




Table 18. Effect of dietary protein and dietary lysine levels on egg weight^ -
experiment 5 

. 1)85 .685 .785 Mean 

12 51. C
O

 

6(539) 50 • 8 ±3 .8(649) 52. 7+3 .4 (750) 51 .7 + .9(646)^ 

14 54. 7+4. 9(591) 54 . 5 + 4 .9 (63.9) 51. 9 + 2 .4(731) 53 .7+1 .5(653)* 

16 54. 7+4. 2(562) 53 . 5+4 .8(636) 53. 5+3 .1(759) 53 .9 + .7(648)* 

Mean 53. 7+1. 6(564)^ 52 . 9 + 1 .9(641)3 52. 7 + .8(747)* 

^Means + standard deviations (mg lysine consumed/hen/day). Means with the 
same letter are not significantly different (P<.05). 



Table 19. Effect of dietary protein and dietary lysine levels in feed efficiency^ 
- experiment 5 

Feed Efficiency (g feed/g egg) 
Lysine in iPhe diet (%) 

Tsirr .685 .785 Mean 

12 2. 53+. 08(539) 2 .48+ .24(649) 2 .35+. 15(750) 2 .45+. 09(646)3 

14 2. 27+. 10(591) 2 .05+ .24(636) 2 .26+. 29(731) 2 .19+. 12(653)b 

16 2. 13+. 41(562) 2 . 06+ .25(636) 2 .11+. 19(759) 2 .11+. 03(641)^ 

Mean 2. 31+. :20 (564)^ 2 .19+ .24(641)* 2 .24+. 12 (747)* 

^Means + standard deviations (mg lysine consumed/hen/day). Means with the 
same letter are not significantly different (P<.05). 
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lysine per day, had the best egg production and the best 

efficiency of feed utilization compared with the hens given 

the 16% protein diet, irrespective of lysine supplementation 

(Table 21). 

The analysis of variance (Table 43, Appendix), indicated 

that a significant interaction (P<.05) existed between pro

tein levels and periods with respect to egg production. 

The existence of this interaction was mainly due to 

the fact that productivity increased from 72.7% for period 1 to 

more than 80% for periods 2 and 3 (Table 20). Hens main

tained in the 12% protein diet were not getting enough pro

tein to sustain the 80% production for periods 2 and 3 and 

the existence of interaction between protein levels and 

periods clearly indicated that. 

The results of this experiment showed that a diet 

containing 14% protein was sufficient to support maximum 

egg production, egg weight and optimum efficiency of feed 

utilization if the lysine intake was at least 640 mg per 

hen per day. 

This finding agreed with results obtained in the first 

three experiments where percent protein in the diet ranged 

from 13.4 to 14.4, and lysine intake was more than 650 

mg per hen per day. 



Table 20 Effect of dietary protein and dietary lysine levels on egg production 
and egg weight^ - experiment 5 

Egg Production (%) 
~W 

Egg Weight (g) 
Lysine in the diet (%) 

(%) .585 • 
685 785 • 

585 • 68 5 • 785 

12.0 68.4 (496) 72 :5(600) 74 .5(712) 45 .2(496) 47 .3(600) 4d .4(712) 

14.0 77 .8(536) 76 .4(593) 67 .0(662) 50 .1(526) 50 .3(593) 49 .5(536) 

16.0 66 .5 (496) 75 .6(615) 76 .2(697) 50 .8(496) 49 .7(615) 50 .5(496) 

Mean 70 .9(509)3 74 .8(602)^ 72 .5(726)3 50 .0(509)3 49 .1(602)3 49 .9 (726) 

12.0 70 .9(544) 72 .4(656) 76 .1(765) 51 .7(544) 50 .2(656) 52 .5(765) 

14.0 84 .4(600) 85 .4(669) 79 .1(75-) 54 .1(600) 53 .3(669) 52 .0(757) 

16.0 87 .1(579) 87 .9(639) 85 .7(786) 54 .1(579) 52 .6(639) 53 .3(579) 

Mean 80 .8(574)b 81 .9(654)b 80 .3(769)b 53 .3(574)^ 52 .0(654)3 52 .6(700) 

12.0 67 .9(579) 78 .1(693) 74 .4(773) 54 .5(579) 54 .9 (693) 56 .2 (773) 

14.0 79 .9(639) 87 .4(653) 83 .1(774) 60 .0(639) 60 .0(653) 54 .3(774) 

16.0 94 .5(613) 85 .0(654) 90 .0 (794) 59 .3(613) 59 .2(654) 56 .7(794) 

Mean 80 .7(610)b 83 .5(666)^ 82 .5(780)^ 57 .9(610)b 58 .0(666)^ 55 .7(780) 

^All values represent averages of 4 replicate groups (mg lysine consumed/ 
hen/day). Means with the same letter are not significantly different (P<.05). 
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Table 21. Effect of dietary protein^and dietary lysine 
levels on feed efficiency - experiment 5 

Feed Efficiency 

Period Protein Lysine in the diet (%) 
.585 .685 .785 

1 12 2. 60 (496) 2. 61(600) 2 .49(772) 
14 2. 38(536) 2. 23(593) 2 .48(662) 
16 2. 55(496) 2. 34(615) 2 .26(697) 

Mean 2. 51(509)3 2. 39 (602)3 2 .41(726) 

2 12 2. 55(544) 2. 64(656) 2 .38 (765) 
14 2. 25 (600) 2. 16(669) 2 .37(757) 
16 2. 10 (579) 2. 03(639) 2 .20 (786) 

Mean 2. 30(574)^ 2. 27 (554)3 2 .31(769) 

3 12 2. 44(579) 2. 20(693) 2 .18(773) 
14 2. 18(639) 1. 78(653) 1 .93(774) 
16 1. 74(613) 1. 83(654) 1 .89 (794) 

Mean 2. 12(610)C 1. 93 (666)b 2 .00(780) 

All values represent averages of 4 replicate groups 
(rag lysine consumed/hen/day) . Means with the same letter are 
not significantly different (P<.05). 
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EXPERIMENT 6 

Objective 

The objective of this experiment was to determine the 

effect of lysine intake of White Leghorn pullets on their 

subsequent laying performance. 

Experimental Design 

White Leghorn pullets of a commercial strain were used 

in this experiment. They were all fed a practical type chick 

starter diet (Table 22) from hatching to 6 weeks of age. 

At 7 weeks of age the pullets were randomly distributed into 

24 experimental pens, 10 pullet chicks per penv A basal 

diet composed mainly of corn and soybean was formulated to 

contain .54% lysine. This basal diet was supplemented 

with two different levels of lysine, so that two additional 

treatments were obtained, .64% and .74% lysine, respectively. 

At the. beginning of the 13th week, a new basal diet was 

formulated which contained .49% lysine, by calculation. 

Two additional treatments were obtained by adding two incre

ments of lysine to provide total lysine levels of .59 and 

.69% (Table 22). The pullets were maintained on these 

diets until they were 22 weeks of age, at which time they 

were moved from floor pens to suspended layer cages. 

