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Summary

The effects of four factors - two dietary protein levels (12 and 16%), feeding methods (ad libitum and restricted), 
옹trains (A and B), and age of hens - on egg quality and laying performance were examined. Use of the 12% dietary 
protein level resulted in significantly lower (p < 0.05) hen-day egg production, higher feed intake per dozen eggs, and 
higher Haugh unit scores than the 16% dietary protein level. Reduction of feed intake to about 85% of the ad libitum 
intake decreased mean hen-day production. Significant feeding method-by-age interactions (F x A) were obtained for all 
parameters. Restricted feeding had favorable effects on shell strength and Haugh unit values after 28 and 16 weeks of 
egg production, respectively. There was significant difference in shell strength between the two strain. Examination of the 
three-factor interaction among protein levels, feeding method and strain (P x F x S) dis이osed that the favorable effect 
of the A strain on shell strength was significant only with the 16% protein-restricted fed group. The other treatment 
group did show a trend for greater shell strength of the A strain. Mean values for all the parameters examined changed 
significantly (p < 0.01) with the age of hens. Feed intake per dozen eggs tended to increase, with some fluctuation, as 
the hens aged. There was a linear decrease in Haugh unit scores and shell strength. The effect of restricted feeding on 
either shell strength or Haugh unit scores were favorable for the aged chickens.
(Key Words : Eggshell Quality, Protein, Feeding, Strains, Age)

Introduction

In past decades, development of scientific knowledge 
of breeding, nutrition and environmentally controlled 
management have resulted in markedly increased egg 
production per hen. However, the development of eggshell 
quality has not kept pace with that of egg production, and 
economic losses from egg breakage present a serious 
problem to the poultry industry throughout the world.

One field study conducted in eight northeastern states 
of U.S.A, showed that shell damage from the hen to the 
carton reached 12.15% of the eggs produced, and that 50 
% of the farms in the states suffered more than 10% of 

shell breakage (Anonymous, 1975).
Many factors are responsible for the shell damage, 

including malnutrition, environment, rough handling, age, 
genetics of hens (Hamilton et al., 1979). It is well 
accepted that the decline of shell quality as the hen ages is 
normal and significant Furthermore, its prevention is 
considered very difficult. Hens fed adequate diets usually 
produce eggs with shells of good quality during the first 9 
or 10 months of lay (Scott, 1979). Then the 아lell quality 
declines to the point where inferior eggshells present a 
m面 or problem to producers.

Much research has been conducted on the prevention 
of shell thinning due to age during the past several 
decades. Some workers have considered juvenescence of 
old hens and regeneration of their reproductive organs by 
forced molting. Forced molting has improved shell quality 
significantly after the molt period (Lee, 1982; Garlich et 
aL, 1984; Castaldo and Maurice, 1988). However, the 
in^)rovement has not been consistent and has usually 
disappeared i•枣idly (Wolford and Tanaka, 1970; Sunde,
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1971).
The present study was undertaken to determine 

whether diet alterations that cause a somewhat reduced 
rate of egg production could influence shell quality.

Materials and Methods

This experiment was designed to examine the effect of 
reduced egg size and reduced egg production of two 
strains of laying hens on eggshell quality using limited 
feed intake and two levels of dietaiy protein. The 
experiment consisted of a 2 x 2 x 2 x 20 factorial 
arrangement in a randomized block design.

Com-soy layer diets with two protein levels, 12 and 
16%, were prq)ared (table 1). The diets were fed to the 
birds in two ways, restricted or ad libitum, for 20 periods,

TABLE 1. COMPOSITION OF EXPE이MENTAL DIETS 
USED IN TRIAL 2

Ingredients
16% protein 
layer diet 

(%)

12% protein 
layer diet 

(%)

Com (ground yellow) 66.0 80.6
Soybean meal, ddiulled 20.0 9.0
Alfalfa meal (17% protein) 2.0 2.0
Dicalcium phosphate 2.0 2.0
Limestone 5.0 5.1
Yellow grease 4.0 —
Mineral mixa 0.5 0.5
Vitamin mixb 0.5 0.5
Methionine — 0.1
Lysine — 0.2
Total 100.0 100.0

Calculated analysis
Crude protein 15.9 12.1
MEn (kcal/kg) 3,061.2 3,011.6
Calcium0 2.64 0.65
Phosphorus 0.65 0.63
Methionine + cystine 0.52 0.52
Lysine 0.80 0.70

