was added; i.e., 
all of the phosphorus came from the corn and soybean· meal. Ground 
limestone was used to adjust the calcium level to .60% in the grower and 
.50% in the finisher diets. Each diet sequence was fed on an ad libitum 
basis to three pen-replicates of five pigs per pen. 

In a second experiment, two dietary treatments consisted of . 50% 
phosphorus in the grower followed by .40% phosphorus in the finisher 
(the same sequence as Treatment 1 in the first experiment), and .30% 
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phosphorus in both the grower and finisher diets (the same as Treatmentl 
3 in the first experiment) . Two additional treatments were the same 
diets except that phytase · (500 units/gram) was included. A fift, 
treatment was the low phosphorus diet with a higher level of phyta 
( 1, 000 units/gram) . Each diet sequepce was fed to three pen-replicate 
of five pigs each, from 33 to 100 kg. 

At the end of both experiments, two barrows from each pen were kill · 
and the third and fourth 'metacarpals and metatarsals were removed fr0rn 
the front and rear feet, respectively. Breaking strength was determin 
on these bones with an Instron instrument. Bone breaking strength :·s 
indicative of overall bone mineralization and is sensitive indicator " 
phosphorus adequacy. 

Results. The results of the two experiments are given in Table 4 .a t:l 
the combined results for the four treatments common to both experimen; 
are shown in Figure 3. Rate and efficiency of gain and bone breah · 
strength were reduced (P<.05). as level of dietary phosphorus w 
decreased in the diet. In both experiments, the addition of phyta 
markedly improved performance> and bone strength in pigs fed the ]0w 
phosphorus diets. The higher level of phytase (1,000 units/gram)· 
Experiment 2 ·seemed to be more effective than the lower level w] J'i 
respect to improving bone strength. 

Table 4. Effects of Supplemental Phytase on Performance and. Bone stre"~gth of Pigs Fed Adeq 
and Deficient Levels of Phosphorusa 

... 
Phosphorus in grower, %: .5 .4 .3 .5 .4 I .3 .3 
Phosphorus in finisher, %: .4 .3 .3 .4 .3 3 .3 

· Phytase, units/gram: 500 500 
,, 

500 1,000 

Experiment 1 
Daily gain, kgbcd .88 .81 .72 .93 .89 .87· 
Feed/gain be 3.70 3.79 3.98 3.49 3.63 3.70 
Bone strength, k~ 145 102 98 150 , 136 118 

Experiment 2 
Daily gain, kgbcd .85 .73 .86 .81 .79 
Feed/gainb 3.23 3.56 3.24 3.36 3.43 
Bone strength, kgbc 156 105 165 126 143 

acromwell et al., 1991. 90 pigs, 26 to 101 kg in Exp. l; 75 pigs, 33 to 100 kg in Exp. 2. 
bEffect of phosphorus level (P<.05). · 
cEffect of phytase (P<.05). 
dPliosphorus level x phytase interaction (P<.05). 
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Effects of Phytase on Growth Rate and Bone Strength of Growing-Finishing Pigs 
Fed Adequate and Deficient Levels of Phosphorus (Pooled Data of Experiments 
1 and 2). 



Experiment 3 

Procedures. A third experiment was.conducted to specifically determin 
how much of the unavailable phosphorus in corn and soybean meal is mad 
available by the -phyt~se. Crossbred p~g.s.:: initially averaging 19 kg we 
used in this trial. The basal diet consisted of corn and soybean rneaill 
(.90% lysine) th~t was formulated to be adequate in all nutrients exceP. 
phospllOrus. The "phosphorus content of this diet was . 32% and all tliie 
phosphorus originated from the corn and soybean meal. The calcium lev 
was .70% in all diets. 

Treatments consisted of the basal diet and the basal plus two grad a 
levels of monosodium phosphate (. 075 and .15%), a highly availab 
source of inorganic phosphate. Two additional treatments were the bas 
with two levels of phytase ( 500 and l, 000 units/gram) . Each of the fi 
diets was fed to five replications of individually-penned pigs for 3 
days, at which time they averaged 42 kg. All of the pigs were kill a 
and the metatarsals, metacarpals and femurs were removed for bo 
strength determinations. 

Results. The results are shown in Table 5 ~ Rate and efficiency of ga~·n 
and bone strength improved linearly (P<.01) with increasing level "n 
dietary phosphorus from monosodium phosphate. Phytase addition marked11 
improved growth rate and bone breaking strength, and ~he responses ·0 

phytase were linearly (P<.01) related to the level of phytase addition 

Table 5. Effects of Phytase on the Availability of Phosphorus in a Com-Soybean Meal Die~ 

Phosphorus from monosodium phosphate, %: 
Total phosphorus,%: 
Added phytase, units/gram: 

Daily gain, gbc 
Feed/gainb 
Bone strength, kg 

Metacarpal-metatarsalbc 
Fem uric 

.32 

536 
2.78 

32 
94 

.075 

.395 

663 
2.34 

43 
155 

.15 

.47 

726 
2.28 

60 
226 

\ -,. 
.. 32 _.32 
500 1,000 

599 649 
2.65 2.60 

43 49 
145 174 

•unpublished data, University of Kentucky; 25 pigs, 19 to 42 kg, 35-day test. 
bLinear (P<.01) effect of phosphorus. · 
cLinear (P<.01) effect of phytase. 

Figure 4 shows the femur strength of the five treatments plotted agai· ti 
phosphorus intake. Assuming that the phosphorus in the corn-soyb 
meal mixture is 15% available and that the phosphorus in monosod' · 
phosphate is 100% available, one can calculate the available phosph•4 
intake of pigs fed the basal and the monosodium phosphate diets. Ba e' 
on the daily feed intake of the pigs fed the highest level of phyta e, 
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5.42 grams of phosphorus were consumed daily. If phytase had not been 
included in this diet, .81 grams of available phosphorus and 4.61 grams 
of unavailable phosphorus would have been consumed daily. However, a 
comparison of the bone strength of these pigs fed the highest level of 
phytase with the 'standard curve indicate~ ~hat 2.27 grams of available 
phosphorus"~ere consumed daily. Thus, the-· availability of phosphorus in 
the corn-soybean meal mixture was increased from 15% (.81/5.4 = 15%) to 
42% (2.27/5.42 = 4~%)- by the inclusion of phytase, a three-fold 
increase. Expressed. q.nother way, approximately one-third (2.27-.81/4.61 
= 32%) of the unavailable phosphorus in the corn-soybean mixture was 
made available by the addition of phytase .. 

~igure 4. 

.J· 
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Femur Breaking Strength of Pigs Fed a Low Phosphorus Com-Soybean Meal Diet 
Supplemented with Monosodium Phosphate or Phytase. 

On this basis, the highest level of phytase (1,000 units/gram) should 
make a sufficient amount of the phyeate phosphorus available to almost 
meet the available phosphorus requirement of the finishing pig (NRC, 
1988). This is based on the assumption that corn and soybean meal 
provides .05% available phosphorus (.32% total phosphorus x 15% 
availability = .05% available phosphorus) and that an additional one
third of the unavailable phosphorus (.27%) in corn-soybean meal is made 
available by the phytase (one-third of .27% = .09%). The calculated 
available phosphorus, based on these assumptions is .14% (.05 + .09 = 
.14%), which approaches the available phosphorus requirement of .15% for 
the finishing pig from 50 to 110 kg body weight (NRC, 1988). 
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REDUCTION OF PHOSPHORUS IN PIG FECES FROM DIETARY PHYTASE 

The degree to which phosphorus can be reduced in the manure of pigs when 
low phosphorus diets are fed is shown in Table 6. This table gives an 
example of an 80-kg finishing~pig gaining at_a ~ate of 820 grams per day 
and consuming 3,100 grams,._/'of a corn-soybean meal diet containing .5, .4 
or .3% phosphorus. The amount of phosphorus retained per day (based on 
5 grams of phosphorus per kg'body weight gain; ARC, 1981) is 4.0 grams. 
In addition, 1. 6 grams of phosphorus is needed per day to replace the p 
endogenous phosphorus that is excreted (based on 2 grams of endogenous 
phosphorus per 100 kg body weight per day; ARC, 1981). L 

I 

If this pig was fed a diet with .4% phosphorus (the requirement as 
estimated by NRC, 1988), 12. 4 grams of phosphorus would be consumed 
daily {3,100 x .4%), 4 grams would be retained and 8.4 grams of 
phosphorus would be excreted (Table 6). Reducing th~ dietary phosphorus c 
to .3% (i.e., a diet with all of the phosphorus supplied by corn and 
soybean meal) would reduce the intake to 9. 3 grams· of phosphorus per day 
and would reduce the excreted phosphorus to 5.3 grams per .day, a 34% c 
reduction in phosphorus excretion. The percent reduction in excreted 
phosphorus is even more dramatic (54%) when one compares the ~.3 grams 
excreted phosphorus with the 11. 5 grams of phosphorus that is excreted 
daily by finishing pigs fed phosphorus levels typically being c 
recommended by Universities and Feed Companies (Cromwell, 1989ab). A :1·. 

50% reduction . in excreted phosphorus would mean that 15 million tons 
less phosphorus would be excreted into the environment annually in the 
U.S. Obviously, this could have a major impact in this country and 
would especially be significant in countries where livestock production 
is restricted because of environmental pollution. ~ 

Table 6. Potential of Phytase for Reducing Phosphorus in Excreta of an 80-kg Pit 

Item 

Dietary phosphorus, % 

Phosi)horus intake, g/dayb 
Phosphorus retained, g/dai 
Phosphorus excreted, g/dayd 

Reduction in phosphorus excretion, % 
From NRC 
From current practice 

Current 
practice 

.5 

15.5 
4.0 

11.5 

Requirement 
(NRC) 

.4 

12.4 
4.0 
8.4 

aAssumes a daily gain of 820 grams and a daily feed intake of 3,100 grams. 
b15.5 grams/day= 3,100 grams/day x .5%. 

With added 
phytase 

.3 

9.3 
4.0 
5.3 

37 
54 

cAssumes 5 grams of phosphorus retained/kg of body weight gain; 4.0 = 5 x .82 kg/day. 
dlncludes 1.6 grams of endogenous phosphorus (2 grams/100 kg body weight). 
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SUMMARY 

New advances in biotechnology have resulted in the efficient production 
of phytase. Recent studies. have clearly shown that supplemental phytase 
improves the biological availability of_p~£Sphorus in pig feeds.· With 
phytase, less supplemental inorganic phosphorus is needed in swine 
diets. WiElY'Suf f icient phytase in the diet, ·inorganic phosphate may not 
be needed. Of equal or greater importance is the reduction of fecal 
phosphorus excreted into t·he environment when dietary phytase is used. 
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HISTORY OF ENZYME PRODUCTION AND USAGE 

Joe Dunne, Quest International 
(____: 

Before the industrial revolution, enzymes were used, albeit 
indirectly I in a variety of food f ermenfations to produce bread, 
alcoholic beverages, vinegar, et'C. Similar phenomena were the 
original method of desizing (stai;-ch removal by hydrolysis with 
alpha amylase enzyme) in the textile industry which was carried out 
by soaking the cloth in stagnant. W?ter infected with enzyme 
producing micro organisms. Another .._example was the practice of 
-wrapping meat in. papaya leaves, -containing the proteolytic enzyme 
papain, in order to tenderize the meat. · 

Modern industrial enzyme technology can be traced back·to the late 
1800's and specifically to the two pioneers in enzyme technology; 
ie., Takamine in Japan and Rohm in Germany (Table 1). In the 1880's 
Takarnine developed the idea of using an enzyme mixture for direct 
consumption as a.digestive aid and Takadiesterase was the first 
microbial enzyme product to be produced commercially in a 
relatively sophisticated manner. The enzyme was extracted from 
cultures of Aspergillus oryzae which is now·a well known source of 
starch decomposing enzymes. 

The first industrial enzyme company--The Takamine Ferment~Company-
was founded by Dr. Takamine in Chicago in 1882 to product 
Takadiesterase. A little later on in 1905 in Germany, Rohm 
identified the active component in dog feces, used in the leather 
tanning industry, as a protease. This lead to the use of a p~otease 
containing pancreatic extract in this process. In 1913, Rohrnjound 
that his proteases could be used to some effect in the washirlg of 
clothes and he took out a patent covering its use in washing po~aer 
formulations and in combination with Haas, formed the company Rohm 
& Haas. They went on to market the first presoak enzyme detergent
Burnus-containing pancreatic enzymes, until these were superseded 
in the early '60s by the more effective bacterial alkaline 
proteases. 

There were no major developments in industrial enzyme technology in 
the early 1900's. apart from the commercial production of invertase 
from yeast, for use in invert sugar and fondant production which 
began in 1915, and the commercial production of the starch 
degrading enzymes bacterial alpha amylase and fungal 
amyloglucosidase which were developed in 1930 and 1957 
respectively. The large scale production of bacterial alkaline 
proteases and their incorporation into presoak and detergent 
formulations in the 1960's was a major boost to the enzyme 
industry, and today alkaline protease constitutes a major part of 
the total industrial enzyme usage in the world. 

The introduction of immobilized enzyme technology was the main 
development in the industrial enzyme field in the 1970's. The big 
success story here was the use of immobilized glucose isomerase in 
the production of high fructose corn syrup, and today there are 



millions of tons of HFCS being produced world, wide using this 
process. 

. d l'\,,_J- . 'd 'l In the-last ten years or so, most of the eve opments 1n 1n ustr1a 
enzyme technology have been in the area of new applications for 
enzymes rather than in the production of-unique new,enzymes. There 
have been, however, notable advances in the invitro manipulations 
of DNA, and this has resulted in a new battery of techniques being 
brought to bear on both applied and academic genetic 1 resear~h. The 
new genetic technology is commonly ref erred to as recombinant DNA 
technology, or genetic engineering, and this new technology offers 
many advantages over the traditional genetics. 

Some of the major benefits that the enzyme industry are looking for 
from genetic engineering are significant increases in enzyme 
fermentation yield, introduction of new enzyme systems into' micro 
organisms, and probably the most difficult but certainly the most 
exciting of all possible benefits, would be the ability to alter 
specific enzyme characteristics such as pH, optimum, temperature 
optimum, and substrate specificity (Table 2). 

GENERAL APPLICATIONS 

The enzyme industry has become highly sophisticated with enzymes 
being used throughout the food, beverage, pharmaceufical, and 
increasingly so, in the feed industry. In spite ()f the 
proliferation of new enzymes and new applications, . the enzyme 
industry is still very much dominated in terms of total tonnage and 
turnover by a small number of enzyme products. In terms it.of the 
world market the enzymes used in the detergent, 'starch and cheese 
industry probably represent about 70% of both the total tonnage and 
the turnover of the industry. 

ENZYMES WITH APPLICATIONS IN THE FEED INDUSTRY 

The overall successful usage of enzymes in the. food, beverage, and 
pharmaceutical industries has yet to be realized in the feed 
industry. A lot of work has been published over the last twenty , 
years or so indicating that the addition of enzymes to the diets of 
poultry and young pigs can give rise to significant improvements in 
feed conversion efficiency and live weight gains. (Werner, 1982). 
Unlike the use of direct fed microbials and/or yeast products where 
there is still some uncertainty as to the actual mechanism of 
action of these products, the role of enzymes as biological 
catalysts is very well understood. Until recently there was much 
skepticism with regard to the use of enzymes in feed. Many of the 
published works on enzyme feeding trials had been very difficult to 
repeat because of the lack of precise information on the particular 
enzymes used. In addition, sufficient attention was not paid to 
determining the suitability of the particular enzyme product used 
to do the job required. One must also admit (even as an enzyme 
producer) that enzyme supplementation does have its limitations in 
terms of possible beneficial effects in the feed industry and these · 
need be recognized and understood. 
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I would like to briefly mention the type of enzymes currently being 
used in the feed industry, the main consideration in determining 
suitability of enzyme products for use as supplements, and the; 
results of a selection of feeding tr•ials with enzymes. The enzymes\ 
used in the feed industry fall into the general category of 
carbohydrases or proteases, and are inv9lved in the breakdown in 
cereals of the high molecular weight polysaccharides such as beta 
glucan, cellulose, starch, pentosan gums, or the hydrolysis of 
proteins (Table 3). 

CHOOSING THE RIGHT ENZYME 

How does one determine which 
application in mind. There 
determining the suitability 
supplements (Table 4). 

enzyme to use for your individual 
are f'our major considerations in 
of enzyme products for use as 

1. First of all, one should consider the degree of specificity of 
the enzyme in relation to the particular components of the 
animal feed. For example, if the feed contains barley and one 
wishes to add a beta glucanase to aid in the degradation of 
barley beta glucans, then you must select a beta glucanase 
enzyme which will act on the specific beta-1, 4, beta-1, 3 
linked glucose residues which make up the structure of barley 
beta glucan. Similarly, with proteases there is a wide degree 
of substrate specificity among commercially available protease 
enzymes. A protease which may be twice as effective as another 
in hydrolyzing soya protein, for example, could well turn out 
to be much less effective than the other in hydrolyzing_J:)arley 
protein. In a mixed cereal diet, therefore, one must carejully 
choose the enzyme, or enzyme blend, which should be used in 
order to optimize the benefits to be achieved. ~i 

2. The second important consideration is the gastro intestinal 
environment in which the selected enzymes must· operate. One 
must choose, for example in the case of a piglet, those 
enzymes whose performance is maximized during the time they 
are in contact with the substrate at piglet body temperature 
and within the pH range of that part of the GIT where one 
wishes supplementary degradation to occur. The pH of the 
stomach changes during the period of supplementary enzyme 
activity and it is thus possible to select, for example, 
proteases whose maximum activity is at a higher pH level than 
the natural pepsin present in gastric secretion. 

3. The third important criteria for judging suitability of 
enzymes for inclusion in feed is their ability to withstand 
the processing conditions of the feed, e.g. the high 
temperatures of the pelleting process. In terms of temperature 
stability, enzymes from bacteria tend to be more resistant to 
elevated temperatures than their fungal counterparts. 
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The bacterial beta glucanase enzyme from B. subtilis has been 
shown to withstand a temperature of 194°F (90°C) for 10 
minutes. Additional thermostability can be achieved by 
complexing the enzyme onto a carrier or by encapsulati<;m. The 
use of encapsulation technique to protect enzymes against (a) 
unfavorable processing condit1ons-', (b) denaturation during 
passage through pH mediums outside stability range, is 
something to be considered. In fact the technique of 
encapsulation of enzymes has met with some success in the 
medical field where enzyme replacement therapy is being used 
to treat people suffering from a particular enzyme deficiency 
disease or similar type disorder. For example, the treatment 
of gout by the feeding of encapsulated uricase enzyme, which 
breaks down the high uric acid levels causing the gout, has 
met with some success. 

A final and def ini ti ve criteria for the suitability of an 
enzyme product as a supplement in animal feed is the.rather 
obvious one, that there must be a cost benefit in using the 
product. The cost of enzyme supplementation normally runs 
somewhere between $2-10 per ton of feed. One must thus be able 
to measure savings higher than these costs to justify the 
usage. Enzymes are not a cheap item, and the careful selection 
of the correct enzyme for the particular application, based on 
the criteria discussed above, is vital to the success of their 
usage. 

Let us now look at the various methods of enzyme supplementation· 
and at a cross section of trial results showing the bepefits of 
this treatment. 

