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ABSTRACT 

Five chick and tiro laying hen experiments were conducted during 

the course of this work. All of the chick experiments (except l) were 

conducted for a period of four weeks and the laying hen experiments 

were carried out for nine 28 day periods. Protein utilizations were 

determined by calculation of protein efficiency ratio (P.E.R.) and "by 

the estimation of nitrogen retention. 

Apparent lysinet methionine and dry matter (DMD) digestibilities 

were evaluated also. Eody weight gains and feed conversion (gm. of 

feed/per gm. of gain) were also determined. Metabolized energy (M.E.) 

estimations were carried out in all studies. Approximately equal di

etary grain levels were supplied by corn and various grain sorghums 

samples. 

No significant differences in M.E, values were found between 

corn and milo, but when milo was steam processed the M.E. values were 

increased by 1; to 8^ (experiments 2 and 3) • Increases of 8 to ±5% in 

M.E. values of grain sorghum were found when this grain was pressure 

cooked at either £0 or 80 psi. 

In an additional study chicks were fed twelve different vari

eties of grain sorghum. Metabolizable energy (M.E.) values ranged from 

a low of 2.l£ kcal/gm. for Excell-BR-60 to a high of 3.f>8 kcal/gm. for 

Lindsey-BRr-75>. No correlation was found between growth of chicks and 

the M.E. values of the varieties of grain sorghum. Protein quality 

viii 
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differences among these grains were apparently the main factor in 

affecting growth. 

Ho significant differences in egg production were found among 

the birds fed the experimental diets in the first laying hen experiment. 

However, feed conversions with the barley or steam processed barley fed 

birds were decreased significantly in comparison with the corn or milo 

fed birds. There was no significant difference in nutritive value be

tween high amylose corn and that of regular corn, and the steam proces

sing of this material did not have a beneficial effect on its feeding 

value* The M.E. values of steam processed and pressure cooked grain 

sorghums showed higher values in comparison with the untreated samples. 

Egg production, feed conversion and egg weight obtained with 

birds fed steam processed or pressure cooked at J>0 psi milo samples were 

equal to com. It appears that these processes improved the nutritive 

value of the grains for laying hens. 



CHAPTER I 

INTRODUCTION AND REVIEW OF LITERATURE 

Introduction 

Since feed efficiency is the key to any feeding operation and 

grains serve as the chief source of energy in most formulated diets, 

any improvement in the utilization of the feed grains should be re

flected in performance. Older methods of grain processing such as 

grinding or cracking to improve utilization are being replaced by new 

complex methods. Workers from several experiment stations report that 

steam processing or pressure cooking of grains for ruminants improves 

both energy and nitrogen utilization. But, no information on the uti

lization of these processed grains is available for poultry. The prime 

object of most processing methods is to increase the nutrient value of 

the starch since it is the major component of most grains. Cereal 

grains are naturally protected from enzymatic attack and thus difficult 

for the animal to digest and use efficiently. Breaking this cover by 

processing is necessary in order to make the grain more available for 

digestion. Dry milling was the oldest processing treatment used. 

Grinding the grain makes the inner part more accessible to saliva for 

swelling and digestion by ruminal microorganisms and digestive enzymes. 

Grinding also causes some physical damage to the starch granules and 

makes them more susceptible to water absorption and enzymatic digestion 

than undamaged granules. Other methods of grain processing such as 

1 
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water, steam, or pressure treatments are all intended to promote diges

tion by changing the physical as well as chemical nature of the grain. 

A brief look at cereal chemistiy indicates that the starch component of 

these grains is composed of amylose and amylopectin. These polymers 

are linked together through alpha 1-U and alpha 1-6 linkages. Two en

zymes involved in the degredation of these molecules convert them to 

intermediates for production of fatty acids by the rumen microorganisms 

or for absorption in monogastries. Very little information is available 

on the effects of these treatments on the other constituents of the ce

real grains. However, there is evidence that steam pelleting can im

prove the utilization of fibrous materials by monogastric animals but it 

is also known that certain processes cause protein denaturation which 

results in the destruction of certain amino acids, notably lysine. 

The studies undertaken were designed to evaluate the effects of 

steam processing or pressure cooking of cereal grains and to compare 

several varieties of grain sorghum for poultry feeding. 

Review of Literature 

There is evidence that the form in which a ration is fed may 

have considerable influence upon its nutritional value. Fritz (193$) 

showed that grinding Argentine corn improved its digestibility, but the 

improvement was small and probably not significant. Coarse cracking 

increased the digestibility of the ether extract of com to a maximum 

while fine grinding improved the utilization of the ash portion, 

Fritz (1935)# In another experiment, Fritz (1937) showed that grit im

proved the digestibility of all constituents, especially fat, when fed 



to the domestic fowl. The influence of grit on digestibility was 

greater when coarse feed was fed. Heywang and Morgan (l?l|l;) observed 

that chicks fed pelleted all-mash diets had body weights significantly 

greater than chicks fed unpelleted diets. Feed utilization by chicks 

fed the pelleted diets was greater than for chicks fed unpelleted diets. 

Heuser and Morris (l9h6) found that feed efficiency increased slightly 

with the feeding of granite grit. These results confirmed^the results 

obtained by Fritz (1935 and 1937). Berg and Bearse (19U7) shewed that 

poults fed course diets had higher body weights than those fed a fine 

ground diet. Eley and Bell (19^8) showed that feed and water consump

tion* and water excretion increased as feed particles size increased. 

Slinger, Gartley, and Evans (l9h9) observed that chicks fed pelleted 

diets had significantly greater body weight than chicks fed mash diets. 

These results are in agreement with those obtained by Heywang and Morgan 

(19UU). Robertson (1950) showed that chicks fed crumbled diets had 

greater body weights and better feed efficiencies than chicks fed mash 

diets. Stewart and Upp (1951) compared three forms of diets: pellets, 

granules and mash and found that the form of the diet did not greatly 

affect the rate of growth and feed efficiency. 

Davis et al. (1951) replaced ground corn with cracked corn in a 

starting ration and found significantly depressed growth and decreased 

food utilization. Bearse et al. (1952) fed high fiber pelleted rations 

to Leghorn poults and found an increase in growth rate compared with 

the unpelleted diets. As the fiber level increased, the difference be

tween mash and pellets became more marked. Ifymsza, Boucher, and 

McCartney (1953) showed that pelleting increased body weight and feed 



utilization in growing turkeys. The effects of pelleting were more no

ticed with males than with females, and the improvement was progressive

ly greater as the level of fiber increased. These same authors (Dymsza, 

Boucher, and McCartney 19$!?) fed poults a crumbled diet and obtained an 

increase in growth over the poults fed the mash diet. These results 

confirm the previous results obtained by Slinger et al. (19U9) and 

Bearse et al. (19^2). Lanson and Smyth (19$$) assmed that the increased 

density of the feed in the pellet form allowed the bird to more readily 

fulfill their nutritional requirements. But Hinds and Scott (1958) in

dicated that the greater body weight obtained with chicks fed pelleted 

diets was due largely to the nutritional value of that diet. Pepper, 

Slinger, and Summers (1956) showed that tallow caused a significant in

crease in body weight when added to a mash diet but had no influence on 

the body weight of the chicks fed pelleted diets. These same authors 

Pepper, Slinger, and Summers (i960) indicated a relationship between fat 

and pelleted diets fed to chicks and turkeys. They found that when fat 

was added to mash diets an increase in body weight occurred in both 

species. But in no case did the addition of fat permit an increase in 

body weight when the diets were pelleted. The improvement in body 

weight was greatest in the absence of fat and reduced progressively with 
"S 

increasing levels of fat. Balloun and Phillips (1956) found that grit 

improved egg production when fed to laying hens. Greater improvement 

was obtained when a mash and whole grain diet was fed compared with an 

all-mash diet. These same authors also found an improvement in body 

weight and feed conversion in chicks fed diets diluted with grit. Fry, 

KcGinnis, and Jensen (1956) added an enzyme preparation to diets 



containing barley and found grovrbh and feed efficiency significantly 

increased over that of chicks fed the unsupplemented pearled barley con

trol diet. It was assumed by the authors that the poor performance of 

the chicks fed the pearled barley diet (without supplementation) was due 

to the carbohydrates in the barley which were not readily hydrolized by 

the enzyiaes secreted in the chicks. Allred, Jensen, and McGinnis (1957a) 

showed that pelleted diets improved growth rates and feed efficiencies 

of poults and chicks. Protein level had no effect on the growth response 

due to pelleting. Additional evidence presented by Allred et al. (1957b) 

indicated that both physical and non-physical (inactivation of a growth 

inhibitor) changes occurred during the pelleting processes, each of 

which significantly increased growth and feed efficiency beyond that of 

chicks fed unpelleted diets. Steamed, water-soaked and autoclaved corn 

did not have any influence on growth and feed efficiency of chicks. 

Water treatment improved the feed efficiencies with barley and rye diets. 

Fry et al. (1958a) fed tallow in a high barley ration and obtained bet

ter growth and feed efficiency than with diets which contained corn and 

no tallow. Results obtained by Willingham, Jensen, and McGinnis (1959) 

sheared that barley diets when supplemented with a bacterial enzyme prep-

ation produced improved growth and feed utilization. Reddy et al. (1961) 

found that the metabolizable energy (M.E.) content of a pelleted ration 

was significantly greater than that of the same diet in mash form. De

termination of productive energy values showed the same results. Sibbald, 

Slinger, and Ashton (1962) and Sibbald and Slinger (1963) showed that the 

magnitude of protein and amino acid deficiencies or excesses between 

control and test diets had little or no effect upon the II.E. values of 



grains. Mcintosh et al.. (1962) showed no consistent differences in the 

M.E. content of the diets containing wheat in either the whole, ground 

or pelleted form. Similarly, the grinding or pelleting of barley, oats 

or corn had no consistent effect on the M.E. values of these grains. 

Kilo (grain sorghum) is a collective term, and included over 

200 varieties, Milo is adaptable to a wide variety of climatic and soil 

conditions and commercial varieties change from year to year; new vari

eties being introduced and taking the place of older ones. It is often 

not possible to tell the variety of milo from examining the seed. Thus 

research reports on these grains have shown that its nutritive value is 

variable and not well defined. Plant breeders as well as nutritionists 

use the crude protein content of milo as a criterion of its nutritive 

value. Morrison (1956) estimates the protein content of milo to be 

2.0,9% and the protein digestibility to be 7f>.0/». But more recent tables 

of Morrison (l?61i) show that the quantity and the quality of milo pro

tein will vary, depending upon location and growing conditions. Deyoe 

(1963) reported that the protein content of different varieties of milo, 

grown at different locations throughout Kansas, ranged from 6% to 13/». 

In another study Deyoe et al. (196^) showed a variation in protein cor>-

tent from 8.2% to 10%. Saba et al. (196I4.) showed that the digestibility 

of milo protein by cattle was as low as $1% compared to a digestion co

efficient of 78/S given by Morrison (19J>6). The protein content of milo 

influences its value as a feed to a certain extent, but it is fed mainly 

as an energy source. Further, poultry nutritionists are interested in 

both the amino acid and energy contents of this grain since it had been 

stated that milo has a lower feeding value than corn for poultry. 
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Considerable work, however, has now been done by the various experimen

tal stations regarding the feeding value of milo, The results of these 

experiments indicate that milo has practically the same value as corn In 

poultry rations. The productive energy values published by Fraps and 

Carlyle (19U6) listed corn as having 1073 kcal./pound and milo at values 

of 1093> to llM kcal ./pound. The H.E. values of these grains also sug

gests that there is very little difference in energy content between 

them. Hill et al. (i960) reported the M.E. value of milo to be 11*80 

kcal./pound compared with lf>60 kcal./pound for yellow corn. Harms et al. 