저 Supplied per kg of diet : sodium chloride, 4.8 g; zinc, 18 
mg; iron, 10 mg; manganese, 10 mg; magnesium, 7.5 mg; 
copper, 1.5 mg; cobalt, 0.25 mg and iodine, 0.35 mg.

b Supplied per kg of diet : vitamin A, 5280 U.S.P.; vitamin 
D3, 1375 U.S.P.; vitamin E, 22 LU.; vitamin B】2, 0.0088 mg; 
niacin, 44 mg; choline chloride, 440 mg; riboflavin, 6.6 mg; d- 
calcium pantothenate, 8.8 mg; vitamin K, 1.1 mg; fblic acid, 1.1 
mg and biotin, 0.11 mg.

c For maximum utilization of dietary calcium, calcium content 
is lower than the NRC requirement.

each of which consisted of 4 weeks. The ad libitum 
groups were fed diets of two protein levels (12 or 16%). 
The restricted group on each diet was fed about 85% of 
the amount of the previous period's feed consunption for 
the ad libitum group.

Two commercial strains of hens, A and B, 20 weeks 
of age were used. For each strain, 240 pullets were 
randomly placed in wire cages with three or four birds per 
cage depending upon sizes of the cages. The cages were 
located in an environmentally controlled layer house. Five 
replicates of twelve birds from each strain were assigned 
to one of four dietary treatments ; 16% protein ad libitum 
(N-16%), 16% protein-restricted feeding (R-16%), 12% 
protein ad libitum (N-12%), and 12% protein-restricted 
feeding (R-12%).

Egg production was recorded daily. All eggs from 
each replication laid during the first 5 days of each period 
were collected and weighed to determine the changes in 
egg size as hens aged. Five eggs were selected randomly 
from those used for egg size measurement, and were 
subjected to albumen height measurement. Albumen 
quality was detmnined by mean- -of the Haugh .unit 
formula.

Shell quality was determined by using the water 
loaded pressure and droping ball method (Kang et al., 
1996). Twelve eggs per replicate from each period 
throughout the experiment were subjected to shell strengh 
measurement using the water loaded pressure device. For 
the first 16 periods, 25 eggs were used for shell quality 
evaluation using the ball dropper and there after 20 eggs 
were used.

Data were analyzed statistically by analysis of variance 
and the Duncan's new multiple-range test (Steel and 
Torrie, I960).

Results

The results are summarized in tables 2, 5 and 6. table 
3 shows a summary of the analysis of variance for these 
data.

Dietary protein levels
Protein level influenced hen-day production, feed 

efficiency, and Haugh units significantly (p < 0.05), but 
did not affect mean egg weight or shell strength as 
measured by either method (table 2).

The 12% protein level resulted in a decrease of 3.6% 
in egg production and an increase of 0.255kg of feed 
consumed per dozen eggs produced. A decrease in either 
egg production or feed efficiency with suboptimal protein 
levels in the diet was expected in light of the important
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TABLE 2- EFFECTS OF DIETARY PROTEIN LEVELS, RESTRICTED FEEDING AND STRAIN ON LAYING 
PERFORMANCE, EGG QUAUTY AND SHELL STRENGTH

Protein levels Feeding method Strains

16% 12%
Ad 

libitum
Restricted 
feeding

A B

Hen-day egg production 55.18 51.5b 57.6a 49.0b 53.1 53.5
(%) 土 1 .응 ± 1.4 ± 1.9 ± 1.6 ± 1.2 土 1.4

Feed efficiency 2.044a 2.299b 2.161 2.183 2.208 2.135
(kg feed/dozen) ± 0.07 ± 0.06 ± 0.04 ± 0.08 ±0.06 ± 0.08

Haugh units 78.08 80.5b 77.9 80.7 79.8 78.9
± 1.0 ± 0.6 ± 1.3 ± 1.6 ± 0.9 ± 0.8

Egg weight (g) 63.9 63.5 64.0 63.4 63.4 64.1
± 2.3 ± 1.9 ± 1.8 土 2.1 ±2.4 ± 2.7

Shell breaking strength 3.110 3.114 3.075 3.150 3.169 3.055
(kgr ± 0.03 ± 0.05 ± 0.04 ± 0.03 ± 0.06 ± 0.05

Shell breaking strmgth 13.16 13.12 13.05 13.23 13.05 13.23
(cm尸 ± 0.12 ± 0.16 ± 0.18 ± 0.14 ± 0.14 ± 0.17

이* Any two means 土 SE witfiin a treatment followed by differoit superscripts are significantly different (p < 0.05).
* Water loaded pressure melhod.