INCLUSION OF ENZYMES IN FEED 
' \ 

By far the most common method of enzyme supplementation is by the 
direct addition of individual enzymes or enzyme combinations to the 
feed. The most striking demonstrations of the effectiveness of 
enzyme addition to feed have been either where the enzyme action 
was directed at a very specific ingredient of the feed or where 
young animals, in particular baby pigs, were involved. 

USE OF BETA GLUCANASE IN HIGH BARLEY DIETS 

A prime example of the former is the use of beta glucanase enzyme 
in broiler diets containing high levels of barley, 
cases, rye and wheat. Barley is a cereal which is ga1n1ng 
increasing importance as a feed ingredient in Europe and Canada and 
to a lesser extent in the USA. It typically contains between 2 and 
6% beta glucan - a high molecular weight polysaccharide which is 
extremely fibrous in the dry state and yields highly viscous 
solutions (Fig. 1) . The digestive system of the chicken is not 
capable of appreciably degrading beta glucan and the beta glucan 
passes through the digestive system unchanged, resulting in the 
production of sticky droppings by the bird. 
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In addition to the nutrient loss resulting from this excretion of 
non-degraded beta glucan, the viscous beta glucan tends to coat the 
metabolizable constituents of the barley (starch and proteins) 
further decreasing the nutrient value of the feed. This may be. 
overcome by the incorporation into the feed of a microbial beta· 
glucanase enzyme which is capable of hydrofyzing the beta 1-4, beta 
1-4 linkages of barley beta glucan. Chesson (1987) in a review of 
enzyme supplementation gave some striking examples of the benefits 
of beta glucanase addition to high barley diets of broiler chickens 
(table 6) . Live weight gain (LWG) increases of between 7 - 30% were 
recorded in these various trials, with increases in feed conversion 
(FCE) of between 4.9 - 22% also demonstrated. 

Research work carried out in Australia (Mannion, 1981) studied the 
effect of added bacterial or fungal amylase enzymes, containing ' 
high beta glucanase side activities, on the nutrient utilization 
and performance , of chickens to four weeks of age, on a diet 
containing 68.2% barley as well as fish meal (5%), soybean meal 
(11%), meat meal (8%), and blood meal (3%). The enzymes of both 
bacterial and fungal origin increased the dietary rnetabolizable 
energy content, growth rate and feed consumption, and improved the 
conversion efficiency by approximately 4% (Table 7) . Mannion ( 1981) · 
also tested whether the response of chickens to a bacterial enzyme 
supplement was affected by the barley cultiver or by the.locality 
within south Australia in which the barley was grown .. The· results 
(Table 8) show that while there was some variation in response to 
enzyme treatment between barleys of different cultivers and' 
geographic areas of production, the enzyme supplementation. 
increased consumption by an average of about 7% and feed conversion 
efficiency by 15%. 

::.~ ... 
Most recently, a study was initiated by Dr. Craig Wyatt at 
Washington State University to investigate the interactions of B
glucan and metabolizable energy values of northwest barley 
cultivers (Table 9). 

If was found that by treating 14 different barley cultivers with 
Enerzyme (A bacterial beta glucanase enzyme), the TME values 
increased by 59-216 kcal/g. The average increase in TME by addition 
of the enzyme was 153 kcal/g or approximately 5%. 

USE OF ENZYMES IN WHEAT AND RYE DIETS 

Wheat and rye contain between 4 - 8% of pentosan gums which are not 
readily metabolizable by the young chicken and trials reported by 
Marquardt et al (1987) show the effect of inclusion of a cellulase 
enzyme from T. viride in a chick diet containing either 57% rye or 
wheat. Live weight gain increases of 18% for the rye plus added 
enzyme and 5% for the wheat plus enzyme trial were recorded over 
the untreated controls (Table 10). Related improvements in feed to 
gain ratio were 14% for the rye plus enzyme diet and 4% for the 
wheat plus enzyme diet. Research work was recently carried out by 
the Victoria Department of Agriculture in cooperation with the 
Werribee Animal Research Institute in Australia to assess the 
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addition of Superzyme (a beta glucanase/pentosanase preparation) to 
four different wheat cultivars in broiler diets (Table 11). The 
overall effect from 1 to 42 days was a 2. 8% reduction in feed 
intake, an almost 3% increase in live weight gain and a 5% 
improvement in feed conversion. These ~re but a few examples of a 
large body of published research work which seems to clearly 
demonstrate the benefits of enzyme supplementation when directed at 
a specific ingredient in the feed. 

ENZYME SUPPLEMENTATION IN THE BABY PIG 

The other major area where enzyme supplementation has shown some 
promise is that of very young animals and most of the published 
research work has dealt with baby pigs. Hardy (1975) measured the 
activity of the digestive enzymes in the baby pig (Fig 2) and this 
shows the expected high levels of lactase enzyme needed to 
hydrolyze the major carbohydrate of sow's milk i.e. lactose. The 
suckling baby pig also produces enough lipase and protease enzymes 
to effectively digest the lipid and protein components of sow's 
milk. (Aumaiture, 1972). 

However, in modern early weaning systems, the introduction of pig 
creep diets containing more complex carbohydrates can lead to an 
increase in the incidence of nutritional scouring, due to 
undigested carbohydrates. The digestive system of the'Ilewly weaned 
piglet, with its low level of amylase enzymes in particular, may 
not be ready to cope with these new and complex carbohydrates of a 
standard pig creep diet. Comparative studies by Etheridge et al 
(1984) on the digestibility of a milk based diet compared to a 
standard corn/soya pig creep diet, show that only 59%_ of the 
corn/soya diet was digested compared to 79% of the milk diet. 

Is there a case to be made for supplementing the weaned piglet's 
own digestive enzyme system with other enzymes until it has time to 
adapt to the change in dietary ingredients? 

Studies by Collier and Hardy (1986) showed that the addition of a 
specific blend of amylase, protease and cellulase enzymes to a skim 
milk/oats plus wheat creep diet, fed to early weaned piglets, lead. 
to appreciable improvement in daily weight gain and feed conversion, 
ratio (Table 12). 

While a lot of emphasis on enzyme supplementation to pig creep 
diets has been placed on carbohydrase enzymes, i.e. amylase and 
cellulase, etc., there are some indications that supplemental 

·proteases may have a beneficial effect also. Commercial trials in 
Thailand (Lee, 1987) studied the effect of adding Bromelain, a 
plant protease enzyme extracted from pineapple, to the basic diet 
of 4 weeks old pigs (diet contained non-fat dry milk, fish meal, . 
soya flour, corn and wheat). The results (Table 13) were certainly 
favorable with significant increases in daily weight gain (19%) and 
feed conversion (8%) recorded for the enzyme supplemented diet. 
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I ADDITION OF CELL WALL DEGRADING ENZYMES TO FEED 

There has been continued. research over the last 20 years on the 
addition of cellulase and other cell wall degrading (macerating) 
activities to feedstuffs. The objective of most of this work has 
been the breakdown of the structural polysaccharides of the plant 
cell wall by the added enzymes, thereby providing an additional 
source of carbohydrates not normally available in the foregut. The 
increasing concern about waste management has prompted studies in 
both the governmental and private sectors into the economic 
exploitation of waste utilization. Cellulase may play a major role 
in utilizing the abundant levels of cellulose in agricultural 
wastes. 

The complexity of the structure of individual plant cell walls and 
the variability in composition from plant to plant, as well as 
between different fractions of the same plant, make the task of 
extensive enzymatic hydrolysis extremely formidable. A lot of basic 
research work still remains to be done in this area. 

THE FUTURE FOR ENZYMES IN THE FEED INDUSTRY 

Over the next 5 years, I see the following areas of development 
with regard to the use of enzymes in the feed industry (Table 14) . 

..>~, 

1. Increased usage of beta-glucanases/pentosanases in 
broiler diets. 

2. Further development of ingredient specific enzyme 
formulations for pig creep feeds. ~ 

3. Development of an enzyme system for standard corn/~oya 
diets. ;:, 

4. Further R & D into encapsulation of enzymes for use ii 
animal feeds. 

5. Standardization of the methods for tjetermining the 
activity of commercial enzyme products. 

6. Production of "cheaper" enzymes making their usage more 
cost beneficial. 

7. Continued R & D into the development of specific multi
enzyme systems for degradation of plant cell walls. 

The progress made in these various areas will depend to a large 
extent on the degree of cooperation and collaboration between the 
enzyme producers and feed companies by way of joint research 
projects, sharing of information and expertise and working together 
for their mutual benefit. 
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FIGURE 2 

THE ACTIVITY OF THE DIGESTIVE ENZVMES. 
IN THE BABY PIG 
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TABLE 1 

B:IS'l'ORY OF IRDOSTll:IAL BRUMB PRODOCT:IOR 

Production of Tatadiesterase - First aicrobia1 
enzyme to be produced commercia11y. 

BOBROS - First pre-soak enzyme detergent. 

Production of invertase from yeast. 

Production of bacteria1 amy1ase from B. subti1is 
for starch 1iquefaction. 

Production of amy1og1ucosidase from A. niger for • 
starch saccharification - g1ucose syrups. 

Bacteria1 A1ka1ine Protease - Detergents. 

Immobilised enzymes. 

Bew enzyme applications. 
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TABLE 2 

... ::;-~ 

XNP'LOENCB OF GEHBTIC BNGINEBRIRG OH ENZYME TECHNOLOGY 

1. Increase in Fermentation Yields - Cheaper Enzymes. 

2. Prodaction of Animal./Plant Enzymes ex Bacteria. 

3. Introduction of Rev Enzyme Systems into Micro-organisms. 

4. Alteration of Specific Enzyme Characteristics. 



TABLE 3 

BHZDmS IH USB IR ANIMAL FBBD INDUSTRY 

Enzyme Target Feed Constituent Specific Substrate 

Beta G1ucanase Bar1ey Beta G1ucan 

Al.pha Amy1ase Kise. Grains Starch 

Proteases Misc. Grains Proteins 

Ce11u1ases Misc. Grains ·. 
Cellul.ase 

Pentosanase Rye/Wheat Pentosans 
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TABLE 4 

MAJOR FACTORS IR DBTERMINIRG SUITABILITY 
OP .BRZYMB PRODUCTS AS !'BED SUPPLEMENTS 

1. 

2. 

3. 

Substrate Specificity 

Gastro Intestinal Environment 

Stabi1ity During Feed Processing 

4. Cost Effectiveness 
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TABLE 6 

RESPONSE OF BROILER CHICKENS TO TBB ENZYMATIC DBGBADATION OF 
GBL - FORMING POLYSACCllAIUDBS IR DIB'l'S 

Enzyme Application Response Reference 
Level 

Glucanase GV-P 0.2 +30t LWG Gobl et al., 
+18t FCB 1977 
(high viscosity 
barley only) 

Cellulase ex 0.1 - 0.3 +9 - llt LWG Suga et 
- Irpex lacteus 1978 

Amylase AD-30,000 1.5 - 3.0 +12 - 25' LWG ~ion, ex B. subtillis 
Amylase G-200 
ex "Rhizopus sp • 

~ -
Cellulase ex 2.0 +7t LWG Reze~, T. viride +6t FCB 

Cellulase ex 0 - 0.4 +19% LWG 
T. viride + 8' FCE 

Glucanase GV-P 0 - 0.5 +10 - 26 LWG Hesselman 
+4.9 - 11.0 FCE et al., 198· 

Glucanase GV-P o.s +25 - 27• LWG Hesselman 
+13 - 22' FCB 
(high and low 

Aman, 1986 

viscosity barley) 
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TAB LE 7 

-..::..-~ 

EFFECT OF BNZDm SUPPLEMENTATION ON A BARLEY BASED BROILER DIET 

Character Basal 

Body weight gain 398 
(g/bird) (4)* 

Food intake 642 
(g/bird) (5) 

Nitrogen corrected 
aetaboli!fble energy 13.91 

· (Mj kg DM) (0.10) 

Nitr09!n retention 22.1 
(mg g diet DM) (0.4) 

* Values in parentheses are the 

Basal + bacterial 
Amylase· 

0.15i 0.30' 

489 505 
"(7) (5) 

772 772 
(13) (6) 

14.26 15.01 
(0.08) . (0.06) 

22.1 24.0 
(0.2) (0.5) 

standard errors. 
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Basal + fungal 
Amylase 

0.15, 0.30t 

498 497 
(3) (5) 

.· 
787 776 
(5) (13) 

.. 
14.61 -,14. 71 
(0.06) ,. (q.09) 

22.6 22.3 
(0.3) (0.2) 

. h , .. 
,i ,, 
I 
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TABLE 8 

BPFBCT OF ENZYME SOPPLBMBNTATIOHM 0.30• OF DIETS 
BASED OH BARLEY OF DIPFBRIRG CULTIVARS ARD GEOGRAPHICAL AREAS 
OF PRODUCTION ON THE P~BMABCB OF ClllCKBHS TO . 4 MEEKS OF AGE 

CUltivar or 
area 

Cul ti var 

Clipper 

Ketch 

. Royep 

Area 

Coonalpyn 

Port Pirie 

Ardrossan 

Mean 

BOdy weight gain 
Basal Basal + 

390 (9)* 

430 (11) 

395 (12) 

399 (16) 

404 (9) 

4ll (14) 

405 (7) 

bacterial 
. amylase 

488 (13) 

51'9 (19) 

496 (14) 

502 (21) 

509 . (13) 

492 (13) 

501 (9) •• 

• SB in parentheses. 

** p 0.01. 
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FOOd intake 
Basal Basal + 

bacterial 
amylalse 

g/bird 

730 (24)~ 792 (22) 

789 (28) 798 (58) 

692 (44) 789 (25) 
~ 

\ ,. 

702 (50) 783 

753 (16) 813 

756 (34) 783 

737 (20) 793 



TABLE 9 

EFFECT OF ENZYME SUPPLEMENTATION IN 14 BARLEY 
CULTIVARS AT WASHINGTON STATE UNIVERSITY. 

COMPONENT 

CRUDE PROTEIN (%) 

TOTAL B-GLUCAN 1 (%) 

CRUDE FAT (%) 

SOLUBLE CARBOHYDRATES (mg/g) 
I .. · .. 

THE witho~t ~nzy~e (Kcal/kg) 

THE with enzyme 2 (Kca1/kg) 

Determined by BIOCON B-glucan Kit 

AVERAGE 

13.56 

3.87 

2.33 

105.59 

3,270 

3,423 

2 Enzyme added at 0.0825 % (Enerzyme from Biocon) 
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Treatments 

Wheat 

TABLE 10 

. . 
WEIGHT GAIR, . PEED INTAKE AND FBBD: GAIN IR CHICKS FED 'WHEAT 

AND Rm TRBATBD IR Din'BBBNT WAYS PRIOR TO PEBDIRG 

After 7 Days After 12 Days 

Weight Peed ... Peed Weight Feed Feed 
gain · intake gain gain intake . gain 

(9) (g) (g) (g) (g) (9) 

793b 1359ab l.7lb 1795ab 2968ab 

Wheat + enzyme 845ab 1358ab l..6lbc 1893a 2988ab 

Wheat, soaked 779b 1257b l.6lbc .l.79lab 2759b 

Rye 767b 1436a l.87a 1682b 3073a ... 
Rye + enzyme 917a 1399ab l.53c 1942a 3053a 

r 

Rye, soaked 850ab 1204ab l..52c 1798ab 2772b 

SB 10 14 0.01 18 ii> 25 
\ 
\' . .. 



TABLE 11 

RESP~NSES OF BROILERS SUPPLEMENTED Wl~H=SUPERZYME IN DIETS 
BASED OF FOUR WHEAT SAMPLE. 

Wheat + Wheat 
PARAHENTER Wheat Enzyme Wheat Enzyme 

Liveweight gain (g/d) 33.3 34.6 49. 1 49.9 

Feed Intake ( g/ d) 43.2 42.4 90.2 87.4 

Feed Conversion Ratio 1. 30 1.23 1.84 1. 76 
(g feed : g gain) 

,; 

+ 



TABLE 12 

EP'!'BCT OP ENZYME ADDITION ON PER!'ORMANCB OP · 
EARLY WEANED PIGS BETWEEN 3 AND -7 WEB1t5 OP AGE 

Initial we_igbt (kg) 

Pinal Weight (kg) 

Daily Grain (g/day) 

Totai Peed Intake (kg) 

Peed Conversion Ratio 
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·control 

6.13 

io.62 

160 

io.o 

2.23 

Enzyme 

\ 
' 
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TABLE 13 

BFPBC'l OF BROMBLAXN ADDITION TO DIETS OF YOUNG.Pl:~ 

Addition of Bromelain 

Humber of tested pig 

Average body weight at 
the beg inning (kg.) 

Average body weight after 
feeding for 4 weeks . (kgs.) 

GROUP J: 

(control group) 

0, 

18 

6.69 

13.36 

GROUP 2 

.. 0.1, 

18 

6.65 

14.59 

DIFFERBHCE 
BETNBBN 
1 and 2· 

~ 

+ 1.23 

\ Average daily intake of 0.417 0.460 + 1ot• 
i. · feedmea1 (kg.) ~ 

Average daily increment 0.238 0.284 + 19' 
of body weight (kg.) 

Feedmeal required for 1 kg. 1.750 1.620 
body weight increment (kgs.) 

Two groups of 4 week old pigs fed with standard basal feedmeal 
.··(HAS 1979) containing nonfat dry milk, fishmeal, soyflour, corn 

and wheat. 
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TABLE 14 

THE FUTURE FOR ENZYMES IN THE FEED INDUSTRY 

1. Increases Usage of Beta-glucanase and Pentosanase in 
Broiler Diets. 

2. Ingredient Specific Enzymes for Pig Creep Feeds. 

3. Development of an Enzyme System for Standard Corn/Soy~ Diets. 

4. Encapsulation of Enzymes 

.> 

5. Standardization of Enzyme Analysis. 

ii>. 

6. Cheaper Enzymes. ' ' 

7. Development of Specific Multi-enzyme Systems for Plant 
Cell Wall Degradation. 



NUTRITIONAL IMPLICATIONS OF 
GASTROINTESTINAL DEVELOPMENT OF YOUNG 

TURKEYS 

Jerry L. Sell 
Department of Animal Science 

Iowa State University 
Ames, IA 50011 

Newly hatched poults must make many adaptations to their new , 
environment if they are to survive and grow efficiently. 
Successful adaptation depends to a great extent on the poults 
making a series of adjustments in physiological processes 
associated with nutrient utilization and changes in metabolism. 
A major adjustment involves a shift from a primary dependency on 
egg yolk fat as an energy source to a reliance on dietary . 
carbohydrate. Data presented in Table 1 show the differences. 
between the main nutrient sources for poults during late 
embryonic development and posthatching. 

Table 1. Concentrat;ons of major nutr;ents ava;lable to turkeys before and 
after hatch;ng. 

Primary nutrient 
source 

(OM basis) 

Protein % 
Fat % 
Carbohydrate % 
Minerals % 
Metabolizable 

energy (kcal /kg) 

1Based composition of egg contents. 

Late embryonic1 

development 

32.7 
63.5 

< 1.5 
2.3 

5400 

After 
hatching 

31.5 
5.6 

59.3 
3.6 

.3150 

Fat constitutes the majority of the egg yolk nutrients used 
during final stages of in ovo growth but, in contrast, a 
conventional turkey starter diet contains relatively little fat 
and a high concentration of carbohydrates. Thus, hatchlings are 
confronted with nutrient sources that are mostly alien to them, 
including polysaccharides and complex proteins of varying 
physical and chemical properties. Consequently, to survive and 



thrive, they must develop and effectively apply processes that 
will digest these nutrient sources and expedite absorption of the 
nutrients. 

