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, 0 100 200 300 mg (
1
[, ; 99.1%,
(2] 78.9%, 20.2%;
B s ) 4 2
s B3] 0.5% CI'203 5
6] 40%, 7%
60 , ) >
b
4.0 mm , 17°C
20°C
b
1.2
b
1
b
1.1 > >
, 15d 24h,
#1 EMARERSEFHN (% THR)
Tab. 1 Ingredients and proximate composition of basal diet (% dry matter basis)
Ingredient Percent
! Fish meal 20
% Soybean meal 46
Wheat flour 25.95
Palm oil 4.8
Choline chloride 0.5
* Mineral premix 0.5
* Vitamin premix 0.1
Cr,03 0.5
’ Mold inhibitor 0.05
L-ascorbate-2-phosphate 0.05
Ethoxyquin 0.05
Monocalcium phosphate 1.5
Chemical composition (% in dry matter)
Moisture 8.59
Crude protein 40.8
Crude lipid 7.0
Crude ash 9.68
o L. Tecnologica de Alimentos S.A ;2. ;3. (mg  g/kg):
200 mg; 60 mg; 100 mg; 24 mg; 400 mg; 174 mg; 78 mg; 800 mg;
50 mg; 3.114 g; 4. (mg g/kg): B, 10 mg; 8 mg; 10 mg; B, 0.2 mg; K3 10 mg;
100 mg; 20 mg; 50 mg; 2 mg; 2 mg; A(50 1U) 400 mg; D 5 mg; E(50 IU)100 mg;
150 mg; 0.1328 g 5.50% 50%

Note: 1. Fishmeal, obtained from Tecnologica de Alimentos S.A; 2. Soybean meal, obtained from Fuhai Oil Co., LTD. (Fujian, China); 3. Mineral
premix (mg or g/kg): KCI, 200 mg; KI, 60 mg; CoSO4, 100 mg; CuSO4-5H,0, 24 mg; FeSO4-H,0, 400 mg; ZnSO4-H,0, 174 mg; MnSO4-H,0, 78 mg;
MgSO047H,0, 800 mg; Na,SeOs, 50 mg; Zoelite, 3.114 g; 4. Vitamin premix (mg or g/kg diet): thiamin, 10 mg; riboflavin, 8 mg; pyridoxine HCI,
10 mg; vitamin Bi,, 0.2 mg, vitamin K3, 10 mg; inositol, 100 mg; pantothenic acid, 20 mg; niacin acid, 50 mg; folic acid, 2 mg; biotin, 2 mg; retinol
acetate, 400 mg; cholecalciferol, 5 mg; alpha-tocopherol, 100 mg; ethoxyquin, 150 mg; wheat middling, 0.1328 g. 5. 50% calcium propionic acid and
50% fumaric acid
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12 Kjeltec8400 ;
(68 cmx38 cmx36 cm) ; 550°C
(75+4.23) g, 4 ; 105°C ; Cry,04
3 , 12 SCT1089-2006"
8 , 4 cm, (28+2)C, 1.4
2 (8:00, 18:00), , )
30min 2h
, [10]
1.3 ) )
8 , 24h, , —20C
1.5
5 s , 2 (Percent weight gain, PWG, %)=(W;—W;)/
: 3 , Wx100
20min, 3000 r/min 10min, (Specific growth rate, SGR, %/d) =
. 80T 3 (In We—In W;)x100/¢
(Feed efficiency, FE)=(W~Wy)/ W4
( > 7em ) 20°C o (Feeding rate, FR, %)=Wy/(W,/2+Wy/2)/tx
(Protein efficiency ratio, PER)=(W, —
10g Wo)/ W,
9 , 0.7% 4C s (Nitrogen retention rate, NRR, %)=
(10000 r/min, 10/ 4 ), 3000 r/min 100X (W xP~WoxPgy)/ Wp
10min, (Survival rate, SR, %)=Ny/N;x100
- o (Hepatic somatic index, HSI, %)=
1 mL 1% ,  37C /<100
S5min 1 mL , 15min (Viscerasomatic index, VSI, %)= /
3 mL 0.4 mol/L , x100
5000 r/min 10min 1 mL, 5mL (ADC, %)=100-100%(4,/45)
0.4 mol/L 1 mL - , (ADC, %)=100-100x%(A4;*B>/
37°C 15min, 680 nm A>%B)
L. ’ Wi Wi (),
w, , Wy ( ), N¢
g ’M ! M
» Wo , Py
—— (%), Py (%), 4,
| min, Cr,05 , Ay Cr,03
1 umol B » B2
37 30min, 10
10 mg ! SPSS 17.0
(One-way ANOVA), ,
AOACH! Duncan , P<0.05

