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Summary

To investigate the effects of crude protein and thyroxine on growth performance, nutrient utiliza-
bility, carcass composition, the content of total fat and cholesterol in leg muscle, breast muscle and
liver, and caloric efficiency in broiler chicks. The experiment involved 3 levels of dietary crude praotein
(1-3 weeks: 20, 23, 263, 4-6 weeks: 17, 20, 239) and 3 levels of thyroxine (0.0, 1.5, 3.0 mg/kg).

In the starting period (1-3 wecks), bady weight gain of chicks fed diets containing 26%, crude
protein and 1.5 mgfkg thyroxine wus higher than any oiker groups, and among thyroxine levels,
3.0 mgfkg thyroxine groups were lewer. The best feed efficiency was obtained at 26% crude protcin
with no thyroxine supplemented ar 1'S mgikg thyroxine supplemented groups. In the finishing period
{4-6 wecks) the highest body weight gain was obtamed at 239 crude protein witli no thyroxine
supplemented group. Feed intake of 17% crude protein with 1.5 mgfkg thyroxine supplemented gronp
was h:gher than those of the other groups. [t was found that the utilizability of crude protein in the
starting period, showed the best utilizability at 20, crude protein with 1.5 mg/kg thyroxine group.
Increasing crude protein level from 17 to 23%, utihizability of crude fat was decrcased. The carcass
composition was significantly (p < 0.05) influcnced by crude protein and thyroxine. Increasing thy-
roxine level frcm 0.0 to 3.0 mg/kg, crude prolein contenl was increased whereas. crude fat content
was decreased. Chicks fed diet containing 1.5 mgikg thyroxine showed the lowest total fat content
in liver tissue. In breast muscle, it was significantly (p < 0.05) affected by crude protein and thyra-
xine. Present data revealed that the cholesteral cantent was increased for the chicks fed 3.0 mg/kg
thyroxine. 11 the caloric efficiency, chicks fed a diet containing 209 crode protein with no thyroxine
supplemeniation- showed the highest caloric efficiency and 1he lowest efficiency was frem 23% crude

protein proup with 1.5 mgfkg thyroxine.

From this study it may bc concluded 1hat crude fat content of carcass could be successfully
reduced by dictary supplementation of thyroxine, whereas crude protein content was increased.
{Key Wards : Thyroxine, Crude Prctein, Broiler, Total Fat. Cholesterol, Caloric Efficiency)

Introduction The growth rate of hypopbyscectomized or
thyroidectomized chicks is greatly attenuated

The thyroid hormones are necessary for (King, 1969; King and King, 1973). The con-
normal growth, development and variety of commitant administration of thyroxine (T} to
metabolic functions including muscle protein thyroidectomized chicks restores body and skeletal

synthesis and breakdown (Flaim ct al, 1978;
Brown et al, 1981; Brown and Millward, 1983;
Hayashi et al, 1984), and growth hormone
metabolism (Harvey, 1983), and heat production
(Bowen ¢t al., 1984), and O, consumption (Brown
and Millward, 1983; Van Hardeveld and Clausen,
1984).
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growth 10 normal. It is reasonable to conclude
that T, is required for growth in the domestic
fawl. However, unknown whether it is T, itself]
or the T, that exerts an effect on growth.
Although, it is well established that thyroid
hormones are required for normal growth, this
is an argument that the administration of exoge-
nous thyroid hormones can stimulate growth in
intact birds. Low levels of thyroid hormone
administration give little to moderate growth
stimulation (Wentworth and Ringer, 1986). Singh
et al, (1968) using doses ranging from 1-6 wgf
100 g body weight/day, indicated that T, in smail
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doses improved growth of chicken. May (1980)
reported that the addition of T, to the diet had
no major effect on growth rate and little influence
on the plasma [; concentration, however, increase
in the circulating concentration of T, and rT,
(reverse T,). Suthama et al. (1989) demonstrated
that the abdominal fat conlent reduced, cspecially
in female broiler chickens, and improved [eed
cfficiency and muscle growth by dietary addition
of T,

The objectives of the present studics were;
1) to dctermine the eflfect of the levels of dictary
thyroxine and protein on growth performance,
carcass quality and wtilizability of nutrients in
broiler, 2) to investigate the content of total fat
and cholesterol in liver, breast and leg muscle,
3) to compare the etfect of the thyroxine on body
enerpy gain and caloric efficiency.

Materials and Methods

Animals

Animals used in this study were broiler chicks
of Maniker produced by Chon Ho HRreeding
Farm. At 7 days of age. experimental animals
were chosen to have sinvlar initial body weight
and fed the experimental diets for 6 wceks. All
treatments in this experiment had 3 replicates with
8 birds in cach replicate. All feeding trial,
mctabolic trial and chemical analysis of experi-
mental feed and excreta were conducted in the
Animal Nutrition Laboratory, Department of
Animal Science and Techpology, College of
Agriculture and Lifc Sciences, Scoul National
University located in Suweon, Korea, The feeding
trial was initiated in November, 1991 and ter-
minated in December, 1991

Fxperimenial Diets

In this cxperiment, birds were fed a comme-
rcial diet (CP: 239, 3,200 kcal MEfkg) for a
period of one week. The three basal isocaloric
diets (3,200 ME kcal/kg) of starting period
{1-3 weeks) were formulated to contain three
different levels of dietary crude protein (20, 23,
26%). The three basal diets of (inishing period
(4-6 weeks) were formulated to contain three
dictary crude protein levels (17, 20, 23%) with
isocaloric density (3,200 ME keal{kp). The formula
and chemical composition of basal diets of start-
ing and finishing dicts are presented in table 1.
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Hach basal diet used in each period was sup-
plemented with three levels (0.0, 1.5, 3.0 mg/kg)
of DL-thyroxine sodium sall produced by Sigma
Chemical Company, St. Louis, USA. All the diets
except crude protein were [ormulated to eet
the National Research Counci! requirement (NRC,
1984).

