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Summary

The present study was carried out to invesligate the ¢ffect of cimaterol on growth performance,
carcass quality and cellular functional activity of broilers as aflected by the various protein and
cnergy levels. En starter period {C-21 days) all chicks were fed the basal diet which contained appre-
ximatcly 23 9, crude protcin and 3200 kcal of metakcelizable cnergy per kg of diet. The cimatera)
was added duning 22-49 days and during the pericd of &th weck the cimateroi was withdrawn. In
finisher period (27 49 days), a 2 X 2 X 1 factorial arrangement coassting of 2 levels of cimaterol
(0 mgikg, 0.25 mptkp), 2 leveis of pratein (19, 179) and 3 levels of energy (320C. 2900, 26CH
kcalikg) was used. In the finisher pericd, the bady weight pain and feed efficency was impreved by
the supplementation of cimateral. The high pratein anc high energy level with supplerrentation of
cimateral had showned the highest body weight gain and feed efficiency, without significant difference.

The adniinistration of cimaterc] had no eflects on percentage of ahdomina. fat conient, giblel and
neck. Eventhcugh the difference was not significant (p > 0.05), carcass yield was improved slightly
by the administration cf cimaterol. The eflect of cimaternl en carcass composition was clearly demen-
sleated thal proicin content ol broilers was net increased (p *> 0.05) but fat content deereased sig-
nificantly (p < 0.05). The ultilization of nutrients in cxperimental diets was ral significanly aflecied
by leeding cimateral compared 1e centrel group The results ef in citro studies with liver and adigcse
tissue showed that cimatercl increased the lipolytic achvities a1 199, pratein level whereas at 179
proiein level this effect was variable [ipogenic activities n liver and adipose tissue were nol affecied
with the administration of cimaleral but the activities increased as energy decreased. particulatly in
liver lissue. In cell studies with acinar culture of liver tissues, cimatercl bad nc effect an proiein
syethetic activity but the parameter was increased at higher level of dietary protein and energy
Prolein secrction in liver was increased hy the supplemenmation of cimaterol. In addition, at high
protein level the proiein secretion was increased and has shown the highest values ar medinvm encrgy
level
(Key Wnards: Cimaterol, Grawih Verfonimance, Carcass Quality, Profein and FEnergy l.evels, Lipolytic
and Lipogenic Activity. Protein Synthesis and Secrelion)

Introductiaon

A major problem facing the livestock and
paultry industries 1s the preduction of carcasses
containing excess fat. Researchers are actively
paying attcntion to aller the partiticning of
nutrients away from adipese tissue deposition and
towards muscle accretion (Etherton and Mescrole,
1982), because greater great quantity of energy
is required te produce 1 kg of adipese tissue than
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muscle (van Ks, [977) and consumers are prefe
ring leaner meats.

Qverly lat animals used feed less efliciently
thap leaner animals of the samec wcight and age
(Washburn et al., 1975). Nutritional factors that
have been shown to modulate fat deposition in
broilers includc dictary fat level (Deaton et al.
1981), energy: protein ratios {(Edwards, [980),
water: feed ratios (Pesti and Marks, 1983; Marks.
1983), feed restriction (Arafa et al., 1983). Vanaus
chemical treatments have also hcen studied ta
change body composition. Recently. it has been
shown that the dietary administration of beta-
adrenergic agonists such as cimaterol and clen-
buleral impraves animal groawth performance and
carcass composilion in various animals (Baker
et al., 1984; Dalrymplc cr al, 1984ab: Beerman
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ct al., 1985; Emery et al, 1984; Jones el al,
1985). The beta agonists could increase the rate
of muscle growth and depress adipose tissuc
growth (Ricks et al., 1984). These compounds
increased the vield of bady protein contents (Kim
et al, 1987) without increased feed intake or
changes in slaughter weight. The magnititude of
the effect in broilers, however, was smaller than
that of cattle, sheep and pigs. According to
Dalrymple (1984a), female tended to be more
responsive than male. This greater response of
female may be due to the tact that generally
female have more deposited fat than male.

The objective of this study was to investigaie
the cffect of dietary cimaterol on growth perfor
mance, carcass quality and composition. nutrient
utilization, lipolytic and lipogenic activity in ltver
and adipose tissne, protein synthetic activity in
liver of broilers when fed diets containing different
levels of dietary protein and enecrgy.