All pullets were weighed, and 128 pullets were selected 
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Table 22. Composition of diets.used during the growing 
phase of the pullets - experiment 6 

Weeks of Age 

Ingredients 
U —D 7-12 13-21 

Ingredients 

(%) 

Diets Diets Ingredients 

(%) 
1 2 3 1 2 3 

Ingredients 

(%) (%) (%) 

Corn 67. 5 76.5 76.5 76.5 81 81 81 

Soybean meal 20 5 5 5 4 4 4 

Corn-gluten meal - 6 6 6 35 3J5 35 

Meat scraps 5 5 5 5 4 4 4 

Alfalfa meal 5 5 5 5 5 5 5 

Dicalcium phosphate 1 1 1 1 1 1 1 

Limestone . 5 .5 .5 .5 .5 .5 

Salt + mineral mix^ . 5 .5 .5 .5 .5 .5 

Vitamin mix^ . 5 .5 .5 .5 .5 .5 

Lysine - .1 .2 .1 

Calculated analysis : 

Protein, % 20 16 16 16 14 14 14 

M.E., Kcal/kg 2950 3100 3100 3100 3135 3135 3135 

Calcium, % 1. 0 1.0 1.0 1.0 .9 .9 

Phosphorus, % . 7 • / • 7 s7 57 

Lysine, % 95 .54 .64 .74 .49 .59 

^Provides per 454 g of diet: iodized salt, 2 g; 
manganous oxide, 53 mg; zinc, 23 mg; iron, 16 mg; copper, 
2.7 mg; iodine, 0.9 mg; cobalt, 25 mg. 

^Provides per 454 g of diet; vitamin A, 3410 lU; 
vitamin f 450 lU; vitamin E, 4.5 lU; menadione sodium 
bisulfate, 1 mg; vitamin B^2' 4.5 meg; riboflaving, 2.25 

mg; choline, 20.0 mg; pantothenic acid, 4.4 mg; niacin, 11.4 
mg; ethoxyquin, 45 mg; neo-terramycin, 25 mg. 
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for assignment to 16 experimental units each consisting of 

8 hens per cage. 

Each of four layer diets were assigned to four experi

mental units. One layer ration was the basal diet (diet 1) 

(Table 23) which was calculated to contain 14.5% protein and 

.52% lysine. Three additional treatments were obtained by 

including increments of lysine to provide total lysine of 

.62, .72 and .82%. All diets were isocaloric and isonitro-

genous. Feed and water were supplied daily on ad libitum basis. 

Body weight and feed consumption data were collected un

til the onset of the laying phase. When the hens were 22 

weeks of age, egg production and egg weight data were col

lected for four successive 28 day periods. 

Results and Discussion 

Data in Table 24, depict the weights of the pullets at 

1, S, 13, 13 and 22 weeks of age. up to trie 22nd week or age 

there wa? no significant (P<.05) difference among pul3.ets fed 

the three experimental diets. However, a trend could be dis

cerned that pullets fed the .74% and .69% lysine level be

tween 7-12 and 13-20 weeks of age, respectively, were not 

growing as fast as pullets maintained on the other two 

rations. Weight differences were not statistically signifi

cant (P<.05), among the pullet groups. 

Data in Table 25, show the egg production and egg weight 

of the pullets after the 22 weeks of age, when the pullets 
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Table 23. Composition of diets used during the laying phase 
of the pullets - experiment 6 

Weeks of Age 
_ ,. 22-42 
Ingredients j^ j 

(%) 

Corn 76 76 76 76 

Corn-gluten meal 8 8 8 8 

Soybean meal 6 6 6 6 

Limestone 7 7 7 7 

Dicalcium phosphate 2 2 2 2 

Salt + mineral mix* .5 .5 .5 .5 

Vitamin mix^ .5 .5 .5 .5 

Lysine .05 .15 .25 .35 

Calculated analysis; 

Protein, % 14 .5 14 .5 14 .5 14 .5 

M.E., Kcal/kg 2800 2800 2800 2800 

Calcium, % 3 .12 3 .12 3 .12 3 .12 

Phosphorus, % .63 .63 .63 .63 

Lysine, % .52 .62 .72 .82 

^Supplied per kg of diet: sodium chloride, 4.6 g; 
manganese.- 66 mg: zinc. 25 mg; iron, 18 mg; copper, 3 mg; 
iodine, 1.3 mg; and cobalt, Ô.28 mg. 

°Supplied per kg of diet: vitamin A, 9000 lU; vitamin 
D^, 2000 ICU; vitamin 5 meg; riboflavin, 5 mg; Ca-

pantothenate, 5 mg; niacin, 15 mg; choline chloride, 100 mg. 



Table 24. The elrfects oJ: experimental growing diets on body weight at various 
agesl - experiment 6 

Diet 
Total Lysine 

(%) 

Age in Weeks 
13-21 

.54 

.64 

.74 

.49 

.59 

.69 

36+1.3' 

36+1.5 

36+ .9* 

ir 

537.6+13.3' 

537.3+19.0 

524.3+20.5 

Weeks 
~n — Tr -TZ' 

(Body weight, grams) 

994.3+29.0' 

980.3+10.9 

966.6+19.0 

1217.0+20.4 a 

1206.0+15.9 

1198.3+ 7.5' 

1390^3+18.8 

1325.4+35.3' 

1310.4+28.8 

^Means + standard deviations. Means with the same letter are not sig
nificantly different (P<.05). 



Table 25. Effect of lysine supplementation of pullet diets during the^^ 
growing and laying phases on egg production and egg weights -
experiment 6 

Total Lysine Intake During the Laying Phase 
Lysine (mg/hen/day) 
(%) 535 638 741 
Age in Production Egg Production Egg Production Egg 
Weeks Weight Weight Weight 

7-12 13-21 (%) {2} (%) (2) (%j (2) 

.54 .49 71.5 57.1 75.0 58.7 82.1 60.6 

.64 .59 75.9 59.0 77.3 55.4 73.1 58.3 

.74 .69 67.5 57.5 78.9 58.6 67.3 59.9 

Mean 71.6+4.2^ 57.8+1.0* 77.0+4.9* 57.5+1.8* 74.1+7.4* 59.6+1.1 

^Based on an average feed intake of 103 ̂  1.8 g. Means with the 
saune letter are not significantly different (P<.05), 
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Lysine Intake During the Laying Phase 
(rog/hen/day) 

844 Meain 
Production Egg Production Egg 

Weight Weight 
(%) (g) (%) (g) 

73.7 58.6 75.5+4.5® 58.7+1.4= 

79.5 59.8 76.4+2.6® 58.1+1.9' 

81.2 60.0 73.7+7.3® 59.0+1.2' 

78.1+3.9® 59.3+.7® 
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were fed the four different levels of lysine. Egg production 

of pullets fed the three different levels of lysine during 

the growing phase was 75.5, 76.4 and 73.7% for the .54-.49, 

.64-.59 and .74-.69% lysine levels, respectively. 

The egg production differences were not significantly 

different (P<.05), thus it appeared that lysine level prior 

to sexual maturity had no effect on subsequent production 

(Table 25). 

Treatment means revealed the same pattern of response 

to lysine as found in the previous experiments, that is 

supplementation of a basal corn-soybean layer ration in

creased the hens' egg production and egg weight. 

Significant differences (P<.0 5) were detected between 

the egg production of hens fed the 535 mg lysine per hen per 

day and those fed 638 mg per hen per day. When the lysine 

intake increased to 844 mg per hen per day (a rather high 

lysine intake) egg production increased to a level equiva

lent to the production of hens fed the 638 mg lysine per hen 

per day. The high productivity of hens at the 844 mg 

lysine intake could not be adequately explained. It was 

possible that individual layer variation among the group of 

hens consuming 844 mg lysine per day, might had "boosted" 

the average egg production. 