(1958) substituted nilo for corn in broiler diets and as the level of 

milo was increased in the diet, the body weights of the broilers were 

decreased. Block and Weiss (195&) reported the amino acid contents of 

milo and corn. The differences in amino acids and H.E. contents of milo 

and com makes it possible to assume that this may be an explanation for 

the results obtained by Harms in his studies. Since corn and milo are 

used primarily for energy, the differences in energy between the two 

grains should be given full consideration in the formulation of poultry 

diets. It has been shown that different varieties of milo, grown in dif

ferent environments, will not have the same nutrient composition (Heller 

and Sieglinger, 19Wi). There has been a great deal of interest in var

ious processing methods to improve the energy utilization of milo by cat

tle. Results regarding the effectiveness of processing methods for grain 

sorghum are confusing. Totusek, Stephens, and Yfelters (196U) showed a 

decrease in feed intake with an increase in feed efficiency as a result 

of feeding fine ground milo. But Ralston et al. (1963) showed a de

crease in performance as a result of fine grinding. Pope et al. (1963) 
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and Kercher and Bishop (1963) failed to shew any improvement due to 

steam processing of grain sorghum over untreated grain. However, more 

recently Hale et al. (1961;) shewed that steam processed milo improved 

growth and feed efficiency in cattle. 

Hatz and Samuel (l?J>9) and Morrison (l9f?9) reported that the 

starch or nitrogen free extract (N.F.E.) content of cereal grains varies 

according to the growing conditions and species under study and ranges 

from 10% to 8$%. Osman (1966), using the AOAC (i960) method for starch 

determination reported a starch value of 7$,$% for milo and the N.F.E. 

for the same milo as 82 .$%, Bidwell, Bopst, and Bowling (1922) con

ducted a study on the physical and chemical properties of milo and ob

tained values of 7&»7% for TJ.F.E. and 68.$% for starch. These indicate 

that starch is the major component of the total grain and that its di

gestibility may affect the nutritive value. The general pattern of cai> 

bohydrate digestion differs from species to species, in monogastrics the 

major source of energy comes from starch hydrolized to glucose and ab

sorbed in the small intestine while ruminants depend on volatile fatty 

acid production by microorganisms. Reports from feedlot trials and lab

oratory investigations have shorn greater performance in ruminants fed 

various moist-heat treated grains. Salsbury, Hoeffer and Luecke (1961) 

reported that the dry matter of treated corn was more readily hydrolyzed 

and digested by rumen microorganisms than that from ground corn not 

treated. The dry matter digestibility decreased with autoclaving of the 

corn without added moisture. Pope, Harper, and Waller (1963) obtained 

lower feed intake and reduced daily gain in calves fed pregelatinized 

milo. They suggested that during the gelatinization process, protein 
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denaturation as well as fat alteration may have occurred. Saba (l961i) 

cooked milo in a temperature of 180° F. for a period of nine hours 

with two parts of water and fed this grain to steers. He noticed an 

increase in N.P.E. digestibility compared with dry-rolled milo, even 

though protein digestibility of the cooked milo was significantly re

duced. It is possible with this method of cooking that the starch of 

the milo underwent gelatinization, and protein denaturation occurred. 

There are numerous reports from the Arizona Agricultural Experiment 

Station comparing steam-processed milo or barley to the dry-rolled or 

dry-ground grains for cattle. Early work by Hale and Taylor (1965) in

dicated that grain which had been steamed for three cr five minutes did 

not improve performance of milo over the dxy-rolled grain. A longer 

steaming time was suggested. Steam processed milo reduced the amount of 

feed required per 100.0 pounds of grain as compared with dry-rolled milo 

and increased the average daily grain. In another experiment Hale _et al. 

(1966) obtained significant improvements in digestibility of N.F.E., 

total digestible nutrients (T.D.N.), ether extract and dry matter of 

steam processed milo over dry-rolled milo. Mehen et al. (1966) reported 

no improvement with steam processed barley over dxy-rolled grain, but 

the steam processed-flaked milo was more digestible for cattle than dry-

rolled milo. Work at the California Station by Garrett, Lofgreen, and 

Hull (1966) showed no difference in dry matter digestibility between 

steam processing for 20 minutes at atmospheric pressure and steam pro

cessing for eight minutes at atmospheric pressure. In Vitro artificial 

rumen studies by Trei, Hale, and Iheurer (1966) found that steaming milo 

without rolling censed a decrease in gas production rate conpared with 
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untreated milo. These results suggested that a medium flake after 

steaming was required to improve the fermentation rate over the un

treated grain. In a similar study, Theurer, Trei, and Hale (1966) in

cubated steam processed milo with rumen fluid, and found that steam 

processed milo without flaking decreased volatile fatty acid (V.F.A.) 

production compared with untreated milo. Flat flaking of steam-

processed milo and barley increased V.F.A. production over the untreated 

grains. These authors concluded that the degree of flaking was extremely 

important in rendering the starch of milo and barley more readily avail

able to rumen microorganisms. Another method of grain processing is 

pressure cooking. This method of processing has been studied more ex

tensively at the Arizona and California Stations. Mehen _et al. (1966) 

conducted extensive studies on milo pressure cooked at 2+0 pounds per 

square inch (psi) for one minute and flaked; steam processed-flaked; 

dry-rolledj and fine ground milo. They found that steam processed-

flaked or pressure cooked-flaked milo had higher N.F.E. digestibilities, 

gross energy and T.D.N, compared with either the dry-rolled or fine 

ground grain. In a similar study using milo pressure cooked at 60 

(psi), flaking increased In Vitro gas production over the untreated 

milo, and was equal to steam processed-flaked milo in gas production 

(Trei, Hale, and Theurer, 1966). Osman (1966) cooked milo at different 

pressures (up to 80 psi) and measured percent starch digestion with 

porcine pancreas. He found that pressure cooking at 20 psi without 

flaking decreased In Vitro starch digestion as compared with the un

treated grain. However, milo pressure cooked at 60 and 80 (psi) and not 

flaked increased in In Vitro starch digestion over untreated milo. The 
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results obtained with pressure cooked milo led Garrett, Lafgreen and 

Hull (1966) to conduct intensive research at the University of 

California, Davis. Their experiments were designed mainly to provide 

information on steam-pressure processing of grain to improve the effi

ciency of energy utilization by fattening cattle. The experiment in

volved three kinds of grain (barley, milo, and yellow corn) with each 

grain being fed at J|0, 60 and 60% of the ration. The grains were sub

jected to one of the following treatments prior to mixing into the 

rations: 

1. Dry-rolled with no steam treatment. 

2. Rolled after 8 minutes of steaming at atmospheric pressure 

(0 psi). 

3. Rolled after l.J> minutes of steaming at 20 pounds of 

pressure per square inch (20 psi). 

1;. Rolled after 1.5> minutes of steaming at 60 psi. 

The results indicated that the rations which contained grain processed 

for l.J> minutes at a pressure of 20 psi resulted in a significant in

crease in daily gain over the other processing treatments. The feed per 

pound of gain for animals fed the 20 psi rations was significantly re

duced in comparison with either the dry-rolling or the 0 psi treatment. 

Their data indicated that the type of grain had no influence on daily 

gains, feed consumption, feed efficiency or carcass grade. The effect 

of level of grain fed indicated that 60% grain ration resulted in just 

as high a daily gain as 60% level. Both 60% and 80% levels of grain in 

the ration resulted in significantly higher daily gains than the k0% 

level. Garrett, Lofgreen, and Hull (1967) conducted two experiments: 



in the first, rolled-pressure cooked milo (at 20, I;0 and 80 psi) for 

1.^ minutes was compared with milo steamed for eight minutes prior to 

rolling. No important differences were found in daily gain due to the 

methods of processing. But in a second experiment, milo pressure 

cooked at 2£, f>0 and 7£ psi for one minute was fed. The results from 

this experiment showed that an optimum time-pressure relationship existed 

and appeared to be l.*> minutes at $0 psi for maximum benefit. From the 

literature reviewed, it seems that many authors are of the opinion that 

moist heat-treatment plus proper flaking is a key factor in the improve

ment of milo or other grains for cattle. Since starch is the major con

stituent of these grains it is possible to assume that the primary effect 

of these processes is on the starch fraction of the grains. However, it 

is well established that the starch content of the grains differs from 

species to species and within varieties. The objectives of our studies, 

undertaken with milo were: (l) To determine the metabolizable energy con

tent of processed grain sorghums. (2) To evaluate the protein utiliza

tion or protein quality of the processed grain sorghums for chicks. 

(3) To evaluate egg production and M.E. content of these grain sorghums 

with laying hens. 

Experimental Procedure 

Four experiments with chicks were conducted at the University 

of Arizona Poultry Research Center during the course of this work. 

The purpose of these experiments iras to study the effect of 

steam processing or pressure cooking of milo on its value for young 

chicks. Criteria used were: body weight gain, feed conversion, 
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nitrogen retention, protein efficiency ratio (P.E.R.), metabolizable 

energy and dry matter, lysine and methionine apparent digestibilities. 

Two types of grain, corn, and nilo, were used in these studies. Grain 

sorghum samples were fed untreated and after steam processing or pres

sure cooking at $0 or 80 psi (Tables 2, 6, 9 and Hi). The pressure 

cooked grain sorghum samples were prepared in a commercial cooker. 

Chromium oxide was added to all diets at a level of 0.2% as a trace 

marker for the digestibility determinations (Edwards and Gillis, 19$9) • 

The chicks were provided with feed and water ad libitum. Sexed Hubbard 

broiler chicks were randomly distributed among the pens in a battery 

brooder with a raised screen floor. There were two replicates in each 

treatment and each replicate contained eight chicks (li males and h fe

males). All experiments were carried out for a period of 28 days (ex

cept Experiment #l). 

For each experiment, a semipurified basal diet was formulated 

by a digital computer to meet the essential amino acid requirement ac

cording to the recommendations of the National Research Council (196U) 

when diluted with the grain samples tinder study (Tables 1, £, 8 and 13). 

Bach basal diet was diluted with either com or milo at two 

levels as indicated in each experiment. Thus, the experimental diets 

stipplied two different intakes of protein and energy in relation to the 

level of grain fed. 

In each case (except Experiment .#1) the birds were weighed ini

tially, and upon termination of the experiment the chicks (by treatment) 

and the unconsumed feed were weighed in order to determine the average 

body weight and feed conversion. 
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Fecal samples were collected for three days during the third 

week of the study and both feed and feces were analyzed for nitrogen, 

CT2O3, and gross energy. Nitrogen retention values were calculated from 

the values of chromium oxide in the feed and feces using the method of 

Edwards and Gillis (1959). Protein intakes for each treatment were cal

culated in order to evaluate protein efficiency ratios as described by 

Osborn, Mendel, and Ferry (1919). The ground excreta and feed samples 

were then assayed for gross energy using a Parr Oxygen Bomb Calorimeter, 

and nitrogen was determined by Kjeldahl (A.O.A.C., i960). The metaboli-

zable energy values for each test material was calculated in the manner 

described by Sibbald, Summers, and Slinger (1960b). Apparent digestibi

lity of lysine and methionine were evaluated by standard microbiological 

assay methods as outlined in the Difco Manual (195>3) using Leuconostoc 

mesenteroides. Apparent amino acid digestibility was calculated in the 

same manner as dietary nitrogen retention assuming that the amino acids 

were not excreted in the urine. In Experiment §bs determination of tan

nin was also made according to A.O.A.C. (i960) methods. The data was 

treated statistically by analysis of variance (Snedecor, 1956) and the 

means separated by Duncan's Multiple Range Test (19$$). 

The steanv-processed grain was prepared by subjecting the grain 

to loir-pressure, high-moisture steam in an oversized tempering chamber 

for approximately 2f> minutes prior to rolling. The temperature of the 

grain in steam chamber averaged 99° C and the moisture content of the 

milo flake from the roller averaged The pressure cooked milo was 

cooked for one minute (Hale et al., 1966). 