Materials and Methods

To nvestigate the cilects of cimaterol on
growth performances, carcass quality and cellular
{functional activity of hroilers fed various levels
of dictary protein and cnergy, an cxperiment with
2 X 2 X 3 factorial arrangement was conducted.
In this study the dietary treatments contained
2 levels of cimalerol (0 mg/kg, 0.25 mg/kg), 2
levels of crude protein (19%, 179,) and 3 levels
of metabolizable energy (3200 kealfkg, 2900
kcal/kg, 2600 kcalfkg) during the growing period
of 4-7 weeks of age. All trcatments in this ex-
periment had 6 replicates with 8 hirds in each
replicate. Animals used in the present study were
broiler chicks of Maniker strain and a fotal of
576 male birds were used.

The basal diet of starting period (0-3 week)
was a praclical-type corn-soybean meal ration,
which met or excecded the nutrient requirement
of the starting chicks (1984, NRC). The basal
diet was formulated to contlain approximatly
239, crude protein (N X 6.25) and 3200 kcal of
metabaolizable energy per kg of diet for the star-
ting chicks of (-3 weeks of age. The basal for-
mula of finishing diet arc shown in table 1. The
first proups contained [9% crude protein (N X
6.25) and corresponding levels of metabolizable
enerpy (3200 kcal, 2900 kcal, 2600 kcal) per kg
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of diet ((1able 1). The other contained 179, crude
protein (N X 6.25) and the same varjous levels
of energy described above (table 1). Cimaiterol
(0 mgfke, 0.25 mp/kg) was administered for the
period of 4 7 weeks and the last week was with-
drawzal period of the cimaterol.

All birds were raised in battery cages made
of steel wire and housed in a room with 24 hours
illumination and air ventilation. Three-days old
chicks had been fed the same experimental diets
and tap waler ad libiium throughout the experi-
mental periods. Chicks grouped to have similar
initial hody weight werc distribuied into the
respective experimental groups. Body weight and
feed intake were recorded al 21, 42 and 49 days
to final weighing and siaughter. During feeding
trial, mortaldy was recorded for each group. To
determine the nutrients utilizability of the expe-
rimental diets, a metabolic trial was carned out
by total collection method for 7 d at the termi-
nation of feeding trial. "o evaluate the carcass
composition, carcass sample collection was donc
as lollows. At 49th day, all birds were weighted
and four chicks per treatment were randomly
picked and then crated separately. The selected
birds were carried to the slaughler facility, and
slaughtered in group by pen. Slaughter procedure
consisted of stunning, decapitation, blceding,
scalding and defeathering. The individual weight
and chemical analyses of the carcass, giblets, neck,
tarsometatarsuses from the carcass sampling was
done for evalvaling the vield of edible carcass
and analyzing moisture, crude pratein, crude faf
and crude ash contents,

Liver acinar culturc

(1) Preparation of acinar cell

Imwediately after liver tissuc was obtained,
the lissue was bathed in sierile Balanced Salts
Solution (BSS) containing antibiotics and calf
serum. liver tissue was trimmed free of pieces
of connective. lymph, adipose tissues and tlood
vessels and minced with sterile scissors to less
than § mm in a solution of 400 Ufm! of colla-
genase (Type I), 400 U/m! hyaluronidase (Type
D, 5% (V/V) Fetal Bovine Serum (FBS) and
0.15% (V/V) trypsin in 1X Mineral Essential
Media (MEM). The liver tissue was injected with
the collagenase-hyaluronidase solution to ad
dispersion. This tissue was dissociated with the
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TABLE 1. FORMULA AND CHEMICAL COMPOSITION OF THE BASAL DIET FOR FINISHING BROILER CHICKS

(4-7 WEEK, %)

