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ABSTRACT The purpose of our study was to determine the effects of varying levels of energy, protein, and amino acids on
the performances of laying hens. A total of 240 Hy-Line Brown laying hens at 36 weeks of age were used in this 4-week feeding
trial. The hens were randomly allocated to five treatment diets, with eight replications of six hens in each replicate cage. The
treatment diets were as follows: A- basal diet + 18% crude protein, metabolizable energy 2,800 kcal, total (methionine + cysteine)
0.65%; B- basal diet + 17% crude protein, metabolizable energy 2,700 kcal, total (methionine + cysteine) 0.59%; C- basal diet
+ 16.5% crude protein, metabolizable energy 2,700 kcal, total (methionine + cysteine) 0.59%; D- basal diet + 16.5% crude protein,
metabolizable energy 2,700 kcal, total (methionine + cysteine) 0.54%; and E- basal diet + 16% crude protein, metabolizable
energy 2,680 kcal, total (methionine + cysteine) 0.54%. The study results revealed that the hen-day egg production of hens
that were fed with low-energy diets (B, C, and D) was comparable with that of hens fed with high-energy diet A, whereas
average daily feed intake in hens fed treatment diet D and E was significantly higher (P<0.05) than that in hens fed treatment
diet A. Overall, the eggshell thickness was unaffected by any of the treatment diets. Egg weight was comparable among the
treatment diets, except for treatment diet E. Haugh unit improved with decreasing levels of dietary energy, protein, and
methionine + cysteine in the diet. We can summarize that laying hens fed with low dietary energy and low crude protein
treatment diets B, C, and D had satisfactory performance compared with those fed with high-energy treatment diet A. This
indicates that there is the potential to reduce feed costs by formulating diets with lower energy and low protein levels.
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INTRODUCTION

Due to the soaring prices of the feed, the study of different
nutrient density diets and protein levels in feed has become
important. The reason for this price hike is due to the increa-
sing demand for corn and soybean for human consumption
because of human population growth. In addition, the other
reason for this dramatic increment of price is due to high
demand for corn and soybean for producing ethanol, which
is used as an alternative fuel source (Tokgoz et al., 2007).

In order to overcome this problem, different compositions
of the diet are experimented to minimize the cost of the feed.
Pinto et al. (2003) suggested that cheaper diets with lower
crude protein levels when supplemented with amino acid
(AA) could meet the nutrition requirement of laying hens.
Furthermore, Polese et al. (2012) carried out experiments on
brown shaver laying hens (50 to 66 week age) and suggested
the methionine + cysteine requirement be 0.572%, which co-

rresponds to 682 mg of digestible (methionine + cysteine)/bird/
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day.

Energy is one of the major cost components in poultry diet.
Chickens use the supplied energy for maintenance, growth,
and egg production. Feed intake is higher in low energy diet
and lower in high energy diet. Hens fed with 1,848 kcal
productive energy consumed 9.7% more feed than the hens
provided with 2,046 kcal productive energy per kg of feed
(Hill et al., 1956), increased in energy from 2,680 kcal to
2,810 kcal of ME/kg, and decreased the feed intake by 4%
(Grobas et al., 1999). Similarly, Harms et al. (2000) conclud-
ed that the hens fed with 2,519 kcal of ME/kg consumed
8.5% more feed than the hens fed with 2,798 kcal of ME/kg
diet, and hens fed with 3,078 kcal of ME/kg diet consumed
3% less feed compared to the hens fed with 2,798 kcal of
ME/kg diet. However, feed intake was unaffected by the die-
tary energy levels used in the diet (Jalal et al., 2006).

In formulating diets, we took reference of Yuan et al. (2009)
and hypothesized that supplementing the diets with lysine and

methionine + cysteine would highly improve the performance
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of laying hens. The existing information on the comparison
of the effects of varying levels of energy, protein, and amino
acid in the diet of laying hen is not sufficient because of
inconsistent results and research limitations. Therefore, the
objective of the present study was to evaluate the effects of
lowering the dietary levels of protein, energy, and amino acid

(methionine + cysteine) on the performance of laying hens.