The anticipated period differences for egg production 

and egg weight data, are shown in Table 26. These period 



Table 26. Effect of lysine supplementation during the starting, ^ 
growing and laying phase on egg production and egg weights 
Experiment 6 

Period 

Total 
Lysine 
(%) 

Lysing Intake During the Laying Phase 
(mg/hen/day) 

535 638 
Age in 
Weeks 

7-12 13-21 

Production Egg Production Egg 
Weight Weight 

(%) (g) (%) (g) 

1 .54 .49 77.7 55.7 68.2 58.3 
.64 .59 78.6 56.4 85.3 52.7 
.74 .69 70.5 56.4 73.2 57.1 

Mean 75.6+4 .4^ 56.1+.4* 75.5+8. 7* 56.0+2, 

2 .54 .49 75.0 58.0 85.1 58.9 
.64 .59 79.0 59.6 83.0 55.9 
.74 .69 71.8 56.8 74.4 59.0 

Mean 75.2+3 .6^ 58.1+1.4* 80.8+5. 6^ 59.9+1 

3 .54 .49 73.2 58.2 75.8 57.9 
.64 .59 73.6 60.5 75.8 56.0 
.74 .69 64.9 57.0 87.2 58.3 

Mean 70.5+4 .9* 58.5+1.7* 79.6+6. 5% 57.4+1 

4 .54 .49 60.3 56.7 71.0 59.9 
.64 .59 72.7 59.5 65.4 57.3 
.74 .69 60.3 59.9 81.1 60.0 

Mean 64.4+. 1° 59.7+1.7* 72.5+?. .9* 59.0+1 

Based on an average feed intake of 103 1.8 g. All values 
represent the averages of 4 replicate groups. Means with the same 
letter are not significantly different (P<.05). 
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Lysine Intake During the Laying Phase 

741 844 Mean 
Production 

(%) 

Egg 
Weight 
(g) 

Production 

(%) 

Egg 
Weight 
(g) 

Production 

(%) 

Egg 
Weight 
(g) 

87.1 
77.2 
77.7 

58.5 
56.4 
57,8 

78.1 
79.5 
85.7 

56.7 
58.2 
58.1 

77.7+7.7 
80.1+3.5 
76.7+6.6 

57.3+1.3 
55.9+2.3 
57.3+ .75 

80.6+5.5* 57.5+1.0* 80.7+4.2* 57.6+.8* 

81.7 
75.9 
66.5 

60.6 
59.4 
59.4 

73.2 
80.8 
71.3 

58.8 
59.6 
60.3 

78.7+5.5 
79.6+3.0 
71.0+3.2 

59.1+1.0 
58.6+1.8 
58.8+1.4 

74.7+7.6^ 59.8+.7* 75.1+5.1* 59.5+.7^ 

83.9 
76.0 
65.6 

61.2 
57.8 
60.6 

71.8 
72.3 
84.4 

59.0 
60.5 
60.6 

76.1+5.4 
79.5+8.9 
75.5+11.9 

59.0+1.1 
58.7+2.2 
59.1+1.7 

75.1+9.1^ 59.8+1.8* 76.1+.7* 60.6+.8^ 

75.8 
63.4 
59.4 

62.4 
59.7 
61.8 

71.8 
85.7 
83.7 

60.2 
61.1 
61.3 

69.7+6.6 
71.3+9.1 
71.1+13.0 

59.8+2,3 
59.4+1.5 
60.7+ .9 

66.2+8.5^ 61.3+1.4^ 80.4+7.5* 60.8+.6^ 
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differences were statistically significant (P<.05), (Table 

44, Appendix). 

The conclusion from this experiment was that the lysine 

intake of growing pullets had no effect on their subsequent 

egg production and size of their eggs. It was also re

established that the lysine requirement of the laying hen 

for optimum egg production was more than 638 mg and less 

than 741 mg lysine per hen per day. 

Since the egg production response between hens fed the 

638 mg and those fed the 741 mg lysine per day, was a 

curvilinear one (showed in previous experiments), a level of 

690 mg lysine per hen per day should be adequate for maximum 

egg production. This was found by taking the average of 

638 mg and 741 mg lysine per hen per day. 

The finding in this experiment that 690 mg lysine per 

hen per day maximized rate of egg production and egg weight, 

reaffirmed the findings of the previous four experiments. 
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EXPERIMENT 7 

Objective 

The objective of this experiment was to determine the 

effect of methionine intake of White Leghorn pullets on 

their subsequent laying performance. 

Experimental Design 

White Leghorn pullets of a commercial strain were used 

in this experiment. They were all fed a practical type 

chick starter diet from hatching to 6 weeks of age (Table 

27). At 7 weeks of age the pullets were randomly distribu

ted into 24 experimental pens, 10 pullet chicks per pen. 

A basal diet composed mainly of corn and soybean was 

formulated to contain .35% methionine by calculation. Two 

additional ration treatments were obtained by adding 

increments of methionine to provide total methionine levels 

of .40 and .45% (Table 27). 

At the beginning of the 13th week a new basal diet was 

formulated to contain .30% methionine, and two additional 

diets vers obtained by adding two increments of methionine 

to provide .35 and .40% total methionine. 

When the pullets were 22 weeks of age, they were moved 

from pens to layer cages. All pullets were weighed and 128 

pullets were selected for assignment to 16 experimental 
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Table 27. Composition of diets used during the growing 
phase of the pullets - experiment 7 

Weeks of Age 

Ingredients 
0— 6 

{%) 
1 

7-12 
Diets 

1 
(%) 

3 

13-21 
Diets 

1 2 
(%) 

3 

Corn 67.5 76.5 76.5 76.5 

r
H
 00 1—1 00 r
H
 00 

Soybean meal 5 5 5 4 4 4 

Corn-gluten meal - 6 6 6 3.5 3.5 3.5 

Meat scraps 5 5 5 5 4 4 4 

Alfalfa meal 5 5 5 5 5 5 5 

Dicalcium phosphate 1 1 1 1 1 1 1 

Limestone .5 .5 .5 .5 .5 .5 .5 

Salt + mineral mix^ .5 .5 .5 .5 .5 .5 .5 

Vitamin mix^ .5 .5 .5 .5 .5 .1 .2 

Methionine - - .05 .10 .05 .10 

Calculated analysis : 

Protein, % 20 16 16 16 14 14 14 

M.E., Kcal/kg 2950 3100 3100 3100 3135 3135 3135 

Calcium, % 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

Phosphorus, % .7 .7 .7 .7 .7 .7 .7 

Methionine, % .30 .35 .40 .45 .30 .35 .40 

^Provides per 454 g ^ f #9 J ^ ^ n ^ 1 

oxide, 53 mg; zinc, 23 mg; iron, 16 mg; copper, 2.7 mg; 
iodine 0.9 rag; cobalt, 25 mg. 

^Provides per 454 g of diet: vitamin A, 3410 lU; vitamin 
D, 450 lU; vitamin E, 4.5 lU; menadione sodium bisulfate, 
1 mg; vitamin B^2' 4.5 mg; riboflavin» 225 mg; choline, 200 mg; 
pantothenic acid, 4.4 mg; niacin, 114 mg; ethoxyquin, 45 mg; 
neo-terramycin, 25 mg. 
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units each consisting of 8 hens per cage, each of the four laying 

hen rations was assigned to four experimental units. One 

layer ration was the basal diet (diet 1, Table 28) which 

contained 14.2% protein and .246% methionine by calculation. 