Hatchlings possess a ubuilt-in a nutri~nt..,,csupply in the form of 
residual egg yolk, but this supply is._depleted rapidly. The 
pattern of yolk depletion, as determined in our laboratory, is 
illustrated in Figure 1. Utilization of yolk by the embryo 
accelerates greatly during the last two days of development and 
continues at a high rate after hatching. As a result, the 
carryover nutrient supply is essentially exhausted in 4-day old 
poults. This means that within that period of time, poults need 
to develop the digestive and metabolic processes required for use 
of their new nutrient supply. 

Evidence in the scientific literature and field observations 
indicate that newly hatched poults frequently have difficulty 
adjusting to their new environment, especially with respect to 
nutrition. This difficulty seems to he related to the relatively 
immature digestive systems of hatchlings (Moran, 1985) . 
Recently, we have documented the developmental patterns of the 
gastrointestinal tract (GIT) of turkeys, beginning at 6 days 
before hatching (Sell et al., 1990). Weight of the different 
segments of the GIT was one criterion used. Rate of G~T 
development can be seen most clearly when expressed in vrelation 
to embryo or poult weight at the time of sampling. Thus, weights 
of selected parts of the GIT at different ages shown in Table 2 
are presented as grams of segment per 100 grams (%) of body 
weight. Perusal of these data show that during the last &.days 
of embryonic development, relative weights of the proventri~ulus, 
gizzard, and small intestine increased at a slightly more rapid 
rate than body weight. 

Table 2. Changes in the weights of selected parts of the digestive system 
in relation to body weight of poults. (Sell et~' 1990). 

Days of Age 
Embryos Hatch lings 

22 24 26 Hatch J 2 4 6 8 

Body Weight (g) 34 45 51 65 67 69 83 95 128 

gLlOO g body weight 
Proventriculus .35 .47 .45 .56 .67 .74 .88 .97 1.15 
Gizzard 2.41 3.09 2.99 3.30 3.96 4.03 4.33 4.42 4.45 
Small Intestine 1.22 1.48 1. 61 1.48 2.33 3.40 5.52 6.95 6.91 
Jejunum .46 .38 .41 .43 .85 1.34 2 .12 2.62 2.58 
Pancreas .08 .07 .06 .12 .18 .25 .34 . 41 .43 

anges in relative weights of the jejunum, the most active segment 
of the small intestine, and of the pancreas before hatching, were 
small and inconsistent. After hatching, however, all segments of 
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the GIT iAcreased in weight much faster than did body weight, at 
least through 4 days. For example, the small intestine weight 
increased from 1.48 to 5.52% of body weight from hatching to 4 
days. The jejuna! segment of that tissue increased nearly five
fold in the same period and the relativ~ __ weight of the accessory 
digestive organ, the pancreas, increas·ecf-more than three-fold. 
Relative weights of the proventriculus and gizzard also increased 
but at a slower rate. These data agree with observations 
reported for several other species of the Aves class (Laird, 
1965; Lilja, 1983; Lilja et al., 1985; Katanbaf et al., 1988). 
Katanbaf et al. (1988) properly emphasized that the accelerated 
growth of--"the-GIT of chickens immediately after hatching · 
demonstrated the importance of tissues that fulfill a asupplya 

. function for achieving early body development. Our data show 
that, during early growth, a sizable proportion of the increase 
in body weight of poults occurs as a result of GIT development. 

The functional features of segments of the GIT of poults also are 
important considerations. Activities of key digestive enzymes -
are criteria indicative of function. Concurrent with the 
determination of GIT segment weights, we monitored the jejunum 
and pancreas for activities of selected enzymes. The results of 
this work are depicted graphically in Figure 2. As expected, 
amylase, lipase, and trypsin activities of the pancreas.and 
maltase activity of the jejunum were low before poults hatched. 
Activities of these pancreatic enzymes increased slowly through 4 
days after hatching and then increased markedly between day 4 and 
6. Changes in posthatching maltase activity of the jejunum 
differed from those of pancreatic enzymes. Maltase activi&y was 
relatively high at 1 day posthatching, then declined by abol!t SO% 
by day 4 before surging upward again on days 6 and 8. This ~
pattern of change in maltase has also been observed with jejun~al 
sucrase (Angel et al. 1990) and probably represents changes that 
occur for other membrane-bound digestive enzymes of the small 
intestine (aminopeptidases, alkaline phosphatases, etc.). 

It is important to recognize that during early posthatching 
growth, not only is the GIT increasing in weight rapidly, the 
metabolic activity of intestines is relatively high. We used the 
rate of oxidation of a short chain fatty acid, octanoic acid, by 
jejuna! tissue in vitro as a measure of metabolic activity in 
poults. Rates of octanoic acid metabolism were ~reatest for 
jejuna of poults at 1 and 5 days of age. This activity decreased 
measurably by 9 days and, by 29 days of age, was proceeding at 
only 25% of that seen at 1 and 5 days of age. Thus, it seems 
that the intestinal tissue of young poults is under the stress of 
considerable metabolic activity during the time that the poults 
are adapting to their new nutritional environment. 

One facet of adaptation that has received little attention is 
development of the intestinal immune system of young turkeys. 
Because the intestines are exposed to the environment, this 
tissue will encounter immediate challenges from a variety of 
potentially harmful substances via diet and drinking water, 
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potentially harmful substances via diet and drinking water, 
including microorganisms. A component of the immune system 
present in small intestinal tissue and associated fluids is 
inununoglobulin A (IgA). IgA can function as a principle antibody 
in the first line of defense of intestine tissue. For this 
reason, Piquer et al. (1991) determined-the IgA concentration in 
small intestines, serum, and bile for a period after hatching. 
IgA concentrations in all three body constituents were relatively 
low during the first 13 days after hatching (Figure 3 shows 
jejunal IgA) . Between 13 and 21 days of age, IgA in the jejunum, 
bile, and serum increased by more than two fold. These data 
suggest that, during the first 10 to 14 days after hatching, the 
intestinal immune system (on the basis of IgA levels) is 
inunature, and thus may leave these young animals vulnerable to 
many environmental challenges. 

Few data are available documenting the digestive capabilities of 
young poultry. Zelenka (1973) presented data showing that young 
chicks utilize nutrients poorly during early posthatching life. 
He found that digestibility coefficients of fat, nitrogen-free 
extract, and organic matter were low for chicks 2 to 6 days of 
age (Table 3). 

Table 3. Digestibility as related to age of chickens {Zelenka, 1973). 

Digestibjlitx {%} 
Days Nitrogen-free Organic 

~ of age Fat extract matter 
' \ 

6 68.5 59.9 63.4 
10 65.9 67.2 78.2 
14 82.6 69.6 84.7 
20 83.0 71.9 86.6 

These digestibilities increased by 20 to 25% during the 
subsequent 8 to 14 days. Sell et al. 1986, working with poults, 
observed significant improvements in true digestibility and 
metabolizable energy of fats between 14 and 28 days of age. More 
recently, we monitored the efficiency of nutrient utilization by 
poults starting at 3 days of age. Data presented in Table 4 
illustrate that retentions of dietary fat, protein, and dry 
matter were very low early in life, especially during the 4 to 5 
day of age interval .. Particularly noteworthy were the relatively 
low experimentally 
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Table 4. 

Days 
of age 

3 to 4 
4 to 5 
5 to 6 
6 to 7 

Nutrient retention and di~tary MEn as related to age of turkeys 
(Sell et Al.., unpublished data, Iowa State University). 

Retention (%} 
Dr.Y __,,,_""' Determined dietary 

Fat Protein matter MEn (kcal/kg OM) 
i' 

49.9 40.8 56.2 2435 
52.1 27.7 40.9 1890 
63.3 35.3 45.2 2085 
70.9 52.7 58.9 2597 

1Calculated MEn = 3200 kcal/kg OM.· 

determined MEn values of the diets. On a calculated basis, the 
conventional corn-soybean meal type diet fed to the poults 
contained 3200 kcal/kg DM. Determined MEns, however, showed that 
between 4 and 6 days of age, the critical adaptation period when 
the yolk has been depleted, poults utilized only about 55 to 60% 
of the energy which should have been available to them.~:_ . 

There are other indications that young poults are not able to 
utilize certain nutrients efficiently. We have observed that the 
vitamin E status of poults deteriorates noti~eably between 1 and 
14 days of age (Table 5) (Sota-Salanova et al., 1991). ~ 

Table 5. 

Days· 
of age 

1 
7 

14 
21 

\ 
\ 

Changes in vitamin E status with age of turkeys (Soto-Salanova et 
tl., 1991} 

Liver Plasma 
vitamin E vitamin E 
(µg/liver) (µg/ml) 

57.6 4.96 
24.2 1.14 
3.5 .41 
5.4 .57 

Vitamin E contents of liver and plasma of 1-day-old poults were 
high, seemingly as a result of vitamin E from egg yolk. 
Subsequently, liver and plasma vitamin decreased markedly,' 
reaching very low levels by 14 days posthatching. This reduction 
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in tissue vitamin E occurred when the vitamin E level recommended 
by the National Research Councif (1984) (12 I.U./kg) was included 
in the diet, and was only slightly alleviated when dietary 
vitamin :E.was increased to 100 I.U./kg. These data lend some 
support to field reports that Vitamin E deficiency occurs 
occasionally in young poults despiteaClequate vitamin E content 
of the diet. Our laboratory is currently doing research to 
determine factors that influence the poult's ability to maintain 
the desired vitamin E status. 

The information presented herein, together with other relat.ed 
observations, strongly supports the contention that the digestive 
system of young turkeys is rather immature during the first 7 to 
14 days after hatching. This immaturity is not only. related to 
nutrient utilization per §.§. but also includes certain facets of 
the intestinal irranune system. Thus, it is not surprising that 
these young poultry are vulnerable to many environmental 
challenges during early development. An outstanding example of 
this v'ulnerability is susceptibility to certain enteric diseases. 
Kouwenhoven et al. (1986) documented the age-related 
susceptibility of broiler chickens to the enteric disease, 
stunting syndrome (also called malabsorption syndrome); the 
younger the chick, the more susceptible they were to the disease. 
This has also been noted with poults. Angel (1990) found that 
poults inoculated at 1 day of age with material known to indµce 
stunting syndrome gained only 12% as much weight as uninoculated 
poults during a subsequent 4-day period (Table 6) . 

I 

Table 6. Influence of age on susceptibility of turkeys to stunting-~yndrome 
(Angel, 1990). " .w 

Days of age 
at inoculation 

1 
5 
9 

Relative weight gain (%) 1 

Uninoculated Inoculated 

100 
100 
100 

12 
81 
96 

1Weight gains during 4-day period after inoculation. 

When poults were 5 days old at time of inoculation, they gained 
81% as much weight as their counterpart controls. No significant 
effect of inoculation on gain of 9-day-old poults was observed. 
Similar observations have been made by Reynolds (unpublished 
data, Iowa State University) working with a group D rotavirus 
enteric disease of pheasants. 



The enteric disease problem cited is a dramatic demonstration of 
the age-related vulnerability probably associated in great 
measure to imrnatu~ity of the GIT of turkeys. This example is 
likely only a n·tip of the iceberg". Many other difficulties that 
are observed with turkeys later in the growth period (e.g., leg 
problems) also may occur as a result of=-'early challenges to the 
GIT which young turkeys were unable .to handle adequately. 
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TURKEY NUTRITION RESEARCH AT MINNESOTA 
.EMPHASIZING STRAIN COMPARISONS 

P. E: Waibel, s. L. Noll, M. E. El Halawani, 
J.K. Liu, and J. A. Brannon 
Department of Animal Science 

University of Minnesota 
St .. Paul, Minnesota 55108 

INTRODUCTION 

This report of turkey nutrition research includes strain 
comparisons, amino acid supplementation of low protein diets,~and 
use of canola meal. It is presented in separate sections, ~ith 
combined references and tables at the end. ·', 

STRAIN AND DIET COMPARISONS 

The Nicholas (N) Large White turkey is the most popular strain in 
the United States. There is, however, increasing use of Large 
White turkeys produced by British United Turkeys (B), Chester, 
England, and Hybrid (H), Kitchener, Ontario, Canada. Our turkey 
growers are interested in performance comparisons of these strains, 
with emphasis on recommended feeding programs. ~- / · 

In comparing strains, we are observing moving targets. Further, 
the targets are not strictly representative of the identification 
given as each breeder has many genetic lines and combinations ;may 
change. Results also depend on factors associated with the sourge 
of hatching eggs, e. g. age and length of time in production~ 
disease exposure. --::. 

Regarding strain requirements for dietary protein requirement, 
Waibel and Behrends (1974), using toms and hens fed the same diets 
in the same experiment, reported that Medium White turkeys showed 
higher percentage protein requirements than Large White turkeys. 
This was surprising; it was expected that the faster growing bird 
would have the higher requirement. 

A.TI important study is that of Moran et al. (1984), who compared N, 
B, and H turkeys fed a "North American" (NA) diet program based 
upon NRC (1977) nutrient levels and a European Economic Community 
(EEC) program including fish meal, wheat, and barley with lower 
energy and higher nutrient density. N and H turkeys performed 
similarly with both feeding programs; B turkeys ended with greater 
market weights and responded with even larger body weights to the 
EEC over the NA program. Advanced finish, fleshing, and breast 
yields by the N turkeys at 20 weeks of age indicated that the N 
turkeys were earlier in maturing. 

The present study was conducted during October 1990 - March 1991. 
N, B, and H strains of commercial Large White torn turkeys were 
obtained from the same hatchery; hatching eggs of the H strain were 
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from hens in their first two weeks of egg production; those of N 
and B were from the 8th week of production. Twenty-one poults were 
placed in each pen measuring 8' x 8' in size. Litter was wood 
shavings. 

The turkeys were subjected to 4 lighting treatments (in separate 
rooms of the Environment Building) at 4 weeks of age: (1) 
Continuous 14L:10D, 10 FC; (2) Intermittent 4 (2L:4D), 10 FC; (3) 
Intermittent 4(2L:4D}, 10 FC, plus continuous light for 8 hours at 
0.5 FC; and (4) Intermittent 8L:4D, plus 2(2L:4D), 10 FC. There 
were duplicate pens for each of the 8 treatments in each room. 

Nicholas and British United Turkeys based diet programs were fed 
(Tables 1 and 2) . N, B, and H strains were fed each diet in 
pelleted form. N and B turkeys also received their respective diet 
in meal form. Diet programs may be referred to as NP, BP, ~ and B" 
to designate N, B, pellets or mash. 

Results 

Main effects of lighting program and strain are shown in Table 3. 
All comparisons are averages of birds fed BP and NP; mash treatments 
are not included. 

Lighting Programs. Statistical comparisons are not:'· legitimate 
among lighting programs as they are confounded with room effects. 
Having said that, the intermittent programs resulted in heavier 
body weights than the 14 hour light, 10 dark reference, confirming 
other years' findings. Regarding the intermittent variations, the 
one with 8 hours of 10 FC light resulted in heavier birds at 12. 
weeks, while the one with 8 hours of low intensity light resulted 
in heaviest toms by 19 weeks of age. 

Feed/gain results during 0-19 weeks indicate that feed 
was greater with modified intermittent lighting programs. 
Mortality, leg problems, litter moisture, and parts results 
provided for information. 

Strain Comparison. Comparing body weights of strains at P . 05, N 
resulted in heavier weights than B or H at 4, 8, and 12 weeks with 
both N and B pelleted diet programs. B gained more rapidly after 
12 weeks and was statistically heavier than N (P<.04) or H (P<.01) 
at 19 weeks of age when results from NP and BP diets were averaged. 

Band H strains utilized feed more efficiently than N (P <.01). B 
strain showed a significantly lower incidence of leg problems than 
did N or H at 16 and 19 weeks of age. Litter moisture was lower at 
each age with H compared to B or N ( P< . 0 5) . There were no 
significant differences in percentage pectoralis major or minor 
among strains. At 16 and 19 weeks, N strain showed· significantly 
lower leg meat than H. N had more abdominal fat at 16 weeks of age 
than B ( P<. 08) . 
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Diet program and strain combinations. These results are shown-. in 
Table 4. At 8 weeks of age, N strain birds and N pelleted diets 
resulted in heavier birds~ At 19 weeks, B, N, and H strains ranged 
from heavier to lighter, B and N pelleted diet programs were 
similar, and meal diets, especially BM, resulted in lower body 
weights than their pelleted controls. ~- ~: 

Comparing feed/gains with pelleted diets during 0-19 weeks, N diets 
were used more efficiently than B diets. B turkeys were more 
efficient than N turkeys with BP and NP diets, while H turkeys were 
more efficient than N only with BP diets. Meal diets were less 
efficiently used than their control pelleted diets. 

Litter moisture was considerably greater wit.h B pelleted compared 
to N pelleted diets. Meal diets resulted in lower litter moisture 
than respective controls. ~ 

Regarding carcass measurements, focusing primarily on 19 weeks 
data, there were no differences in percentage amounts of pectoralis 
major or minor portions among diets or strains. There was less 
abdominal fat with BP compared to NP diets considering 16 and· 19 
week data. 

Discussion 

There were differences among the strains in b.ody weight accretion. 
Figure 1 shows that the N turkeys were ahead in body weight at 12 
and B turkeys at 19 weeks of age; this was similar on N and B 
pelleted diets. It should be borne in mind that the Hybrid poylts 
were from eggs earlier in the production period. 

' ' 
Band H turkeys utilized feed more efficiently than N turkeys; this~ 
may be related to a lower level of fattening, i.e. N turkeys showed 
1.39% abdominal fat (av. 16 and 19 weeks) and F/G of 2.68 (av. B 
and N pelleted diets), while Band H turkeys showed respective 
values of 1.18 and 1. 2 0% fat and 2. 57 and 2. 60 F /G. Birds are 
being analyzed for carcass composition. 

The Nicholas and BUT diets had some interesting differences. 
Figure 2 shows the metabolizable energy concentrations of the diet 
programs, and includes comparison to the Minnesota program used in 
the second part of this paper. Note the high energy level of the 
Nicholas program, and the lower energy level of the BUT program. 

Figure 3 compares diet program protein levels. Bis highest. N is 
lowest, partly due to its continuous lysine supplementation. As 
shown in Table 2, the methionine level in the B growing diets is 
high. The greater litter moisture with the BP feeding program may 
be related to excretion of amino acid nitrogen. 

Figure 4 illustrates the widely divergent levels of phosphorus in 
the three programs. The Minnesota program utilized a 2:1 calcium 
to phosphorus ratio; the B and N programs have narrower ratios. 
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Although N turkeys tended. to have more abdominal fat, the NP and~ 
diet, resulted in even greater abdominal fat compared to BP and BM 
diets. This latter occurrence would seem to relate to the 
difference in energy- protein balance-between the diet series. 

The performance of birds fed the BP and NP feeding programs was more 
similar than might be expected from the contrasting diet 
nutritional levels. The divergence of these levels indicates that 
there is need for much research on nutritional requirements of 
turkeys. This should be done at varying stages of growth and 
across strains and environments. 

AMINO ACID SUPPLEMENTATION OF LOW PROTEIN DIETS 

The turkey has a high requirement for protein, starting at 28% and 
decreasing to 16% by market age. There would be health, economic, 
and ecologic advantages in reducing the amount of protein. 