MATERIALS AND METHODS

1. Experimental Design, Birds and Housing
The procedures used in this study were approved by the
Animal Care and Use Committee of Dankook University. A
total of 240 Hy-Line Brown layer hens at 36 weeks of age
were used with the room that was maintained at 25C through-
out the experiment. Artificial lighting with a light intensity of
5.2 Ix was provided for sixteen hours (0500 to 2100 h) per
day. Layers were allocated into 5 dietary treatments with 8
replications (6 hens/ replication) per treatment according to a
randomized complete block design (RCBD). Experimental diets
were formulated as per the guidelines recommended by NRC
(1994). Dietary treatment groups were: A - basal diet + CP 18
%, ME 2,800 kcal, total (methionine + cysteine) 0.65%; B -
basal diet + CP 17%, ME 2,700 kcal, total (methionine + cys-
teine) 0.59%; C - basal diet + CP 16.5%, ME 2,700 kcal, total
(methionine + cysteine) 0.59%; D - basal diet + CP 16.5%, ME
2,700 kcal, total (methionine + cysteine) 0.54%; E - basal diet
+ CP 16%, ME 2,680 kcal, total (methionine + cysteine) 0.54
%. Easy access to feed and water was provided throughout

the experiment.

2. Sampling and Measurements

A daily record of egg production and a weekly record of
egg weight were kept. The egg-production was calculated by
keeping records of the eggs produced by each bird daily. In
addition, the egg quality was checked at the 1%, 2™, 3™ and
4™ week of the experimental period. At the end of the week,
30 eggs (excluding the weak and broken ones) were collected
from each treatment and the egg quality was checked on the
same day. The egg weight was evaluated before breaking. The
egg quality was evaluated as per the methods applied by

Zhang ZF and Kim IH (2014).

3. Statistical Analysis

Randomized complete block design (RCBD) was used in
this experiment to analyze the data by using the GLM pro-
cedure (SAS Inst. Inc. Cary, NC, USA). The cage was used
as the experimental unit. Duncan multiple comparison test was
used to determine the difference among the treatment means

considering P<0.05 as significant difference.

RESULTS

1. Egg Production and Feed Intake

Hens fed treatment diet B and C had slightly higher feed
intake; in contrast hens fed treatment diet D and E had sig-
nificantly higher feed intake than hens fed treatment diet A
(P<0.05) (Table 2). Hen-day egg production of hens fed diet
E was significantly lower compared to hens fed high energy
diet A (P<0.05) (Table 2). However, no significant difference
was observed in the egg production of hens fed diet B, C,
and D compared to diet A (P>0.05).

2. Egg Quality

Eggshell thickness was unaffected by any of the treatment
diets. There was no change in eggshell breaking strength ex-
cept in the 3~4 week. In the 4™ week, the eggshell breaking
strengths of treatment diet B, C and E were significantly lo-
wer than A (P<0.05). No difference was found in egg weight
of the 1*" and 3™ week. In the 2™ week, the egg weights of
treatment B, C and E were significantly lower than that of
treatment A (P<0.05), where as, the egg weights of C, D and
E were significantly lower than that of treatment A (P<0.05).
No significant difference was observed in egg yolk color in
the 1% week (P>0.05). The hens fed with treatment diet D
had higher value for yolk color compared to other treatments
diets (P<0.05). The treatment diets had no effect in haugh
unit at the 1% and 4™ week (P>0.05). In the 2™ week, the
haugh unit of treatment E was significantly higher than that
of C & D treatments (P<0.05). In the 2™ week, haugh unit of
E was significantly higher than those of C and D treatments
(P<0.05). However in the 3™ week haugh unit of treatment
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Table 1. Experimental diet composition (as-fed basis)

