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ABSTRACT

Two experiments with pullet chicks were- conducted at 
the University of Arizona Research Center during the course 
■ of this work.

The first experiment was designed to determine the 
sulfur amino acid requirements of growing H&N pullets from 
6 to 18 weeks of age, and to study the effects of the vari
ous dietary levels of methionine, cystine and protein during 
the growing period. The estimated sulfur amino acid require
ments were 228, 287 and 293 mg/day during 10, 14 and 18 
weeks of age, and 7 .20, 8.93 and 7.82 g of daily protein in
take during the same periods of time, respectively.

The second study compared the performance of normal 
body size layers with petite birds, and evaluated the pro
tein needs of these two strains during the growing period.
The results of this study showed linear increase in body 
weight with dietary protein level during the three stages of 
the experiment for both strains.

Protein requirements of 16.00, 15.40 and 15^95% of the
diet for regular chicks during 6-10, 10-14 and 14-18 weeks
of age and 16.60, 14.70 and 16.20% of the diet for petite 
birds were obtained. Regular chicks required 7 -90, 10.64 
.and ?.93 g of: protein daily and the petite birds 7 .83, 9.82
and 8.63 g of protein/day, respectively.
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INTRODUCTION

A number of nutritional regimes have been proposed 
for the growing of egg production pullets. These systems 
have consisted of nutrient restrictions of various types, 
limited feeding and the use of amino acid deficient diets. 
The purpose of such systems has been to delay sexual maturi
ty and to reduce pullet growing costs. Few of these studies 
have evaluated the results of the pullet growing treatments 
on subsequent egg production performance for an extended 
period of time.

Fatty liver syndrome occurs in laying hens but has 
been produced experimentally only as a result of forced 
feeding. Studies on the effects of protein and sulfur amino 
acid levels in the growing diet on liver fat deposition are 
lacking in the literature. It was, therefore, thought to 
be important to evaluate these factors in egg strain pullet 
chicks.

Recent years have seen emphasis on reducing feed 
cost in egg production operations. One method would be the 
use of birds of smaller body size to reduce feed maintenance 
costs since these amount to 2/3 of the total feed cost of 
producing eggs. It was, therefore, decided to compare two 
strains of birds, one regular and a petite strain, for egg



production performance and to evaluate the protein needs of 
these birds during the growing period.



REVIEW OF LITERATURE

Many studies have been carried out in order to es
tablish the protein requirement of growing pullets with 
varying results depending on the conditions and strain of 
birds used. Owings et al. (1973) carried out an experiment 
where they obtained higher body weights with the feeding of 
20% protein from 0 to 12 weeks of age in comparison with 
lower protein levels of 15% from 3 to 12 weeks and 13% pro
tein from 13 to 20 weeks of age. Their data show that egg 
production was not significantly related to body weight of 
birdss but feed consumption was significantly greater for 
the heavier pullets. These data suggest that overfeeding of 
protein increases body weight gain which results in 
increased feed cost during egg'production. This is also 
suggested by the work of Magruder and Coune (1973) who 
carried out an experiment with four replicated groups fed 
different protein levels during three age periods (0 to 6S 
7 to 14 and 15 to 20 weeks). The treatments consisted of: 
Group 1, 20, 15 and 15% protein respectively; Group 2, 20,
15 and 10% protein respectively; Group 3, 18, 15 and 15% 
protein respectively; and Group 4, 18, 15 and 10% protein 
respectively. They found a little difference in body weight 
and feed efficiency, which were better in Group numbers 3,
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1g 4 and 2 respectively. This indicates that after the 
birds meet their protein requirements for growths additional 
dietary protein results in a waste of nutrients. These 
workers fed the same feed to those groups from 20 to 63 
weeks of age, and they did not find a significant difference 
in egg production, feed efficiency, mortality or egg weight 
as a result of the experimental diets fed during the growing 
period.

Boomgaardt and Baker (1973) suggest that the level 
of protein required from 14 to 28 days of age post^hatching 
.is in the range from 14% to the National Research Council 
(197.1) recommended level of 23%. .

