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A PRACTICAL EVALUATION OF STARTER DIETS 
IN MULTI-PHASE SWINE FEEDING PROGRAMS 

University of Minnesota Swine Nutrition Faculty 
J.D. Hawton, L.J. Johnston, J.E. Pettigrew 

and G.C. Shurson 

INTRODUCTION 

The primary goal of a feeding program for starter pigs is to economically ease the transition from a liquid 
milk diet of the nursing period to a dry diet provided in the nursery phase of production. Throughout this 
transition, growth rate of the pig should be maintained near maximal levels. This is a formidable 
challenge for many swine producers when orie considers that the nursing pig consumes a liquid milk diet 
containing about 35% fat, 32% lactose and 29% protein on a dry matter basis (Klobasa et al., 1987) and 
can grow at a rate in excess of 200 g/day (Schoenherr et al., 1989; Johnston et al., 1991). At weaning, 
the pig is switched abruptly to a dry diet that contains ingredients of lower digestibility compared with 
the diet provided by the sow. The nutritional, social, and environmental changes experienced by the 
young pig at weaning impose a variety of stresses that can reduce pig performance. 

The swine industry is changing rapidly and adopting production practices that create new challenges for 
the nutrition and management of pigs in the nursery phase of production. The contim~ally increasing 
intensity of production has dictated increased output from the breeding herd. Shortening the lactation 
period through early weaning is one way to increase pig production from the sow herd. Decreasing age 
at weaning from 56 days in the 1960's to 21 days or less in the 1990's requires radical changes in the( 
formulation of diets for starter pigs. The central concern is that the digestive system of pigs wearied at . 
very young ages(< 21 days) is not developed sufficiently to effectively utilize diets based on ceteal grains 
and-vegetable proteins. Therefore, the physiological capabilities of pigs weaned at young ages Wctate a 
diet that is formulated much differently than diets for pigs weaned at older ages. · ·• 

Medicated early weaning (MEW) is a new technology that appears to greatly reduce disease stressed 
encountered by pigs throughout the nursery phas~ and improve growth performance of pigs. ~ith disease 
stresses markedly reduced, new peaks of pig performance may be achievable. Hodge (1974) reported 
growth rates over 500 g/d for pigs weaned at 3-4 days of age from a minimal disease herd. This report 
suggests young pigs have a potential for growth that is not realized in commercial production. Attempting 
to realize this growth potential creates new challenges for. ... nutritionists who are asked to formulate diets 
for MEW pigs weaned at 5 to 15 days of age. Controlled studies of the nutritional needs of pigs managed 
in an MEW program are just beginning in major research universities in this country. 

Current. trends in the swine industry suggest that producers have adopted the practice of weaning pigs at 
a young age and have accepted they challenge of feeding and managing' these young pigs throughout the. 
nursery phase. In response to this challenge producers have constructed expensive nursery facilities that 

. enable the strict environmental control necessary to sati~fy temperature . requirements of young pigs. 
Economic realities dictate that producers maximize pig flow through these facilities and reduce death loss 
so that fixed costs per pig can be minimized. Ob.viously, a properly designed and implemented nutritional 
program is necessary to maximize pig performance and reduce prpduction costs. 

Feeding programs have been radically changed ·to accommodate the nutritional needs of the young pig. 
Complex diets containing a high proportion of mUk products, specially processed soybean products, and 
animal by-products have allowed nutritionists to more accurately tailor diet to the digestive capacity of 
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newly-weaned pigs. Researcher8.continue to search for new-ingredientS that inay satisfy the biological 
needs of the pig and the economic constraints of the producer. - c 

The adoption of phase feeding progra.Iils recognizes that the pig's digestive·system continues to develop 
during the nursery period and that diets can be formulated to match the pig's digestive capabilities. Phase 
feeding programs provide· an expensive diet containing a high proportion of high quality ingredients in 
the immediate postweaning period. High quality, expensive ingredients are gradually replaced with less 
expensive, lower quality ingredients that the pig can utilize as it matures. This approach seems to be a 
reasonable compromise between the pig's nutritional needs and the economic constraints swine producers 

' / 

face. 

While phase feeding programs for nursery pigs make sense biologically, questions surface regarding 
economic considerations of feedirig programs for starter pigs; For instance, how much can one afford to 
pay for diets that support maximal performance of starter pigs?· Alternatively, is there a lower optimal 
level of performance that will return more profit to the producer? Should all farms be using similar 
feeding programs in the nursery phase of production to maximize profits? ' 

In most scientific endeavors, there are more questions than there are answers. In this paper, we will try 
to address some of the questions raised above. Our primary goal is to provide an overview of recent 

• developments in feeding programs for nursery pigs and to suggest how these developments may be 
implemented in practical swine feeding programs. 

NUTRIENT REQUIREMENT CONCEPTS 

EXPRESSION 

• 
Which is the correct way to express requirements of starting pigs for amino acids, minerals and vitamins -
- as amount per day or as concentration in the diet? The answer in this case (as in most others) is neitner! 
However, perhaps surprisingly, in this case it is more nearly correct ·to express these requirements as 
concentration in the diet, as shown in a .later paragraph. 

This becomes .a significant issue in starting pig nutrition, because there .is massive vatjation in voluntary 
feed intake of starting pigs with variation in factors such as environment, facilities, weaning age. and diet 
quality. 

' 

.. Roger Campbell (Campbell and Dunkin, 1983b) found that feed (energy) intake normally limits protein 
accretion in young pigs, (Table 1 ). The increment in protein accretion resulting from an increment of DE 
intake shows no sign of diminishing as intake reaches ad libitum, so it may be. suspected that this 
relationship would extend to even higher intakes if they could be achieved. If feed intake is increased the 
potential protein accretion rate increases, and logically the amount of amino acids needed does also. 
Quantitative daily amino acid needs are directly related to energy intake. In fact, because the ratio of 
lysine needed per unit of growth to that needed for maintenance is higher than the corresponding ratio for 
energy, the appropriate lysine:energy ratio would appear to increase slightly as energy intake increases, 
and indirect empirical support for this logic is shown in Figure 1 (right side). In this case (Lepine et al., 
1991) starting pigs fed a diet containing dried whey, versus one without, consu:med more feed and also 
responded to higher dietary lysine concentrations. Overall, expression of lysine needs as a proportion of 
energy (or feed) is much more accurate over a wide range of feed inta1ces than is expression as a given 
number of grams per day. Certainly, when feed intake is low there is no· reason to increase the lysine 
concentration in the diet to ensure intake of a target amount of lysine, because the limitation .of energy 
will prevent the pig from using that lysine for protein accretion. ' 
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CHANGES WITH GROWTH (AGE) 

Requirements for amino acids.and other nutrients, expressed as concentration in the diet, usually decline 
with age (body weight) of the pig. There are at least two reasons for this decline: (1) The composition 
of the gain changes in the direction of more fat and .less lean tissue; and (2) the growth rate as a 
proportion of metabolic body weight declines, causing the proportion of nutrients required for maintenance ' 
(high energy requirement) to increase. It is instructive to examine the relevance of these factors to starting .. 
pigs. 

Table 1. Effect of Energy Intake on Rate of Protein Deposition in 
Pigs from 15 to 42 lb. Live Weight• 

Daily DE intake, Protein deposition, 
MCal/kg· 75 g/day 

0.24 37.5 

0.32 50.9 

0.39 62.2 

0.48b 78.6 
*From Campbell and Dunkin, 1983b. 
bAd libitum. 

The more important factor in most cases is the change in composition of gain with increasing age/body 
weight. There are only limited data available on the change in composition of gain during the starting_ 
peri~, but the~ limited data suggest there is little change in composition during this growth phase. 
Calculations from the data from two studies of weekly changes in N retention of young pigs are sho\vn \.. 
in Table 2, expressed as g N retained/kg body weight gain, a measure of lean content of the gain. Fuller 
(1965) studied the effects of ambient temperature, but the data in Table 2 are restricted to those from 8, 
individual pigs in the best environments (68 or 77° I'.). ·Data were considered for 4 weeks during.which 

. ' the pigs grew from about 15 to about 45 lb. body weight Cera et al. (1988) weaned pigs at 21 days,pf· 
age and measured growth and nitrogen retention for four weeks. Diets contained 6% com oil or no 
supplemental fat The method of N balance is subject to error and in both studies there was variation from·· 
week to week, but there was no marked shift in composition of gain toward famess (lower numbers) with 
time during this period. There is some indication that supplemental com oil increased the fat content of 
the gain, but other data (Schenck et al., 1989) do not support this suggestion. Data from two Australian 
studies (Campbell and Dunkin, 1983a,b) are summarized in Table 3. They do n0t show ~ higher 
fat:protein ratio in the gain of pigs from 15 to 42 lb. than of younger pigs from 4 to 14 lb. · 

/ 

·These comparisons suggest little if any shift in the composition of gain during the starting period. That 
suggests, in tum, little reduction in the amino acid requirement expressed per unit energy or as % of the 
diet. 

Table 2. Nitrogen Retention (G) ·Per Kg Body Weight Gain· 

Treatments 68 or 77° F 0% Corn oil 6% .Corn oil 

Week 1 24.5 28.3 20.4 

Week 2 -27.3 38.4 27.6 

Week 3 25.1 21.7 20.7 

week. 4 23.8 45.6 34.6 
Sourc~: Fuller, 1965; Cera et al o I• 1988 o 
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Table 3. Ratio of Fat To Protein In Gain of Young Pigs at Two 
Stages of Growth 

Stage of groWth 
Daily,DE Intake,· 

MCal/kg· 75 4 to 14 lb. a 15 to 42 lb.b 

0 .17c 

0.24 

0 .27c 

0.32 

0. 34c 

0.39 

0 .43c 

0.48 

0.28 

0.66 

0.88 

1.09 

*From Campbell and Durikin, 1983a. 
bFrom Campbell and Dunkin, 1983b. 
cEstimated., ( 

0.43 

0.69 

0.90 

1.02 

) 
The second factor, the change in proportion of each nutrient going to maintenance, may nqt apply to the 
starting pig. Some data (e.g. Lepine et al., 1991) would suggest that the growth rate relativ"e to metabolic 
body weight does not decline during this period. It would seem unlikely for this factor to justify the 
magnitude of reduction in dietary lysine percentage often recommended . 

. . I ' • ,,- : '>' 

These logical arguments are supported by recent data from' u;pine 'et al; (1991), shown in ¥igl.ire l, 
demonstrating that pigs may actually respond to higher dietary lysine concentrations when old~r and 
growing faster than when younger and growing more slowly. ' -

There are two other practical factors that individual feed manufacturers or pofk producers may want to 
consider relative to lysine concentrations. First. a slight change in lysine concentration in an expensive · 
complex diet fed immediately after weaning would have a nearly insignificant proportional effect on the 
diet cost, so it may be prudent to use a high level in order-to ensure maximum feed efficiency. Second, 
and conversely, a moderate amino acid restriction during the starting period is partially counteracted by 
compensatory growth during subsequent growth (Pettigrew and Stairs, 1991). , 

PHASE FEEDING 

CONCEPTS 

The pig is physiologically. immature when weaned. Limiting physiological functions include digestion 
(including digestive enzyme secretion) and immune response, as shown in Figure 2. This immaturity of 
the weanling pig limits its ability to perform well on a simple com-soy diet That fact has led to the use 
of other ingredients, including milk and blood products, in starter diets. The pig matures rapidly during 
the 4- to 6-week starting period (Figure 2), so that wit}J time an increasing proportion of the diet can be 
com and soybean meal without compromising growth performance. Because of this rapid maturation; the 
starting period should be separated into phases with appropriate diets used for each phase. We recommend 
the use of a 3-phase program, roughly as introduced by Nelssen (1986). This program divides the starting 
period into Phase I, from weaning at about 21 days to 15 lb. body weight; Phase II, from 15 to 25 lb.; 
and Phase Ill, from 25 lb. to removal from the nursery at about 50 lb. 
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Increasing interest in medicated early weaning (MEW) to improve pig health has created a need for 
: appropriate diets for pigs weill}ed as early as 10 days of age. Such diets would be fed before the Phase· 
I. diet, and would be even more complex. 

'DIETARY RECOMMENDATIONS BY PHASE 

Our recommendations are describe~ in general terms below, and in more detail in Table 4. 

MEW diet· 

This diet should be fed to weaned pigs until they weigh 10 lb. It should. contain only limited amounts 
of com (raw starch) and soybean meal. It should contain large amounts of other ingredients, such as dry 
skim milk, dried whey and spray-dried porcine plasma. Fat should be added only to facilitate pelleting, 
up to 5% depending upon the ingredients. We suggest higher amino acid levels than are probably needed, 
because the small cost of raising these levels is unimportant in this very expensive diet, and these high 
levels will ensure feed efficiency and growth rate are not limited by amino acid supply. Recommendations 
concerning this diet are based almost entirely on our perceptions of the pig's physiological capabilities, 
because there is a dearth of supporting data. 

Phase I diet 

The Phase I diet can contain only slightly more com and soybean meal than the MEW diet, arid again we 
suggest high amino acid levels as insurance. It should be fed until pigs are 15 lb. If weaning occurs a·t 
4 weeks of age, a Phase I diet is not needed. 

Phase Il diet 

' \ ' 

The Phase II diet should be fed until pigs reach 25 lb. It should contain ingredients such as dried wliey,-:, 
or spray-dried porcine blood meai. but need not contain the most expensive ingredients. If dried whey 
is u~ed, about 3% fat should be added to prevent amino acid damage during pelleting. The cost of raising 
amino ac;:id concentrations in. this diet is significant, so we suggest target .levels near the estimat~d 
requirements (see below). 

"v 

Phase ID diet \ 
This diet,. to be fed from 25 to about 50 lb., can be a simple one based on only com and soybean meal., 
The appropriate lysine concentration depends on several factors including fat level (Lin and Jensen, 
1985a,b; Schenck et al., 1988a,b; Tanner and Hitchcock, 1988; Brendemuhl and Harrison~ 1990; Libal et 
al., 1990), ingredient selection (Libal et al., 1990; Lepine et al;, 1991), and environmental temperature. 
(Schenck et al.,. 1988a,b) but we suggest a lysine concentration of about 1.25% for general use, which' 
appears to be a reasonable central value from variable recent results (Rogerson and Campbell, 1982; 
Aheme and Nielsen, 1983; Pollman et al.; 1983a,b; Pollman et al., 1984; Lin and Jensen, 1985a,b; Thaler 
et al., 1986; Easter et al., 1988; Goodband et al., 1988; Martinez and Knabe, 1988; Schenck et al:, 
1988a,b; Danielsen et al., 1989; Brendemuhl and Harrison, 1990; Libal et al., 1990; Lepine et al., 1991). 
Other suggested. amino acid concentrations are based on the ideal protein pattern of Wang and Fuller 
(1989). The ideal protein pattern should vary with variation in growth rate, but this approach will suffice 
until more detailed information is available. . 

NUTRITIONAL VALUE AND APPLICATION OF FEED INGREDIENTS 

The objective for this section of the paper is to provide an overview of the research and evaluation of 
several feed ingredients (mainly protein/carbohydrate sources) used in feeding programs for early weaned 
pigs. ,, 
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Table 4. Suggested Diet Composition.For .a 3-Phase Starter Programa 

Phase MEW Phase I Pbase II Phase III 

Weight To 11 lb. 11 to 15 15 to 25 25 to 50 
range· lb. lb. lb. 

Nutrients % of diet 

·Lysine 1.50 1.50 1.25 1.25. 

Methionine .95 .95 . 79 • 79 
+ cyst·ine 

Tryptophan .27 .27 .. 23 .23 

Threonine 1.08 1.08 .90 .90 

Ingredients % of diet 

Spray-dried 5-15 5-10 
porcine 
plasma 

Spray-dried 5-1-0 
blood meal ' 

i> 

Dry skim 20-30 10-20 
milk 

Dried whey 15-30 10-20 10-20 0-10 

Fish meal 0-5. -b 

Special soy 0-20 ~ 

productsb 
'For use in intensive pork production systems. 
bSoy protein concentrate, extruded soy protein concentrate, or 
isolated soy protein. 

MILK PRODUCTS: DRIED WHEY AND DRIED SKIM MILK 

Dried whey (DW) and dried skim milk (DSM) are by-products of the cheese and milk industry. Both 
products contain high lactose (milk sugar) levels and milk protein_ components (lactalbumin and 
lactoglobulin). DW contains about 70% lactose, whereas DSM contains 50%. DSM contains over twice 
as much crude protein as DW (33% vs. 13%) and is considerably more expensive. When researchers at 
different locations have evaluated DW in starter trials, variation in grywth response exists (Mahan, 1984; 
Bertram and Schoenherr, 1990). DW sources do differ in quality (and possible feeding value), stemming 
mainly from the variation in manufacturing techniques used. Only high qµality DW sources (Edible grade 
or top feed grade) are recommended for early weaned pigs .. 

Research has consistently shown that the addition of milk products to corn-soy~an meal starter diets will 
improve performance of pigs between 3-5 weeks of age, or until they weigh about 25 pounds. Providing 
milk products after this point is generally not warranted. Improvements in performance of early-weaned 
pigs fed diets containing milk products apparently are due to the ability of the young pig to utilize the 
carbohydrate and protein fractions from milk more effectively than those components from plant feed 
ingredients. Tokach at al. (1989a) reported that improved performance noted in 3-week-old pigs fed a diet 
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con~ining DW probably is the result of both the carbohydrate (lactose) and protein (lactaibumiil) fractions. 
However: wllen both fractions were present in the diet, no additive effects were noted. Giesting et al. 
(1985) showed that lactose promoted a greater daily gain and feed intake response than did other 
carbohydrate sources, whereas casein improved feed ·utilization over soy proteins sources. Other 
researchers (Mahan 1991, 1992; Coffey et al., 1990) have demonstrated.that the lactose component is the 
primary cause of improved gain and feed intake responses when milk products are added to starter diets 
comp,ared: to plant proteins and carbohydrates. Turlington et al. (1989) also reported that lactose and 
c~ei~ will improve nutrient digestibility and slow digesta flow rate as compared to dextrose and soybean 
meal iii diets for 21 to 35 day old pigs. . 

Th~ literature cle~y states that the addition of milk products to com-soybean meal starter diets will 
improve performance of early weaned pigs. The suggested mode of action is probably an improvement 
in feed acceptance (intake) and/or an increase in nutrient digestibility, possibly due to slower digesta flow. 
Even so, the high eost of milk products prohibits· their use in starter diets for pigs beyond 5-6 weeks of 
age and has stimulated researchers to seek satisfactory replacements, especially for DSM during Phase I, 
that will provide similar or better performance. 

FISH MEAL 

Fis~_nieal appears to be well suited for the weanling pig. It is generally readily accepted and has proven 
to be a highly digestible protein source. The quality of meal (as influenced by freshness of raw material 
and method of heat processing) may affect its nutritional value, and thus growth response (Stoner et al., 
1989) .. 

An earlier report (Bayley and Holmer, 1972) showed that solvent extracted fish meal plus D~ could 
replace DSM in the diet for 10-day-old pigs without affecting performance. Other, more recent, s~dies 
indicate that fish meal (Menhaden) or fish protein hydrolysate, fed alone or in combination with DW i!} 

· a com-soybean meal diet, will support excellent growth performance in weanling pigs (Stoner et al., 1985;" . 
Stoner et al., 1986; Gore.et al., 1989). · · 

The potential for replacing DSM with select Menhaden fish meal (SMFM) in a complex, high nutrient 
density diet was evaluated by Stoner et al. (1988). They reported that SMFM can be used in combination 
with DW to completely replace DSM, or SMFM can be used to replace 50% of the DSM without affecting 
growth performance of pigs weaned at 21 d of age: They also noted that a miriimum lactose level in the '... 
diet .was necessary· to sustain growth comparable to that of the high nutrient.density diet. When lactbse · 
level was 14%, growth performance was significantly less than when lactose level was 19-24%. ·1 

If fish meal is to be used to replace milk products (namely DSM) in starter diets, consideration should be 
given to quality of the meal and lactose content of the diet 

SOY PROTEIN SOURCES 

Delayed Transient Hypersensitivity Response 

ResearcherS have shown that certain feed ingredients contribute t.O a lag in postweaning performance and 
possibly dianhea. Several studies indicate that early weaned pigs fed diets containing traditional soybean 
products have a transient hypersensitivity response (allergy) to soybean proteillS (~ewby et al., 1984; 
Giesting et al., 1986; Li et al., 1990; Li et al., 1991; Friesen et al., 1991). Baby pigs, while still nursing 
the sow, can be exposed (sensitized) to soybean proteins· if they consume sow feed or creep feed 
containing soybean meal. Once the pig has been sensitized to soybean proteins, antibodies specific to 
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these proteins are produced by the pig to protect against future invasions of soy protein in the small 
intestine. This response appears to be caused by soy protein. antigens (glycinin and beta-conglycinin) · 
found in soybeans. Consequently, when pigs are weaned.and placed on a starter diet that contains various 
amounts of soybean meal, the antibodies specific to soy antigens· mount an immune response at the 
intestinal level of the pig. Damage to the microvilli lining, reducing the absori)tive capacity- of intestinal 
tissues, is generally the result of this immune resi)onse. · 

Li et al. (1990) reported that challenging 21-day-old. weaned pigs with. soybean meal, following oral 
infusion of soybean meal during a period from 7 to 14 days of age; resulted in villous atrophy and 
decidedly lowered growth rate (.19 vs . .45 lb/d) by 28 days of age: However, growth performance was 
only temporarily decreased because by 56 days of age no difference in overall growth rate existed .. In 
another study, Li et al. (1991) orally infused pigs with 6 g/d of either DSM or various soy protein sources 
from 7-11 days of age and then fed a diet containing the corresponding protein source from weaning (d 
21) to 35 days of age. Sows were fed a com-com gluten meal diet from d 109 of pregnancy throughout 
lactatiori to avoid exposure of pigs to soybean proteins. All pigs were fed a com-soybean meal djet 
containing 10% OW, 1.25% lysine and 3% soy oil for the remaining 21 days of the experiment. Results · 
for the period from d 0-14 postweaning indicate that pigs fed diets containing soybean meal had lower 
daily gains, daily feed intake and poorer feed/gain than pigs fed the diet containing milk products (Table 
5). They also had lower villus height, higher serum anti-soy IgG titers and increased skin-fold thickness 
compared to pigs on the DSM treatment. Pigs fed other soy proteins also ha~ lower growth rates (0-14 
d postweaning) compared to those fed milk proteins. However, pigs fed the moist-extruded· soy protei!l 
concentrate tended to have higher gains and improved feed utilization compared to those fed soybean m~al 
or other soybean products, indicating that further processing of soybean products may lower their antigenic 
properties. Consistent with their earlier study, these researchers found no significant differences in growth 
perfonnance and feed utilization among treatments from d 14 to 35 .days postweaning. 

.... 
At some point, a pig must develop a tolerance to soy proteins. A recent study by Friesen et al. (199)) 
points out that pigs cannot be fed diets devoid of soy protein during Phase I without experiencing 
decreased growth performance during Phase II. Whether pigs in this study were first exposed· to soy 
protein early in Phase I or in Phase II, the magnitude of the delayed transient hypersensitivity response 
(ie. reduced growth performance) was similar for pigs in both phases. In fact, the overall groWth 
performance (d 0 to 35 postweaning) was slightly poorer in pigs fed a milk diet during the Phase I period. 

It seems apparent that pigs have the ability to develop a tolerance to soy protein" within 2 wk postweaning 
and should be exposed to soy protein as early as possible.· European researchers have indicated that 
approximately 600 g of creep feed is required to develop a tolerance to soy protein prior to weaning 
(English et al., 1980). However, the amount of soybean meal (or other soy products) needed to develop 
soy tolerance in the early weaned pig that has not received creep feed prior to weaning has not been 
determined and warrants further research. · · 

Specially Processed Soy Products 

Processing method may be a major factor influencing soybean utilization by the early weaned pig (Li et 
al., 1989). Tiuee specially processed soy products with potential for replacing milk products in starter 
diets have been investigated. They are soy protein isolate (SPI), soy protein concentrate (SPC), and 
modified soy.flour (MSF). Soy protein isolate is produced by using precipitation techniques to separate 
the large storage proteins of defatted soy flakes from the soluble and insoluble carbohydrates, lipids and 
smaller proteins (including trypsin inhibitors). This provides a high quality soy product that is 
approximately 90% crude protein.·· Soy protein concentrate is produced by extracting the soluble 
carbohydrates from the defatted soy flakes, resulting in a product containing about 70% crude protein 
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(Table 6). Modified soy flour (contains about 55% CP) is produced by fine grinding dehulled soybean 
meal and then further processing it by toasting or extrusion. 

Table 5. Effect of Different Soybean Products on Starter Pig 
Performance• 

criteria 

ADG, lb 

d 0 - 14 

d 14 - 35 

d 0 - 35 

ADPI, lb 

d 01- 14 

d 14 .... 35 

d 0 - 35 

P/G 

d 0 - 14 

d 14 - 35 

. d 0 - 35 

Anti-Soy IgG 
titers (Log2, 

BLISA) 

D 7 pre -
weaning 

D 6 post­
weaning 

Vil.lus 
height, um• 

Crypt 

Milk 
protein 

.98 

.87 

1.72 

1.29 

1.77 

1.50 

3.05 

3.12° 

Soybean 
meal 

• 40° 

1.18 

.86 

• 55° 

1.91 

1.33 

1.38° 

1.65 

1.57 

3.10 

2344 

Treatment 

Soy 
protein 
concen. 

• 46° 

1.15 

.87 

• 51° 

1.86 

1.50 

1.14° 

1.63 

1.72 

2.91 

2. 94° 

309° 

Extruded 
soy prot. 
concen. 

• 50° 

1.12 

.89 

• 53° 

1.74 

1.31 

1.07b 

1.58 

1.47 

.. 
2. 9.6 

3 .14° 

319° 

Bxper. 
soy prot. · 
concen. 

/ 

• 46° 

~.16 

.87 

• 55° 
• 

1.84 

1.29 

1.18° 

1.65 

1.52 

2.99 

280° 

depth, um• 198° ~22b 215°. 196° 19Q0 

•Five pigs per pen, five replica~ions per treatment, avg initial 
age of 21 d. 
~eans same.row with different superscript differ (P<.05); 

-(P<. 01) 
•6 days postweaning 
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Table 6. Amino Acid Profile of Protein Sources Used in Pig Starter 
Diets (Expressed as Percent of Protein) 

Item 

Crude 
protein 

Lysine 

Methionine 

Cystine 

Tryptophan 

Threonine 

Isoleucine 

Valine 

Leucine 

Phenylala­
nine 

Tyrosine 

Arginine 

Soybean 
meal• 

48.00 

6.43 

1.46 

1.44 

1.42 

3.92 

4.39 

5.09 

7.48 

4.87 

3.53 

7.57 

Spray-dried 
porcine 
plasmab 

70.00 

8. 71 

• 76 

3 .20· 

1.90 

5.90 

2.80 

5.89 

7.94 

5.29 

5.00 

6.84 

Skim 
milk• 

33.30 

7.63 

2.70 

1..35 

1.29 

4.71 

6.55' 

6.88 

9.91 

4. 71 

3.42 

3.48 

Soy protein 
concen~b. 

66.00 

6.38 

1.40 

1.40 

1.40 

4.20 
4.65 

5.00 

7.90 

5.10 

3.90 

7.68 

Histidine 2.47 3.57 2.58 2.75 
•Amino acid values are from National Research Council. 

Requirements of Swine (1988). 
"Typical analysis as suggested by manufacturer. 