Baldini et al., (1954) and Fisher et al. (1956), using Jersey Buff 
turkeys, a small strain, reported that maximum growth was obtained 
with starting poults fed 20% protein supplemented with lysine and 
methionine. Fitzsimmons and Waibel (1962), using Broad Breasted 
Bronze and White turkeys, obtained excellent growth responses from 
methionine and lysine. They were not able to attain control growth 
rate by supplementing a diet of 20% protein with these amino acids, 
and suggested that additional amino acid deficiencies existed at 
this protein level with larger turkeys. • 

More recent studies at Virginia Tech suggest-that growth-pf young 
turkeys fed 22% protein could be improved to that of control with 
addition of methionine, lysine, valine, threonine, and isoleucine 
(Potter, 1989). 

Carlson et al. (1990) reported that with 80% of NRC protein during 
0-18 weeks for toms, methionine and lysine in varying combinations 
were not able to return growth to normal. Also observed was that 
methionine has positive effects on development of breast meat in 
the turkey. 

The present study had as its goal a determination of whether 85% of. 
NRC protein, from corn and soybean meal, could provide all other· 
amino acids beyond methionine and lysine. The methionine plus 
cystine requirement would be met at 100% of NRC in varying age 
combinations, bringing lysine into play during the growing period 
after 12 weeks of age. 

There were 6 replicate pens of 11 Large White toms per 
The feeding periods were of 3 weeks, as adaptated from 
period nutritional levels. 
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Diets having 85 and 100% of NRC protein levels are shown in Table 
5. They are corn-soy type containing 2 to 4% fat increasing with 
age. These die~s contain .added methionine activity but not lysine. 
The need for all supplemental methionine was met with AlimetR, or 
HMB for 2-hydro){y-4-(methylthio)-butano~~_g~id. Two hundred birds 
from the experiment, 2 per pen, were cut up at the processing plant 
and weights of pectoralis major, thigh, and drumstick obtained with 
birds identified individually. 

Results 

Body weights, feed/gain, and breast yield results are shown in 
Table 6. Observing body weights at 6 weeks, an excellent response 
was attributable to HMB at 85% of NRC protein; however, weights ~ 
were somewhat less than obtained with higher protein. Supplemental ~ 
lysine may have been helpful at this point. Interesting that the 
diet with 115% of NRC methionine plus cystine and lysine (trt 1) 
showed greater body weights than the 100% diet (trt 2) through 12 
weeks; this has not usually been the case. 

Twelve week body weights show that HMB alone with 85% or 92. 5% 
protein resulted .in good perf orrnance. At 85%, with supplemental 
HMB fed from 0-12 weeks of age, the weights were down a bit from 
100 and 115% of NRC treatments, but not much. : 

The body weight results at 18 weeks-5 days of age indicate that 
with 85% of protein, the HMB and HMB plus lysi~e treatments during 
12-18 weeks were each helpful in improving bo'dy weight. The most 
successful treatment (no. 17), which included HMB from 0-18 ~eeks 
and lysine from 12-18 weeks, attained virtually the body weigh~,of 
the 100 and 115% of NRC diets. At 92. 5% of NRC protein, body, 
weight was improved signiticantly from 31.3 to 32.6 pounds with 
methionine and lysine supplementation. 

All the feed/gain values were between 2. 61 and 2. 71. The best 
feed/gain of 2.61 was with treatment 17, which ended heavy but had 
been lighter in weight at 6 and 12 weeks of age; this excellent 
value may have been due to the occurrence of compensatory growth . 

. Breast meat yield was reduced with 85% of NRC protein when lysine 
and methionine plus cystine were at 85% of NRC requirements at 
varying times during 0-18 weeks. Treatment 17, having continuous 
HMB supplementation to 100% of NRC methionine plus cystine plus 
lysine during 12-18 weeks, resulted in excellent breast yield, 
compared with treatments 1 and 2, having 100 and 115% of NRC levels 
of the amino acids continuously. 

Conclusion 

Body weights and breast development were down with 85% protein at 
market age. HMB supplementation during 0-18 weeks plus lysine 
during 12-18 weeks of age, each to 100% of NRC levels, resulted in 
body weight and breast meat development equivalent to performance 
with the 100% or 115% of NRC diets. The results at 6 weeks of age 
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showed that birds fed 85% protein plus HMB to 100% of NRC were down 
somewhat in body weight. That this treatment, with HMB and delayed 
lysine supplementation, caught up 1n body weight with good breast 
development by market ·weight indicates that useful compensatory 
growth took place. 

CANOLA MEAL IN MARKET TURKEY-DIETS 

Canola meal (low glucosinolate, low erucic acid rapeseed meal) has 
become increasingly available as an important protein source. This 
study was conducted to provide additional information Qn the use of 
canola meal in turkeys diets. 

Salmon et al. (1979) fed 7.5, 15, and 22.5% low glucosinolate 
rapeseed meal (RSM) in diets of varying nutrient density to turkey 
broilers to 14 weeks of age. They reported that 15% low 
glucosinolate rapeseed meal (variety Candle} did not depress body 
weight to 63 days of age as did the 22.5% level. Between 10-14 
weeks of age, 7. 5% of the meal also depressed gains. The RSM 
effect was evident across the 3 energy densities. Hulan et ·al. 
(1980) fed 10, 20, and 30% of varieties Tower or Candle (low erucic 
acid, low glucosinolate) RSM during 0-3, 3-6, and 6-14 weeks of age 
(diets kept isocaloric after 6 weeks), respectively, and observed 
better performance with turkey broilers as compared to control 
having no RSM. Klein et al. (1979) reported a linear pr6gramming 
model for determining the optimum feeding level of canola meal. 

The study reported herein measured canola meal-effects with Large 
White torn turkeys to 19 weeks of age. Diets were of the 
corn~dehulleq soybean meal type with animal fat at 1% throughout. 
There was also a series kept isocaloric by increasing added fat 
with canola meal. The feeding schedule and composition of the 
diets are presented in Tables 7. Feed was fed in the meal form or 
as crumbles during 0-8 weeks of age and pellets ( 3I16") thereafter. 

The experiment was a randomized complete block design. There were 
4 replications (blocks) of toms per treatment. 

Results 

Performance is shown in Table 8. With canola meal in mash diets 
(trts 1-4), at 19 weeks of age, birds fed 20% or 26>10% canola meal 
were down 2.9 and 3.6% in body weight from control (non
significant). There was no growth depression with 10% canola meal. 
With canola meal in isocaloric mash diets (trts l, 6, 7), weights 
were equivalent to control with 20% and 26>10% canola meal; 
actually, 19 week weight was 3.6% greater with 20% canola. With 
canola meal in pelleted diets, control body weight with pellets 
(trt 8) was 6.5% greater (highly significant difference) than with. 
mash (trt 1). Introduction of 10, 20, and 26>10 canola meal (trts 
8-11) resulted in non-significant body weight depressions of 1.9, 
3.9, and 4.2%, respectively. 
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Cumulative 0-19 week feed/gain data show that 20% canola meal with 
non-isocaloric diets (trts 1-4, 8-11) depressed efficiency of feed 
utilization significantly. There was a lowering of efficiency at 
10% canola, but this was not significant. Feed efficiency was 
equivalent when diets containing canola meal were isocaloric. 

::.:.:. -~..::-~ ). 

Litter moi'sture is presented as the average of 15 and 17 weeks of 
age. Presence of canola meal reduced litter moisture with mash 
diets, but not with pelleted diets. 

Breast meat yieJd was not significantly different among treatments 
for the major~omparisons, i.e. treatments 1 through 4 (mash feed), 
treatments 1, 6, and 7 (mash feed isocaloric adjustment) , and 
treatments 8 through 11 (pelleted feed) . Inclusion of canola meal 
did not affect breast meat yield. Breast meat yield tended to-be 
greater for the treatments fed pelleted feed (treatments 8 to 11) 
as compared to the mash feeding programs (treatments 1 to 4) except 
for. treatment 10. The turkeys fed pelleted feed were heavier and 
may have had greater breast proportion on~that account. 

Canela meal in diets had no adverse effect on the sensory quality 
of the meat, and showed a statistically beneficial effect with 20% 
canola meal (trt 4 - lower energy) as co~pared to the control (_trt 
1) . 

Mortality and bird removals were low dur·ing this experiment. There 
were ·no indications of treatment effects on bird health. 

Conclusion 

Feeding canola meal to Large White turkeys in this experiment was 
successful. Small non-significant effec·ts on body weight, somewhat 
reduced feed efficiency, and acceptable liking of the turkey meat 
product was evident. Canola meal is an acceptable alternate 
protein source in turkey diets. ~ 
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Table 1. Diet series based 0n Nicholas feeding recommendations. (ExEeriment TG-902! 

Ingredients % 0-3 Weeks 3-6 Weeks 6-9 Weeks 9-12 Weeks 12-15 Weeks 15-19 Weeks 

Corn 34.02 35.52 38. 69 41. 22 48.52 54.92 
Wheat (11.5%) 15.00 15.00 15.00 15.00 15.00 15.00 
Animal & vegetable fat blend 1. 92 2.96 4.62 2.00 2.00 2.00 
Animal fat ----- ----- ----- 4.45 5.22 5.71 
Soybean meal (47%) 35.40 33.46 29.82 26.55 20.45 14.23 
Fish meal (62%) 6.00 4.00 3.00 2.00 
Meat & bone meal (50%) 4.00 6.00 6.00 6.00 6.00 6.00 
Mono/dicalcium phosphate 1. 56 1.12 .99 .90 .91 .46 
Calcium carbonate .85 .64 .59 .65 .69 .53 
Salt .262 .248 .259 .271 .292 .294 
Copper sulfate .OS .OS .OS .OS .05 .05 
L-Lysine·Hcl (78. 4%) .20 .20 .20 .20 .20 .20 
DL-Methionine (99%) .246 .237 .241 .191 .178 .133 
Choline (SO%) .168 .1S9 .146 .132 .119 .106 
Vit. E (DL-acetate, SOO IU/g) .0033 
Biotin (1%) .0008 .0008 
Trace mineral mix (MNTM) 1 .18 .18 .18 .18 .18 .18 
Vitamin mix N902 2 .15 .12S .112S .10 .087S .07S 
Virginiamycin (10 g/lh) .10 .10 .10 .10 .10 .10 

Nutrients: 

Crude protein (%) 27.Sl 26.S2 24.48 22.S2 19.07 16.66 
Metab. energy (kcal/kg) 2910 2998 3130 3263 3373 3483 
Calcium (%) 1. 40 1. 3S 1. 2S 1. 20 1.10 ,, .9S 
Phosphorus inorg. (%) .82 .77 . 71 .66 .60 1: .so 
Sodium (%) .18 .18 .18 .18 .18 ~ .18 
Chloride (%) .30 .30 .30 .30 .30 .) .30 
Methionine (%) . 72 .68 .64 .S6 .48 .41 
TSAA (%) 1.10 1. 04 .98 .87 . 7S .64 
Lysine (%) 1. 78 1. 68 1. S2 1. 38 1.11 .94 
Arginine (%) 1. 88 1. 81 1. 66 1. S2 1. 26 1. 07 
Tryptophan (%) .34 .32 

~ 

.29 .26 .22 .18 
Threonine ( % ) 1. OS 1. 00 .92 .84 . 71 . 62 

Trace mineral mixture MNTM contains: 2% iron (from ferrous sulfate), .3% copper (from copper sulfate), 6% 
manganese (from manganese sulfate), 6% zinc (from zinc oxide), .12%-todine (from ethylene diamine 
dihydroiodide), .02% cobalt (from cobalt carbonate)-, and 0.161% selenium (from sodium selenite). 

~ 

Vitamin mixture N902 supplies (per'.,kilogram of mixture): 8,818,400 IU vitamin, A, 3,S27,360 ICU vitamin' 
0

3
, 22, 046 IU vitamin E acetate, .'88 g i:nenadioneltdimethyl pyrimidine! bisulfite. 5.29 g riboflavin, 

13.2 g d-calcium pantothenate, ,,91.7 g niacin .•. /13.2 mg vitamin 8 12 , .88 g foliq acid, 2.91 g pyridoxine, 
1. 62 g thiamine, and 88. 2 g biotin. .I · · .. 
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Table 2. Diet series based on British United Turkey feeding recommendations. (Experiment TG-902) 

Inqredients % 

Corn 
Wheat ( 11. 5%) 
Animal & vegetable fat blend 
Animal fat 
Soybean meal (47%) 
Heat processed soybeans 
Fish meal (62%) 
Dicalcium phosphate 
Calcium carbonate 
Salt 
Sodium bicarbonate 
DL-Methionine (99%) 
Trace mineral mix (MNTM) 1 

Vitamin mix (MTS-74) 2 

Vitamin mix (MTG) 3 

Virginiamycin (10 g/lb) 

Nutrients: 

Crude protein (%) 
Metab. energy (kcal/kg) 
Calcium (%) 
Phosphorus, inorg. (%) 
Sodium (%) 
Chloride (%) 
Methionine (%) 
TSAA (%) 
Lysine (%) 
Arginine (%) 
Tryptophan (%) 
Threonine (%) 

See footnote l, table 1. 

0-4 Weeks 

27.97 
15.00 

37.21 
8.00 
8.00 
2.01 

.91 

.100 

.195 

.229 
.12 
.25 

.10 

29.81 
2801 

1. 31 
.73 
.15 
.15 
. 75 

1.19 
1. 85 
2. 07 

.39 
1.17 

4-8 Weeks 

31. 92 
15.00 

1. 32 

34.28 
8.00 
5.00 
2.49 

.96 

.182 

.158 

.277 
.11 
.20 

.10 

27.01 
2892 

1. 27 
.73 
.16 
.18 
.73 

1.14 
1. 62 
1. 87 

. 3 5 
1. 06 

8-12 Weeks 

37.63 
15.00 
2.96 

32.74 
4.00 
3.00 
2.60 

.99 

.202 

.162 

.262 
.10 

.25 
.10 

24.08 
3000 

1.19 
.69 
.16 
.18 
.66 

1. 03 
1. 39 
1. 66 

.31 

.94 

12-16 Weeks 

42.45 
15.00 
2.00 
2.87 

32.60 

2.87 
1. 06 

.230 

.204 

.324 
.09 

.20 
.10 

21. 21 
3107 

1.11 
.65 
.17 
.18 
.66 
.99 

1.16 
1. 45 

.27 

.82 

16-19 Weeks 

47.02 
15.00 

2.00 
3.66 

27.38 

2.63 
1.13 

.232 

.205 

.402 
. O~~;---·\~ 

.175 
.10 

1~.23 
3203 

1. 07 
.60 
.17 
.18, 
. 7i 

1. 0 l~i; 
1. or 
1. 29 

.24 

. 74 

Vitamin mix MTS-74 supplies (per kg of mixture): 4,400,000 IU vitamin A acetate, 1,650,000 ICU 
vitamin D3 , 5,500 IU vitamin E acetate, 1.1 g menadione dimethyl primidinol bisulfite, 2.65 g 
riboflavin, 4.0 g ct-calcium pantothenate, 26.5 g niacin, 198.4 g choline chloride, 4 mg vitamin 
8 12 , • 22 g folic acid,· . 55 g pyridoxine, and 22 mg bioti~~· 

Vitamin mix MTG-74 supplies (per. kg, of mixture·f :;- 3, 300, 000 IU vitamin A acetate, 1, 200, 000 ICU 
vi'tamin D3 , 3, 300 IU vitamin E acetate, . 77 g •menadione dimethyl"-primidinol bisulfite, 1. 98 g -.\ 
riboflavin, 2.6 g d-calcium pancothenate, 26'g niacin, 110.2 g choline chloride, and 2.76 mg 
vitamin B12 • 
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Table 3. Main effects of strain and lighting on body weight, feed/gain, mortality, leg problem, 
litter moisture and carcass measurements 1

• (Experiment TG-99£1 
Liqhtinq (10 FC) 

Measurement 8 hours 8L:4D 

and Age 14L:l0D 4(2L:4D) of 0.5 FC 2(2L:4D) 

Body weight (lbs) 
4 weeks 
8 weeks 

12 weeks 
16 weeks 
19 weeks 

Feed/gain 
0-19 weeks 

Mortality (%) 
0-8 weeks 

8-19 weeks 
0-19 weeks 

Leg problems (%) 
16 weeks 
19 weeks 

Litter moisture (%) 
16 weeks 
19 weeks 

Carcass measurements 
16 weeks 

Pectoralis major (%) 
Pectoraiis minor (%) 
Leg and thigh (%) 
Abdominal fat (%) 

19 weeks 
Pectoralis major (%~ 
Pectoralis minor (%) 
Leg and thigh (%) 
Abdominal fat (%) 

2.20 
9.03 

18.89 
28.10 
34.83 

2.68 

.79 
3.97 
4.76 

20.52 
27.38 

37.96 
41. 06 

8.47 
2.05 

10.78 
1. 37 

9.39 
2. 23' 

11. 33 
1. 55 

2 .11 
9.21 

18.89 
28.92 
35.19 

2.65 

1. 59 
8.73 

10.32 

31.12 
32.08 

35.12 
37.92 

8.50 
1. 93 

11.07 
1. 31 

9.49 
2.10 

11. 50 
1.23 

2.15 
8.99 

18.94 
28.77 
35.70 

2.55 

1. 59 
5.95 
7.54 

20.28 
25.18 

39.85 
43.68 

9.00 
2.05 

11.40 
1 .. 16 

9.24 
2 .-05 

11. 60 
1. 06 '· 

2.20 
9.22 

19.56 
28.90 
35.47 

2.59 

. 79 
7.54' 
8.33 

18.46 
22.53 

37.90 
41.28 

8.57 
2.05 

10.94 
1.24 

9.69 
2.16 

11. 51 · 
-1yl4 

N 

2.36 
9.64 

19.59 
28.83 
35.23 

2.68 

.89 
17 .14 

8.04 

26.30 
29.05 

40 .11 
41.85 

8.86 
2.02 

10.80 
1. 40 

9.48 
2.10 

11. 07 
1. 37 

Results are average of turkeys fed B and N pelleted diets (no meal treatments). 
It 

Strain2 

B 

2.09 
8.82 

18.84 
29.10 
36.08 

2.57 

H 

2.04 
8.87 

18.79 
28.08 
34.57 

2.60 

1. 7 9 ~'--·~~9 
5.95 ' 6.55 
7.74 7.44 

16.45 
17 .13 

39.03 
44.98 

8.54 
2.02 

11. 07 
1.14 

9.52 
2.14 

11.53 
1.22 

25.03 
34.19 

33.99 
)6.12 

1: 

~1 
8.52 
2.02 

11. 27 
1. 27 

9.36 
2.16 

11. 85 
1.14 

N, B, and H refer to Large Whit,e Nicholas, B:r-i,tish United Turkeys, and Hybrid tom turkeys, 
respectively. J 

- ), 
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Table 4. Effect of dietary treatments and strain on body weight, feed/gain, mortality, leg problems and litter 
moisture and carcass measurements. (Experiment TG-902) 

Measurement Strain: Nicholas BUT Hybrid LSD 
and Age Diet 1

: l·I" Np BP Np BP B" Np BP (P<.05) 
Body weight (lbs) 

4 weeks 
8 weeks 

12 weeks 
16 weeks 
19 weeks 

Feed/gain 
0-19 weeks 

Mortality (%) 
0-8 weeks 

8-19 weeks 
0-19 weeks 

Leg problems (%) 
16 weeks 
19 weeks 

Litter moisture (%) 
16 1-1eeks 
19 weeks 

Carcass measurements 
16 weeks 

Pectoralis major (%) 
Pectoralis minor (%) 
Leg and thigh (%) 
Abdominal fat (%) 

19 weeks 
Pectoralis major (%) 
Pectoralis minor (%) 
Leg and thigh (%) 
Abdominal fat 1%l 

2. 3 5•2 

9. 61 • 
19.14abc 
28.18bc 
34.73b 

2.6Sb 

.60 
7.27 
7.74 

2. 37• 
9. 7 4• 

19.64• 
2a.a9•b 
3 s . l a•b 

2. S7c 

.60 
7.92 
8.33 

19.42abc 26.28• 
19.99°d 32.3o•b 

34.06bc 
34 .19cd 

8.18b 
1.89b 

11.11" 
l.29abc 

9.69 
2.0lb 

10.92b 
1. sg• 

3 9. 2 6ab 
38. 24bc 

9. O.:J• 
1 . 9 4•b 

11. 16· 
1 . 4 2•b 

9.SB 
2. 07•b 

11.02b 
1. so· 

2. 3 s• 
9. s4• 

19. s3•b 
28. 77•b 
3S. 27•b 

2. 79• 

1.19 
6.SB 
7.74 

2 6 ·. 3 3• 
2S.81bc 

40.96. 
4 s. 4 7•b 

a. 6 a•b 
2. 09• 

10.44b 
1. 39•bc 

9.37 
2. 13•b 

11.12b 
1. 2 s•b 

2 .18b 
9. 08b 

19.02bc 
29. 41 • 
36.oa• 

2.soc 

2.38 
7.S3 
9.S2 

16.77bc 
18 . .:j 1 Cd 

2. ooc 
8. S6c 

18. 66c 
28. 79•b 
3 6. 09• 

2.64b 

1.19 
4.92 
S.9S 

16.12bc 
16. S9d 

3 6 . 13 abc 41 . 9 3 • 
39.0Sbc S0.91" 

8. 4 3•b 
2. 03•b 

1 i. os• 
1. )4•bc 

9.27 
2. 1 o•b 
11. 6 l"b 
1. 3 a•b 

8 • 6 4 ab 
2. oo•b 
11.0B• 

. 94cd 

9.6S 
2. la•b 
11. 4s•b 
1. os•b 

2 .04c 
8. 49c 

17. 94d 
27. 69c 
34.42b 

2. 79• 

.60 
2.44 
2.98 

12. 4 6c 
14.40d 

3 9. 2 2•b 
44. 66•b 

a. 4 s•b 
2. os•b 
11.40. 

