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Summary

The effects of dictary levels of lysine and energy on growth perlormance, the content of DNA,
RNA and protein in liver, thigh muscle composition and nutrient utilization in broiler chicks were
investigated in an  cxperiment involvies with 2 levels of dietary encrgy (starter (finisher)): 3,200
(2900) - 2,900 (2700) ' kcal ME/ke) and 6 levels of lysine ({starter (finisher)): 0.6(0.5), 0.8(0.7),
1.0(0.9), 1.2(0.1), 1.4(1.3), and 1.6(1.5)%, was carried oul. A iotal number of 384 male broiler chicks
was used for a period of 7 weeks.

Redy weight gain of 1 0(0.9)%, lysine level group was significantly (p < 0.01) higher than that of
any other groups. Interaction between lysine and encrgy in the feed intake was observed (p < 0.05).
Present data indicaie that the content of DNA in liver tissues was significantly (p < 0.05) different
by the levels of [ysine, namely, |.C(0.9)% or 1.2(1.1)% lysine level groups showed higher content than
ather groups (p < 0.01). Dietary levels of 1.2(1.1)%, or 1.6(1.5)% [ysinc groups showed the highest
pratein contend o thigh muscle tissues than that of any other groups (p < 0.05). Interaction between
energy and lysine in the content of protein of thigh muscle tissues was shown (p < 0.01). The level
of 0.6% lysine group showed the highest fal content in thigh muscle tissues than any other groups.
Interaction between lysine and energy in the contemt of crude ash and crude fat of thigh muscle
tissues was observed (p < 0.01.

Apparent amina acid availability of arginine, glycine and threonine {p < 0.01), phenylalanine
{p < 0.05) were signilicantly affected by the levels of lysine and interaction between lysine and energy

was found only in arginine (p < 0.01).
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Introduction

Chicks reduce their volnntary feed intakes
when offered diets severely deficient in lysine
(Sibbald and Wolynetz, 1984), There are several
reports that carcass fatness can be reduced by
increasing amino acid concentration (Velu et al,
1971; Mabray and Waldroup, 1981). When the
lysinc supply is reduced, a grcater proportion of
the jngested energy is deposited as fat (Sibbald
and Wolynetz, 1986). The body weight response
to dietary energy level will occur only when
adequate amino acid level is employed. Although
the response to supplementary lysine has not been
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consistent, raising dietary lysine to the requirement
increased the proportions of water and protein
in chickens while decreasing the proportion of
tat. Scaton et al. (1978) conducted work showing
that carcass fat decreased and moisture increased
as the percent protein and lysine in the diet
increased. Velu et al. (1972) noticed that carcass
fat was maximized at a lower concentration of
dietary 1.-lysine HCI than was needed to maximize
weight gain and feed consumption.

When first limiting in the diet, the addition
of Jysine to the broiler chick’s diet in an adequate
level, usually increases voluntary feed intake and
body weighl gain, Numerous works have shown
that supplementary lysine can improve the per-
formance of birds fed low protein diet (Waibel
and Johnson, 1961; Sell and Hodgson, 1966;
Waldroup et al, 1976; Sibbald and Wolynetz,
1986). Sibbald and Wolynetz (1986) reported that
the lysine required for maximum wcight gain was
about 0.96% of diet, protein accretion continued
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to increcase at greater lystne concentrations and
the gain of energy as protein increased, whereas
that of energy as fat tended to decrease according
to the increase of dietary lysine.

Polyamines are synthesized to play a integral
role in controlling cell division anc growth of
all mammalian cells investigated, and have been
mmplicated in processes such as stimulation of
DNA, RNA and protein synthesis (Pegg, 19806).
The initial substrates for polyamine synthesis are
the amino acids, that is, arginine and methionine.
Argininc is metabolized to ornithine by the re-
action catalyzed by the mitochondrial enzyme
arginase activity which was increased by dietary
lysine supplemcnts (Austic and Nesheim, 1970;
Robbins and Baker, I9R1).