Protein level (%) 9 17
ME (Kcal/kg) 3200 2900 2600 3200 2900 2600
Ingredients;
Corn, yellow 65.3 54.9 38.7 67.1 6.6 417
Saykean meal 23.7 223 206 218 18.9 15.8
Fish meal 4.5 35 2.5 2.2 2.0 ).8
Sorghum 23 3.8 4.7 48 4.9 4.5
Wheat hran 0.0 i3.0 31.0 0.0 14.8 334
Tallow 1.7 0.0 0.0 1.3 0.0 0.0
Tricalcium phosphate I.8 1.8 1.8 2.1 2.1 2.1
Vit-min, mix.' 0.3 0.3 03 0.3 0.3 0.3
Salt* 0.3 03 0.3 03 0.3 0.3
Antibiotics® 0.1 0.1 0.1 0.1 0.1 0.1
Total 100.0 100.0 100.0 100.0 100.0 100.0
Chemical compasition;
Energy (ME, kcal/kg)* 3200.0 2900.0 2600.0 3200.0 2900.0 2600.0
Crude protein (%) 19.0 19.0 19.0 17.0 17.0 17.0
Calcium (%) 0.9 0.9 09 0.9 09 0.9
Phosphorous (%) 0.8 0.8 0.9 08 0.9 09
Lysine (%) 1.0 1.0 1.0 09 09 09
Mcthiontne (%) 0.3 0.3 0.3 0.2 0.3 0.3

' Vit-min. mixture contains followings in a kg: Vitamin A, 2,000,000 1U; Vitamin D, 400.000 jU: Vitamin E,

900 1U; Vilamin K, 200 mg: Thiamin 100 mg; Riboflavin, 1,200 mg; Vitamin B, 200 mg;
2,000 mg; Folacin, 600 mg; Choline,

mp; Panicthenate 1500 mg; Niacin,

Vitamin B,. 1,500

3,000 mg; lron, 4000 mg; Cepper.

500 mg; Zinc, 9,000 mg; lodine, 250 mg; Cobalt, 100 mg: Dricd yeast, 20,000 mg.

? Refined tahle salt.
 Zinc-bacitracin.
4 Calculated value.

for 3 hours
at 37 by continuous stirring. The cells were
centrifuged at 1,000 g at 4% for 5 minufcs,
washed twice in BSS and resuspended in X
MEM. This cell suspension was filtered through
four layers of cheese cloth. The cells were plated
on plastic tissuc culture dishes.

collagenase-hyalurontdase  solution

(2) Culture mediam

The basic medium were used Eagle’'s MEM
(1959) as modified by Smith ct al. (1982). Glucose
and bovine serum were added 1o I1X MEM o
final concenlrations of 0.29% (W)V) and 5% (V/V),
respectively.  Antibiotics (Penicillin - 10,000 1U,
Amphotericin-B 25 meg, Streptomycin 10,000 U
per 100 ml media) were added to all media. The
pH of the media was adjusied to 7.4 by addition
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of 7.5 9 sodium bicarbonate. The isotopes used
most frequently for labeling the cell culture werc
[*H)-lysine. Routinely, 0.5 #Ci of the tracer was
added to | ml mcdia for the purpose of deter
mining in vitro synthesis of protein ([*HJ-lysinc).

(3) Protein synthesis

Liver tissues were collected in sterile BSS with
antibiotics at the time of killing. Actnar cells werc
isolated by collagenase solutions. Acinar suspen-
sions were incubated in 1X MEM containing
PHJ-lysine (0.5 #Cifml) for 18 hour in a 5% CO,
atmosphcere at 377, The specilic activity (dpm/mg
protein X 10) of secrcted and retained protein
was determined as described previously (Choi el
al., 1988).
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Determination of lipagenic and lipolytic activily

(1) Measurement of lipogenic activity

Tissues (adipose and liver lissues) were sliced
with scissors. The amount of tissuc slices per viai
and time of incubation was 10-20 mg and 120
minutes. Tissue slices were incubated for 120
minutes at 37C i 3 ml of medium under a
gaseous atmosphere of 5% CO, in O, The in-
cubation medium (Krebs Ringer bicarbonate
buffer) also contained. 25 M HEPES (N-{2-
Hydroxyethyl] piperazire-N'-[2-ethanesuiforic acid]),
50 mM glucose, 39, bovine serum albumin and
0.5 «Ci |"O)-glucose, Incubations were terminated
by placing vials on ice. After taking out tissuc
slices from medium, total lipids in the tissue slices
were extracted by (he method of Dole {(1957).
The extracts were dried. Radioactivity incorporated
into (otal lipid slices was determined in a liquid
scintillation counter (LS 100C).