Experimental Methods

All the birds were raised in battery cages made
of steel wire and housed in a room with 24 hours
Jight and air veotilation. During the pre-cxperi-
mental period of 7 days, broiler chicks were fed
on a commercial diet. Experimental diets and
drinking water were provided ad libiium during
the entire experimental period of 6 weeks. Chicks
grouped to have uniform mean body weight were
allocated into the respeetive cxperimental groups.
Body weight and feed intake were recorded at 21
and 42 days on replication basis. Bedy weight
gain were calculated by the difference between
the initial body weight and final body weight.
Feed efficiency was calenlaled by dividing - the
amount of feed consumed with the corresponding
body weight gain. During the feeding trial mor-
tality was also recorded.

To investigate the nutrient utilizability of
experimental diets, the metabolizability coefficient
was calculated by total fecal collection meibod
during 7 days at the end of fceding trial. Three
chicks per each (reatment were selected for
melabolic trial. Three chicks employed for the
metabolic trial were caged in metabolic cages
individually and experimental diets and water were
fed ad libitum. After four days of preliminary
period for adaptation, total excreta were collecled
four times a day for next three days to avoid
the contamination of forcign materials such as
fecd, [leathers and scales. Total excrela were
pooled and one-third of these excreta was dried
in an gir-forced drying oven at 60°C for 72 hours
to guin constant dry weight. All the sample
prepared in this way were ground with Wiley
mil and analyzed for proximate composition and
mineral content.

To evaluate the carcass composition sample
collection was done as flollows. At 22th day of
each treatment, two chicks per treatment were
sacrificed by cervical dislocation and frozen for
determination of carcass composition. At 42th
day of the experimental period, two chicks per
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treatment were sacrificed by cervical dislocation
and frozen for determination of final carcass
composition. The individual weight of liver, breast
(pectoralis thoracica) muscle and leg (gastrocne-

mius peroneus) muscle was recorded. Carcass
sample was frecze dried, ground and analyzed
by AQAC (1990) methods.

TABLE 1. FORNMULA AND CHEMICAL CCMPOSITION OF THE BASAL DIETS

Level of dietary protein (%)

17 20 23 26
Ingredients (%):
Corn, yellow 69.50 62.50 $4.00 45.00
Soybean meal 13.00 22.20 27.50 32.80
Fish meal 2.80 .00 5.30 3.50
Corn gluten meal 4.20 4.20 4.50 8.62
Wheat bran 2.8t 0.40 0.89 1.08
Tallow 1.80 4.34 5.53 6.30
Limestone 2.39 2.39 1.94 2.20
Tricalcium phosphate 0.30 0.0R8 0.00 0.00
Salt 0.20 0.20 0.20 0.20
Vitamin-mincral mix.’ 0.25 0.25 0.25 0.25
1 ysine 0.55 0.27 0.00 0.00
Methicnine 0.15 0.12 0.04 0.00
Antibiotics 0.05 0.05 0.05 0.05
Total [00.00 100.00 100.00 100.00
Chemical composition:
Energy (ME kcalfkg) 3,212.88 3,203.75 3,203.73 3,207.84
Crude protein (%) 17.15 20.07 23.03 26.02
Lysine (%) 1.20 1.2] 1.23 1.32
Methionine (%) 0.50 0.51 0.50 0.50
Calcium (%) 1.13 1.07 1.02 1.03
Phosphorous, available (%) 0.47 0.45 0.52 0.50

' Vit,-mincral mixture contains lollowings in | kg: vitamin A, 10,000 1U; vitamin Dy 1,500 1U; vitamin K,
5 me; vitamin E, 15 mg; viiamin B, 8 mg; vitamin By , 0.008 mg, Ca-d-panicthenate, 8 mg; niacin, 25 mg; folic
acid, 0.4 mg: biotin, 0.2 mg: cholinc, 500 mg; pyridoxine, | mg;, B.H.T. 125 mg; Co, 0.85 mg: 1, 1.29 mg; Zn,
(00 mg: Mg, 600 mg; Mn, 60 mg; Cu, 8.75 mg; Sc, 0.15 mg; Fe¢, 35 mg.

Chemical Analysis

Liver, breast (pectoralis thoracica) muscle and
leg (gastrocnemius peronens) muscle tissues sample
for total fal and cholesterol assay were extracted
by 2:1 (vfv) chloroform:methanol according to
the method of Folch et al. (1957). Cholesterol
was measured according to the method of Zlatkis
and Zak (19€9) with O-phthalaldehyde reagent
and canc. H,S0,.

Proximate analysis and mineral composition
of experimental diets, excreta and ether extract
were conducted according to the mcthods of
AOAC (1990). Experimental diets, excreta and
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freeze dried carcasses were prepared to determine
the caloric values. Combustible energy value was
measured in an Adiabatic Oxygen Bomb Calori-
meter (Model 1241, Parr Instrument Co., Malin,
).