69

Item Al B' c' D' E!
Corn 56.30 57.88 58.43 60.50 60.35
Soybean meal (46%) 22.72 22.62 20.93 22.14 22.13
Corn gluten meal 3.00 - - - -
Distillers dried grain soluble 5.00 8.00 8.00 3.44 3.52
Tallow 1.61 - - - -
Limestone 9.36 9.58 9.60 9.54 9.54
Ingredients ~MCP:DCP (3:1) 1.41 1.37 1.39 1.51 1.51
(o) Salt 0.22 0.18 - 0.44 0.44
Sodium bicarbonate 0.10 0.10 0.36 1.50 1.50
Methionine (99%) 0.02 0.01 0.03 0.60 0.05
Lysine (24%) - - 1.00 0.07 0.70
Vitamin premix' 0.06 0.06 0.06 0.06 0.06
Choline (50%) 0.10 0.10 0.10 0.10 0.10
Mineral premix* 0.10 0.10 0.10 0.10 0.10
Metabolizable energy (kcal/kg3) 2,800.00 2,700.00 2,700.00 2,700.00 2,680.00
Crude protein (%) 18.00 17.00 16.50 16.50 16.00
Caleulated 1 ygine (%) 0.85 0.84 1.03 1.16 1.16
nutrient
content Methionine + cysteine (%) 0.65 0.59 0.59 0.54 0.54
Calcium (%) 3.87 3.95 3.95 3.95 3.95
Total phosphorus (%) 0.61 0.61 0.61 0.61 0.61

Abbreviation: MCP, Monocalcium phosphate; DCP, Dicalcium phosphate.

! Provided per kilogram of diet: vitamin A, 12,500 IU; vitamin Ds, 2500 IU; vitamin E, 13 IU; vitamin K3, 2 mg; vitamin B, 1 mg; vitamin
B,, 5 mg; vitamin Be, 1 mg; vitamin By, 0.04 mg; folic acid, 0.9 mg; niacin, 55 mg; Ca-pantothenate, 14 mg.
% Provided per kilogram of diet: Mn (as MnO,), 50 mg; Zn (as ZnSQy), 620 mg; Cu (as CuSO; + 5H,0), 5 mg; Fe (as FeSO, - 7H,0), 40
mg; Co (as CoSOy : SH;0), 0.3 mg; I (as KI), 1.5 mg; and Se (as Na,SeOs - SH,0), 0.15 mg.

3 Values for ingredients used in diet formulation were based on laying hen requirements in NRC (1994).

Table 2. Effect of experimental diet supplementation on hen-day egg production and feed intake in laying hens

Item Al B! C! D' E' SE?

0~1 9223 91.88° 91.58% 91.43® 91.19° 0.78

Hen-day egg |- 93.80° 93.28° 91.67% 91.30° 90.98° 0.80
production . . " o N

(week) 2~3 92.44 91.73 91.21 91.41 90.20 0.83

3~4 92.89° 91.25% 91.97° 91.04% 90.22° 0.92

Average daily  feed intake (ADFI) (g) 128.40° 129.40% 130.00° 131.70° 133.30° 1.56

' A: basal diet + CP18%, ME 2,800 kcal, total (methionine + cysteine) 0.65%; B: basal diet + CP17%, ME 2,700 kcal, total (methionine
+ cysteine) 0.59%; C: basal diet + CP16.5%, ME 2,700 kcal, total (methionine + cysteine) 0.59%; D: basal diet + CP16.5%, ME 2,700

keal, total (methionine + cysteine) 0.54%; E: basal diet + CP16%, ME 2,680 kcal, total (methionine + cysteine) 0.54%.

2 Pooled standard error.
® Values with different superscripts in the same row differ significantly (P<0.05).
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diet E was significantly higher compared to those of treat-
ment diet A, C, D (P<0.05).

Overall, the egg weight was unaffected by the treatment
diets except for treatment E. Likewise, eggshell breaking
strength and egg shell thickness were unaffected by the
treatment diets. However, the yolk color of treatment diet D
was significantly higher than those of A, B and E (P<0.05),
whereas, Haugh unit of A was significantly lower than those
of C, D and E (P<0.05).