With the feeding of diets low in protein, birds tend 
to overconsume to make up for- the nutrient deficiency.
Kinder and Vanderpopuliere (1973) in their work changed egg 
strain chicks from starter diets to either a 13% protein 
grower diet at 6 weeks of age or a 16% grower diet at 8 
weeks of age. ' They changed to layer.diets for analysis of 
performance from 24 to 64 weeks of age. This study indi
cated significant differences in egg production, egg size 
and feed efficiency favoring pullets grown on the 16% pro
tein ration from 8 weeks of age. Laying, performance of 
birds kept on the 16% growing ration to 24 weeks of age was 
not significantly different from birds changed to the 17% 
laying ration at 20 weeks of age.
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Douglas 3 Wilson and Harms (1973) carried out an ex

periment using two grower diets (9.27 and lH% protein) fed 
from 8 through 18 weeks of age. The birds fed protein 
were, significantly greater In body, weight, produced more 
total eggs and had higher.egg weights at 3 weeks of lay, but 
after 6 weeks, there was no difference in egg weights.

■Speers and Balloun (1967a) reported that there was 
a distinct difference in protein requirements between dif
ferent strains of White Leghorn hens. One. strain did an 
adequate job on a 13% protein laying diet, a second strain 
required 15% protein and a third strain required a 17% pro
tein diet for maximum egg production. Speers and Balloun 
(1967b) reported that there was a significant effect of 
strain on protein requirement— the Ames Incross 525 strain 
requiring no more than 14% protein, while the Hy Line 934 
strain required at least 16% protein. When protein require
ment was expressed on actual intake, the Hy Line strain 
required a minimum of 15 grams protein per day for highest 
egg production rate and feed efficiency while the Ames In
cross required at least 16 grams protein per day.

Harms and Waldroup (1963) showed that feeding low 
levels of protein significantly reduced the length of the 
laying formation cycle. This reduction resulted in a sig
nificantly lower rate of egg production. The length of the 
egg formation cycle decreased also, as the laying year
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progressed. A greater decrease was observed when the diet 
was also deficient in methionine. It would appear that in
adequacy of dietary protein results, in the inability of the : 
pullets to form an egg and, therefore, indirectly controls 
ovulation. This deficiency of protein may affect hormone 
production, release or target organ sensitivity. Working 
in the same field, Waldroup and Harms (1964) found that 
feeding a 9% protein diet during the early part of the lay
ing period adversely affected production during this period, 
but did not adversely affect production when the pullets 
were later placed on a higher protein feed. '

• It has been recommended that Leghorn pullets be fed 
diets in the neighborhood of 16$ protein during the laying 
period (Billie and Denton 1967). The consumption of protein 
for these birds should be at least 17 grams per bird per day 
regardless of the amount of protein in the diet (Adams,
Deyoe and Kahrs 1970). The dietary energy will play an im
portant role in controlling the protein consumption (Hubbell, 
Harman and Thayer 1968).

The main driving force for feed consumption is 
energy requirement. Birds will eat the quantity of feed to 
meet their energy needs, provided the feed is well balanced 
in essential nutrients. If we accept energy as governing 
feed intake, we can then move on to examine the factors that
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alter the energy requirement of birds. Reid (1975) listed 
several factors which affect energy requirement:

1. Body weight— energy requirement is linearly related 
to body weight raised to the 0.75 power (B.W.^’^ )  3 
a quantity known as metabolic body size or physio
logical body weight. This maintenance requirement 
is about 80-85 kcal for each kilogram (2.2 lbs) of 
physiological body weight.

2. Egg production— the energy required for egg produc
tion and growth is given by the relationship: 2 x 
g egg/day + 5 x body weight change.

3. Energy efficiency— the energy efficiency for metabo
lizable energy utilization has been estimated as 80%.

4. Temperature— the energy requirements will increase 
or decrease 4 kcal/°C change. Considerable savings 
in feed costs can be realized in maintaining houses 
for production at 80-85°F.

In the mouse (Favarger 1965) and rat (Reveille 1967i 
RomsoSj Basse and Reveille 1974) adipose tissue accounts for 
over 50% of total fatty acid synthesis, and adipose tissue 
is responsible for virtually all fatty acids synthesized in 
the pig (0’Hea and Reveille 196$; Romsos, Allee and Reveille 
1971)• Studies, in vitro, and with intact chicks support 
the view that liver is the major site of lipid biosynthesis 
in the chicken and adipose tissue is relatively unimportant



as a site of fatty acid biosynthesis in this species. The 
available evidence, therefore, suggests that in the chicken,, 
and presumably other avian species, fatty acids are synthe
sized primarily in liver (Leveille et al. 1975)•

The phospholipid content of the liver fat decreases 
markedly as liver fat is increased, but total phospholipid 
per gram of liver changes relatively little according to 
Ivy and Nesheim (1973)1 this is explained since S-adenosyl 
methionine is a methyl donor in the formation of choline 
from serine and in the synthesis of lecithin from phospha
tidyl ethanolamine (Canton! 1975).