(2) Mcasurcment of lipolylic activity

Lipolytic activity was measured in Krebs-
Ringer bicarbonate buffer (KRB) with one-half
the indicated Ca®™, containing 4% fatty-acid-poor
Fraction V bovine serum albumin and 5.56 mM
glucose. Incubations were terminated by placing
vials on ice. The medium was filtered through
cheese cloth to recmove the tissue and stored at
—20°C until analysts. Nan-gsterified fatty acids
in the medium were extracted and tifrated accor-
ding to method of Kelly (1965).

Chemical and stastical analyses

All the proximate analysis of obtained samples
were  conducted by AOQAC (1984) methods.
Analysis of variance was carried out and means
were compared by Duncan’ multiple test (Duncan,
1955) using Proc Anova Procedure of SAS
(1985) package program with IBM-PC compalible
computer.

Results and Discussion

Grawth Performance

Effects of cimaterol when fed various dietary
energy and protein levels on hkody weight gain,
feed intake and feed efficiency in overall period
(3-7 week) werc summarized in table 2. The data
presented in table 2 showed that the highest body

386

weighl gain was oblained from 19%,-3200 kcal group
of cimalerol added (1634 g) and the lowest body
weight gain was found from low protein and
energy group {179-2600 kecal) without cimaterol
(1198 &) (p < 0.05). With the protein levels, body
weight gain obtained from 19% group was su-
perior to that of 179 group. With regard to the
dietary cnergy levels, significantly incrcased body
weight gain was found as the energy levels in
the diets increased. Belween the cimateral levels,
thc body weight gain of cimaterol-fed group
(0.25 mgfkg) was higher than that of the countrol
group. This results agreed with previous studies
performed by many investgators, Dalrymple et
al. (1984) and Hanrahan et al. (1986) reported
that the feeding of cimaterol in broilers was found
to increase the body weight gain. They also
supggestcd that the administration of cimaterol
should be less than 1 mg/kg in diets.

Feed intake was not sigmficantly affected by
the level of protein and energy and also addition
of cimaterol. This results agreed with Kim er al.
(1987a) who also found that the administration
of eimalcro] in diet did not change feed intake,
However. Jones et al. (1985) and Moser et al.
(1986) reported that the administration of cima-
terol in diet depressed feed intake in swine.

Feed efficiency of 199.-3200 kcal group with
cimatero! group was significantly (p < 0.05) better
than other groups while i 179%-2600 kcal group
with no cimaterol had shown poor responses.
Present data revealed that when 1he dictary
protein levels increased the [leed efficiency was
also improved. Energy levels was very important
factor in deciding ihe feed efficiency. When the
energy level was higher (3200 kealfkg) the feed
efficiency was sign‘ficantly (p < 0.05) better than
those of medium (2900 kcalfkg) or lower (2600
kcalfkg) energy groups.

Carcass Characteristics

The cffect of cimaterol on carcass characteri-
slics was presented in table 3. There were no
significant differences (p > 0.05) among experi-
mental groups in weight of giblel, neck, abdomi-
nal fat, live waight, carcass weipht and carcass
yield with the administration of cimaterol. These
results were similar to previous data of Dalrymple
et al. (1984) who also found that in males the
administration of cimaterol had no effect on
abdominal fat content sigaificantly. Eventhough
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TABLE 2. EFFECT OF CIMATEROL ON BODY WFIGHT GAIN, FEED INTAKE AND FEED EFFICIENCY IN BRO-
ILERS FED VARIQUS ENERGY AND PRCTEIN LEVELS (4-7 week)

deh week 7th week Rody weight Feed Feed

Treatment weight weight gain intake efficiency
) (@ (2) (8) {2) L
19-3200 C' 399.5M8 2034 4% 1634.9¢ 3200.280 1.97¢
19-2900-C 400208 1771.0¢¢ 1370.8%9 316218 2431 8ued
19-2600-C: 400,78 1771.5%d 1370.8¢%4 3354.0° 2 454k
17-3200-C 399 8NS 1896 7ab< 1496 98¢ 331532 2.226cee
17-2900-C 401.4% 1792.0¢d 390,654 3248 280 A3 SaCH
17-2600-C 401.0M 1691 74¢ 1294.74¢ 3125, tae 2.48%
19-3200 40().2N8 1935.82 1534 780 3205.8ab 2.094¢
19-2900 399 6NS 1771.9% 1372,3¢4 3206.42¢ s34
19-2600 400.0™ 1754.8¢d 1354 §¢d 3303.32 2.44%
17-3200 402.7N8 1893.39%¢ 1490 630¢ 3145.0°0 2 e
17 2900 199.6M 1816.30cd 1416,7v¢d 3373.2¢8 2,390
17-2600 40]. 1% 1599.2¢ 1198.1¢ 2987.70 2.522
Between protein levels