The present experiment was carried out to
investigate the eflect and interaction of dietary
lysine and energy on growth performance, the
content of DNA, RNA and protein in liver, thigh
muscle quality and nutrient utilizability in broiley
chicks when fed diets containing different levels
of dietary lysine and energy.

Materials and Methods

Experimental Design

In this study the experimental diets contained
two levels of energy {(starter: 3,200 or 2,900 kcal
ME/kg; fintsher: 2,900 or 2,600 kcal Mlifkg) with
six levels of djetary lysine (starter: 0.6, 0.8, 1.0,
1.2, 1.4 and 1.6%, respectively; fimisher: 0.5,
0.7, 0.9, .1, 1.3 and 1.5%, respectively). The Icvel
of protein was fixed (starter: 21%, finisher: 19%)
during the 7 weeks of experunent. All treatments
tn this experiment had 4 replicates with § birds
in each replicatc,

Experimental Animals, Period and [Location

Experimental animals vsed in this experiment
were broiler chicks of Arbor Acres strain, supplied
from Hanil Poultry Rreeding Farm. At 3 days
of age, experimental animals werc chosen to
have similar initial body weight and fed the
cxperimental diets for 7 weeks. A total of 384
male birds were used in present study.

Experimental Diet
The basal diet was formulated ta be low in
lysine (starter: 0.6%. finisher: 0.5%), The basal
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dict T and 1I of starting period (0-3 weeks) was
formuiated to contain 219, crude protein (N X
6.25) and 3,200 kcal MEj/kg. The composition
of basal diet of growing period i1s presented in
table 1. The composition of basal diet I and Il
of finishing period (4-7 wceks) was presented in
table 1. Each basal diet used in each period was
supplemented with five levels of L tysine mano-
hydrochloride (HCI) produced by Miwon Corp.,
Seoul, Korea in the proportions. shown in table 2,
to preparc dicts differed ip lysine content. All
the putrients except energy, protein and lysine
content were formulated to meet the National
Research Council requirement (NRC, 1984).

Meclhod of Experiment

All the birds were raised in battery cages made
of stee! wire and housed in a room with 24 hours
light and aiv ventilation. During the pre-experi-
mental period of 3 days the chicks were reccived
a commercial diet. Experimental diets and drin-
king water were provided ad [ibitum during the
entire experimental period. Chicks grouped 1o
have uniform mean body weight were allocated
into the respective experimental groups. RBody
weight and feed intake were checked weekly on
a replication basis. Body weight gains were cal-
culated by the differences between the initial body
weight and final body weight. Feed efliciency was
calenlated by dividing the amount of fecd con-
sumed with the corresponding body weight gain.
During the feeding rial, mortality was also re-
corded.

Metahalic Trial

To investigate the nutrient utilizability of
experimental diets, the metabolizability coefficients
wus calculaled by total fecal collection method
during 7 days at the end of feeding trial. Three
chicks per each treatment were selected for
metabolism trial. All chicks cmployed for the
metabolism trial were caged in metabolism cages
individually and experimental diets and water were
fed od libiwm. After four days of preliminary
period for adaptation, total excreta were collected
four times a day for next three days to avoid
the contamination of foreign malterials such as
feed, feathers and scales. Tofal excreta were
pooled, and one-third of these cxcreta was dried
in an air-forced drying oven at 607 for 72 honrs
to gain constant dry weight. All the sample
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TABLE .. FORMULAR AND CHEMICAL COMPQOSITION CF THE BASAL CIET | AND II FOR BROILER CHICKS

Busal diets Starter {0-) weeks) Finisher (4-7 weeks)