Three additional treatments were obtained by adding incre

ments of methionine to provide total methionine levels of 

.346, .446 and .546%. All diets were isocaloric and iso-

nitrogenous. Feed and water were supplied on an ad libitum 

basis. 

Body weight and feed consumption data were collected 

until the onset of the laying phase. Beginning with the 21 

week of age egg production and egg weight data were collected 

at the end of each 28 day period for a total of four periods. 

Results and Discussion 

Table 28 shows the weights of the pullets at 1. 8. 13, 

18 and 22 weeks of age. Up to the 13th week, there were no 

statistical differences among the pullet weights of the 

three groups (P<.05). Beginning with the 14th week and 

continuing all the way until the end of the 22nd week, 

pullets fed the .35-.3 0% methionine weighed significantly 

more (P<.05) than the pullets fed the .40-.35% methionine 

or the pullets fed the .45-.4 0% methionine. 

Table 30 shows the egg production and egg weight of the 

pullets during the laying phase. Egg production of pullets 
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Table 28. Composition of diets used during the laying phase 
of the pullets - experiment 7 

Weeks of Age 

Ingredients ^^  ^  ~  ^ — g  ^  

(%)  

Corn 74 74 74 74 

Soybean meal 5 5 5 5 

Cottonseed 10 10 10 10 

Dicalcium phosphate 2 2 2 2 

Limestone 7 7 7 7 

Salt + mineral mix^ .5 .5 .5 .5 

Vitamin mix^ .5 .5 .5 .5 

Lysine .1 .1 .1 .1 

Methionine - .10 .20 .30 

Calculated analysis: 

Protein, % 14 .2 14 .2 14 .2 14 .2 

M.E., Kcal/kg 2730 2730 2730 2730 

Calcium, % 3 .12 3 .12 3 .12 3 .12 

Phosphorus, % .70 .70 .70 .70 

Lysine, % .642 .642 .642 .642 

Methionine, % .246 .346 .446 .546 

Supplied per kg of diet: sodium chloride, 4.6 g; 
manganese, 66 mg; zinc, 25 mg; iron, 18 mg; copper, 3 mg; 
iodine, 1.3 mg; and cobalt, 0.28 mg. 

^Supplied per kg of diet : vitamin A, 9 000 lU; vitamin 
Dg, 2000 ICU; vitamin B^2' 5 meg; riboflavin, 5 mg; Ca-

pantothenate, 5 mg; niacin, 15 mg; choline chloride, 100 mg. 



Table 29. The effects of experimental growing diets on body weight at various 
ages^ - experiment 7 

Diet 
Total 

Methionine 
( % )  

Age in weeks 
7-12 13-21 

Weeks 
13 18 

(Body weight, grams) 

,35 

.40 

.45 

.30 

.35 

.40 

36+1.8' 

36+2.1 

36+ .8 

531+21.2' 

545+18.3 

512+25.3' 

1008+180 1238+20.3' 

995+35.3^ 1217+35.4^ 

1008+41.2^ 1200+12.2^ 

1421+19 .3' 

1350+41.5" 

1367+28.6 

^Means + standard deviations. Means with the same letter are not signifi
cantly different (P<.05). 



Table 30. Effect of methionine supplementation of pullet diets during 
the growing amd laying phase, on egg production and egg 
weight^ - experiment 7 

Total 
Methionine 

(%) 
Age in weeks 
7-12 13-21 

Methionine Intake During the Laying Phase 
(mg/hen/day) 

Total 
Methionine 

(%) 
Age in weeks 
7-12 13-21 

260 367 

Total 
Methionine 

(%) 
Age in weeks 
7-12 13-21 

Production 

(%) 

Egg 
Weight 
(g) 

Production 

(%) 

Egg 
Weight 
(q) 

.35 .30 60.8+7.1 57.1+1.4 78.2+3.6 55.2+1.2 

.40 .35 80.9+3.5 56.8+1.4 68.6+10.1 56.6+3.4 

.45 .40 73.0+8.3 58.1+1.9 77.9+12.3 57.9+2.8 

Mean 71.5+10.0* 57.3+ .6* 74.9+5.4^ 56.5+1.3* 

^Based on an average feed intake of 106jf3.2 g. Means with the 
same letter are not significantly different (P<.05). 
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Methionine Intake During the Laying Phase 
(mg/hen/day) 

472 578 Mean 
Production Egg 

Weight 
(%) (g) 

66.8+7.3 57.3+ .8 

71.4+3.3 58.3+1.6 

77.8+4.0 57.2+1.2 

72.0+5.5^ 57.6+ .6* 

Production Egg 
Weight 

(%) (g) 

64.6+6.5 55.7+1.9 

63.7+6.4 55.3+2.9 

63.4+14.1 51.5+3.3 

63.9+ .6^ 54.1+2.3^ 

Production Egg 
Weight 

(%) (g) 

67.6+7.4^ 56.3+1.0* 

71.1+7.2^ 56.8+1.3* 

73.0+6.8^ 56.1+3.1* 
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fed the three different levels of methionine during the 

growing phase was 67.6, 71.1 and 73.0% for the .35-.30, .40-

.35 and .45-.40%, respectively. There was a significant 

difference (P<.05) between the 67.6% and the 71.1 and 73.0% 

egg production. It is of interest to note that the pullet 

group which weighed the most at the end of the 22nd week, 

had the lowest egg production during the laying cycle. It 

could be speculated that heavier body weight induced the 

pullets to mature early in their life, hence they reached 

the peak of their productivity early, compared to pullets 

with lighter body weights. As a matter of fact, looking at 

the egg production data period by period (Table 31) the pul

lets fed the .35-.30% had the second highest rate of egg 

production, during period 1, but started declining there

after. 

There were no statistical differences among egg weight 

of pullets fed three different methionine levels during the 

growing phase. 

Treatment means for the methionine levels during the 

laying phase showed that supplementation of the corn-soy

bean diet with methionine increased egg production and egg 

weights. Maximum numerical egg production was found to 

occur when pullets were consuming 367 mg methionine per hen 

per day. Hens receiving 472 or 578 mg methionine per hen per 



Table 31. Effect of methionine supplementation during the staurting, 
growing and laying phase on egg production and egg weight 
- experiment 7 

Total 
Methionine 

Methionine Intake During 
(mq/hen/day) 

the Laying Phase 

Period (%) 260 367 
Age in 
7-12 

weeks 
13-21 

Production 
(%) 

Egg weight 
(q) 

Production 
(%) 

Egg weight 
(g) 

1 .35 
.40 
.45 

.30 

.35 

.40 

70.5 
84.8 
81.3 

55.6 
55.4 
55.6 

82.1 
75.0 
80.0 

54.1 
55.5 
54.0 

Mean 78.8+7.4^ 55.5+.l^ 79.0+3.6^ 545+ .8* 

2 .35 
.40 
.45 

.30 

.35 

.40 

61.2 
81.7 
78.6 

59.0 
56.8 
57.6 

80.4 
75.9 
94.4 

54.9 
58.1 
58.0 

Mean 73.8+11.0^ 57.8+1.1*) 83.5+9.6* 57.0+1.8® 

3 .35 
.40 
.45 

.30 

.35 

.40 

58.0 
80.8 
63.8 

56.9 
56.2 
59.5 

76.3 
54.0 
66.8 

54.9 
52.4 
60.0 

Meam 67.5+11.8^ 57.5+1.7*) 67.5+11.1^ 55.7+3.8* 

4 .35 
.40 
.45 

.30 

.35 

.40 

53.6 
76.3 
68.3 

57.2 
58.8 
59.9 

74.1 
69.6 
70.5 

57.0 
60.5 
59.9 

Mean 66.0+11.0^ 58.6+1.3^ 71.4+2.3^ 59.1+1.8^ 

Based on an average feed intake of 106+3.2 g. All values repre
sent the averages of 4 replicate groups. Means with the same letter 
are not significantly different (P<.05). 
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Methionine Intake During the Laying Phase 
(mg/hen/day) 