Results and Discussion 

Experiments 1, 2 and 3. The data indicate that body weight gain 

from two to four weeks of age was not greatly affected by dietary grain 

source or processing treatment in the first experiment (Table 2). At 

either the 1*0 or 6055 supplement level, the differences in growth between 

birds fed the com or the milo samples were negligible. At the 60% 

level of supplementation body weights of all birds were lower than with 

the U0% grain diets due to the lower levels of dietary protein at the 

higher grain levels. Body weight gains obtained with chicks fed 60% of 

milo sample #3 (pressure cooked at £0 psi) or sample #2, either untreated 

or steam processed, were it to lower than those of the corn fed chicks 

but these differences were not statistically significant (Table 2). 

Body weight gains in Experiment 2 were higher than those obtained in the 

first study since this experiment was designed specifically to measure 

growth rate of chicks fed the various grain samples (Table 6). These 

data indicate that chicks fed either milo #1 or #3 grew at a slightly 

lower rate in comparison with corn. Steam processing increased the body 

weights of chicks fed milo #2 at four weeks of age (Table 6). In a 

third experiment, average body weights at four weeks of age were de

pressed by the feeding of milo ir2 untreated (Table 9), The steam pro

cessing of sample #2 significantly increased growth rate when fed at $0% 

of the diet, but produced only a 3% improvement at 1$% of the diet 

(Table 9)• At the $0% level, chicks fed milo #1 had an average body 

weight which was 3% better than corn fed chicks. Steam processing 
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increased body weight of chicks from U6S> gms to 520 gms (about ll£). 

Pressure cooking produced a body weight similar to that obtained with 

steam processing (Table 9). At a 7$% grain level the protein content of 

the diets was reduced and consequently resulted in lower body weights 

(Table 9). At this level, chicks fed milo #1 were lower in body weight 

than those fed corn due, presumably, to the greater proportion of pro

tein from the grain at this level and to differences in the amino acid 

compositions between com and milo. Milo #2 (steam processed) produced 

body weights which were bettor than the untreated material. Milo #3 

(pressure cooked) showed a value about 1% lower than corn but the de

crease does not indicate that pressure cooking had a negative effect on 

t h i s  g r a i n  s i n c e  n o  c o n t r o l  w a s  a v a i l a b l e  f o r  c o m p a r i s o n  ( T a b l e  9 ) .  

Feed conversion, calculated as gm. of feed/gm. of gain, was 

generally correlated with body weight (Tables 2, 6 and 9). Feed conver

sion was improved by steam processing in four of the five comparisons in 

the three experiments. The data on pressure cooking (milo #3) suggest 

that this treatment was not detrimental to feed conversion, but no un

treated material was available and thus the relative value of this pro

cessing method could not be determined. The lower dietary protein 

levels obtained with the 60% level of grain in the diet resulted in 

slower rates of growth and a decrease in feed conversion in the first 

and third experiments. Evaluations of the nutritive value of com in 

comparison with milo in three experiments suggest that milo sample //I 

was essentially equal to corn for chick growth, but sample #2 was of 

lower value in promoting growth and feed conversion. The performance of 

c h i c k s  w a s  i m p r o v e d  b y  s t e a m  p r o c e s s i n g  o f  m i l o  # 2  ( T a b l e s  2 ,  6  a n d  9 ) .  



Protein efficiency ratios were increased by steam processing in 

four of the five comparisons with untreated milo #2. The P.E.R. obtained 

with untreated milo #2 at the hQfc level of supplementation was improved 

from 2.21 to 2.£0 by steam processing but not at the 6o£ level (Table 3)* 

The data on pressure cooked milo #3 indicate P.E.R. values comparable to 

corn. At the 60% level* the P.E.R. values were decreased due to the 

lower protein content and reduced growth rate. 

P.E.R. data from Experiment #2 indicate that milo #1 had a 

higher P.E.R. than corn. The P.E.R. obtained with milo #2 (untreated) 

was improved from 2.01* to 2.15 by steam processing and a value of 2.32 

was obtained with pressure cooking (Table 6). The P.E.R. values obtained 

in this experiment are generally correlated with those obtained in the 

experiment #1 with the exception of a lower value for corn (Table 3) • 

The P.E.R. data for the third experiment are shown in Table 10. These 

data indicate that milo #1 fed at either 5>0jS or 1$% of the diet had 

lower P.E.R. values than corn, but the protein levels of the com diets 

were lower than the other treatments and, therefore, the values for 

P.E.R. cannot be compared. The P.E.R. obtained with untreated milo #2 

at the 50% level was improved from 2.28 to a value of 2.66 by steam pro

cessing and from 2.96 to 3.22 at the 1$% feeding level (Table 10). 

Another measure of protein utilization (usually independent of time) is 

nitrogen retention. The results obtained using this parameter (Tables 

3, 6 and 10) indicate that nitrogen retention was best with the corn 

diets. The chicks fed milo #2 shewed only small improvements in nitro

gen retention as a result of steam processing. Pressure cooking was 

not detrimental to nitrogen retention (Table 3). 



The slight differences in nitrogen retention found be toe en corn 

and milo are most likely due to the differences in amino acid content of 

these grains (HLock and Weiss, 19$6). Nitrogen retention data for 

Experiment #2 indicate that chicks fed milo #1 retained less nitrogen 

than those fed the corn diet (Tabic 6). Steam processing of milo #2 im

proved nitrogen retention from $9% for the untreated grain to 62% for 

the processed material in the second experiment (Table 6). The dietaiy 

protein content analyzed by the Kjeldahl method indicated that all diets 

(except milo #3) had about the. same protein content but the- differences 

in nitrogen retention found between corn and milo and among the milo 

samples indicated no correlation with dietary protein level (Table 6). 

In Experiment 3* nitrogen retention values at the 5>Q/S dietary grain 

level indicate very little differences among the grains with the excep

tion of a higher value for the steam processed milo #2 (Table 10). 

Steam processing of milo #2 did improve its nitrogen retention in com

parison with the untreated milo 

At a 7$% level of supplementation, a higher proportion of the 

protein was supplied by the grains and a lower protein level in the diet 

produced an increase in nitrogen retention values for all diets (Table 

10). At this level, milo #1 had a nitrogen retention value similar to 

that of corn. Nitrogen retention of milo #2 (untreated) was improved 

from $h% to 68% by steam processing. Data on pressure cooking also in

dicate a nitrogen retention value higher than corn. It appears that 

steam processing had a beneficial effect on grain sorghum. 

The nutritive value of a protein depends upon the amounts of 

amino acids absorbed from the small intestine in relation to the 



specific requirement. Equal in importance to the quantity of amino acid 

present in a protein supplement is the availability of these amino acids 

to the animal. Availability, defined as the release of amino acids by 

digestive process for absorption, can be measured by two coration methods: 

(l) determination of the appearance of amino acids in the blood stream 

after feeding, and (2) determination of the amino acids remaining in the 

excrement after feeding a test protein. The latter determination is 

called "apparent digestibility" which, by definition, are those amounts 

of amino acids or nutrients not recovered in the excrements Most cereal 

grains are limiting in lysine and methionine, therefore, the apparent 

digestibilities of these two amino acids were determined* Data for ap

parent digestibilities of lysine and methionine for Experiment #1 are 

shown in Table These data indicate that the apparent digestibilities 

were quite high for all diets. The lysine digestibility obtained irith 

milo #2 was 88^ and only slightly improved to 89% by steam processing. 

Data on pressure cooking indicate a lysine digestibility similar to that 

of com. The data on methionine digestibility also indicate a slight 

improvement with steam processing (Table h). Methionine digestibilities 

of the milo diets, regardless of processing were lower than for the corn 

diets. Digestibilities were also determined in Experiment #3 (Table 

U). These data indicate that the apparent digestibilities of lysine 

were generally the same as in the first experiment. Lysine digestibili

ties of the milo diets, regardless of processing, were either equal or 

slightly higher than corn* The data on methionine digestibility indi

cate only slight differences (about 3>%) for all diets compared with 

those obtained in Experiment #1 (Table 11). Methionine digestibilities 
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of the nilo diets regardless of processing were found to be slightly 

lower than for the corn diets. These results are in agreement with 

those obtained in Experiment #1 (Table b) and those of Block and Weiss 

(19£6) and Laymen et al. (195>6). Although analysis of feed is of great 

importance to the practical poultiyman, of still greater importance is 

the digestibility of the feed. Since animals have narked differences in 

their digestive systems, the digestibility will vary for different 

species* Morrison (1961) defines digestibility as the percent of each 

nutrient digested in a feed. In this study we detennined the dry nat

ter digestibilities of the test grains (Table l|). These data indicate 

that corn had a higher digestibility than the milo samples. This 

slightly higher digestibility of corn is in agreement with data obtained 

by Fritz (19350 • The digestibilities obtained with nilo #1 and untreated 

nilo #2 were quite similar at Steam processing improved this cri

terion only 1%, The data on pressure cooking indicate that nilo #3 had 

a digestibility value 2% lower than com (Table U). Dry matter digesti

bility data for Experiment #2 as shown in Table 7 indicate that nilo #1 

had a lower digestibility than corn (Table 7). Milo #2 had a dry nat

ter digestibility of 72% which was improved to T?% by steam processing. 

These data were generally correlated with nitrogen retention (Table 6). 

Energy values for use in poultry and livestock feed formulation 

are important in calculating adequate diets* Several values are avail

able for expressing the energy of a particular feed ingredients some 

terras are used to express the energy of an ingredient for both poultry 

and livestock; another term such as metabolizable energy (H.E.) is more 

applicable to poultry. M.E. includes all of the energy of the consumed 



food which is metabolizable or can be used by the animal. M.E. values 

of the grain samples calculated on the basis of classical and nitrogen 

corrected methods are shown in Table U« These data, as expected, were 

generally correlated with dry matter digestibilities. Generally, the 

M.E. values (either classical or nitrogen corrected) shewed no differ

ences between corn and milo, and were not significantly affected by pro

cessing in the first experiment (Table It). The results of this experiment 

shared that the differences between milo and corn were minimal* 

In Experiment #2 the M.E. values derived for the corn and milo 

diets indicate that the milo #1 diet had an M.E. value lower than the 

corn diet (Table 7). The M.E. value of the milo #2 diet was improved 

by steam processing by O.ll* kcal/gm, an increase of about k»2%. Data on 

pressure coolcing also indicate a higher value for the milo #3 diets 

compared with corn. 

The M.E. values obtained in Experiment #3 indicate no difference 

between corn and milo #1 (Table 12). Steam processing increased the 

metabolizable energy content of milo if2 by about 0.21* kcal/gm, which re

presents an improvement of 8,2%, 

The results of these experiments indicated that there are little 

differences in M.E. value between corn and milo but that steam pro

cessing of milo results in an increase of 1; to 8^ in energy utilization. 

Milo //I had an average M.E. content of 3.31 kcal/gm in compari

son with corn at a value of 3.1*1. Milo #2 had an M.E. value of 3.1*0 

which was not improved by steam processing in the first experiment, but 

when additional samples of this milo were steam processed and incorpo

rated into diets for chicks, the measured M.E. value of these diets 
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appeared to be significantly increased by the processing treatment in 

Experiments #2 and #3. 

Experiment U. This experiment was carried out to evaluate the 

effect of the pressure used in processing grain sorghum and of steam 

processing on the utilization of these feedstuffs. The tannin and gross 

energy contents of the com and grain sorghum samples used in this study 

are shown in Table lit. Body weight and feed conversion (gra. of feed/ 

gm. of gain) were employed as criteria to compare corn and the various 

milo samples. The data indicate that body weight at four weeks of age 

was significantly affected by the dietary grain sources and by pro

cessing treatment (Table 1?). 

At the 30£ supplemental level, the chicks fed milo #1 had higher 

body weight than those fed the corn diet, while the diet with milo fth at 

this feeding level was essentially equivalent to corn (Table 1$). At 

the same supplemental level, steam processing of milo fth produced a sig

nificant increase in body weight. The highest body weight was obtained 

with those chicks fed milo #5 pressure cooked at 3>0 psi. On the other 

hand, those chicks fed milo pressure cooked at 80 psi were lower in 

body weight in comparison with the $0 psi treatment (Table IS) • Feed 

conversion (gm. of feed/gnu of gain) was generally correlated with body 

weight. At the 30^ level, feed conversion was best with milo #5 pres

sure cooked at £0 psi (Table 1$). The feed conversion obtained with 

milo was 1.81 and was not improved by the steam processing (Table lfj). 