, FOSS

( * )
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2 (P>0.05) 300 mg/kg ,
2.1 (4.32 mmol/L)
200 mg/kg (5.73 mmol/L) (P<0.05),
( (P>0.05) 100 mg/kg ,
2), 191.28% 1.91%/d 1.19 291 57.14%, (2.98 mmol/L) (4.21 mmol/L)
10.35% 6.11% 16.67% (P<0.05), (P>0.05)
17.34% 15.18%(P<0.05), 2.4
(P>0.05)
(P>0.05) ( 95), 100 200 mg/kg
(P<0.05) )
(P>0.05) 100 mg/kg
2.2 (P<0.05), 300 mg/kg
(P>0.05)
3 , ,
(P>0.05), (P>0.05)
R 2.5
100 200 300 mg/kg
13.08% 13.46%  15.38% 200 mg/kg ( 0,
(P<0.05);
(P>0.05) (P<0.05) 200 mg/kg
2.3 73.47%
77.92%, 9.85%(P<0.05),
4), )
(P>0.05) (P>0.05)
2 EARPRMAETER X A KRG
Tab. 2 Effects of dietary bile acids on the growth of bullfrog
Bile acids supplementation (mg/kg)
Parameter 0 100 200 300
Initial weight (g) 75.47+1.40 74.89+1.84 75.86+2.06 75.54+2.01

Final weight (g)

206.30+1.91°

209.52+2.30™

220.95+2.88"

216.76+2.54™

PWG (%) 173.34+2.39° 179.77+4.10® 191.28+6.62° 186.98+5.82%

SGR (%/d) 1.80+0.02° 1.8440.03" 1.91£0.04° 1.88+0.04"

FE 1.02+0.07° 1.11£0.02% 1.19£0.06° 1.110.02%

PER 2.48+0.17° 2.70+0.05" 2.91+0.14° 2.72+0.05%

NRR (%) 49.61+2.89" 55.39+0.94 57.14£1.62* 54.38+0.97%
FR (%) 1.50+0.06 1.46+0.01 1.38+0.05 1.44+0.02
SR (%) 86.11+2.78 88.89+2.78 91.67 88.89+2.78
VSI (%) 20.13+0.98" 17.18+1.13° 14.82+0.57° 15.24+0.18°
HSI (%) 4.71+0.46 4.38+0.36 4.38+0.22 3.74+0.34

(P<0.05),

Notes: Means in the same row with different upper letter indicated significant difference (P<0.05), the same applies below



4 681
%3 wARRIRMAETET SRR RS BEI(%IEE)
Tab. 3 Effects of dietary bile acids on whole-body and muscle compositions of bullfrog (% wet weight)
Bile acids supplementation (mg/kg)
Parameter 0 100 200 300
Moisture 75.02+0.31 76.52+1.14 75.01£0.32 75.11+0.31
Whole body Crude protein 17.42+0.38 17.82+0.27 17.34+0.39 17.47£0.10
Crude lipid 5.20+0.28" 4.5440.12° 4.50+0.35° 4.40+0.41°
Crude ash 2.87+0.40 2.83+0.13 3.01+0.43 2.89+0.17
Moisture 78.94+0.26 79.50+0.60 79.09+0.10 79.45+0.31
Muscle Crude protein 18.60+0.26 18.45+0.16 18.71+0.23 18.13+0.60
Crude lipid 1.03+0.04 0.98+0.08 0.90+0.06 0.92+0.10
Crude ash 1.1240.16 1.05+0.11 1.06+0.11 1.03+0.08
4 RN o TR MAR R AR IS 2 AL AR O B0
Tab. 4 Effects of dietary bile acids on biochemical parameters of serum of bullfrog (mmol/L)
Bile acids supplementation (mg/kg)
Parameter 0 100 200 300
CHO 1.71£0.39 1.86+0.27 1.83+0.22 1.94+0.29
TG 0.23£0.01 0.28+0.06 0.21£0.05 0.25+0.06
HDLC 0.11£0.00 0.10+0.01 0.10+0.02 0.11£0.01
LDLC 1.00£0.19 0.80+0.04 0.75+0.12 0.76+0.03
BUN 5.73+0.48" 4.74£0.39* 4.91£0.21* 4.320.11°
GLU 4.21+0.09° 2.98+0.37" 3.7840.09" 4.55+0.40°
x5 mANPRMETERFEFEEOE. RHBAEMEE N
Tab. 5 Effects of dietary bile acids on protease, lipase and amylase activity of intestine of bullfrog
Bile acids supplementation (mg/kg)
Parameter 0 100 200 300
Protease (U/g) 4.2440.42° 5.22+1.10° 5.11+0.47° 4.22+0.33°
Lipase (U/g prot) 10.27+0.40° 13.62+1.26° 11.98+0.20% 11.47+0.70%
Amylase (U/g prot) 24.73£2.52 29.29+3.42 26.26+2.52 23.04+0.54
Fo6 HEIMRBEABTTHR. HAEEMERHORIELE
Tab. 6 Apparent digestibility coefficients of DM, CP, CL of diet for bullfrog (%)
Bile acids supplementation (mg/kg)
Parameter 0 100 200 300
Dry matter 57.44+0.70° 58.28+2.20° 63.64+0.85° 58.29+0.41°
Crude protein 67.53+2.71° 70.55+0.48% 73.47+0.34° 71.39+1.66"
Crude lipid 70.93+3.13° 74.40+0.42% 77.92+0.30° 75.89+1.40%
3 nica) Deshimaru "% s
Wi (Seriola quinquera-
31 diata)
(Oncorhynchus mykiss)'")
> (Carassius auratus gibelio)!'* " ,
Maita ! ,