DISCUSSION

In our study, average daily feed intake (ADFI) increased
significantly (P<0.05) with lowering dietary energy, crude
protein, and methionine+cysteine level (Table 2). Feed intake
was significantly decreased with the higher levels of dietary
energy (Wu et al., 2005a, 2005b). Similarly, as the methionine
+ cysteine level increased from (0.61%, 0.68%, 0.75% and
0.82 to 0.89%), a linear reduction was observed in the feed
intake (P<0.01) of brown-egg laying hens (Filho et al., 2006).
So our research along with previous research indicate that
dietary energy level plays an important role in feed intake.
However, no significant effect on feed intake (P>0.05) with
different levels of digestible methionine + cysteine was observ-
ed in brown egg laying hens (Safaa et al., 2008), which is
contrary to the results of our present study.

Hen-day egg production of hens fed low energy diet was
comparable to egg production of hens fed high energy diet.
However, it was significantly lower in the case of hens fed
treatment diet E (P<0.05) (Table 2). But, there was a linear
decrease in egg laying rate (86.56 to 91.06%) of brown-egg
laying hens (20 to 44 weeks) as the levels of methionine +
cysteine increased from (0.61%, 0.68%, 0.75% and 0.82 to
0.89%) (Filho et al., 2006).

No significant effect was observed in eggshell breaking
strength (P>0.05), except in the 3™ week (Table 3). The
eggshell breaking strengths of treatment diet B, C and E were
lower compared to that of treatment diet A. No significant
effect was observed on eggshell thickness, specific gravity,
shell weight per surface area, and shell percentage with me-
thionine + digestible cysteine levels, when fed to laying hens

(Polese et al., 2012). Likewise, albumen percentage, egg shell,

and yolk of brown egg laying hens at 20 to 44 weeks of age
was unaffected by the methionine + cysteine levels in the diet
(Filho et al., 2006). The above researches corroborate our
studies because no significant effect was observed (P<0.05)
in eggshell thickness in our study (Table 3). However, increa-
sing levels of methionine + cysteine in the diet lead to decrease
in eggshell thickness (Junior and Lima, 1999), which is
contradictory with our study.

In our study, overall egg weight was unaffected (P>0.05)
by dietary energy level, crude protein and methionine + cys-
teine levels, except treatment E. Egg production, egg specific
gravity, egg weight, egg mass, feed consumption, feed con-
version, and body weight of hens were significantly increased
by the increased protein level (Liu et al., 2004, 2005; Wu et
al., 2005a). Increasing levels of methionine + cysteine showed
a negative correlation between egg weight and egg production
(Harms and Russel 1998).

A haugh unit ranging from 100 to 72 is considered the
best quality according to (USDA 2000). Methionine + cysteine
had no significant effect on haugh unit when supplied in the
diet of layer hens (54 to 70 weeks of age) (Cupertino et al.,
2009). Similarly, yolk index, albumen, and a haugh unit were
not influenced by digestible methionine + cysteine levels in
the diet (Sa et al., 2007). However, on reducing levels of
methionine + cysteine in diet, Solarte et al. (2005) observed
improvement in haugh unit, which corroborates our present
study. Our study shows that the haugh unit is improving with
the decreasing level of dietary energy, protein, and methio-
nine + cysteine.

An important issue of our study focused on ammonia (NH;)
emission. NH; emission is a major concern for the poultry
industry and can be lowered by dietary inclusion of fibrous
ingredients and by lowering the dietary CP content (Roberts
et al., 2007). NH; adversely affects the health and production
of poultry (Miles et al., 2004). Moreover, it emits noxious
odors and may also cause eutrophication of surface water
resources (Ritz et al., 2004). However, optimum level of CP
should be maintained because massive reduction in CP level
may result in unproductive effect due to a misbalance of op-
timal limiting amino acid requirements (lysine, methionine).
Efficiency of protein utilization has been found to increase