I 1] 1 H

Ingredients (%) :
Corn, yellow 62.9 63.3 66.5 52.5
Soyhean meal &3 7.3 39 22
Corn gluten meal 16.9 11.7 10.3 10.5
Feather meal 1.0 4.9 4.7 36
Wheat bran 4.0 R4 10.2 26.8
Tallow 2.5 — — -
Limestone 1.0 1.0 1.0 1.0
Vit-min mixtore' 0.3 0.3 0.3 0.3
Salt® 0.3 0.3 03 0.3
Ca,PO, 1.7 7 1.7 1.7
Antibiotics 0.1 0.1 0.1 0.1
Variables® .0 1.0 1.0 1.0
Total 100.0 160.0 100.0 100.0
Chemical composition :

Energy (kcal ME/kg) 3209 2912 2008 2611
Crude protein (%) 21.14 2112 1924 19.21
Calcium (%) 1.03 0.63 1.07 1,08
Phosphorus (%) 0.72 0.61 0.68 0.66
Lysine (%)° 0.60 060 0.50 0.50

' Vitamin-minccal mixture cantains the followings in 1 kg' Vitamin A, 16,000 1J; Vitamin N, 1500 TU); Vita-
min E, 15 mg; Vitamin K, 5 mg: Vitamin B,, 8 mg; Vitamin N, 0.008 mg; Ca-d pantothenate, 8 mg: Niacin,
25 mg; Folic aied, 0.4 mg; Riotin, 0.2 mg; Choline, 500 mg; Pyridoxine, | mg; RH.T, 125 mg; Co, 0.85 mg;
I. 1.29 mg: Zn, 10C mg; Mg, 110 mg; Cn, 8.75 mg; Se, 0.15 mg; Fe, 35 mg

* Refined table salt.

4 Zine-baciteracin was uscd.

* Ree tahle 2.

TABLE 2. FORMULA AND CHEMICAL CCMPOSITION OF LYSINE MIXTURES USED FOR VARIABLE PART iIN
EXPERIMENTAL DIJETS

Treatment I, e B 0 L. L. L.
Ingredients (%) :
Starting Lysine 0.20 0.40 0.60 0.80 1.00
Sand’ 1.00 0.80 0.60 0.40 0.20 -
Finishing  Lysine - 020 0.40 0.60 0.80 1.00
Sand’ 1.00 0.80 0.60 0.40 0.20 -

Total 1.00 1.00 1.00 1.00 1.00 1.00

Chemical compasiton (%) :
Starter Lysine 0.60Q 0.80 1.00 120 (.40 1.60
Finisher Lysine 0.50 0.70 0.90 110 1.30 1.50

' Acid washed sand was used.
¥ Caleulated value.
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prepared in this way were ground with Wilcy
mill and analyzed for proximate composilion and
mineral content.

Protein, DNA and RNA Assay

Liver and muscle tissues sample for protein,
DNA and RNA assay were extracted by pota-
ssiura acetate and 3:1 (vfv) ethyl ether: ethanol

according to the modified method of Merchant
et al. (1964). Protein was measured according
to the method of Lowry et al. (1951) with bovine
scrum albumin (BSA) as the standard, The DNA
was determined according to Labarca and Paign
{1980) with calf thymus DNA as the standard.
The RNA {(Volkin and Cohn, {954) was measured
with yeast RNA as the standard.

TABLE 3. BODY WEIGHT GAIN, FEED .NTAKE, FEED EFFICIENCY AND MORTALITY OF BROILER CHICKS AS

AFFECTED BY THE LEVELS OF DIETARY LYSI

NE AND ENERGY (0-7 WEEKS)