Stastistical Analysis

Stastistical analysis for the present data were
carried out by comparing means according (o
Duncan’s multiple range test (Duncan, 1955),
using General Linear Maodel (GLM) Procedure
of SAS (19835) package program with |BM-PC
compatible computer,
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Rasults and Discussion
Growth Pertormance

I) Starting peried (1-3 weeks)

Effects of dietary supplementation of thyroxine
on body weight gain, fced intake and feed effi-
ciency during starting period (1-3 weeks) are
prescited in table 2, The lowest hody weight gain
was observed in 239 crude protein with 3.0
mg/kg thyroxine groups. Among diefary crude
protein fevels, body weight gain of the 26% crude
protcin group was significantly (p < 0.05) higher
than any other group, and among thyroxine

levels, the 3.0 mgfkg thyroxine group was Jower
than any other group in body weight gain. As
shown in table 2, interaction between dietary
crude protein and thyroxine was not shown to
be significant.

Feed intake showed significant {p < 0.05)
difference among treatments. Chicks fed a diet
containing 23% crude protein with 1.5 mg/kp
thyroxine represented the highest feed intake. The
lowest feed intake was shown in the treatment
of 267, crude protein with 3.0 mg/kg thyroxine.
Among thyroxine levels interaction between dietary
crude protein and thyroxine was not shown to
be significant.

TABLE 2. GROWING PERFORMANCES OF STARTER AS AFFECTED BY THE LEVELS OF DIETARY PROTEIN

AND THYROXINE (1-3 WEEKS)

iniual Finai Body
body body weight Feed Feed
weight weight gain intake efficiency
(g) ® S € B ] E—
Crude .
protein  Thyroxine
(%) (me/kg)
0.0 132.4 554.5+20.3%"  422.0-14.8% 685.3+3.4% 1.6340.06¢
20 1.5 125.7 S10.0+£20.6" 375.3421.2¢4 698.313.22 1.8740.128%
ig i25.5 475.1+16.6° 349.6416.84 €98.043.22 20110010
0.0 126.6 523.7+ 6.5%  397.14 6.3% 693.747.5%0 1.7540.04%<
23 158 132.8 537.8+ 5.8  405.1+ 0.8  703.045.3¢ 1.7440.02%
3.0 125.4 468.7+ 9.4°¢ 34334 9.4 692.749. 7" 2024007
0.0 1252 5648+ 9.1° 43964 894 673.343.8¢ 1.534-0.02¢
26 1.5 126.4 369.3+19.12 442911890 676.74+6.2% 1.534+0.06°
30 125.5 530.7 £13.2% 40524 13.58¢  671.31+4.6° 1.664+0.06%
Among crude protein levels (%)
20 127.9 510.2+15.1° 38234 13.9° 693.9+2.698 1.844£0.07%
23 128.3 510.0411.2° 381.8410.2% 696.4+4.19° 1.8340.05°
26 125.7 5549+ 948 429.24 948 §73.842.62P 1.5840.03°
Among Lhyroxine levels (mgfkg)
0.0 128.1 5477+ 9.18 419.64 8.1° 684.1-£3.9 [.644£0.04°
1.5 128.3 536.0+129¢ 407.8412.8% 6927448 1.714+0.068
3.0 125.5 A91.5+119°  366.0411.9" 687.3:+52 1.890+5.20"
Probability (P);
Crude protein 0.0015 0.0005 0.0002 0.0002
Thyroxine 0.0004 0.0004 0.1990 0.0007
Crude protein X thyroxine 0.1624 0.2671 0.6660 0.2229

' Valhes are mean+SE; n = 3.

* 4be Mean values with different superscripts within the same column are significantly dilferent {p < 0.05).
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Feed efficiency expressed as grams of feed
consumed  per weight gained is  also
recorded in 1able 2. The hest feed cfficiency was
obtained at 26% crude protein with no thyroxine
supplemented group or 1.5 mglkg thyroxine
supplemented group, respectively, and the lowest
at 20% or 23% crude protein with 3.0 mg/kg
thyroxine, respectively (p < 0.05). Among dietary
crude protein levels, 269, crude protein group
significantly (p < 0.05) improved feed cfliciency
compared to any other groups. Feed efficicney
was improved at the level of no thyroxine sup-
pleinented group than 1.5 mgfkg thyroxime group

grams

even if there was no significant difference.

According to Suthama et al, (1989), during
the period from 15 to 27 days, dietary inclusion
of T, at the leve] of 0.4 and 1.2 mg/kg had no
effect on the body weight gain of chickens, Feed
intake was significantly (p << 0.05) lower and body
weight/teed inlake was significantly (p < 0.05)
higher in ale chickens when fed T, at the level
of 1.2 mg/kg. Administration of 3.6 mg/kg T,
produced significantly (p < 0.05) lower body
weight gain and fecd intake and signtficantly
(p < 0.05) lower body weight/feed intake in the
male chicken.