(Anguilla japo-
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. [22]
[2. 16] , 100 mg/kg ,
300 mg/kg
100 mg/kg
100 200 300 mg/kg
33
14.65% 26.38% 24.34%,
[4] ’ ,
100 mg/kg s
[s] , 150 mg/kg 32.62% )
’ [23]
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(cAMP) , I ) B4 Alam
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, Bauer %! s
[17, 18] )
, , s 100 mg/kg
3.2
Maita [
[19]
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[20]
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EFFECTS OF DIETARY BILE ACID SUPPLEMENTATION ON THE
GROWTH, WHOLE-BODY COMPOSITION AND APPARENT NUTRIENT
DIGESTIBILITY OF BULLFROG (RANA CATESBEIANA)

HU Tian-En', WANG Ling', ZHANG Chun-Xiao', SONG Kai' and LI Jin-Bao’

(1. Key Laboratory for Feed Quality Testing and Safety Evaluation, Jimei University, Xiamen 361021, China;
2. Shandong Longchang Animal Health Products Co. LTD, Jinan 250062, China)

Abstract: To investigate the effects of dietary bile acids (BAs) on growth performance, body composition and apparent di-

gestibility of dry matter, protein and lipid in diets for bullfrog, Rana catesbeiana, one hundred and forty-four bullfrogs were

randomized to the same diet supplemented with four different levels of BAs (0, 100, 200, and 300 mg/kg). Compared with the

control group, percent weight gain (PWG), specific growth rate (SGR), feed efficiency (FE), protein efficiency ratio (PER) and
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nitrogen retention rate (NRR) of bullfrog were significantly higher at 200 mg/kg BAs-supplemented diet (P<0.05), whereas
feeding rate (FR) and survival rate (SR) had no significant differences cross groups (P>0.05). BAs did not significantly affect
the contents of moisture, crude protein, crude ash in muscle and body of bullfrog, but it significantly decreased body lipid
content without interfering muscle lipid content. No significant differences were found on the levels of triglycerides (7G),
cholesterol (CHO), high density lipoprotein cholesterol (HDL) and low density lipoprotein cholesterol (LDL) in serum cross
groups (P>0.05). BAs diminished decreased blood urea nitrogen (BUN) concentration, and 300 mg/kg BAs-supplemented diet
has the most dramatic effect. Serum glucose (GLU) concentration lowered significantly with decreasing dietary BAs from
0 mg/kg to 100 mg/kg, and then increased significantly (P<0.05). Compared with the control diet and 300 mg/kg
BAs-supplemented diet, intestinal lipase activities and protease activities were higher in the groups fed with the diet supple-
mented with 100 mg/kg BAs (P<0.05), but it had no significant difference with 200 mg/kg BAs-supplemented diet (P>0.05).
Dietary BAs levels had no influence on the intestinal amylase activities. The highest dietary nutrient apparent digestibility
coefficients (4DC) was observed in 200 mg/kg BAs-supplemented diet, and the lowest ADC value was in the control group
(P<0.05). These results indicate that dietary BAs may improve growth performance, feeding efficiency and dietary apparent
nutrient digestibility of bullfrog, and promote the catabolism of body lipid and protein retention, which raise the proportion of
the edible part of bullfrog. Based on the results, 200 mg/kg bile acids supplementary level is recommended for bullfrog.

Key words: Rana catesbeiana; Bile acids; Body composition; Digestive enzyme; Apparent digestibility
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