** Dropping ball melhod.

role of protein in egg production. Further, the protein-by- 
age interaction (P x A) was highly significant for either 
egg production or feed conversion (table 3). Ulis suggests 
that differences in laying performance between the two 
dietary protein treatments do not remain the some 
throughout the experimental periods. The significant 
interaction between protein levels, restricted feeding, 
strain, and age (P x F x S x A) for hen-day egg 
production inplies that the magnitude of the protein level 
effects in egg production depends on the other factors.

Hie mean Haugh unit scores for all other factors were 
increased 2.5 units by reducing dietary protein levels to 12 
% (table 2). The analysis of variance for Haugh unit score 
did not show any interaction of protein levels with other 
factors (table 3).

No differences in egg weights between the two 
different protein level groups (table 2) were noted. The 
analysis of variance for egg weight (table 3) did not show 
any interaction of protein levels with other factors.

No significant differences between eggs from hens fed 
the two different protein levels were noted in mean shell 
strength using either measuring device. Significant protein 
x age (P x A), protein x feeding method x strain (P x F x 
S), and protein level x feeding method x age (P x F x 
A) interactions were found fbr shell strength measured 
with the dropping ball method (table 3). However, this 

result may have little meaning because of the 
inconsistency of the dropping ball device in measuring 
shell strength which will be discussed later.

Feed restriction
Hie reduction of feed intake of the experimental 

groups to about 85% of the ad libitum intake of the 
control groups resulted in a decrease of 8.6% in mean 
hen-day egg production averaged over periods and protein 
levels (table 2). A significant interaction between protein 
levels and feeding (PxF) (table 3) was found for egg 
production. The decrease in egg production of the 
restricted feeding group was much more severe with the 
12% protein diet group (a decrease of 16%) than fbr the 
16% protein diet group (a decrease of 7.4%).

Data presented in table 2, when averaged over all 
factors, show no effect of feed restriction on the mean 
values for feed efficiency. Haugh unit scores, egg weight 
and shell quality. However, significant feeding method-by- 
age interactions (FxA) were obtained for the laying 
performance and egg characteristics (table 3).

Hie effect of feed restriction on shell strength was not 
significant (table 2). However, the graphical illustration of 
the feeding-by-age interaction (figure 1) revealed that, 
with one exception, chickens of the limited feeding group 
laid eggs with slightly stronger shell than chickens of the
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ad libitum group after 28 weeks (7 periods) of lay. lhese the aging of the shell formation mechanism, and thus 
results suggest that heavy egg production might accelerate cause a more rapid decline of shell quality.

TABLE 3. SUMMARY OF VARIANCE FOR LAYING PERFORMANCE AND EGG CHARACTE이STICS

S 이jrce df
Hen-day 

egg 
production

Feed 
efficiency

Haugh 
unit 

score

Egg 
weight

SIhII strength

Water 
loading 
method

Dropping 
ball 

method

Total 799
Protein level (P) 1 * * * 一 — —

Feeding method (F) 1 * 一 — — — —

Strain (S) 1 — — — 一 ** —

Age (A) 19 ** ** * * * * * * **

P x F 1 * * * — — — —

P x S 1 — — — — — 一

F x S 1 一 一 一 — — 一

P x A 19 ** ** — — — * *

F x A 19 ** * * * * * ** **

S x A 19 * — — * — *

PxFxS 1 — — — — ** *

P x F X A 19 — — — — — *

P x S x A 19 — — — — — —

F x S x A 19 — * — — — —

P x F x S x A 19 * — — — — —

* Statistically significant atp < 0.05.
** Statistically significant at p < 0.01.
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一■- Restricted feeding Y = 3.557-0.039X
Ad libitum Y = 3.612-0.051 X

Figure 1. The effect of age on eggshell strength of 
hens fed ad libitum or limited. The shell 
strength was measured with the water 
loaded pressure method.