Soy 
protein 
isolate• 

86.00 

6.20 

1.50 

1.50 

1.00 

4.00 

4.90 

5.30 

8.30 

5.00 

3.60 

7~70 

2.50 
Nutrien't 

During the early postweaning period, specially processed soy products are better utilized by pigs than 
soybean meal (Jones et al., 1989, 1990a, 1990b; Sohn et al., 1990) and result in lower antisoy titers (Jones 
et al., 1990a). Of the soy products, SPI and SPC appear to have greater nutritional value in simple diets, 
whereas in more complex diets feeding v3Iue is comparable (Stahly et al., 1983; Jones et al., 1990a). In 
a few cases, SPI and SPC have effectively replaced milk products from d 0-14 post weaning (Jones et al.,· 
1989; Sohn et al., 1990). However, when SPI, SPC, and MSF were all evaluated in the same studies to 
replace protein from DSM during a 7 d or 14 d period postweaning, the nutritional value of the processed 
soy product was found to be lower than that of DSM (Jones et al., 1990a, 1990b). Even so, the pigs fed 
soy products vs. milk products from d 0-14 performed as well, or better, from d 14-35. Recently, Friesen 
et al. (1991) reported that protein utilization in starter diets was improved with moist extrusion~ Though 
only a small response to extrusion was noted in higher processed soy products, a 20% improvemenLin 
growth performance resulted when soy flakes were processed by moist extrusion. This probably indicates 
greater deactivation of groWth inhibitors or favorable structural changes to soybean proteins. 

The nutr!t_ipnal. valµe ·of soy products is usually improved.~ the processing technique becomes more 
elaborate (SPl>SPc>MSF),"but cost will increase as well. ·Moist extrusion may further improve their 
feeding value. Also, processed soy products will out perform soybean meal but not milk products when 
fed for a 2 wk period following early weaning. 

222 

I 



1 
I 

t 

\ 

l 
I 

\ 
i 
1 

l 
\ 
\ 
I 

I 
) 
) 

l 
l 
1 
i 
I 

I 
1 
i 

\ 

I 

' , . I 
I 

SPRAY-DRIED BLOOD PRODUCTS 

Probably no other feed ingredients have created more exCitement in the area of early-weaned pig nutrition 
than the by-products of blood obtained from pork slaughter plants, namely, spray-dried porcine plasma 
(SDPP, also referred to as plasma protein) and spray-dried blood meal (SDBM). The blood is collected 
into refrigerated tanks and prevented from coagulating by addition of sodium citrate. Centrifugation is 
then used to separate the plasma fraction from the blood cells. The plasma fraction is then stored at 25° 
F until it is ready for the spray drying process. This process consists of 1) preheating for 25 min. at 90" 
F, 2) spray drying for 1 to 2 min. at 405° F, and 3) evaporation of moisture for 1 to 2 min. at 200" F. 
This results in a fine-grained, light tan-colored powder that contains about 70% crude protein. This 
protein consists of the albumin, globin, and globulin fractions of blood. SDPP is presently used in the 
food industry as a supplement for cereal protein in bakery products, and as an emulsifying agent for meat 
products and pet foods. 

SDBM is produced similarly to SDPP, but differs in that it contains the plasma along ~ith the red blood 
cell fractions of the blood. Keep in mind that SDBM differs greatly from the more traditional vat- or 
flash-dried blood meals in that spray drying does not expose the product to the high temperatures that cari 
denature proteins. A recent Kansas State study (Nelssen, 1992) showed a clear advantage in gro~ rate 
and feed/gain· for 21 d old pigs fed spray-dried blood meal products versus flash-dried blood meal. 

.'-.,__ 

Blood Products vs. Other Protein Sources 

Recently the influence of blood products in starter diets has received considerable attention. Since 
immunoglobulins are a component of blood plasma, Zimmerman (1987) initially evaluated SDPP for its 
potential to provide functional antibodies to the early weaned pig, but concluded little, or no, protection 
was given. In a follow-up study, Gatnau and Zimmerman (1990a) reported that SDPP improved growth 
performance of pigs when compared to soybean protein fed d 0-14 postweaning, and resulted in ecfu.al, 
or greater, performance compared to milk protein. Several other studies have also shown SDPP 10:~ 
improve feed intake and growth performance (d 0-14) compared to DSM or other protein sources (0(!.tnau 
and-Zimmerman, 1990b; Hansen et al., 1990; Hansen et al., 1991; ~ats et al., 1992; Sohn et al., 1991). 

The consistency of finding an increase in feed intake suggests that SDPP is more palatable to the pig than 
other protein sources studied, and seems to act through stimulation of intake early in the feeding period. · 
When Nebraska researchers (Ermer et al., 1992) allowed pigs to choose between a SDPP and DS.M diet 
over a 21 d preference study, a clear choice for the SOPP diet was seen. The preference for the SDPP 
d!et also increased with time, corresponding to 60% of the total intake on d 2 and 84% on d 20, 

Blood products, other than SDPP, have also been evaluated in starter diets. Hansen et al. (1991) compared 
porcine SDBM, spray-dried bovine plasma (SDBP) and extracted meat protein, as well as SDPP, to DSM 
in starter diets fed d 0:.14 postweaning. Their results showed again that SDPP maximized growth 
performance in Phase I compared to all other protein sources tested. In fact. pigs fed SDPP had 25% and 
28% higher daily gain and feed intake, respectively, than 'those fed DSM. Moreover, there were -no 
growth performance differences observed between pigs fed DSM, SDBM, or SDBP, suggesting that these 
blood products could· also serve as satisfactory milk protein replacements (Table 7). Extracted meat 

·protein, however, was not a suitable substitute. All blood products were substituted on an equal lysine 
basis (1.4% total dietary lysine) for DSM and diets were equal in lactose level. When pigs were fed a 
common diet (1.25% lysine, C-SBM-10%DW-4% fish meal) during Phase II (d 14-35), there was .a 
propensity for pigs consuming SDBM during Phase I to have higher daily fee~ intake and growth rate. 

·This suggests a possible protein source interaction between the two phases. However, Kats et al. (1992) 
reported no interactions between protein sources fed during Phase I and II, thereby concluding that growth 
responses attributed to each phase are additive. 
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Gatnau and Zimmennan (1990b) compared SOPP (10% inclusion rate) to a combination ofSDPP (5%) 
and SOBM (3.75%) or to SOBM alone (7.5%) in diets for pigs weighing 15.4 lb. The bfood products 
were substituted for com and SBM and final diets were· nearly equal in protein, lysine and methionine 
levels. All diets contained 20% OW. Their results showed thatpigs fed-SOPP or the combination of 
SOPP-BM grew significantly (p<.05) faster and more efficiently over the first 2 wk of the trial than pigs 
fed the SOBM diet Feed intake was significantly higher and daily gain tended to be improved for pigs 
fed SOPP versus the combination treatment. 

Considering the cost for SOPP is 3-4 times that for SOBM, feeding a combination of the two blood 
products in Phase I may be the most economical strategy. More research is needed to detennine the 
minimum amount of SOPP needed in combination with SOBM to provide optimum growth perfonnance. 

Table 7. Effect of Protein Source on Pig Performance• 

Item· Skim Porcine Bovine Porcine Meat 
Milk Plasma ·Plasma BloOd Extract 

Week 1 
(0 to 7d)" 
. ADG, lb • 71o4 • 79° • 69o4 .• 634 • 49• 

ADFI, lb • 6804 • 83~ • 72c4 • 654 • 64~ -
Feed/gain • 96° 1. 05° 1.04° 1.02° 1. 304" 

Phase I 
(0 to 14d) 

• 5sr· ADG, lb • 72° • 834 • 720 • 7504 
ADFI, lb • 86° 1.104 • 93° • 89° • 80° 
Feed/ga_in 1.19° 1. 3204 1. 2904 1.19° - 1. 564 

Phase II 
14 to 35d) ·• ADG, lb 1.08 1. 06 1.14 1.22 1.12 

ADFI, lb 1. 88° 1. 86° 1. 98° 2 .214 l.'96° 
~ Feed/gain 1.75 1.75 1.74 1.81 1.74 

overall 
(0 to 35d) 
ADG, lb .94°4 .97°4 .97°4 1.03° .914 

ADFI, lb 1.47° 1.55°4 1.56°~ 1.684 1~53°4 

Feed/gain 1.58 1.60 1.~1 · 1.63 1.70 
•Hansen, . et al., 1991. Values are means of six replicate , pens · 

containing five pigs each (initially 11. 7 lb; 35 d trial);· 
0~eans in the same row with different superscripts are different 

(P < .05) 

Optimum SDPP Level for Phase I 

Recent studies were conducted at Iowa State (Gatnau and Zimmennan, 1990c;'. 1992) to detemiine the 
minimum level of SOPP needed in starter diets to optimize growth perfonnance. ·Varying levels (0, 2, 
4, 6, 8, 10%) of SOPP were added to a C-SBM-20%0W basal diet to fonn the experimental treatments. 
Com and SBM were adjusted to maintain equal lysine and energy concentrations in the diets. Their 
results suggest a level of 6-8% SOPP is optimum during the initial 2 wk feeding period following 4 wk 
weaiiing. They also noted reduced growth perfonnance when SOPP 'was added at levels above the 
optimum. Calculated methionine levels in the diets. ranged from· .32% (0-SOPP) to .26% (10% SOPP). 
Slightly higher levels of SOPP may be required, along with syntheti~ rpethi,onine supplementation, to 
optimize perfonnance of pigs weaned at 14-21 days. 
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Comparing Protein Sources in Phase Il 

It appears from several reports that SOPP is superior to other protein sources for maximizing growth, 
performance during Phase I. To date, considerably less. attention has been directed toward optimum 
formulation_ of Phase II diets. Tokach et al. (1991), in a recent study, compared several protein sources 
in the Phase II diet (7-28 d postweaning), and also observed their effect on performance during the 

. subsequent grower period (28-56 d). During Phase I (0-1· d; pigs weaned at 21 d), all pigs received a 
common complex, high nutrient density diet containing 1.5% lysine, 10% SOPP, 10% lactose and 20% 
DW. All Phase II diets were formulated to contain 1.18% lysine and 10% DW. Six dietary treatmentS 
were fed: 1) a positive control, 4% Menhaden fish meal (FISH), 2) a negative control, synthetic amino 
acids replaced fish meal to form an ideal protein (AA), along with 3) SOPP, 4) SDBM, 5) SPC, and 6) 
extruded SPC (ESPC); all replacing fish meal on a lysine basis. During the subsequent growth phase all 
pigs received a 1.1 % lysine,. milo-SBM diet. They reported similar growth response when SPC and ESPC 
were substituted for fish meal, indicating both soy protein sources can effectively replace fish meal in the 
Phase II diet. However, pigs fed the spray-dried blood products (SOPP and SDBM) grew significantly 
faster (P<.06) than those fed the other four diets (Table 8). They also observed that pigs fed the SDBM 
diet (but not SOPP) in Phase II grew significantly faster (P<.03) during the following d 28-56 grower 
phase. 

More research on Phase II feeding programs is necessary. The information we have to date does support 
a method of staging starter diets to maximize performance in both phases and suggests that_ diets should 
include SOPP in Phase I followed by SDBM in Phase II. .,. 

Feeding Concerns With Blood Products 

The amino acid composition of starter diets containing blood products will differ from that of traditional 
com:SBM diets. SOPP is lower in methionine and SDBM is lower in both methionine and isoleucine than" 
many other protein sources. Consequently, lysine is often not the first limiting amino acid in diets' 
containing blood products. Instead, methionine and/or isoleudne will usually be first limiting. Depending .. 
on age of the ·pig and degree of blood product inclusion in the diet, it often is necessary to supplemei:it . 
with additional methioriine; · 

. ,L 

Also, starter diets that are fed in meal form may pose a· major flowability problem if they contain blood 
products (especially in combination with dried milk products). Blood-products are very fine-grained (like 
p0wder) and tend to be sticky or hygroscopic. Therefore, extra attention to feeder management is required 
to ensure feed- is ·available tO pigs: 
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Table 8. Influence of Phase II Protein Source on Pig Performance• 

A series of Ohio State studies relating to fat utilization by the weanling pig wen~ reported by Mahan and 
Cera (1991). A summary of their results from several of the trials reported in this reference are as 
follows: 

Production of lipase by the newly weaned pig is insufficient to effectively digest dietary fat, thus 
animal or vegetable lipid utilization appears to be limited during the eariy postweaning period. 
Lipase production does increase with age; consequently digestibility of added fat sources to th{ 
diet improves with age postweaning. 
Young pigs utilize vegetable oils better than animal lipids and coconut oil has the highest 
digestibility of the vegetable fats evaluated. F~eding refined vegetable oils may be an economical 
alternative to coconut oil. 
Fat digestibility differences between vegetable and animal fat sources narrow with age. 
In the first 2 wk postweaning, no daily gain response or reduction in feed intake occurs with fat 
additions tQ the diet. However, there is an improved gain and feed efficiency response to a 6% 
fat level addition from 2-5 wk. postweaning. · 

Minnesota studies (Tokach et al., 1989b, l 990a,) revealed essentially identical growth responses to fat 
adcUtions found in the Ohio State experiments, both in early (wk 1-2) and late (from 2-5 wk) in the 
postweaning period (even with milk products present in the diet). 
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· A high leyel of suppleme_ntal fat in starter diets seems inappropriate. A moderate fat addition (5-6%) to 
starter diets reduces the amount of dust in the building ancJ, ip th~ ca~ pf diets containing milk products, 
may reduce heat damage to proteins during pelleting. Also, when fat is added, nutrient levels in the diet 
should be adjusted .upward to compensate for lowere(j gaily feed intake that will likely o~cur after _the first 
week or two following early weaning. -

EFFECT OF NURSERY DIET ON SUBSEQUENT PERFORMANCE 

- - • ' ! •• • 

For years the swine industry has questioned the cost~effectiveness of improved, complex starter feeding 
programs. Will Phase I starter diets that include very expensive feed ingredients of high nutritional value 
result in favorable growth response during the subsequent growing-finishing (G-F) phase? 

The majority of studies conducted on the subsequent performance effects of starter pig nutrition and 
performance have related performance during week I postweaning with the number of days required to 
reach a common market weight. -The study providing actual subsequent performance effects and 
representing the largest number of pigs (1350), is based on pig gains during the first week postweaning 
(Tokach, 1992; Table 9).. A 7.7 lb weight advantage at the end of the nursery phase (28 days 
postweaning) resulted in a 10 day reduction in days to market. Furthermore, based on these data, it 
appears that for about every 1 lb advantage in pig weight at the end of the first week after weaning, there 
results an approximately 2.2 lb advantage at 28 days postweaning (49 days of age), a 2.9 ib advantage 
by 56 days postweaning (77 days of age), a 5.0 lb advantage by 156 days postweaning (177 days of age), 
and a reduction of about 2.9 days to market. - ' 

I •, ·r 

Less dramatic results were obtained in a study (Seerley and Mabry, 1989) involving a limited mitnber of 
pigs (122), where each I lb ad_vantage ~t the end of ~e first we~k postweaning resulte~ in 1.7 fewef ~ay~ · 
to market (Table 10). · · ' .• · 

Table 9. 
1' 

ADG 
.Week 1 

< 0 
0 - . 33 
.33 .so 
> • so 

Infl~ence of Daily Gain During the First week Postweaning 
on Subsequent Growth Performance · 

,/ 

Weight {lb} on Day Postweaning 
28 -56· 156 ·Days to· Marke~\-

32.4 66.3 232.2 183.3 
35.3 70.2 238.4 179.2 
37.3 71.6 245.1 175.2 
40.1 7.6. 6 ,249 .. 8 173. 0 

Tokach (1992). Based on 1350 pigs averaging_ 13.6 lbs at weaning 
and weaned at 21 days of age. 
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Nursery period 

No. of pigs 

Day 0-7 
Day 8-21 

Initial weight, lb 
Weight on day 7, lba 
Weight on day 21, ·lba 

Growing-finishing period 

No. of pigs 
Final weight, lb 
Days to 230, lb 

Simple 
Simple 

41 
15.3 
17.3 
27.0 

27 
220 
171 

Milk Pellet 
Simple 

40· 
15.4 
21.1 
30.5 

26 
228 

t 166 

Milk Pellet 
Complex 

42 
15.4 
21.4. 
35.2 

. ,30 
228 
164 

Seerly and Mabry (1989). Based on 122 pigs used in 7 replicates. 

Results consistent with the previous studies have be~n obtained at the Universjty of" Minnesota (Tokach 
. et al., 1990b). In this study, pigs fed complex starter diets responded with substantially improved daily 

gain and feed efficiency in Phase I. Consequently, pigs fed the complex diets were 3.3 lb heavier at 56 
days than those fed simple diets. Compensatory gain did not occur during the G-F phase. ~gs fed ;the 
complex diet for the initial 2 wk postweaning were 9 lb heavier at 180 days of age, indicating that the 

. . \ 

weight gain advantage due to feeding the complex diets during the early nursery phase was maintained,' 
or increased, to market weight. In this study a 1 lb weight advantage for pigs leaving the nursery at 35 
days J}ostweaning resulted in a range of between of 0,7 to 3 fewer days to reach market weight. Other 
researchers have also compared complex vs. simple starter diets and have reported a nursery phase growth 
advantage with resulting pig weight differences being maintained during the G-F period (Stairs et al., 
1991; Pollmann et al., 1992). 

The magnitude of the maintained growth performance differences in the above studies will vary to some 
degree but, on the a~erage, suggest that for every 1 lb increase in nursery pig weight there will be a 2 to 
3-day reduction in days to market weight. Nutrition and management programs in the grower-finisher 
phase can vary substantially between commercial operations and can have a significant impact on the 
magnitude of reduction in days to market based on feeding programs used in the nursery. Nevertheless, 
these studies consistently show that performance and weight advantages obtained during the starter phase 
are at least maintained,. and usually magnified by the time pigs reach market weight. 

It is important to differentiate between subsequent growth performance following nutrient restriction and 
being fed a simple com-soybean meal starter diet (Pettigrew and Stairs, 1991). It appears that pigs will 

· at least partially compensate for a moderate nutrient restriction during the. starter phase by enhanced gain 
and/or feed efficiency when subsequently given a nutrient-adequate diet (ie. pigs experience compensatory 
gain). However, weanling pigs that perform slowly during the starter phase because they are fed a simple 
(but nutrient adequate) com-soy diet, instead of a more expensive complex diet, do not compensate during 
the subsequent G-F period. In fact, research suggests that pigs fed a high-quality complex starter diet may 
grow even faster during the subsequent G-F period. Assuming that similar growth behavior will occur 
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under fann conditions, the benefits of higher quality diets should be considered when assessing the cost­
effectiveness of nursery feeding programs. 

DOES BETTER PERFORMANCE = MORE PROFIT ? 
AN ECONOMIC EVALUATION 

Competitive pork producers recognize· that every dollar invested _in the swine operation must yield more _ 
than a dollar in return. New technologies in starter pig nutrition have provided vastly improved 
performance of early weaned pigs in the nursery compared to the use of conventional corn-soy diets which 
were the industry standard before early weaning became a common practice. However, many swine 
nutritionists and producers continue to debate the economic merits of using diets costing $800 to 
$1200/ton during Phase I of a multi-phase starter feeding program under various pork production 
conditions. Furthermore, Phase II diets can also contribute a significant amount to total feed cost/pig 
produced. if improperly designed or managed. 

As for most swine management decisions, the value of increased performance and the tolerance of high 
feed price/ton depends on the economic and management conditions on any given fann. Studies 
evaluating the performance benefits of using complex diets have consistently shown significant weight 
gain advantages for early weaned pigs, but none have evalU;ated th.e influence of these diets on reducing 
mortality and morbidity. If mortality and morbidity are reduced by feeding complex diets, significant 
economic benefits can be realized as a result of reduced drug and medication costs, as well as an increase 
in the pounds of pork marketed/year. However, because. no data are available to quantify any po.!fntial 

. benefits of complex diets on pig health, it is difficult to include this component in an economic analysis. 

It is clear that weight gain advantages obtained by feeding complex diets during the early nursery Jphase::. 
are at least maintained, and usually increased to market weight in farrow-to-finish operations. Thus, the 
ultiiilate economic question is "Does the economic value of a weight gain advantage offset the cost of · 
obtaining that weight·gain advantage?". The answer to this questions is likely to be qifferent between;.< 
various production systems. The following economic analysis is designed to put the economics of using 
complex starter diets into perspective for selected types of on-fann conditions .. 

EVALUATING THE ECONOMICS OF STARTER FEEDING PROGRAMS IN FARROW TO 
FINISH OPERA TIO NS 

When evaluating the economic value of increased growth rate in farrow to finish operations, the use of 
measures such as cost/lb of gain does not provide a true accounting of the real value of using high 
performance complex starter diets. The real issue for assessing st~r diet economics in farrow to finish 
operations depends on the value of increased growth rate relative to production flow through facilities and 
the method of marketing slaughter hogs. The value of reduced days to market is only meaningful if it can 
be achieved consistently, and production flow be adjusted to put more pigs through the unit over time. 

- In other words, low to moderate investment, less intensively managed operations are likely to market 
slaughter hogs at a common weight rather than at a common age because they do not have rigid time 
demands on production flow through grow-finish facilities. As a result, increasing growth rate may mean 
only that the facility sits empty longer between groups of pigs. These operations may obtain greater 
economic benefits by intensifying production flow to reduce facility costs/pig produced, than by changirig 
starter feeding programs. Once this is accomplished, then the growth rate and economic benefits of using -

··complex diets are more likely to be realized. 
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I~ contrast to less intensively managed operations, high investment, intensively managed operations. are 
more likely to market hogs at a common age rather than a common weight in order to meet production 
schedule demands. Because facility costs are relatively high and profitability is determined by the amount 
of park ·produced per unit of time, the advantage of the faster gains provided by complex starter diets in 
inulti-phase feeding programs are likely to be very economically important 

Therefore, the following economic analysis is designed to evaluate the economics of starter feeding 
programs for 1) low to moderate investment, less intensively managed operations that market pigs at a 
relatively constant weight, and 2) high investment, high intensity operations that .market pigs at a _ 
common age. 

Economics of Starter Pig Nutrition for Finishing Pigs Marketed at a Constant Weight 

Three major production cost factors need to be considered when estimating the reduction in total 

I 

' 
production cost associated with a reduction in days to. market. Typically, total production cost is I 
comprised of feed costs, facility costs and non-feed variable costs .. Non-feed variable costs include, labor, ,·. 
veterinary and medication costs, interest on operating capital, bedding, utilities, equipment maintenance, 
and miscellaneous supplies. 

·Reducing days to market has no effect on feed costs in a less intensively managed operation tli'at markets 
hogs at a constant weight. Studies by Tokach et al. (1990b) and Stairs et al. (1991) have shown that feed 
conversion of grow-finish pigs previously fed either complex or simple diets during the nursery phase is 
the same. This means that the benefits of feeding complex diets for reducing_ the number of days to 
market does not affect the amount of feed usage/pig marketed, but it does affect the number of d1tys it 
takes to get the pig to a common market weight (growth rate). 

When considering facility cost, less intensively managed grower-finisher facilities that market at a con5tant 
weight obtain no real facility cost savings by achieving a reduction in days to market because facility costs 
are fixed costs that still have to be paid regardless of whether the pigs are in the building or not. 
Consequently, non-feed variable costs are the only remaining production cost category that will be affected 
by reducing the number of days to market in a low intensity production facility marketing at a constant 
weight. 

What is the Non-Feed Variable Cost/Pig During the Growing Finishing Phase? 

For farrow to finish operations, perhaps the first step in evaluating starter program economics.is to simply 
deteimine and consider the non-feed variable cost savings (Table 11) for reducing days to market, using 
actual production cost figures from a given farm. · 
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·Table 11. Non-Feed Variable Cost Savings at Various Grow-Finish 
~acility Costs/Pig/Day. 

Non-Feed Variable Cost/Pig/Day 

Reduced Days to Market 0.05 0.10 0.15 0.20 

0 0.00 0.00 0.00 o.oo 
.1 0.05 0.10 0.15 0.20 
5 0.25 o.so 0.75 1.00 
10 0.50 1.00 1.50 2.00 

. 15 0.75 1.50 2.25 3.00 
20- 1.00 2.00 3.00 4.00 

.For low investment, low intensity farrow to finish operations a typical facility cost/finishing pig would 
be $0.10 to $0.15/day. 

Determining the Number of Reduced Days to Market Necessary to Meet the Extra Cost of 
Produdng Heavier Pigs Out of the Nursery Based on Actual Farm Non-Feed Variable Costs/Pig/Day 

·The next step in evaluating the economic value of starter feeding programs is to compare the extra 
performance (Table 12) and cost (Table 13) of using a complex Ph_ase I diet containing spray dried porcine 
plasma and milk products with cost and performance of pigs fed a common com-soy-dried whey diet. 

Table 12~ Effect of Substituting Spray Dried Porcine Plasma and 
Lactose or Starch for Milk Products in Starter Pig Die_J:s. 

WK 0-1 HNDD 

ADG, lb .67 
ADFI, lb .66 

___ J, 

Hansen et al. 

HNDD = control 
CAS = casein 

Starter Diet 

PLW PSW PL 

.89 .83 .82 

.88 .76 .79 

(1990) 

PLW =. spray dried porcine plasma-lactose-whey 
PSW = spray dried porcine plasma-starch-whey 
PL = spray dried porcine plasma-lactose 
PS = spray dried porcine plasma-starch 

.DW = dried whey 

PS 

.69 

.67 
.57 
.62 

Table 13. Performance and Cost Comparison Between Pigs Fed PLW and 
DW Diets During Week 1 Postweaning.* - · 

Starter Diet Feed Intake 

DW 
PLW 

4 .34 .lbs 
6.16 lbs 

3.99 lbs 
6.23 lbs 

Gain Total Feed Cost, Wk 1 

$0.65 
$3.08 

* Assumes that DW diet cost $0.15/lb and PLW diet cost $0.50/lb. 
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Using these performance data and the assumed price/lb of each diet, the extra 224 lbs of gain ((.89 - .57 
lb/day) x 7 days] obtained from pigs fed the PLW diet must be worth $2.43 in extra feeder pig value or 
savings in non-feed variable cost/finishing pig marketed to breakeven. This means that if grow-finish non­
feed variable cost/pig is $0.10/day, you would need to obtain more than a 24 day reduction in days tO 
market to justify the use of the PL W diet in Phase I for 7 days. If non-feed variable costs were even as 
high as $0.20/day, you would still need to get a reduction of a little more than 12 days to market to 
compensate for the increased diet cost of using the PL W diet. If this PL W diet was used for more than 
7 days, or fed to pigs that can't take advantage of unique nutrition provided by this complex diet, even., 
greater reductions in days to market would need to be obtained .to justify the cost. 

This approach applies not only to Phase I diets, but also to the cost/benefit relationships of using all diets 
. during the nursery period. Progressive pork producers who are concerned with designing an optimal 

feeding program for their operations, must conduct well planned and managed on-farm performance 
comparisons to accurately evaluate coinmercial diets and feeding programs.. Having those performance 
data, and using the previously described approach, provides an objective way of assessing whether they 
are obtaining the most economic value for every dollar spent on starter pig nutrition. 

What is the Economic Impact of Observed Reduced l)ays to Market on Relative. to Non-Feed 
Variable Cost Savings? 

For purposes of our· analysis, we will assume that nursery pigs fed complex diets will have a 2 lq weight 
advantage leaving the nursery compared to pigs not fed complex diets, as described earlier in this paper. 
Using this assumption, this 2 lb weight advantage is equivalent to reducing days to market by about 6 days 
(Tokach, 1992). Therefore, using a value of $0.10/day for non-feed variable costs, you could afford to 

. spend an extra $0.60/pig on starter nutrition to obtain a 2 lb increase in weight for each pig leaving the 
nursery to breakeven. It is obvious that achieving this amount of performance for such a small cost is Iiot 
possible due to current costs of ingredients used in complex starter diets. ' ' 
Therefore, a reduction in market age of less than 6 days is rather insignificant economically. Operati9ns · 
with less intensive production schedules, are often driven more by expected market price changes and , 
labor availability than by a strict all-in-all-out production schedule when marketing slaughter hog~. 