The data on pressure cooking suggest that this treatment did not enhance 

feed conversion. 



The lower protein levels obtained with the feeding of 70% grain 

resulted in slower rates of growth and decreased feed conversions 

(Table l£). There were no differences in feed conversion (except milo 

#£ untreated) among the grain samples tested when they were fed at 70% 

of the diet (Table 15)• 

Protein efficiency ratios indicated that at the 30% supplemental 

level there were no differences among the grain samples tested (Table 

16). At 70^ of the diet the grains supplied more of the protein con

sumed by the chicks, a lower total protein level and thus produced an 

increase in protein efficiency ratios of all diets compared with the 

30% feeding levels (Table 16). At this level, milo //I had a P.E.R. 

value lower than corn. Steam processing milo //U did not improve P.E.R. 

of this grain (Table 16). Data on pressure cooking also indicate a de

crease in P.E.R. value with this treatment. The nitrogen retention data 

indicate that chicks fed milo #1 at 30% of the diet retained less nitro

gen than those fed the corn diet (Table 16). Steam processing of milo 

ffk improved nitrogen retention from 3&% for the untreated grain to 39% 

for the processed grain sample at the 30% level and from lj2.7 to $7.2% 

at the 70% level. These results are in agreement with those obtained in 

Experiments #2 and #3 (Tables 6 and 10). Pressure cooking of milo #5 

also produced increases in nitrogen retention values. The highest ni

trogen values were obtained with those chicks fed milo #£ which was 

pressure cooked at £0 psi. "While those chicks fed milo pressure 

cooked at 80 psi had a lower nitrogen retention compared with the $0 psi 

treatment (Table 16). At 70% supplementation, a major proportion of the 

dietary protein consumed by the chicks was supplied by the grains and a 



lower protein level in the diet produced an increase in nitrogen reten

tion values of all diets (Table 16). The dietary nitrogen content ana

lyzed by the Kjedahl method shewed that all diets had about the same 

protein content and the differences in nitrogen retention found between 

corn and inilo and among the milo diets indicate no correlation with di

etary protein level (Table 16). Therefore, it appears that steam pro-

cessing as well as pressure cooking had a beneficial effect on grain 

sorghum utilization. Data for apparent digestibilities of lysine and 

methionine for this experiment are shewn in Table 17. These data indi

cate that the apparent digestibilities as expected were generally quite 

high for all diets. 

The lysine digestibility obtained with milo #1 was only 1% lower 

than corn. The lysine digestibility of the milo »-ii diets were improved 

by steam processing. These results confim those determined in 

Experiments #1 and #3 (Tables k and 11). Data on pressure cooking in

dicate a lysine digestibility similar to that of milo #1; (untreated and 

steam processed). Milo #£ (untreated) had a lysine digestibility value 

of 88%. On the other hand, chicks fed milo #5 pressure cooked at 80 psi 

shoved a lysine digestibility value of 86%, a decrease of 2% in compar

ison with untreated sample. But milo #£ pressure cooked at £0 psi had 

the highest lysine digestibility, a value of 91% » an increase of 3$ com

pared with that of untreated grain (Table 17)* The data on methionine 

digestibility also indicate a improvement with steam processing and 

significant improvements with pressure cooking. 

The M.E. value of milo irk was irqiroved by steam processing by 

0.5>3 kcal/gm, an increase of about 10.63>£. These data are in agreement 



with those obtained in Experiments #2 and #3 (Tables 7 and 12). Data 

on pressure cooking also indicate higher values for milo pressure 

cooked at f>0 and 80 psi compared with untreated sairple (Table 17). Ihe 

M.E. value obtained with milo #£ (untreated) was improved by pressure 

cooking by 0.23 and O.U5> kcal/gm, increases of about 8 and 1$%, respec

tively. The K.E. values obtained in this experiment indicate no diffezw 

ences between com and milo //I (Table 17). The results of these experi

ments indicate that there are slight differences in M.E. values between 

corn and milo and that steam processing and pressure cooking resulted in 

increases of 8 to 1$% in energy value. 



CHAPTER II 

UTILIZATION OF GRAIN SORGHUM 
VARIETIES BY CHICKS 

Introduction and Review of Literature 

New hybrids of a large number of plants have been developed 

which have superior agronomic characteristics such as yield and resis

tance to diseases. During the last decade the improvement of the nutri

tive value of feed ingredients (such as cereal grains) through plant 

breeding or feed additives has been the subject of numerous investiga

tions. Obviously, any improvement in nutritive value through breeding 

will be a slow process. Grain sorghums show a wide adaptability to 

various growing conditions, and this has stimulated research on this 

grain (Adolph and Cheng, 1935, in China; Anderson and Martin, 19U9, in 

the U.S.A.; Lai, 1950, in India; Balasubramanian et al., 1952, in India; 

Adrian and Sayerse, 195b, in Africa; and Kik, 1956, in the U.S.A.). Re

search in the United States has been primarily conducted on the develop

ment of high-yielding hybrids of grain sorghum for poultry and animal 

feeds (as a substitute for com) and as a possible supplement for corn 

in human diets (Mangay, Pearson, and Dorby, 1957) since sorghum contains 

an appreciable amount of tiytophan which is lacking in corn. In other 

parts of the world (notably India and Mexico) sorghums are widely used 

for human consumption. Data concerning the amino acid and protein con

tent of various sorghums are incomplete. Kelly and Hill (1963) point 
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out that favorable weather and ease of harvest have increased milo pro

duction in recent years, and with its lower cost and essentially equal 

nutritive value to corn it is an important feed crop. The many factors 

which contribute to variations in protein content of grain sorghum have 

been pointed out as: rainfall, weather, fertilization, types of soils, 

stages of maturity and variety, and thus the protein figures shown in 

standard feed analysis tables for grain sorghum, based on information 

new available, are subject to a large error. 

The present studies were designed to evaluate the metabolizable 

energy (M.E.) value of twelve varieties of milo. 

Generally, the feed industry has been cautious in its acceptance 

of milo, and nutritionists have been puzzled with the analytical data of 

this grain. Pond, Hillier, and Benton (1958) presented data which sug

gested that lysine and threonine were probably the most limiting amino 

acids in milo for growth of rats. Grain sorghum raised in Kansas (and 

also in other states) have ranged from 1|.2 to 12.$% in protein with most 

of the crops falling between 7 and 10% (Schoeff, 1961). Miller et al. 

(l?61|) observed a range in crude protein value of 33 hybrids from 8.2 to 

1C#.' Another report by Brewer and Riewe (1966) indicated a greater range 

in crude protein among nine varieties from 10.5 to 13.1$. Albin and 

Dane (1967) reported that crude protein of 1*7 samples of commercial sor

ghum ranged from 10 to 12^, Saba et al. (1961;) reported digestibilities 

of crude protein in grain sorghum as low as $1% for ruminants as compared 

with the digestion coefficient of 7B% given in Morrison (1956). Another 

report by Eng et al. (1965) indicated that true protein digestibility of 

three grain sorghums remained unchanged when their crude protein was 
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Increased approximately 3>% due to increased nitrogen fertilization 

rates* Grain sorghums also contain tannin which is toxic to chicks at 

high levels. Chang and Puller (196U) reported that poor performance 

might be due to tannin which is toxic to chicks at the level of 1%, or 

more. 

It was assumed that if differences in the nutrient composition 

of these twelve varieties of milo did exist, these differences would be 

significant. 

The objectives of these studies with twelve different varieties 

of grain sorghum were (1) to determine the metabolizable energy content 

of the grain sorghums; and (2) to evaluate protein utilization and pro

tein quality of the grain sorghums for chicks. 

Experimental Procedure 

A chick study conducted at the University of Arizona Poultry 

Research Center evaluated the metabolizable energy, protein utilization 

and performance of young chicks fed twelve varieties of grain sorghums. 

Criteria used were: body weight gain, feed conversion, nitrogen reten

tion, protein efficiency ratio (P.E.R.), metabolizable energy and ap

parent dry matter digestibility. Two types of grain, corn and milo, 

were used in this study. The basal diet used in this experiment is 

shown in Table 8. The basal diet was fed with 2$ and 1$% of each test 

grain. Chromium oxide was added to all diets at a level of 0,3% to 

serve as a marker for digestibility determinations (Edwards and Gillis, 

1959). The chicks were provided with feed and water ad libitum. Sexed 

Hubbard broiler chicks were used and were randomly distributed among the 



pens in a battery brooder with a raised screen floor. There were two 

replicates in each treatment and each replicate group contained eight 

chicks (U males and U females). The experiment was carried out for a 

period of twenty-eight days. The birds and feed were weighed initially* 

and upon termination of the experiment. Fecal samples were collected 

for three days during the third week of the study and both feed and 

feces were analyzed for nitrogen, chromium oxide, and gross energy. 

Nitrogen retention values were calculated from the ratio of the values 

for chromium oxide in the feed and feces using the method of Edwards 

and Gillis (195>9). Protein intakes for each treatment were calculated 

in order to evaluate protein efficiency ratios as described by Osborn 

and Mendel (1919). The ground excreta and diet samples were then assayed 

for gross energy using a Parr Oxygen Bomb Calorimeter, and nitrogen was 

determined by Kjeldahl (A.O.A.C., I960). The metabolizable energy val

ues for each test material were calculated in the manner described by 

Sibbald et al. (1960b). The determinations of ether extract and tannin 

were also carried out according to the A.O.A.C. (i960) methods (Table 19). 

Results and Discussion 

The data indicate that body weight at four weeks of age was sig

nificantly affected by dietary grain source (Table 20). At the 2%% sup

plemental level, the chicks fed the regular milo diet had lower body 

weights than those fed the com diet (Table 20). At the same supplemen

tal level, only three (A* ul and #11) of the 12 milo samples produced 

average body weights higher than corn (Table 20). On the other hand, 

those chicks fed the diets containing different varieties of milo had 
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body weights which were lower than for birds fed the corn diet 

(Table 20). The highest body weight was obtained with those chicks fed 

milo #11 (Amak-R 10), while the lowest body weight was obtained with 

those chicks fed milo #8 (Excel-BRr-60). Feed conversion (gra. of feed/ 

gnu of gain) was generally correlated with body weight. At the 2$% 

level, the feed conversion obtained with regular milo was slightly 

higher than com (Table 20), The feed conversion obtained with milo ttk 

was 2.0U and was improved by milo #7 and milo //ll to 1.91 and 1.82, res

pectively (Table 20). On the other hand, at the same supplemental level, 

feed conversion was best with milo #5 which had a value of 1.6l (Table 

20). Die lower protein levels obtained with the feeding of grain 

resulted in slower rates of growth and decreased feed conversions 

(Table 20). 

The nitrogen retention data indicate that chicks fed regular 

milo at 2%% of the diet retained less nitrogen than those fed the corn 

diet (Table 21). Data on varieties of milo indicate values ranging 

from UO to 6$% when fed at 2%% of the higher protein diet and from 26 to 

68% in the lower protein diets in comparison with corn at values of 

5>U.7 and respectively (Table 21). At the 7f># supplementation, a 

major portion of the dietaiy protein consumed by the chicks was supplied 

by the grains but the lower protein level in the diet produced an in

crease in nitrogen retention values in only five of the fourteen diets 

(Table 21). The varieties of grain sorghums tested exhibited a wide 

variation in protein quality. At %% of the diet the protein efficien

cies ratios for the experimental diets varied from l.l^i to 2,9h for the 

grain sorghums, while the corn diet gave a value of 2.$$. 
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The dry matter digestibilities of the grain sorghum varieties 

tested varied from $k>k to 89.1$. In general, there appeared to be no 

correlation between the tannin content of the grain sorghums and the 

nitrogen retention, protein efficiency ratio or dry matter digestibility. 