Nelson et al. (I960) showed that the quantitative 
requirement of chicks for the sulfur amino acids was more 
than the 3-3% of the protein and less than 3.8% at all pro
tein and energy levels studied. Graber, Scott and Baker
(1971) reported the requirement of methionine for maximal 
weight gain for chicks at 2, 5 and 8 weeks of age as 4, 14, 
4.34 and 4.48% of the diet respectively, and they found that 
this methionine requirement expressed as a percent of the 
diet did not decrease, but instead remained fairly constant. 
Contrary to this, Boomgaardt and Baker (1973) suggest that 
the sulfur amino acid requirement expressed as a percent of 
the protein decreased from 3.05 ± .07% during the third and 
fourth weeks to 2.56 ± -15% during the seventh and eighth 
weeks of age. It is also well documented that the protein
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requirement for maximal growth decreases as the growing ani
mal becomes older. The sulfur amino acid need for 70% pro
duction with a 58 g average egg weight would require intakes 
of 497.7 and 514.1 mg sulfur amino acid per day at 21.1 and 
32.2°CS respectively (Reid and Weber 1973). The National 
Research Council (1971) reports values for sulfur amino acid 
requirements for different age pullets and growing chicks 
as: 0-6 weekss 3.75% of the protein; 6-14 weeks, 3•75% of
the protein; 14-20 weeks, 3-75% of the protein; and 20 weeks
on, 3.53% of the protein.

There have been many studies on the factors involved
in fatty liver production in laying hens; Pfaff and Austic
(1976) suggest that adiposity in the pullet may be influ
enced by nutritional treatment during the period of growth 
and development prior to sexual maturity. Ivy and Nesheim 
(1973) found that when hens were fed 10% more feed than ad 
libitum controls consumed, marked increases in liver size 
and fat content occurred, but no mortality was observed from 
liver hemorrhages. The fatty livers had a higher content of 
neutral lipid, mainly triglycerides.

Wolford and Polin (1974) reported fatty liver- 
hemorrhagic syndrome (FLHS) in force-fed birds. Jensen, 
Falen and Chang (1974) showed that hens fed a basal corn 
ration had significantly more liver fat than hens fed



wheat-containing diets and that this finding was not related 
to the higher energy content of corn.

Quisenberry, Young and Murthy (1967) and Duke,
Ringer and Wolford (1968) reported that a low protein, high 
energy diet, and an increase in temperature (Griffith and 
Schexnailder 1.970), failed to induce fatty liver-hemorrhagic 
syndrome. Ivy and Nesheim (1973) showed that liver fat con
tent of hens is variable and that high levels of liver fat 
are not necessarily detrimental to laying performance. They 
found an increase in body weight, liver size, liver lipid 
content and a decrease in egg production.

The supplementation of diets with methionine for 
laying hens reduced liver fat content, according to Roberson 
Trujillo and Francis (1970). Combinations of choline, me
thionine and vitamin increased egg production, egg 
weight and decreased liver fat, according to Wolford and 
Polin (1975)• These workers reported that vitamin , cho
line and vitamin E appeared to reduce fatty liver- 
hemorrhagic syndrome and liver lipids. Wolford and Murphy
(1972) reported that incorporation of vitamin B ^ ,  vitamin E 
choline and inositol into the diet of laying chickens did 
not significantly reduce their liver lipid content and in
creasing the dietary level of protein, vitamin B-^» vitamin 
E, choline, inositol, selenium and/or cobalt did not prevent
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prevent the occurrence of liver hemorrhages, but liver lipid 
was reduced by feeding low energy diets -

The objectives of this experiment were:
1. To determine the sulfur amino acid requirements of 

growing pullets from 6 to 1.8 weeks of age.
2. To study the effect of sulfur amino acid and protein 

levels during the growing period on subsequent per
formance.

3. To compare the performance of normal body size 
layers with petite birds.

4. To evaluate the protein needs of these two strains 
during the growing period and the effects of subse
quent performance.



EXPERIMENTAL PROCEDURES

Two experiments with chicks were conducted at the 
University of Arizona Poultry Research Center during the 
course of this work.

Experiment, 1 .
The diets in this experiment were formulated to 

determine the sulfur amino acid requirements of growing 
pullets from 6 weeks of age and to study the effects of the 
various dietary levels of methionine, cystine and protein 
during the growing period on subsequent performance.

H&N chicks 6 weeks of age were housed 50 per pen 
with feed and water supplied ad libitum. The experiment 
lasted 168 days and was divided into periods of .6-10, 11-14, 
15-18 weeks from hatching. The experimental design con
sisted of three dietary protein levels (14, 16 and 18%) with 
4 levels of supplemental Sulfur amino acids for a total of 
12 dietary treatments.