{tem Initial Final
body bady Body weigh Feed Feed Mortality
Treatment weight weight gain intake efficiency
- I ¢ ) @) £9) £:4) R v
Energy Lysine
(keal ME/kg) (%)
0.6-0.5 57.1 928.0P §70.92 274398 3,195 15.6
0.8-0.7 57.2 1698.2¢ 1641.0¢ 4225 9¢ 2,588 1.4
3,200-2,900 1.0-0.9 57.5 2093.84 2036.34 4652.) A8 2.288¢C0 6.3
1.2-1.1 58.0 2075.04 2017.04 4471 .0/ 2.22¢0 6.0
1.4-1.3 57.1 2106.34 2049.04 4808.9% 2.358Ch 31
1.6-1.5 57.8 1782.78¢ 1724 98¢ 3678.6" 2.15P 15.6
0.6-0.5 58.2 954,20 896.0P 2962 5E LN 6.3
0.8-0.7 57.7 1765.2%¢ 1707.5%¢ 4230.1¢ 2.487¢ 6.3
2.900-2,600 1.0-0.9 57.5 2029.548 [972.0%8 4724148 2.408¢p 6.3
1.2-1.1 57.6 1968.84R 1911,278 4424 1ABC 2.318C0 3.1
14-1.3 57.4 2067.078C 1882 2ABC 437 JABC 2.328CD 9.4
1.6-1.5 58.0 1962.54P 1904 548 432%.28¢ 2.277RCP 12.5
Among lysine levels
0.6-0.5 57.6 94112 88350 2853.2P 3.224 10948
0.8-0.7 57.5 1731.7¢ 1674.2¢ 4228.08 2.538 7.848
1.0-0.9 57.5 206].64 2004. 4 4688.1¢ 2.34¢ 6.3A8
1.2-1.1 57.8 2021.948 1964148 4447.6¢ 2.27¢ 1.6%
1.4-1.3 §7.2 2056.64% 1965.748 4590.1¢ 2.34¢ 6.348
1.6-1.5 51.9 1872.68¢ 1814.78C 4003 .4¢ 2.21¢ 1414
Among energy levels
3,200-2,906 57.7 1786.6 1731.9 4096.7 245 8.3
2,900-2,600 574 1769.9 17238 4173.4 2.52 73
Significance (Prabability)!
Lysine effect - - < 0.01 < 0.01 < 0.01 NS
Energy eftect - - NS NS NS NS
L X E interaction NS < 0.05 NS NS

ABCDE Mean values with difterent superseripts within the same column are significantly different {p < 0.01).

' NS means non-significant.
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Chemical Analyses

Proximal analyses and minerals cf experimental
diets. excreta and cther extract wn thigh wuscle
were conducted according to the mcthods of
AQAC (1990). Amino acid composition in ex-
perimental dicts and feces were analyzed by using
Automatic Amino Acid Analyser (LKB, Model
4150-aipha). Gross energy (GE) in the diets and
metabolizable encrgy (ME) were analysed by using
Adiabatic Oxygen Bomb Calorimeter (Model

1241, Parr Instrument Co., Molin, [1.).

Statistieal analysis
Statistical analysis for the present data werc
carricd out by compairing means according to
Duncan’s multiple range test (Duncan, 1955),

using General
{1985) package program with

16

bit AT).

Linear Maodel

(GLM) of SAS
IBM-PC (IBM,

TABLE 4. EFFECT OF LYSINE AND ENERGY ON NUTRIENT UTILIZATION CF BROILER CHICKS (%)

Item Nutrients
Treatment Crude Crude Crude Total Mcl:l:::lgt;aiﬂc
i protein  fat ash carbohydrate
Energy Lysine
(keal ME/kg) (%)
0.6-0.5 61.75 76.9448C 37.39 8297 78.20
08-0.7 49.00 §2.9948 32.85 84.17 75.28
3,200-2,900 1.0-0.9 79.44 79.59/8C 45.65 90.32 87.10
1.2-1.1 63.78 63.4560 47.10 71.02 72.83
1.4-1.3 67.16 88.3848 29.31 86.35 81.27
i.6-1.5 65.79 04,294 21.72 75.08 80.29
0.6-0.5 51.06 76.72ABC 34.67 K3.63 75.47
0.8-0.7 59.57 70.3348 38.56 81.05 77.05
2,900-2,600 1.0-0.9 68.27 74.524BC 3112 79.08 76.63
1.2-1.1 45.10 48.29¢p 27.28 63.71 72.74
1.4-1.3 50.58 81.6648 22.25 78.71 70.88
1.6-1.5 65.32 93.704 29.72 74.23 74.83
Among lysine levels
0.6-0.5 56.41° 76.83¢8 36.03 83.30 76.84
0.8-0.7 54.29° 76.69B 357 82.61 76.16
1.0-09 73.858 77.268 38.39 84.70 81.87
1.2-L1 54.44° 5597¢ 37.19 67.36 72.79
1.4-1.3 57.21® 84.354E 25.07 81.76 75.04
1.6-1.5 65.56%0 94.004 25.76 74.65 77.56
Among cnergy levels
3,200-2,900 64,33 80.54 36.06 81.37 79.04
2,900-2,600 56.65 74.20 30.60 76.73 74.60
Signiticance (Probability)’
Lysinc cffect < 0.05 < 0.01 NS NS NS
Energy effect NS < 005 NS NS NS
L x E interaction NS NS NS NS NS