. 71d 

9.SB 
2. l 3ab 
11.S6•b 
1. 1o•b 

2.06bc 
8 .99b 

18.97c 
28.26bc 
34. 54b 

2. 56e 

1. 79 
2.47 
4.17 

27 . 9 6. 
32. 33•b 

2.02e 
8. 7 5eb 

18. 60e 
27. age 

34.60b 

2. 64b 

.00 
10.80 
10. 71 -

22.11•b 
36.os· 

30.Blc 
30. 7 4d 

3 7. 17•b ·v. s1 be 

8. 69•b 
2. 03•b 
11.02· 

1. so· 

9.43 
2. 14ab 
11. 67•b 
1. 4 7•b 

8. 34•b 
2. 02•b 
1i.s2· 

1. 03bcd 

9.28 
2 .19• 
12. 02· 

.82b 

.12 
.35 

.Sl 
. 76 
1.14 

.07 

8.39 
7.97 

S.49 
7. 00 -~""'-

" j~ 69 
h6 
J • so 

. 41 

.16 
.72 
.SB 

.71 

Diet identification NP, N", BP, and B" are Nicholas program in pellets or meal form and BUT program in pellets or 
meal form, respectively. 

~ 

Data values in lines differ significantly (P;OS) if followed· by non-common; letter. 

~ 

~, r 
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Table 5. Com122sition of 100 and 85% of NRC erotein level diets in amino acid sueelementation stud~. !E~riment TG-901! 

0-3 Weeks 
In51redients ' 100% 85% 

Corn 42.981 50.232 
Soybean meal (47') 49.351 41.944 
Fermacto-500 .250 .250 
Dicalcium phosphate 2.881 3.005 
Calcium carbonate 1.561 1. 626 
Salt .378 .390 
HMB 1 .250 .182 
Trace mineral mix (MNTM) 2 .123 .132 
Vitamin mix (MTS-74) 1 .256 .262 
Vitamin mix (MTG-74)' ---- - - - -
Animal fat 2.000 2.000 

Nutrient composition 

Crude protein (%) 27.2 24.4 
Metab. energ~· (kcal/kg) 2844 2912 
Calcium (%) 1. 341 1. 3 73 
Phosphorus inorg. (l i . 670 .686 
Sodium (%) .173 .177 
Methionine (%) .651 .554 
Methionine + cystine (%) 1. 067 .929 
Lysine (%) 1. 625 1. 415 
Arginine (%) l. 979 1. 751 
Tr/ptophan (\) .359 . 318 
Threonine (\) 1. 084 .975 

HMB (Alimet") supplies methionine hydroxy analog, 

See f·:>otnote 1. table 1. 

See footnotes 2 and 3, table 2. 

3-6 Weeks 6-9 Weeks 
100% 85\ 100% 85\ 

46.840 53.787 50.330 56. 872 
46.295 39.258 42.414 35.756 

.250 .250 .250 .250 
2.424 2.530 2.098 2.188 
1. 377 1. 434 1. 237 1. 287 

.337 .348 .291 .300 
.146 .091 .075 .029 
.116 .124 .110 .117 
. 218 .223 .199 .203 
-- -- ---- - -- - - -- -

2.000 2.000 3.000 3.000 

26.1 23.3 24.5 21. 9 
2903 2968 3007 3069 

1.168 1.194 1.036 1. 057 
.584 .597 .520 .530 
.157 .160 .138 .141 
. 548 . 464 .465 . 391 
.948 .824 .843 . 731 

1. 541 1. 3 39 1. 429 l. 240 
l. 890 1.672 1.769 l. 564 

. 34 3 . 303 . 321 .284 
1. 04 3 .939 .984 .887 

free acid (at molecular equi\"alence, 

<'. 

'.Y 

•' ,~ 

or 

-;;. 

t 

9-12 Weeks 12-15 Weeks 
100\ 85\ 100\ 85\ 

57.165 62. 996 63.891 68.842 
36.140 30.210 28.638 23.627 

.100 .100 .100 .100 
1. 821 1. 895 1. 670 1. 729 
1.144 1.185 1. 088 1.122 

.252 .256 .261 .267 
.033 -- -- .051 .006 
.102 .108 .096 .100 
---- --- - ---- ----
.247 .251 .210 .213 

3.000 3. 000 4.000 4-:-poo 

22.l 19.8 19.2 17.2 
3085 3140 3212 3260 

.926 .943 .. 855 . 867 

.463 .471 .428 . 4 34 

.122 .124 .124 .126 

.397 .338 .374 .310 

.740 .647 .674 .581 
l. 251 1. 083 l. 036 .894 
l. 577 1. 395 l. 343 1.189 

.286 .253 .244 . 216 

.893 .806 . 780 .707 

i.e. 88% methionine). 

,.. 