TABLE 3. GROWING PERFORMANCES OF FINISHER AS AFFECTED BY THE LEVELS OF DIETARY PROTE A

AND THYROXINE (4-8 WEEKS)

Initial Final Body :
body hody weight Feed Feed
weight weight gain intake efficiency
®) {g) ® (8
Crude
protein  Thyroxine
(%) (mg/kg)
0.0 554.5 14161 +£36.5%  B61.6116.2" [,876.9 1 4682 2.1840.07%b
17 1.5 501.0  1,320.84-51.2¢ 819.84-135.8° 1,953.14-56.8° 2.394-0.102
3.0 475.1  1,312.54+£26.0° 837.44-21.9%¢ 1807044990 2.16+0.092¢
0.0 5237  1,4292+61.48% 905 545528 | 806.1426.2° 2.0110.10%
20 1.5 538.1 1,415.5423.9k¢ 877.4423.3™ |,800.3+80.9° 2.054+0.07%¢
30 468.7  1,320.8+2972¢ 852.1+19.9> 1[,824.34158" 2.144-0.077"
00 567.8 1,537.5421.70 972.7+12.6° 1,8007+ 44° 1.85+40.03¢
23 1.5 5974 1,5143416.02% 916942578 | 851.8+4489%" 2,0240.10%
3.0 5309  1,404.2:429.2%¢ 87334166 1,819.0413.4°80 2.0840.04b¢
Among crude pratein levels (%)
17 5102  1,249.8425.7% 839.6114.3% 1.878.9+322 2.2440.06°
20 S10.2  1,388.5-£27.3b 878.3+19.8* 181034253 2.0740.050
23 S64.4  1,4853423.5¢ 920941732 182394165 1 9940.05°
Among thyroxine levels (meg/kg)
0.0 5477 1,460.9428.9° 91334234 182794198 2.0140.06P
1.5 545.5 1,416.9+33.0¢ 871442012 186844389 2.1540.07%
3.0 451.6  1,3458420.3° 854.3+1).1%  1,8168+135 2,13+0.0480
Prabability (P);
Crude prolein 0.0007 0.0084 0.1336 0.0026
Thyroxine 0.0036 0.0518 0.3363 0.0857
Crude prowin % thyroxine 0.6174 0.6993 0.4159 0.2507

' Valoes are meansSE; n — 3.

? #te Mean values with different superscripts within the same column are significantly different (p < 0.05).
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2) Finishing period (4-6 weeks)

Results obtained in finishing period are sum-
marized in table 3. The highest body weight gain
was obtained at 23% cende protein with no
thyroxine supplemented group, and the lowcst
body weight gain was obtained at 179 crude
protein and .5 mg/kg thyroxine supplemented
group. Among dictary crude protein levels, 23%
crude protein group impraved body weight gain
compared to any other groups.

Feed intake of 179 crude protein with 1.5
mg/kg Lhyroxine supplemented group was higher
than those of the other groups.

The effect of dietacy crude protein and thy-
roxine levels on feed efficiency during finishing
period are shown in table 3. At the level of 23
7 crude protein with no thyroxine suppicmented
group showed the best feed efficiency and the
lowest was found from 17% crude protein with
1.5 thyroxine supplemented group. Among crude
protein levels, 20 and 23% crude protein group
improved feed efficiency more than 17% crude
protein group.

3) Overall experimental period (1-6 weeks)
Table 4 sommarizes effect of crude protein

TABLE 4. GROWING PERFORMANCES OF CHICKS AS AFFECTED RY THE LEVELS OF DIETARY PROTEIN AND

THYROXINE (1 6 WEEKS)

Initial Final Body
body body weight Feed Feed
weight weight gain intake efficiency
. &) ® . @ (@ o
Crude
protein ‘T'hyroxine
(%) (mg/kg)
0.0 1324 1,416.14236.5%" 1,283.64+30.8" 2,562.24-43 82 2.0040.06%
20-17 (.5 1257  1,3208451.2¢  1,i9524516° 2,651.4+56.52 22240078
3.0 1255  1312.5426.0° 1,187.04+25.8%  2,505.0443.6" 2.114+0.088%0
0 126.6  1,429.2461.48%% 1302.5461.2% 2,499.8+4204" 1.9340.08%4
23-20 1.5 1328 1,415.5428.9% 1,282.74+22.9% 2,503.3+86.2 1.9540.05>
0 1254 1,320.8429.2¢  1,1955+£29.2¢ 2517.0+17.6%° 2.1140.06%°
0.0 1252 1,537.54:21.72 1, 412.3421.50 247414 .90 1.7540.03¢
26-23 1.5 1264 1.5143+16.13 1387941570 2528 4444 (% 1.8240.03¢
1.0 1255  1,4042429.2% 1278.7+20.4% 2490.4+18.1° 1.9540.04%°
Among crude protein levels (%)
20-17 127.9  1349.8425.7° 1,221.94244° 2,572.9+322 2.1140.05°
23-20 1283 1,3BR.5427.3%  1,260.2426.4°>  2,506.7+26.2 2.00+0.04%
26-23 1257 1, 485.3+423.5%  1,359.6+£23.5%  2,497.6-+15.9 1.8440.03¢
Among thyroxine levels (mg/kg)
0.0 128.1  1,460.9428.92 1,332.84288% 2512.0+19.] 1.89+0.05°
1.5 1283  141694+33.08 1,288.64+32.62 2,56)1.1+39.6 2.004+0.07°
a0 1255 1,345.8420.3* 1,22044:203% 250414151 2.06+0.04%
Probability (P);
Crude protein 0.0007 0.0004 0.1010 0.000}
Thyraxine 0.0036 0.0035 0.2558 0.0122
Crude protein X thyroxine 0.6174 0.6431 0.4893 0.2258

' Values are mcan+SE; n = 1.