Economics of Starter Pig Nutrition for Finishing Pi.gs Marketed at a Constant Age · 

The previous example assumes that pigs are marketed at a constant weight which applies more to, 
operations with less intensive production flow than high-investment/high-intensity operations that 
market pigs at a constant age. Because of the economic importance of a strict production flow and 
marketing schedule, increasing the lb of pork produced/square ft. of grow-finish space/year (reducing 
facility cost/cwt marketed) is highly dependent on growth rate. Consequently, the economic value of 
increased pig weight out of the nursery, and the subsequent performance which allows greater weight at 
a predetermined. market age, are dependent on the quality of the starter feeding prograin to maximize 
growth performance. · 

To evaluate starter diet economics for operations marketing slaughter hogs at a constant age, we need to 
make some assumptions and calculations to compare the value of increased growth rate when marketing 
at a constant age (Table 14). To be consistent with previous comparisons, we will assume that the 
difference in subsequent :growth rates of pigs previously fed complex vs. simple diets, is 0.06 lb/day 
during the grower-finisher phase. This is equivalent to a 6 day reduction in days to mark.et resulting from 
a 2 lb weight advantage of pigs fed a complex diet leaving the nursery. 

Using the previous assumptions, we can afford to spend an extra $2.97/pig on feed costs in the nursery 
in order to breakeven. 
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Determining the Cost of the Starter Feeding Program Relative to the Economic B_enefits of Reduced 
Days to Market · 

In order to obtain a 0.06 lb/day growth rate advantage (1.50 -1.44 lb/day) use of a complex diet in a 3" 
phase feeding progran1 is assumed. If this pig consumed 3 lbs of a typical complex Phase I diet 
($0.50/lb), 15 lbs of a typical com-soy-dried whey Phase II diet ($0.15/lb), and 50 lbs of a simple com­
soy Phase III diet ($0.08/lb), the cost of feeding this pig for 6 weeks in the. nursery is $7.75/pig. 

.Table 14. Determining the Value of Reduced Days to Market for Pigs 
Marketed at a Constant Age 

Starting weight, lbs* 

Starting age, days 

Average daily gain 
grow-finish period, lbs/day 

Days fed in grower-finisher 

Lbs grow-finish gain 

Weight of pigs 
@ 175 days of age 

Grow-finish feed 
conversion** 

Grow-finish feed 
consumed, lbs 

Grow-finish feed price, 
$/cwt 

Grow-finish feed cost 
@ 175 days of age, $ 

Market hog price, $/cwt 

Market value, $/hog 

Returns over grow-finish 
feed cost, $/hog 

Advantage for obtaining 
0.06 lb/day faster gains, 
$/pig 

Type of Starter Program 
Complex Simple 

52 

56 

1.50 

119 

178.5 

230.5 

3.20 

571.2 

1. oo· 

39.98 

50.00 

115.25 

75.27 

+ $2.97 

50 

56 

1.44 

119 

171.4 

221.4 

3.20 

548.5 

7.00 

38.40 

50.00 

110.70 

72.30 

._,'!. 

* Assume that use of a complex diet in Phase I results in a 2 lb 
advantage at the end of the nursery period, which translates 
into about a 0.06 lb gain/day-advantage for feeding a complex 
diet as per Tokach ( 1992). · 

** Assume that feed conversion is the same for pigs achieving 
reduc.ed days to market . Tokach et al . ( 19 9 Ob) and Stairs et 
al. (1991). 
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If we assume that the pig gaining 1 A4 lb/day was not fed a 'Phase I diet, but consumed 15 lbs of the same 
com-soy-dried whey Phase II diet and 53 lbs of the simple com-soy Phase III diet, the total nursery feed· 
cost for this pig for 6 weeks in the nursery would be $6.49/pig: The difference in nursery feed cost 
between feeding the complex vs. the simple starter feeding programs is $1.26/pig in favor of using the 
complex diet feeding program. ·Typically, overall nursery feed conversion is better for pigs fed a complex 
starter diet feeding program compared to pigs fed less complex or simple diets. Without considering the 
better feed conversion of using the complex diet feeding program, the additional cost of starter feed for 
pigs fed the complex diet is alJQut 40 % of the added value resulting from faster gains in the grower­
finisher phase. Therefo

0

re, it i~ clear that use of expensive complex diets in a 3-phase feeding program 
for pigs marketed at a const~t age is economically feasible. 

A further economic evaluation (Table 15) shows that even with low market hog prices ($40/cwt) and high 
grow-finish feed costs ($0.08/lb), the proper use of an expensive complex Phase I diet for pigs weaned 
at 25 days of age or less and weighing 12 lbs, is still justified by $0.49/pig marketed ($1.75/pig to 
breakeven - $1.26/pig estimated starter diet cost difference) when pigs are marketed at a common age. 

Table is. Additional Cost of Starter Nutri-tion {$/Pig) to Breakeven 
When Obtaining a Growth Rate Advantage of 7 Days to 
Market at various Market Hog and Grow-Finish Feed Prices·. 

Market Hog Grow-Finish Feed Price, $/Lb 
Price, $/cwt 0.06 0.07 0.08 .; 

40 2.19 1~97 1.7S 

so 3.19 2.97 2.7S 
~ 

60 4.19 3.97 3-. 7S 

EVALUATING THE ECONOMICS OF THE STARTER FEEDING PROGRAM IN FEEDER PIG 
PRODUCTION OPERA TIO NS 

For feeder pig operations, the economic value of using more expensive complex starter diets instead of 
less complex, less expensive diets is relatively· easy to calculate, but like farrow to finish operations is 
dependent upon the intensity of production flow through facilities. A typical 2 lb increase in weight per 
day of age at the end of the nursery period can net an extra $0.74 profit/pig, assuming a feeder pig is 
worth $1/lb and it costs $1.26 extra in starter feed costs (from the previous example) to obtain those extra 
2 lbs. In other words, extra profit per feeder pig sold can be obtained, provided that the extra cost of 
achieving heavier pigs out of the nursery does not exceed the market value of the gain. If, however, 
production flow is less rigid, and feeder pigs are sold at a common weight, then the economic value of 
using complex starter diets is harder to justify. 

WHAT DOES ALL OF THIS MEAN? 

' 
The ·whole economic decision depends on two key factors: 1) the economic value of extra gains and 
weight of pi.gs fed complex diets in the nursery and at market weight or age and 2) the intensity of 
production flow of pigs through facilities relative to marketing by weight or by age. In high investment, 

234 

' ' 

I 
I 
I 
I 
I 
I 
I 



high intensity farrow to finish operations that market pigs at a constant age to meet pig flow demands, 
use of higher cost complex starter diets is essential to obtain higher net profit/pig marketed. However, 
less intensively managed operations with less restrictive pig flow through facilities make it difficult to 
obtain enough facility cost savings to justify more expensive starter feeding programs. ·In these types of 
farrow to finish operations, considerable management attention should be given to improving pig flow 
which is likely significantly limiting total profit/pig produced. 

THE TAKE-HOME LESSON 

New, mill quality feed ingredients have been developed and made available to the swine industry in the 
recent past. These ingredients when combined with traditional feed ingredients in a complex diet support 
growth · performance of nursery pigs superior to simple . diets based on corn and soybean meal. 
Unfortunately, these high quality ingredients are relatively' expensive so their.use increases feed costs over 
simple diets based on cereal grains. While public and private research generated the knowledge needed 
to effectively use these new feed ingredients, practical application of this technology will be driven by 
economic considerations. Consequent! y, phase feeding programs for the nursery phase of production were 
developed in an attempt to maximize growth performance of pigs while controlling feed costs. Phase 
feeding programs allow the judicious use Of high quality, expensive ingredients that match the young pig's 
digestive capabilities. Violation of the guidelines set· forth· in a phase feeding program decreases the 
producer's opportunity for profit. : 

DO all profit-minded swine producers need to adopt a multi-phase feeding program for nursery pigs which·' · 
relies on complex, high nutrient dense diets that are relatively expensive? The answer in a word is "no". 
Swine producers must evaluate their individual operation to determine if multi-phase feeding programs 
are justified economically by answering the following question~: 

1. Is the production schedule in my facilities (nursery or nursery and growing-finishing) so 
rigid that I must market pigs at a given age? · 

2. Is the production schedule in my facilities (nursery or ·nursery and growing-flfiishing) · ,...... 
flexible enough to allow marlceting of pigs within a window of 7 to 14 days? , 

If a producer answer "yes" to question 1, then he/she probably will benefit economically by implementing , 
a phase feeding program using complex, high nutrient dense diets. Alternatively, if a second producer 

: answers "no" to question 1 and "yes" to question 2, then the extra cost associated with a phase feeding 
program in the nursery will probably not be covered by financial returns from improved pig performance. 
The second producer could make adoption of a phase feeding program profitable by increasing intensity 
of the system to take. advantage of improved pig performance allowing more pigs to be produced in the 
facilities per unit time. 

(· 
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DIGESTIBILITY OF STARCH BY POULTRY 

INTRODUCTION 

J.M. McNab 
AFRC Institute of Animal Physiology 

and Genetics Research 
Edinburgh Research Station 

Roslin, Midlothian EH25 9PS 
Scotland, U .K. 

Starch constitutes between 600 and 700 g/kg of the dry matter of cereals, a larger proportion 
of many roots and tubers (e.g. cassava and potato) and is a major component of many of the 
so-called grain legumes such as peas and beans. Depending on its source, differences can 
exist in the nature of starch and it has often been speculated that these may influence the · 
extent to which-it is digested by monogastric animals such as pigs and poultry. For example, 
it is generally accepted that cereal starches are more effectively digested than those from 
either roots or tubers while the digestibilities of legume starches tend to be intermediate 
between these two extremes (Nitsan and Bartov, 1972; Fleming and Vose, 1979; Coates and 
Rolls, 1981). Raw potato starch is resistant to degradation by some amylases, including those 
from the pancreas of chickens. The surface properties of the raw potato starch granules have 
been shown to be responsible for this resistance to amylase attachment (Gallant et al., 1972; 
1973). The effects of this resistance are evident when raw potato starch is the main source 
of carbohydrate in the diet of chickens, the growth rate of the birds beiilg substantially 
depressed. (Nitsan and Bartov, 1972; D'Mello et al., 1973; Whittemore 1977). Although 
starch is the major carbohydrate constituent of ll)OSt poultry diets and an important source. 

·of metabolisable energy (over half of the energy metabolised by poultry is derived frOln 
starch), the extent to which starch from different plant sources is digested by poultry has 

\ 

received relatively little attention from nutritionists. This is surprising because the dietary 
. starch content is, more often than not, included in equations used to predict dietary 

metabolisable energy values (Carre et al., 1984; Fisher, 1982; Hartel et al., 1977). It is 
therefore imperative to know how uniform is the digestion of starch _across ingredients and 
whether it can be affected by processing or by the age of the bird. 

CEREALS 

In early studies Bolton (1954 ; 1955) concluded that adult cockerels digested the starch in 
wheat, barley, maize and oats completely, despite the fact that the colorimetric assay used 
at that time suggested that some starch was. present in the excreta of birds given these 
cereals. However, because his qualitative tests (which were not named) proved negative he 
attributed the colour to reactions with ketones and bacterial sugars rather than to the 
hydrolysis products of starch. In contrast to this study and the widely held view which it 
promoted, Mollah et al. (1983) and Rogel et al. (1987) reported very variable starch 
digestibilities for Australian grown wheats, with values ranging from 80 to 99 % . A survey 
in our laboratory of wheats grown in the UK (Longstaff and McNab, 1987), however, 

· suggested that although the starch content of wheat was affected by the variety and the 
'environment under which it had been grown, adult cockerels were able to digest the starch 
almost completely. No differences could be detected among the six varieties _examined, a 
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mean value of 99.7% being observed. Subsequent evaluations with over 100 wheats grown 
in the UK using the tube~feeding bioassay (McNab, 199i) have substantiated this view, 
namely that the starch in wheat is completely digested by adult birds and differences in starch 
digestibility are unlikely to explain variations in its metabolisable energy value. The view 
persists, however, particularly in Australia (Annison,1990; 1991) and within the compound 
animal feed trade in the UK (Holmes 1992), that shortcomings in the nutritive value of ~heat 
can be the cause of poor pertormance by broilers and result in wet litter. The current position 
with wheat starch digestion is extremely confused with some experiments appearing to 
suggest that it is less than completely digested by chickens because of "antinutritive activity" 
caused by the viscous properties of arabinoxylans (Choct and Annison, 1990) although the . 
mechanism of this reaction is not understood. Water-insoluble arabinoxylans isolated from 
wheat and added to experimental diets based on sorghum have been shown to reduce apparent 
starch digestibility (from 99.2 to 97.2%) which in turn depresses dietary AME (Choct and 
Annison, 1990). However, water-soluble pentosans had no effect either on AME or on starch 
digestibility. Because the effects recorded were very small they need to be confirmed under 

· more rigorous experimental conditions. ' 

LEGUMES 

Over the years there has been surprisingly little information.generated on the digestibility of 
legume starch by poultry. Guillaume (1978) found that, although autoclaving field beans . 
improved the digestibility of the starch when beans were fed to young broilers, starch 
digestibility remained at least 15 % lower than that of maize. At the time the poorer ;starch 
digestibility was tentatively attributed to the presence in the beans of lectins, although no 
hypothesis was offered to explain the mechanism. In our laboratory we have carried out 
several experiments with pea and bean starch using balance techniques after tube-feeding 
adult cockerels 50 g of the materials under test or 3-week-old broiler chicks 10 g of the same 
materials. Although these assays were originally developed to derive the true metabolisable-, 
energy of foods they have been extended to the derivation of the true digestibilities of amino " --~ 
acids (Likuski and Dorrell, 1978) and starch (Longstaff and McNab, 1986). As has already 
been discussed at this meeting (McNab, 1992) in a strictly classical sense the term 
digestibility when used in this context is not correct, because part of the output used in the, 
balance equations originates from the urine. However, because there are most unlikely to be 
any polysaccharides present in . urine, the rationale for applying the assay to derive ~ 
digestibility coefficients for polysaccharides such as starch appears reasonably well justified, 
particularly when the excreta from control birds feature in the calculation. As has been 
argued when applying the technique to the derivation of amino acid digestibilities, the use 
of colostomised birds, although probably preferable on scientific grounds, would be unlikely 
to improve either the precision or the validity of the measurements. The real assets of this 
type of bioassay are the ability to examine individual feedstuffs directly and the avoidance 
of contamination of excreta with food. The disadvantages, which could lead to errors, are 
firstly the risk of residues from the previous diet remaining in the digestive tracts of the birds 
when the birds are tube-fed and being excreted during the balance period ; this would lead 

· to digestibility coefficients _being underestimated. And, secondly, incomplete evacuation of 
· undigested components from the test feedingstuffs within the time allocated for collection 

(usually 48 h) would result in the overestimation of true digestibility. 

Results from experiments of this type have shown conclusively that the starch in peas is 
considerably less well digested by adult cockerels than those from cereals (Longstaff and 
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McNab, 1987). It .was also shown that none of the treatments imposed on peas - grinding to 
. a particle size of less than 1 mm, autoclaving, oven-heating, dehulling or supplementing the 

peas with a crude commercial cellulase enzyme preparation - was able to increase the 
digestibility of the pea starch from about 91 % (Table 1). In vivo, it seems likely that several 
factors will influence the extent to which starch might be digested ; the size and nature of · 
the starch granule itself, the accessibility of the starch to the digestive enzymes (this may 
depend on the thickness and structure of the endosperm cell walls), the time of exposure to 
the digestive enzymes (i.e. the rate of food passage) and p0ssibly the presence in the 
foodstuff (or diet) of enzyme inhibitors. Although it may prove difficult for nutritionists or 

I 

food technologists to change the nature of the starch it should prove possible to alter its 
accessibility to enzyme degradation and to knock_ out any amylase inhibitors and, perhaps, 
·slowdown the rate of food passage. 

TABLE 1. Digestibility of starch in peas subject to different treatments 
by adult cockerels 

Treatment Digestibility (%) ± SD 

whole 75.6 ± 16.2 

ground (1 mm) 88.1 + 2.0 

heated and ground 90.4 ± 2.5 

autoclaved and ground 91.4 ± 2.9 

dehulled and ground 92.8 ± 3.4 

It seems unlikely that the extent to which the starch in peas is digested is being constrai!led 
by inhibition of the appropriate digestive enzymes. Amylase inhibitors have never bee!l 
detected-in either peas or beans (Liener, 1980). Furthermore, the addition to peas of a crude·"~ 
enzyme preparation, which had been shown in vitro to have considerable amylolytic activity. · 
might have been expected to cause an improvement in any starch digestion which had been 
hindered by insufficient amylase production by the bird. This did not happen. In this context 
it is probably relevant to mention that the amount of pancreatic amylase,. the principaI 
enzyme involved in starch breakdown, secreted into the small intestine is very large_ _. 
(Longland 1991). For example, it has been calculated that under normal conditions the 
weight of starch that is capable of being hydrolysed might be equal to at least half of the· 

i . 
I r­
\ 

. liveweight of the animal. However, although there is some evidence, at least with pigs, that · 
the amount of enzyme produced and secreted by pigs may be affected by the nature of the 
diet (Partridge et al., 1982) results from other experiments suggest that neither the nature of 
the starch nor its dietary concentration affected amylase output (Corring and Saucier, 1972; _ 

• Zebrowska et al., 1983). 

It seems likely that starch digestion, at least in some experiments, is being influenced by its 
accessibility to the digestive enzymes. For example the lower digestibility of starch (76%) 
when peas were fed whole could really only be.attributed to poor contact between amylase 
and starch, for it was observed that whole or split cotyledons were excreted by birds fed· 
unground peas .. Jn addition, the ability to detect more starch in vitro after one aqueous 
extraction of peas ground through a 0.5 mm sieve (42.6%) than of those ground through a 
LO mm sieve (40.1 % ), together with the observations that the hydrolysis of the starch in 
samples ground to pass through the 0.5 mm screen was faster. than in samples ground to pass 
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through the 1.0 mm sieve, illustrates that maximising the surface area to starch ratio (and 
presumably the enzyme. to substrate contact) may well be an importan_t factor in the 
effectiveness of starch breakdown in vivo. ' , ' 

-
It also appears as-if the removal of fibre acted as a further aid to starch degradation, because 
an even more rapid rate of starch hydrolysis was observed in vitro when the hulls of peas 
were excluded from the incubation medium and a better and faster ·rate of starch digestion 
was recorded in vivo when the birds were fed dehulled peas. Better enzyme to substrate 

. contact is an obvious possible explanation of this response. This observation does, however, · 
partly conflict with those from Snow and O'Dea (1981) who reported that ground brown riee 

, starch was hydrolysed by a mixture of cx-1:4·, a-1:6 - amyloglucosidase at the same rate as 
that from the less fibrous ground white rice. · 

I 

Recent results from our laboratory (Yuste et al., 1991) with purified starches prepared from 
peas and beans strongly suggest that, although particle size and the presence of cell wall 
carbohydrates may influence starch digestion when legumes form part of the diet, legume 
starch is intrinsically more slowly and less effectively digested by both adult and young_ birds 
than starches from wheat or cassava (Table 2). Indeed bean starch was significantly less well 
digested than that from pea. This strongly implies that the structure of the starch is 
influencing its digestibility and may offer an explanation for data which showed that there 
are marked differences in the digestibilities of starches from different legumes in vitro (Gee, 
1985). 

·TABLE 2. True digestibilities of starches in 50:50 mixtures of soyabean 
meal and starches by adult cockerels and young broilers 

Mixture Starch Digestibility (%) ± SD 

soya: wheat 

soya : cassava 

soya: pea 

soya: bean 

-soya : potato · 

· Cockerels 

99.0 ± 0.6 

99.2 ± 0~3 
98.0 ± 0.2 

94.5 ± 2.1 

70.2 ± 6.4 

broilers 

99.4 ± 1.0 

. 99.3 ± 0.5 

94;2 + 6.4 

78.2 + 5.8 

39.3 ± 6.9 

Whether there is an interaction between the animal and its ability to digest legume starches 
is largely unexplored. However, the high digestibilities in vivo of starches from a number of 
legumes by rats (Fleming and Vose, 1979) suggest that the target species may be a factor in 
determining the extent to which starch is digested. Certainly tHe digestibility coefficients 

J obtained for the pea starch in this study are much higher with rats (96. 9-99. 9 % ) than have 
ever been seen with poultry in our laboratory. The observation that the starches isolated from 
peas, field beans and potatoes, respectively, were less well digested by 3-week-old broiler 
chicks (94,78 and 39%) than by adult cockerels (98, 94 and 7.0%) does suggest that amylase 
proc!uction may be a limiting factor in the younger bird (Yuste et al., .1991). Well-digested 
starches (those from maize and wheat) were .found to be digested quickly, next to no starch 
being detectable in digesta reaching. the terminal ileum •. Starches which were less well 
dige~ted at the proximal ileum (cassava, pea and bean) were further digested·, but only to a 
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relatively ~mall extent, during pas.sage through the ileum. 

Starches escapfog digestion in ·the srri~ll ,intestine are, at least potentially, available to the . 
microflo~ of the hindgut as substrates for fermentation. Although the hindgut is. 
conventionally considered as the site of microbial fermentation, there is increasing evidence' 
(at' least in pigs) .that a significant amount of microbial activity occurs in the lower part of 
the ileum (Millard and Chesson, 1984 ; Graham et al., 1985). In both poultry and rats the· 
site of greatest microbial activity is the caeea. Despite the fact that caecal enlargement has . 
been observed in rats fed on diets containing legume starch (Fleming and Vose, 1979), the 
digestibility of starch from .beans was unaffected by the absence of caeca in adult cockerels. 
(Longstaff et al., 1991). Although it . cannot be ruled out that another· part of the 
gastrointestinal tract has assumed the role of the caeca; these data and other results, whi~h. 

. involved comparisons .between the extents to which starch was digested between the terminal ' 
ileum .and being excreted, imply that fermentative activity in the hind gut does not result in 
the disappearance of undigested starch. This view is supported by some studies with germ 
free and conventional chicks, where it was shown that maize starch digestibility was not 
affected by the gut micro flora (Kussaibati et al., '1982). However, the increase in caecal 
length observed among chicks receiving cassava, pea, bean and, most noticeably, potato 
starch would seem to indicate _that undigested materiaI was entering the caeca (Yuste et al., · 
1991). It was, therefore;. perhaps surprising to find that no further breakdown of poorly 
digested starches appeared to occur in the low~r gut. , . 

CONCLUSIONS .; 

. ' ' . . 

It does not seem possible at this stage to reach meaningful general conclusions on the extent 
to which starch is digested by poultry. It appears t<) be accepted that, with the. possible' 
exception of potato starch (Whittemore, 1977), poultry do riot requite starch to be gelatihised 
as a prerequisite to its effective digestion (Bolton, 1955 ; Mollah et al., 1983 ; Longstaff and 
McNab, 1986). Most reports on legume starches tend to support this view and cookirig has"'~ 
frequently. been shown to result in a reduction -in the extent to which starch is digested 
(Fleming and Vose, '1979 ; Longstaff and McNab, 1987). The most likely explanation for 

.· this decrease· is the formation, during cooking, of retrograded starch which, because of the 
formation of intermolecular hydrogen bonds, i~ generally accepted as being resistant to. -
hydrolysis by amylolytic enzymes (Osman, 1967): Cooking is, therefore, '1nlikely to offer~ .. 
a practical means whereby the digestibility of starch might be improved, because any possible 
beneficial effects . resulting from pre:.gelatinisation will be counterbaianced by the 
unfavourable effect.of retrograd~tion. It might, however, ·be.important to encourage as rapid 
a rate of starch hydrolysis ·as i>ossible· in 'poultry, because Of the exceedingly rapid rate (less 
than 4 h) of food passage (Heuser, 1945 ; Hillerman et al., 1953). Provided conditions could 
be defined which prevent or perhaps limit starch retrogradation, it is possible that some form 
of heat processing could benefit the nutritional status of certain starches for poultry. 

- . 
,, There seems little doubt that the physical an_d chemiCal properties of starch affect th.e extent 

to which it is digested by poultry (e.g. p0tato, field bean). Because certain starches appear 
, to be more extensively digested after they have ·been isolated from the plant, it seems 

reasonable to conclude that the endosperm cell w~lls which' envelop the starch in the grain, 
·are acting as a physical barrier to its complete interaction with amylase in the gastrointestinal 
tract and limiting its digestibility. This hypothesis also allows an explanation for the 
observation that the addition of oat hulls to diets containing poor quality wheats (low AME) 
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increases the extent to which their starch is digested (Rogel et al.' 1987). The abrasion 
cau~ by the actions of the gizzard and the fibre may be sufficient to liberate previously 
~protected starch. Why, however, this should only happen with certain wh~ts under assays 
involving continuous feeding is puzzling. The tube-feeding assay in the hands of two different 
laboratories did not result in the derivation of low TME values (Mollah et al.,' 1983) and it 
cannot be completely ruled out that these low AME values and starch digestibility coefficients 
were artefacts of the "classical balance technique. Undetected food spillage could readily 
explain the low values derived. 

' 
Recent thinking in Australia (Annison and Choct, 1991) is focusing on the arabinoxylans of 
the wheat cell wall as being responsible for poor wheat starch digestibility and low AME 
values, despite earlier evidence suggesting that these viscous polysaccharides did not result 
in any impairment of nutrient ;:ibsorption (Rogel et al., 1987). However, later studies (Choct 
and Annison, 1990) involving the addition of alkali-soluble arabinoxylans (up to 65. 7 g/kg) 
to a commercial broiler diet depressed apparent starch digestibility from 96 to 82 % ; 
furthermore, the moisture content of the excreta was much higher and bird performance 
markedly reduced. This antinutritive effect has been likened to that induced by the non-starch 
polysaccharides of barley and rye and it has been shown that the non-starch polysaccharide 
contents (pentosan plus P~glucan content) of cereals correlates closely with their AME vaiues 
(Choct and Annison, 1990). Whether this effect is caused by impaired diffusion within the 
gastrointestinal tract or is mediated by the gut microflora must await the results of future 
more definitive experimentation. It is interesting that Mead et al. (1983) have observed 
increased numbers of E.coli and faecal streptococci in the small intestines of chickens·· fed on 
diets based on wheat and excessive proliferation of some bacteria (e.g. Streptococcus 
faecium) has been implicated as a factor depressing growth in chickens (Fuller, 1984). A 
bacterial interaction could explain why different results are obtained in acute experiments-

- after· tube-feeding than are found with classical balance studies involving ad libitum feeding 
over several days. 