~ 

15-lSwks 5 da~s 
100% 85\ 

69.776 74.032 
23. 087 18.776 

.100 .100 
1. 460 1. 507 
1. 012 1. 039 

.261 . 266 
.027 
.088 .092 
----

~~~~~J .191 
4.000 4.000 

17.0 15.4 
3279. 3320 

.768 . 777 

.384 .389 

.124 .125 

.326 .280 

.595 .525 

.879 .757 
1.174 l. 042 

. 213 .189 

.701 .637 

11 
) 
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Table 6. Effect of methionine hydroxy.analog free acid (HMB) combinations and lysine (L) with low 

protein turkey diets 1
• (Experiment TG-901) 

Trt 

No. 

1 
2 

3 
4 
5 

6 
7 
8 

9 
10 
11 

12 
13 
14 

15 
16 
17 

Protein level (% of NRC) 

& treatments during weeks 

0-6 6-12 12-18 

115% 
100% 

115% 
100% 

115% 
100% 

92.5% + HMB to 100% NRC 

+ 
+ 

+ 
+ 

+ 
+,L->100 

85% + HMB to 100% NRC 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+,L->100 

+ 
+,L->100 

+ 
+,L->100 

+ 
+,L->100 

6 wks 

4. 6J8 
4.41ab 

4. 32b 
4. 21 b 

4 • 4 5ab 

3. 95c 
3. 90c 
3. 99c 

3. 95c 
3. 90c 
3. 92c 

4. 30b 
4. 28b 
4. 28b 

4. 28b 
4. 30b 
4. 2 5b 

Body Wt, Lbs 

12 wks 18-5 wks 

16. 5a 
16. oab 

15. 5cd 
15. 9abc 
16. pb 

13. 89 

13. 99 
'13. 8 9 

14. 9et 
15. 1 de 
15. odef 

14. 5etg 
14. 3 tg 

·14.5et9 

15. 7oca 
15 • 9abc 
15. 7oca 

32. pb 
32 • 2ab 

31. 3b-e 
31.4a-e 
32. 6a 

2 9. 69 

29. 99 
30.7d-g 

3 o. ot 11 

30. 7d-g 
31.lb-f 

30. 2et9 
30. 6d-g 
31. 1 b-f 

31. 2b-f 
31. 5a-d 
31.9abc 

Feed/Gain 

2. 68ab 
2. 68ab 

2. 7P 
2 ·. 69ab 
2. 64ab 

2. 7P 
2. 67ab 

2.64ab 

2. 64ab 
2. 7P 
2. 66ab 

2.69ab 
2. 64ab 

2 • 65ab 

2. 69ab 
2. 66ab 
2. 61b 

Breast Yield 

% live wt. 2 

8 • 34abc 
8. 19a-e 

(_ 8.18a-a 
8.09a-t 
7. 99a-g 

7. 56fg 
7. 47 9 

7. 86d-g 

7. 65d-g 
8. 07f;t 

7.96b-? 
'l 

7. 64c-t 
7. 91 c-g 
7. 79d-g 

8. 13a-e 
8. 5oa 
8.44ab 

,-· 

Data values in columns followed by non-common letter.s differ significantly at .Q5 level of 
probability. 

2 Left pectoralis major, skin removed~ 
.. u J' 
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Table 7. Partial comeosition of diets for canola meal stud:i:: !E~eriment TG-885! 

Corn-so:i:: Canola Meal canola Meal, Isocaloric 
Weeks Com12osition 10% 26->10% 20% 10% 26->10% 20% 

0-4 corn (%) 44.SO 43.26 41. 29 42.02 40 .14 JJ.lB JS.7B 
Canela meal (%) --- 10.00 26.00 20.00 10.00 26.00 2Q.OO 
Soybean meal 47% (%) 4B.99 40.SS 27.0S 32 .12 41. B9 JO.SJ J4 .. 79 
Animal fat (%) 1. 00 1. 00 1. 00 1. 00 2.66 S.Jl 4.31 

Crude protein (%) 26.97 26. 54 2S.B6 26 .12 --26. 90 26.BO 26.B4. 
Metab. energy (kcal/kg) 2BOB.OO 2749.00 26S6.00 2691.00 2BOB.d0 2 BOB'. 00 2BOB.OO 
Methionine + cystine (%) 1. OS 1. OJ 1. 00 1. 01 1. OS 1. OS 1. OS 
Lysine (%) 1. 60 1. S7 1. S2 1. S4 1. 60 1. 60 1. 60 

4-8 Corn <% 1 49.62 4B.27 46.66 46.9J 4S.27 40.04 40.92 
Canola meal 1%) -- - 10.00 22.00 20.00 10.00 22.00 20.00 
Soybean meal 47% 1%1 44.90 36.SS 26.S3 2B.20 J7.BO 29.2B J0.70 
Animal fat ( % ) 1. 00 1. 00 1. 00 1. 00 2.6S 4. 64 4.Jl 

Crude protein (%) 2S.40 2S.OO 24.Sj 24.61 2S.3J 2S.26 2S.27 
Hetab. en erg~· I kcal/kg 1 2BB3.00 2B24.00 27S2. 00 2764.00 2BB3.00 2BBJ.OO 2BB3.00 
Methionine + cystine 1%1 .B9 . B'B .BS .66 .B9 .B9 .B9 
L~·sine i%l 1. 49 1. 4 6 1. 42 1. 43 1. 49 1. 49 1. 4 9 

8-12 C:·rn i%1 S7.S9 S6.06 S4.B2 54. S4 21. 00 49.6B 4B.BO 
Can-:ila meal (%1 - - - 10.00 lB.00 20.00 10.00 lB.00 20.00 

N 
S·~:/bean meal 47!1. 1%) 37.71 29.51 22.94 21. 2B J0.61 24. 94 23.S2 

~ Animal fat 1%) 1. 00 1. 00 1. 00 1. 00 2.66 4.01 4. 34 

'° Crude protein 1%1 22.64 22.33 22. OB 22.02 22.S9 22.56 22.SS 
Metab. energ:;• lkcaL'kg) 297B.OO 2915.00 2B'5S.OO 2B52.00 297B.OO 297B.OO 297B.OO 
Hethi·:·nine + C'.'stine 1% 1 .74 .75 . 77 .77 .76 .7B .79 
Lysine (%) · . 1. 29 1. 26 1. 24 1. 24 1.29 1. 29 1. 29 

" 12-16 6B.29 6S.B5 Corn (%) 66.55 64.79 6J.93 62. 17 59.,52 
Canela meal I%) --- 10.00 14.00 20.00 10.00 14.00 20.po 
Soybean meal 47% (%1 27.34 19.35 16.15 11. 3S 20.24 17.40 13 .14 
Animal fat (%) 1. 00 1. 00 1. 00 1. 00 2.66 3.33 4.34 

Crude protein (%) 1B.7B 1B.5J lB.44 lB.30 lB. 71 lB.70 lB.67 
Hetab. energy (kcal/kg) 3092.00 3027.00 3001. 00 2962.00 3092.00 3092.00 3092.00 
Methionine + cystine (%) .65 .65 .66 .67 .6S .66 .6B 
Lysine (%) 1. 00 .9B .97 .96 1. 00 1. 00 1. 00 

16-19 Corn (%) 76.04 74.12 74.12 72.20 71. 63 71.63 67.22 
Canela meal (%) --- 10.00 10.00 20.00 10.00 10.00 20.00 
Soybean meal 47% (%) 20.05 .12.21 12.21 4.37 12.96 12.96 S.B6 
Animal fat (%) 1. 00 1. op '1. 00 1. 00 2.6B 2.6B 4.36 .. 

15". B7, Crude protein (%) 16.04;. 1S.B7 15.71~-~· 16.00 16.00 lS.96 
Metab. energy (kcal/kg) 31B.0.00 3113.00 3113.00 304S.OO 31BO.OO 31BO.OO 31BO.OO 
Methionine + cystine (%) .SS ... 57 .S7 .60 .SB .SB .60 
LJ::sine !%1 .BO .7B .. 7B .76 .BO .BO .BO 

.,. 
'· ·' ,, 
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Table 8. Effect of canola meal on body weight, feed/aain, litter moisture, breast yield, and taste {Exp._ TG-885) 

Trt Cano la Feed Body Weight, at weeks 
It Meal (%) Energy Form 8 19 

-------- lbs --------

1 0 - - - Meal 
2 10 Lower Meal 
4 20 Lower Meal 
3 26->10 Lower Meal 

1 0 - - - Meal 
7 20 Isocal Meal 
6 25->10 IS·'.)Cal Heal 

8 0 - - - Pellets 
9 10 Lower Pellets 
11 20 L·:::wer Pellets 
10 25->10 Lc·wer Pellets 

Prob. of treatment difference 
Least sianificant difference (P=.051 

Average of 15 and 17 week litter moisture 

One-half breast without skin 

7 .1 """' 
6. 7c 
6. a• 
6.3< 

7.1""" 
7.1""" 
7 . 2""" 

7. 7• 
7. 5"" 
7.5"" 
7. obc 

.007 

.256 

30.7bc 
30.7"" 
29. a• 
29. 6< 

30.7bc 
31. 8"" 
30.5bc 

32. 7• 
32.1"" 
31. 5"" 
31. 4"" 

.013 

.680 

Response Feed/Gain Litter Breast 
at 19 wk 0-19 Moisture 1 Yield 2 

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

- 2. 86cd 3 8. 4• 10. 00•·d 
0 2.90bc 20. a• 10. 77•·d 
-2.9 3. 04• 30. 6< 10.53bcd 
-3. 6 2. 95""" 30. 5c 10. 62bcd 

0 2. 86cd 38. 4• 10. ea•·• 
+3.6 2. 93cd 30. 5° 10. 3 4d 
-0.3 2 . 8 5cd 32.0bc 10. 47cd 

+6.5 2. 7 5cd 38. 9• 11. 33• 
+4.6 2 . 8 7•• 37.5"" 11.09""" 
+2.6 3. 01"" 40. 7• 11.14"" 
+2.3 2. 86°d 3 9. o· 10.75•-d 

.002 .000 .096 

.112 6.27 .673 

l Overall 
Taste 1 

- Score-

5. 34• 

5.74b 

5. 40"" 

5 .. 63"" 
5 .43"" 

.049 

Data are averages of individual scores. Scale points regarding preference (1-91: l=dislike extremely, 2=dislike ve~· much, 
3=dislike slightl:,', 4, dislike m:·deratel:,•, 5=neither dislike ·:::r like, 5=like slightly, 7=like moderately, B=lil-:e '!er~· much, 
9=like extremely. 

See footnote, table 6. 
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TIBIAL DYSCHONDROPLASIA IN POULTRY 

Mark E. Cook 
Department of Poultry .:Sc;i-ence 

University of Wisconsin 
Madison, WI 53706-1284 

TIBIAL DYSCHONDROPLASIA 

Genetic selection ·for increased body weight has not resulted in a 
proportional increase in skeletal size (Havenstein et al., 1988). 
This disproportional increase in body weight relative to skeletal 
size has been hypothesized to be a major contributor in increased 
skeletal defects observed in the meat bird (Nestor, 1,984; Nestor et 
al., 1985). Indeed, genetic selections based both on growth rate 
and skeletal size have been shown to reduce the .incidence of 
skeletal defects (Havenstein et al., 1988). ( 

During normal endochondral ossification (associat~d with linear 
bone growth), cartilage formation in the epiphysis . ('or chondrocyte 
proliferation and matrix formation) ·is tightly coupled with 
cartilage resorption and bone formation distally in the metaphysis 
(Brighton, 1984). When the rate of cartilage formation exceeds the 
rate of resorption (i.e., formation and resorption are uncoupled), 
the growth plate widens, leaving an unmineralized, unvascularized 
mass of cartilage. The resulting mass has been ~ermed tibial 
dyschondroplasia (TD) in poultry (Leach and Nesheim, ·1965). • 

Tibial dyschondroplasia (similar to _psteochondrosis in man, horse$, 
dogs and swine) (L~ach and Nesheim, 1965; Bridges and Harris, 1988~~ 
Cordy and Wind, 1969; Reiland, 1978), clearly is a major problem 
affecting as much as 100% of poultry raised for meat. '"c 

In severe cases of TD, the cartilage mass fills the entire.proximal 
end of the tibiotarsus resulting in a weakened bone. The•weakened 
tibiotarsus is susceptible to bone distortion, corticoid fractures, 
and fibula fractures. The skeletal deformities may result in a 
decrease in the rate of gain, which in turn slows linear bone 
growth and allows a recoupling of cartilage formation and 
resorption. Thus the lesion may spontaneously disappear, but only 
after performance has been compromised. 

It is unclear what the exact mechanism(s) is for the induction of 
TD. Any factor which slows the rate of gain in meat-type birds 
will prevent the lesion from occurring (i.e., feed restriction). 
However, limiting the rate of gain in meat-type birds is not a 
practical or economical method to use in eliminating TD. 

A considerable amount of basic research (primarily from the lab of 
R.M. Leach, Penn State) has been conducted characterizing the cells 
and matrix of the lesion. Chondrocytes in the defective growth 
plate appear normal in the reserve, proliferative, and early 
hypertrophic zones, but fail to hypertrophy fully in the distal end 
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of the growth plate. Hypertrophy is a prerequisite for 
angiogenesis, cartilage resorption, and bone formation (Brighton, 
1984). Identifying the reason for failure to hypertrophy will 
likely allude to the mechanism1 for TD induction. 

IN VIVO MODELS OF TD 
I 

In the initial report describing TD in birds (Leach and Nesheim, 
1963), it was reported th'at increasing dietary chloride levels 
(i.e., inducing a metabolic acidosis) significantly increased the 
incidence of TD. In addi~ion, these scientists also reported that 
copper deficiency caused a similar lesion. Edwards and Veltmann 
(1983) demonstrated that a metabolic acidosis induced by feeding 
high dietary phosphorus relative to calcium would also ipduce TD 
(as well as rickets). However, it was unlikely that the above 
factors were responsible for the high incidence of TD in U.S. 
flocks. 

Walser et al. (1982) reported that the mycotoxin fusarochromanone 
produced by the mold Fusarium eguiseti was a potent inducer of TD. 
It was Walser' s model that got our laboratory interested ·in. 
studying TD. We had hypothesized that a bone abnormality in 
children (Kashin-Beck disease) in endemic regions of maize eaters 
in China may be caused by this toxin. A visiting me~ical doctor 
came to our laboratory from the Kashin-Beck Institute,'in China to 
study this possibility. We confirmed the findings of Walser et al. 
(1982), that fusarochromanone induced TD in chickens. We began an 
investigation to determine if this mycotoxin were the cause of TD 
in our poultry flocks. Our conclusion was poultry fed barlEy-based 
diets were at higher risk, but in general the toxin was not found 
in corn-soybean meal-based diets (Chu et al., 1986; Krogh et al., 
1989; Wu et al., 1990). 

Vargus et al. (1983) and later Edwards (1987) demonstrated that 
thiram (or its reduced form, dimethyldithiocarbamate) induced.TD, 
but again this appeared not to be related to TD problems in the 
U.S. Initially this appeared unrelated to other inducers of TD and 
to the field problems. However, we recently found that copper, but 
not zinc or manganese, could prevent thiram-induced TD (Wu et al.,, 
1990) (Table 1). - -

TABLE 1. Effect of thiram and copper on the performance and incidence of 
tibial dyschondroplasia in chicks 

Thi ram Copper Body weight Antibody titer Incidence of TD 

(ppm) (ppm) (g) (Log2) (%) 

0 0 474 9.5 15 

35 0 436 5.7* 81* 

35 100 449 5.7* 47* 

35 200 500 8.8 30 

*Significantly below the control. 

Wu et al., 1990 
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At first, we h:YPothesized that thiram, and perhaps other inducers 
of TD, were interfering wit11JcoppeF metabolism (the deficiency of 
which is well-known to cause a lesion similar to TD) . Indeed,, 
fusarochromanone- induced TD was also partially prevented by copper 
(Wu et al., 1988) (Table. 2·). With th~ theory that compounds· 
alteringcopper metabolism may induce To-·;- we began to test the 
ability of other known copper chelators to induce TD. Edwards 
(1987) had shown that a related analogue of thiram, antabuse, used 
in the treatment of alcoholism (now being tested as a treatment of 
AIDS, aging, and arthritis) would induce TD. We confirmed his 
finding and demonstrated again that copper revised the lesion 
(Andrews et al., 1989). 

TABLE 2. Effect of fusarochromanone and copper on tibial·dyschondroplasia 

Fusarochromanone· Copper. Body weight Incidence of 1_TD 
., 

(ppm) (ppm) (g) (%) 

0 0 436 0 

5 0 418 15 

20 0 421 
~ 

33 
-·~ 

35 0 407 50 

35 200 421 26 

0 200 419 4 
,..,_, 

In separate studies in our laboratory, a student· of mine (i ·-· 
Zeytun) was studying which metabolite of methionine was responsible, 
for ·toxic methionine-induced irnrnunosuppression. Since others in 
the lab were finding that compounds that induced TD also caused 
suppressed immune responses, Zeytun began looking at TD in birds1in 
his studies. He found that excess dietary cysteine, but not 
methionine, induced TD (Zeytun et al., 1988). · Unlike the other_ 
TD-inducing compounds, copper did not prevent cysteine-induced TD. , 
Follow-up studies by Y. Bai, however, demonstrated a reversal of 
cysteine-induced TD by molybdenum (Bai et al., 1988) (Table 3). 

TABLE 3. Reversal of cysteine-induced TD with Mo (% incidence) 

Cysteine 

(%) 

0 

0.5 

1.0 

0 
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Mo (ppm) 

10 100 

Bai et al. , 1989 



Although this observation was< repeatable in several studies, it 
appeared later ,to be breed~dependent. Orth et al., (1988, 1991) 
also demonstrated that homocysteine (another copper chelator), but 
not taurine (a .homocysteine -metabolite) induced TD. Copper also 
appeared to reduce homocysteine-induc~d !D. With strong evidence 
continuing to suggest that copper chelators induced TD, additional 
compounds were tested (both natural and synthetic) . Andrews et al. 
(1988) demonstrated that excess dietary histidine induced TD as 
well, but the drug, penicillamine, used to decrease liver copper 
(via chelation) in people suffering from Wilson's disease, did not. 

Although a number of copper chelators induced TD, no other signs of 
copper deficiency (i.e., decreased growth, decreased superoxide 
dismutase or ceruloplasmin, decreased bone copper, and anemia) were 
observed. Thus, we concluded that prevention of 
copper-chelator-i'nduced TD by copper was due to copper rendering 
these chemicals and nutrients unavailable. 

IN VITRO STUDIES 

-
It became obvious that the in vivo studies would provide little 
information about the mechanism~by which these compounds-were 
iriducing TD. In 1989-90, I went on sabbatical to Penn State 
University to work with R.M. Leach. Leach had developed methods of 
culturing avian chondrocytes in serum-free media. •'using his 
methods, we developed two objectives. The first was to determine 
the effects of macrophage monokines on chondrocyte function and 
"differentiation." Literature had recently shown that macrophages 
were involved via interleukin-1 in stimulating chondro~tes, to 
produce metalloproteases necessary for the breakdown of cartilage 
matrix for cell hypertrophy and eventual angiogenesis and; bone 
formation. Several of these compounds had been shown to 

_ specifically alter macrophage function and other inunune properties. 
Our second objective was to determine if several of the compounds 
directly altered chondrocyte metabolism. 

Although we did not study the effects of TD-inducing compounds on 
macrophage function, we did demonstrate that macrophages released 
an unidentified substance (monokine) which induces chondrocyte 
hypertrophy and inhibits the ability of insulin-like growth 
factor-1 (IGF-1) to stimulate proteoglycan release (Table 4). Thus 
macrophage-like products would be essential in the prevention of TD 
lesions. We are continuing to study the possibility that 
TD-inducing compounds alter monokine production essential for 
chondrocyte differentiation (Cook et al., 1991). 
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TABLE 4. Effects of IGF-1 and macrophage supernates on the release of 
chondr~itin sulfate from growth plate chondrocytes (thin slice) _ _,. 

Treatment 

Weber control 

+ 100 pg/ml IGF 

+ 100 ml Mac 

+ Both 

**Greater than Weber control 

Chondroitin sulfate release 

pg/ml 

.398 + .026 

.706 + .072** 

.369 + .061 

.423 + .026 

Dimethyldithiocarbamate (the reduced form of thiram, DDC), 
8-hydroxy~ quinoline (another potent copper chelator) and 
fusarochromanone had potent inhibitory effects on chondrocyte 
proliferation at io- 7 to io-s M (Table 5) . However, at extremely low 
levels of DDC ( 10-10 M), DDC stimulated proliferation. In acldition, 
these compounds prevented cell hypertrophy, but did not appear to 
alter proteoglycan release. However, when the serum from birds fed 

· thiram was incubated with normal chondrocytes, chondrocyte function 
did not differ from cells incubated with normal serum. These data 
suggested that the level of reactive DDC (or thirarn) in~ serum of 
birds fed the compound was not at a level that advers·ely affected 
chondrocyte metabolism. Thus, the action of these compounds on 
chondrocytes may not be a direct effect, or systemic effect/ (i.e., 
hormones), but may be paracrine (possibly by affecting rnacropQages) 
or autocrine in nature. , 

TABLE 5. Effects of other TD-inducing compounds on chondrocyte uptake of 
3H-thymidine (cpm) 

Treatment 

Weber's + IGF 

+ 10-5 M Fusar 

+ 10-7 M Fusar 

+ 10-8 M Fusar 

+ 10-5 M DDC 

+ 10-7 M DDC 

+ 10-8 M DDC 

*Differs from the Weber control. 

CHEMISTRY OF THE TD LESION 

Exp. 1 

2,291 

80* 

445* 

-- 1, 908 

81* 

4* 

6* 

Exp. 2 

11,200 

56* 

4,738* 

5,765* 

28* 

24* 

28* 

Studies have been conducted to identify if the TD lesion has 
chemical properties that differ from the normal growth plate or 
embryonic hypertrophic cartilage (an unvascularized cartilage plug 

256 



found in prehatch embryos which is histologically distinct compared 
to TD) . The proteoglycan content and percent ash of these 
cartilage sourc.es were fo'Jnd to be similar (Freedman et al., 1985). 
However, the level of collagen X (a product of the hypertrophic 
chondrocyte) was. reduced in the TD lesion as one might expect. We 
(Orth et al. I unpublished) have -o-:_- recently found that the 
homocysteine-induced TD lesion has a tenfold increase in collagen 
cross-links. Collagen cross-linking is typical in unvascularized, 
unmineralized, articulating cartilage and is thpught to be 
important in· the prevention of its degradation and mineralization. 
However, we have not identified if this is a primary cause of TD, 
or secondary. The latter seems likely since collagen begins to 
spontaneously cross-link with time. In the normal growth plate, 
cartilage matrix turnover is probably too rapid to allow the 
collagen to begin cross-linking. The defective cartilage has also 
been shown to have reduced dry matter, phosphorus, potassium, DNA, 
protein, cAMP, and calmodulin, as compared to normal growth plate 
cartilage (Freedman et al., 1985). Again, it is difficult to 
ascribe to these differences a primary cause. 

CONCLUSION 

Currently it is unknown whether spontaneous, copper-deficient, or 
chemically-induced TD is due to a single defect in chondrocyte 
function or if it is multifactorial in nature. Possibilities 
include: 1. Chondrocyte proliferation in the epiphysis is 
uncoupled with degradation due to either increased chondrocyte 
proliferation or decreased matrix degradation; 2. Paracrine 
stimuli for chondrocyte differentiation are lacking; 3. D~fective 
chondrocytes fail to produce angiogenic factors; 4. TD matrix'is 
more highly cross-linked and thus resistant to degradation:; 
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INTRODUCTION 

MANAGEMENT OF MOLTING LAYERS 

Ken W. Koelkebeck 
Department of Animal Sciences 

University of Illinois 
Urbana, Illinois~"---·= 

In the commercial egg industry induced molting is widely used to 
increase the productive life of a flock. If molting is done 
properly, it can lengthen the production capabilities of a flock 
from about 70 weeks of age to 105 weeks of age. If a second molt 
is used, then production can be obtained for another 25 weeks or 
so. The decision to molt a flock depends on many management and\ 
economic factors, and really depends on a thorough analysis of an ' 
egg producer's own situation. 

Many different methods are used in the industry today to induce a,· 