*b4d Mean values wilh different superscripts within the same column are significantly different (p < 0.05).
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and thyroxine on body weight gain, feed intake
and feed efficiency in whole experimental periad
{1-6 weeks). The highest body weight gain was
found when fed 26-23% crude protein with no
thyroxine supplemented group.

Chicks received the diet containing 20-17%
crude protein with 1.5 mgfkg thyroxine groups
showed the highest feed intake. Among crude
protein and thyroxine levels, there was no signi-
ficant difference.

Feed cfficiency showed the significant (p <
0.05) difference among expcrimental  groups.
Chicks fed a diet containing 26-23%, crude protein
with no thyroxine supplemented group showed

the best feed efficiency, whereas the lowest feed
efficiency was obtained 20-179, crude protein with
1.5 mgfkg thyroxine supplemented group. Among
crude protein Jevels, 26-23%, crude protein group
showed the best feed efficiency (p < 0.05), and
among thyroxine levels, the best feed efficiency
was observed from no thyroxinc supplemented
groups, Interaction crude protein and thyroxine
was not observed.

May (1980) reported that the T, or T, at
0.25 mgtkg or T, at 1.0 mg/kg used in experiment
did not significantly affect the 0 to 28 day in
body weight gain or feed efficiency. T, at 1.0
mgfkg did not significantly affect 28 to 42 day

TABLE & EFFECTS OF CRUNF PROTFIN AND THYROXINF ON NUTRIENT UTILIZABILITY OF BROILER CHICKS

(%, 1-3 WEEKS)

Nutrient utilizability

Dry Crude Crude Crude Total
matter protein fat ash carbohydrale
Crude
protein  Thyroxine
(%) (mg/kg)
0.0 79.5441.56 67 1243.648¢90 96994032 37154770  85.2540.76%¢
20 1.5 81.38+0.54  75.69+0.862 97.78+0.28° 46.10+£1.46 84.6540.50%
3.0 82.504+2.22 73.77+4.13% 89.51+1.04> 47.11+8.76 87.69+1.24%°
04 79654144  63.4541.69% 91.3040.90° 45264408 87.6241.19%
23 1.5 77.51+2.61 66.54454380cd 91244093 36.524+6.16 84.3741.76°
30 78.09+1.17 68.20+2.26%%9 91,494 1.70° 4044+4,60 84.01+0.97¢
0.0 78.294+0.65 60.2440.854 91934245 38.13+£2.79 88.20+£0.28°
26 1.5 78.88+0.03 71.4340.73%< BRO7H0.71® 35914223  85.02+0.40™
3.0 7807+1.10  64.474£2.3304 90.18+0.53® 41.61+£3.08 86.10+0.58%¢
Among crude protein tevels (%)
20 81.14+£091"  72.1942.07° 94.764+1.36" 43.45+3.74 8586+40.64
23 78.424098"  66.09+ 1.90° 91.3440.62> 40.744+2.81 85.33+0.89
26 78.42+0.39® 6538+ 1.79F 90.36+0.86° 38554159 86.4440.52
Among thyroxine levels (mgfkg)
0.0 79.16+0.68 63.60+1.55° 93.40+1.18* 40.18+293 87.0340.61®
1.5 79.26+0.95 71.2242.08° 92.66+1.372  39.51+2.55 84.68--0.55>
30 79.5641.08 68.8542.03° 90.394£0.66> 43.05£3.16 B5.9340.72%0
Probability (P),
Crude protein 0.0552 0.0183 0.0006 0.5150 0.3922
Thyroxine 09428 0.0141 0.0157 0.6735 0.0272
Crude protein 0.5355 0.5685 0.0042 0.4890 0.0636

X thyroxine

' Values are mean+SE; n = 3.
*ked Mean valiues with diflerent superscripts within the same column are significamly diflerent (p < 009).
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bady weight gains or fecd efficiencies, but T, at
1.0 mg/kg significantly (p < 0.05) reduced body
weight gain of males and feed efficiency of
females.

Nutrient Utilizability

1) Starting period {1-3 weeks)

The effects of crude protein and thyroxine
aon the utilizahility of the dry matter, crude
protein. crude fat, crude ash and total carbohy-
drate are summarized in table S.

Crude protein utilizability showed significantly
(p < 0.05) difference among treatment groups.

The highest crude protein utilizability was found
at 20%, crude protein with 1.5 mg/kg thyroxine
group. Among crude protein levels, 20% crude
protein group showed the highest crude protein
utilizability whereas, among thyroxine levels, the
higher values were seen in 1.5 mg/kg thyroxine
supplemented groups. However, therc was no
interaction belween crude protein and  supple-
mented thyroxine levels.