Finally, starch granules in cereals are frequently associated with the storage proteins, an 
association which provides the basis for the hardness of the grain (Simmonds et al., 1973 ; 
Stenvert and Kingswood, 1977), this relationship does not appear .to affect its digestibility. 
Furthermore, although amylase inhibitors are known to be present at high concentrations in 
wheat, to be active against chicken pancreatic amylases (Buonocore et al., 1977), and to _be 
resistant to inactivation by heat, they are completely destroyed by the action of pepsin in the 
gizzard (Macri et al., 1977). The fact that these inhibitors appear to be more resistani to the 
action of pepsin in "raw" wheat, may explain the beneficial effects of heat treatment that 
have occasionally been claimed. 
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USE OF BARLEY IN GROWING TURKEY DIETS 

Peter R. Ferket 
Extension Poultry Nutritionist, 
Department of Poultry Science, 

. North Carolina State University~ 
Raleigh, N.C. 27695-:7608 

Barley is a major crop in Scandinavia, western Canada, and many parts of the U.S.A. Traditionally, it 
is used for brewing, human foods, and ruminant feeds, although it is also routinely used in some swine 
feeds. However, barley is perceived by many as an inferior feed grain for poultry feed, regardless of 
the local supply and price situation. The reluctance of using barley in poultry diets is primarily for 
two ~easons: 1) barley contains less metabolizable energy relative to other .cereals; and 2) litter 
problems in poultry with barley-based feeds. These two problems can be circumvented by the use of 
microbial enzyme preparations that have recently become available, making barley a much more 
attractive feedstuff. This is particularly of interest to ~rkey producers in the upper midwestem ·region 
of the U.S., where there is access to competitively-priced barley from local sources or the Pacific 
Northwestern region of the U.S. The objective of this paper i~ to demonstrate the potential value of 
barley for turkeys. 

Barley is usually considered a less desirable grain for feeding poultry than com because it contains 
less energy and more undigestible components. Barley grain is composed of about 62% starch, 19% 
cell walls (fiber), and 12% protein on a dry matter basis. Relative to ~heat and com, b~rley has 
higher fiber and consequently lower energy value. The fiber content of barley can vary from 16 to 
25% of the dry matter (DM), depending on the cultivar and growing conditions (Graham et al., 1987). 
Typical cell wall of grains consists of fibrillar polysaccharides (mostly cellulose), matrix , 
polysaccharides (pectins, hemicellulose and small amounts of glycoproteins), and lignin (Selvendran 
and O'Neil, 1987). In barley, the non-starch fiber fraction (cell wall material) ·consists of cellTuos!! 
(2.0 to 6.3 % of DM), lignin (1.6 to 3.3 % of DM), beta•glucans (2.4 to 5.2% of DM), and ~ 

ar:abinoxylans (5.5 to 11.0% of DM) (Graham et al., 1987; Newman and Walter, 1988). Cellulose·~~· 
lignin, and arabinoxylans are found mainly in the hull fractiof! of \)arley, whereas the beta-glucans 

' ' 

comprise of about 75% of the endosperm cell walls. 

Beta-glucans are polysaccharides having mixed 1-3 and 1-4 glycosidic linkages and they are deposited 
in the endosperm cell wall after most of the starch is formed in ·th~ barley grai!l (Aman et al., 1989). . 
Therefore, the beta-glucan content reaches a maximum level a few days before the gain is ripe for, 
harvest. Moreover, beta-glucan solubility is much higher during grain maturation than at harvest time 
(Aman. et al., 1989). Barley cultivars grown in hot or dry conditions tend to have higher beta-gluco/1 ., 
content than barley grown in more tem~rate clim~tes (Aastrup, 1979) .. 

About 55% of the mixed-linked beta-glucans in barley are soluble and the rest is insoluble; The 
soluble mixed-linked t>eta-glucans give rise to viscous solutions in water. It is these gel-forming 
soluble beta-glucans that cause problems for poultry (White et al., 1983). Classen (1991) suggested 

. that they reduce nutrient assimilation, growth rate and efficiency of feed. utilization, and cause wet 
litter problems. The soluble beta-glucans increase viscosity of gut -lumen contents and acts as a 
physical barrier to endogenous enzymes and solute diffusion. The rate of diffusion of solutes 
decreases as· vi_scosity ·increases in the lumen of the gut Because enzymes, substrates, and products 
are all solutes, an increase in viscosity. of the gut contents will decre(!.Se the rate of digestion 
significantly. As the rate of digestion decreases, the rate <;>f intestinal through put decreases, resulting 
in reduced feed intake and increased microbial activity in the small intestine (Salih et al., 1991). The 
negative impact of gut microbes is implicated by the improved response of birds fed barley~based 
diets.supplemented with antibiotics (Moran and McGiilnis, 19~8; Classen et al., 1985). 
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·' The cellulolytic or hemicellulolytic enzymes produced by some fungi and bacteria can degrade poorly 
digestible or viscous polysaccharides. Therefore, the dietary supplementation of suitable enzymes 
(such as beta-glucanase, xylanase, mannase, and pectinase) can be a practical way of improving the 
feeding value of some low energy feedstuffs like barley for poultry. Recent work by Dr. Craig Wyatt 
at Washington State University illustrated that beta-glucanase supplementation will increase 
metabolizable energy value of different barley cultivars, depending on the content:S of beta-glucan, 
soluble carbohydrate, or crude protein (Table 1). Supplementation of bacterial or fungal enzymes that 
contain beta-glucanase have been reported to overcome some of the adverse effects of feeding barley 
to chickens (Willingham et al., 1959; Rickes et al., 1962; Potter et al., 1965; Hesselman, 1983; 
Newman et al., 1985; and Edney et al., 1989). However, few studies on the effects of beta-glucanase 
supplementation in barley-based diets for turkeys are reported in the literature. 

Recently, an experiment was conducted at North Carolina Sta~ University to evaluate the potential of 
barley-ba5ed diets supplemented with different levels of beta-glucanase to turkeys. Six replicate pens 
of 28 turkeys were subjected to each of 6 experimental treatments from one day to 18 weeks of age. 
The following were the six treatments used: 

1. Conventional com-soybean meal diets (Diet A) 
2~~ Barley-soybean meal diets (Diet B) 
3. Diet B + 165 beta-glucanase units/kg 
4. Diet B + 330 beta-glucanase units/kg 
5 Diet B + 660 beta-glucanase units/kg 
6. Barley-soybean meal made isocaloric with the com-soybean meal diet by adding fat 

(J?iet C) + 165 beta-glucanase units/kg 

The beta-glucanase enzyme added to the barley diets was the dry form of BAN 1000 S, supplied by 
Novo Nordisk, Inc., Danbury, Connecticut. The pure form of this enzyme contained 1000 
beta-glucanase units (BGU)/g, but as with other commercial enzymes, the enzyme we used also had a .. 
number of minor side activities. The treatment diets all had similar nutrient content with the exception 

\ 

for energy, and they were pelleted (Tables 2 and 3). The toms consumed the experimental diets free - , 
choice and were raised under normal management practices. Treatment effects were evaluated- on the : >~ 
basis of body weights, feed conversion, mortality, litter moisture, and carcass parts yield. 

Body weights of the toms at 3, 9, and 18 weeks of age are shown in Table 4. At 3 weeks of age, the 
toms fed the barley diets without any enzyme weighed only 53% of the toms fed the com diets. 
However, body weight increased linearly as the level of enzyme increased up to the 330 BGU/kg 
level; no additional advantage was gained at the 660 BGU/kg level of enzyme. A similar trend was 
observed at 9 and 18 weeks of age, but the differences among the treatments decreased as the 

·barley-fed toms showed some compensatory growth relative to the com-fed birds during the finishing 
period. Enzyme. supplementation evidently reduced much of the detrimental effects of barley on 
growth. However, the anti-nutritional factors, such as beta-glucans, could not totally account for the 
reduced growth rate observed with the barley diets. The favorable growth response to supplemental 
fat in the enzyme-treated barley diet de_monstrated that energy was also a limiting factor. 

Body weight and feed conversion of toms fed the barley-based diets were inferior to the toms fed tfie 
com-based diets (Table 4) reported by Jevne et al. (1988). Feed conversion was apparently hindered 

\.... by the beta-glucans in the barley because beta-glucanase supplementation improved feed• conversion by 
14 points. Unlike the trend seen with body weight, however, the level of enzyme supplementation had 
no significant effect on overall feed conversion. It is noteworthy that feed conversion of the starter 
feed improved as the level of supplemental enzyme increased. Young birds fed barley-based diets 
have been shown to be more responsive to supplemental beta-glucanase than older birds (Fry et al., 
1958; Fadel et al., 1987; Nasi, 1988). Feed conversion of toms fed the enzyme supplemented barley 
diets after 9 weeks of age was almost as good as those fed the com diets. · 
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Feed ingredient costs are dependent upon the market conditions. At the time of this experiment. com 
cost $132/ton;·soybean meal cost $300/ton, and barley cost $70/ton. Consequently, the cost of the · 
barley diets was $20 to $40 per ton less than the com diets. Even though the barley diets resulted in 

. poorer feed conversion than the· com· diets, feed ingredient costs were as much as $0.05 less per'l>ound 
of body weight gain. Based on these results, barley could have costs as much as 80% the value of 
com to be cost effective. 

The mortality data clearly demonstrates that too much barley in the diet of turkeys is not good unless 
enzyme is added to the diet (Table 5). The toms fed the barley diet without enzyme suffered almost 
50% more mortality than the tom.s fed either the com-based diets or the barley diets containing the 
enzyme. This high level of mortality corresponded with severely stunted growth, pasty vents, or 
twisted legs (perosis) similar to those obseI"Ved with gross nutrient deficiency. This apparent nutrient 
deficiency observed among the poults fed the barley...:based diets without the enzyme could be 
attributed to the anti-nutritional properties of'beta-glucans in barley. The gelling, ion-exchange, and 
absorbing characteristics of beta-glucans are thought to retard the digestive action of intestinal enzymes · 
and also interfere with the absorption of the liberated nutrients (Nassi, 1988; Oassen et al., 1991). \ 
Enzyme supplementation (regardless of level) cut mortality normally seen in turkeys fed barley in half, 
which is evidence that the enzyme supplementation significantly reduced the anti-nutritional effects of 
beta-glucans. 

Much of the mortality observed in this experiment was related to leg problems. Leg problems are 
related to many factors, but they are often associated with wet and sticky litter conditions. Table 5 
illustrates that litter moisture in pens of 6-week-old P<>ults was highest in the barley cont.ml group. 
Litter moisture decreased as the level of enzyme supplementation increased and this trend· was 
observed throughout the experiment. · 

A sample of toms (approximately 26 lbs live weight) from the treatments that performed the ~st were 
killed and cut into commercial parts by a skilled yield technician at a commercial processing plant' 
The carcass yield data are shown in Table 6. Carcass yields of toms fed bariey-based diets compared 
well to those fed com-based diets. Yields of the high-value cuts (breast meat, tenderloins, and lhigh"" 
'meat) from the barley-fed toms were as good or better than those of the com-fed toms, and yield of 
the low-value cuts (neck, tail, and skin) were lower. Enzyme level had little effect on carcass yield, 
but the toms fed the 165 BGU/kg level needed 5 more:days to attain a 26 lbs market weight than the· 
com-fed toms. Carcass yield of toms fed the barley-based diet without the enzyme was riot 
determined because they were too much under weight at th~ time of slaughter . 

. J 

The results of this experiment ·confirm previous studies that supplemental beta-glucanase is effective in 
overcoming barley's deqimental effects on the performance of turkeys. The benefits of enzyme 
supplementation is much more apparent in young turkeys (0 to 9 weeks of age) than in older turkeys. 
Com-based diets will continue to be the standard choice for feeding turkeys in the U.S. However, 
there will be times when competitively priced barley should be considered as an alternative grain. In 
such cases, the use of beta-glucanase is recommended at about 330 BGU/kg of complete feed. 

. ' , ' . 
Sufficient enzyme supplementation will control the mortality, diarrhea, wet litter, and much of the 
stunted growth problems associated with feeding a barley-based diet. Liberal use of supplemental fat 
iri barley-based diets is also recommended to achieve the best feed conversion. · 
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Table 1. Proximate analysis of three barley cultivars grown 
in Washington State 

Steptoe Harrington Odessy 

I?ry Matter, % 91.1. 90.7 91.0 

Crude Protein, % 12.5 17.06 17.2 

Ether Extract, %2 2.2 2.5 2.4 

Soluble Carbohydrate, mi,Jg2 95.8 107.1 1°07.2 

~-Glucanase, %2 3.6 3.9 5.3 .. 
Kcal TME.jkg3 - 3,233 3,373, 3,149 

Kcal TMEJKg ( + Enzyme )4 3,322 3,379 3,615 

1Data adopted from C.L. Wyatt, Washington State University, personal communication, 1991). 
2Nutrient values based on a dry matter basis. 
3TME0 values were detennined by feeding rooster no ~-glucanase (nitrogen-corrected). 
4TME0 values were detennined by feeding roosters ~-glucanase at. 6.0825~ of the diet (nitrogen­
corrected). 
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Table 2. Percentage Composition of ,the Basal Diets Fed'to Market Toms 
From Day of Age Until 9 Weeks of Age 

Pres tarter Starter Grower I 
Diets .(0-3 Wks} Diets {3-6 Wks} - Die.ts {6-9 Wks} 

Ingredient .. A B C· ·A B c ·A B c 
Corn 50.43 .. 5.1. 55' 52.91 
Barley 55.00 48.83 56.78 48.68 54.64 50 .. 55 
Soybean Meal (48%) 38.03 30.94 31.78 38.35 3Q.93 33.00 35 .. 52 32. 74 28.40 
Poultry Meal 5.86 8.00 8.00 5.55 8.00 . 8.00 . 4.00 4.00 ~~00 
Fish Meal 2.50 2.50 2.50 
Poultry Fat 0.69 5.98 0.80 ·0.80 6.94 3. 74 .4.86 9.96 
Limestone 1. 31 1. 34 1. 31 1. 45 1.46 1. 43 1. 46 L55 · 1.40 
Dicalcium Phosphate 1.16 0.76 0.80 1. 58 1.13 1.17 1.66 ·1.51 1.d5 
Salt 0.27 0.19 0.20 0. 30 0. 30 0.22 0.22 0.17 0.12 
D,L-Methionine 0.15 0.22 0.232 o: 11 0.16 0.16 0.07 0.11 0.11 
L-Lysine-HCl .- 0.065 0.03 -· . -
Choline Chloride(50%) 0.02 0.09 0.093 0.04 0.11 0.10 0.15 0.15 0.15 
Vitamin Premix 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 . 0 .. 10 

· Trace Minera 1 s 0.10 0.10 0.10 0.10 0.10 0.10 0.10 ,0.10' '0.10 
Co ban 0.065 0.065 0.065 0.065 .0.065 0.065 0. 065. 0.065 0 .. 065 

Calculated Analysis ~ 
Y°';~· • I 

·Protei.n, % C. P. 
Actua·1 27.0 27.6 27. 4 25.5 27 .o 27'.4 23.7 24.5· .2A.2 
Calculated 27. 5 27.8 27.5 26.0 26.5 26.5 24.1 24.1 24.2 

Kcal ME/lb. 1285 1152 1285 1300 1146 1300 1400 1261 1400' 
Lysine,% 1.65 1.65 1.65 1. 58 1. 55· 1. 55 1. 34 1. 33 1. 30 
TSAA,% .1.10 1.10 1.10 1.01 0.99 0.99 0.85 0.85 0.85 
Crude Fats,% 3.33 3.33 8.52 3.90 3.24 9.25 6.00 7. 57 13~. 00 
Calcium,% 1. 25 1. 25 1. 25 1. 25 1. 25 1. 25 1.20 1. 20 1. 20 
Avail. Phosphorus,% 0.58 0.58 0.58 0.58 0.58 0.58 0.55 0.55 ·~o. 55 
Sodium,% 0.16 0.16 0.16 0.16 0.19 0.16 O.J2 0.12 .0.12 
Cost,$/100 lbs3 10. 98 8.97 9.53 10. 72 8.68. 9.39 lg_,. 52 8.69 ' 9.01 

lvitamin premix su~plied per kg of diet: 13,200 IU Vitamin A; 4400 ICU Vitamin DJ 
_33 IU Vitamin E; 22 mg Vitamin B12; 13 mg Riboflavin; 66 mg Niacin; 22 mg d-Panto­
thenic Acid; 2.2 mg Menadione; 1.2 mg Folic Acid; 6.6 mg Pyridoxine; 2.2 mg Thiamin; 
165 mg d-biotin. 

2Mineral Premix supplied per Kg of aiet; 150 mg Manganese (MnS04·H20); 180 mg 
Zinc (ZnO); 40 mg Iron [Fe3 (S04)2.7H20]; 6 mg Copper (CuS04); 

3cost based on ingredient prices shown on Table 4. 
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Table 3. ·Percentage 'Composition o.f rBasalc-Oiets Fed" to. Ma.ro.ket .Toms · · '· ,. . .•' 

From 9 to 18 Weeks of Age. · ·'°' · · . ·"-. ,_ . ·· ·' .. 
' 

Grower LI •' ···1 ... Developer Finisher 

Ingredient 

Corn 
Barley 
Soybean Meal 
Poultry Meal 
Poultry Fat 

· Limestone .. 

Dicalcium Phosphate 
Salt· . . . 
D, L""Methionine 
L-Lysine-HCl 
Choline Chloride(50%) 
Vitamin Premixl 
Mineral Premix2 

Calculated Analysis 

Protein,% C.P. 
Actual . 
Calculated 

Kcal ME/lb 
Lysine,% 
TSAA;% 
Crude Fat,% 
Calcium,% 
Avail. Phosphorus,% 
Sodium,% 
Cost, $/100 lbs3 

Diets (9-12 Wks) Diets 
A B 

57. 42 ' .. -
- ' 62,. 58 

30.21 ·21.00 
4.00. 8·.oo 
4. 61 .: 5.41 
1. 34 · 1. 31 
1. 70 1.05 
0.22 .· 0.11 
0.09 0.13 

0.20 0.20 
0.10 0.10 
0.10 0.10 

22.0 22.8 
22.0 . 22.0 

1440 1290 
1.18. 1.12 
0 .. 80 0.80 
8.40 8.40 
1.15 1.15 
0.55 0.55 

·0.12 0 . .12 
-10.10 7.17 

c A 

- -~ 66.25 
56.88 
22.31 21. 31 
8.00 .. 4. 70 
9.80 4.47 
1. 29· 1.09 
1.08 . 1. 41 
0.12 . 0.--30 
0.13 0.07 

0.20 0.20 
0.10 0.10 
0.10 0.10 

22.8 18.5 
22".o · · 19.o_· 

1400" 1475 .. 
1.14 . : 0. 95 
0 .. 80· o.·10 

1.15 
0.55 
0.12 
8.28 

8.39 
1.00 
0.50 
0.15 
9.36 

(12-15 Wks) Diets 
B c A 

- 69.75 
,67.84 62.16 
18. 92 14.71 14.93 

4.-00 8:00 · 7.00 
5.95 12 . .45 5.33 

. 1. 23 1.07 0. 91 ·· 
1. 31 :· 0.86. --1. 33 
0.24 0.20 . 0.26 
0.12 o·.12 

0.03 0.09 
0.20 0.20 0.20 
0.10 0.10 0.10 
0.10 0.10 0.10 

19.6 19.3 17.8 
.19°.0·· "19'.ff: · 17 .5 
1301 . :·.1475. ·: 1500 ·' 

0.95 0.95 0.90 
'0.70 .0.7.0 0.65 
8.40 15.20 9.29 
1.00 1.00 0.95 
0.50 0.50 0.50 
0.15 0.15 0.15 
7.13 7.63 9.09 

05-18. Wks) 
B c 

73.90 66,. 49 
8.67 . 7. 57 
8.00 .: 10.00 
6.54 13.29 
1.02 . 0.94 
1.02 0.86 
0.17 0.15 
0.10 .0.10 
0.18 0.19 
0.20 0.20 
0.10 0.10 
·0.10 0.10 

ii> 18.0 17.8· 
17.5 -·-u.5 · 

1326 ... :. i'soo.: 
0. 90 . 0. 90 

. 0.65 0.65 
9.29 16~i~ 
0.95 0.95 
0. 50 0. 50' 
0.15 .0.15 
6.65 7.31, 

\ 

; 

,-,-.... 

\ 
lvitamin Premix supplied per kg of diet: 13,200 IU Vitamtn A; 4400 Vita~in DJ . ' 

33 IU Vitamin E; 22 mg Vitamin ·B12; 13 mg Riboflavin;·-~6 mg -Niacin;:22:mg d-Panto .. 
thenic Acid; 2~2 mg Menadione; 1~2 mg Folic Acid; 6~6 mg Pyridoxine;.2.2-~g Th~amin; 
165 mg d-biotin. · , 

2Mineral Premix supplied per Kg of diet; 150 mg Manganese (Mn S04· H20); 180 mg 
Zinc (ZnO); 40 mg Iron [Fe3 (S04)2.7H20]; 6 mg Copper (CuS04). " 

3cost based on ingredient prices shown on Table 4. 
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Table 4. Effect of barley and enzy11ui treatlnent on body ·~eight, feed conversion, and 
feed cost on market turkey toms1 

. 

Body.Weight, Lbs. 0-18 Weeks of Aqe 
Diet 3 Weeks 9 Weeks 18 Weeks F.eed/Gain $Feed Cost/Lb. Gain 

Corn 

Barley(B) 

B + Ban-66 

B + Ban-132 

B. '+· Ban-264 · 

B Fat +·BAN-66 

.1.S" 

o .ad 

1. oc 

1. 2b -

l .2b. 

1.2b 

1·1. S" 

8. ld 

9.7c 

10.3b 

10. lb 

10.2bc 

2S .S" 
/ 

22.2d'. 

23. Sc · 

24 .9"b ,,. 

24. 3bc 

24. S"bc 

1 -M~ans of 6 replicate p~ns of 28 toms/pen. 

__ 2.7~c 

-3 .14" 

3. oob 
."l 

2 .98b 

.2. 98b 

'. 2. 88bc 

.287" 

.244b 

. 238b 

. 238b 

. 239b 

.242b 

a,b,~eans with different let.ters in a column are significantly different (P < . OS). 

Table ·s. Effect of barley-based diets and enzyme treatment on mortality and 
litter moisture of market.turkey toms ~-

Corn 

Barley(B). 

B + Ban-6G 

Diet 

B + BAN-132 

B + BAN-264 
'. 

B + FAT + BAN-~6 

"·~eetns -with different letters 
(P <.OS). 

in 

% Mortality 
0-18 Weeks 

14. ob 

23. 0" 

11. Sb 

11.8b 

12. Sb 

10. 6b 

a column are 

% Litter Moisture 
12 Weeks of Age 

21. Sb 

27. 0" 

26 .2" 

23. ob 

23. Sb 

21. Sb 

significantly different 

"'. 
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\. ,, Table 6. Carcase yield of tome marketed at 26 pounds live wei9ht1 

Corn Barley Barley Barley-FAt 
+ Ban-66 + Ban-132 +Ban-66 

1 
' ! J 

Days to 26 lbs. 140b 145a 140b 140b 

\ 
I 

Chilled weight, lbs. 22 .13a 2i.'aac 22.04b 22.01b 
I 

%2 75.6b 76.9b Dress, 77.3a 76.0a 

Neck, % 4.2a 3.ab 3.7b 3.ab 

Drumettes, % s.sb s.aa 6.oa 5.9a 

Tail, % 6.4a 6.2b 6.2b 6.3b 

Scapular skin, % 1. 6a i.sb 1. 6a _l.6a 

Scapular meat, % l.6a l.Sa l.Sa 1. 6a 

Neck skin, % 3.0a 2.7b 2.aab 3.0a 

Breast skin, % l.9a l.9a 2.oa 2.oa..i. 

Breast meat, % 20.1b 21.3a 20.gab 20.6b -
~ 

.. '!;:~ 

Tenderloins, % 4.9a s.oa 4.9a 4.9a 

Breast bone, % ll.9c 12.2b 12.4a 12.lb 

Back bone, % 6.9a 6.7a 6.7a 6.7a I 
I 

Thigh skin, % l.4a l.4a l.Sa l.Sa I 
Thigh meat, % 13.3b 13.2bc 13.lc 13.6c 

_Thigh bones, % 2.6b 2.sb 2 .aa. 2. 7ab'-
'~ I 

Drumsticks, % 12.6a 12.6a 12.4a 12.Sa 

1oata expressed as a percentage of chilled carcass weigl)t. Means of 24 I 

tons/treatment. 
?creased yield expressed as a percentage of live weight. ' 
a,b,c,Means with different letter superscripts are significantly different 

(P < . 05) . 
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INTRODUCTION 

VITAMIN E AND SELENIUM NUTRITION OF POULTRY 

G.F. Combs, Jr. 
Division of Nutritional Sciences and 

Department of Animal Science 
Cornell University 
Ithaca, New York 

Shortly after the introduction of the revolutionary "vitamin" concept, a-tocopherol was discovered to 
be the antioxidant present in P,lant lipids which supported normal gestation in rats and, later, normal 
vascular function in chicks. These discoveries led to tJ1e tocopherols being named, as "vitamin E", 
among the earliest identified vitamins. In contrast, the first suggestion that selenium (Se) might have a 
nutritional role was not made until the latter 1950's when it was found to replace vitamin E in the 
diets of rats and chicks for the prevention of dietary hepatic necrosis and exudative diathesis, . 
respectively. During the decade following this discovery, many investigators reported the activity of 
Se in preventing or ameliorating vitamin E deficiency disorders in several other species. These 
included nutritional myopathies, reproductive failures, hepatic degeneration (in some species), vascular 
disorders and growth retardation. Because vitamin E was regarded to function as a biologically· 
specific lipid antioxidant, the nutritional interactions of Se and vitamin E were interpreted by many 
researchers as evidence of an antioxidant function of Se. As the mode of action of Se remaii:ied 
unclear, controversy developed concerning its nutritional role. One school of thought held that Se was 
nothing more than a factor that spared the function of vitamin E; another heid that it must be a 
nutrient in its own right 

This controversy was settled in the early 1970's when a syndrome (nutritional pancreatic atrophyl"was 
found to result from Se deficiency in the vitamin E-fed chick, and Se was found to be an essential - , 
constituent of the antioxidant enzyme glutathione peroxidase (SeGSHpx). Those findings, and the ,. - 0~ 
research they engendered, have established Se as an essential nutrient the metabolic function of which 
is irjtimately related to that of vitamin E. Therefore, the physiological impact of nutritional Se · 
deficiency is proi}erly considered only in the context of combined Se-vitamin E status. 

MODES OF ACTION OF VITAMIN E AND SELENIUM· 

Vitamin E and Se are understood to. function as key elements of a qiulti-~component system of 
antioxidant protection within cells (see review by Combs, 1986): This system is comprised of ooth 
hydrophobic elements residing in membranes (vitamin E, ubiquinones, 'c·arotenoids) and hydrophilic 
elements (SeGSHpx, ascorbic acid, glutathione) present in the aqueous phases of the cell (e.g., 
cytoplasm, mitochondrial matrix space). These various components function in concert to reduce free 
radicals generated within the cell, thus, preventing the initiation of oxidative reactions (e.g., the 
peroxidation of polyunsaturated.membrane phospholipids and the oxidation of critical protein 
sulthydryl groups) that can impair normal cell function. Present understanding, therefore, is that the 
key elements of this ce]Jular antioxidant system are vitamin E, as the major membrane-bound· lipid 
antioxidant, and Se, as-the essential constituent of SeGSHpx. Vitamin E functions as a reductant of 
free radicals due to the phenolic character of its chromanol hydroxyl group; its antioxidant activity is 
determined by the number and positions of methyl groups on the chromanol ring and its biological 
specificity is determined by the configuration of its side-chain. The soluble enzyme SeGSHpx 

· catalyzes the glutathione:dependent reduction of hydroperoxides; it contains 4 gram-atoms of Se per 
·mole, each in the form of selenocysteine (SeCYS) at the active center of the enzyme. 
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Selenium has other, less well° characterlzed, physiological functions .. Recently; other SeCYS­
containing proteins have been discovered: a phospholipid hydroperoxide glutathione peroxidase, a 5' -
iodothyronine deiodinase, and a protein (selenoprotein P) proposed to have Se-transport function. 
Whereas clinical signs of Se deficiency are clearly related to. losses of SeGSHpx, the physiological 
roles of these other SeCYS-proteins are presently Unclear. -

SELENIUM DEFICIENCY DISEASES OF POULTRY -

We have reviewed extensively the vitamin E/Se-related deficiency diseases of laboratory animals and 
livestock species (Combs, 1986). _ It is the purpose of this presentation to describe only those observed 
in poultry; these· are summarized in Table 1. · 

' ' '~ . 