flock to molt. Various procedures such as light restriction and 
feed withdrawal have been employed. Even though different methods 
are used to induce a flock to molt, perhaps the most important part 
of a successful molting program involves the nutritional feed< 
recovery program to return a flock to production. There are 
basically two programs that have been used. The California and 
Florida programs (Kuney and Bell, 1989; Wilson et al., 1969) 
recommend feeding a low-protein molt ration made primarily of 
cracked corn, or mile supplemented with vitamins immediaeely 
following the fasting period and prior to the start of feeding the. 
layer diet. The second program is one developed by workers in. 
North Carolina (Brake and Carey, 1983), but it is also used in·", 
Georgia and Virginia. This program recommends the feeding of a , 
pullet-developer molt ration containing 14 to 16% crude protein. 
In this program,· a 16% protein pullet-developer ration which is 
supplemented with DL-methionine is fed to the flock immediately 
following the fasting period until 5% production is reached. A 
secorid molt ration containing 17.5% protein and 3.75% calcium is 
then fed until the flock reaches 50% production. Brake and Carey 
(i983) suggest that .this program using a high protein level and 
supplemental methionine is necessary for the regeneration of 
primary feather growth and helps return the flock back into egg 
production sooner than programs using low protein molt diets. 

PREVIOUS RESEARCH ON NUTRITIONAL MOLT DIETS 

Earlier studies involving effects of various protein level molt 
diets on subsequent postmolt performance have documented varying 
results. Brake et al., (1979), Harms (1983), and Andrews et al, 
(1987) found that hens that received a 16% protein molt-diet 
regained body weight faster following the fast, came into 
production faster, and peaked sooner than those fed a 90% protein 
molt diet. These studies utilized diets which contained 
supplemental methionine, however, the specific effects of added 
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methionine-. could not be ascertained in these studies because 
control diets w~re not used. 

In the Brake et al. (1979) study, 3000 Shaver 288 hens were molted 
by a combination of feed and water withdrawal. Feed was withdrawn 
for 10 days and water was withdrawn for~2 days. Following this, 
one-half of the flock was fed an 8.9% protein fortified ground corn 
diet, and the other half was fed a 16% protein pullet developer 
diet. Subsequent-postmolt performance was evaluated for 29 weeks 
and egg production by 28-day periods is indicated in Table 1. 

Table 1. Egg Production by 28-Day Periods for 24 Weeks 

Hen-da~ Production {% 2 
Period Ground corn Pullet grower 

1 27a 38b 

2 72b 7S3 

3 75 74 

4 74 73 
,; 

5 72 71 

6 69 68 
.,. 

. 
Avg. 65 66 

- Brake et al., (1979) 

From this data, it is evident that the hens fed the pullet grower 
diet came into production sooner than those fed the ground 
diet. 

Harms (1983) also conducted 
a molt ration containing 
performance was evaluated 
results. 

a study where Hyline W-36 hens were fed 
8.6 or 16.2% protein and postrnolt 

for 24 weeks. Table 2 depicts the 
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Table 2. Perfonnance on Hens Fed Two Protein Level Molt Diets 

Egg .Qroduction Feed intake 
Molt diet Days to 

(%) first egg 022-50 051-190 'fno:}2 032-50 051-190 

8.6 27.7a 41.4b 69.2 85.4b 74.0b 104.3 

16.2 24.6b 61.8a 69.1 101.6a 99.6a 104.9 
Harms (1983). 

This study also showed that hens fed the higher protein \diet 
returned to production sooner, but that long-term egg produc'tion 
was not affected by protein molt diet. 

In another study, Andrews et al. (1987) compared postmolt layer 
performance for a 32-week period for hens fed a cracked-corn'.,diet 
and a 15.8% protein molt ration for two weeks post-fast. Tabie 3, 
below, shows that no long-term differences were noted for , the 
performance factors measured. 

Table 3. Postmolt Perfonnance Over a 32-week Period 

Molt ration 
Parameter Molt ration Cracked corn -ti; 

). -
Egg production (%) 61.8 61.0 

~ ' _ ...... -:. 

' Eggs/hen housed no. . 152.5 149.9 

Feed/dozen, kg 1.7 1.6 

Mortality, % 5.6 4.4 

Egg weight, g 63.0 62.4 

Specific gravity 1.0818 1.0825 
Andfews et al., (1987). 

In a recent study by Hoyle and Garlich (1987), recovery time to 
first egg was affected by protein level molt diet, but that early 
one-week egg production was not affected by molt diet (see Table 4 
on the next page) . 
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Thus, in previous studies, long-term egg production seemed not to 
be affected by protein level in molt diets; however, return to egg 
production was affected by protein level. In addition, the 
specific effects of methionine supplementation Qg£ ..§.g, cann0t be 
ascertained from these studies. 

RESEARCH AT THE UNIVERSITY OF ILLINOIS .· 
/ 

At the University of Illinois a study was conducted to determine 
the effect of feeding molt diets varying in protein content' and 
supplemental methionine on early and long-term (30 wk) ~postmolt 
layer performance. Three experiments were conducted, eacn using a 
total of 504 Single Comb White Leghorn hens. The hens were~housed 
in a cage layer house of commercial design with a !'7,::.hour 
photoperiod maintained throughout the experiments. The hens were 
induced to molt by fasting (feed only) until approximately ·26 to 
28% body weight was lost. Fasting was initiated at 70, 65, -or 96 
weeks of age in Experiments 1 (summer) , 2 (winter) , and 3. ('early 
fall), respectively. Hens were fasted for 15 days in the summer 
and early fall experiments and for 10 days in the summer 
experiment. At the end of the fasting period all birds were 
weighed and seven replicate groups of 12 hens each (four adjacent 
cages, 30 x 46 cm, containing three hens per cage) were assigned to 
each of six dietary treatments. The dietary treatments consisted 
of 16, 13, or 10% protein with or without supplemental DL
methionine. The mo! t di et s were fed for 18, 16, and 1 7 days in 
Experiments 1, 2, and 3, respectively. All hens were then fed a 
16% protein layer diet. Table 5 shows the mo! t diet without 
supplemental methionine and the layer diet. Supplemental 
methionine (.15%) was added to each molt diet in place of corn for 
the other three diets. 
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Table 4. Postfast Recovery Time, Egg Production, and Body Weight Gain 

Dietary Recovery time Hen-day egg Body 
protein(%) (fast to first egg) production-(%) weight (kg) 

17.0 28.0 80.7 2.03 

14.8 28.2 82.l 1.88 

13.5 28.5 80.8 1.97 r '-,.. 

12.4 31.0 78.5 1.91 
Hoyle and Garhch (1987). '1 

Thus, in previous studies, long-term egg production seeme'd not to 
be affected by protein level in molt diets; however, return to egg 
production was affected by protein level. In additipn, the 
spec_ific effects of methionine supplementation ~ .§.g cannot be 
ascertained from these studies. -

RESEARCH AT THE UNIVERSITY OF ILLINOIS •.. 

At the University of Illinois a study was conducted to determine 
the effect of feeding molt diets varying in protein. content and 
supplemental methionine on early and long-term (30 .,wk) postmolt 
layer performance. Three experiments were conducted, each using a 
total of 504 Single Comb White Leghorn hens. The hens-~ere housed 
in a cage layer house of commercial design with ·a;-:. 17.:.hour 
photoperiod maintained throughout the experiments. The' hens were 
induced to molt by fasting (feed only) until approximately 26 to 
28% body weight was lost. Fasting was initiated at 70, 65, or 96 
weeks of age in Experiments 1 (summer), 2 (winter), and 3 (early 
fall), respectively. Hens were fasted for 15 days in the summer 
and early fall experiments and for 10 days in the summer 
experiment. At the end of the fasting period all birds were 
weighed and seven replicate groups of 12 hens each (four adjacent 
cages, 30 x 46 cm, containing three hens per cage) were assigned to 
each of six dietary treatments. The dietary treatments consisted 
of 16, 13, or 10% protein with or without supplemental DL
methionine. The molt diets were fed for 18, 16, and 17 days in 
Experiments l, 2, and 3, respectively. All hens were then fed a 
16% protein layer diet. Table 5 shows the molt diet without 
supplemental methionine and the layer diet. Supplemental 
methionine (.15%) was added to each molt diet in place of corn for 
the other three diets. 
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Table 5. Composition of molt and layer diets 

Ingredients and 
calculated analysis 

Com 
Dehulled soybean meal 
Limestone 
Meat and bone meal 
Dicalcium phosphate 
Iodized salt 
Trace mineral mix1 

Vitamin mix2 

Ethoxyquin (50%) 

Calculated analysis 

Protein, % 
ME0 , kcal/kg 
Calcium,% 
Available P, % 
Met+ Cys, % 

16% 
CP 

73.53 
20.10 

4.00 

1.90 
.30 
.05 
.10 
.02 

16 
2,954 

2.0 
.45 
.55 

Molt 0Diets' 
Protein 
13% 

CP 

-
81.03 
12.60 
4.00 

1.90 
.30 
.05 
.10 
.02 

12 
3,022 

2.0 
.45 
.46 

(%) 

10% 
CP 

88.43 
5.10 
4.00 

2.00 
.30 
.05 

.109 
.02 

10 
3,087 

2.0 
.45 
.38 

Layer 
diet 

68.90 
18.40 
8.50 
2.50 
1.25 
.30 
.05 
.10 

•' 

16 
2,865 

3.8 
.45 
.54 

'Provided (per kilogram of diet): manganese, 75 mg; iron, 75 mg; zmc, 75 mg; copper, 5 mg; 
iodine, .75 mg; selenium, .1 mg. 
2Provided (per kilogram of diet): vitamin A, 4,400 IU; vitamin 0 3, 1,000 ICU; v~tamin E, 11 IU; 
vitamin B12, .011 mg; riboflavin, 4.4 mg; d-pantothenic acid, 10 mg; niacin, 22 mg; menadione 
sodium bisulfate complex, 2.33 mg. 

For this study, postmolt performance parameters were measured for 
30 weeks in Experiments 1 and 2 and for 4 weeks in Experiment 3 
following the initiation of feeding the layer die~. 

RESULTS 

There were no significant differences in mortality between any 
treatments during any period of any experiment. Mortality averaged 
7.9 and 7.5% for the entire molt and postmolt production periods in 
Experiments 1 and 2, respectively. Mortality averaged 4.6% for the 
duration of Experiment 3. 

In this study, there was only one significant protein by methionine 
interaction, so the results presented herein will center around the 
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main effects of protein or methio'nine. Table 6, 7, and 8 show the 
return in body weight following the fasting period for the hens fed 
the various protein molt .diets. , 

Table 6. Effect of Protein Level in Molt Diets on Cumula~h'C'.'...fostmolt Body Weight Gain 
(Exp. 1). -

Body wight gain 
Protein(%) Wk 0 to 1 . Wk 0 to 2 Wk0to3 

· (g/hen) 

16 260a 411a 4418 

13 24Jab 420a 

10 216b 376b 
1

•
6S1gmficant different m column (P<.05). 

Table 7. Effect of Protein Level in Molt Diets on Cumulative Postmolt Body Weig~t GaiQ 
(Exp. 2J r 
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Table 8. Effect of Protein Level in Molt Diets on Cumulative Postmolt Body Weight Gain 
(Exp. 3). -

Body weigntgain 
Protein(%) Wk 0 to 2 Wk 0 to 3 Wk o to 1 

! 

(g/hen) 

16 

13 4188 

10 409\ 
1
•
0Significant difference in column (P<.05). 

Since supplemental methionine did not affect postfast body weight 
gain, that data was not shown. It is evident from the above tables 
that hens fed the 16 and 13%, protein molt diets in Experiment 1 
regained body weight faster than those fed the 10% pro~ein molt 
diets the first two and three weeks after the initiation of molt 
diet feeding. In Experiment 3, hens fed the 16% protein molt diets 
gained weight faster than those fed the 10% protein molt diet 
during the first two weeks. 

ilk 

The protein molt diets also had an ef feet on feed and protein 
' consumption of the hens. In Table 9 the ef feet of t'he prote:!-.n, 

level in molt diets on feed consumption of molt feed is. shown, and 
in Table 10 the protein intake is also depicted. 

Table 9. Effect of Protein Level in Molt Diets on Molt Feed Consumption 

Feed consumption 
Protein(%) Exp. 1 Exp. 2 Exp. 3 

------ (g/hen/day) -------

16 123.83 96.23 

13 123.83 

10 100.43 122.73 

2
•
0Sigmhcant difference m column (P<.05). 
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Table 10. Effect of Protein Level in Molt Diets on Protein Intake 

Protein intake 
Protein(%) Exp. 1 Exp. 2 Exp. 3 

en 

16 14.~ 19.83 15.43 

13 12.33 16.lb 

10 10.0C 
a,b,cS1gmhcant difference m column (P<.05). 

It is evident from the above data that hens in Experiment 2 
(winter) overall consumed more feed. In Experiment 1, hens fed the 
10% protein diet consumed more molt feed then hens fed the 16 or 
13% protein molt diets. In Experiment 3, hens given the 16% 
protein molt diet consumed more molt feed than those fed the 13 or 
10% protein molt diets. In addition, molt feed consumption 
differences may have been influenced by different in-house 
temperatures which averaged 25.5, 12.8 and 18.3°C for the molt diet 
feeding period in Experiments l, 2, and 3, respectively. )t should 
also be pointed out that hens fed the 10% protein molt.diet in 
Experiment 2 consumed the same amount or more protein than those 
fed the 13% protein molt diet in Experiments 1 and 3. Also, hens 
in Experiment 2 which were fed the 13% protein molt diet consumed 
more protein than those fed the 16% protein molt di~t in 
Experiments 1 and 3. This may explain the lack of dietary. protein 
level effect on body weight gains in Experiment 2. 

Table 11 depicts the effect of protein level in molt diets on feed 
consumption during the postmolt laying period ( 8 wk) and feed 
efficiency (g egg per g feed) during this period also. 

Table 11. Effect of Protein Level in Molt Diets on Feed Consumption and Feed Efficiency 
in Exp. 1 and 2. 

Parameter 

Feed consumed 
postmolt lay period 
(g/hen/day) 

Experiment 1 
Protein (%) 

16 13 10 

103. l 3'b 

Feed efficiency .3663 .3683 .339b 
postmolt lay period 
(g egg:g feed) 
a,bSignificant difference in row per experiment (P< 05) 
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This table shows that in Experiment 1 hens fed the 16% protein molt 
diet consumed more layer feed than those fed the 10% protein molt 
diet during the first eight -weeks of feeding the layer diet. Also 
in Experiment 1, hens fed the 16 and 13% protein molt diets were 
more feed efficient than those fed the 10% protein molt diet. 
Protein level in molt diets did not af"fe-ct layer feed consumption 
or feed efficiency in Experiment 2. 

Hen-day egg produ~tion during the early postmolt period for 
Experiment 1 is shown below in Table 12. Early egg production was 
not affected by protein level in molt diets for hens in Experiment 
2 . 

Table 12. Effect of Protein Level in Molt Diets on Early Postmolt Egg Production (Exp. 
1) "" 

Hen-day egg production 
Protein(%) Wk 1 Wk2 Wk3 Wk4 

16 21.8· 48.2" 56.7" 64.33 

~ 

13 46.0" 57.1" 64.0a 

34.0b 49.83 57.6b 
a.os1gmhcant difference m column (P<.05). • 

~· 

"'"";":-

Hens fed the 16 and 13% prote'in molt diets returned to egg 
production more rapidly than those fed the 10% protein molt diets~
The results for Experiment 3 are similar to those in Experiment 1 
and are depicted in Table 13 below. 

Table 13. Effect of Protein Level in Molt Diets on Early Postmolt Egg Production (Exp. 
3). 

Hen-day egg production 
Protein (%) Wk 1 Wk2 Wk3 

(%) 

16 32.6" 54.2" 62.7" 

13 21.1 •·b 43.8"b 51.5b 

10 21.5b 42.9b 55.3"b 
"·

0S1gmhcant difference m column (P<.05). 
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When hen-day egg production was examined over longer periods in 
Experiment 1, increased production occurred for hens fed the 16 and 
13% protein molt diets versus those fed the 10% protein molt diet 
in Experiment 1 (Table 14,~below). In addition, hens fed the 16% 
protein molt diet produced better over the entire 30 weeks than 
those fed the 10% protein molt diet in···Experiment 1. 

Table~14. Effect of Protein Level in Molt Diets on Long-Tenn Postmolt Egg Production 
(Exp. 1)_ 

Hen-day egg production 
Protein(%) Wk 1 to 10 Wk 1 to 20 Wk 1 to 30 

(%) 

16 65.1 3 72.33 71.~ 

13 64.93 71.93b 71.6ab 

' 

10 60.2b 69.1 b 68.9b 
1

•
6S1gmhcant difference m colunm (P<.05). 

; 

The results for long-term egg production in Experiment 2 showed 
that protein level in molt diets had no effect (Table 15). 

Table 15. Effect of Protein Level in Molt Diets on Long-Tenn Postmolt Egg Producfr~n' 
(Exp. 2) 

Hen-day egg production 
Protein (%) Wk 1 to 10 Wk 1 to 20 Wk 1 to 30 

(%) 

16 67.0a 72.0a 

13 66.Y 70.93 70.23 

10 66.33 71.83 71.73 

No s1gmficant differences m column (P<.05). 

The influence.of protein level in molt diets on early and long-term 
egg weight and egg yield in Experiment 1 are depicted in Table 16 
below. 
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Table 16. Effect of Protein Level in Molt Diets on Early and Long-Tenn Egg Weight and 
Egg Yield (Exp. 1) .. 

Egg weight Egg yield 
Protein (%) Wklto4 Wk 1 to 30 Wk--1 to"4 Wk 1 to 30 

- {g/egg) _ (g egg/hen/day) _ 

16 60.83 64.~ 29.oa 46.7a 

13 60.53 65.23 29.23 46.6a 

10 58.6b 64.S3 22.9b 44.4b 

"·
0Sigmhcant difference m column (P<.05). 

Early egg weights were heavier for hens fed the 16 and 13% protein 
molt diets compared to those fed the 10% protein molt. diets; 
however, long-term egg weights were not affected by protein level. 
Egg yield data was similar to egg weight data, except that long
term egg yields were greater fo:i:;: hens fed the 16 and 13% protein 
molt diets versus the hens fed the 10% protein molt diet.-> .. 

Table 17 depicts early and long-term egg weights and egg yields for 
hens in Experiment 2. 

• 
Table 17. Effect of Protein Level in Molt Diets on Early and Long-Tenn Egg Weight and 

Egg Yield (Exp. 2). ' ~ · <:. 

Egg weight Egg yield 
Protein (%) Wk 1 to 4 Wk 1 to 30 Wk 1 to 4 Wk 1 to 30 

- {g/egg) _ (g egg/hen/day) _ 
16 64.93 63.33 31.43 45.53 

13 

10 29.73 44.63 

No sigmhcant difference m column (P>.05). 

A significant protein by methionine interaction occurred for egg 
specific gravity measured during weeks 27 to 30 in Experiment 1. 
However, there were no clear cut effects of protein level in molt 
diets on egg specific gravity in either experiment. 



f ' -

SUMMARY 
(-

The effects of the dietary protein~ level on postfast body weight 
gain were greater in the surruner and early fall experiments than in 
the winter experiment. This vari-3-tiqn may have been due to 
differences in feed consumption and protein intake associated with 
the environmental temperature. Dietary protein level did not 
affect postmolt performance in Experiment 2 probably because of the 
high molt feed and protein consumption and subsequent rate of 
postfast body weight gain of the hens. It should be noted that 
long-term egg production was affected by protein level in 
Experiment 1, but not in Experiment 2. Thus, the time of year may 
affect some postmolt performance parameters. Our results also 
indicate that there was little or no benefit to postmolt egg 
production of feeding 16% protein molt diets compared to 13% 
protein molt diets. In addition, methionine supplementation of 
molt diets was of little importance for postmolt egg production 
performance. 
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INTRODUCTION 
,J.' 

Recent calcium nutrition studies with layers at the University 
of Minnesota · have investigated the interrelationships among 
various eggshell quality measurements, the sensitivity of 
various bone characteristics to calcium intake, and the impact 
of protein and total sulfur amino acids on both eggshell quality 
and bone status. An in vitro method for determining limestone 
solubility has also been developed and tested in various feeding 
trials. This review will discuss these topics based on the data 
obtained from our· laboratory as well as reports from other 
investigators. 

EGGSHELL OUALITY 

Petersen et al. (1983) reported that the specific gravity of th~ 
egg could be improved by controlling the egg weight via limiting 
methionine intake. Cheng and Coon (1991a) measured egg weight 
and specific gravity on 322 eggs and reported that the simple 
correlation between egg weight and egg specific gravity is only 
.02 (Table 1). In fact, reducing size by dietary manipulatfon 
of protein, amino acids, energy and calcium has been shown to, 
concurrently reduce shell deposition (Roland, 1980). v~~ 

Cheng and Coon (1991a) calculated the compactness of eggshell as 
the percentage of eggshell volume occupied by the calcium 
carbonate crystal. The researchers found that the compactness 
of eggshell did not correlate well to shell weight, percentage , 