ABCD Mean values with different superseripts within the same calumn are significantly different (p < 0.01).
oF Mean values with difierent superscripis within the samme column are significantly different (p < 0.05).

' NS means nan-significant.
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Results and Discussion

Growth Performance

As prescnted in table 3, the highest body
weight gain was obtained at 1.0(0.9)-1.2(1.1)%
lysine groups with 3,200(2,900) kcal MEfkg. The
lowest body weight gain was obiained from
0.€(0.5)% lysine group with 3,200(2,900) kcal
MU/kg, 2.900(2,600) kcal ME/kg, respectively
{(p < 0.01). Among lysine levels, lysine had an

effect on the body weight gatn (p < 0.01). But
thcre was no interaction between energy and
lysine level in body weight gain. Thesc results
agreed with that of Sibbald and Walynetz (1986).
‘They repcrted that . responses to dietary lysine
are independent of the fat content of the diet
within the range of 20 to 80 g/kg. Feed intake
showed the significant (p < 0.01) difference among
treatment groups. Chicks fed a diet containing
1.00.9)% or 1.4(1.2Y% lysine group showed hig-

TABLE 5. EFFECT OF LYSINE AND ENERGY ON THE CONTENT OF DNA, RNA AND PROTEIN IN LIVER TIS-

SUES
ltem DNA RNA Prolein
CTreament  (nge) (wm) (mgly o Onn ProniDRA
Energy Lysine
(kcal ME/kg) (%)
0.6-0.5 2.360¢ 15.73 86.258¢C 6.67 36.55
0.8-0.7 0.58¢ 5.68 51.46¢ 9.79 88.72
3,200-2,900 1.0-0.9 4,030 5.13 94,1 58¢ 1.26 23,08
1.2-1.1 2,750 21.36 103.278¢ 7.77 37.55
1.4-1.3 2.53p¢ 22.07 86.328C 872 3412
1.6-1.5 4,702 41.20 118.608¢ 8.77 2523
0.6-0.5 2.76°™ 5.21 103.518¢ 1.89 37.56
0.8-0.7 1.78b¢ 18.43 23088~ 10.35 129.70
2,900-2,600 1.0-0.9 3.948k¢ 4.24 97.098¢ 1.08 24 46
1.2-1.1 6.098 8.80 103.2748 1.44 16.96
1.4-1.3 43380 4.65 86.328¢ 1.07 19.94
1.6-1.5 1.70%¢ 42.51 75.64¢ 25.00 44.49
Amang lysine levels
0.6-0.5 2.56A8 1047 94 88 4288 37.02
0.8-0.7 1.188 12,06" 141.2] 10,078 109.21
1.0-0.9 4014 4 68> 94.12 1.178 23.86
1.2-1.1 4.414 15.08®2 140.31 4.61° 27.26
1.4-1.3 3.4348 13.36° 94.89 4,908 27.03
1.6-1.5 3.2078 4185 97.12 16.894 34.86
Among energy levels
3,200-2,900 2.82 18.53 89.52% 6.81 45,550
2,900-2,600 3.43 13.97 131.328 7.16 40.88°
Significance (Probability)’
Lysine cffect < 0.05 NS N§ < 0.01 NS
Energy effect NS NS < 0.01 NS < 0.05
L X E interaction NS NS NS NS NS

ABC Mean values with different superscripts within the same eelutn are significantly different (p < 0.01).
abe Mean values with different superscripts within the same column are significantly different (p < 0.095).