Basal diet 1 contained 14% protein and 0,50% sulfur 
amino acids. To this protein diet was added 0.18, 0.32 
and 0.60 grams of DL-methionine per kg of feed, to obtain 
sulfur amino acid levels of 0.52, 0.53 and 0.56% of the 
diet, respectively.

12
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Basal diet 2 contained 16% protein and 0.56% sulfur 

amino acids. To this 16% protein diet was added 0.32, 0.48 
and 0.80 grams of DL-methionine per kg of feed, to obtain 
sulfur amino acid levels of 0.59, 0.61 arid 0.64% of the 
diet, respectively.■

The third basal diet contained 18% protein and was 
supplemented with 0.10, 0.46, 0.64 and 1.0 grams of DL- 
methionine per kg of feed, to obtain 0.62, 0.68, 0.68 and 
0.72% of the diet as sulfur amino acids. All diets were 
isocaloric at 1345 kcal/lb (2.96 kcal/g), and the main di
etary sources of protein were milo and soybean meal (Table 
1). Body weights were taken each 4 weeks from July 1 to 
September 22 and records of mortality and feed consumption 
were maintained and summarized at the same times.

At 14 weeks, all diets were reduced in protein by 
2% and diet 4 was formulated which contained 12% protein and 
0.44% sulfur amino acids. To this 12% protein diet was 
added 0.14, 0.38 and 0.62 grams of DL-methionine per kg of 
feed, to obtain 0.46, 0.48 and 0.50% of the diet as sulfur 
amino acids, respectively, and was fed to birds formerly 
receiving basal diet 1.

The birds were fed the lower protein diets for 29 
days from 14 to 18 weeks of age and then they were moved 
according to schedule in Table 2, 5 birds per pen and placed 
on the farm layer diet (Table 3) performance evaluation.
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Table 1. Composition of experimental growing diets used in 
Experiment 1

Protein Levels 
12% 14% .16% . , 18%

Ingredients % %> % %

Milo, ground 81.50 76.50 70.75 65.25
Soybean meal 6.50 11.50 16.75 21.75
Dehy. alfalfa 6.00 6.00 6.00 6.00
Animal fat (HEP) 1.00 1.00 1.50 2.00
Calcium carbonate 0.75 0.75 0.75 0.75
Dical. phosphate 1.75 1.75 1.75 1.75
Salt 0.50 0.50 0.50 0.50
Vitamin mix'*' 2.00 2.00 2.00 2.002Trace mineral mix 0.10 0.10 0.10 0.10

TOTAL 100.1 100.1 100.1 100.1

ME, kcal/lb 1,345 1,344 1,344 1,345
% Ca 0.88 0.87 0.88 0.89
% Avail. P 0.41 0.41 0.42 0.43
% Methionine 0.20 0.23 0.25 0.28
% SAA 0.44 0.50 0.56 0.62

The vitamin mix supplied 9)900 IU vitamin A, 1,540 ICU 
vitamin Dg, 4,4 mg riboflavin, 27.5 mg niacin, 11 mg calcium 
pantothenate, 13.2 meg vitamin 5.5 mg d-alpha-
tocopheryl acetate, 2.2 mg menadione sodium bisulfite, 440 
mg choline chloride and 0.125 g ethoxyquin per kilogram of 
diet in a soybean meal carrier, when the chicks were fed 2% 
in the diet.

OThe trace mineral mix at 0.10% in the diet supplied 20 
ppm Fe, 60 ppm Zn, 60 ppm Mn, 1.0 ppm Mo and 4 ppm Cu.



Table 2. Composition of experimental diets used in Experiment 2

10% 12%
Protein Levels 
lk% 16% 18% 20%

Ingredients % % % % % %

Milo, ground 86.75 81.50 76.50 70.75 65.25 59.00
Soybean meal 1.25 6.50 11.50 ■ 16.75 21.75 26.50
Dehy. alfalfa meal 6.00 6.00 6.00 6.00 6.00 6.00
Animal fat (HEF) 1.00 1.00 1.00 1.50 2.00 3.50
Calcium carbonate 0.75 0.75 0.75 0.75 0.75 0.75
Dical. phosphate 1.75 1.75 1.75 1.75 1.75 1.75
Salt 0.50 0.50 0.50 0.50 0.50 0.50
Trace mineral mix 0.10 0.10 0.10 0.10 0.10 0.10
Vitamin mix^ 2.00 2.00 2.00 2.00 2.00 2.00
Lysine HC1, g 93 70.7 50 32 13.3 — —
DL-methionine, g — — 14 19 28.7 36.8