The corn sample evaluated had a DMD of 72«3^. 

IJetabolizable energy calculations showed that the corn had an 

M.E. value of 3.08 kcal/gm (nitrogen corrected) while the regular milo 

sample (a mixture of several varieties from a commercial feed company) 

had a value of 3.33 kcal/gm (Table 21). The grain sorghum varieties had 

M.E. values of from 2.l£ kcal/gm for a bird resistant variety (Excell-

BR-60), which also had a very poor feed conversion (Table 20) to a high 

of 3.£8 kcal/gm for Lindsey B3-7£ which produced a feed conversion of 

3.98 when fed at 1%% of the diet. The best feed conversion of 2.22 was 

obtained with sample #3 (lIcNair-f>U6) which also had a relatively low 

M.E. content of 2.90 kcal/gm. These data suggest that there was little 

correlation between the performance of the chicks in terms of growth or 

feed conversion and the metabolizable energy value of the grain sorghum. 

The remaining factor is that of protein quality. Since growth is re

lated to protein quality as well as the energy value of the feed these 

two criteria must be considered in evaluating the nutritive value of 

grain sorgfrums for poultiy. 



CHAPTER III 

GRAIN SORGHUM FOR LAYING HENS 

Review of Literature 

Recently, reports have been published comparing nutritional val

ue of grain sorghum with corn as sources of energy and protein for lay

ing hens, A few reports indicate that grain sorghum is inferior to 

corn; vhile other reports show no difference between these two grains. 

Hammond (191*2) reported that in a well-balanced diet for laying hens, no 

difference was found between white corn and yellow milo. Most of the 

literature pertaining to the comparison of milo and corn in laying diets 

has been reviewed by Malik and Quisenberry (1963), Bray (19610 and 

Deaton and Quisenberry (I96U). Variations in composition of grain SOJ> 

ghums have been investigated by Deyoe (1963* 19610 and by Deyoe and 

Shellenberger (1965) who have shown significant differences in protein 

and amino acid concentrations due to hybrids and growing location, 

Zeigler (1965) pointed out that moisture content of a given grain is one 

of the primary factors affecting energy content, and through it the ef

ficiency of production. Changes have occurred in the nutritive content 

of most grains, especially corn and milo, due to new techniques of breed

ing and soil fertility. 

Grains are primarily used as a source of energy, but they also 

supply a portion of the dietary protein requirements for layers 
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(Carpenter and Clegg, 19 £7 j Davidson, Kathieson and Williams, 1962), 

Adolph and Grau (l?5>6) conducted a rather extensive study and showed 

that irdlo and corn were of equal value in feeds for laying hens when 

the criteria of egg production, egg weight, mortality and feed efficien

cy were used for evaluation. 

Barley is also frequently used in poultry and beef cattle feeds. 

In certain geographical locations, especially the Pacific Coast, barley 

is grown extensively and may replace corn in the ration because of its 

lower cost, even though it has a lower nutritive value (barley contains 

approximately 6% fiber, three times more than corn). The use of barley 

in poultry rations would be governed by economics and energy level. The 

difference in nutritional value between corn and barley for poultry has 

been recognized for decades. A quantitative measure of this difference 

was given by Fraps (19U6) in terns of P.E. content of the two grains. 

Based on these results barley has only about 70% the feeding value of 

corn. In the-same study, dehulled barley was reported to have about &2% 

of the P.E. of corn. Bie results of this series of experiments indicate 

a marked depression in growth and feed utilization when barley is sub

stituted for corn. Removal of approximately 17% of the outer portion of 

barley through a pearling process slightly Improved the feeding value of 

barley. Published results (Slinger et al., 19^2; Siedler and Schweigert, 

19^3; Yacowitz, 19£3j Pepper, Slinger, and Snyder, 19^3a, 1953b) have 

shown improvements in feed efficiency and in seme instances increased 

growth in broilers fed rations containing from 1 to 8% fat (derived from 

either animal or vegetable sources). Adding a concentrated energy source 

may serve as an aid in improving utilization of barley rations for 



broilers. Addition of tallow to diets containing pearled barley as the 

sole grain produced growth and feed efficiency results cozrg>arable to 

those obtained with diets containing corn as the sole grain. The low 

nutritive value of barley has been attributed to the unavailability of 

carbohydrates (other than crude fiber). Arscott, Hulit, and Pautz 

(1957) found that pelleting caused a marked improvement in nutritional 

value of barley for chicks with enzyme supplementation. Similar results 

were previously reported by Fry et al. (1957a) with a water treatment as 

a means for improving barley utilization. The marked increase in growth 

and in feed utilization obtained by adding an enzyme supplement to hart

ley rations by Jensen et al. (1957) suggests an increase in the avail

ability of energy. Untreated, pearled barley was found to have 1370 

kcal M.E. per poundj addition of fungal enzymes increased this to 1696 

kcal, and water*-treatment of the barley increased it to 1728 kcal per 

pound. Therefore, available energy was greatly increased (Fry et al., 

195?a). In studies with hens, Kelson and Hutto (1958) found that the 

addition of enzymes to a barley ration, or the use of watei> treated baj> 

ley, increased egg production and feed efficiency. Extensive studies by 

Berg (1959) have failed to show beneficial effects of enzymes for laying 

hens, other than improvement in litter condition. Barley was found to 

be only 82.7# as efficient as corn in the production of eggs. 

To date, no research has been conducted on feeding steam pro

cessed barley or milo, high amylose corn, pressure cooked high amylose 

corn or pressure cooked milo for laying hens. The first experiments 

compared regular barley with steam processed barley; regular corn with 

high amylose com and pressure cooked high amylose corn5 and milo with 
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each of these. The second experiment had a twofold purpose: (l) to 

compare corn with steam processed and milo cooked at press-ures of £0 

and 80 psi, and (2) to evaluate the 1I.E. values of these grains with 

laying hens. 

Experimental Procedure 

Experiment 1. This experiment involved 1;80 Kimber-137 pullets 

hatched Hay 17, 196£. The pullets were raised on straw litter until 

they were twelve weeks old at which time they were vaccinated against 

fcrwl pox, and moved to range until five months of age. At this time the 

pullets were moved to floor laying houses and randomly distributed into 

twelve groups of forty birds each. Six experimental treatments were 

employed and each treatment was replicated tiro times. The three diets 

used as a control were based on barley, corn or milo respectively 

(Table 22). The diets were fomulated by digital computer to minimum 

essential amino acid restrictions according to the recommendations of 

the National Research Council (i960). The calculated percent protein 

of the control diets was and each required supplemental DL-methionine 

to meet the minimum requirements. The productive energy level was 878 

to 891 kcal per pound of diet. Collection of data started January 12, 

1966, and ended September 6, 1966. Percent production, feed conversion, 

and egg weight were summarized at the end of each 28-day period. Egg 

weight was determined as the average weight of the eggs collected over 

a three day period from each replicate of each treatment. Production 

and feed conversion were treated statistically by Duncan's multiple 

range test (195#) • 



Experiment 2. This experiment involved 2h0 K-137 pullets, 

hatched April 2£, 19&7. Chicks were raised on straw litter until six

teen weeks of age at which time they were vaccinated against fowl pox 

and moved to range until five months of age. At five months, the pulr 

lets were moved into floor houses and randomly distributed into twelve 

groups of twenty birds each. Six experimental treatments were employed 

and each treatment was replicated two times. Collection of data started 

January 10, 1968, and continued for eight 28-day periods, ending 

September 6, 1968. Percent production, feed conversion, and egg weight 

were summarized at the end of each period. Egg weight was determined by 

taking the average weight of the eggs collected over a three day period 

from each replicate of each treatment. Feed samples were analyzed for 

protein and fecal samples collected during the same period were also an

alyzed for nitrogen content. The nitrogen determination was carried out 

using the Kjeldahl method as outlined by A.O.A.C. (I960). Chromium oxide 

was used as a marker and was determined by the method of Czarnocki, 

Sibbald, and Evans (1961). Percent nitrogen retention was calculated 

from the ratios of chromium oxide to these nutrients in the feed and 

feces. M.E. values of the feed were also determined in the same manner 

explained in the chicks experiments. Egg production, feed conversion 

and egg weight were treated statistically by analysis of variance 

(Snedecor, 19^6), and the means separated by Duncan's Multiple Range 

Test (195#) • Two control diets were used in this study (Table 2$) ,  

These diets, as those used in the previous experiments, were formulated 

by digital computer and differed from those of the first experiment in 

protein level and P.E. content. The protein level used was 17% with 9f>7 



to 1000.0 kcal P.E./lb. The diets were formulated to meet the essen

tial amino acids as in the first experiment; no change was made in the 

ingredient composition so as to make a combination of soybean meal and 

fish meal the principal sources of protein rather than the grain. The 

remaining ingredients were the same for all diets (Table 2$). 

Results and Discussion 

Experiment 1. The basal diet used in this experiment is pre

sented in Table 22. Data for egg production, feed conversion, and egg 

weight are shown in Table 23. These data indicate that processing did 

not affect egg production rate. No significant differences were found 

between birds fed the untreated barley or high amylose corn and those 

fed the treated grains, thus indicating that the processing treatment 

had no effect on egg production (Table 23). These results are in agree

ment with those of Hammond (l9b2) and Adolph and Grau (19£6). Data on 

feed conversion indicate that barley fed birds had a feed conversion of 

U.02 which was improved to 3.91 by steam processing (Table 23). Birds 

fed the amylose corn had a feed conversion of 3.37 which was not im

proved by pressure cooking (Table 23). 

Egg weight slightly decreased from J>7.77 (gm) to £6.61; (gra) by 

steam processing barley. Egg weights from birds fed corn were equal to 

barley. The milo fed birds had an average egg weight of £8.8 gm. Egg 

weights obtained with untreated h.a. com were not improved by steam pro

cessing. Data presented in Table 2k are a continuation of this same ex

periment, but the results are for periods one to nine. Two ingredients: 

high amylose corn and steam processed high amylose corn were not included 

(Table 21»). These data indicate that no significant differences in egg 
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production were found between birds fed these diets (Table 2k)  •  Feed 

conversion (pound of feed for per dozen of eggs) indicate that birds fed 

barley and steam processed barley had the same values and were signifi

cantly lower than were obtained with the corn and milo diets (Table 2l|). 

Birds fed the corn diet had the same feed conversion as those fed milo 

diet (Table 2k) • The result of this experiment indicates that no signi

ficant differences in egg production were found among the birds fed any 

of the experimental diets. However, feed conversion of birds fed barley 

and steam processed barley were low and significantly different from the 

corn and milo diets. 

The results of this experiment suggest that the steam processing 

treatment of barley did not significantly improve its nutritive value for 

laying hens as measured by egg production rate and feed conversion. The 

assumed energy values for barley were somewhat lower than anticipated 

and resulted in significantly better feed conversions for this grain in 

comparison with birds fed either corn or milo diets diluted to the same 

calculated energy level. 

The high amylose corn was not significantly different in nutri

tive value from regular corn, and the steam processing of this material 

did not improve its feeding value. 