Strain differences
No significant differences were observed between the 

two strains for egg production, feed efficiency, Haugh unit 
scores and egg weight when values were averaged over 
the other factors (table 2).

lhe strain effect on eggshell quality was found 
significant only when shell strength was measured using 
the water loaded pressure method (table 3, figure 2). The 
mean breaking strength (3.169 kg) of the A strain was 
significandy higher than that of the B strain (3.055 kg). 
However, the difference in the mean shell strength 
between the two strains was not significant when shell 
strength was determined by means of the dropping ball 
method.

The three-factor interaction among protein levels, 
feeding method and strain (P x F x S) for shell strength 
with the water loaded measurement was highly significant 
(p < 0.01) (table 3). An examination of the PxFxS 
interaction, as presented in table 4, shows that in general 
birds of the A strain produced eggs with higher shell 
quality than those of the B strain. However, statistical 
analysis disclosed that strain differences within each group
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-■- [A] Y = 3.688-0.049X 
一•一 [B] Y = 3.481-0.040X

Fi힝jre 2. The effect of age on eggshell strength of 
two strains of hens, A and B, when shell 
strength was measured with the water 
loaded pressure method.

TABLE 4. THREE-FACTOR INTERAC끼ON AMONG PRO- 
T티 N LEVELS, FEEDING METHOD AND 
STRAIN FOR SHELL STRENGTH MEASURED 
WITH THE WATER LOADED PRESSURE 
DEVICE

Protein Feeding*
Strain Simple 

effect

A B B-A

N 3.10 萨 3.043b -0.065

16% R 3.300a 2.990b -0.310

Single 
effect

R-N +0.192 -0.053 F x S =
-0.123

N 3.10神 3.039b -0.068

12% R 3.160* 3.14 俨 -0.011

Single
effect

R-N +0.053 -0.110 F x S = 
+ 0.029

(N-12%)-(N-16%) -0.001 -0.004
(R-12%)-(R-16%) -0.140 +0.159

疝 Means followed by different superscripts are significantly 
different (p V 0.05).

* N = hens fed ad libitum'. R = hens fed restricted.

were not significant except for the R-16% group. Simple 
effects of either protein levels or feeding methods within 

strains on shell strength were not significant, when 
averaged over all the eggs.

Age effect
The rate-of-lay performance and the egg quality traits 

examined in this experiment and presented in table 5 and 
6 have been significantly (p <0.01) influenced by the 
hen's age (table 3). Average egg production reached its 
maximum after about 16 weeks of lay, and there after it 
declined slowly. A significant four-factor interaction 
among protein levels, feeding method, strain and age 
indicates that all of the four factors are dependent upon 
each other in influencing egg production. The feed intake 
per dozen eggs tended to increase with time, but 
fluctuated widely. The fluctuations might be in part due to 
changes in environmental ten^)erature.

M,c,dqf,g,h,i Means in the same column with different 
superscripts are significantly different (p V 0.05).

TABLE 5. EFFECTS OF HEN'S AGE ON EGG PRODUC
TION, FEED EF티이ENCY AND HAUGH UNITS

Age 
(4-week 
period)

Hen-day 
egg 

production 
(%)

Feed 
efficiency 

(kg feed / 
dozen)

Haugh 
units

1 53.7bcdef 1.623sni 93.9a
2 61.6^ 1.393「 89.1"，

3 61.萨 1.485hi 86.9 迎
4 61.俨 1.783側 89.4*
5 65.6a 1.903efghi 79.】cdef

6 60* 1.945efghi 81.5^
7 57.9 가祝6 2510abcde 81.6^
8 58.7g 2063defehi 81.2bcde

9 57.3心 2.2O0cdefg 80.6心
10 57.4够 2 138cdefgh 82.%
11 43.3gh 2.783abc 7&9defg

12 51例 2 165cdefgh 81.0b호e
13 52.3如 2.365bEef 75.3defg

14 58.6" 1.983efghi 76.7defg

15 50.1 地 1.790fghi 75.3 喚
16 49.0电 2.24()cdefg 74.7defg

17 49.9 晚 2.305bcdefg 66.1"
18 39.卯 2.71俨 73.0 嘲
19 35.8* 3.085a 71.1斬
20 39.5hi 2.97 萨 70.濟

The albumen quality in terms of Haugh unit decreased 
as the hens aged (figure 3). However, egg weight 
increased rapidly during the first 20 weeks of lay, and 
thereafter more slowly (table 6).
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Figure 3. The effect of age on Haugh unit score of 
eggs produced by hens fed two dietary 
protein levels (16 and 12%).