Crude fat utilizability was affected by the level
of crude protein. At 20% crude protcin group,
crude fat utilizability was significantly (p <0.05)
higher than any other groups. Among thyroxine
levels, 3.0 mgfkg thyroxine group represented the

TABLE A. EFFECTS OF CRUDE PROTEIN AND THYROXINE ON NUTRIENT UTILIZABILITY OF BRCILER CHICKS

(%, 4-6 WEEKS)

Nutrient utilizability

D—ry_ Crude Crude Crude Total
o mattcr _protein fat ash carbohydrate
Crude
protein  Thyraxine
(%) (me/kg)
0.0 72.1942.03  55.4045.05% 90.784+0.30°% 4691 +9.64°®  77.504+0.85
17 1.5 67.0241.54 36.9842.98¢ 90.5740.40%¢  43.06+3.39° 75.60 £1.10
3.0 72474151 S49014£2.13% 95.164(.728 18.2946.0i° 79.46+1.23
0.0 73.8741.08 543343.07% 92084 1.72°" 56.024+3.76%  80.13+0.87
20 1.5 70.2042.42  51.05+4.18%¢  94.724+0.45° 59.354+4.47%  7564+1.90
3.0 65471508 40.464+6.22%  §2.0444.84% 46.8747.17%%  74.11+£4.74
0.0 68154092 37.5342.48¢ 76.98 =0.69% 637543518 79.3240.3]
23 1.5 69244152 470542455  84.4340.64%¢  49.084+205%  79.16+1.37
3.0 68.5043.26 43.64+7.80°¢ T1.65+6.23° 54.8343.33%% 79264233
Among crnde prolein levels (%)
17 70.5641.23 49.09+3.53 92.17-40.79% 36.0945.64° 17.5240.77
20 G9.85+42.05 d48.614+3.14 89.61 +2.44° 54.08 + 3.26° 76.63+1.75
2] 68.631+1.08 42741283 77.68:+2.60° 55.89+2.62° 79.25+0.79
Among thyroxine levels (mg/kg)
0.0 714141.11  49.08+3.43 86.61+.2.4880 55.56+3.982 78.98+0.53
1.5 68.82+1.05 45.031+2.66 89.91+1.522 50.504-2.94% 76.80-£0.95
3.0 6R.8I4L206 463443.67 82.9544.10° 40.004-6.248 77.61+1.79
Probability (P},
Crude protcin 0.6359 0.1778 0.0001 0.0n04 0.3045
Thyroxine 0.3576 0.5327 (.0203 0.0067 0.4351]
Crude protein 0.1962 0.0119 0.0211 0.0683 0.3246

X thyroxine

" Values are mean+SF, n= 3.
abede Mean vahies with different superscripts within the same column are significantly different (p < 0 05).
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worest crude fat utilizability. Interaction between
crude protein and supplemented thyroxine was
observed. Total carhohydrate utilizakility was
found to be the highest at 269 crude protein
with no thyroxine supplemented group.

Utilizahility of dry matter and crude ash was
nat affected by the levels of dietary crude protein
or thyroxine.

2) Finishing period {4-6 weeks)

As shown in fable 6, the ulilizability of dry
matter, total carbohydrate were not affected by
dietary crude protein and thyroxine levels. Utili-

zability of crude fat was impraved by 1.5 mg/kg
thyroxine administration. 1t was found that the
utilizability of crude fat was decreased, as dictary
crude protein level increased from 17 to 239%.
Interaction between crude protein and thyroxine
was found in crude fat utilizability.

At 20% crude protein with no
supplemented level, crude ash utlizability was
significantly (p < 0.05) higher than any other
groups. As the level of crude protein increased,
the crudc ash wutilizability was decreased, but the
level of thyroxine affected adversely to the crude
ash utihzahility.

thyroxinc

TABLE 7. EFFECTS OF CRUDE PROTEIN AND THYROXINE ON CARCASS COMPOSITION OF BRCILER CHICKS

(%)
Carcass composition’
Crud.e Crude (.'rudc Crude NFE
L protein fat fiber ash _
Crude
protein  Thyroxine
(%) (mg/ke)
0.0 49.9740.58% 34984068  0.94+0.02%¢ €.781+0.10 7.344-0212
20-17 1.5 551540354 30.85+1.74°  0.8540.04%¢4  £904+0.32 6.25+1.118%
3.0 620540477 21874 1. 110f 0.804£0.03¢ 7.66+065 7.6311.27
(tX¢] 52.6840.24¢ 320440.308>  0.9540,02¢ £.594035 6.7540.42%
23-20 [ 60.0840.32>  25.6240.55¢4  (.884-0.07%* 6.56+045  6.86+0.15°
3.0 63.084+0.13%  24.9040.06%  0.9040.05%¢ 7284+0.56 3.85+40.79¢
0.0 57.074£0.10¢  28.084F096°  (.8040.03% 7.644-029  6424].]18%
26-23 1.5 62.2240.14° 22.6440.34°  0.81+0.02% 6.874+0.08 7.4840.29°
3.0 62.3040.558  258340.07¢ (.73+40.04¢ 6994009  4,144+0.58%
Amaong crude protein levels (%)
20-17 55.7242.22¢ 29234251 0864003 71142026  7.0740.51
23-20 58.61+1.96% 278541.65 09140032 6.814+025 5.82+40.67
26-23 60.5341.118 25.514£1.03%  0.7840.02° 7.174+0.17  6.0240.70
Among thyraxine levels {mg/kg)
0.0 33.2441.32¢ 32.03+1.34*  0.891+0.03% 7.00+0.24 6841035
15 39.1541.33b 26374159 0.R540.03%0 eT8+0.1€6  pROELD.ATR
30 62.4840.27 24204081 0.8140.03° 7314025  52140.87°
Protability (P);
Crude protein 0.0001 0.0012 0.0076 0.4833 0.1565
Thyroxing 0.0001 0.0001 0.0566 0.2684 0.0429
Crude protein 0.0001 0.0003 0.5394 0.3578 0.0748
X thyroxine

' Dry matter basis

? Valnes are mean+SE: n — 3.
abedef Mean values with different superscripts within the same column are significantly different (p < 0.05).
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Carcass Composition

The effects of dietary crude protein and thy-
roXihc on carcass composition arc summarized
in table 7.