Experiment 2. As in the previous experiment, the prime object 

of this study was to determine whether any differences existed in egg 

production, feed conversion, and egg weights when diets were formulated 

with either com or milo. In addition the M.E. values of the diets were 

determined during the first period in this experiment. The data for M.E. 

values, protein retention and dry matter digestibility (DMD) of the diets 



are shown in Table 2$,  These data indicate that with either the classi

cal or nitrogen-corrected method milo (ground) had an M.E. value 

slightly lower than corn and was improved from 2.12 kcal/gm to 2.£8 

kcal/gm by steam processing (Table 26). The milo #5 (control) diet had 

an M.IJ. value similar to that of the com diet, but was improved from 

2.23 kcal/gm to 2.1+1 kcal/gm and to 2.1*3 kcal/gm with pressure cooking 

of the milo (Table 26). The milo ffh steam processed diet had the high

est M.E. value compared with the other diets used in this study. These 

data generally agree with those obtained with chicks (Table 17). Data 

for protein retention generally correlate with the M.E. values (Table 

2$), These data indicate that the milo //U diet had a protein retention 

value lower than the com diet but was improved from 20,$0% to by 

steam processing of the milo portion (Table 2£)• Data on pressure cook

ing indicate that milo #£ had a protein retention-value lower than com 

which was improved from 21*.30$ to 30.$0% with pressure cooking (Table 

26). Pressure cooking at either $0 or 80 psi had similar effects on pro

tein retention. The dry matter digestibility data was somewhat differ

ent from that for protein retention and M.E. (Table 26). These data 

indicate that milo uh had a HMD higher than that of com, and was iia-

proved from £2.3C$ to $h,hO% by steam processing (Table 26). Milo #5 

also had a HMD value higher than com and this was increased from 5>1 • $0% 

to 3>7.20% by pressure cooking at 50 psi but decreased to 1|8.£0$2 by pres

sure cooking at 80 psi (Table 26). These results indicate that steam 

processing as well as pressure cooking (at «>0 psi) had beneficial effects 

on grain sorghum, and resulted in an improvement in HMD and M.E. values 

of these grains. The results of this study, especially in regard to M.E. 
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values which were the main objective, indicate that steam processed or 

pressure cooked milos were superior to either unprocessed milo //h or 

milo //5, Data for egg production, and feed conversion, and egg weight 

are presented in Table 27. These data indicate that birds fed milo #h 

had an egg production rate vihich was not significantly lower than the 

corn fed birds. 

Egg production was significantly increased by the steam proces

sing of milo Data on pressure cooking indicate that milo produced 

significantly lower egg production rates than either corn or milo #1*. 

The milo diet produced an egg production rate of 6f>.30/£ which was in

creased significantly to 67.90% by pressure cooking at f>0 psi (Table 

27). The 80 psi treatment significantly lowered egg production compared 

with the $0 psi treatment. l-ELlo f/k steam processed and milo #5 pressure 

cooked at $0 psi produced the same egg production rates as were obtained 

with corn. Data for egg weight indicate that the milo diet produced 

egg weights significantly lower than the corn diet. Steam processing 

significantly increased egg weight. Hie milo diet produced an average 

egg weight of 60 gm which was not changed by pressure cooking at 5>0 psi. 

Pressure cooking at 80 psi significantly increased egg weight in compari

son with either untreated milo #5 or the grain cooked at $0 psi. It is 

adequately established that there is a negative correlation between egg 

production and egg weight and this may explain the increased egg weight 

with the 80 psi treatment (Table 27). The results of this study indi

cated that steam processed milo and pressure cooked milo (at $0 psi) were 

equal to com, thus indicating that these processes improved these grains 

compared with the untreated milo samples. 
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Five chick and too laying hen experiments were conducted at the 

University of Arizona Poultry Research Center during the course of this 

work. The first four experiments were designed to evaluate the effects 

of steam processing or pressure cooking of milo on its nutritive value 

for growing chicks. Experiment was designed to evaluate the ef

fects of different varieties of grain sorghum on growing chicks. Two 

hen experiments were set up to determine the effects of steam processed 

or pressure cooked grains on the performance of laying hens in terms of 

egg production, feed conversion and average egg weight. Two types of 

grain, corn and milo, were used in these studies* Grain sorghum samples 

were fed untreated and after steam processing or pressure cooking at 5>0 

or 80 psi. 

Protein utilizations were determined as nitrogen retention and 

energy utilization was measured by metabolizable energy estimations. 

There were little differences in M.E. values between corn and milo, but 

steam processing of milo resulted in an increase of U to Q% in energy 

utilization by chicks. 

Data on pressure cooking also indicate higher values for pres

sure cooked milo ($0 and 80 psi) compared with untreated samples to the 

extent of 8 to The results with twelve different grain sorghum 

varieties with chicks indicated that M.E. values varied from 2.l£ 

kcal/gm. for a bird resistant variety (Excell-Bft.6o), which also had a 

poor feed conversion to a high of 3.5>0 kcal/gm. for Lindsey-BR-75 which 

Ul 



produced a feed conversion of 3.8? when fed at 1$% of the diet* The 

best feed conversion of 2.22 was obtained with I4clTa.ii>5>li6 -which had a 

relatively lew M,E. content of 2.90 kcal/gm. Little correlation was 

found betoeen the performance of the chicks in terms of growth or feed 

conversion and the M.E. value of the grain sorghum. 

Results of feeding grain sorghums to laying hens showed no sig

nificant differences in egg production among the birds in the first ex

periment. However, feed conversion of birds fed barley or steam 

processed barley were low and significantly different from the corn and 

milo fed birds in this experiment. 

High amylose corn was not significantly different in nutritive 

value from regular corn, and the steam processing of this material did 

not improve its feeding value (Experiment #1). 

The results of Experiment 2 especially with regard to M.E. 

values, indicate that steam processed or pressure cooked milos were 

superior to the unprocessed samples. Data for egg production, feed 

conversion and egg weight in this study also indicate that steam pro

cessed milo or pressure cooked milo (at 5>0 and 80 psi) were equal to 

corn, while the unprocessed samples were inferior to corn for laying 

hens. 

/ 
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TABLE 1 

COMPOSITION OF THE BASAL DIET 
(EXPERIMENT 1) 

Ingredient % 

Soybean meal . . . 5>1;.88 

Fish meal . . 7*17 

Animal fat . . . . . . 7*00 

Dehydrated alfalfa 3*33 

Calcium carbonate . ....... 2.92 

Dicalcium phosphate ...... 2,08 

Salt 0.22 

Vitamin mix1 U.17 

Chromium oxide . . 0.20 

Glucose monohydrate ............... 12.00 

I j J h e y  . . . . . . . . . . . . . . . . . . . .  2 * . 1 7  

Distilled dried solubles 1.66 

Methionine hydroxy analog «*• . 0.17 

Manganese sulfate . . 0.03 

Total 100.00 

1 Supplemented the following per kilogram of diet: vitamin A, 990 IU.j 

vitamin D, 8lU0 I.C.U.; riboflavin, U.li mg.} niacin, 27.50 mg.j 

calcium pantothenate (dextrorotatory), 11.0 mg. j choline chloride, 

80»0 mg.j vitamin B, 0.0132 mg. j vitamin E, I.U.; vitamin K, 2.2 

mg. and ethoxiquin, 12ij.8i> mg. 



TABLE 2 

EFFECT OF FEEDING GRAIN SORGHUM FOR 2 WEEKS ON THE BOUT 
WEIGHT OF CHICKS AT k WEEKS OF AGE 

a t 

II • 
U0% Dietary Level 2 60% Dietary Level 2 

Treatment 
Number 

Dietary 
Ingredient 

Average Body 
Weight Gain 
at 2 Weeks 

(Em.) 
Feed 

Conversion 

Relative 
Growth 
Response 

cf 
A> 

Average Body 
Weight Gain 
at 2 Weeks 

(gm.) 
Feed 

Conversion 

Relative 
Growth 
Response 

% 

1 Basal 320. 1.8U -

•
 

o
 

CM 
1.81* mm 

2 Corn 325. 1.95 100. •
 

CO CM 

2.27 100. 

3 mo #1 
(untreated) 

338. 1.57 10li. 29U. 2.00 101*. 

h mo #2 
(untreated) 

316. 2.00 97. 273. 2.00 96. 

5 mo #2 
(steam 
processed) 

327. 1.76 100. 27U. 2.20 96. 

6 Milo #3 328. 
(p.c. 50 psi) 

i.au 100. 270. 2.27 95. 

^Gm. of feed/gni. of gain. 

2 
Level of grain supplemented to basal diet. 



TABLE 3 

EFFECT OF FEEDING LEVELS AND GRAIN SOURCES ON PROTEIN 
EFFICIENCY RATIOS (P.E.R.l) AND PERCENT NITROGEN 

RETENTION OF CHICKS AT U WEEKS OF AGE 

Dietary Protein Content P.E.R.1 Nitrogen Retention 
Feeding Levels Feeding Levels Feeding Levels 

Dietary 
Ingredient h0%2 60^ ho# 60^ ho£ 6o^ 

None 31.00 31.00 1-7U 1.7k 36. 36. 

Corn 22.38 18.67 2.30 2.36 57. 52. 

mo //I 22.20 18.35 2.87 2.67 50. 5U. 

Mxlo #2 22.63 18.1U 2.21 2.73 53. 16.20 

Kilo #2 
(steam processed) 

22.82 18.58 2.50 2.15 hi. 55. 

Milo #3 
(pressure cooked 
50 psi) 

22.15 18.1*6 2.1t5 2.38 51. 5U. 

* Gra. gain/gm. protein consumed 

2 
Level of grain supplemented to basal diet. 



TABLE h 

EFFECT OF GRAIN SOURCES ON THE APPARENT AMINO ACID 
DIGESTIBILITY, HETABOLIZABLE ENERGY (ME) AND DRY 

MATTER DIGESTIBILITY (HMD) FOR CHICKS 

Dietary 
Ingredient 

Lysine 

% 
Methionine 

% 
Dry matter digestibility 

of test grain % 
kcal. ME/gm. 
Classical 

of test grain 
Corrected 

None 87. 87. - - -

Corn 91. 93. 92. 3.f>7 3.ia 

mo #l 89. 90. 89. 3.50 3.31 

mo #2 88. 89. 89. 3.^2 3.U0 

mo #2 
(s.p.) 

89. 90. 90. 3.1* 3.30 

mo #3 
(P.C. $0 psi) 

91. 90. 90. 3.58 3.1*2 
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TABLE £ 

COMPOSITION OF THE BASAL DIET 
(EXPERIMENT 2) 

Ingredient % 

Soybean meal . . . . ...... 30*00 

Fish meal 15>.00 

Animal fat £.00 

Calcium carbonate 1.70 

Salt . 0.30 

Vitamin mix*** 2.J>0 

2 
Trace mineral mix 0.10 

Chromium oxide 0.30 

Methionine hydroxy analog . 0.10 

Sub total £5.00 

Test material . Ufj.OO 

Total 100.00 

1 Supplemented the following per kilogram of diet: vitamin A, 990 I.U.j 
vitamin D, 8ll;0 I.C.U.j riboflavin, gm.j niacin, 27.59 mg.j 
calcium pantothenate (dextrorotatory), 11.0 mg.j choline chloride3 
80.0 mg.j vitamin B, 0.0132 mg.j vitamin E, J>.£ I.U.; vitamin K, 
2.2 mg. and ethoxiquin, 12i|.8f> mg. 

2 
Supplemented the following PPM: 20 iron, 60 zinc, 1 molybdenum, 60 
manganese, 168 calcium, h copper, l.£ iodine, and 1.$ cobalt. 



TABLE 6 

EFFECT OF GRAIN SOURCES ON THE GROWTH, FEED CONVERSION, 
PROTEIN EFFICIENCY RATIOS (P.E.R.) AND 

NITROGEN RETENTION OF CHICKS 

Dietary 
Ingredient 

Dietary 
Protein 
Content 

Average Body 
Weight at U 
Weeks 8ti. 

Feed1 

Conversion P.E.R.2 

Nitrogen 
Retention 

of A> 

Corn 30. 575. a 1.58 2.13 5o. 

imo #i 29. 5U2. a 1.57 2.20 ill;. 

mo 7f2 30. 551. a 1.66 2.Ol; 59. 

mo p. 
(S.P.) 

29. 572. a 1.58 2.15 62. 

iaio #3 
(P.C.) 

28. 579. a 1.5U 2.32 57. 

1 Qm. of feed/gm. of gain. 

2 Gm. gain/gm. protein consumed. 
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TABLE 7 

EFFECT OF GRA.DI SOURCES ON THE IIETAB0LI2ABLE 
ELJERGY (MB) OF THE FEEDS AND DRY MATTER 

DIGESTIBILITY (KID) FOR CHICKS 

Dietary 
Ingredient 

kcal. K2/gm. of FeecL 
Classical Corrected1 

Dry Matter 
Digestibility 

of Diet 
% 

Corn 3.1*0 3.23 c 66. 