TABLE 6. EFFECTS OF HEN'S AGE ON EGG VOIGHT 
AND SHELL STRENGTH

Shell strength

(4-week 
period)

tgg w이gf 
(g)

" Water
loading 

method (kg)

Dropping 
ball method 

(cm)
1 53.6， 3.693a 13.24如
2 55.r 3.415b 12.95f
3 57.6h 3.44 lb 13.09def
4. 59.2g 3.454b 13.33bc&f
5 64.1ef 3.292b 13.25如
6 64.2ef 3.189° 13.72ab
7 63.8f 3.189° 13.54 恥
8 64.8^ 3.33 lb 13.89a
9 65.8bcde 3.371b 13.53 g

10 66.5恥 3.258b 1348abcde

11 65.6bcde 3.161。 13.16def
12 65.7bcde 2.99羿 13.03"
13 66.0 血 2.941de 12.21h
14 66.4恥 2.692也 13.34蜘
15 64.5def 2.593 12.27h
16 64.艸 2.850def 12.5 神
17 65.7bcde 2.898def 13.18如
18 66.7 恥 2.886def 12.92fg
19 663烦 2.790def 12.92fg
20 67.6a 2.814def 13.24^

a,b,c,d,e,f,g,h,ij Means in the same colunin with different
superscr也ts are significantly different (p < 0.05).

Figure 2 shows a trend towards decreasing eggshell 
strength with age of both strains of birds. According to 
the estimated linear regression equations, shell strength 
declined at a rate of 40 g per 4-week periods of the B 
strain and at a rate of 49 g per 4-weeks for the A strain. 
The shell thinning progressed sharply after about 8 
months of production. The calculated linear regressions 
accounted for about 80% of the variation.

Discussion

Many studies were conducted using the manipulation 
of protein level in diet in attenq)t to reduce egg size for 
inq)rovement of eggshell quality (Hochreich, 1958; Deaton 
and Quisenbeny, 1965; Smith, 1967; Gardner and Young, 
1972; Roland, 1980). These results achieved decreased 
egg size, but shell quality was not inq)roved. In our result, 
manipulation of dietary protein level did not affected egg 
size or egg quality.

The mean Haugh unit scores were increased 2.5 units 
by reducing dietary protein levels to 12% (table 4). This 
higher Haugh unit score for the 12% protein treatment 
than that for the 16% protein treatment is difficult to 
explain, since so few studies have been done regarding 
nutritional effects on albumen thickness. Deaton and 
Quisenberry (1965) obtained lower Haugh unit scores 
from hens fed a 17% protein diet than from tfie hens fed a 
14% protein diet. Mueller (1956) found no significant 
differances in Haugh unit score among eggs from hens fed 
com-soy, com-meatscrap, and barley-oat-soy diets. 
However, a barley-oat-meatscr^) diet group exhibited 
higher Haugh unit scores than the others. They were not 
able to explain the reasons for the difference.

A significant interaction between protein levels and 
feeding (PxF) (table 3) was found for egg production. 
Heywang (1940) restricted feed intake of White Leghorn 
pullets to 75% and 87.5% of the control group fed on an 
ad libitum basis and reduced egg production, but the 
restriction did not influence egg size or body weight. On 
the other hand, Dronawat and McGinnis (1966) reduced 
egg size by restricting feed intake of White Leghorn 
layers to 90% of ad libitum fed controls. Similar results 
have been reported by otfier workers (Polin and Wolfbrd, 
1971; Bell and Moreng, 1972). It has been shown that if 
restricting feed intake decreases egg production it is due 
to insufficient nutrient intake.