199 1839.9? 1439.6° 3238.6° 2278

17%, 1781.5" 1380.6% 3199.1# 2.34°
Between energy levels

3200 kcal 1940.08 1539.3% 3193.6° 2.10°

2900 kcal 17878 1387.6 3247.58 2.35k

2600 kcal 1704 3¢ 1303.5° 3216.6° 2.478
Between cimaterol treatments

0.25 mgfkg 1826.22 142572 323422 2.30%

0 mglkg 1795.2# 1398 57 1203 .62 2317

- € added cimaterol.

? Mean values with different letters within the same calumn are significantly difterent (p < 0.05).

Ns means non-significant

the difference was not significant (p > 0.05)
carcass yield improved slightly with the admini-
stration of cimaterol. Among the protein levels
there was no significant differences in all items
except neck weight which was hcavier with the
increase of protcin level. Among energy levels,
carcass yicld was higher in 2900 kealikg group
than the others. Neck weight and abdominal fat
decreased when the coergy level decreased.

Carcass Composilion

It had been known that the administration
of cimaterol had an rcmarkable elfect on the
carcass composition such as protein and fat
contents. The effect of cimaterol on carcass
composition was summarized in lable 4. Chemical
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analysis of carcass demonstrated that the admi-
nistration of cimateral did not affect the protein
contentl bul decreased the fat content significantly
{p < 0.05).

Ash content also significantly (p < 0.05)
decreased i cimalerol-fed group. And protein
level did not affect the carcass composition (p
> 0.05) protein contents of carcass were found
to be high in medium energy group {2900 kecal)
but fal conlents were higher when dietary energy
levels was increased. Maisture contert showed
no trend wrth encrgy levels. In contrast to these
results, Dalrymple et al. (1984) and Ricks et at.
(1983) reported thal water content in carcasses
associaled with the protein content.
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TavLt 3. EFFECT OF DIETARY CIMATEROL AT THE VARIOUS PROTEIN AND ENERGY LEVELS ON GIBLET,
NECK, ABDOMINAL FAT AND CARCASS YIELD (25 QOF LIVE WEIGHT)

Treatment Giblet Neck cademige' (‘a.rcass
) fat yield
19-3200-C" 4.1 4 035 4.5+ 020 2.7+ 128 68.3 k 1.0k
19-2900-C 404 06.2° 4.4 + 068 2.2 4 04 9.2 + 2.6°
19-2600-C 4.8 + 0.6° 4.8 + 0.8 1.4 + 04" 67.3 4 1.280
17-3200-C 4.3 4 0.2%% 45 £ 0.7 22 408" 66.8 -+ 1.7%0
17-2900-C 4.1 4+ 0.1t¢ 4.2 4 0380 1.7 + 0.32° 68.4 4 2.21p
17-2600-C 4.5 ++ 0.4%6¢ 4.2 + 0.4% 14 +07° 67.6 £+ 2.0%
19-3200 4.5 4 0.3%¢¢ 4.7 £ 048 2.1 £ 0.5 67.) + 0.4%
19-2900 4.4 4 0.5°% 43 4 02% 2.1 £ 0.92° 67.7 £ 2.3
19-2600 48 + 0.6 4.3 + 0.7%® 1.8 + (.8% 65.6 + 2.9°
17-3200 4.1 4 0.5% 374020 22 4 1.0%® 69.6 +1.79
17-2900 4.0 £ 0.1¢ 4.2 4 0.5% 2.1 £ 0.6%® 68.2 4- 0.¢8P
17-2600 4.6 £+ 0.3%0 40 + 042 1.0 407" 67.2 + 0.7%
Retween protein levels
19%, 44 4 0.5 454+ 05° 20 408 675+ 212
17% 4.3 + 0.3 4.1 +0.5° 1.8 + 08" 6794+ 1.7
Between enerpy levels
3200 keal 42+03° 43+ 0.6" 234090 67.9 £ 1.620
2900 kceal 41 +03° 43 + 042 20+ 06 684 4+ 207
2600 kcal 474 04° 43 + 0.6* 14 4+ 0.7 669 + 190
Between cimalero! treatments
0.25 mgfke 43 +0.4° 44 +05° 1.9 + 0.82 679 1+ 192
0 mg/kg 42 +0.5° 1.9 + 0.8° 1.9 4+ 0.8 675+ 2.0°

! C: added cimaterol.