Kilo //L 3.30 3.13 d 6h. 

Milo #2 3.60 3.36 b 72. 

Milo #2 
(S.P.) 

3.71* 3.50 a 75. 

mo #3 3.51 3.30 b 71. 
(P.C. $0 psi) 

^ Means with a common letter are not significantly different at the 0.0£ 
level of probability. 
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TABLE 8 

COMPOSITION OP THE BASAL DIET 
(EXPERIMENT 3) 

Ingredient % 

Soybean meal ....... 78.90 

Animal fat ........ 5*00 

Dehydrated alfalfa £>.00 

Calcium carbonate l.J>0 

Sicalcium phosphate «... 3.00 

Salt 1.00 

Vitamin mix1 £.00 
p 

Trace mineral mix O.ljO 

Chromium oxide 0.20 

Total 100.00 

Supplemented the following per kilogram of diet: vitamin A, 990 I.U. j 
vitamin D, 8ll;0 I.C.U. j riboflavin, 1|.U mg.j niacin, 27.J>9 mg.; 
calcium pantothenate (dextrorotatory), 11.0 mg.j choline chloride, 
80.0 mg.j vitamin B, 0.0132 mg.j vitamin E, I.U.j vitamin K, 
2,2 mg. and ethoxiquin, 12h.85> mg. 

2 
Supplemented the following in PPM: 20 iron, 60 zinc, 1 molybdenum, 
60 manganese, 168 calcium, h copper, l.f> iodine, and 1.5 cobalt. 



TABLE 9 

EFFECT OF FEEDING LEVEL AND GRAIN SOURCES ON THE GROWTH 
OF CHICKS AT k WEEKS OF AGE 

50% Feeding Level* 75% Feeding Level*' 

Dietary Ingredient 

Average Body 
Weight 
(smO 

Feed1 

Conversion 

Relative 
Growth 
Response 

tf f> 

Average Body-
Weight 
(gnu) 

Feed1 

Conversion 

Relative 
Growth 
Response 

% 

Corn 533. 1.75 100. bhl. 1.96 100. 

Mlo //I •
 

CO sK 

1.70 103. lao. 1.90 93. 

Mlo #2 
(untreated) 

1*65. 1.95 87. 385. 2.05 87. 

Mlo #2 
(S.P.) 

520. 1.67 98. 397. 1.91 90. 

Mlo #3 
(p.c. 50 psi) 

520. 1.7U 98. 36k. 1.98 83. 

1 Gn. of feed/grx. of gain. 

2 
Level of grain supplemented to basal diet. 



TABLE 10 

EFFECT OF FEEDING LEVELS AND GRAIN SOURCES ON PROTEIN 
EFFICIENCY RATIOS (P.E.R.) AND PERCENT NITROGEN 

RETENTION OF CHICKS AT h WEEKS OF AGE 

Dietary Protein Content P.E.R. 
1 

Nitrogen Retention 
Feeding Levels Feeding Levels 

Dietary 
Ingredient 5o/ 7 5# $Q£ 75^ S0%2 7Sf 

Corn 22. 15. 2.58 3.52 1*6.75 55.50 

Kilo 2U.30 17.68 2.1*2 2.97 50.90 55.2li 

i-aio ifr 
(untreated) 

22.hZ I6.h6 2.28 2.96 50. 51i. 

Kilo #2 
(S.P.) 

22.U5 16.25 2.66 3.22 55.56 68.83 

Kilo #3 
(P.C. 50 psi) 

22.1|6 16. h6 2.55 3.06 50.33 65.1*3 

Gn. gain/gm. protein consumed. 

2 
Level of grain supplemented to basal diet. 
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TABLE 11 

EFFECT OF FEEDDIG LEVELS AlID GRAIN SOURCES OH THE 
PERCENT APPARENT AIOTO ACIDS DIGESTIBILITY 

FOR CHICKS AT k WEEKS OF AGE 

Dietary Level 1$% ̂  Dietary Level 
Dietary Lysine Methionine Lysine Methionine 
Ingredient % % % % 

Corn 92. 9k. 87. 9k. 

mo 7/1 93. 93. 87. 91. 

Kilo #2 93. 93. 86. 91. 

Milo 92 . 92 . 90. 93. 
(S.P.) 

mio #3 92. 9k. 91. 92. 
(P.D. $0 psi) 

Level of grain supplemented to basal diet 



TABLE 12 

EFFECT OF FEEDING LEVELS AND GRAIN SOURCES ON THE DRY 
MUTTER DIGESTIBILITY (DMD) AND METABOLIZABLE 
ENERGY (ME) FOR CHICKS AT H WEEKS OF AGE 

Dietary 
Ingredient 

DMD of Diets 
% Dietary Level 

$o$-
- kcal. 

Dietary Level 
ME/gm. of Diet kcal. 

Dietary Level 
ME/ gnu of Diet 

Dietary 
Ingredient $0%l 7̂ X Classical Corrected Classical Corrected 

Corn 6 75. 2.82* 2.71 3.16 3.06 

Milo #1 72. 2.93 2.77 3.12 3.00 

Milo #2 67. 73. 2.97 2.83 3.16 3.0FC 

Milo #2 
(S.P.) 

71. 81*. 3.09 3.08 3-S0 3.35> 

Milo #3 68. 82. 3.00 2.86 3.38 3-2U 
(P.O.) 

^ Level of grain supplemented to basal diet 
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TABLE 13 

COMPOSITION OF THE BASAl DIET 
(EXPERIMENT b) 

Ingredient % 

Soybean meal . $8,90 

Fish meal . . 10.00 

Animal fat . • . 10.00 

Dehydrated alfalfa . . . 6.00 

Calcium carbonate 1,$0 

Dicalcium phosphate . . . 2.80 

Salt 0.80 

Vitamin mix1 • . . f>.00 

2 
Trace mineral mix O.I4O 

Chromium oxide . 0.U0 

Whey 2.00 

Distiller dried soluble . 2.00 

Dl^ methionine 0.20 

Total 100.00 

Supplemented the follovring per kilogram of diet: vitamin A, 990 I.U.5 
vitamin D, 811*0 I.C.U.j riboflavin, lul* mg.j niacin, 27.$0 mg.; 
calcium pantothenate (dextrorotatory), 11.0 mg.j choline chloride, 
80.0 mg.$ vitamin B, 0.0132 mg.j vitamin E, $.$ I.U.j vitamin K, 
2.2 mg. and ethoxiquin, 12l|.8j> mg. 

2 
Supplemented the following in PPM: 20 iron, 60 zinc, 1 molybdenum, 
60 manganese, 168 calcium, li copper, 1,$ iodine, and 1.$ cobalt. 
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TABLE lU 

TANNIN AND GROSS EIJERGY CONTENT OF COHN AND 
VARIOUS PROCESSED GRAIN SORGHUMS 

Grain ̂Sources 
Tannin 
% 

Gross Energy 
kcal. gm. of 

Grain 

Corn 0.16 3.87 

Milo /A 0.22 ii.00 

Milo #1| 
(untreated) 

0.28 U.oo 

Milo #k 
(S.P.) 

0.20 U.o? 

Milo 
(P.O. $0 psi) 

0.15 U.oo 

Milo #5 
(P.O. 80 psi) 

0.20 U.03 

Milo 
(untreated) 

0.18 UaU 
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TABLE 1$ 

EFFECT OF FEEDING LEVELS AMD GRA.IN SOURCES ON THE GROWTH 
AND FEED CONVERSION OF CHICKS AT U WEEKS 

30 2̂ Dietary Level 70^ Dietary Level 

Dietary 
Ingredient 

Average Body 
Weight 
(en.) 

Feed 
Conversion 

Average Body 
Weight 
(em.) 

Feed 
Conversion 

Basal £16 2.02 516 2.02 

Corn 537 2.00 U95 2.01 

Milo #L 571 1.90 552 2.0U 

Milo #k 553 1.81 1*82 2 .Oil 

mulo A 
(S.P.) 

609 1.83 1*37 2.09 . 

Milo #5 
(P.C. $0 psi) 

61tl 1.72 2i5U 2.02 

Milo #5 
(P.C. 80 psi) 

605 1.78 liUo 2.00 

MLlo 
(untreated) 

559 1#75 I;80 1.8b 

^ Ota* of feed/gni• of gain. 

2 
Level of grain supplemented to basal diet. 



TABLE 16 

EFFECT OF DIETAHT PROTEIN CONTENT OF FEEDING LEVELS 
AND GRAIN SOURCES ON THE PROTEIN EFFICIENCY 

RATIOS (P.E.R.) OF CHICKS AT 1* WEEKS 

P.E.R."*" Nitrogen Retention 
Dietary Protein Content Dietaxy Feeding Level Dietary Level 

Grain 3Q&2 70%2 30%2 70^ 30£2 70# 

None 35.53 35.53 1.38 1.38 1*1*.32 lrf*.32 

Corn 26.78 16.33 1.85 3-0U 36.81 52.1*2 

MLlo #1 27.2k 17.62 1.92 2.89 28.21 1*2.00 

Milo #1* 27.% 17.28 2.00 2.81* 36.00 1*2.73 

Mil© #1* 
(S.P.) 

27.lU 16.53 2.02 2.89 39.31 57.21* 

Milo #5 
(P.C. 50 psi) 

27.13 17.32 2.H* 2.85 1*0.91; 62.00 

Milo #5 
(P.C. 80 psi) 

27.53 16.78 2.01* 3.01 36.71 57.00 

Milo #5 27.1*8 16.61 2.08 3.27 33.65 50.00 
(untreated) 

^ Gra. gain/gin. protein consumed. 

2 
Level of grain supplemented to basal diet 



TABLE 17 

EFFECT OF FEEDING LEVELS AND GRAIN SOURCES ON THE AVERAGE 
APPARENT AMINO ACID DIGESTIBILITY, DRY MATTER 
DIGESTIBILITY (DMD) AND METABOLIZABLE ENERGY 

(M.E.) OF CHICKS AT k WEEKS 

Grain 

Apparent A.A. 
Digestibility 
of Diets 

Lysine Methionine 
rf a p 7> 

Apparent DMD of 
Test Grains 

% 

kcal. M.E./gm. 
of Test Grains 

Classical Corrected 

None 

Corn 

MLlo jfcL 

Milo irk 

IBLlo #h 
(S.P.) 

mo #5 
(P.C. 50 psi) 

Milo 
(P.C. 80 spi) 

Milo 
(untreated) 

91 

90 

89 

86 

90 

91 

86 

88 

89 

88 

87 

82 

87 

87 

83 

82 

66 

66 

63 

87 

91 

81 

7h 

2.86 

2.73 

2.70 

3.25 

3.50 

3.25 

3.00 

2.72 

2.70 

2.68 

3.21 

. 3.U5 

3.23 

3.00 
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TABLE 18 

THE COMPOSITION OF THE BASAL DIET 

Ingredient % 

Soybean meal 18.00 

Fish meal . • . . 12.00 

Animal fat . 2.00 

Dehydrated alfalfa 3.00 

Calcium carbonate 2.00 

Dicalcium phosphate 1.00 

Salt 0.£0 

Vitamin mix1 2.£0 

Trace mineral mix 0.1*0 

Chromium oxide 0.30 

Glucose monohydrate I42.30 

ADM protein 12.00 

Whey 2.00 

Meat and bone scraps 2.00 

Total 100.00 

1 Supplemented the following per kilogram of diet: vitamin A, 990 I.U.j 
riboflavin, U• U rig. j niacin, 27.3>0 mg.; calcium pantothenate 
(dextrorotatory), 11.0 mg,j vitamin D, 8ll|0 I.C.U.j choline chloride, 
• 80.0 mg.} vitamin B, 0.0132 mg.3 vitamin E, 5*5 I.U.J vitamin K, 
2.2 mg.j and ethoxiquin, 12U.85 mg. 