' NS mcans nan-significant.
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hest feed intake with 3,20002,900) kcal MEjkg
and 2,900(2,600) kcal MEfkg, respectively (p <
0.01). But among cnergy levels, there is no sig-
nificant difference. Especially, interaction between
lysine and energy in feed intake was observed
to be significnat (p < 0.05). The worst feed effi-
ciency was obeserved at 0.6(0.5)9, lysine group
with 3,200(2,900) kcal ME/kg and 2,900(2,600)
kcal MEtkg, respectively (p < 0.01).

Nulrient ntilization

The eftects of dietary lysine and encrgy on
the utilization of the njtrogen, crudec fat, crude
ash, total carbohydrate and mctabolizable energy
are summarized in table 4. Nitrogen availability
was significantly (p < 0.05) affected by lysine
levels. Among tysine levels, 1.0(0.9)% lysine group
showed the highest (73.85%}) nitrogen availahility.
Among energy levels, there was no significant

TABLE 6. EFFECT OF LYSINE AND ENERGY ON THE CONTENT OF PROTEIN, FAT AND MOISTURE IN THIGH

MUSCLE TISSUES

ltem Protein Crude fat Moisture
Treatment (mg/p) {me/g) (%) o
Energy Lysine
(kcal ME/kg) (%)
0.6-0.5 83.07 87.48¢ 592
0.8-0.7 Gl.8® 42 (B¢ 504
3,200-2,900 1.00.9 67.4° 36.15F 50.3
1.2-1.1 208.1% 55.108 424
1.4-1.3 68.68 78.2¢P 445
1.6-1.5 99.78 50.45¢ 59.4
0.6-0.5 64.97 111.548 47.6
0.8-0.7 63.38 ey 492
2,900 2,600 1.0-0.9 90.98 44 28F 45.3
1.2-1.1 107.08 36.3EF 43.4
14-1.3 140.74% 119.74 51.4
1.6-1.5 203.14 27.0F 495
Among lysinc levels
0.6-0.5 74.94% 99.44 5344
0.8-0.7 62.98 69.88 49 84
1.0-0.9 79.24 40.2¢ 47 8AB
1.2-1.1 157.34 45.7¢ 4298
1.4-1.3 104,648 49.0¢ 48 0B
1.6-1.5 151.44 39.2¢ 54.54
Among energy levels
3,200-2,900 1.7 72.9° 51.0
2,900-2,600 98.4 58.2° 47.7
Significance (Probability)’
Lysine cffect < 005 < 0.01 NS
Energy effect NS < 0.05 NS
[. X E tnteraction < 0.05 < 0.01 NS

ARCEF Mean values with different superscripts within the same column are significantly different (p < 0.01).
4 Mean values with different superscripts within the same column arc significantly different (p < 0.05).

' NS means non-signilicant,
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diffecence. Interaction between lysine and energy
was not found in nitrogen availability. Crude fat
utilization was found to be the highest at [6
{1.5)% lysine group with 3,200(2,900) kcal ME/ kg
and 2,900(2,600) kcal ME/fkg, respectively (p <
0.01). The lowest crude fat utilization was found
at 129 lysine group with 3,200(2,900) kcal
ME/kg and 2,900(2,600) kcal ME/kg, respectively
{p < 0.01). Among ecncrgy levels, therc was no
significant difference in crude fat utilization and
interation between energy and lysine was not
found. In ash and total carbohydrate utilization,
lystne and enerpgy had no cffect on the niilization
and there was no significant difference and in-
teraction between lysine and energy was not found,