' Mean values with different letters within the same column are significantly differcnt (p < 0.05).

" Valies are means+SD.

Nutrient Utilization

The effect of dietary energy and protein levels
on the utilization of the dry matter, protein, fat,
total carbobydrate were summarized in (akle
5. Dry matier utilization was not affected by the
administration of cimaterol and protein levels,
Dry matter utilization tended to incrcase with
dietary energy levels {p < (.05). Protein ulilization
was not affected by the administration of cima-
terol or dietary protein and cncrgy levels except
of 2600 kcal/kg group. Similar results were also
reported by Kim et al. {1987a) thal the impro-
vement in dietary protein content did not affect
the protein digestibility. Fat utilization and total
carbohydrate was not affected by administration
of cimaterol (p > 0.05).
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Lipolytic Activity and Lipogenie Aclivity

Effects of cimaterol on lipolytic and lipogenic
activily in liver and adipose lissue were compared
in table 6. Lipolytic activity was found to be
increased with the administration of cimaterol
in liver tissue and adipose tissue at all emergy
levels of (9% protein level but at 179 protein
level, this eftects were reverse. These probabiy
could be explained by the fact that at low protein
level, the lipolytic activity could not be increased
as the broiler’s body used protcin and energy
for the body maintainance.

The lipogenic activity in the liver tissue when
administered cimaterol at 199, protein level indi-
cated that the activities declined as dietary level
ol encrgy decrcased and also the same tendency
was found in untrcated diet with cxception of
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TARIF 4. EFFECT OF DIFTARY CIMATEROL AT THE VARIOUS PROTEIN ANC ENERGY LEVELS ON THE
CARCASS CCMPOSITION OF BROILERS (%)

Treatment Moisture Protcin Fat Ash
19-3200-C' 65.1 £ 2.75% 18.8 4+ 1.0%%¢ 143 + 3.4# 0.9 4 0.2
19-2900-C 673 + 4.7 18.5 £ {.28%¢ 11.8 - 3.78%¢ 0.7 4 0.3
19-2600-C 70.6 1+ 2.5® 18.2 4 2.28b¢ 9.6 4+ 2.08 0.9 £ 0.[%0
17-3200-C 68.0 £ 5540 200 4+ 168 834 3| 09 4 Q.32
17 2900-C 69.0 + 3.0% 18.4 4 J.39¢ 12.5 4 2.5%® 0.9 4 0,2%¢
17-2600-C 70.7 £+ 2.68 19.1 £ 1.386¢ 8.4 4 1.9% 0.8 + 0.48%
19-3200 67.0 £ 5200 18.3 4 2.28b¢ 143 4+ 3.98 09 4 0.3%®
19 2900 70.6 + 1.6 17.4 4+ 2.0° 3.7+ 4.7 1.0 + 1.380
[9-2600 70.2 + 2.5° 19.3 £ 0.890 7.3 4 2.4d 1.3 4 1,140
17-3200 68.4 + 294 179 4+ 1.6° 12,1 4+ 4.3"¢ 0.8 + 0.20®
17-2900 68.6 1 3.6% 17.6 + 1.3° 144 + 6.02 1.1 +0.3%®
17-2600 69.8 + 2,42 19.] 4 1,280 12.2 4 340 1.5 X072

Between pratein levels

19, 68.5 + 4.1° 184 + [.7° 11.8 4 428 09 407

17%, 69.1 + 3.48 7 + 1.6% 11.3 1428 1.0 £ 0.4°
Retween energy levels

3200 kcal 67.1 + 4.2° 18.7 + 1.8% 13,1 1 430 0.9 + 0.2¢

2900 kcal 689 1 3.8° 18.0 & 1.5° 123 + 4738 09+ 070

2600 kcal 703 + 2.4* 188 + 148 944 30° 1.1+ 078
Between cimaterol treatments

0.25 mp/kg 68.5 £+ 4.0° 188 £ 1.5° 10.8 4+ 3.50 0.8 £ 0.3%

0 mg/kg 69.1 & 3.5 I83 + 1.7 123 4 4.7 1.0 4 0.8

* C: added c.materol.