Chickens 
Depending upon specific dietary conditions, the growing chick may show any of four vitamin E/Se 
deficiency diseases: encephalomalacia, nutritional muscular dystrophy, exudative diathesis, nutritional -
pancreatic atrophy. The first two are primarily related to vitamm E deficiency, being completely 
prevented by sman dietary supplements of vitamin E; whereas; the last is primarily related to Se · 
deficiency, as it is strictly dependent upon dietary Se; only very high dietary concentrations of vitamin 
E or other antioxidants prevent it in the absence of Se. Only the second disease, exudative diathesis, 
respon<!s to small amounts of either nutrient. -

Encephalomalacia in Chicks. This disorder is characterized by microscopic lesio~s in the c~rebelhim 
accompanit?<!. by hemorrhages and edema; it is manifest as a severe ataxia and is produced by the 
deficiency Of vitamin E in chick diets containing no synthetic antioxidants. Selenium deficiency can 
hasten the onset of encephalomalacia in vitamin E- and antioxidant-deficient chicks (Century and 
Ho.rwitt, 1964); we _believe this effect is due to a role of Se in the utilization of vitamin E by nsural 
tissue, as we have found affected animals to show normal brain concentrations of Se and activities of 
SeGSHpx (Combs and Hady, 1991). _ ~ 

.. -~~ 

Exudatlve Diathesis in Chicks. E:irndative diathesis is characterized- by severe subcutaneous edema, 
particularly in the dei>ending regions of the body (e.g., abdomen, fe~t and ventral aspects of the neck 
and wings). The edema resultS from abnormally increased capillary permeability. Affected chicks are 
also anemic and hypoproteinemic, which also contributes to the edema. Exudative diathesis in the 
vitamin E-deficient chick was found to be prevented by a factor in brewer's yeast, subsequently 
identified as Se .. The combined deficiency of vitamin E and Se produces exudative diathesis in young . 

. chicks within 24 weeks when they are reared with deficient .diets from hatching. By then', hepatic -
SeGSHpx ~ctivities have usually dropped to less' than one-third of control (Se-fedflevefs, and - - _ 
significant declines in erythrocyte SeGSHpx are rioted. The effect of Se deprivation is seen much 
earlier in the plasma wherein SeGSHpx drops to less than 15% of control levels within 6 days, at· 
which time the initial signs of exudative diathesis are not yet observed. In young chicks,-the activity 
of SeGSHpx in plasma is inversely correlated with the risk to developing exudative diathesis. The 
direct involvement of SeGSHpx· in the etiology of exudatlve diathesis was indicated by our findings 
that the disea·se. can be potentiated by· SeGSHpx inhibitors (e.g., aurothioglucose, penicillamfne) and 
prevented by treattnent with a synthetic Se-compound (ebselen) with SeGSHpx-like cat'alytic activity_ 
(Mercurio and Combs, 1986). · 

I 
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longitudinal white striations in the pectoralis and gastrocneni'ius. Affected chicks show genefatized 
muscular weakness and marked decreases in activity. Microscopic examinatiori reveals Zenker's 
degeneration of muscle fibers, with perivascular 'infiltration of eosinophils and macrophages; .the 
condition progresses to fibrosis. Hence, dystrophic mussles show elevated activities of lysosomal 
enzymes and transaminases. Lesions. are not found in other organs. 

Myopathy generally is observable within 20-25 days -when day-old chicks are reared· using a 
dystrophigenic diet. In general, synthetic antioxidants are without effect in preventing nutritional 
muscular dystrophy in the chick; however, Machlin and Shalkop (1956) found that 
diphenyl-p-phenylanine diamine (DPPD) could be effective when added at high ~evels to l~w-fat 
diets1

• Therefore, low levels of synthetic antioxidants a~ used in vitamin E-deficient dystrophigenic 
diets to prevent other vitamin E- and antioxidant-related disorders (e.g., enc,~phaloll!.al!lcia) that would 
otherwise be produced in the chick. · ,, 

Dietary supplements of Se are effective in reducing (by 10-15% ), but not fully preventing nutritional 
muscular dystrophy in the chick. Calvert ·and Scott (1963) showed that, although supplemental Se 
markedly reduced the amount of vitamin E· required to prevent myopathy in chicks, it did not affect 
the level of cystine needed for similar protection. This finding has been interpreted as indicating that 
nutritionaI muscular dystrophy in the chick is primarily a disorder of vitamin E and cysteine 
metabolism, and that the role of Se in this disorder is only to improve the tissue utilization of vitamin 
E. Hull and Scott (1972) found. that both the activity of SeGSHpx and the.concentration of reduced 
glutathione were significantly greater in muscle from dystrophic vs. that of non-dystrophic_.chicks when 
each were fed dystrophigenic diets supplemented with Se. This suggests that the metabolic conditions 
leading to muscular dystrophy in vitamin E and cyste(i)ne deficiency may relate to oxidative stresses 
associated with either reduced utilization of or increased needs for the SeGSHpx system. This is 
supported by the findings of Shih et al (1977) of 2-3 fold increases in the ratio of protein-boun.2 
disulfide:sulfhydryl content, and of appearances of low molecular weight proteins (presumed to be 
derived from proteolysis) in dystrophic chick muscle. The apparent oxidation of muscle proteins· ~ 
during nutritional muscular dystrophy suggests that the need for sulfur-contairnng amino acids by the:. 
vitamin E-deficient chick may relate to an increased need for essential amino acids under these 
circumstances of rapid turnover of muscle proteins. That cysteine is much more effective in this 
regard than is methionine was explained by the results of Hathcock (1967) which-indicated reductions 
in both the transsulfuration of methionine to cysteine and the conversion of cysteine to taurine in the 
vitamin E-deficient chick. 

Nutritional Pancreatic Atroohv in Chicks. Thompson and Scott (1969, 1970) tested the need for s~ 
per se by feeding chicks a low-Se (0.010 ppm) purified diet supplemented with what was believed to 
be an excess of vitamin E (100 IU/kg): They found that the chick required supplemental Se for -
growth and survival; unsupplemented chicks showed decreased pancreatic· exocrine function and · 
impaired utiiization of dietary lipids. The 'pathogenesis of this condition was described by Gries and 
Scott (1972). In the severely Se~deficient chick, pancreatic acfuar cells first show vacuolation and 
hyaline body formation; this is followed by loss of zymogen, cytoplasmic shrinkage and'dilation of the _· 
acinar lumina. Finally, infilt~tiori with fibroblasts and macrophages occurs; the terminal phase is . 

11ndeed, the addition of 4% lard to the dystrophigenic d_iet negated the protective effect of DPPD. 
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characterized by severe periacinar fibrosis2
• These histological changes are associated with 

progressive decreases in the activities of lipase and proteases. Loss of the fonner impairs the digestion 
· of dietary triglycerides; the consequent reduction in fonnatiori of intestinal mixed micelles fonnation 

resulted in a general impa1nnent of the enteric absorption of. dietary lipids. Thus, the disorder is 
characterized by steatonhea; it will also result in a secondary deficiency of vitamin E. The disorder 
does not involve. ortly the islets of Langerhans; affected chicks show no effects of altered pancreatic 
endocrine function and have nonnal ·plasma concentrations of glucose. 

We described the pathogenesis of nutritional pancreatic atrophy in second generation Se- deficient . 
chicks (Combs and Burtle, 1981). The first signs of abn9nnal acinar cell appearance are usually se~n 
within 4-6 days after hatching when chicks are reared using a Se-deficient, vitamin E-supplemented ·-
diet. By that time, chicks appear nonnal; however, feed intake starts to decline and a slight depression 
in rate of gain in body weight is seen. By 6-12 days, as acinar cytoplasm diminishes, feed intake is 
markedly reduced, chicks may lose body weig~t. and poor feathering is noted. At 12-15 days, some 
chicks die with pronounced acinar atrophy ~d mild periacinar fibrosis; mortality increases to ca. 95% 
by 28 days. In first-generation Se-deficient chicks, onset of the disorder is 5-7 days later. Pancreatic 
degeneration is reversible by Se treatment; treated chicks show an almost immediate recovery of 
appetite, which is followed by histological signs of acinar regeneration within 1-2 days, and a return to 
nonnal gross appearance and nearly nonnal acinar histology within two weeks: 

We found that the early phase of nutritional pancreatic atrophy is associated with a decrease in the 
rates of synthesis of RNA and protein (but not DNA), and that this effect was specific for the duck 
pancreas (Whitacre and Combs, 1983). Upon treatment of deficient chicks with Se, the pancreatic 
synthesis of RNA and protein returned to nonnal rates within 12 hrs. We tested the hypothesis that 
these lesions may relate to altered function of acinar mitochondria; however, our results showed_ that 
respiratory function of mitochondria prepared from chick pancreas was not affected by nutritio~al S<> 
deficiency (Burtle and Combs, 1981; Whitacre and Combs, 1983). Decreases in RNA and protein , 
synthesis appear to result from the disappearance of endoplasmic reticulum from d~generating acinar 
cells, as indicated by our electron micrographic observations of the atrophic acinar cell (Root and· 
Combs, 1988). 

The growth depression associated with severe uncomplicated Se deficiency in the chick is due in part 
to a depression in appetite. We found that approximately two-thirds of the growth depression in 
chicks with nutritional pancreatic atrophy coJJ].d be overcome by force-feeding to levels of intake 
comparable to the ad libitum levels of Se-adequate chicks (Burtle and Combs, 1980). We further 
demonstrated that growth was promoted in Se-deficient chicks by dietary supplements of cystine, 
whereas supplements of methionine were without such effect (Bunk and Combs, 1981). Subsequent 
studies by Halpin and Baker (1984) confinned that fiil!:ling for at least some strains of chickens, 
Therefore, it appears that the Se- deficient chick with nutritional pancreatic atrophy has either an 
increased metabolic demand for cystein~ which cannot be met by fu~er transsulfuration from 
methionine, or an impainnent in the transsulfuration path_way.,itself. Our findings that Se-deficient 
chicks had decreased concentration of homocysteine, cystathionine and· cysteine in the plasma free 
amino acid pool (Burtle and Combs, 1981), and that Se-deficient chicks 11ad increased rates of 
methionine- methyl group oxidation (LaVorgna and-Combs, 1983) are consistent with an insufficient 
metabolic conversion of methionine to cysteine. We found that nutritional pancreatic atrophy could be 

~-r 

20n this· basis, the disease was originally called "pancreatic fibrosis"; we renamed it "nutritional 
pancreatic atrophy" in recognition that the effect of Se deficiency is the atrophy of acinar cells, the conse­
quence of which is fibrotic infiltration. 
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produced using a practical-type (i.e., com-soy based) diet which contained less than O.Oi ppm Se 
(Combs et aI, 1984)3 

•. In that study, Se deprivation produced only a very slight reduction in growth 
after 30 days, even though it produced clear pancreatic atrophy; -this suggested the presence of a factor 
in the practical diet, apparently not cystine, which prevents the growth depression associated with 

.J 

severe Se deficiency in studies using purified diets. · · · · · 

Nutritional pancreatic atrophy has been considered to be the only clearly· delineated pathological 
condition that results from th~ deficiency of Se uncomplicated by deficiencies of vitamin E, cystine, 
etc: However, we found that the condition could also be prevented by dietary supplements with high 
levels of vitamin E, BHT, DPPD, ethoxyquin or ascorbic acid (Whitacre et al, 1987). Although 
normal pancreatic. function is maintained when chicks consume diets :containing at least 0.05 ppm Se, 
pancreatic atrophy was also prevented with dietary additions of at least 300 IU vitamin E per kg of 
diet or of 500 ppm of any of these synthetic antioxidants or ascorbic acid. Each of these treatments . 
was fully effective in supporting normal pancreatic histological appearance as.well as normal chick 
growth in the Se-deficient diet. That antioxidant supplementation did not act to increase the utilization 
of the trace amount of Se in the diet was indicated by the lack of increase in either the Se content of 
pancreas or the SeGSHpx activities of plasma, pancreas or liver. Therefore, nutritional pancreatic 
atrophy, while highly responsive to exceedingly low dietary concentrations of Se, must be considered 
as a disorder involving in a more general way the total antioxidant status of the chick. 

Impaired Development of Immunocompetence in Chicks. We found that Se was required for normal 
development of immunocompetence in the chick (Macih et al, 1981). Chicks made deficient;with 
respect to either Se or vitamin E within the first two weeks after hatching showed impaired humoral 
responses to ovine erythrocytes; however, Se and vitamin E appeared to be mutually replaceable for 
this function by three weeks of age. Dietary concentrations of Se greater than or equal to 0.20 ppm 
produced significant immunosuppression, but only in male chicks. Subsequent studies have shOWQ. 
lesions of the epithelial tissue of the bursa of Fabricius in Se-and. vitamin E-deficient chicks; these 
lesions appear to be associated with depletion of lymphoid cells in that organ and may explain the · ~ .. 
diminished B~cell function observed in chicks with the_ combined deficiency. These results would •v 

suggest that Se and/or vitamin E deficiency may affect disease resistance in young chicks. 

Reproductive Failure in Breeding Chickens. Cantor and Scott (1974) observed significant reductions 
in rates of egg production and embryonic survival among Single Comb White Leghorn hens fed a 
com-soy based diet containing less than 0.03 ppm total Se without supplemental vitamin E. Both 
parameters returned to normal by supplementing the diet with 0.10 ppm Se as NaiSe03• That level of 
added Se resulted in concentrations of Se in eggs averaging 0.121 ppm after three weeks of feeding , > · 
and was associated with a protective effect against exudative diathesis among progeny reared using a_ · 
diet deficient in both Se and vitamin E. The srudies. of Latshaw et al (1977) ·support a requirement of 
ca. 0.05 ppm for sustaining egg production in the laying hen. We found that dietary levels of ca. 0.05 ,; 
ppm Se are adequate to sustain egg production in laying pullets, but that levels less than 0.10 ppm Se 
resulted in deficiencies of SeGSHpx in hens and impaired hatchability and post-hatching performance -;; 
of progeny (Combs and Scott, 1979). Progeny of Se- and vitamin E-deficient hens show late-stage ~ 

· embryonic mortality, with a high incidence of hemorrhages in the subcutaneous tissue. Deprivation of 
Se can affect reproductive performance; we have found uncomplicated Se-deficiency to impair 
testicular maturation in cockerels, and testicular degeneration has been reported in chronically vitamin 
E-deficient roosters. 

3That study was conducted in China using as major ingredients in the basal diet low-Se corn and 
soybean meal gro~n in areas of severe endemic Se deficiency in that country .. 
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Turkeys 

Muscular Dystrophies in' PoultS. Degeneration of the ·smooth muscle of the. gizzard is the most charac~ 
teristic sign of Se deficiency ih the young turkey poult. Thi_s condition, originally reported as a sign 
of vitamin E deficiency was shown to be prevented by dietary supplements of Se (Walter and Jensen, 
1963). It is characterized by a hyaline degeneration of smooth muscle, resulting in a pale gross 
appearance of the organ. Degenerative lesions may also be. observed in the myocardium and .skeletal 
muscle. These myopathies are associated with increased serum transaminase' activities, and with 
decreases in hematocrit, blood hemoglobin and albumin concentrations and SeGSHpx activities in 
several tissues (Cantor et al, 1982). In marked contrast to the skeletal myopathy of the vitamin 
E-deficient chick; gizzard myopathy In the Se- and vitamin E-deficient poult is not prevented by 
dietary sulfur-containing amino acids but is completely pr~ve,nted by supplements of Se. However, the 
dietary level of vitamin E affects the amount of Se required for the prevention of the disorder. Walter 
and Jensen (1964) reported that it was necessary to use a' basal diet low in methionine and vitamin E, 
as well as Se, in order to produce gizzard myopathy experimentally. Scott et al (1967) found that · 
while a dietary level of 0.18 ppin Se was required to prevent gizzard myopathy in vitamin E-fed 
poults, a level of 0.28 ppm was required when the diet was not supplemented with vitamin E. In the 
latter studies, additions of methionine and vitamin E to the dystrophigenic diet improved growth but 
did not affect the incidence of gizzard myopathy. Selenium, vitamin E aJ1d methionine are not 
effective in amelioration of the hereditary degenerative skeletal.myopathy in turkeys (Harper et al, 
1945). 

; 

Exudative Diathesis in Poults. The combined deficiency of Se and vitamin E in poults produces a 
mild exudative diathesis. This condition is characterized by hemorrhages of the thigh and breast 
muscles; in contrast to the exudative diathesis of the Se- and vitamin E-deficient chick, it involved 
only a mild edema. Affected poults also show macrocytic anemia and, occasionally, hydroperi- • 
cardium. 

I 

Nutritional Muscular Dystroohv in Ducklings. A nutritional muscular dystrophy is produc~ in vitamin 
E- and Se-deficient ducklings. The first ultrastructural lesions observed in the deficient duckling are 
degeneration of the sarcoplasmic reticulum and mitochondria. of the smooth muscle of the duodenum 
and gizzard (Van Vleet and Farrans, 1977a,b). Grossly, pale areas of necrosis are seen in the 
dystrophic gizzard. These changes are accompanied by mineralization of sarcoplasinic debris in . 
necrotic cells, followed by invasion of macrophages and fibroblasts. Abnormalities of capillaries and >-o 

nonmyelinated nerve fibers are not observed extensively subsequent to the development of extensive 
necrosis of the muscle. Involvement of the myocardium and skeletal muscles is also seen. Skeletal 
muscle appears hyalinized with extensive myofibrillar lysis; electron microscopic examination reveals 
mitochondrial swelling. We found that nutritional muscular dystrophy in the duckling was prevented 
by supplementing a com-soy based practical diet (containing 10 IU vitamin E per kg and 0.04 ppm , 

.inherent Se) with 0.10 ppm Se as NaiSe03 (Dean and Combs, 1980); however, higher levels of Se ' \ 
were required to produce maximal activities of SeGSHpx in plasma and liver. · ; 

Brown et al (1982) proposed that the metabolism of connective tissue may be impaired in the Se- and 
vitamin E-deficient duckling. They found that the contents of total and soluble collagen were 
decreased in tendons from ducklings fed a low-Se and -vitamin E practical type diet vs. ducklings fed 
the diet supplemented with 0.5 ppm Se· (as NaiSe03). Degenerated fibroblasts were observed in 
tendons from Se-deficient animals. They interpreted their findings as indicating an impairment in 
collagen maturation, sugge~ting that the functional failure ?f tendo.ns resulting from such an 

266 

; I 
!· 



·impairment may lead to the myofibrillar degeneration seen in nutritional muscular dystrophy. This 
hypothesis is supported by the observations of Bartlett et al (1973) who reported structural alterations 
in collagen in tendons from Se- deficient ducklmgs, and of Brown et al (1974, 1982) and Moran et al 
(1915), who reported beneficial effects of supplementitl ascorbic acid, a substance known to .be · 
involved in collagen metabolism, as a protective factor in Se deficiency. It is likely that these 
responses were effects of high-level antioxidant treatment rather than being due to correction of· 
impaired ascorbic acid bfosynthesis, as our studies in ducklings (Dean and Combs, 1980) and chicks 
(Combs and Pesti, 1976) provide no support for the latter hypothesis. We have found, however, that 
the use of high-level ascorbic acid supplements to poultry diets can enhance the utilization of dietary 
Se (Combs and Pesti, 1976). 

Exudative Diathesis in Ducklings. Exudative diathesis has been reported in association with nutritional 
muscular dystrophy in Se- and vitamin E-deficient ducklings. The condition would appear to be 
similar to that of the chick, i.e., greeriish-colored edema of the subcutaneous tissues seen most 
frequently on the thigh with associated petechial hemorrhages of the thigh musculature. According to 
Jager (1977), the appearance of exudative diathesis is infrequent and occurs in association with only. 
the more severe cases of nutritional muscular dystrophy in deficient ducklings. 

Japanese Quail (Coturnix cotumix jaOOnica) ' 

Severely depressed growth, reduced feed consumption, poor feathering and poor survival were reported 
by Scott and Thompson (1968) in young Japanese quail reared using a diet deficient only in Se .. The 
combined deficiency of Se and vitamin E produced exudative diathesis in some animals. Jensen 
(1968) found that while oviposition and fertility were not affected by the combined deficiency of Se 
and vitamin E, embryonic survival (i.e., egg hatchability) was markedly depressed among females 
reared to maturity with the deficient diet. Many of the surviving progeny of Se- and vitamin .. 
E-deficient females showed extreme generalized muscular weakness and prostration after hatching. _ 
Supplementation with either Se or vitamin E returned embryonic survival to normal and reduced quail~ 

. I 

hen mortality. · 

RECOMMENDED DIETARY LEVELS OF VITAMIN E AND SELENIUM FOR POULTRY 

Practical use levels of vitamin E and Se in poultry diets are given in Table 2. It should be noted tfiat 
these levels are for the total contents of each nutrient in finished feeds. In the case of vitamin E, the 
instability of the naturally occurring tocopherols in practical feedstuffs makes it difficult to predict 
with any certainty the vitamin E of such materials; therefore, this means that the use of supplements of . 
stable, bioavailable forms of the vitamin are required to ensure adequate vitamin E nutriture. In the 
case of Se, however, most practical feedstuffs, particularly those of high protein content, can t;>e 
expected to provide substantial amount of the mineral. For most com-soy based diets, this amount is · ; 
at least 0.5 mg/kg, i.e., one-quarter to one-third of the desired amount; Se supplements are used to 
make up that difference. In general, this means 0.1-0.15 mg added Se per kg of finished feed are 
adequate for ensuring the heaith and productivity of poultry4

• 

4while there have beeri anecdotal reports of benefits of larger supplements to broiler feeds, these are 
not well documented and must be considered open to question. Furth~r. the use of excess Se, which is 
eliminated with poultry manure, is of concern for its potential environmental impact. · 
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Table .2. Recommended dietary. level.s of vitamin E and Se in practical diets for poultry. 
::::::::::::::::::::::::m.:::::?.:::::-.:-.:::::::::-;::-;-.:~:.::::::::?.::::-.::::::::-.m::::::::?";:::::::::::::::-:::.-:::::::::::?.::::?.?.~~::::::~;:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::?.?.:::::::=*:::~.:::< .. ~~~::::::::::::::-m::-;~:::::~::=~:::::::::?.::::::::::::::::::::::::::::::::::::::::::?.?.::::::::::::::::::::=::::t.::::::?.=:=:=:=:::::::::::::::?.?.::::::::::::::::::::::::::::::::::::=:=:::::::?.?.::::::::=:::::: 

Speci_es • vitamin E level" 
IU/kg 

Se levelb 
mg/kg 

··························································································································································································································································· . . 
chicken, starting & growing chicks 

laying hens 
bree~g he~s _ 

turkey' starting & growing PQillts . 
laying hens 
breeding hens 

geese, starting & growing 
laying & breeding 

duck, starting & growing · 
laying & breeding 

pheasants, bobwhite quail, Japanese quail 
starting & growing . 
laying & breeding 

7.5 
10 
20 
5 
5 

10 
5 

10 
5 

10 

7.5 
20 

0.15 
0.10 
0.15 
0.20 
0.15 
0.20 
0.20 
0.20 
0.15 
0.15 

0.15 
0.15 

"The vitamin E contents of practical feedstuffs are highly variable due to such factors as seasonal variations in the crop, 
flingal destruction of the vitamin and oxidative losses of the vitamin due to drying and storage of the feedstuff. These levels, 
therefore, represent those used to supplement practical diets. . 
bThe feedstuffs used in most oorn-soy based diets can be expected to provide at least 0.05 ppm Se, except in 
certain cases where the major ingredients of the diet are grown in areas of endemic Se-deficiency. 
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DETERMINATION OF AVAILABLE ENERGY AND 
AMINO ACIDS IN POULTRY DIETS 

INTRODUCTION 

J.M. McNab 
AFRC Institute of Animal Physiology 

and Genetics Research 
Edinburgh Research Station, 

Roslin, Midlothian EH25 9PS, Scotland, U.K. 

Apart ·from the economic importance of energy in .the formulation of least cost diets for 
poultry the present continuing ·sustained level of interest in metabolisable energy (ME) 
determinations stems from two main events. The first was the introduction of rapid bioassays. 
for ME in the mid - 1970s and the second was the adoption of energy declarations, with the 
associated chem~cal control equation, into the animal feed trade in Europe. This latter . 
development has focused attention on the accuracy, repeatability and suitability of different , 
methods as a means of measuring ME. Over the past thirty years ME has almost universally 
come to be accepted as the preferred measure of the energy status of poultry diets. The 
establishment of a relationship between dietary ME content and the amount of food eaten and 
relating the concentrations of other dietary nutrients to the ME value has accounted for the 
marked improvement in the precision with which poultry are fed. The ability to measure ME 
accurately has, therefore, come to be an important component of most poultry nutritional . 
research programmes. 

The topic has been widely reviewed both here and elsewhere. Sibbald (1979a) described 
\ 

the evolution· of his method and later produced a further very detailed review (Sibbald, · -
1982) .. At various times during the past decade many others have assessed progress (Farrell, · 
1981; McNab and Fisher 1982; McNab, 1990). Since 1975 an enormous literature- ha'S­
unfolded on the topic; Sibbald (1986) listing 561 references concerned with this research .. ' 
area, only 5 of which predate 1975. 

Recent reports· have tended to highlight the questions of reproducibility of ME values, across 
laboratories and across time, arid of variations in ME data. The introduction of en~rgy · 
declarations and of a control equation encourages this, because it is presumed that .each 
system is based on a well defined and reproducible biological characteristic, namely. the-ME 
of the feed. Attempts to test or ·verify equations obviously founder if this cannot be observed 
consistently. Extension of ME values to feed ingredients also requires the establishment of 
appropriate prediction equations which relate ME to chemical composition or, perhaps, to 
some other quality control parameters. Progress· in this area is facilitated if data from 
different laboratories can be combined and this results in variations in technique being 
brought into focus, especially if they are seen to lead to different biases. It might have bee~ 
hoped that the introduction of an effective rapid bioassay based on sound scientific prinCiples 
would have fulfilled the laudable aim of technique standardisation. There appears to be two 
main reasons why this has not happened. Firstly, rapid assays almost invariably require the 
use of starved birds and this has proved controversial; secondly, it is clear that the adoption· 
of published techniques caused problems in some laboratories and this has led to the 
introduction of a number of major and minor variations. Consequently there are now 
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probably more different methods being applied to the derivation of ME. values than at any 
time in the past and the prospect of establishing ·a sirigle standard procedure is probably as 
remote as ever. 

DEFINITION OF ME 

Although ME is usually considered to be a property of ·a· diet, it is really a characteristic of 
an animal to which the diet is given. ME measurement relates to the complete diet given and 
values for feed components or ingredients must, in most cases, be obtained by comparisons 
of data from two or more appropriate diets (substitution or replacement methods). In such 
derivations the assumption of additivity of ME values amongst feedstuffs is essential·and·very 
little progress can be made if this is not upheld. Energy is, of course, a useful currency for 
describing mass conversion of food elements· in the bird. Similar problems, analogous to 
those discussed here for ME, ate to be found in determining the metabolisability of any 
nutrient, lipid, protein or carbohydrate. For many purposes, ·but especially for prediction, 
it would be preferable if both. the ME values and the digestibility coefficients for the main 
components were measured concurrently, but this appears to be done on only rare occasio.ns. 