TOTAL 100.1 100.1 100.1 100.1 100.1 100.1



Table 2— Continued

10% 12%
Protein
14%

Levels
16% 18% 20%

Ingredients % % % % % %

MES kcal/lb 1,3#5 1,361 1,344 1,344 1,345 1,365
% Ca
% Avail. P

0.8?
0.40

0.88
0.41

0.87
0.41

0.88
0.42

0.89
0.43

0.92 
• 0.43

^See Table 1.
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Table 3• Composition of pre-experimental and layer diets 
used in Experiments 1 and 2

Pullet Starter Layer Diet
Ingredients % %

Milo5 ground 59.48 54.00
Ground yellow corn - 10.00
Soybean meal (dehulled) 19.00 14.26
Fish meal 6.85 -
Meat and bone scraps U) O o 5.00
Alfalfa meal dehy. w o o 5.00
Animal fat (HEF) 5.00 1.00
Calcium carbonate - 7.00
Dical. phosphate 0.50 1.00
Salt 0.30 0.50
Trace mineral mix'*" 0.20 0.20
Vitamin mix'*" 2.50 2.00
DL-methionine 0.13 0.05
Sulfaquinoxaline oo

T.
TOTAL 100.00 100.01

% Protein 21.3 16.6
ME, kcal/lb 1,056 1,242
% Ca 1.13 3.57
% Avail. P 0.54 0.52

1See table 1.
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Two collections of liver were made at 90 and 170 

days. The birds were killed by cervical dislocation and 
the samples preserved in dry ice and placed in the freezer 
for fat determinations..

The liver samples were exposed to several procedures. 
They were dried in the vacuum oven at 75°C for 1# hours to 
determine dry weight. New liver samples were fat extracted 
by homogenizing 1 gram with chloroform:methanol (9:1)s fil
tered through sodium sulfate; the filtrate collected in a 
tared 250 ml round bottom flask, evaporated under vacuum and 
the residue weighed to obtain fat contents.

The malic enzyme (EC 1.1.1.40) activity was measured 
by the method of Yeh, Leveille and Wiley (1970), and protein 
was determined by the method of Lowry et al. (1951).

Crude Protein and Nitrogen Determinations
The nitrogen determinations were done by the stan

dard macro Kjeldahl method and crude protein was calculated 
as N x 6.25.

Amino Acid Analyses
Dietary amino acid levels were determined as follows: 

Hydrolysis of samples was performed using 25 ml of 6n HC1 
and approximately 0.1 g of sample, in flat bottom round 250 
ml flasks covered with 50 ml beakers and hydrolyzed for 16 
hours in an autoclave at 15 lb/in^ and 120-125°C.
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Duplicates of each sample treatment were used. To one of 
these samples sodium thioglycolate was added to protect 
methionine. The other sample was hydrolyzed without the 
Sodium thioglycolate.

The presence of sodium thioglycolate protects me
thionine, but destroys cystine; hence, hydrolysis with and 
without sodium thioglycolate provides a measure of both me
thionine and.cystine. The SCI was removed by evaporation 
under vacuum. The hydrolysate was extracted with 20 ml of 
Citrate buffer solution, pH 2.2, from which 0.75 ml were 
used for the analysis in a Beckman model 121 automatic amino 
acid analyzer.

Experiment 2
The diets in this experiment were formulated to com

pare the performance of normal body size layers with 
"petite" birds and to evaluate the protein needs of these 
two strains during the growing period and the effects on 
subsequent performance.

H&N regular chicks and H&N "petite" chicks one day ■ 
old were placed in different houses. All birds received the 
chick starter diet (Table 3) to six weeks of age. The feed 
consumption was taken by strain. •

From 7 to 18 weeks of age, the experimental design 
consisted in 6 dietary treatments (Table 2) of 10, 12, 14,
16, 18 and 20% protein, with 50 birds in each dietary
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treatment. Feed consumption records were maintained by 
individual pen.

At week 19$ the birds were transferred to cage lay
ing houses and fed the farm layer diet (Table 3). Records 
of feed consumption, egg. production, egg weight and body 
weight were maintained per pen.