shell weight, shell weight per unit surface area (SWUSA), or egg 

·specific gravity (all with r 2 values between ±-14, Table i). The 
compactness of eggshell was determined to be quadratically 
related to shell thickness (Figure 1). When the eggshell is 
very thin, the compactness of the eggshell is very high (about 
100%), and as eggshell thickness increases the eggshell 
compactness decreases until a certain thickness is reached 
beyond which the eggshell compactness remains constant. The 
data suggested that egg specific . gravity, percentage shell 
weight, and SWUSA were not good indicators for the compactness 
of an eggshell, and that might be one of the the reasons why 
these measurements sometimes failed to correlate well with 
eggshell quality problems in the field. 

The correlation between egg specific gravity and shell weight or 
shell thickness (.68 and .67, respectively) was much lower than 
with percentage shell weight or SWUSA ( .87 and .86, 
respectively). It is important to note that contrary to common 
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belief,. egg specific gravity correlates better to percentage 
shell weight or SWUSA than to shell thickness. The data also 
confirmed the findings. that egg specific gravity alone was not 
a good predictor of shell weight, but egg specific gravity and 
egg weight together could be used to bet_ter predict shell weight 
(Harms et al., 1989) . · -- -

CRITERIA TO REPRESENT BONE STATUS 

The traditional and most popular way to describe bone status is 
to express it as a percentage of bone ash in bone fat-free dry 
matter (AW/FFDM). Rowland et al. (1967) reported that AW/FFDM 
and bone breaking force were highly correlated. Cheng and Coon 
(1990a) recently reported that AW/FFDM was . not an adequate 
criterion in describing bone mineral reserve or bone breaking 
force. Laying hens at 36 weeks of age were hand-fed 85 g of 
feed daily (six levels of calcium intake: 2.0, 2.5, 3.0, 3.5, 
4.0, 4.5 g/d) for 6 weeks and the AW/FFDM data for the whole, 
cortical and medullary bones of the femur were not responsive to 
the differences in daily calcium intake and were not correlated 
to the bone breaking force (Table 2). 

Bone breaking force (BBF), bone bending moment (BBM, BBF 
adjusted for the length of the bone) , bone stress . (BS, BBF 
adjusted for the moment of inertia of the bone), and BBF per 
unit body weight were ail equally responsive to daily calcium 
intake (Table 3). The complex computations needed to compute BS 
and BBF per unit body weight can therefore be avoided. Since 
measuring bone length is re la ti vely easy, ·the authors prefer 
using BBM instead of BBF to facilitate comparisons ac;.:ross 
different flocks, ages, strains and/or species. ; 

Bone ash data expressed as ash weight per unit volume of the 
bone or bone ash concentration (AW/VOL) was highly correlated 
with daily calcium intake as well as bone breaking force. 
Although the bone ash concentration of the whole, cortical and 
medullary bones of the femur were all highly correlated to both 

'daily calcium intake and bone breaking force (R2>.81, Figure 2), 
computing the bone ash concentration for the whole bone had the 
advantage of being least time consuming. 

Cheng and Coon (1990a) postulated that the AW/VOL measurement 
was a better indicator of bone status because it could 
differentiate between bone resorption and bone loss. Bone 
resorption is normal for the she~l-forming cycle and normally 
the loss would be replenished once the shell calcification 
process was completed. Bone loss, however, is due to prolonged 
calcium deficiency and the loss is never replenished. In both 
cases, the ash and the non-ash components are being mobilized 
and their ratio in the bone, which is reflected by AW/FFDM, 
would remain unchanged. However, when bone ash is expressed in 
a fixed volume (AW/VOL), differences can be detected. 
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I BONE FRAGILITY 

It has been demons~'rated that bone fragility occurs when hens 
are maintained in cages (Rowland et al., 1968). Recently, the 
problem of bone breakage and splintering has reached such, a 
point that the feasibility of processing commercial laying hens 
for food is being questioned (Harms and Arafa, 1986). Gregory 
and Wilkins (i989) sampled end-of-lay battery hens and carcasses 
at set points in the sequence of events that occurred between 
depopulation of the battery cages at layer farms and the end of 
the evisceration line· in two processing plants. The researchers 
found that 29% of the live battery birds had broken bones when 
they reached the waterbath stunner and by the time birds left 
the end of the evisce~ating line 98% of the carcasses had broken 
bones. 

Harms and Arafa (1986) reported that at either 26 or 32 wk of 
age, the bone breaking force of the floor-reared layers was 
consistently higher than -that of the cage-reared layers. Tibia 
ash values, however, were not significantly different be,tween 
the floor and cage-reared layers. The results confirmed the 
existence of a bone breakage problem in caged hens. The data 
also confirmed that the percentage bone ash values (AW/FFDM) are 
not sufficient to describe bone integrity. Feeding . higher 
levels of calcium (up-to 7.5 g/b/d) 7 or 14 d prior to slaughter 
decreased the incidence of bone breakage during processing 
(Hellwig and Waldroup, 1985; Waldroup and Hellwig, 1985). 

LIMESTONE SOLUBILITY VS. SIZE (SCREEN NUMBER) ~ 

Roland and Harms (1973) reported that the beneficial effect of 
larger particles of calcium carbonate was due to l~iger 
particles being released or 'solublized' from the gizzard at a 
slower rate. The terms, size and solubility, have since been 
used interchangeably. 

This laboratory has recently developed aD in vitro method 
·(Minnesota or WLM method, Table 4) to determine limestone 
solubility and a model to predict this solubility from pH 
changes (Cheng and Coon, 1990b). Limestone solubility was 
defined as the percentage weight loss per 10 min reaction and 
the solubility of limestone from different sources .with similar 
sizes (average U.S. screen number) varied by more than 100%. 
Using a different solubility method, Rabon and Roland (1985) 
also reported large variations in solubility for different 
sources of limestone of the same particle size. 

l 

When compared to other solubility methods, the Minnesota method 
yielded solubility values that gave wider spreads per unit size 
increment within each source. The prediction equation developed 
concurrently enables an accurate solubility value to be 
calculated immediately following the 10 minute assay for pH 
change. The Minnesota solubility method developed in this 
laboratory was also the first method which tested solubility 
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values in a feeding trial (Cheng and Coon, 1990c). 

Regression of shell weight per unit surf ace area { SWUSA) or 
specific gravity (SG) of the eggs using solubility as the 
predictor consistently yielded- h~gh~~ R2 values than when 
particle size (screen number) was used·~as the predictor (Figures 
3 to 6). Regression of bone ash concentration (AW/VOL) on size 
showed no significant trend but regression of AW/VOL on 
solubility showed a significant cubic relationship (R2=. 77, 
Figures 7 and 8). It is clear that particle size or average 
U :s. screen number is a very crude er i ter ia in describing 
limestone as within each average U.S. screen number there are 
many subcomponents of different sizes whose relative proportions 
vary greatly. However, ~f limestones are chosen according to 
their solubility, the variation in the proportions of 
subcomponents as well as the differences in crystal structures 

. of different limestone sources are already taken into account. 

Based on the regression analyses involving SWUSA, SG, and 
AW/VOL, it was determined that the optimum solubility range fer 
limestone is between 11-14% (Cheng and Coon, 1990c}. This 
solubility value can be obtained by mixing the right proportion 
of limestones of various sizes. 

CALCIUM AND PHOSPHORUS DIGESTIBILITY 

Recently, our laboratory investigated the effect of using silicp 
(washed sand) as feed filler on the calcium digestibility data 
obtained by both total collection and acid-insoluble ash m.ethods 
(Cheng and Coon, 1990d). The results suggested that for the 
acid-insoluble ash method to obtain a calcium digestib±lity 
value within 5 percentage units of those obtained by the total 
collection method, a daily silica consumption of less than 3.5 
g was needed (Figure 9). 

Cheng and Coon (199lb} reported that both the solubility of the 
limestone as well as the the daily calcium intake level affected 

'the calcium digestibility (Figure 10 and 11). Limestone 
solubility, also significantly affected total phosphorus 
digestibility (Cheng and Coon, 1991c; Figure 12). 

SWITCHING TO OYSTER SHELL OR LIMESTONES OF DIFFERENT SOLUBILITY 

Scott et al. (1971) reported that eggshell quality of layers fed 
oyster shell was better than that of those fed other forms of 
limestone. However, i~ was noted that the comparisons were made 
between a larger particle calcium source (oyster shell) and the 
pulverized limestone. This laboratory recently reported that if 
calcium intake is adequate and part of the limestone in the diet 
is already in particle form, switching limestones from a highly 
soluble source to a less soluble limestone source or to oyster 
shell of similar particle sizes and vice versa did not affect 
SWUSA, SG, AW/FFDM, or BBM (Tables 5 to 7; Cheng and Coon, 
1990e). The solubility values in this study were determined by 
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1990e). The solubility values in this study were determined by 
the hydrogen ion disappearance method (Savage, 1982) and the 
trial was conducted using 72-wk-old layers. The effect of 
limestone solubility determined by the Minnesota method on older 
layers is currently under investigation in this laboratory. 

CALCIUM REQUIREMENT 

This laboratory showed that a significant daily calcium intake 
x screen number interaction existed for SG of eggs from layers 
between 36 to 42 wk of age (Cheng and Coon, 1990c). Regardless 
of the size of the ·limestone, a daily calcium intake of 3.0 to 
3.5 g was adequate in producing maximum SG (Figure 13). 
However, if a daily calcium requirement is recommended based on 
bone ash concentration, then daily calcium intake should be ~4.5 
g/d (Figure 14). Cheng .and Coon (1990a,c) argued that 
recommending daily calcium intake based on bone ash 
concentration is important because it helps build up the bone 
mineral reserve which can delay shell quality problems for aged 
layers and it can also reduce leg weakness problems of caged 
layers mentioned above. Even when a layer is fed a 3. 75% 
calcium diet (slightly higher than the currently recommended 
values [NRC, 1984]), a significantly large portion of the 
eggshell calcium (30% or .57 g) still has to be deriv~d from the 
bone (Farmer et al., 1986). ~ · 

EFFECT OF PROTEIN AND TOTAL SULFUR AMINO ACID ON BONE LOSS 

More recently, this laboratory .reported that feeding layers a 
high protein (20.5%) and high total sulfur amino acid .(TSAA, 
.72% or 120% NRC recommendation) diet resulted in signif~Gant 
bone loss (Cheng and Coon, 1991d, data not shown). The AW/VOL 
and SWUSA values were reduced. Plasma phosphorus levels of 
layers fed this diet were also significantly higher, suggesEing 
a metabolic hindrance on calcium-phosphorus metabolism. 

CONCLUSIONS 

Egg specific gravity, percentage shell weight, or SWUSA are 
eggshell quality measurements that do not correlate with 
eggshell compactness. Bone ash concentration (AW/VOL) is a 
better criterion than~ percentage bone ash (AW/FFDM) in 
determining bone fragility and bone mineral reserve. Limestones 
should be selected based on their solubilities rather than their 
sizes. Optimum solubility values range between 11 to 14% and 
these values can be obtained by mixing limestones of various 
sizes. Limestone solubility also has been shown to affect both 
calcium and phosphorus digestibility. If the calcium requirement 
of a 36 42 week-old laying hen is based on bone ash 
concentration and egg shell quality, a daily calcium intake of 
4. 5g is needed. Feeding layers high protein and high total 
sulfur amino acid diets may produce detrimental effects on bone 
ash concentration. 
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TABLE 1. Simple correlations between egg weight and various egg shell quality measurements 

~ 
: 

Eg9 weight 
Specific CJravity 
Shell weight 
Shell thickness 
Percentage shell weight 
SWUSA 
Shell compactness 

E99 Specific 
weight gravity 

1.000 
.019 
.639 
.086 
.056 
.200 
.069 

1.000 
.679 
.667 
.868 
.857 

-0.109 

Shell Shell 
weight thickness 

1.000 
.648 
.729 
.880 

-0.066 

1.000 
.767 
.774 

-o. 717 

Percentage 
shell 
weight 

1.000 
.967 

-0.149 

SWUSA 1 Shell 
compactness' 

1.000 
-o. 211 1.000 

'sWUSA• Shell weight per unlt surface area (mg/cm'>· 
7
Shell compactness= Volume of the egg shell occupied by the calclum carbonate 

crystal 
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TABIJ! .Z.. ~ to daJ'1 calt:ml '1fltlU of dried bolW weiflft_(DW), 4M warllt (AW), 1¥1~ 4M ~ 
wafllt bl ftll-{ra dr/ w (AWIFFDMJ, por:orai,c Gilt wdfllt_ill drial bolw (AW/DB), Olfd ( 

bo1t1t coilOl!lllnllliol (A WIVOL)'- -· 

Dmly 
DODD cak:m 
soarc:e illllllm DW AW AWIR'DM AWIDW AWf'l'(JL 

(g) <"> ~~ 

Whole boae 2.0 2.9lc 1~ 5'.21' 51_,. 31"' 
2...!S 3.16be 1_56'Xl s5.Z. 49Ab 33CJDll 
3.0 3.4,., 1.75b 56.lb 50..3b 34r' 
3.S 3.38*9 1.11bc: 56.3b ~ mm 
4.0 3.SS- l.,r 56II' 49~ 379* 
4.S 3.409 1~ 58.,. S4.Jll ~ 

Conical bone 2.0 urrc 1.1~ '59!1"'- 61-29 4~ 
2...!S 223be 1.ns 59.4. sr:i.9 5.,. 
3.0 2.4~ 1.JS't 59.S- ~ 5ne 
3.5 2-36*' 1.nb 59.s-"' su• 5379 
4.0 2.41*' 1.JSb 58.3b SS~ ss1• 
4.S 2...!S.,. l.Sl9 we 61.29 s11• 

Mcdll11-y boae 2.0 .SJC .31c 41.4b 34..1*' Ind ., 
2...!S .94bc N 41.sb 30.~ l~ 
3.0 1.04*' 3.,.0C 47~ 3S.99 lnW 
3.S lmM' 34bc: 4S.3b 33.698 18i• 
4.0 u4• .4~ 453b 37~ icn-
4.S 1.11• .4.,. 52.4. 37 . .,. 21~ 

~ within cacb c:ohmm for each bone with no o •iii!.,,,, supeaaa:ipa wm: ag1•n.. ••y dift'tiaa (P<.QS) • 

(g) 

2.o 
2...!S 
3.0 
3.S 
4.0 
4.S 

.g. 

TABLB 3. Soullt.a, to """1 c:aJd.- i-* of bonie-brmkbil force (BBi'), borw-botdUtr ....,..,,., (BIUI). 
bolW stra6 (BSJ, Olfd breol:ill6 /oTf% per 100 f of bod! wciflu (BBFlllW) 

BBP BBM BS BBMW 

(kg) (kg-an) ~>. (Q'lOO I swt 
9.SC 14.,lC ~ :rr 

11.lbc 16.3bc sms y}lc 
12.~ 18.eb sSS- l.Olab 
13.t• 19.l9 64()& l.m& 
13.4. 19.fi& ~ i.m• 
14.l9 20.S- 61d- 1.13• 

~ wilbiD eKh cobmm widl DO conmm IUptHClipll wm: sigoific *"'' diffaalt (P<.f1'). 
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TABLB "4. 11- of w.ioa "- rdalal *' ~far di/foat 6ovn:a tmtl ma of lbll .; 

,j 
;1 

J stml 
La(pll 

Som:e WLM c:llmp) PC BID WIA PP'r' 

~I (.,) or mal) (1') ' ·(b) 
11 6 6.81 -1.90 2..50 28.5"4 3.31 "4.00 
{ 15 8.39 -l.fi7 3.az 34.9S 3.65 "4-10 

:I 3.5 ,13.75 -1.15 4.45 51.65 6.10 52' 
I 100 26.15 1.43 8.59 99.99 39.A.S 2..50 
I 2 6 9.M -1.81 2.69 30.91 5.60 4.00 I ,, 

15 um -1.<40 3.71 .Q.88 5!17 4.00 ) 

I 3.5 15.35 -.75 5.69 66.az 9.6"4 5.00 
100 26.59 1.41 8.59 99.99 39.35 2.7.5 

i 3 6 2.C17 -3.26 .TT 8.40 1.74 4.00 
·,I 

1.5 7.79 -2.00 2.30 26AO 3.U 4.25 
:1 3.5 16.74 -1.00 4.92 S7.06 18.41- .5.00 
:j 100 28.31 1.49 8..59 99.99 39AO 2..50· 

ti 
4 6 4.54 -2.4.5 1.54 17.63 2.63 6.00 

15 .5.2.5 -2.23 l.83 2UJ9 3.19 6.00 
!• 

3.5 14.86 -1.74 2.85 32.88 4.24 5.00 'j 

l 100 24.70 1.38 8.59 99.99 37.61 
.;. 

2.75 
I 6 9.73 -2.0il 2.23 ~.fi7 4.6"4 5.00 

1! 
1.5 14.74 -.94 5.11 .59.35 .5.53 5.00 
3.5 16.10 -.90 .5.22 60.66 6.24 4.00 

'/ 
100 26.5.5 1.42 8.59 99.99 «l.37 2..50 

6 6 U.16 -1.4"' 3.61 41.6"4 5.16 • 4.00 
15 14.35 -.82 .5.49 63.68 6.A.S 4.00 
3.5 16.76 -.80 .5..5.5 64.38 8.71 "·00 

100 26.71 1.47 8..59 99.99 ~ 2.:.50 
7 6 3.90 -2..51 1.47 16.71 .83 4-10 

15 11.22 -1.42 3.66 42.29 2.Q 4.00 
3.5 1.5.<40 -1.2.5 4.14 48JJ8 4.60 42' 

t 
100 27..56 1.4.5 8..59 99.99 n.n 2.7.5 

6 2.86 -3..50 .61 6..56 1.U .5.00 
15 9.47 -1.78 2.TT 31.82 2.47 4.00 

; 3.5 17.10 -.91 .5.20 60AO 13.31 4.00 
100 21.TT 1.20 8.59 99.99 3995 2.7.5 

9 6 9.TT -1.80 2.71 31JJ8 3.56 4.00 
,t 1.5 14.D9 -1.38 3.78 4.5.43 "4.TT 4.00 ~ 3.5 15.81 -1.01 4.17 56.44 6.D7 4.00 

!l 100 26.35 .97 8.S7 99.7.5 31.74 2..50 
1WLM • Pfllcmllll9 wai8lll .... bJ M' • 1a llll!ldlad; PC • pnMDD o 14'icm; BID• pac • .,aopakm i dj • e, WIA a pmceaeage ~ lom, by A.-. medlDd; PPr = pH p.._ dim, .. \ 1'1' 

i· 
2sblC - &ftnglD Unblld S1alel ICftal ....... (.50'll pmed dnagb ad .50'li ftDiacd). Nwbtu 6, 15, 3.5, ml 100 ·I I 

H conapoad 1D licTO liziD al 3.36, 1.30. ..50. ml .1.5 mm. rcspoclively. 
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7 ASL.a j. S°""1ilil1 of dw dl/ftln# C--. llJllftJU 

Uld ill O'aml ~ 

Ptft H9' ioa a 
Cik:ima 

1·-:i 

;o~ 12 mil I h 

SBP1 86.0 96A 
GM 41.0 ~ 

Oyla'lbrlll 82.0 ~.o 

SBPz 74.9 'n.9 

'SBPt = .ma _. ta.. Ha GM = Georgia 
mlltlm ,. .SJllll? = ....... sDell Cid ballD 
ljzneewe 

TABLE 6. Effect of calciJurt JObUJiliry on shdl qMDiiry 

SWUSA.4 mgJcm2 
GM 
OYS 
SBP• 
OYS.C 

Spcci&: gnmty 

Pl 

74.48 
74.31 
75.06 
74.89 

Perioct2-3 
P2 

73.73 
74..24 
75..24 
73.49 

P3 

72.10 
71.13 
72.01 
i3.94 

. GM 1.0802 1.0808 1.0799 
OYS 1.~ 1.0801 1.0'792 
SBP 1.0806 1.0807 1.0801 
OYS-C 1.0804 1.0802 1.0793 

!~ = switdl to Georgia martJle (GM). oysa 
shell (OYS). shell and bone limt:1!!11e (SBP). ar tte 
comol oyster shell tbroagboar (OYS-C). 

2Each laying period ~- 28 day&. 

~o signific:ant diffc:rmc:c:s were obsa •ed wilbin rows 
and cohzmm (P>.OS). 

: SWUSA = shell weight per anit surface area. 
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TABUl 7. 

Pt 

Bom aD. ~ m.tme DM 
GM 62.51 

WI 
WI 
62-'I 

OYS 
SBP 
OYS-C 

Bom bmdillg .......... 
GM 
OYS 
SBP 
OYS-C 

lr:gGll 
24A2 
24.42 
24.42 
24.42 

P2 

63m 62.Gi. 
6121 G.a:t· 
&.63 QAS 

63.U 618 

In M • nrildl ID Gearpa mmilllt (GM)..,.... 
sbdl (OYS). er *A lllld bma t" (sm,. ar .._ 
:::amaL OJ'lllS' a.be8 llK P4t1' = <<JYS.C:::>. 

::Ea::b lsyiag pcliDd ..... 28 .,... ' 

~o a8 :n w di!ftatlic& W'Cl9 utw&'ltid ... .,.... 
md cotram (P>.05). 
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7 ,., 19 Z3 

Sollbility (%) 

Pl<KJRB 3. flat"' .............. al ..&ce 

- (SWUSA) • ...... lllllilllllr. 1hD fl9Dd liDe -
-Y "' 79.63 -JKX; r • .91. 
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PIGUllB 4. flat al llmlll weipl pmr ail al -me 
- (SWUSA) cm...._~ me. 11ae fillDd liDll 
- y • 14.19 -.oa; r "' .ao. 
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PIGURB 7. Plot of bam .m a a • Mm (caac.) mi' 
mna.am pat!cle lim. A fiDDd liDll - Y • 352.11 + 
2. 74X - .OlXl + JJ009X3; Rl • .22. 
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PIGUllB 5. Plot at speci&c pnity al ca cm""** e Pl<JVRB 8. Plot of bam .m wadw (cca:.) cm 
IOlablllly. 11ae 8111111 liaD ,,.. Y • 8-'0 - .OOOOlXl; Rl = · mna.am ~- 1be fined Hie - Y • -Q6.3I + 
.86. 216.5QX - 14.9'1Xl + .32.S7X3; Rl "' :n. 

284 



.. ,. 

~o 
0 .. 
~ ~',. 

;g 0 

~ 
'o~ CJ 

Cl 
-0 

·= H 
:J 
;! 
:; or = 
i:. 

"' -5 _, 0 6 8 

Silica conSLrnea <Q) 

FIGURE 9. Pkll al clifflftDCO ill calcimD dipllihilily 
vu- bdw'C!m Cbe KilHmolllhle ash Cid fOcal c:ollecliaa 
metbodl {Y) OD lilica CODmD:id (X):,y, = -.99 + 2.Q3(X): 
R2 ::: .94. 

45 r- • 

42.__ ______________ _ 

9.00 ; 1.~C 13.SO 1€.20 18.60 2 '..CO 

So11.~1lity .%l 

nam.a 1a. !.!t•~ ot li.Matone aoluaility on 
ca.lci1m1 diq~U>ilit.y. i'•60 •. H-.72(XJ, R"'•.79. 

64.CO .-----------------

"' 
SS.40 ~ 

• 

47.60 ~ 

• 
36.00 '-----------------' 

7.50 2.20 2.90 3.60 .q..30 

03i/y calciun intake IQ) 

PIQ'Ual 11. E!!ec"t of da1ly Cale.um 1n~e on 
calcl\m diqeat1D1!it.y. 'i•&l.li-9.0l(XJ. R••.95. 

5.CO 

• / \ 
• • 

/ 
26 . / 

I 

. / 
19 \ ./. 

'--/• 
10._ _____ ...._ _ _;_ ________ ...;j 

9.00 11.4-0 13.SO ·e20 :S.60 

nGa.a u. Ett~ ot li.:nestone aoll.lbility on 
:x..1 pbocplloru c;liqeaCib}.lity.. ·!•610. 74-
:J6. 7' (X) +l0. ll(X•l -. 24 (X'J, R••.aJ. 

-.. 
5 8 -- ··•· - -~2 111 35 100 

FTGURB 13.I.jm •u: panic1e me<....- Uaired 
States saem mmba') by daily c:a1cima imMa; • •iua. 
for egg specific gr&Tiry. 

':! 
' g 
-'> 

;i 

a 
:J 

Li 
0 

g 
3 

c:J 

285 

"'0 i 
390 

370 

350 

330 

3'.0 
1.50 

./:· 
a/ 

•/ 

220 2.90 

/ 
. ." 

/ 

·/I 
/ j 
. I 

3.60 4.30 !:.00 

Daily ca1c11.rn 1ntaxe 1~ 

nciua. ''· aelationslup bet.w .. n daily c.alcl\m 
:nc.aJce and boM aan concent.rat.1on. 'i•Hl.tl• 
H.2l(Xl, R;•.91. 