The terminology used in the topic of ME is relatively free from dispute and a widely used 
convention will be followed here, mainly in agreement with Sibbald (1982, 1986). The t~rm 
ME is us~ in a general sense rather than to mean bioavailable energy (Sibbald, 1982) and 
the expression endogenous energy loss (EEL) is usually ·defined, not as a biological ~ntity, 
but as an empirical quantity,'e.g. the energy loss from a·starved bird. This is convenient and 
need not be confusing. The convention of ignoring energy lost as gases produced d\,lring 
fermentation is also followed. 

Pesti and Edwards (1983) proposed that the nomenclature used in this field should be quile 
radieally changed to reflect the methods which had been· used. in the evaluation experiments· ~. 
but I believe that this is unnecessarily complex and unhelpful. A more desirable approach ··-~ 
might be to modify the methodology until it measures and reflects well-:-defined biological 
entities.· However the proposition that more care should be taken in relating experimental ·, 
observations to supposedly well-defined biological elements (Pesti and Edwards, 1983), 
cannot be overstressed. In this context it is possibly relevant to comment critically on ·the 
standard of reporting studies in this discipline in scientific journals. ME values are not 
observed or, indeed, measured but are derived from a whole series of measurements and far 
too little ·basic information is normally reported. Thus, it is frequently impossible to make ...:, ' 
critical comparisons between different experiments. If more detailed tabulation of results was 
required it seems likely that, as the philosophy of the topic develops, greater use could be 
made of existing data and of results from different studies could be combined. 

McNab.and Fisher (198l)·suggested that the observations required to derive ME val~es were 
threefold : (i) a knowledge of the energy balance at (ii) a known food intake and (iii) an 
appropriate measure of EEL. If the values are to be corrected to zero nitrogen-retention, then 
nitrogen balance must also be measured. It is useful when discussing methods to bear in mind 
the relationships shown in Figures 1 and 2 which have been discussed previously (McNab 
and Fisher, 1981 ; Wolynetz and Sibbald, 1984). The regression of excreted energy and food 
(gross) energy input is shown in Figure 1 . 
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The intercept on the y axis provides an operational definition of EEL; stat~stically it is the 
energy excretion at zero energy input, iu{d "ihe' siope' of this line yields the tnie inetaboiisabie 
energy (TME) of the feed as TME = GE (1 - b) where GE is the gross energy of the feed. 
Estimates of apparent metabolisable energy (AME) correspond in a similar way to the slopes 
of lines joining given energy balances with the origin of the graph; thus, for the example in 
Figure 1, AME = GE (l-b1

). The derivation of Figure 2 is obvious if a range of intakes are 
envisaged. It is also worthy of note that if the intercept is zero then AME = TME and AME 
is independent of intake. Negative intercepts suggest an artefact of measurement. 

METHODS FOR DETERMINING ME 

By separating the qµestion of which ME. system to use from that of experimental technique, 
different assays should be judged on how well they provide the three essenticll pieces of 
information, energy balance, food intake and EEL. Other factors which may influence the 
choice will be speed, cost and, perhaps, convenience. Three general types of experiments 
have been identified as follows (Fisher and McNab, 1987). · · 

1. 

2. 

3. 

·.· --. . 
Traditional assays which involve preliminary feeding periods to establish-a "state of 
equilibrium". Differences in the contents of the digestive tract between the beginning 
and end of the assay period ("end-effects") are controlled by trying to ensure that they 
are the same. In most cases complete diets must be fed and substitution methods 
(described earlier) must be used for ingredients. 

Rapid assays, using starvation before and after allowing the birds free access to the 
diet to control the end-effects. Again complete· diets and substitution.-methods for 
ingredients must be used in most cases .. 

Rapid assays, as above, but using tube-feeding to place the test material directly into - ~­
the bird's crop. These methods almost invar_iably avoid the need for substitution, most 
ingredients being fed as _received. · ·· 

Whilst many variations are found within these three general groups the classification 
provides a convenient framework within which the many procedural details can be discussed. 

ENERGY BALANCE AND FOOD INTAKE-

Food presentation and the accurate measurement of energy intake are arguably the most 
challenging aspects. of ME determinations. When birds are given access to food ad libitum, · 
a procedure which still seems to be most widely accepted, great care is required to avoid 
food loss, to prevent separation of the dietary components, to take changes iri moisture 
content into account and to take representative samples. These are difficult to control in a 
consistent way but specially designed systems have been described and used with apparent 
success (Terpstra and Janssen,. 1975). · 

Such free-feeding methods are used in type 1 assays which probably form the greater part 
of the literature on ME determination in poultry. Farrell ( 1978) proposed that the advantages 
of a .rapid assay, type 2, could be obtained by training birds to consume sufficiently large 
intakes in 1 h after a 23 h starvation period. In this assay equal quantities of basal diet and 
test ingredient were combined and pelleting was recommended to maintain intakes across a 
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range of irigredients. Several laboratories (Muztar and Slinger, 1980b; Jonsson and McNab, 
1983; Parsons et al., 1984; Kussaibati and Leclercq, 1985) have reported difficulties in 
maintaining satisfactory intakes but notwithstanding this, the assay has its adherents. Apart 
from speed (cost) and amount of material required the technique offers few, if any, 
advantages over type 1 assays in terms of the accurate measurement of food intake or energy 
balance (McNab and Fisher, 1981) . 

. 
It is beyond debate that the presentation of the food by tube in type 3 assays permits the most 
accurate means of measuring energy intake, food spillage and changes in dry matter content 
both being avoided. However, because the dose size is reduced, problems may occur in terms 
of achieving representative samples. The only real disadvantages of the technique are the 
obvious limits on dose size and, perhaps; attitudes to a procedure frequently referred to as 
"force-feeding". Experience in our laboratory is that, with practice, the procedure is very 
rapid (15 to 30 sec/bird to feed 50 g of most feedingstuffs) and that there is little evidence 
of more stress beyond that involved in handling. Skill is required, however, and experience 
must be attained; .although this is easily achieved by most operators. The use of slurry 
feeding as a way of reducing stress has been suggested (Wehner and Harrold, 1982) but it 
is my experience that slurry feeding invariably takes considerably longer. Finely divided, 
hygroscopic or very bulky ingredients may present problems but, with experience, these can 
all generally be overcome. In our laboratory glucose monohydrate is fed routinely; this can 
present problems and granulation is carried out to reduce difficulties. 

; 

Excreta collection is another simple task which can be difficult to do well in routine 
experiments. When trays placed under the cages are used to collect the droppings, by far the 
most common procedure, the problems include adherence of the excreta to feathers, 
contamination.with scurf, fermentation losses and perhaps loss during removal and transfet. 
Losses caused by excretion away from the tray are rare but can occur and contamination with··~ 
regurgitated material can also take place, can be surprisingly difficult to detect and almost ,_.,,.,, 
impossible to take into account. Sibbald (l986) lists sensible precautions to be taken; -~ 

frequent collection (12 hourly), as in Dale et al., (1985) are the sorts of devices which might 

I 

r 

be judged beneficial but are labour-intensive and reduce the benefits of a low cost assay. 
Alternatives to collection trays have been discussed earlier (Fisher and McNab, 1987) and 
it has been conclud~ that trays cannot be avoided in routine experiments. 

\.. , 

MINIMISING END EFFECTS 

In assessing the reliability of data from type 3 assays it is important to remember that, 
because inputs are small, any imprecision or uncertainty will have a potentially greater effect 
on the value derived. In the ideal ME system only excreta derived from the intake recorded 
should be debited against that energy intake. In type 1 assays where it is customary to carry 
out the balance over several days and where food intakes are often several hundred grammes, 
discrepancies or differences in gut-fill at the beginning and end of the experiment were 
considered to cancel each other out. Although this · was accepted it was not entirely 
satisfactory because changes in intake of rapidly growing birds or in response to unpalatable 
ingredients may be more likely to cause systematic bias rather than random error. However, 
with the much smaller intakes used in assays of types 2 and 3 great care must be tak;en to 
~nsure 'that the digestive tract is empty of residues at both the beginning and end of tlie assay. 
Factors which are likely to influence the amount of material remaining in the gastrointestinal 
tract are the nature of previous diet, the period for which it is removed, the nature of the test 
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feedingstuff and the amount given, the length of the collection period, water intake and · · 
random variation in caecal evacuation. Sibbald (1976) originally proposed 24 h starvation and ', · 
24 h collection periods (24 h + 24 h assay) but now Sibbald (1986) proposes 24 h + 48 h 
for routine use. In this laboratory 48 h + 48 h is routinely used (McNab and Fisher, 1984; 
McNab and Blair, 1988). The longer period is clearly more stressful and fact9rs such as bird 
size and glucose feeding come into consideration. 

' . 
Sibbald (1982) has shown that 12 h starvation before feeding was insufficient to clear the 
digestive tract of residues but that extension beyond 24 h had only a small effect on derived 
TME values. Direct investigation however, shows a measurable difference between residues 
remaining after 24 hand 48 h starvation (Table 1). These observations and the logic of 

TABLE 1. Residues remaining in the gastrointestinal tract of starved cockerels 

Starvation Period (h) 

24 

48 

Residues (g) Total Energy (kJ/g) 

· 1.59 + 0.56 (0. 83 to Z:58) : , · 20.25 ; · 

0.17 + 0.08 (0.05 to 0.30) 2.06 

equalising the pre- and post-feeding starvation periods encourages the 'use of the 48 h + 48 h 
assay and adjustment of other factors to deal with the increased stress. Jn general, we find . 
clearance rates are variable between feedingstuffs and amounts fed (Sibbald, 1982) and it 
seems appropriate that. a constant maintenance diet of well digested components should be 
used, although this does not appear to be a very critical issue (Shires et al., 1979). To some 
extent a correction is made for carry-over of energy from the previous diet in calculating 
TME in Sibbald's assay because it seems reasonable to expect that a comparable error will 
occur in both the fed and negative control birds. • 

\ 

. The time required to ensure complete clearance of a feedingstuff, especially when single··.,;-
ingredients are fed iri type 3 assays, is a complex and largely unresolved issue. The original 
proposal of 24 h (Sibbald, 1976; Farrell, 1978) is now known to be too short and 3.11 data 
collected under these conditions are unreliable and should be ignored. Farrell (1981) now · 
recommends 32 hand Sibbald (1986) 48 h for routine use. Some TME values comparing data 
derived from 48 h and 72 h collections when the amounts fed were 50 g are shown in 
Table 2. These data suggest that for some ingredients (e.g. blood meal) 48 hare insufficient. 

· to allow all undigested residues to be voided. The results of Sibbald and Morse (1983), and 
Sibbald's work elsewhere, suggest that the use of lower intakes alleviates the problem but 
at the cost of both reduced accuracy and increased influence of endogenous factors. It is our 
experience that complete clearance is a problem with high protein, and especially finely 
divided animal products: materials of low density which results in the crop being packed 
very full can also cause problems, where wetting of the feedstuff in the crop may be a factor. 

Palatability may also be involved because, for example, when blood meal-fed birds are given 
water, distaste seems to be experienced and regurgitation can occur. The sudden introduction 
of some ingredients may induce gut stasis; attempts to evaluate coffee residues by tube­
feeding had to be abandoned because the food did not pass from the crop. At the present time 
it is only possible to advise caution, particularly with unfamiliar ingredierits, and to look out 
for food residues being excreted after the ·end of the balance period in doubtful cases. 
Routinely extending the collection. period to 72 h would provide an empirical solution but at 
the· cost of stress ori the birds. Longer balance periods also result in higher 
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endogenous:exogenous -energy ratios and the relative importance of the error introduced by 
correcting for EEL assumes great~r. sig_nifi~c~: . 

. ... . . 
TABLE 2. Companson of ~ values derived after. 48 and 72 h excreta collection 

Ingredient Samples. TM~ (48 h) TM~ (72 h) Rel 

Full fat ·soyameal 4 14.44 14.42 100 . 
Wheaf meal i2 '12.77 12.75 100 

Fish meal 12 13.29 13.06 98 

Blood meal 5 13.37 12.09 90 

Meat and bone meal 7 10.77 10.46 97 

Wheat feed 12 8.59 8.56 100 
~ 

. Carrot· 1 . 9.97 9.80 98 

Cabbage· 1 9.81 9.44 96 

Pea hulls 1 1.79 1.63 91 

The assessment of these factors in type 2 assays (Farrell, 1978) is difficult. With high 
intakes, such as 70-80 g, 32 h collection periods may be too short for certain feedingstuffs; 
for example, see Sibbald and Morse (1983) for alfalfa and oats .. On the other hand, the use · 
of complete diets and allowing a feeding period of. 1 h may reduce the problem in 
comparison to tube-feeding single ingredients. It seems reasonable to suppose that becau~e 
the crop does not become so tightly packed with dry food under these 9onditio~s? water'~~ 
intake and the passage rate of the food residues might be more normal. / 

The importance of water in~e in these assays is yet another area where firin conclusions · 
cannot be reached and which may be a significant source of variation. ·in our laboratory it 
has consistently been observed that, despite the ready· availability of water tube-fed birds 
were rarely seen to be drinking (McNab and Blair, 1988). Yeomans (1987) has shown that 
90% of water consumption by domestic fowl is associated with voluntary food intake and it 

. may be that lack of access to food reduces the stimulus ·to drink. Whether low and variable 
water intakes explain erratic food pa_ssage rates and consequently residue clearance is still 
speculation but Table 3 summarises the findings which led to the routine administration of 
water (50 ml/bird) during the balance period in our laboratory. This practice also provides 
an opportunity to palpate the crop and to mix any food residues remaining with water. Only 
rarely (e.g. blood meal) has it led to losses of food from .the crop but it does seem reasonable 
to argue that it will change the relationship .between the amounts fed and clearance rates 
(Sibbald and Morse, 1983), although this has not been examined. 

A ·direct study. into the role of water: food ratios on diet digestibility was reported by 
Van· Kampen (1983) but produced ambiguous results. ·A positive relationship was found 
among birds with free access, to water between AME (y,. % G.E.) and the water:food · 
ratio (x) .. 

. y = .66.38 + 2.97 x (P 0.01, r = 0.49) 
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TABLE 3. Energy voided by cockerels starved of food or· fed soyabean meal 

Water Administration 

Before 
feeding 

+ 

+ 

After. 
feeding 

+ 
+ 

Soyabean meal fed (g) · Energy excreted · 
(kJ) 

0 

25 

25 

25 

89.38 + 20.38 

257.30 ± 41.99 

246.88 ± 33.49 

2.36.39 ± 5.28 

11.00 

ll.42 

11.83 

This is an effect of considerable magnitude but it could not be demonstrated experimentally. 
when water was administered by tube immediately after feeding (a mixture of free- and tube-· 
feeding, feeding time 15 min) in a rapid assay. However, excreta were collected for only 
24 h and this may have concealed any treatment effects. More work requires to be carried 
out on the effect of water consumption on ME values with a range.of ingredients and not just 
with practical diets. 

ENDOGENOUS ENERGY WSS (EEL) 

~owledge of the EEL is a prerequisite for the determination of TME and we strongly 
recommend its measurement in AME assays. It has to be. admitted that there are both 
difficulties and uncertainties in the determination of this component of the excreta. Any . . ~ 

errors which cannot be taken into account will result in errors in the values ascribed to both 
AME and TME. Three methods have been used to derive EEL : starving birds, giving birds ~. 
a completely metabolisable energy source (e.g. glucose) or by extrapolating to zero intake· ·· 
a line relating energy excretion to energy intake. 

Starvation has been the most widely used means of deriving EEL and is the method currently . 
recommended by Sibbald (1986). However, in a starved state individual .birds void quite· 
variable amo~nt~ of energy. Values ranging from 3Jto 82 kJ/24 h (Farrell, 1978) and from 
25" to 69 kJ/24 h (Sibbald and Price, 1978) have been reported for the second 24 h periOcl ' 
of 48 h of starvation (24 h + 24 h assay). In our laboratory a somewhat wider range has 
been found, presumably a consequence of the greater stress associated with the 48 h + 48 h 
·assay. Individual values ranged from 47 to 238 kJ/48 h (24 to 119 kJ/24 h) and the average 
coeffici~nt of variation within an experiment (6 replicates) was 36.8%. · 

Neither bird weight nor body weight changes appear to explain a significant proportion of · 
the variation (Muztar and Slinger, 1980a; Sibbald and Price, 1978), although a body weight 
effect was reported by Shires et al., (1979). Dale and Fuller (1981) have associated 
differences in EEL with variations in environmental temperature. In winter, when the mean 
temperature was 5°C, EEL was 133.9 kJ/48 h whereas in summer (30°C), EEL was 75.3 
kJ/48 h. It had been shown earlier (Farrell and Swain, 1977) that temperature and the birds' 
acclimation to it affected the EEL from· starved adult cockerels. A curious interaction 
between temperature, EEL and TME values has been reported by Yamazaki and Zhang 
(1982). Although starved adult cockerels excreted 126.5 kJ/48 h at cool temperatures (5-
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l5°C) and 64.6 kJ/48 hat hqtter,temperatures (2~_-35°C), th~ environment did_ not af~ect the_· 
··energy excreted by birds fed 25 g of a proprietary dfot. Consequently the TME calculated 

for the diet at. the lower terpperature (15 .. _72 kJ/g) differed markedly froJl1 that deri':'~ in the 
hotter environment (12.84 kJ/g). We have been unable to confirm any effect caused ~y . 
temperature with birds fed glucose solutions during the pre-feeding period and tube-fed 50 g · 
glucose. At 5°C EEL was 82.98 kJ/48 h whereas at 35°C it was 84.84 kJ/48 h and TME 
values of the. feedingstuffs tested were consequently unaffected by the temperature. 

In our laboratory, with a 48 h + 48 h assay and using birds every 4 weeks, we have found 
a considerable reduction in EEL and conspicuously less between bird variation when excreta 
are collected from birds which have been fed glucose (50 g) rather than starved. Sibbald's 
(1975) results-with glucose are at variance with this finding and with that of Dale and Fuller 
(1981), who have observed that birds given 0, 12.5 and 25 g respectively of a glucose: maize 
(50:50) mixture voided 57.7, 52.l and 48.9 kJ/24 h. Reasons for these differences are 
unclear. Age and strain of the bird but not its sex have been shown to affect EEL from 
starved birds (Miski and Quazi, 1981). These effects were tentatively attributed to differences · 

. in body composition and basal metabolic rate. . 

More recently data from a series of experiments have indicated that EEL may be an artefact· 
of starvation (Hartel, 1986; 1987) and that when birds are fed continuously (as they are 
under practical conditions) ~ME = AME. Even when food intakes . were reduced to ; 
20 'g/ day' the deri_vation of a llne relating energy excretion to energy intake and extrapolation . 
to .zero intake gave intercept \o'.alues which did n·o.t differ from zero. This finding, of course, 
supports that of Hill and Anderson (1958) who found no effect of fOOct intake on AME values .. 
when food intake was reduced to 0.30 of ad libitum and of Potter fil.fil., (1960) who Claimed 
that, under similarly severe restrictions, AME tended to increase slightly; it was s~ulated 
that thi·s improvement could be attributed to increas·ed diet digestibility often a:ssocialed w~th . 
lower intakes. These results are in direct contrast to those of Guillaume and Summers {1970) 
and to earlier findings froin ·this ·laboratory· (Jons.son and· McNab,. 1983). Whether tfie · 
apparent contradiction can be ascribed to starvation followed by tube-feeding must remain 
a matter for conjeeture at this stage. Recent work (Farrell et ciJ.., 1991) does not resolve this 
issue but does. suggest that-EEL is positive·under.aa'libitum.feeding·. · · 

What is clear is that both the definition and measurement ·of EEL from poultry requite~ 
further investigati~n. At the present time it can either be argued that the uncertainty is limited·,; ·. 
and, that for all practical purpose's, reasonable estimates of EEL can be obtained from one· ·· 
of the procedures described earlier; or it can be decided that the problem is insoluble and' .J 

that corrections to account for EEL should be' ignored. Broadly speaking these are the 
respective views of those who either argue for the adoption of a type 3 assay or who 
maintain that classical assays of type 1 should be retained. 

Recent collaborative studies with a type 1 assay in some European laboratories have shown 
its reliability as a means of deriving the AM~ values of diets (Bourdillori et al., 1990). 
With 3. diets, a basal mix and ~hi.s diet. replaced wi~h either 300 g/kg of wheat or soya bean . 
m~s. the 5 participating groups generated AM~ values for all diets with a high degree of 
precis~on {Table ,4). Uowever, when these data_w~re used to deriye.AM~ values for the . 
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TABLE-4. · Composition and A~ values of 3 diets determined in 5 laboratories 

D~et No. 

Composition (g/kg) 1 2 
; 

3 

Basal mix 1000 700 700 

·Wheat meal 0 300 0 

Soyabean meal 0 0 300 

Laboratory AM~ (kJ/g) 

1 13.90 13.91 12.95 

2 14.21 13.97 13.13 

3 13.94 14.25 12.96 

4 13.66 13.84 ' 12.27 
·-

5 14.03 14.20 13.10 

Mean± SD 13.95 ± 0.20 14.03 ±"0.18 12.88 ± 0.35 

wheat and soya bean meals the results are conspicuously less -definite (Table 5). This 
illustrates the difficulty, if not the impossibility, of deriving meaningful ME value~ for raw 
materials, as opposed _ to diets, using type 1 . assays, even when great care is ·taken by 
experienced people. -

The simplicity and speed of type 3 assays mean that many more can be carried out wit!' an 
incrt~ase in the amount of information available. For the evaluation of ingredients, which can 
be assayed directly rather than by dietary substitution, they must be the methods of choiee.~. 

'\ ··~ 

. . 
TABLE 5. A~ values of wheat and soyabean -meals _ derived from feeding· diets " 

containing 300 g/kg of each by 5 laboratories · ·· · -

Laboratory Wheat Soyabean 

1 13.93 10.73 

2 13.41 10.61 .,, 

3 14.97 10.67 

4 14.26 9.03 
{. 

5 14.60 10~93 

Mean+ SD 14.23 + 0.60 10.39· + 0.77. 

for the future. To fulfil this objective, no effort should. be spared to resolve the uncertainty 
of the size of the EEL. At the moment there seems reasonable grounds for suspecting· that 
many values quoted for EEL are overestimates and that, under the practical conditions of ad 
libitum feeding, EE~ lies somewhere between 0 and 20 kJ/bird/24 h; with our 48h + 48 h 

· regime, giving 25 g glucose twice during the first .48 h period and feeding 50 g glucose at 
the start of the balance, we most frequently find an EE~ value of around 20 kJ/24 h. If this 
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is assumed _to t>e correct, it can readily be seen that with, birds eating 100 g/day, the 
difference betWeen TM~ and AM~ is only 0.2 kJ/g. In other words; rul""ihgredient with· 
a TM~ value of 15.0 kJ/g would.have an AM~ value of 14.8 kJ/g, only 1.3% lower. The 
effect is, of course, greatest with raw materials of low ME content, although it still can be 
considered· small and much smaller than the 10% differences suggested eailibr (Sibbald; 
1977). If the ·conditions adopted for food presentation are confirmed to affect EEl-N, as 
suggested by Hartel (1986; 1987) and Farrell et al., (1991) then the difference_. between · 
AM~ and TMEr.t may be even less and it is doubtful if biological assays capable of detecting 
such small effects could be designed. With food i_ntakes greater than 100 . g/day the 
differences will be even smaller and this may explain why efforts to detect them have largely 
been unsuccessful. · 

AMINO ACID AVAILABILITY 

As with dietary energy not all amino acids contained in dietary protein become ·available to 
the bird during digestion and metabolism. Although much emphasis has been placed on the 
amino acid compositions of feedingstuffs and diets, it has been recognised for many years 
that for almost all foods these values are only useful in predicting the potential worth of the 
protein. Sibbald (1987) uses the term bioavailable to define that portion of the ingested 
nutrient which is used for normal IJ?etabolic functions. Available amino acids are usually 
considered to be those actually supplied at the site of protein synthesis .. Despite many ·- · 
attempts to devise methods capable of measuring what proportion of the amino acids from 
the protein inge~ted reaches these sites, quantitative data which can be used in diet 
formulation are very lirnited,. often restricted to one amino acid (lysine, say) and are not 
universally accepted. At the present time about the only acknowledgement that is made to 
availability in commercial diet formulation is to increase slight~y _the specification of~pme 
of the key nutrients by a small percentage, the precise amount depending on the. nature ,of 
the ingredient, the marginal.cost and the judgement of the nutntionist. In the current climat~~ . 
of high food costs and small profit margins in poultry production in the UK,. there is · 
_considerable pressure- ·to reduce the extent of overformulation, at least of price-sensitive 
nutrients. 

DIGESTIBILITY 

As a first step to describing amino acids in terms of their availability and in order that some 
progress can be seen to be being made, it seems sensible to establish the extent by which the :; 
amino acids contained in the dietary protein are absorbed ·from the gastrointestinal tract , 
during ~igestion, th_e so-called digestibility coefficients. Although it is possible to imagine­
circumstances whereby _an amino. acid could be d~gested but not be available for use by the' 
host aniipal, it is obvious that undigested amino acids (those apPearlng in the faeces) have 
made no contribution to the heeds of the animal. Therefore, describing the proteins in 
feedingstuffs in terms of their digestible amino acids, although perhaps not ideal, is almost 
certainly closer than total to reflecting the amount that actuaily becomes available for . 
maintenanee and production. · 

Digestible amino acids are gen~rally calculated from the differences between measures of the 
·amounts in the food and those in the excreta. It is common to express this difference as a 
proportion of the ammmt consumed _(the digestibility coefficient): 

ll 



Amino acid digestibility 
= Amino acid. consumed - ·amino acid in faeces 

Amino acid consumed . 

In discussions of this sort, confusion often arises over the terminology used. Strictly 
speaking the above term should be referrt'.d to as apparent digestibility because, of the amino 
acids in the faeces,. only part has arisen from undigested food residues. Part has come from · 
the animal itself and consists of gut secretions, sloughed-off gut tissue, bacteria etc. Sibbald · 
(1987) distinguished between what he calls the metabolic faecal component (seeretions, 
abraded cells, mucus, bile) and the endogenous faecal fraction (bacteria and bacterial' debris) 
but in this paper both are grouped as endogenous faecal material. Its measurement allows 
true digestibility to be calculated thus: 

True amino acid digestibility 

= Amino acid consumed- (amino acid in faeces - endogenol.LS amino acid in faeces) 
Amino acid consumed 

To derive_ this term some means of measuring the amount contained in the' endogenous 
component has to be devised. 

A further source of debate in measurements of dige·stibility is the: ef~ect of bacteria i~ 'the 
hind gut, an activity that could influence the amounts of both endogenous and exogenous 
amino acids excreted. Definitions of digestibility can accommodate, at least partly, the effects 
of the microflora in poultry, either by using caecectomised birds. (the ·caeca' are generallyi. 
acknowledged to be the principal site of microfloral activity) or, arguably better, by basing 
values on amino acid concentrations in the terminalileum (i.e. before the bacteria exert· any -~. ~ 
effect). To relate the amino acid concentration at the ileum to that in the food requires the 
addition of an indigestible marker (such as chromium sesquioxide) to. the food and its 
measurement in both food and ileal contents. Measurement of ileal' contents also ~most 
invariably require the birds to be killed. Although cannulation has been used for this type of 
assay, it requires skilful surgery, which is laborious and expensive to carry out on large 
numbers of birds; maintenance of the flock is also labour-intensive. 