472 578 mean 
Production Egg weight Production Egg weight Production Egg weight 

(%) (g) (%) (3) 
76.8 56.4 67.8 55.3 76.3+6u4 55.3+ .9 
72.3 56.4 66.3 56.1 74.6+7.7 55.8+ .4 
83.9 56.1 73.4 53.2 79.6+4.4 54.7+1.3 

77.6+5.8* 56.3+ .2® 69.1+3.7* 54.8+1.4* 

67.9 57.2 70.3 57.1 69.9+7.9 57.0+1.6 
75.9 57.9 71.2 58.1 76.1+4.2 57.7+ .6 
76.3 56.4 75.8 55.4 81.2+3.8 56.8+1.2 

73.3+4.7^ 57.1+ .7* 72.4+2.9* 56.8+1.3* 

62.0 57.5 65.3 53.2 65.4+7.8 55.6+1.9 
69.1 58.6 61.3 51.1 66.3+11.4 54.5+3.4 
76.3 58.7 59.5 49.2 66.6+7.1 56.8+5.1 

69.1+7.1^ 58.2+ .6* 62.0+2.9^ 51.1+2.0^ 

60.6 58.3 55.3 57.3 60,9+9.2 57.4+ .6 
68.6 60.4 56.2 56.2 67.6+8,3 58.9+2.0 
75.0 57.6 45.1 48.4 64.7+13.3 56.4+5.0 

68,0+7.2^ 58,7+1.4* 52.2+6.1^ 53.9+4.8* 
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day, had a lower rate of egg production than hens receiving 

367 mg methionine per day. 

A period by period analysis of the data (Table 31) 

showed the usual significant differences among period 

means (P<.05) with respect to egg production and egg weight 

(Table 45, Appendix). 

It was concluded from this experiment that methionine 

levels of .35% and .30% in the diet during the starting and 

growing phase of pullets, had a small depressing effect on 

egg production during the laying phase. 

It was also shown that the methionine requirement of 

the laying hen for maximum productivity was more than 260 

mg and less than 367 mg methionine per hen per day. Since 

the egg production response of hens fed the 260 mg and those 

fed the 367 mg methionine per day was a curvilinear response 

a level of 313 mg methionine per hen per day should be 

adequate for maximum egg production. This was found by 

taking the average of 260 mg and 367 mg methionine per hen 

per day. 
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GENERAL DISCUSSION 

Methionine and lysine are first and second most limiting 

amino acids in corn-soybean meal diets for laying hens, re-

speocively. Therefore, it is necessary that the exact re

quirements of laying hens for these two amino acids be 

known precisely. Research in this area during recent years 

has produced diverse answers (Table 32). The diversity of 

opinions is obviously greater in magnitude in the case of 

lysine than methionine. 

A series of experiments was conducted to establish a 

rather precise and definitive range for the lysine and 

methionine requirements of the laying hen expressed as 

mg amino acid per hen per day. Variables examined were 

egg production, egg weight, feed consumption and the effi

ciency of feed utilization. The economic importance of 

these variables to the poultry producer could not but be 

emphasized. In addition, two experiments were conducted 

to investigate whether dietary lysine and/or methionine 

prior to sexual maturity of the pullet had any effect on 

Data from experiments 1 and 3, showed that supple

menting a corn-soybean meal diet with lysine elicited a 

curvilinear response in respect to the rate of egg production, 

egg size and efficiency of feed utilization. 

Data from experiment 1, indicated the lysine require-
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Table 32. Published lysine and methionine requirements 
for the laying hen 

Researchers Lysine 
'(%) 

Methionine 
(%) 

National Research Council (1971) .50 

00 CM 

National Research Council (1977) .60 .27 

Johnson and Fisher (1958) 
o
 

m
 .24 

Combs (1962) .56 .26 

Shapiro (1968) .55 .26 

Scott et al. (1976) .80 .32 

Jensen et (1974) .67 -

Latshaw (1976) .60 _ 

ment of the laying hen to fall within a range of 56 7 

mg and 702 mg per hen per day. However, a more definitive 

requirement of the laying hen for lysine favored the 

upper limit of this range. 

Data from experiment 3 demonstrated that maximum 

rate of egg production, egg size and efficiency of 

feed utilization was maximized if lysine intake was 

between 670 m.g and 700 mg per hen per day. 

In experiment 4, a 13% protein corn-soybean diet 

was supplemented with eight graded levels of lysine. A 

well-defined curvilinear relationship was shown to exist 
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between rate of egg production and mg lysine intake per hen 

per day and between egg weight and lysine intake. Rate of 

egg production maximized when hens were receiving 690 mg 

lysine per hen per day. Egg size also maximized when hens 

were receiving 710 mg lysine per hen per day. 

It was established that the lysine requirement 

of a Single Comb White Leghorn hen was between 680 mg 

and 700 mg per hen per day, for maximum rate of egg pro

duction, egg size and efficiency of feed utilization. 

The above finding agreed closely with recommendations 

made by Jensen et a^. (1974) and Latshaw (1976). The recent 

National Research Council (1977) publication on nutrient 

requirements of poultry recommended 660 mg lysine per hen per 

day, at a feed intake of 110 g per hen per day. 

Other researchers recommended a much higher lysine 

intake. Taylor st (1956^) listed the requirement to be 

794 ng lysine per hen per day. However, this require

ment was derived using corn-wheat diets. Pilbrow and 

Morris (197^) estimated the optimal lysine intake of the 

laying hen to range from 820 to 920 mg per hen per day. It 

should be noted that some of the hens used in their experi

ment were of a strain not commonly found in the United 

States, e.g., Harco Sex Link hen with mean initial body 

weight of 2.18 kg and Alexander and Angell 3 hen, with a 

mean initial body weight of 2.17 kg. 
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The methionine requirement of the laying hen was 

determined based on data obtained in experiments 2 and 3. 

Data from experiment 2,  demonstrated the methionine require

ment of the laying hen to fall within a range of 260 mg 

and 363 mg per hen per day. However, numerically, maximum 

rate of egg production was obtained with hens receiving 

316 mg methionine per hen per day. Results obtained 

from experiment 3, indicated that maximum rate of egg 

production, egg size and efficiency of feed utilization 

couldbe only achieved if the methionine intake was 325 

mg per hen per day. Consequently, it was concluded that 

the methionine requirement was between 310 mg and 320 

mg per hen per day. In experiments 2 and 3 the hens were 

receiving an almost consistent level of cystine, that varied 

from 260 mg to 270 mg cystine per hen per day. 

Johnson and Fisher (1555) found that 0.30% dietary 

methionine should be adequate, for maximum rate of egg 

production. This dietary methionine level would provide 

315 mg methionine per hen per day assuming a feed intake 

of 105 g per day. Carlson and Guenther (1969) also 

recommended 0.30% methionine for the laying hen. The 

latest National Research Council (1977) publication on 

nutrient requirements of poultry recommended 300 mg 

methionine per hen per day. Most papers published in the 

recent years have pointed out that the methionine requirement 
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of the laying hen was between .28 and .30% of the diet. This 

would supply between 294 mg and 315 mg methionine per hen per 

day based on a feed consumption of 105 g per day. 