' RESULTS AND DISCUSSION

In Experiment 1 the addition of DL-methionine to the 
14 and 16% protein diets produced a linear increase in body 
weight at 10 weeks of age (Table 4). The feeding of in
creased sulfur amino acid (SAA) in the 18% protein diet did 
not significantly increase body weight at 10 weeks. These 
results suggest that for growing chicks which are receiving 
low levels of dietary protein, supplementation of SAA will 
increase body weight and partially spare protein. When we 
increased the level of protein in the diet to 16 and 18% 
from 14%, a significant increase in body weight was obtained, 
indicating a requirement for protein above 14% of the diet 
for 6-10 week old pullets.

At 14 weeks of age birds receiving a diet with a 
level of lH% protein and with 3•5 and 3•7 of SAA as a per
cent of the protein appeared to be deficient in protein and 
in SAA, and a linear increase in body weight was obtained 
with the feeding of 3•8 and 4.0 in the 14% protein diet.
With diets containing 16% protein significantly better 
growth was obtained at each level of supplemental methionine 
in comparison with birds fed the lower protein level.

At 18 weeks of age, the body weight again showed a 
linear increase with addition of 3.8 and 4.0 SAA to the 12% 
protein diet (Table 4).

21



Table 4. Effect of dietary SAA level and protein on the growth of pullet chicks 
used in Experiment 1-*-

Treatment
No,

10 weeks 14 weeks .18 weeks
SAA
g/blrd
daily

Protein
g/blrd
daily

Body
Weight

6
t'eed
g/blrd
daily

SAA
g/blrd
daily

Protein
g/blrd
daily

Body
Weight

g
iFeed
g/bird
daily

saA
g/blrd
dally

Protelhg/blrd
dally

Body
Weight
g

Feed
g/blrd
daily

1 .215 6.0 783 43 .241 6.7 971 48 .234 6.4 1,128 53
2 .213 5-7 758 41 .251 6,8 952 48 .255 6.7 1,139 55
3 .23ft 6.1 790 43 .254 6.7 985 48 .262 6.6 1,171 54
4 .240 M 810 42 .271 6.8 990 48 .280 M 1,200 56

Mean 6.0 782x 6.8 974x 6.6 1,16Ox

5 ,242 6.9 788 43 .277 7.9 1,006 49 .274 7.7 1,192 55
6 .250 6.8 808 42 .297 8.0 1,020 50 .280 7.5 1,203 53
7 .266 7.0 804 43 .299 7.8 1,022 49 .298 7.9 1,226 56
8 .278 M 826 43 .313 M 1,030 49 . 301 7.5 1,255 54

Mean 6.9 805y 7.9 l,0l8y 7.7 l,219y

9 .267 7.8 806 43 . 313 9.1 1,026 50 .310 8.9 1,217 55
10 .296 7.9 817 43 .347 9.2 1,058 51 .320 8.7 1,221 54
11 .285 7.6 804 42 .336 8.9 1,022 49 .332 8.7 1,230 54
12 .290 M 815 40 . 361 M 1,062 50 .356 M 1,238 55

Mean 7.7 8l0y 9-1 l,04ly 8.8 l,235y

Average body weight at 6 weeks was 506.6 g.
2 'Means not having common letter superscripts were significantly different at 

the 0.05 level of probability.
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Age at sexual maturity was decreased significantly 

as we increased the protein level of the growing diet. The 
effect of SAA on age of first egg laid was not significant 
in the chicks which received the'14-12% protein diets with 
3.5) 3.7) 3.8 or 4.0% of the protein as SAA; this was also 
true for the pullets receiving 16-14% protein in the diet 
with the same levels of SAA. The difference became larger 
in those animals receiving 18-16% protein diets and in each 
case sexual maturity was four days earlier for 4.0s 3.8)
3.7 and 3.5 SAA, respectively (Table 5).

Combining the data on the effect of dietary SAA . 
level on pullets growth (Table 6) did not show a significant 
difference between 3.5) 3.7 and 3.8% of the protein as SAA; 
the only significant difference was between the 3.5 and 4.0% 
levels at 10 weeks of age. Similar results were obtained at. 
14 weeks of age, but at 18 weeks of age a significant dif
ference was obtained between 3.5) 3.7 and 3•8 in comparison 
with the 4.0% of the protein level (Table 6).