A further ft;tctor complicating the determination of digestibility with poultry is the fact that 
birds excrete faeces and urine together and the collection of faeces requires the birds to be 
colostomised. It has, however, become increasingly common to overlook the effect of urine 
in assays designed to determine amino acid digestibility, the rationale being that the urinary 
contribution to the amino acids in poultry excreta· is exceedingly small and barely affected 
by the nature of the input. However, this assumption should be tested and, to be strictly 
correct, balance experiments where amino acids are measured in excreta determine 
unmetabolised rather than undigested protein. Also ifan amino acid appears in the urine as 
a metabolite it will result in misleading information. 

In addressing the topic of amino acid digestibility in poultry and devising techniques for its 
meas4rement, fill the factors outlined above have, at one time or another, been considered 
important ·.enough to have been taken into account. Despite this there is still no clear 
indication whether data derived from excreta differs from that derived from faeces, whether 
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the. ITJ.icroflora affect digestibility measurements. and the significance of any effects or whether 
values should be expressed as true or apparent coefficients of digestion. In other words, no 
consensus exists as to a preferred system for expressing the extent to which amino acids in 
dietary protein _are dig~sted by birds. : .. 

METHODS FOR DETERMINING AMINO ACID DIGESTIBILITIES 

As with ME, digestibility .is frequently considered to be a property of a. diet or feedingstuff, 
but it is really a characteristic of an animal to which the food is given. It is, for example, 
a matter for debate whether the digestibility of a particular food is the same across all 
monogastric species. Digestibility measurements relate to the complete diet consumed and 
values for ingredients must, in most cases; be obtained by comparing results from two or 
more appropriate diets (substitution methods). The assumption that digestibility coefficients 
are additive amongst feedingstuffs is essential and; as with ME, little progress can be made 
if this assumption is not upheld. 

Using exactly the same logic put forward .for the derivation of ME, it can be argued that 
three observations are required from a bioassay designed to determine digestibility of amino 
acids. 1. The amount of the amino acids consumed, 2. The amount excreted and 3. A 
measure of the endogenous amino acid losses. When discussing methods it is useful to 
remember the relationships proposed for ME and shown in Figures 1 and 2. By regressing · 
excreted amino acid against amino acid intake, the intercept on the y-axis provides a measure 
of the endogenous amino acid loss (i.e. the amino acid excretion at zero amino acid intake) 
while the slope of the line gives the true digestibility of the amino acid as follows: 

true digestibility = amino acid intake x (1-b) 

Estimates of apparent.digestibility correspond in a similar way to the slopes of lines joining 
given amino acid balances with the origin; thus, in Figure 1, apparent digestibility is iqtal 
to the amino acid intake x (l-b1

). It should also be rem~mbered that if the intercept is ~ro 
then apparent and true digestibilities are the same and apparent digestibility is independent 
of intake. Negative intercepts imply an artefact in the measurement. 

:·DROPPINGS VS FAECAL COLLECTION 

The difficulty involved in separating faeces from urine in poultry has meant that almost' ajl 
published values are -based on the amino acid· recovery in droppings rather than the more 
technically correct faeces. It is generally assumed that the amino acid concentration of urine 
is low and can be ignored. An experiment by Bragg~., (1969) compared results from 
normal and. colostomised birds (Table 6) .. These data suggested that digestibility values -
derived from normal birds·were slightly but significantly different from those derived from 
colostomised birds, differences which were caused by the colostomised birds excreting 

··greater quantities of endogenous amino acids (Table 7). Because these larger concentrations 
occasionally Jed to digestibility values greater than 100%, it was suggested that they were 
~efacts of the modification and that normal birds gave more realistic digestibility 
coefficients. Although this experiment suggests that there is little practical difference in using 
the technically less correct droppings in equations to derive digestibility coefficients, from 
a scientific standpoint verification of the findings is required. 
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TABLE 6. True digestibility coefficients ( % ) of some amino acids in· grain sorghum 
by colostomised and normal birds 

Colostomised Normal 

Ala 93.1 90.9 

Arg 92.2 91.0 

Asp 98.4 95.8 

Glu 93.6 92.8 

Gly 87.5 81.3 

His 87.8 84.1 

iso-Leu 92.3. . 90.5 

Leu 93.5 92.3 

Lys 91.7 87.9 

Met 93.7 93.2 

Phe 93.7 91.7 

Pro 88.7 86.4 

Ser 91.2 88.6 
v. 

Thr 88.9 86.1 

Tyr 94.0 92.3 

Val 90.8 89.6 ~' 
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EFFECT OF FERMENTATION I 
The effect of fermentation is another largely unresolved issue. It has been argued that I 
undigested .amino acids which reach the hind gut can be deaminated by the microflora into ,. 
products of no nutritional value. Yet, because the deaminated but undigested amino acids do 
not appear in the faeces, they are judged to. have been absorbed. Evidence to support this 
hypothesis is contradictory. While Johns et al. (1986) and Parsons (1985; 1988) report 
important effects caused by the presence of caecal microflora (Table 8), results from .our 
laboratory (Table 9) agree with those of Picard et al.(1983) and Green et al. (1987) who -. J 

found only small and non-significant effects. Recent studies in our laboratory (Longstaff 
~., 1991) with field beans continue to support the view that activity in the caeca of adult 
birds has little effect on the extent to which protein is digested. Furthermore, Bielori and 
Iosif (1987) have shown that only small differences exist between the digestibilities of the 
amino acids from soya bean· meal in the ileum and excreta (Table 10). The lack of effect was 
attributed to the very rapid pa,ssage rate of digesta and the relatively small volume of the 
hindgut in poultry. 
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TABLE 7. Endogenous amino acids excreted (mg/4h) by colostomised or normal 4-week-
old chicks: (Bragg et ai., 1969) 6r by adult cockerels (McNa~, unpublished) .. 

Colostomised Normal Adult 
;,. Ala . 4A 5.0 3.0 

Arg 2.5 1.8 0.7 
'· 

.Asp 5;8 4.2 4.1 

. ~ys 1.5 1.9 1.7 .... 
_._,j 

•: Glu 6.9 5.4 5.7 

Gly 3:5 4.5 N.I'.>. 
His 1.1 0.5 4.4 

iso-Leu 2.2 1.5 1.6 

.. Leu 3.8 2.4 2.5 

Lys 2.1 0.6 1.7 

Met 0.8 0.4 0.8 

Phe 1.9 1.9 1.2 

Pro 3.6 3.0 2.3 

Ser 4.0 3.2 3.2 

Thr 4.1 3.4 2.8 b 

··Tyr . 2;2 1.4 1.5 :-
. , 

. , _Val 3.7 1.9 f 2 

. Total 54.1 43.0 39.4(43.9) 

Digestibility based on dropping samples from unaltered birds has the decided advantage of 
simplicity over either the use of caecectomised birds or values based on ilea! concentrations. · . 
It encourages assays to be carried out on larger numbers of birds and this increases the 
precision of the data. The majority of values published on amino acid digestibilities are 
derived from measurements made on droppings from intact birds. 
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TABLE 8.· .. 
•' . . 

Effect of caecectomy on true amino acid digestibility coefficients (%) 

Parsons (1988) 

Feather meal 

Meat meal 

Poultry offal 

Johns~., (1986) 

Meat and bone 

Lys 
.Cys 
Met 

Lys 
Cys 
Met 

Lys 
Cys 
Met 

Thr 
Ser 
Val 
Met 
iso-Leu 
Leu 
Tyr 
Phe 
His 
Lys 
Arg 

\ . 
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Normal 

73.8 
72.3 
78.4 

86.9 
85.6 
90.1 

86.0 
87.4 
90.5 

78.9 
85.1 
88.6 
90.2 
87.6 
88.6 
82.0 
85.4. 
86.2 
88.1 
88.9 

Caecectomised 

.. •'67.9 
59.3 
74.6 

81.6 
. 79.9 
87.4 

80.0 
80.8 
88.2 

75.4 
~ 

81.9 
84.J 
90.7 
87.7 
87.2 
66.5 
76.4 
81.6 
82.0 
88.3 

.. 
~ 

-· 
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1 TABLE 9. Effect of caec&toniy · on . the digestibilicy of· amino acids (%) in 

r,, 
distiller's dried giaiil ·· ·· · 

, . 
Norin al Caecectomiserl 

r 
11 Ala 69.J -71.4 
I Arg 93.6 93.5 
! 
I 

Asp 59.5 54.6 I 

I 

(I Cys 77.4 74.6 

\\ Glu 82.3 83.1 

!\ His 63.2 59.1 l 
:i iso-Leu 87.2 89.4 
Ii· 

Leu 85.5. 87.6 I 

Lys 77.6 81.1 

Met 86.0 87.9 

Phe 89.3 91'.2 
: 

Pro 91.2" 90.2 
\ Ser 82.4 82.6 
I,\ 

Thr 81.5 80.1 ... 
'.1 

Tyr 86.6 89.7 ~ 
....... "':~ 

Val 84.6 86.9 

Total 82.8 83.3 
... 

1\ TRUE OR APPARENT DIGESTIBILITY COEFFICIENTS . 

Because the apparent digestibilities of amino acids in a feedingstuff depend on the food intak~ 
(Figure 2), care must be taken to ensure that comparisons of values across foodstuffs is made ....{ 
at constant intakes, otherwise a systematic bias may inadvertently be incurred. Probably, for 
this reason it is preferable to express values in terms of true digestibility coefficients which ,1 

are independent of food intake (Sibbald, 1979), although, as has already been said, how the . 
endogenous amino acid contributions are determined is still a matter for debate. However, 
because the endogenous amino acid excretion in birds is a relatively small percentage of the 
total amino acids excreted after feeding most feedingstuffs, the uncertainty associated with 
these' values has less impact than endogenou; energy losses have on true metabolisable energy 
values. The observation that true amino acid digestibilities established in chickens can be 
applied to muscovy ducklings, whereas apparent digestibility coefficients differed (Mohamed 
~., 1986) between the two species (Table· 1 _1) is proof that great care is required to ensure · 
that valid comparisons are being made. More comparisons of this sort are required. 
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TABLElO. True digestibility of soya bean meal amino acids ( % ) at the ileum and in the 
excreta .of chicks (Bielori and Iosif, 1989) 

Ileum . Excreta 
'I 

Ala 83.5. 84.4 .. 

Arg 86.3 89.7 

Asp 81.1 85.6 

Cys 81.6 95.0 

Glu 87.9 90.3 

His 85.0 88.5 

iso-Leu 84.3 86.6 

Leu 84.0 86.5 

Lys 86.7 88.5 

Met 88.9 89.5 

Phe 85.2 87.3 

Pro 83.7 87.4 
•· 

Ser 82.8 84.6 

. Thr 82.2 82.8 

Tyr 85.6 88.5 ... 
Val 85.2 85.9 

TABLE 11. Apparent and true digestibilities (%) of 3 amino acids in a soya bean meal 
based diet by chicks and musc0vy ducklings (Mohamed ~., 1986) 

Apparent True 

Chicks Ducks Chicks Ducks 

Arg 92.9 87.5 94.5 96.9 

Lys 80.7 85.5 96~9 99.0 

Thr 76.3 76.6 93.3 91.8 

CONCLUSIONS 

Although many questions still remain to be resolved on the most valid techniqQes to measure 
amino acid digestibility coefficients there are good grounds for ·optimism. More work is 
required to determine what factors affect endogenous losses and whether . the. uSe Qf 
ca~tomised birds results in the derivation of significantly 'different and more 'meaningful. 
digestibility coefficients. The age of the bird is another factor which may require to be taken 
into consideration and whether digestibility coefficients derived with adult cockerels can 'be 
used with turkeys and ducks. · . · · "·. - · · 
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For poultry nutrition, generally, the prospects are undoubtedly exciting. The introduction and 
development .of the rapid assay based on tube-feeding allows raw materials to be studied 
directly and values are to longer subject to either the vagaries of food intake or the 
uncertainties of extrapolation. Their cheapness and speed have allowed many more of them 
to· be carried out with a consequent increase in the accuracy of nutritional information. 
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PERFORMANCE OF MALE TURKEYS FED CANOLA, MEAT, POULTRY 
BY-PRODUCT, AND FEAT~ER MEALS REPLACING A LNE 

QUANTITY OF BIOA VAILABLE PROTEIN FROM SOYBEAN MEAL 

INTRODUCTION 

C.W. Carlson, P.E. Waibel, J.K. Liu, 
J.A. Brannon, and S.L. Noll 

. Department of Animal Science 
University of Minnesota 

St. Paul, Minnesota 55108 

' ' 

The provision of protein and amino acids in feed is a major component in the cost of 
producing turkeys. Starting diets may contain 45% of protein rich ingredients such as 
soybean meal, whjch at that level provides about 21 % protein or 75% of the total amino acid 
requirement. However, because of soybean meal's lower methionine content, even that 
inclusion rate would not supply enough methionine to elicit maximum growth for most 
economical performance. Dietary supplementation with methionine is, therefore, essential to 
achieve the desired performance from turkeys fed diets based on soybean meal. 

The dietary concentration of protein is frequently determ1ned by the bird's need for the 
second most limiting amino acid, usually lysine. It may be cost effective to· include 
methionine and lysine supplements thereby reducing the level of soybean meal. Withe.this 
approach, savings up to 15% of soybean meal usage may be made. 

--.'":, 

· Benefits may be gained by the use of several alternative protein rich supplements which may 
at times be cheaper and more readily accessible than· soybean meal. These include canola, 
sunflower, corn gluten, meat and bone, poultry by-product, feather, and blood meals. 

': 

Comparisons between proteins of soybean meal and alternative feed sources are usually based .. 
on chemical analyses which provide total amino acid concentrations. No attention has been ' . 
directed at the use of these protein sources considering their available amino acids, especially 
at reduced protein levels where amino acid supplementation may be utilized~ 

Some concerns have been expressed that higher levels of soybean meal, i.e. over 40% may in 
some instances be harmful to the well-being of turkeys. Using lower protein levels and 
alternative .Protein sources will ameliorate this situation. 

We have (or some time been investigating the capacity of supplementary methionine and 
lysine to reduce the. apparent high protein. need of growing turkeys. Doing so borders upon 
the expression of further limiting amino acids. In these lower protein situations where 
additional limiting amino acids and amino acid balance become important, the amino acid 
patterns of alternative protein sources may be of interest for potential protein-sparing ability. 
These ·protein $Ources are in their own right of direct feeding interest. Low protein diets as 
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well as canola meal often have the potential for reducing feed costs as described by Carlson 
(1991). While undertaking this s~dy on the feeding of alternative protein sources at lower . 
protein 'levels, diets were formulated 1 based upon available amino acids. 

MATERIALS AND METHODS 

Supplies of com, soybean meal, canola meal, meat and bone meal, poultry by-products meal, 
and feather meal were obtained which would be sufficient for the entire experiment. True 
metabolizable energies (TME) and true amino acid availabilities (T AAA) were determined on . . 

these ingredients using 7 week old hen turkeys. The determined values were utilized in the 
formulation of the diets. 

The experimental design follows: Shown are the number of pens of .11 tons each per 
treatment. 

Protein Level1 % of NRC (1984} 
Diet 100 85 75. 

Com-soy 6 6 6 
Canola meal 6 6 6 ,:. 

Meat, and bone meal 6 6 6 
Poultry byproducts meal 6 6 6 
Canola and meat 6 6 6 
Feather 4 4 ill 

-
Formulation rules: Only net Only net Lys to 85%: ~·~c-:. 

(for amino acid to 100% to 100% net to 100% 
supplementation of NRC M+C ofNRCM+C of NRC M&C 

The diets are shown in Tables. la through le. Except for feather meal at 4%, the other mecils 
were initially used at levels to supply about 5% digestible protein. The levels were dropped 
with age to keep the ratio of any and test protein constant. 

Temperatures in the barn averaged 78, 71, 65, 65, 69 ·and 73°F in successive 3-week . 
. experimental periods. · · ' · · · ' · · 

RESULTS AND DISCUSSION 

Data for the composition of the materials to be assayed are given in Table 2. The canola ··. 
meal was higher in protein than had been ~ncountered previously, i.e., 42.6% vs. 38% as is 
given by NRC (1984), and commonly shown. That probably meant more of the seed coat 
had been removed which also led to a somewhat higher energy value . 

The amino acid contents in the com and protein supplements used are presented in Table 3. 
With the higher protein content in canola meal, one would expect to see higher lysine, yet the 
analysis showed it to be lower than in NRC (1984). Canola meal also showed much.higher 
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cystine and isoleucine levels. than would be expected in proporti<;m to the increased protein 
content Feather meal was somewhat lower in protein than that used previously. It showed a 
·1ower level of phenylalanine and tyrosine than expected. The system, meat & bone and · 
poultrY by-product meals appeared to be typical of that used in industry. 

' • • .J ' : 

The aven~ge~f: perc.entage availability values for the ingredients are shown in Table 4. One 
would· rank cQrn,. soybean. meal, meat & bone meal and poultry by-products meal, with 
averages around 90%, as high in availability of amino acids, with canola meal showing lower 
availability (85%) and feather meal ranking lowest (81 % ). Only preliminary analyses used in 
formulation of the diets are shown in the Table 4. 

Turkey body weights at 6, 12, and 18 weeks of age are presented in Table 5. The table is 
arranged so that one may observe main effects of ingredient and protein levels. Statistical 
analyses included a factorial 5 x 3 analysis of variance and another where the 17 treatments 
were analyzed independently. 

In observing the average growth responses at 6 weeks, it js surprising how little growth 
retardation resulted from,reducing the protein to 85 and 75 percents of NRC (1984). It is 
emphasized that methionine was present to 100% of the NRS (1984) ~ulfur amino acid 
requirement levels in all treatments. The large body weight responses 9.9 and 13.7%, to meat 
and bone and poultry by-product meals, respectively, across the three protein levels were . 
surprising; however, one may note in diet tables that the energy levels of these diets were 
greater than in the com-soybean and corn-soybean-canola meal diets. 

. b . 
The weights at 12 and 18 weeks of age show that the responses to protein widened wit~ time; 
at 18 weeks, there was about a pound difference between protein levels. The responses to"::, 
meat and poultry meals are substantial although lower on a percentage basis. Turkeys fed 
canola meal, without or \Vith.meat meal, weighed somewhat less at 100 and 85% ~f N:RC -
protein, but not at 75% protein. Inclusion of feather meal, was favorable at either protein 
level. The compination of canola and meat meals performed satisfactorily. 

& . ' 

Feed efficiency values for the entire experiment (18 weeks duration) are shown in Table 5. 
The large improvement in feed efficiency with the meat and poultry diets is impressive and is 
in keeping with the higher available energy values in diets containing these ingredi~ntS .. The ·i· ~ 
presence of canola meal resulted in somewhat reduced feed efficiencies as expected. Protein 
level did not affect feed efficiency; apparently the influence of lower protein in reducing 
gains and thereby reducing efficiency was countered by the higher amount of available eJle~gy 
in the lower protein diets. " 

Feed cost per unit of gain data show that meat and canola meals, separately or in combination 
were quite attractive economically. Diets of lower protein were also associated with slightly 
reduced feed cost. (Costs of feed components used in this analysis were, in $/100 kg. ·corn, 
9.90; soybean meal-dehulled 22.10; sunflower meal, 8.80; canola meal, 15.40; meat and bone 
meal, 26.50; poultry by-product meal, 29.20; feather meal, 22.10; fermentation residue 
product, 48.50; dicalcium phosphate, 27.60; calcium carbonate, 3.30; sale, 8.80; DL­
methionine (99%), 330.70; L-lysine (78.4%), 198.40; trace mineral mix, 55.10; vitamin mix 
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MTS-74, 8820; vitamin mixMTG-74, 66.10; animal fat; 26.50; and'miXing charge, 1.70. 

SUMMARY 

Canola meal, meat and bone meal, poultry by-products meal, and feather meal were 
substituted into diets of growing turkeys at 100, 85, and 75% of NRC ·protein: requirement··-' , 
levels. In all treatments· methionine was added so that methionine and cystine'reached iOO% 
or NRC (1984). Lysine was added to the 75% protein treatments to bring lysine to 85% Of 
NRC. 

The true availabilities of amino acids (T AAA) in com, soybean, and these protein 
supplements were determined so that feeds could be formulated on the basis of available 
rather th·an total amino acids. These ingredients were samples of large batches used.in the 

. growth study. The TAAA in com, soybean meal, canola meal, meat and bone meal, poultry 
by-products meal, and feather meal approximated 91, 90, 85, 91, 89, and 81 %, respectively. 

Body weights were measured from day old to 18 weeks of age. While they were reduced 
somewhat with lower diet protein they were still surprisingly good; doubtless because _of the 
methionine and lysine supplementation employed. Body weights were superior with the 
poultry by-product meal, and meat and bone meal treatments, either because diets contai!ling 
these supplements were higher in available energy' had improved amino acid balance, or . 
contained unidentified nutritional factors. With the recent ingredient costs used, canola meal, 
meat and bone meal, or their combination, resulted in reduced feed cost per unit of turkey 
produced. 
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Table la. Ccapo•i t ion of 0 to 3 and 3 to_ 6 ~k diet•• tor Experilnent TG-911. 

All ly•ine froat prot9In aourcea at lOOt NR.C plua 

inethionine to supply lOOt SAA 
Ingredient l 2 3 
... Jr.. 0 to J 

Ground corn 
Soybean .... 1. dehullod C7e 
SUntlover meal 
Canola meal 
Meat and bone meal 
Poultry by-product. meal 
Feather meal 
Fermentation re•idue prod.let 1 
IL··Metbionine "") · 
L-Lyeine (78.U) 
AniD&l rat 
Mineral• + vit&lftina 

Total 

N.ltrient•: 

Protein (t) 
Metab. eD•nJY (kcal/kg) 
Available 

Methionine (t) 
Methionine + cyatine (t) 
Lyaine (e) 
Threonine ( •) 

J8. 7 
U.9 

5. 0 
.o 
.o 
. 0 
.o 

. 25 
.216 

0 
2. 0 

100 

27.9 
21a2 

. 557 

. 9J9 
l.Ul 

.'9J 

3'. 0 
J7. l 

5 .. o 
15. 0 

• 0 
. 0 
• 0 

.25 
.115 

0 
2. 0 

100 

2a ·' 
27U 

.'99 

. 926 
1.Ul 
l.019 

J9. J 
c2. o 

5. 0 
• 0 

10. 0 
.0 
• 0 

.25 
. 210 

0 
2. 0 

100 

JO. 0 
2au 

. 588 

.977 
l.C89 
l. 033 

Ja .9 
u.o 
5. 0 

. 0 

.o 
10. 0 

• 0 
.. 25 

.22J 
0 

2 .0 

100 

29.5 
2au 

.598 

.9'7 
l.C73 
l. 013 

J6. 6 
JO. l 

5. 0 
15. 0 
10. 0 

• 0 
. 0 

.25 
.109 

0 
2. 0 

100 

JO. 5 
2a57 

. 5JO 

.96' 
l.C69 
l. 059 

16 

J6. 9 
'7.l 
5. 0 

.o 
• 0 
.o 

c.o 
.25 

.lJC 
0 

2. 0 

100 

29 .a 
2ao1 

.'85 

.9'5 
l.UO 
l. 070 

All lyaine from protein oourcea at est NRC pluo 

inethionine to oupply lOOt SM. 

6 7 a 9 10 

'6.l 
u.2 

5 .o 
.o 
• 0 
• 0 
.o 

.25 
. Joa. 

0 
2 .o 

100 

25 .o 
2au 

.615 

.961 
1.2'5 
.au 

U.J 
29.C 
5. 0 

15. 0 
. 0 
• 0 
• 0 

.. 25 

.205 
0 

2. 0 

100 

25. 5 
2810 

. 556 

.9U 
l. 22a 

. 912 

'7.l 
JJ.9 
5.0 

. 0 
10. 0 

. 0 

.o 
:25 

. J06 
0 

2. 0 

100 

27. 0 
296' 

.ua 
l.000 
l.296 

.920 

'6.6 
JJ. 0 
5. 0 

. 0 

.o 
10. 0 

. 0 
.25-

.JU 
0 

2. 0 

100 

2'. 5 
293' 

. 65a 

.990 
l.2aJ 

. 901 

U.J 
22 .2 

5. 0 
15. 0 
10.0 

.o 

. 0 
.25 

. 20J 
0 

2. o. 

100 

27. 6 
2925 

.589 

. 987 
l. 279 

.9'7 

17 

"·' J9. J 
5. 0 

.0 

. 0 

. 0 

'· 0 . 25· 
. 227 

0 
2.0 

100 

26. a 
2a68 

. 5f2 

.968 
l.25C 

.960 

All lyaine froat protein aource• at 7St. NR.C plu• 

inethionlne to •upplY lOOt SAA and lOt 1-lyoine 

11 12 13 u 15 

51. J 
J5. 6 

5. 0 
. 0 
• 0 
• 0 
• 0 

, .25 
.J72 
.l9J 
2. 0 

100 

2J. 0 
2890 

• 65C 
. 975 

1.2'3 
.ao6 

u.c 
2J .9 

5 .o 
15.0 

.0 

.o 
• 0 

. 25 
.20 
.189 
2.0 

100 

2J.6 
2a51 

.595 

.962 
l. 2U 

.835 

52.' 
2a. 2 

5. 0 
. 0 

10. 0 
. 0 
.o 

. 25 
. J72 
.199 
2. 0 

100 

:is. o 
3006 

.689 
l. 015 
l.JU 

. 8J9 

51. 9 

27 ·' 
5. 0 

• 0 
.0 

10. 0 
• 0 

• .25 
.JU 
.196' 
2. 0 

100 

2C. 5 
297a 

.69a 
l.005 
l.J02 

.822 

"·' 16.6 
5. 0 

15. 0 
10. 0 

.o 

. 0 
·.25 

. 268 

.192 
2. 0 

100' 

25.6 
29'7 

. 629 
l. 001 
l. 297 

.a69 

... 1r:. J to • 

Ground corn 
----------------------------------------------------------------------------.. ---------------------------------------------------------------------------------

N 

'° -.J 

Soybean .... i. dehullod en 
sun f lover meal 
Cariola meai 
Meat and bone meal 
Poultry by-product meal 
Feather meal 
Fermentation reaidue prod.lctl 
IL-Methionine !'9') · 
L-Lyolne (78 .U) 
AniJnal fat 
Minerals + vitamin• 

Total 

tl.ltrienta1 

Protein (t) 
Metab. energy (kcal /kg) 
Available 

Methionine (t) 
Methionine + cy•tine (t) 
Lyolne l•I 
Threonine ( t J 

Cl. 6 
C5. 7 

5. 0 
• 0 
.0 
.o 
• 0 

.25 
.136 

0 
2. 0 

100 

2'.6 
28'0 

.'66 

.a3' 
l. J57 

. 951 

l Fenm.ctoR. Pet Ag Inc .• Elgin. IL. 

I 

CO. l 
3'.8 
5. 0 

lJ. a 
.o 
. 0 
• 0 

. 25 
. OU 

0 
2. 0 

100 

27 .1 
2aoc. 