2 
Supplemented the following in PPM: 20 iron, 60 zinc, 1 molybdenum, 
60 manganese, 168 calcium, 1* copper, and 1.5 cobalt. 



TABLE 19 

CHEMICAL ANALYSIS OF VARIETIES OF GRAIN SORGHUM 
FOR TA1JNIN, FAT AND PROTEIN CONTENT 

Varieties of Grain Sorghum (Milo) % Tannin % Fat % Protein 

NK-Savana (frl) 0.75 2.52 9.52 

Georgia- 6l£ (#2) 0.72 2.69 9.00 

McNair-J&6 (#3) 0.71 2.^0 8.88 

Lindsey-BRr-7^ (vU) 0.67 2.60 9.67 

Arkansas-6lli (#£) 0.62 2.37 8.93 

Dekalb-BR-60 (#6) 0.£8 2.97 9.60 

Frontier-I4O9 (#7) 0.^3 2.97 9.35 

Excel-BR-60 (#8) O.hk 2.87 9.02 

AS grow-Double (#9) 0.2£ 2.90 10.03 

Advance-ll; (#5d.0) 0.22 3.20 9.11* 

Amak R-10 (#11) 0.21 2.66 8.86 

Taylor-Evans-80 (#12) 0.1^ 3.0f> 9.06 
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TABLE 20 

EFFECT OF FEEDING LEVELS AND VARIETIES OF GRAIN 
SORGHUMS ON THE GROWTH AND FEED CONVERSION 

(F.C.) OF CHICKS AT 1* WEEKS 

Dietary-
Ingredient 

Feeding Level 25% 
Dietary Body-
Protein Weight 
Content (gm.) 

2 
F.C. 

Feeding Level 75^" 
Dietary Body 
Protein Weight 
Content (gm.) F.C.2 

Basal 28.00 531 1,81 28.00 531 1.81 

Corn 2U.60 561 1.77 ll*.83 313 2.63 

Milo (Reg.) 22.51 h62 1.92 13.67 215* 3.06 

Milo //I 2U.21 M5 1.92 1U.88 192 3.12 

Milo $2 23.10 \6k 2.27 lb. 66 176 It. 73 

Milo #3 25.21 521 1.95 15.30 211 2.22 

Milo ffk 2h.2h 605 2.0U 15.75 231 3.98 

MilO #5 23.20 1*60 1.61 lit. 21 209 2.97 

Milo j96 23.52 1*52 2.02* 15.07 170 3.53 

Milo #7 25.25 608 1.91 16.28 261 3.25 

Milo #8 23.00 lt05 2.1|1 1U.61 IliO 5.72 

Milo #9 2U.00 515 1.83 ll*.35 22+7 3.05 

Milo #10 25.66 U86 2.02 15.U7 267 2.72 

Milo #11 25.00 637 1.82 Hi. 70 296 2.67 

mo #12 25.72 565 2.0U 15.80 319 2.87 

^ Level of grain supplemented to basal diet, 
o 
dm. of feed/gin. of gain. 



TABLE 21 

EFFECT OF FEEDING LEVELS AND VARIETIES OF GRAIN SORGHUM ON NITROGEN 
RETENTION, PROTEIN EFFICIENCY RATIOS (P.E.R.), DRY MATTER 

DIGESTIBILITY" (HMD) AND METABOLIZABLE ENERGY 
(K.E.) OF CHICKS AT h I-IEETCS OF AGS 

_ 33KD of 
Nitrogen Retention P.E.R. Test keal. M.E./gm. of 
Feeding Levels Feeding Levels Material Test Material 

Dietary Ingredient 25%x 75#1 25̂ 1 75̂ " 
Classical Nitrogen 

Corrected 

Basal 1*5-2 3 1*5-23 1.91* 1-91* 8U-10 — — 

Corn 51*. 70 1*5. 80 2.29 2.55 72.30 3-20 3.08 

Milo (regular) US. 93 62.21* 2.31 2.1*0 51*. 1*0 3-1*1 3.33 

Ifilo j£L U.O. hO 61.20 2.16 2.16 76.70 3-65 3-1*5 

Milo //2 hh.io Uh-88 1.90 1.1*1* 66.20 3-35 3-30 

Iaio #3 1*7-50 57.66 2.03 2.91* 76.30 3.00 2.90 

Milo f /h 53.07 1*6. 80 2.02 1.60 73-20 3-70 3-58 

Kilo #5 60.73 56.70 2.68 2.37 81.90 3-12 2.95 

Mil, o j/6 53-71* 68.30 2.08 1.88 80.20 3-25 3-29 

Milo #7 50.57 1*6.23 2.07 1.88 70.20 3.57 3.1*5 

Milo #8 1*2.66 26.25 I.80 I.20 51*-i*o 2.18 2.15 

Milo #9 53-70 1*1*.38 2.28 2̂ 28 81*. OO 3.1*2 3-1*5 

Milo #10 56-70 59.76 1.91 2.38 81*. 80 3-1*1* 3-27 

Milo #11 58.82 60.27 2.20 2.55 89.1*0 3.55 3-38 

Milo //12 6h.7h 51-22 1.90 2.20 87.70 3-50 3-27 

Average of grain sor̂ iums 51-71* 52.76 2.10 2.10 75.33 3-31 3-21 

Levels of grain supplemented "fco basal diet. 
o 
Gm. of gain/̂ n. protein, consumed. 
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SABLE 22 

COMPOSITION OF THE E\SAL DIET 
(Experiment l) 

Ingredient % % cf A> 

Solka-Floc. 0.28 6.01; 6.28 

Soybean meal 13.25 13.25 13.28 

Fish meal 5.00 5.oo 5.00 

Dehydrated alfalfa 6.00 6.00 6.00 

Animal fat 9.76 li.OO 3.76 

DL-methionine 0.03 0.03 0.03 

Vitamin mix"*" 2.00 2.00 2.00 

Calcium carbonate 6.86 6.86 6.86 

Dicalcium phosphate 2.89 2.89 2.89 

Salt (trace mineralized) 0.25 0.25 0.25 

2 
Trace mineral mix 0.10 0.10 0.10 

Sub total U6.1j2 1*6.1(2 1*6.1*5 

Barley 53.58 -

Corn - 53.58 m 

llilo - - 53.55 

Total 100iOO 100*00 100.00 

Supplemented the following per IdJLograia of diet: vitamin A, 990 I.U.j 
vitamin D, 8ll;0 I.G.U.j riboflavin, li.lj.mg.; niacin, 27.50 mg.; 
calcium pantothenate (dextrorotatory), U.O mg,; choline chloride, 
80,0 mg.; vitamin B, 0.0132 mg.; vitamin E, 5-5 I.U.; vitamin K, 
2.2 mg. and ethoxiquin, 12U.85 mg. 

2 
Supplemented the loll owing in PP]-I: 20 iron, 60 zinc, 1 molybdenum, 
60 manganese, 168 calcium, h copper, 1.5 iodine, and 1.5 cobalt. 
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TABLE 23 

EFFECT OF GRAIN SOURCES ON EGG PRODUCTION, 
FEED CONVERSION AND AVERAGE 
EGG WEIGHT OH LAYING 1IEIIS 

(3-28 DAY PERIODS) 

Dietary Ingredient 

Egg1 

Production 
% 

Feed^ 
Conversion 

Average 
Egg Weight 
(RW.) 

Barley 7lu73a li.02a 57.77 

Barley (steam processed) 75»30a 3.91b $6.6h 

Corn 7li.20a lt.29a 57.01; 

High amylose corn 75.56a 3.37C 59.81 

Kilo #1 72.31a U.l8a 58.75 

High amylose corn 
(steam processed) 

70.01a 3.35° 59.70 

n 
Means with a common letter are not significantly different at the 
0.05 level of probability. 

o 
Pound of feed/dozen of eggs. 



66 

TABLE 2k 

EFFECT OF GRA.IN SOURCES ON EGG PRODUCTION, 
AND FEED CONVERSION ON LAYING HENS 

(9-28 DAY PERIODS) 

Dietary Ingredient 

Egg1 

Production 
% 

Feed2 

Conversion 

Barley 72.3>3a 3.97b 

Barley (steam processed) 69.93a 3.99b 

Corn 69.72a lt.29a 

Milo 69.9Ua lt.22a 

i 
Means with a common letter are not significantly different at the 
0,0$ level of probability. 

P 
Pound of feed/dozen of eggs. 
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TABLE 2$ 

COMPOSITION OF THE BASAL DIET 
(EXPERIMENT 2) 

Ingredient % % 

Solka-Floc. 

Soybean meal 

Fish meal 

Dehydrated alfalfa 

Animal fat 

DL-methionine 

Vitamin mix'1' 

Calcium carbonate 

Dicalcium phosphate 

Salt (trace mineralized) 

2 
Trace mineral mix 

Sub total 

Barley 

Corn 

Milo 

Total 

0.12 

16.00 

$.00 

6.00 

10.00 

0.03 

2.50 

7.00 

3.00 

0.25 

0.10 

50.00 

50.00 

m 

100.00 

O.Ol; 

16.00 

5.oo 

6.00 

10.00 

0.06 

2.50 

7.00 

3.00 

0.25 

0.10 

50.00 

50.00 

100.00 

Supplemented the following per kilogram of diet: vitamin A, $$0 I.U.j 
vitamin D, 8lU0 I.C.U.j riboflavin, li.limg.; niacin, 27*50 mg.j 
calcium pantothenate (dextrorotatory), 11.0 mg.j choline chloride, 
80.0 mg.j vitamin B, 0.0132 mg.j vitamin E, 5.5 I.U.j vitamin K, 
212.0 mg.j and ethoxiquin, 121J.85 mg. 

Supplemented the following in PHI: 20 iron, 60 zinc, 1 molybdenum, 
60 manganese, 168 calcium, U copper, 1.5 iodine, and 1.5 cobalt. 



TABLE 26 

EFFECT OF GRAIN SOURCES ON THE METABOLIZABLE ENERGY (M.E.) 
PROTEIN RETENTION AND DRY MATTER DIGESTIBILITY 

(DMD) OF THE LAYING HENS 
(EXPERIMENT 2) 
(1-28 DAY PERIOD) 

Dietary 
Ingredient 

kcal. M.E./ 
gm. of diet 
Classical 
Method 

kcal. M.E./ 
gm. of diet 
Corrected 
Method 

Nitrogen 
Retention 

% 

n® of 
Diets 
% 

Corn 2,26 2.21 22.^1 1*8.81 

Milo ffU 
(ground) 

2.13 2.12 20.51 52.30 

Milo //h 
(steam processed) 

2.66 2.^8 3U.51 51*.l*o 

Milo #5 
(P.C. $0 psi) 

2.1*2* 2.ijl 30.51 57.20 

Milo 
(P.C. 80 psi) 

2.51 2.1$ 30.51 l*8.5o 

Milo $$ 
(control) 

2.25 2.23 2lu31 51.50 
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TABLE 27 

EFFECT OF GRAIN SOURCES ON THE EGG PRODUCTION, 
FEED CONVERSION AND AVERAGE 
EGG WEIGHT ON LAYING HENS 

(9-28 DAY PERIODS) 

Dietary Ingredient 

Egg 
Production 

% 
Feed 

Conversion 

Average 
Egg Weight 

—taJ 

Corn 

Milo #k 
(ground) 

Milo #h 
(steam processed) 

Milo 
(P.C. $0 psi) 

Milo 
(P.C. 80 psi) 

Milo 
(untreated) 

67.91 

66.60* 

be 

69.30 

67.90' 

63.60 

6^.30 

.be 

k.ocr 

k*07& 

3.8 f 

3.82a 

h.O? 

3.90a 

61.10 

60,90b 

6l.60a 

59.80b 

6l.itOa 

60.1iOb 

Means with a common letter are not significantly different at the 0.05> 
level of probability. 

Pound of feed/dozen of eggs. 
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