The observation of no significant difference in feed 
efficiency on feeding method between the treatments is 
not in agreement with results reported by other researchers 
(Walking et al., Snetsinger and Zimmerman, 1975; Kari et 
al, 1977). These workers demonstrated an improvement 
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of feed efficiency by means of limited feed intake. This 
disagreement appears to be due to variations among 
experiments in the extent of restriction, methods of 
limiting feed intake and protein levels of the diet used. As 
an exan甲le, the statistical analysis of the data in this 
experiment revealed a significant interaction (Fx A) for 
feed efficiency as shown in table 3. Though data did not 
show, the protein-by-restricted feeding interaction (PxF) 
indicated that the 12% protein-restricted fed (R-12%) 
group had a higher feed intake per dozen eggs (2.577 kg/ 
dozen) than the 12% protein-^ libitum (N-12%) group 
(2.180 kg/dozen), but the 16% protein-restricted fed group 
(R-16%) had a lower feed intake per dozen eggs (2.002 
kg/dozen) than the 16% protein-ad libitum (N-16%) group 
(2.131 kg/dozen).

Feeding method-by-age interaction shows no 
consistent difference in egg weight between the two 
treatments from the first to fifteenth period, but thereafter 
the restricted fed groups had a slightly lower mean egg 
weight than the ad libitum groups.

The strain effect on eggshell quality was found only 
the water loaded pressure method. This inconsistency was 
felt to be due to large variations in shell strength 
mea이irement with the dropping ball method (Kang et al., 
1996).

The higher shell strength of the A strain observed in 
this study is not in accordance with the findings of Potts 
and Washbum (1974), who obtained opposite results when 
shell strength was determined for a one-week period after 
7 months of lay. This discrepancy might be attributed to 
changes in shell quality trait in commercial strains with 
time or the strain by age (S x A) interactions. An 
examination of data of the current study revealed that for 
the N-16% group the B strain birds exhibited greater shell 
strength than the A strain birds for some time during the 
first 24 weeks of egg production even though after that 
they consistently produced weaker shelled eggs than the A 
strain birds.

The albumen quality in terms of Haugh unit decreased 
as the hens aged (table 5). And interaction between Haugh 
unit and age illustrated graphically in figure 3. As 
discussed previously, the 12% protein level had a 
consistently favorable effect on Haugh unit from the 
fourth period on. The estimated linear regression equations 
show that during the course of the experiment Haugh 
units decreased at a rate of 0.95 per 4-week period for the 
birds of the 12% protein group, and at a rate of 1.24 for 
the birds of the 16% protein group. The relationship 
between age of bird and Haugh unit is essentially linear as 
shown by the data of Hill et al. (1980). As a general rule 
of thumb, Haugh unit score declines linearly by 

approximately 1.5-2.0 units for each month of lay (Cottus 
and Wilson, 1986). Along with the favorable effect of 
restriced feeding on albumen thickness, low egg 
production with the low dietary protein level might reduce 
somewhat the deterioration in albumen quality. Bearse et 
al. (1967) observed in their research on forced molting 
that the extent of in^)rovement in Haugh unit as well as 
shell quality was influenced by the length of the induced 
rest. This finding along with the effect of low production 
on albumen thickness implies that the stress of high egg 
production might cause a fast decline of egg quality 
through an acceleration of the aging process of the shell 
gland.

The decline of eggshell quality along with age is 
severer in the A than the B strain. Small but significant 
differences in Haugh unit score and other measures of 
albumen quality have been found to occur between strains 
(Fletcher et al., 1981; 1983; Pandey et al, 1984) while 
strain-flock age interactions have also been shown to be 
significant but of low magnititude(Hill and Hall, 1980). 
Figure 1 indicates that a decline of shell strength was 
greater for the hens fed ad libitum than for the hens fed 
on a limited basis. The shell quality response to feed 
limiting along with the albumen quality response suggests 
that physiological stress from heavy egg production may 
be one of the reasons for a faster breakdown of the 
reproductive organs involved in producing good quality 
eggs or shells. The mean values of three parameters, hen- 
day production, Haugh unit scores and shell strength (kg 
breaking strength), exhibited a marked decrease after 
about 8 months of egg production (table 3, 4). The sharp 
decline might be attributed in part to the stress from a 
prolonged cage life. Roland et al. (1975a) showed 
in^)roved egg production, strength of shell and bone by 
translocating 18-month old hens from the cage to the 
floor. In addition, increased egg size with age might be 
the one of the reasons for the deterioration of shell quality 
in the light of a constant shell weight throughout the 
production period (Roland et al., 1975b). The reduction of 
shell strength with increased shell curvature (Carter, 1970) 
may also be a factor.
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