Experiments 6 and 7 were designed and conducted in order 

to investigate the influence that dietary lysine and methionine 

of pullet diets might have during the laying cycle of the hens. 

Results collected from experiment 6 showed that lysine 

intake of the laying hen prior to sexual maturity had no 

significant effect on subsequent rate of egg production, egg 

size or efficiency of feed utilization. This conclusion was 

in agreement with conclusions reached by singsen et (1964), 

Fisher (1966) and Berg and Bearse (1958). Furthermore, data 

gathered during the laying cycle of the hens demonstrated, 

once more, that maximum rate of egg production, egg size 

and maximum efficiency of feed utilization could be only 

achieved if hens were receiving 690 mg lysine per hen per 

day. 

Data from experiment 7, indicated that dietary methionine 

during the growing phase of the pullet had a small influence 

on subsequent rate of egg production. Pullets which were 

fed diets containing .35% and 0.30% methionine during the 

7-12 and 13-21 weeks of age, respectively, had a low rate of 

egg production during the course of the experiment. However, 

as mentioned previously, the comparatively low rate of egg 
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production might have been caused by a comparatively earlier 

sexual maturity of the pullet-group fed these diets. This 

explanation was in agreement with findings by Kim and 

McGinnis (19 72). They reported that pullets fed a diet 

which contained .28% methionine had the fastest growth rate 

and had the earliest attainment of 50% hen/day production. 

However, they also reported that overall rate of egg pro

duction was unaffected by the rapid growth rate. 

The purpose of this study was to determine the quanti

tative requirements of the laying hen for lysine and 

methionine, so that maximum rate of egg production, egg size 

and efficiency of feed utilization could be achieved. How

ever, maximization of the rate of egg production can not 

be accomplished solely with adequate intakes of lysine and 

methionine. The rest of the essential amino acids should be 

adequately also supplied by the laying ration. 

Papers published concerning the lysine requirement of 

the laying hen often did not discuss this point, even in 

cases where lysine recommendation was based on supplementing 

low protein diets with lysine. 

Experiment 5 was designed and conducted in order to 

investigate the relationship between lysine intake, protein 

in the diet and productivity of the laying hen. Three 

different protein diets (12%, 14% and 16%) were supplemented 
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with three different lysine levels in a factorial type ex

periment. The composition of some essential amino acids of 

the three protein diets is shown in Table 33. The arginine 

and tryptophan contents of the 12% protein diet, expressed 

on a percentage basis, were about 30% lower than the speci

fied requirements for these two amino acids as listed in 

the National Research Council's Nutrient Requirements of 

Poultry (1977). The arginine and tryptophan contents of the 

14% and 16% protein diets did not differ greatly from the 

National Research Council's (1977) recommendation. 

Table 33. Composition of the 12, 14 and 16% diets for some 
essential amino acids - experiment 5 

Amino acid 
12 
(%) 

14 
(%) 

16 
(%) 

National Research 
Council (1977) 

Recommendation (%) 

Arginine .609 .736 .772 

o
 

00 

Lysine .585 .585 .585 .60 

Methionine .240 .257 .238 .27 

Cystine .178 .219 .228 .23 

Tryptophan .068 .093 1.033 .10 

Results from experiment 5 indicated that although sup

plementation of the 12% protein diet with lysine did improve 

rate of egg production, the maximum rate of egg production 

achieved by hens maintained on the 12% protein diet was 

lower compared to the maximum rate of egg production 



105 

achieved by hens maintained on the 14% or 16% protein 

diets. Hens fed the 14% protein diet and consuming 660 

mg lysine per hen per day had the maximum rate of egg 

production. Minimum requirement of lysine for the laying 

hen as reported by some papers, Ingram et (1951), 

Gleaves and Dewan (1970) did not necessarily mean maximum 

rate of egg production. Maximum rate of egg production 

could not be reached possibly because not all essential 

amino acids were provided adequately for by the diet. 

In this study, it was demonstrated that maximum rate 

of egg production could be achieved with the 14% protein 

diet and a lysine intake of 660 mg per hen per day. This 

finding confirmed the findings of experiments 1, 3, 4 and 6 

where a level of 690 mg lysine per hen per day numerically 

maximized rate of egg production. 

The lysine and methionine requirements of a laying hen 

are influenced by several factors, which were controlled, 

in the experiments of this study. Nevertheless, in com

mercial situations either because of physical or economic 

limitations these factors would influence undoubtedly the 

lysine and methionine requirements of the laying hen 

therefore proper managerial adjustments should be accommo

dated to ensure a lysine intake of 690 mg per hen per day, 

and a methionine intake of 315 mg per hen per day. 

One of these factors affecting the lysine and methionine 
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requirement is feed intake. Feed consumption can fluctuate 

by increasing or decreasing the energy concentration of the 

diet or by seasonal variations in ambient temperature. How

ever, irrespective of the level, of feed intake, the quanti

tative requirement of a SCWL hen for lysine and methionine 

should average 690 mg and 316 mg per hen per day, respectively. 

Table 34 lists the percentages of lysine and methionine 

required in the diet to achieve a daily intake of 690 mg 

lysine and 315 rag methionine per hen, with various levels 

of feed consumption. 

A second factor which influences the daily lysine and 

methionine intakes by the laying hen is the lysine and 

methionine contents which are assigned to feedstuffs as 

reported by different reference sources. 

An example of this is shown in Table 35 where the lysine 

and methionine contents of four commonly, used ingredients 

are shown. In this study, consistency was obeyed by calcu

lating all lysine and methionine values from Feedstuffs, 

Analysis Table for Feed Ingredients (1975, 1977). 

An example of this is shown in Table 35 where the lysine 

and methionine contents of four commonly used iiigredients 

are shown in this study, consistency was obeyed by calcu

lating all lysine and methionine values of the experimental 

diets from Feedstuffs, Analysis Table for Feed Ingredients 

(1975, 1977). 

The exact composition of rations in respect to micro-



107 

Table 34. Percentage of dietary lysine and methionine needed 
to supply hens with 690 mg and 315 mg per hen per 
day, respectively 

Feed 
consumption 

(g/hen/day) 

Dietary 
lysine 

(%) 

Dietary 
methionine 

(%) 

130 .530 .242 

120 .575 .262 

110 .627 .286 

105 .657 .300 

100 .690 .315 

95 .726 .332 

90 .767 .350 

80 .862 .394 

70 .986 .450 

nutrients will differ depending on the feed analysis table 

the animal nutritionist will employ. Adoption or a universal 

feed analysis table will certainly alleviate this incon

sistency. 

It should be noted that the variability of amino acid 

values assigned to feedstuffs by various reference sources, 

has narrowed considerably during the last few years (Table 

35), probably because of the introduction of more accurate 

analytical techniques. 