Dietary protein caused an increase in pullet growth 
at each age for the two higher protein levels in comparison - 
with the lowest level fed (Table 4). The dietary SAA did 
not affect the amount of liver fat in the pullets (Table 7); 
however, sexual maturity caused a dramatic increase in liver 
fat content. Liver protein content was not influenced by 
the dietary treatments employed in this study. Prior to
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Table 5. Sexual maturity and average body weight during 
production in Experiment 1

Treatment
Age of first egg laid 

days
Average body weight 
during laying period 

S

1 160.4 ± 5.1 1,721
2 159.8 ± 4.8 1,699
3 159.1'±5.2 1,7554 157.4 ±3.9 1,7.37

Mean 159.2 1,728

5 153.3 ± 7.6 1,768
6 155.1 ± 6.6 1,751
7 155.6 ± 9.2 1,804
8 153.1 ± 6.3 1 ,81.6'

Mean 154.3 1,785

9 154.0 ± 8.7 1,782
10 150.4 ± 9.5 1,761
11 145.8 ±5.4 1,721
12 145.8 ± 5.1 1,833

Mean 149 1,774
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Table 6. Effect of dietary sulfur amino acid level on 
pullet growth.used in Experiment 1

TSAA Body Weight, g
% of the protein 10 weeks 14 weeks 18 weeks

3.5 789a l,00la l,179a
3.7 ■ 793ab l,009ab . I.l88a
3.8 798ab l,009ab l,209a
4.0 816b l,026b l,242b
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Table 7• Effect of TSAA content of growing diet on liver 
fat and liver protein1 used in Experiment 1

18 weeks 30 weeks
TSAA . %  % % ; %

% of the Liver Liver Liver Liver
protein • fat protein fat protein

3.5 19.0 17.2 30.1 15.6
3.7 15.7 19.7 28.1 17.2
3.8 20.0 17.9 29.8 15.7
4.0 OGOH 17.0 28.2 15.1

"̂ Dry weight basis.
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sexual maturity (first collection) the feeding of supple
mental methionine appeared to increase the malic enzyme 
activity of the liver except at the highest level (Table 8), 
After sexual maturity (second collection) the activity of 
malic enzyme was not affected by dietary treatment (Table 8).

We did not observe any significant carryover effect 
of dietary SAA on percent production, feed conversion or egg 
weight (Table 9)• The dietary protein level of the growing 
diet seemed to increase slightly the percent of production 
as protein level was increased from 14 and 12, 16 and 14, to 
18 and 16% protein in the diet, and appeared to cause better 
feed conversion but the egg weight remained fairly constant 
(Table 10). The average mature body weights were greatest 
when the animals had received 16 and 14% protein diets dur
ing the growing period (Table 5).

Regression analysis of the sulfur amino acid intakes 
vs. growth for each of the three periods (10, 14 and 18 
weeks) yielded estimates of the requirements as 228, 287 and 
293 mg/day. Protein requirements of 7.20, 8.93 and 7.82 g 
daily during 6-10, 10-14, and 14-18 weeks of age, respec
tively, were estimated from the growth data. These results 
calculated as a percent of the protein produced the follow
ing: 3.2, 3«2 and 3-15% of the protein during 6-10, 10-14
and 14-18 weeks of age, respectively, for the dietary sulfur 
amino acids (TSAA) requirements. The requirements for



28

Table 8. Effect of TSAA content of growing diet on malic 
enzyme^ activity used in Experiment 1

TSAA lU/g Protein
% of the protein First Collection Second Collection

3-5 83.8a 74.0a
3.7 90.7a 69.6a
3.8 102.8a 65.6a
4,0 78.9a 83.la

1EC 1.1.1.40.
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Table 9• Effect of TSAA level on pullet production, feed 
conversion and egg weight (32 weeks) used in 
Experiment 1

TSAA
% of the protein

Production
%

,Feed Conversion 
kg/doz

Egg Weight 
g

3.5 72-50 1.91 54.35
3.7 70-80 1.92 53.90
3.8 72.80 1.93 54.30
4.0 74.15 1.84 54.51
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Table 10. Effect of dietary protein content of growing
pullet diets on pullet production, feed conver
sion and egg weight (32 weeks) used in 
Experiment 1

Dietary Protein 
%

Production
%

Feed Conversion 
kg/doz

Egg Weight
s

14-22 71.5 1.92 54.70
16-14 72.5 1.92 54.24

. 18-16 73.7 1.86 53.85
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sulfur amino acids listed by the National Research Council 
(1971) appear to be higher than our results during the first 
and second stage of this experiment 5 during the third period3 
these data were comparable to the N.R.C„ values.

The purpose of the second experiment was to deter
mine the protein requirement of regular and petite chicks 
during 6-10, 10-14 and 14-18 weeks of age. Me observed, 
comparing protein versus body weight gain (Table 11), a 
linear increase in body weight with an increased level of 
protein in the diet from 10 to 20%. This was true during 
each of the three stages of the growing period in both chick 
strains. This means that the heaviest pullets were obtained 
with the highest protein level fed.