? Mean values with diflerent letfers within the same column are sign:ficantly different (p << 0 05).

1 Values are means+SD.

2600 kcal tevel. Al [7% protcin leve), the activilies
were varied in valucs. However, the activities were
greater at 19% protein than thut at 7% protein
level of either treated or untrcated with cimaterol
Mostly, in liver tissue, the activities were found
to be greater than in adipose tissue with cxception
of 2600 kcal cnergy at 19% protein level. In
addition, at 7% protcin level, mostly, the acti-
vities were higher in liver tissue with an exception
of 3200 kcal energy group which was found to
be high. It indicated that either at high or low
protein level the high activittes occured in liver
tissue than adipose tissue, with the particular
snggestion that at 2600 kcal energy and 197,
protein level, the adipose tissue had more activities
than in liver (issue when added cimaterol. In
conclusion. the decreasing of fat contents in
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broilers with the administration of cimaterol (table
9) was due to the increment of lipolysis rather
than by inhibiting lipogenesis. In addition, in
cimaterol fed on 3200 kcal encrgy group at 19
% protein level, cither lipogenic or lipolylic acti-
vity were highel than others, this tendancy pro-
bably due to excessively high energy and protein
in the diet (table 4). There were many reportts
that administration of beta-adrencrpic agonist did
not alter in vive fatty acid synthesis, and agreed
with the present study. Fadara et al. (1986, 1987)
reported  that feeding  cimaterol to  growing
rats did not change lipopenesis in liver and
adipose tissues. Yang and Firman {1986) also
showed that [-640,033 fed to rats had no effect
on lipogencsis in the cpididymal fat pad.



TABLE 5. EFFECT OF DIETARY CIMATEROL AT THE VARIOUS PROTEIN AND ENERGY LEVELS ON THE

KIM ET AL.

NUTRIENTS UTILIZATION OF BROILERS (%)

Treatment mlz:'tir Protein Fal carbz(li;grate ’
[9-3200-C" 776 + 2.8 69.7 + 3.2M? 81.2 + 9.9%° 845+ 270
19-2900-C 745 & s5.190¢ 789 £ 5.2% 77.5 £ 3.88%% 77.8 4 4.5¢
19-2600-C 658 + 414 64.6 £ 8.INS 74.6 + 400 709 - 1.9¢
17-3200-C 784 + 19° 707 £ 14788 81.7 4 2.0%® 85.7 4+ 1.62
17-2900-C 72.5 & Q.58 720+ 67 772 +3.1% 77.5 &+ 1.7%
17-2600-C 68.4 + 10.4%9 64.1 + 14.0M 83.7 & 4.0° 69.8 4 4.2¢
19-3200 76.9 + 398 0.8 +£ 7N 83.0 4 s.om 83.6 + 1.6%°
19-2900 73.0 | | goed 706 + 8.6M 81.1 £ 2.0° 794 + 1.4v¢
19-2600 68.4 + .90 62.0 £ 10.4N8 81.6 & 4.29 743 4 1.9
17-3200 7884+ 220 47+ 61N 834 + 4.0¢ 843 4+ 122
17-2900 7534 5.8 67.8 + (1.9% g4.1 + 2.12 R1.7 4 2.481c
17-2600 67.0 &+ 5.0 61.7 L 12.0Ms 80.2 4 1.0% 73.5 £ 3.0%
Between protein levels
19% 727+ 53¢ 694 + 8.3 79.8 + 5.48 784 + 548
179 734 + 65° 68.5 + 10.68 1.6 + 3.52 787 + £.20
Between energy levels
3200 Kcal 779 £ 258 723+ 847 823+ 5.2 84.5 + 1.82
2900 kcal 739 4+ 3.4F 754+ 78 80.0 + 4.78 84.5 4+ 1.8°
2600 kcal 74+ 54¢ 631+ 97° 80.0 £+ 3.9° 72.1 4+ 3.1¢
Between cimaterol treatments
0.25 mglkg 7324+ 548 70.0 £ 9.6 822 4 3.2¢ T+ 67
0 mglkg 729 + 6.4° 679 + 947 793 £+ 5.4° 794 + 4.62

' C: added cimatero).