Other factors which may affect the lysine and methionine 

requirements, are hen body weight and the availability of 



Table 35. Lysine and methionine contents of feed ingredients as reported by various references 

Ingredient 

Lysine content (%) by Methionine content (%) 
reference source reference source 

A* 0= Ef pf A* 8% C= of E* 

Yellow corn .20 .20 .23 .24 .24 .24 .14 .18 .20 .18 .18 .20 

Cottonseed meal 1.50 1.70 1.68 1.70 1.70 1.71 .68 .70 .61 .52 .52 .52 

Corn-gluten meal 1.10 1.40 1.12 1.00 1.00 1.00 1.00 1.60 1.61 1.90 1.90 1.91 

Soybean meal 3.20 3.20 3.16 3.20 3.20 3.18 .74 .73 .73 .72 .72 .72 

^Ewing, Poultry Nutrition (1963). 

^Scott et , Nutrition of the Chicken (1969). 

*^Titus and Fritz, The Scientific Feeding of Chickens (1971) . 

^Feedstuffs, Analysis Table for Feed Ingredients (1975). 

^Feedstuffs. Analysis Table for Feed Ingredients (1977). 

^National Research Council, Nutrient Requirements of Poultry (1977). 
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lysine and methionine from ingredients other than those used 

in this study. For instance, several investigators have 

indicated that the lysine requirement was higher when wheat 

rather than corn was a large percentage of the diet (Jensen 

et al. 1974; March and Biely, 1972, and Pilbrow and Morris, 

1974). However, Sell and Johnson (1974) reported that 

wheat-based and corn-based rations which contained 14% 

protein and which were formulated to supply lysine intake 

of about 600 mg per hen per day, supported an overall pro

ductive performance by laying hens comparable with that 

obtained when a 16% protein ration was fed. 

In respect to the lysine requirement of the hen as in

fluenced by the hen body weight, the data of Pilbrow and 

Morris (1974) showed that strains of White Leghorns, al

though some of those strains were not commonly found in the 

United States had similar lysine requirements regardless of 

body weight. 

Finally, an intake of 690 mg lysine and 315 mg 

methionine per hen per day should maximize rate of egg 

production, egg size and efficiency of feed utilization. 

However, if maximum production and egg weight are not im

portant or even undesirable, lower lysine and methionine 

intakes should be adequate. 
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SUMMARY AND CONCLUSIONS 

Supplementation of a basal corn-soybean diet with lysine 

improved rate of egg production, egg size and efficiency 

of feed utilization. Six hundred eighty to seven 

hundred (680-700) mg lysine per hen per day was 

recommended for maximum production criteria. 

Supplementation of a basal corn-soybean diet with 

methionine improved rate of egg production, egg size 

and efficiency of feed utilization. Three hundred ten 

to three hundred twenty (310-320) mg methionine per 

hen per day was recommended for maximum production 

criteria. 

Dietary lysine and/or methionine during the starting 

and growing phase of the pullet had no significant 

effect on rate of egg production, egg size and 

efficiency of feed utilization during the laying phase 

of the hen. Adequate lysine and methionine intake 

of the hen during the laying cycle was important to 

ensure maximum production performance, irrespective 

of the lysine and/or methionine intake of the hen 

during the starting and growing cycles. 
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APPENDIX 



Table 36. Analysis of variance of egg production, egg weight, and feed efficiency -

experiment 1 

Source of Egg Production Egg Weight Feed Efficiency 

variation d.f.^ M.S.^ F-value Prc>b>F d.f. M.S. F-value Prob>F d.f. M.S. F-value Prob>F 

Treatment 3 218.4 .81 ns;^' 3 18.6 1.75 ns 3 ,30 3.0 ns 

Block/ 16 270.6 - - 16 10.6 - •• 16 .10 — -
treatment 

Period 4 2 0 5 . 2  7.22 -*" 4 70.7 4.97 -** 4 .50 12.5 

Period x 12 22.5 .79 nsi 12 .66 .46 ns 12 .05 1.2 ns 
treatment 

Residual 64 28.4 - - 64 1.42 - - 64 .04 — -

^Degrees of freedom. 

b 
Mean square. 

"^Nonsignificant. 

Probability of .01 or less. 



Table 37. Analysis of variance of egg production, egg weight and feed efficiency -

experiment 2 

Source of E i j g  Production Egg Weight Feed Efficiency 
variation 

d.f.* M.S.^ F-value Prob>F d. f. M.S. F-value Prob>F d.f. M.S. F-value Prob>F 

Treatment 3 56.6 .39 
c 

ns 3 10.1 4.92 _* 3 .17 2.83 ns 

Block/ 
treatment 

12 143.5 - - 12 2.05 - - 12 . 06 - -

Period 3 388.3 15.9 _ * *  3 2.40 1.34 ns 3 .12 3.0 _* 

Period x 
treatment 

9 27.4 1.12 ns 9 .72 .40 ns 9 .12 3.0 

Residual 36 24.3 - - 36 1.78 - - 36 .04 - -

^Degrees of freedom. 

b 
Mean square. 

^Nons ignificant. 

* 

Probability of .05 or less. 

* * 
Probability of .01 or less. 



Table 38. Analysis of variance of egg production, egg weight and feed efficiency - experiment 3 

Source of ]Sgg Production Egg Weight Feed Efficiency 
variation 

d. f. F-value Pr(jb>F d. f. M.S. F-value Prob>F d.f. M.S. F-value Prob>F 
Treatment 8 511.5 3.98 8 31.6 8.9 8 .56 5.1 _** 

Lysine 2 878.0 6.82 2 68.2 18.9 2 .67 6.1 _** 

Methionine 2 345.5 2.68 .. * 2 30.1 8.4 2 .71 6.4 

Lysine x 
methionine 

4 470.1 3.65 4 13.1 3.6 4 .41 3.7 _* 

Blocks/ 
treatment 

36 128.7 - - 36 3.6 - - 36 .11 - -

Period 4 307.5 4.79 4 206.6 121.5 4 .64 10.6 _** 

Treatment x 
period 

32 91.7 1.43 
c 

ns 32 3.7 2.1 ns 32 .13 2.2 ns 

Lysine x 
period 

8 147.1 2.29 ns 8 9.9 5.8 8 .19 3.2 _* 

Methionine x 
period 

8 71.8 1.12 ns 8 3.0 1.7 ns 8 .14 2.3 ns 

Lysine x methio
nine X period 

- 16 36.6 .57 ns 16 1.0 .58 ns 16 .11 1.8 ns 

Residual 144 64.1 - — 144 1.7 - - 144 .06 - -

^Degrees of freedom. 
^Mean square. 

^Nonsignificant. 
* 
Probability of .05 or less. 
** 
Probability of .01 or less. 



Table 39. Analysis of variance of egg production, egg weight, egg efficiency - experiment 4 

Source of Egg Production Egg Weight Feed Efficiency 
variation d.f .* M.S.b F-value Prob>F d.f. M.S. F-value Prob>F d.f. M.S. F-value Prob F 

Treatment 7 451.5 2.21 _ *  7 74.4 1.82 
c 

ns 7 .59 1.09 ns 

Hens/ 
treatment 

72 203.5 — - 72 40.9 - - 72 .54 - -

Period 2 1831.0 7.18 _  * *  2 5.88 .13 ns 2 .10 .15 ns 

Treatment x 
period 

14 236.1 .92 ns 14 47.7 1.08 ns 14 .38 .58 ns 

Remainder 141 255.1 " - 141 43.8 - - 141 .65 - -

^Degrees of freedom. 

^Mean square. 

^Nonsignificant. 

n 
Probability of .05 or less. 