with the supplementation of poultry diets with methionine
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Table 3. Effect of experimental diet supplementation on egg quality in laying hens
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Week Ttem Al B! C' D' E' SE?
Egg weight (g) 62.590 61.890 60.950 61.880 60.720 0.670
Egg shell breaking strength (kg/cm®) 4410 4.160 4.340 4.280 4.160 0.150
0~1 Eggshell thickness (mm) 0.372 0.372 0.366 0.370 0.373 0.003
Yolk color 8.400™ 8.270° 8.400® 8.470° 8.600° 0.160
Haugh unit 85.650 85.290 88.930 89.540 89.210 2.580
Egg weight (g) 64.110° 60.070° 60.040° 61.510® 60.330° 1.150
Egg shell breaking strength (kg/cm?) 3.940 3.820 4.240 4.200 4.090 0.170
1~2 Eggshell thickness (mm) 0.376 0.377 0.376 0.382 0.372 0.006
Yolk color 8.070% 8.070% 8.600™ 8.800° 8.330 0.150
Haugh unit 87.580% 85.260° 81.790° 81.870° 91.660° 2.440
Egg weight (g) 61.530 61.020 60.160 59.070 59.710 1.180
Egg shell breaking strength (kg/cm?) 4370 4.580 4.200 4.150 4.620 0.150
2~3 Eggshell thickness (mm) 0.381 0.385 0.376 0.384 0.381 0.008
Yolk color 8.200° 8.290° 8.570™ 8.800° 8.430™ 0.160
Haugh unit 87.500° 90.230™ 88.800° 88.930° 93.650° 1.560
Egg weight (g) 65.130° 62.980° 59.710° 59.910° 59.990° 1.110
Egg shell breaking strength (kg/em?) 4.510° 4.120° 4.050" 4.410° 3.910° 0.140
3~4 Eggshell thickness (mm) 0.387 0.363 0.385 0.387 0.382 0.006
Yolk color 8.000° 8.330° 8.200° 8.870° 8.270° 0.150
Haugh unit 86.900 81.240 86.610 81.110 87.390 2.830
Egg weight (g) 64.560° 64.390° 62.810° 61.670 59.510° 1.030
Egg shell breaking strength (kg/cm?) 4.520 4.100 4.140 4.100 4.080 0.150
0~4 Eggshell thickness (mm) 0.387 0.383 0.388 0.390 0.373 0.006
Yolk color 8.330™ 8.070° 8.600™ 8.870° 8.330 0.130
Haugh unit 82.770° 86.610™ 88.870° 87.530° 88.660° 1.540

' A: basal diet + CP18%, ME 2,800 kcal, total (methionine + cysteine) 0.65%; B: basal diet + CP17%, ME 2,700 kcal, total (methionine
+ cysteine) 0.59%; C: basal diet + CP16.5%, ME 2,700 kcal, total (methionine + cysteine) 0.59%; D: basal diet + CP16.5%, ME 2,700

keal, total (methionine + cysteine) 0.54%; E: basal diet + CP16%, ME 2,680 kcal, total (methionine + cysteine) 0.54%.

2 Pooled standard error.

2~4 Values with different superscripts in the same row differ significantly (P<0.05).

(Schutte et al., 1994) or lysine (Uzu G and Larbier M, 1985).
So, based on these research findings, we supplied additional
lysine in diet C, D and E with the hypothesis that it will help
in the performance of laying hens. The performance of laying
hens fed with low dietary energy and crude protein (B, C and
D) were comparable to that of laying hens fed with high

dietary energy and high protein (A). According to our resear-
ch, the treatment diet E is not favorable in poultry diets in
terms of hens’ performance because egg laying rate and egg
weight of this treatment diet are significantly lower compared
to those of other treatment diets. As far as the other treatment

diets (A, B, C, and D) are concerned, supplementation of
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lysine would have compensated the negative effects of low
dietary energy and crude protein on the performance of laying
hens. Another advantage of lysine is that it is commercially
available and also cheaper compared to protein. Therefore,
our research can be helpful in formulating diets with low
dietary energy and protein level, ultimately saving the cost of

feed, as well as, preventing environmental pollution.
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