Sexual maturity occurred at the same time in both 
strains and little difference was observed as the dietary 
protein was increased. The most significant differences in 
growth were observed with petite chicks fed 18 and 20% pro
tein levels versus the ones which were fed the 10, 12 and 
14% protein diets.

The effect of different levels of dietary protein 
or subsequent egg production in both strains was signifi
cantly different when compared to the effects of feeding 
the 10% protein level with the 12% to 20% protein diets. 
Percent egg production was fairly constant for the 12-20% 
protein fed birds, while the 10% protein diet was



Table 11, Effect of protein intake on body weight in regular and petite chicks in 
Experiment 2

6 weeks 10 weeks 14 weeks 18 weeks
% protein Regular Petite Regular Petite Regular Petite Regular Petite

BODY-WEIGHT9 g
21.3 391±H 375±510.0 572 522 776 716 1,066 976
12.0 60 4 536 808 767 1,108 1,00314.0 690 631 908 908 1,153 1,108
16.0 690 640 931 908 1,189 1,212
18.0 731 690 967 935 1,217 1,19720.0 721 690 985 940 1,208 1,230
Mean 668 618.2 895.8 862.3 1,156.8 1,121

FEED CONSUMPTION,g
21.3 85.0 85.O
10.0 48.32 45.60 62.34 62.30 44.35 48.16
12.0 26.13 44.51 63.72 63.00 4-5.80 51.10
14.0 51.40 48.32 69.56 66.32 54.16 55.30
16.0 48.32 47.10 72.15 69.72 50.75 54.90
18.0 51.72 50.30 73.13 70.94 54.50 54.90
20.00 49.86 47.51 73.61 68.30 48.90 55.45
Mean 49.30 47.20 69.10 6 6.80 49.70 53.30



Table 11— Continued

6 weeks 10 weeks 1# weeks 18 weeks
% protein Regular Petite Regular Petite Regular Petite Regular Petite

PROTEIN CONSUMPTION, g
21.3 18.1 18.1
10.0 4.83 4.56 6.23 6.23 4.43 4.82
12.0 5.54 5.34 7 ..65 7.56 5.50 6.1314.0 7.20 6.76 9.74 9.30 7.60 7.74
16.0 7.73 7.54 11.54 11.15 8.12 8.78
18.0 9.31 9.05 13.16 12.77 9.81 9.9020.0 9.97 9.50 14,72 13.66 9.78 11.10
Mean . 7.43 7.10 10.50 10.10 7.5 8.1

ww



significantly lower (Table 12). Egg weight was the same for 
all treatments and in both strains, which suggests that the 
light body weight birds have the same capability to produce 
the same number-and weight of eggs as heavier animals. How
ever, feed conversion of the regular chicks was higher for 
those birds receiving 10% protein in their diet but was 
fairly constant for the other protein levels. Similar re
sults were obtained for the petite chicks. • Comparisons of 
the regular versus petite chicks showed that the petite had 
significantly better feed conversion than the regular body 
weight birds for all treatments (Table 12).

Regression analysis of the dietary protein vs. body 
weight gain for each of the three periods (10, 14 and 18 
weeks) yielded estimates of the requirements as 16.00, 15.40 
and 15.95% protein in the diet for regular chicks. Protein 
requirements of 16.60, 14.70 and 16.20% were observed for 
petite chicks at the same periods of time. Consideration of 
the feed consumption for both strains indicates that the 
daily requirements for protein in regular chicks were 7.90, 
10.64 and 7.93 g of protein during 6-10, 10-14 and 14-18 
weeks of age, respectively, and 7 .83, 9.82 and 8.63 g/day 
for petite birds at the same growing periods.
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Table 12. Effect of dietary protein levels on egg produc
tion, feed conversion and egg weight in regular 
and petite chicks in Experiment 2

Dietary-
Protein

%

Egg
Production

%

Feed 
Conversion 

kg/doz
Egg 

Weight 
' g

REGULAR CHICKS
10.0 67.170 1.87 52.968
12.0 71.606 1.73 52.238
14.0 74.422 1.70 52.364
16.0 72.986 1.65 51.430
18.0 75.380 1.68 52.924
20.0 76.986 1.64 52.528
Mean 73.10 1.71 52.41

PETITE CHICKS
10.0 60.542 1.89 52.444
12.0 68.982 1.68 52.058
14.0 70.524 1.68 52.760
16.0 74.912 1.59 52.670
18.0 73.784 1.62 52.274
20.0 75.740 1.58 52.176
Mean 70.75 1.67 52.40
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