* * 
Probability of .01 or less. 
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Table 40. Analysis of variance of effect of lysine supple
mentation on egg production - experiment 4 

Source d.f. M.S. F-statistic Prob>F 

Treatments 7 451.5 2.21 _ *  

Linear 1 47.4 .23 ns^ 

Quadratic 1 959.1 4.71 _ *  

Cubic 1 466.9 2.29 ns 

Remainder 4 421.7 2.07 ns 

Residual 72 203.5 -

^Nonsignificant. 
* 
Probability of .05 or less. 

Table 41. Analysis of variance of effect of lysine supple
mentation on feed efficiency - experiment 4 

Source d.f. M.S. F-statistic Prob>F 

Treatments 7 .59 1.09 ns^ 

Linear 1 3.63 6.72 _ *  

Quadratic 1 .01 .02 ns 

Cubic 1 .19 .35 ns 

Remainder 4 .09 .16 ns 

Residual 72 .54 — 

^Nonsignificant. 
* 

Probability of .05 or less. 
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Table 42. Analysis of variance of effect of lysine supple
mentation on egg weight - experiment 4 

Source pi
 

M.S. F-statistic Prob>F 

Treatments 7 74.4 1.82 ns^ 

Linear 1 48.0 1.17 ns 

Quadratic 1 40.1 .98 ns 

Cubic 1 84.0 2.05 ns 

Remainder 4 87.3 2.13 ns 

Residual 72 40.9 - -

^Nonsignificant. 



Table 43. Analysis of variance of egg production, egg weight and feed consumption - experiment 5 

Source of Egg Production Egg Weight Feed Efficiency 
variation 

d.f. ̂ M.S.b F-value Proti>F d.f. M.S. F-value Prob>F d.f. M.S. F-value Prob>F 
Treatments 8 316.6 3,20 _ *  8 76.5 4.9 _** 8 19.3 .96 nsc 

Lysine 2 58.5 .59 n£i 2 30.4 1.9 ns 2 20.1 .92 ns 

Protein 2 1072.5 10.8 2 43.3 2.8 ns 2 16.5 .76 ns 

Lysine x 
protein 

4 78.5 .79 ns 4 40.5 2.6 ns 4 20.1 .92 ns 

Blocks/ 
treatment 

27 00
 

C
O

 

- - 27 15.5 - — 27 21.8 — — 

Period 2 835.0 20.8 _ * * 2 869.0 31.7 _** 2 44.0 2.23 ns 

Treatment x 
period 

16 89.7 2.24 _ *• 16 21.2 .77 ns 16 14.6 .74 ns 

Lysine x 
period 

4 14.7 . 3 6  ns 4 16.7 .61 ns 4 64.7 3.28 _*  

Protein x 
period 

4 216.7 5.4 _ * • *  4 40,7 1.5 ns 4 15.0 .76 ns 

Protein x 
lysine x 
period 8 63.7 1.6 nsi 8 13.8 .50 ns 8 12.3 .62 ns 

Residual 54 40.0 — - 54 27.4 - - 54 19.7 - -

^Degrees of freedom. 

^Mean square. 

^Nonsignificant. 
* 

Probability of .05 or less. 
•frit 

Probability of .01 or less. 



Table 44. Analysis of variance of egg production, egg weight and feed efficiency - experiment 6 

Source of Egg Production Egg Weight Feed Efficiency 
variation 

d. f. ̂  M.S.b F-value Prob>F d.f. M.S. P-value Prob>F d.f. M.S. F-value Prob>F 
c 

Lysine^ 2 41.3 .30 
d 

ns 2 2.2 .25 ns 2 .05 .62 ns 

Lysine^^ 3 215.3 1.54 ns 3 12.6 1.43 ns 3 .13 1.62 ns 

Residual {af 6 139.5 - - 6 8.8 - - 6 .00 - -

Period 3 137.6 4.22 _ *  3 18.6 93.0 _* *  3 .15 7.5 ns 

Period x 
lysine^ 

9 32.3 .99 ns 9 .66 3.3 ns 9 .09 4.5 ns 

Period x 
lysine^ 

6 8.0 .25 ns 6 .90 4.5 ns 6 .008 .4 ns 

Residual (3)  18 32.6 - - 18 .20 - - 18 .02 - -

^Degrees of freedom. 

^Mean squares. 

^Lysine^: dietary lysine during growing phase of the pullets. 

^Nonsignificant. 

^Lysine : dietary lysine during laying phase of the pullets. 
f L 
Residual (a); is actually the interaction of Lysine? x Lysine , but is used here as the Xj G 

error term with the assumption that there was no significant interaction of Lysine^ x Lysine^. 
* 
Probability of .05 or less. 

ikit 
Probability of .01 or less. 



Table 45. Analysis of variance of egg production, egg weight and feed efficiency - experiment 7 

Source of Egg Production Egg Weight Feed : Efficiency 
variation 

d.f. ̂ M.S.b  F-value Prob>F d. f. M.S. F-value Prob>F d.f. M.S. F-value Prob>F 

Methionine 2 120.1 .64 2 5.3 1.10 ns 2 .08 .50 ns 

Methionine^® 3 74.6 .40 ns 3 1.18 .26 ns 3 .18 1.12 ns 

Residual (a)^ 6 185.8 - - 6 4.47 - 6 .16 - -

Period 3 111.1 4.47 _ *  3 25.0 25.0 3 .23 4.6 _ *  

Period x 
methionine 

G 

6 25.5 1.02 ns 6 1.31 1.31 ns 6 .04 .8 ns 

Period x 
methionine^ 

9 38.2 1.54 ns 9 .30 .30 ns 9 . 06 1.2 ns 

Residual (3)  18 24.8 18 1.0 — 18 .05 - -

^Degrees of freedom. 

^Mean squares. 

^Methionine ; dietary methionine during growing phase of the pullets. 

d 
Nonsignificant. 

^Methionine : dietary methionine during laying phase of the pullets. 

Residual (a): is actually the interaction of methionine^ x methionine^ but is used here as 

the error term with the assumption that there was no significant interaction of methionine^ x 
methionine . 

* G 
Probability of .05 or less. 

**  
Probability of .01 or less. 
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Table 46. Coefficients for sets of orthogonal coefficients 
of first, second, and third order orthogonal 
polynomials for sample size 8 - experiment 4 

Comparison 

Linear -7 -5 -3 -1 +1 + 3 +5 -r'l 168 

Quadratic 4-7 -rl -3 -5 -5 -3 +1 +7 168 

Cubic -7 +5 +7 + 3 -3 -7 -5 +7 264 

^From Rohlf and Sokal (1969). 

Protein analysis; (American Association of Official 
Agricultural Chemists, AOAC, (196 5) 

A. Digestion process 

1. 1 g of feed sample was weighed and placed into 
650 ml digestion flask 

2. and Hengar granules were added 

3. 20 mi concentrated K^SO^ were added 

4. The flask was then placed on the lower rack of 
Kjeldahl and the mixture was digested for approxi
mately six to eight hours 

5. The flask was then removed and 250 ml H2O were added 

B. Distillation process 

1. 50 ml of H2O and 50 ml of boric acid were poured into 
collection bottles which were subsequently placed 
on the upper Kjeldahl rack 

2. 8-10 zinc bits were added to the digestion flasks 
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3. To the digestion flask, 75 ml of NaOH was added, 
and the flask was placed on the upper rack of 
Kjeldahl 

4. After collection of samples was completed titration 
followed by .11 NHCl 

C. Calculation of % protein 

ml of H.SO. - correction factor 
% N = % , :-T— 

Sample weight 

% protein = % N x 625 