DMNA, RNA and Protein in Liver Tissues

In order to determiine the cellulac activity of
liver, the content of DNA, RNA and protein
were measured. The content of DNA was the
highest in 1.0(0.9)% and 1.6(1.5)%, with 3,200 kcal
ME/kg and 1.2(1.1)% lysine with 2,900 kcal
ME/kg (p < 0.01). Among lysine levels, 1.0
(097, and 1.2(1.1)%, lysine groups indicated to
be the higher than any other groups(p < 0.01).
These results were supported by Robbinson
and Baker (1981) and Austic and Nesheim (1970)
who found that dietary lysine supplements
increascd the arginase aclivity of mitochondria.
The enzyme catalyzed argininc which is initial
substrate for polyamine synthesis.

The content of RNA was significantly diffe-
rencc among lysine levels (p < 0.05). Chicks fed
diet containing 1.6(1.5)% lysine showed the highest
RNA content {p < 0.05). Protein content is the
lowest in 0.8(0.7)% lysine with 3,200(2,900) kcal
ME/kg and 1.6 (1.5)% lysine with 2,900(2,600)
keal MEfkg (p < 0.01) and highest in 0.8(0.7)%
lysine  with 2,900(2,600) kecal MEfkg. The
interaction between lysine and energy was obser-
ved sigmficantty (p < 0.01). In the ratio of
RNA/DNA and protein/DNA, there was no
significant difference between groups. But among
lysine Jevels, 1.6(1.5)% lysine group showed the
highest RNA/DNA ratio (p < 0.01) and the level
of 2,900(2,600) kcal ME/kg showed the hiphest
protein/fDNA ratio than 3,200(2,900) kcal ME/kg
groups {p < 0.03).

Chemical Composition in Thigh Muscle Tissues
Chicks fed diet containing [.2(1.1)% lysine
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with 3,200{2,900) kcal MEfkg and 1.6(1.5)% lysine
with 2,900(2,600) kcal ME/kg showed the highest
value in the content of crude protetn of thigh
muscle tssues (p < 0.01). Thus, it was thought
that the balance between lysine and encrgy was
needed for the accrection of protein.

Interaction between lysine and energy was
found in crude protein of thigh muscle tissues
(p < 0.05). Crude fat content was (he highest at
1.4(1.3)%, lysine group with 2,900(2,600) kcal
ME/fkg and the lowest at 1.6(0.5)% lysine group
with 2,900(2,600) kcal ME/kg (p < 0.01). Among
energy levels, 3.200(2,900) kcal MEtkg pgroups
showed the higher fat content than 2,900
(2,600) kcal MEfkg groups (p <0405). In
moisture contenl, among l[ysine levels, 1.2(1.1)%
lysine showed the lowest (p < 0.01).

Apparent Amino Acid Availability

In arginine availahilty, 1.2% lysine and 1.0
(0.9)-1.4(1.3)% lysine groups showed the highest
availability with 3,200(2,200) kcal MEfkg or
2.900(2,600) kcal ME/kg, respectively {p < 0.01),
It was thought that the balance between lysine
and arginine was important in  arginine availa-
bility. In leucine and lysine availability, 3,200
(2,900) kcal ME/fkg group showed higher availability
than 2,900(2,600) kcal ME/kg (p < 0.05). Chicks
fed a diet containing 1.0% lysine level with hoth
energy groups showed the highest phenylalanine
availability (p < 0.01). 1n thrconine availability,
among lysinc Jevels, 1.0% and 1.6% lysine showed
the highest availability (p < 0.01). In tyrosine
availability, 1.0% lysine with 2,900(2,600) kcal
ME/kg group showed the highest value (p <
0.05). Among lysine levels, chicks fed diets con-
taining 1.0(0.9)9%-1.6(1.5)% lysine levels showed
the highest value and 0.6(0.5)%, 0.8(0.7)% lysine
group represcnied the lowest value (p < 0.01).
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