" Mean values with different letters within the same column are significantly different (p < 0 05).

NS means non-significant.
* Values are means4-SD.

Retained Protein and Sccreted Protein

Eftects of cimaterol at the various protein and
energy levels on retained and secrcted protein
in acinar culturc of broiler were presented in table
7. Retained profein with the administration of
cimateral varied in values compared (o untreated
groups. The value found in 19 % protein at
3200 kcal encrgy level seems rather high, probably
indicale that cimaterol affects to the retention of
muscle protein when the diet contains high protein
and energy level. The amount of secreted protein
increascd when fed cimaterol. It was surprising
that at 2900 kcal energy groups showed high
values in all protein levels with an exception of
179 protein group. In addition, at 19% protein
levels the amount of secreted protecin were higher
than that of 17% prolein level which was due
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to excess protein contents in the diets. [t was
concluded that the amount of secreted protein
was affected by protein levels rather than encrgy
levels. Certainly, the degradation of protein at
3200 kecal energy level was higher than thar of
2600 kcal energy in all treatments. Both the
amount of retained and scereted protein increased
with the administeation of cimaterol, thus pro-
viding that there was no effect on protein meta-
bolism by adding beta-agonist. According to
Forsherg et al. (1986) and Roeder et al. {1987),
cimaterol had no effect on protein synthesis which
was similar lo present study showing irrcgular
values among treatments. It was not clear if
beta-agonists affected muscle protein metabolism
directly via a receptor mediated event, or indi-
rectly via other hormonal effectors.
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TABLE 6. EFFECT OF DIFTARY CIMATFROL AT THE VARIOUS PROTEIN AND ENERGY LEVELS CN LIPOLYTIC
AND LIPOGENIC ACTIVITY IN LIVER AND ACIPOSE TISSUE INCUBATED N VITRO.

r Lipolytic activity® Lipogenic activity®
['reatment - : - ; -
Liver Adipose Liver Adipose
[19-3200-C 5.15 6.04 298.79 211.62
19-2900-C 4.53 5.39 231.42 90.47
19-2600-C 4.77 5.9% 20%.52 239.20
17-3200 C 4.27 4.11 191.43 80542
17-2900-C 4.71 4.04 239.85 114.22
17-2600-C 37 4.81 166.96 125.27
19 3200 4.51 5.78 22393 69.52
19-2900 4.28 515 194.04 96.15
19-2600 4.6l 5.7 498.01 [00.82
17-3200 5.00 497 21591 82.55
17-2900 4.89 5.56 174.18 87.01
17-2600 443 4.01 156.57 103.67

Each value represerts the mean of four determinatians.
" ueq nonesteriled fatty acid (NETA) released mg/cell i 120 minutes.
" n male plucose incarperated inta total lipid mgycell in 120 minutes.

TABLE 7. EFFECTS OF DIETARY CIMATERQOL AT THF VAR CUS FROTFIN AND ENERGY LEVELS GON RETAINFD
PROTEIN ANC SECRETED PRCTEIN IN AC'NAR CULTLRE OF BROILER LIVER.'

Retained protein’ Secreted protein’
Treatment . !
{dpmimg X 10’ protein) (dpm/mg X 10° protcin)
19 3200 C 4645 4.18
19-2900-C 13.89 4.63
19-2600-C 8.79 3.07
17-3200-C 1191 3.03
17-2900-C 24.64 4.20
17-2600-C 20.04 213
[9-3200 21.02 3.97
19-2900 19.43 485
19-2600 32.36 37
17-3200 20.59 296
17-2900 14.20 0.90
17-2600 20.21 1.30

' Acinar cells fram liver were plated and incubated far 18 heours in the medium; Each value represents the
mean af four determinations (4 colture diskes/delerminatian).

! The amaunt of refaired proten was determined hy the incorporaticn of PHJ-lysine (0.5 aCi/ml) into aciri.

* “I'he amount of secreted protein was determined hy the incarporation af ["H'-lysine (0.5 z#Cifml) inta TCA-

insoluble material.
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