.en 

.a2C 
l. 3'0 

.975 

u.c 
J9. 2 

5. 0 
. 0 

f.2 ( 
. 0 
• 0 

. 25 
.12a 

0 
2.0 

++ 

100 

28. 6 
29'6 

.C9l 

.au 
l. C07 

. 986 

,> 

f2 .9 
Ja.J 
5. 0 

.o 

.o 
9.2 

.o 
. 25 

.lU 
0 

2 .o 

100 

2a.1 
2916 

. 501 

.a57 
l. J93 

.967 

co.a 
2a. J 

5. 0 
n.a 
9.2 

• 0 
. 0 

.25 
• OJ5 

0 
2. 0 

100 

29. l 
2909 

. tJa 

.ass 
l. J90 
l. 010 

U.l 
U.9 
5. 0 

. 0 

. 0 

. 0 
J. 7 
.25 

.08' 
0 

2. 0 
++ 

100 

2a.C 
2a57 

.C2l 

.862 
l.J6J 
l.020 

' ,, .. 

n.a 
Ja.J 

5 .0 
.0 
.o 
.o 
.0 

. 25 
. 222 

0 
2. 0 

100 

2J .9 
290C 

. 518 

. asJ 
l.179 

.8'7 

\t 
.,, 

'7.2 
27. 5 

5. 0 
13.a 

. 0 
• 0 
• 0 

.25 
.12a 

0 
2. 0 

100 

2C.C 
286a 

.'65 

.au 
l.165 

.873 

50. a 
Jl. 5 
5. 0 

. 0 
9.2 

• 0 
.o 

.25 
.217 

0 
2.0 

100 

25. 7 
JOll 

.5'6 

.885 
l.22J 

.878 

50. J 
JO. 7 
5. 0 

. 0 

.0 
9. 2 

. 0 
.25 

.22a 
0 

2.0 

100 

25. 2 
298J 

. 555 

.877 
l. 211 
.an 

U.2 
20. 7 

5 .o 
lJ.a 
. 9.2 

.o 

.o 
.25 

. l2J 
0 

2. 0 

100 

26 .2. 
297' 

.'92 

.87' 
l. 208 

. 90f 

U.J 
J6. 5 
5. 0 

.o 

. 0 
• 0 

J. 7 
.25 

.1'7 
0 

2. 0 

100 

25. 6 
2922 

.CSl 

. a59 
l .187 

. 917 

5C. 6 
33. l 
5. 0 

. 0 
• 0 
. 0 
.o 

.25 
. 2ao 
.11a 
2. 0 

100 

22. 0 
29'J 

. 55J 

.865 
l.195 

. 77t 

51. 7 
22.6 

5 .0 
lJ .a 

• 0 
. 0 
.o 

.25 
.183 
.167 
2 .0 

100 

22. 7 
2905 

.. ,,. 
.a5J 

l.179 
.ao5 

55.8 
26. 2 

5. 0 
.o 

9.2 
• 0 
• 0 

.25 
.277 
.uc 
2.0 

100 

2J.8 
J05J 

. 582 

.897 
l. 2CO 

.a03 

55.2 
25.C 
5. 0 

. 0 

. 0 
9. 2 

.0 
.25 

.28a 

.l8J 
2. 0 

100 

5J. l 

15 ·' 
5. o· 

lJ. a 
9.2 

.o 
• 0 

. 25. 
.UJ . 
.1a2 
2.0 

100 

2J.C. 2C.C 
J02C J016 

.591 .52a 

.889 .aH 
l.22a l. 225 

. 78' .a29 

·~ 
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Table lb. COUJ>O•ition of 6 to 9 and 9 ~~week dieta for Experiment TG-911. 

All lyaine fro1n-Pr~tein aourcea at lOO• NRC plua, 

inethionlne to supply lOO• SM 
Ingredient 1 2 3 16 

All lyaine from protein- iaourcettt 8S• NRC plua 

methionine to 11upply 100• SAA 

6 7 8 9 10 17 

All lyoine front. protein oourcea at 75t N1lC plua 

inethionine to aufElY .lOOt SAA and 10• 1-lyaine 

11 12 13 1' 15 

... ir •• to 

Ground corn 
--- -- ---------- -------------- - - ---------- --------- ------- -- ---------- ---- --- ' -- -------- - ------- ---------- -- - ----- -- ---------------------------- - ------- -- -- ---

Soybean ... 1. dehulled 47t 
C.nola meal 
Meat and bone a.al 
Poul try by-product meal 
Feather ••1 
Fermentation reaidue pro&lctl 
DL-Methionine 199' I 
L-Lyaine (78 .0) 
Aniinal fat 
Mineral• + vitamin• 

Total 

NJ.trienta: 

Protein <•> 
Met.ab. energy {kcal/kg) 
Available 

Methionine (t) 

Methionine + cyatine {t) 

Lyaine !'l 
. Threonine { •) 

... ir •• to 12 

Ground corn 
Soybean -•1,· dehulled ''' 
Canola meal 
Meat ana bone ineal 
Poultry by-product meal 
Feather ... 1 
Fermentation. reaidue prodlctl 
a..-Metbionine ( 99•) 
L-Lyaine (78 .0) 
Ania.al fat 
Mineral• + vitamin• 

Total 

NJt?-iento: 

Protein (t) 

Metab. energy (kcal/k9) 
Available 

Methionine <•> 
Methionine • cyatlne l•) 
Lyaine UI 
Threonine t•J 

See footnote on table la. 

o .• 
u .• 

. 0 
• 0 
• 0 
• 0 

. 25 
. 093 

0 
3.0 

100 

2•. 5 
3001 

. •os 

. 757 
1.2U 

. 858 

'7.1 
33.8 
12 .2 

. 0 

.0 
• 0 

.25 
. 029 

0 
3. 0 

100 

25. 0 
2968 

. 377 

. 766 
1.270 

.881 

50. 3 
37.5 

.0 
8.2 

. 0 

. 0 
. 25 

.083 
0 

3. 0 

100 

26 .1 
3097 

. •25 

. 781 
l·, 325 

.887 

0.8 
36. 7 

. 0 
: 0 

8.2 
.o 

.25 
. 095 

0 
3 .o 

100 

25. 7 
3071 

.O• 
.. 775 
l.3U 

.872 

n.9 
27. 9 
12. 2 
8.2 

• 0 
. 0 . 

-.25. 

. 012 
0 

3. 0 

100 

26-6 
3063 

.389 

. 782 
1. 310 

. 909 

U.l 
U.8 

• 0 
. 0 
. 0 

3. 3 
.. 25 
.OU 

0 
3. 0 

100 

26. 0 
3016 

. 383 

. 799 
1.290 

.920 

56.3 
36. 3 

.o 

.o 

.o 

.o 
.25 

.172 
0 

3.0 
++ 

100 

21-8 
3063 

. C53 

. 772 
l.lU 

. 759 

5'.0 
26. 7 
12. 2 

. 0 
• 0 
. 0 

. 25 
. 090 

0 
3. 0 

100 

22. 3 
3031 

. •07 

.7U 
1.102 

. 782 

57 .• 
30 .1 

. 0 
8. 2 

. 0 
• 0 

.25 
.165 

0 
3. 0 

100 

23 .• 
3161 

.•7' 

. 797 
1.10 

.78' 

56. 9 
29. 5 

. 0 

. 0 
8. 2 

. o· 
. 25 

-177 
0 

3. 0 

100 

23. 0 
3136 

-U3 
. 791 

1.UO 
. 770 

55.0 
20.6 
12 .2 

8 .2 
-0 
• 0 

. 25 
.OU 

0 
3.0 

100 

23-8 
3128 

.•28 

. 789 
1.137 

.808 

55_-0 
3•. 7 

. 0 

. 0 
• 0 

3. 3 
. 25 

. 105 
0 

3. 0 
++ 

100 

23. 3 
3079 

. 393 

. 777 
1.120 

.820 

61. 0 
31. 3 

. 0 
• 0 
.0 
• 0 

. 25 
. 227 
.170 
3. 0 

100 

20. 0 
3101 

.U5 

. 782 
1.128 

.688 

58 .6 
21. 7 
12 .2 

. 0 

.o 

.o 
. 25 

.U5 

.170 
3 .0 

100 

20.5 
3069 

.09 

. 77' 
1.116 

. 712 

62.1 
25.1 

.0 
8.2 

. 0 

. 0 
. 25 

- 221 
.172 
3. 0 

100 

21. 6 
3199 

. 507 
-807 

1.163 
. 713 

61. 7 
2• .• 

. 0 

. 0 
5 _2 

. 0 
.25 

. 232 

.173 
3. 0 

100 

21.2 
3176 

.516 

.801 
1.155 

.699 

59. 7 
15. 6 
12. 2 

8. 2 
. 0 
. 0 

. 25 
.131 
.170 
3. 0 

100 

22 .1 
3167 

_uo 
. 799 

1.151 
. 738 
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. 56. 6 
36. 7 

.0 
• 0 
• 0 
• 0 
.1 

.. 059 
0 

3. 0 

100 

21. 9 
3081 

.3U 

. 665 
.1.126 

. 765 

5•. 6 
28. 5 
10. 5 

• 0 
• 0 
. 0 
.1 

. -020 
0 

3. 0 

100 

22 .• 
3052 

.3H 

.689 
1.115 

. 785 

57. 5 
31.C 

. 0 
7. 0 

• 0 
. 0 
.1 

. 050 
0 

3. 0 

100 

23. 2 
3166 

( 

. 358 

.68' 
1 .. 157 

. 788 

57 .2 
30 .9 

. 0 

. 0 
7. 0 

. 0 

.1 
. 060 

0 
3.0 

100 

22.9 
31'6 

. 367 

. 679 
1.10 

. 775 

55.' 
23. 2 
10. 5 

7. 0 
.o 
. 0 
.1 

.. 005 

0 
3. 0 .. 
100 

23. 7 
3136 

.30 

. 702 
1.lU 

.807 

55. 5 
35. 3 

.o 

. 0 

. 0 
2.8 

.1 
.050 

0 
3. 0 

100 

.23 .2 
30H 

.339 

. 717 
1.130 

.818 

/ 
·' ,. 

• 
~y 

62.8 
30 .• 

• 0 
• 0 
.o 
.o 
.1 

.128 
0 

3.0 

100 

1'.5 
3137 

. 383 

.677 

.97' 

. 677 

60. 7 
22. 2 
10. 5 

.o 
• 0 
• 0 
.1 

. 058 
0 

3. 0 

100 

20. 0 
3108 

.3U 

.671 

. 9'5 

.698 

~· 

63-9 
2C. 9 
.. 0 
7. 0 

. 0 

. 0 

.1 
.. 132 

0 
3. 0 ... 
100 

20 .8 
3223 

.Ul 

. 708 
1.001 

.696 

63. 5 
2• .• 

. 0 

. 0 
7. 0 

. 0 

.1 
. 000 

0 
3. 0 

100 

20. 5 
320• 

. •09 

. 692 

.995 

.685 

. 61. 7 
16.8 
10.5 

7. 0 
.0 
.o 
.1 

. 050 
0 

3.0 

100 

21.2 
3195 

. 361 

.690 

.992 

. 717 

61. 7 
29-0 

. 0 

.o 

. 0 
2.8 

.1 
.OU 

0 
. 3. 0 

100 

20. 8 
3151 

.3'5 

.6H 

.978 

. 729 

66.9 
26. 0 

• 0 
. 0 
.o 
. 0 
.1 

.17' 

.1'7 
·3. 0 .. 
100 

u.o 
3171 

.Ul 

.685 

.985 
: 615 

U-7 
11.0 
10.5 

• 0 
.o 
.o 
.1 

.103 

.U3 
3 .o 

100 

18.~ 

31U 

. 371 

. 678 

.975 

.638 

68.1 
20.' 

• 0 
7. 0 

• 0 
. 0 
.1 

.169 

.153 
3. 0 

100 

19,2 
3259 

.C26 

. 70C 
1. 012 

-632 

67. 7 
1'.9 

.0 

. 0 
7. 0 

• 0 
.1 

.179 

.151 
3.0 

100 

U.9 
32CO 

.U7 

.69' 
1.006 

.622 

. 65.9 
12 .• 
10. 5 

7. 0 
• 0 
. 0 
.1 

.098 

.lU 
3. 0 

100 

19. 7 
3229 

.388 

. 697 
1. 003 

. 655 
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Table le. Coirpoaition ot 12 to 15 and 15' to 18 wee~ diet• tor Experiment TG-911. 

All lyaine from protein eourcee at lOOe NRC plue 

methionine to wpply loo• ~ 
Ingredient 1 2 J 4 S 16 

All l:Y•in9 tro-m protein aoUrceil at ase NRC::: Plua 

methionine to aupply lOO• SM 

7 8 10 17 

All lyaine trom protein aoli.rcea at 75• NRC plue 

methionine to auwly 90• SM and 15• 1-lyaine 

11 12 13 1' lS 

••Jr:• 12 to 15 
Ground corn 

---------------------------------------------------------------------------- . ---------------------------------------------------------------------------------
Soybean meal. dehulled 47• 
Canola meal 
Meat and bone meal 
Poultry by-product meal 
Feather ._al 
Fennentation rea.idue pro&.actl 
DL-Methionine {99•) 
L-Lyolne (78.0J 
Anla\al tat 
Mineral• + .vitamin• 

Total 

M.1trient11: 

Protein <•> 
Metab. energy (kcal/kg) 
Available 

Methionine <•> 
Methionine + cyetine <•J 
Lyolne (tJ 
Threonine <•> 

••Jr:• 15 to 11 

Ground corn 
Soybean meal. dehulled 47• 
Cano la meal . 
Meat and bone ineal 
Poultry by-product meal 
Feather ineal 
Fermentation reaidue prodactl 
DL-Methlonine (99t J 
L-Lyolne (78.0J 
AniNl tat 
Mineral• + vitaznin• 

Total 

t1..atrient11: 

Protein <•J 
Met.ab. energy {kcal/kg) 
Available 

Methionine t•J 
Methionine + cyatine <•> 
Lyolne l'J 
Threonine C•J 

See toot note on table la. 

'3.9 
28. 7 

. 0 

. 0 

. 0 

. 0 

.1 
.073 

0 
4. 0 

100 

18.8 
3213 

.· 321 
. 606 
.933 
. 6S2 

70 .l 
22. 8 

.0 

. 0 

. 0 

. 0 

. l 
. OS3 

0 
4. 0 

100 

16. s 
3283 

. 276 

. S36 

. 793 

. S70 

I 

62. 0 
21- 6 
9.2 

. 0 

. 0 

.o 

. l 
.030 

0 
4. 0 

100 

19 .2 
3188 

. 306 

.620 

.92S 

.670 

68 .4 
16. 6 
8. l 

. 0 

. 0 

.0 

. l 
.023 

0 
4. 0 

100 

1'.9 
3260 

.271 

.SS6 

. 787 

.S87 

64.9 
23.9 

. 0 
6 .1 

.o 

. 0 

.1 
. 06S 

0 
4. 0 

100 

U.9 
3290 

. 334 

. 621 

. 9SS 

. "' 

71.l 
18.4 

• 0 
s. 4 

• 0 
. 0 
.1 

.046 
0 

4. 0 

100 

17. 4 
33S2 

.287-

. S47 

.809 

.S83 

64.S 
23 .s 

. 0 

.o 
6.1 

. 0 

.1 
. 074 

0 
4. 0 

100 

19.6 
3274 

. 342 

.618 

. 9Sl 

. 6S9 

70 .9 
18. l 

.o 

. 0 
s .4 

. 0 

.1 
• OS4 

0 
4. 0 

100 

17 .2 
3339 

.294 
• S4S 
.806 
. S7S 

63. 0 
16.8 

9. 2 
6.1 
.o 
. 0 
.1 

. 017 

4. 0 

100 

20. 3 
3264 

. 313 
• 629 
. 947 
• 687 

69.4 
12. 2 

8 .1 
s. 4 

. 0 

. 0 

.1 
• 012 

4. 0 

100 

17. 8 
3328 

. 276 

. 563 

. 803 

. 600 

62. 9 
27 .s 

. 0 

. 0 

. 0 
2.S 

. l 
. OS6 

0 
4. 0 

100 

19 .9 
322S 

.309' 

.643 

.936 

.697 

69. 3 
21. 6 

. 0 

. 0 

. 0 
2.2 

.1 
.04' 

0 
4. 0 

100 

17. 5 
3294 

.274 

.575 

. 79S 

.uo 

.. ~ 

\}" 

., 

69.l 
23.3 

. 0 

.o 

.o 

. 0 

.1 
.130 

0 
4. 0 

100 

16.8 
3261 

. 3S4 

.us 

. eos 

.S77 

74 .6 
18 .1 

. 0 

.o 

. 0 

.0 

.1 
.101 

0 
4. 0 

100 

1'.8 
3324 

. 304 

.so 

.682 

. sos 

67. 2 
16. 3 

9. 2 
. 0 
. 0 
. 0 
.1 

.068 
0 

4. 0 

100 

17. 2 
323S 

. 320 

.611 

. 798 

.S96 

72 .9 
12. 0 
8.1 

. 0 

. 0 

. 0 

.1 
.047 

0 
4. 0 

100 

lS. 2 
3301 

.27S 

. S39 
.• 677 
. S23 

70. 2 
18.4 

. 0 
6. l 

. 0 

. 0 

.1 
.123 

4. 0 

100 

17 .8 
3338 

.. 368 
.630 
.824 
.S91 

7S. 7 
13. 7 

. 0 
s. 4 

. 0 

.o 

.1 
. 09S 

0 
4. 0 

100 

lS. 7 
3394 

.31S 

.SS4 

.696 

. Sl 7 

69.9 
18. 0 

• 0 
• 0 

6. l 
. 0 
. l 

.132 
0 

4. 0 

100 

17. 6 
3324 

.376 

. 627 

.820 

. S83 

7S .4 
13.4 

. 0 

. 0 
s. 4 

. 0 

.1 
.103 

0 
4. 0 

100 

lS. s 
3382 

. 322 

. SS2 

.694 

. SlO 

68.3 
11.3 

9 .2 
6.1 

.0 

.0 

.l 
. 062 

0 
4. 0 

100 

18 .2 
3313 

. 334 

. 625 

. 818 

. 611 

74 .o 
7 .s 
8 .l 
S.4 

.o 

. 0 

.1 
. 041 

0 
4. 0 

100 

16.0 
3372 

. 285 

. 5SO 

. 692 

. 534 

68. l 
22.1 

• 0 
. 0 
. 0 

2.s 
.1 

. 084 
0 

4- 0 

100 

17 .9 
3274 

.31' 

. 623 

.808 

.622 

73.8 
17. 0 

. 0 

. 0 

. 0 
2.2 

. l 
. 070 

4. 0 

100 

15. 8 
3336 

.277 
• 5S8 
.684 
. 54S 

72.4 
19. 7 

. 0 

. 0 

. 0 

. 0 

.1 
.104 
.179 
4. 0 

100 

lS .s 
3289 

.314 

. SS9 

.8S9 

. S26 

77 .s 
lS. l 

. 0 

. 0 

. 0 

. 0 

.1 
. 077 

.lSU 
4. 0 

100 

13. 7 
330 

. 267 

.02 

. 728 

.462 

70.6 
12. 7 

9.2 
.0 
.o 
.o 
.l 

. 04S 

.180 
4 .0 

100 

lS .9 
3264 

.281 
• 5S5 
.i53' 
.545 

1s .a 
8.8 
8 .1 

. 0 

. 0 

.o 

.1 
. 035 

.1529 
4 .o 

100 

u.1 
3326 

.20 

.499 

. 722 

.479 

73. 7 
U.6 

. 0 
6.1 

• 0 
. 0 
. l 

. 098 

.186 
4. 0 

100 

16.S 
3368 

. 327 
• 572 
.eeo 
. 539 

78.8 
10. s 

. 0 
s. 4 

. 0 

. 0 
·.1 

.071 
.1571 

4. 0 

100 

U.5 
3419 

. 278 

. S02 

. 743 

.472 

73.4 
1'. 2 

. 0 

.0 
6. l 

• 0 
. l 

.101 

.186 
4. 0 

++ 

100 

16 .2 
33S4 

. 33S 

.570 

.876 

.530 

78 .s 
10. l 

. 0 

. 0 
5. 4 

. 0 

.1 
.080 

.1595 
4. 0 

100 

14. 3 
. 3407 

.28' 

.501 

.HO 

.463 

71.8 
7. 6 
9.2 
6.1 

. 0 

. 0 

' .1 
.038 
. us 

4- 0 

100 

u.9 
'3342 

. 293 

.568 
'.en 
. 558 

77.l 
4. 3 
8. l 
5.4 

.0 . 

. 0 

. l 
. 023 

.1572 
4. 0 

100 

U.9 
3396 

. 254 

. 504 

. 738 

.489 
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Table 2. Analyses of ,ingredients in Exp~riment TG-911 1 

Soybean Meat, Poultry 
Cano la mea1·· · & bone by-product ,Feather 

CorilEonent Corn. meal !47l meal meal meal 

Dry matter, % 87.6 92.2 89:7 94.4 94.6 93.0 

· Protein, % 8.3 42.6 46. 6'' " 53.1 52.8 74.4 

Metab. energy, 
kcal/kg 3430 2300 2440 2600 2700 3100 

Calcium, % ·.02 .68 .27 10.30 9.00 2.56 

Phosphorus, % .28 1.17 .62 5.10 4.45 1.21 

1 Dry matter, protein, calcium, and phosphorus analyses were performed at 
Ingman Laboratories, Minneapolis, MN.. Dry matter and protein were analyzed 
at the University of Minnesota. Metabolizable energy values were adapted 
from the TME results on 1ngredients and NRC (1984) table values. Dry matter 
and protein are averages of results of two laboratories. 

.; 

Table.3. Amino ·acid composition for ingredients used in 
Experiment TG-911 1 . 

Amino acid 

Methionine 
Cy$tine 
Lysine 
Arginine 
Tryptophari 
Valine 
Glycine 
Histidine 

Corn 
Cano la 

meal 

Soybean 
meal 
(47) 

Meat Poultry _ 
& bone. by-product Feather ~ 

meal meal meal 

------------------------ %--------------~------------

.15 .83 .63 .. 77 .81 .63 

.19 1. 04 . 74 .60 . 51. 3.59 

. 3 0 2.37 2.94 2.66 2.80 2.02 

.49 2.81 3.49 3.64 3.32 5.14 

.058 .56 .61 .32 .35 .44 

.41 2.18 2.18 2.05 1.94 4.96 

.33 2.19 1. 97 7.01 6.00 6.29 

. 24 1.17 1.28 1.05 1.16 .60 
Phenylalanine .40 1. 52 2.51 1.69 1.78 1. 62 
Tyrosine .34 1.38 1. 87 1.27 1.38 2.67 
Threonine .31 1. 87 1. 87 1.63 1.64 3.27 
Leucine 1. 07 3.11 3.67 2.96 2.93 5.79 
Isoleucine .29 1.68 2.10' 1.50 1.50 3.34 
Serine .42 1.90 2.43 2.07 1.75 7.60 

1 Analyses were performed by Degussa Corporation, Allendale, NJ. 
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Table 4. Amino acid ~vailabilities for ingredients in Experiment TG-9111 

Amino acid 

Amino.acid 

Methionine 
Cystine 
Met + cys 
Lysine 
Arginine 
Valine 
Threonine 
Leucine 
Isoleucine 

Ave. essential 

Serine 
Proline 
Glutarnic aci;d 
Aspartic acid 
Alanine 

All amino acids 

Soybean 
meal canola 

Meat Poultry 
& bone by-products Feather 

Corn (47) meal meal meal meal 

------------------------%------------------------------
91. 0 
88.6 
89.6 
90.4 
96.5 
88.1 
87.8 
93.8 
97.9 

91. 5 

92.1 
92.2 
89.8 
88.0 
96.5 

91. 6 

89.3 
83.2 
86.0 
91. 0 
95.4 
88.4 
88.8 
89.6 
89.3 

89.0 

92.2 
91. 9 
93.1 
94.1 
87.7 

90.0 

90.4 
81. 5 
83.9 
84.4 
91. 8 
81.2 
82.2 
85.8 
82.8 

84.9 

84 
84.6 
91.3 
84.2 
80-.3 

84.9 

97.2 
81. 0 
90.1 
92.2 
94.7 
91. 9 
93.8 
92.9 
92.8 

91. 8 

92.5 
87.4 
91. 8 
93.0 
90.1 

91. 5 

96.2 
70.4 
86.3 
90.9 
91. 8 
90.8 
91. 9 
91. 7 
91.4 

89.0 

88.3 
84.5 
90.5 
90.3 
88.8 

88.8 

81. 9 
65.1 
67.1 
78.5 
90.7 
82. 9 
85.7 
85.4 
86.3 

80.4 

89.0 
83.4 
83.1 
79.3 
85.1 

81.7 
~ 

1 
Values shown were used in formulating diets. They are not final. 
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Table .5. Effect of diet treatment on body weight, feed "'f~k.i_e!'lCY and feed cost per kg gain. for male 
Hybrid turkeys <_Exgeriment TG-911) ' 

Trt 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

% NRC 

100% 
100% 
100% 
100% 
100% 

85% 
85% 
85% 
85% 
85% 

In edient substitution 

Com-soybean 
Canola meal (CM) 
Meat & bonemeal (MBM) 
Poultry-by-product meal 
CM + MBM 

Average 

Com-soybe~ 

Canola meal 
Meat & bonemeal 
Poultry-by-product meal 
CM + MBM 

Average 

11 75% 
12 75% 
13 75% 
14 75% 
15 '75% 

com-soybean 
Canola meal 
Meat & bonemeal 
Poultry-by-product m<aal 
CM + MBM 

16 
17 

100% 
85% 

Average 

Feather meal 
Feather meal 

Ingredient Average 
Corn-soybean 
Canola meal 
Meat and bone meal 
Poultry-by-product meal 
CM + MBM 

Statistical Analyses: 
Factorial (5x3 treatments) 

P value 
Ingredient (I) 
Protein (Pl 
IxP 

Error mean square 
LSD (P<.05) 

I 
p 

All 17 treatments 
P value of treatment 
Error mean square 
LSD (P<.05) 

Body weight, at weeks:·· 

6 12 18 

------------- (kg) -------------

1. 866. 
1. 762 
1. 966 
2.085 
1. 847 

1. 905 

1. 730 
1. 766 
1. 938 
2.067 
1. 910 

1. 882 

1. 730 
1.761 
1. 939 
1. 910 
1.849 

1. 837 

1. 733 
1. 860 

1:775 
1. 763 
1. 948 
2.021 
1. 869 

.0001 

. 0378 

.1358 

.010 

.067 

.052 

.0001 

.011 

.124 

7.151 
7.151 
7.629 
7 .776 
7.565 

7.460 

6.934 
6.821 
7.522 
7.605 
7.223 

7.221 

6.913 
·6. 893 
7.306 
6.863 
6.974 

6.990 

7.070 
7.145 

6.999 
6.955 
7.496 
7 .414 
7.254 

.0001 

.0001 

. 0373 

.086 

.195 

.151 

.0001 

.092 

.353 

302 

13:s10 
13.309 
13.814 
13.945 
13.636 

13.656 

12.966 
12.531 
13.303 
13. 341 
13.188 

13.066 

12. 613 
12.614 
12.967 
12.617 
12.739 

12.710 

- 13. 742 
13. 085 

13.052 
12.818 
13.361 
13.301 
13.188 

.0013 

.0001 

.5082 

.170 

.274 

. 212 

.0001 

.180 

.494 

Feed efficiency. 

0-18 weeks 

c2., 721 
i. 741 
2.595 
2. 624 
2. 682 

2.673 

2-. 726 
2.751 
·2. 581 
2·. 657 
2.657 

2. 674 

2. 711 
2.806 
2.642 
2.594 
2', 649 

2.681 

2.646 
2. 711 

2. 719 
2. 766 
2 .. 606 
2.625 
2. 663 

.0001 

.8582 

.1547 

.0034 

.039 

. 030 

.0001 

. 0034 

.071 

Feed.cost 

I ·k ain 

($) 

.463 

.448 

.442 

.463 .• 
.. 448 

.453 

.452 

.440 

.428 

.451 

.423 

.439 

.440 

.440 

.435 

.440 

.417 

.434 

.463 

.4'42 

.452 

.443 

.435 

.451. •· 

.429 

• ~ 'I 