Crude protein content of broiler chicks was
significantly (p < 0.05) influenced by the level
of dictary crude protein and thyroxine. Increasing
thyroxine level from 0.0 to 3.0 mgfkg. crude
protein content of carcass was increased whereas,
crude fat content was decreased. [Interaction
between crude protein and thyroxine was found
in crude protein and fat content. Crudc ash
content was not significantly affected.

Jackson et al. (1982) reported that a day-old
broiler offered diet varying in dictary protcin
(36, 20, 24, 28, 32, 36%) to 49 days of age,
significantly (p < 0.01) altered carcass composition.

Increasing dietary protein generally produced
carcasses that were lower in fal and higher in
protein. This response appearcd to plateau at
the 289, level despite significantly (p < 0.01)
increase in  profein inlake with high levels
(Summers et al., 1965; Marion and Woodroof,
1966, Twining et al., 1978). Wilson etal. (1983)
also demonstraled that the dietary inclusion
ol thyroactive iodinaled casein was effective in
decreasing abdominal fat pads and carcass fat
of broilers. It is plausible to assume that the
clevated level of T, incuced by the ijodinated
casein in the diel increased muscle mass and
decreased body [at content.

Total Fat and Cholesterol in Leg Muscle, Breast
Muscle and Liver Tissue

TABLE 8. EFFECTS OF LEVEL OF DIETARY CRUDE PROTEIN AND THYROXINE ON THE CONTENT OF TOTAL
FAT IN LEG MUSCLE, BREAST MUSCLE ANC LIVER TISSUE (mg/ g)

o Total fat o
Leg muscle Breast muscle Liver
Crude protein Thyroxine
(%) (mg/fkg)
0.0 21570 2.40% 78.354-13.65 84.00+ 6.80°
20-17 1.5 193,104 13.30% 72.90:£10.00 S1.83+ 2.37%9
3.0 215.80+ 2.90°" 69.134 5.74 63704+ 5.15°
0.0 145,474+ 16.60¢ 62.334 9.43 65.85+12.85%>
23-20 1.5 190354+ 1.45% 75,304 10.71 65.60410.60d
3.0 2470+ 5.308 69.70+ 6.40 61.734 6.66%F
0.0 16710+ 8.70% 66.034 7.54 4827+ 6.71¢
26-23 1.5 12593+ 3.26° 74.334+ 3.29 42804+ 171
3.0 156.50 4 18.66°9 89454 1,95 61.60+ 11,370
Among crude protein levels (%)
20-17 208.20+ 5.96° 72.844+ 4.56 64.334+ 6.712
23-20 181.21+£15.07° 69.04+ 527 6401+ 1.718
26 23 13769+ 9.17¢ 75.00+ 4.38 50.894-11.37>
Among thyroxine levels (mg/kg)
0.0 171.714£13.62° 773+ 529 63.50+ S5.228
1.5 16381 4£13.77° 7434+ 4.14 51.894. 4.49°
3.0 192934 14.812 75104 4.54 62.344 4758
Probability ("),
Crude protein (.0062 0.2588 0.0042
Thyroxine 0.0023 0.6418 0.0693
Crude protein X thyroxine 0.0146 0.3897 0.1092

! Values are mean+SE; n =13
abeds Mean values with different superseripls within the same calumn are significantly different (p < 0.05).
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The effects of dietary criude protein and thy-
roxine on the content of total fat and cholesterol
in leg muscle, breast muscle and liver tissue of
broiler chicks are presented in table 8 and table
9.

As shown in table 8, (otal fat content in leg
muscle was the highest in chicks fed 209 crude
protein with 3.0 mgfkg thyroxine. Among thyrox-
ine levels, 1.0 mgfkg (hyroxine group indicated
to be higher than any other groups (p < 0.05).
Interaction between protein and thyroxine was
obscrved to tke significant (p < 0.05).

Total fat content in liver tissue was different
among thyroxine levels. Chicks fed the dict
containing 1.5 mgfkg thyroxine showed the lowest
total fat content. Protein and thyroxine had no

ellect on the total fat content of breast muscle
and there was no significant difference was found.

As shown in table 9, the cholestcrol content
in leg muscle was highest in chicks led 17% crude
protein with 3.0 mg/kg thyroxine. Among thy-
roxine levels, 1.5 and 3.0 mgfkg groups were higher
than no thyroxine supplemented group. Inter-
action between crude protein and thyroxine were
observed cholesterol content of leg muscle.

With regard (o cholesterol content in breast
muscle, it was significantly (p < 0.05) affected
by crude protein and thyroxine. At 3.0 mg/kg
thyroxine level, cholesterol content was increased.
Increasing thyroxine level from 0.0 to 3.0 mgfke,
the cholestero]l content of bhreast muscle was
increased. Interaction between crude protein and

TABLE 9. EFFECTS OF LEVEL OF DIETARY CRUDE PROTEIN AND THYROXINE ON THE CONTENT OF CHO-
LESTEROL IN LEG MUSCLE, BREAST MUSCLE ANC L VER TISSUE (mg/g)

Cholesterol

Leg muscle Breast muscle Liver
Crude protein Thyroxine
(%) (mg/ke)
0.0 3.6840.18™! 3.3340.032 5.3340.04¢8"
20-17 1.5 1.4740.18% 2.9540.07% 5.294-0.0280
3.0 3.8940.10° 2.74+0.03° 5.33+0.02%
0.0 j.8240.0180 2.174£0.03¢ 5.1740.11°
23-20 1.5 3.9240.01" 2.45+0.044 5.3340.04%°
10 3.76+0.14%0 3.35+0.08° 5.3740.042
0.0 3.2240.02¢ 2.76+0.09¢ 5.2910.02%®
26-23 1.5 3.7940.1280 2.9840.03° 5.3540.020
3.0 3.48+0.05%¢ 2.9840.11° 5.21+0.07"
Among crude protein levels (%)
20-17 IN40100 3.10+0.092 5.3240.02
23-20 31.83+40.05% 2.6640.18° 5.2940.0%
26-23 2.5040.10° 2.91+0.06° 5.28-+0.03
Among thyrcxine levels (mgfkg)
0.0 3.56+0.11° 2754007 5.2640.04
1.5 3.76+0.08° 2,8040.09" 5.3240.02
3.0 3.71£0.08% 3.0240.108 5.30+40.04
Probability (P);
Crude praotein 0.0037 0.0001 0.8516
Thyroxine 0.0934 0.0001 0.3000
Crude protein X thyroxine 0.0121 0.0001 0.1292

' Values are mean=+SE; n= 3,

sbed Mean values with different superscripts

within the same coluran are significantly different (p < 0.05).

537



KIM ET AL.

thyroxine were found,

The cholesterol content in liver tissues was
the highest in 20%, crude protein with 3.0 mgfkg
thyroxine, the lowest was detected in 179, crude
protein with no thyroxine supplemented group.
Among crude protein and thyroxine levels, there
was no sipnificant difference. Interaction between
crude protein and thyroxine was not found to
be significant.

Suthama et al. {1989) noted that breast muscle
weight, liver weight and abdominal fat content
were not affected by dietary inclusion of 0.4
mgikg T, with the exception that the abdominal
fat content in the female chicken was significantly
{p < 0.05) lower. Administration of T4 al the level
of 1.2 mgfkg produced significantly (p < 0.05)

higher breast muscle weight in males and lower
abdonimal fat content in females. When the
amount of T, was increascd to 3.6 mgfkg, breast
muscle weight, liver weipht and abdominal fat
content were significantly (p < 0.05) lower.

Calarie Efficiency

The effects of crude protcin and thyroxinc
on ¢alaric efficiency are presented in table 10.

The calculation of ME iniake was based on
multiflicd feed comsumption by ME value of
expcrimental  diet during finishing period (4-6
weeks). Chicks fed the diet containing 20%, crude
protein. with no thyroxine supplemented group
showed the highest caloric efficiency, the lowest
was 23%, crude protein with 1.5 mg/kg thyroxine.

TABLE 10. EFFECTS OF LEVFEL OF DIETARY CRUDE PROTEIN AND THYROXINE LEVELS ON ENERGY

BALANCE (4-6 WEEKS)

ME intake’ Carcass gain Caloric efliciency
~ (kcal) _(kcal) ~ (E painfMF intake)
Crude protein Thyroxine
%) (mg/kg)
0.0 6.028.44150.386° 2,239.24-101.62° 0.3740.023v¢
{7 1.5 6,273 7+ 18272 2,158.2£ 111,98 0.3540.03%
3.0 5,804.64 131.80 1,926.04 75.9hcd 0.3340.01<
00 5,78494 83.4° 2,437.64 122.6" 042+0.022
20 1.5 5,766.8+259.2° 1.965.34 120.0%¢ 0.3440.01%
3.0 5,843.6+ 50.8%F 231504 4390 0.404-0.01%®
0.0 576784 14.1® 2,153.24+ 65,39 0.3740.017
23 1.5 5,932.3+4£156.4° 1,683.94130.7¢ 0.274-0.03¢
30 5827.6+ 43.0%° 225764+ 940 0.3940.018%¢
Among crude protein Jevels (%)
17 6,035.6+103.4 2,107.84¢ 67.7°t 0.3540.01%
20 5,798.4+ 0.8 2,239.3+ 87.3° 0.394-0.01®
23 5,842.54+ 52.8 2,031.64 97.8° 0.354.0.02°
Among thyroxine levels (mg/kg)
0.0 5.860.44 65.2 2,276.64 65.1° 0.3940.012
1.5 5990941264 1,93584+ 91.7° 0.3240.01"
3.0 5,8253+ 430 2,166.24 6577 0.3740.017
Probability (P);
Crude protein 0.1161 0.0261 0.0261
Thyroxine 0.3344 0.0012 0.0006
Crude protein X thyroxine 04148 0.0073 0.0497

' Calculated value (ME intake = Feed consumption X ME value of experimenial diets).

? Values are mean£SE; n =3,

~hed Mean values with different superscripts within the same column are significantly different {p < 0.05).
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Among crude pratein levels, 20%, crude pratein
group was higher than any other group, and
among thyroxine levels, no thyroxine supplemented
group was increased in caloric efficiency. Also,
Carcass gain was similar to caloric efficiency.
Interaction between crude pratein and thyroxine
was shown to be significant {p < 0.05).
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