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Abstract:[Objective] The effects of different dietary carbohydrate levels on activities of digestive en-
zymes and carbohydrate metabolic enzymes of Rhynchocypris lagowskii Dybowski were investigated.
[Method] Juvenile Rhynchocypris lagowskii Dybowski with initial weight of (7. 6440, 04) g were as-
signed to five treatment groups and fed on five isonitrogenous (360. 0 g/kg) and equal lipid (60.0 g/kg)
diet with carbohydrate levels of 0. 0% (the control),10.0% ,16.0%,22.0% ,and 28. 0% ,respectively. The
experiment was conducted in a temperature control breeding system for 8 weeks. The diet used fish meal,
soybean,rapeseed meal and cottonseed meal as protein source,corn oil and fish oil as fat source,and dextrin
as carbohydrates. After the feeding trial, the activities of hepatopancreas, lipase and amylase in intestine
were determined using the kit, the activities of protease were determined by folin-phenol,and the activities
of carbohydrate metabolic enzymes and the content of the liver glycogen in hepatopancreas were determined
using the kit. [Result] In this experiment,with the increase of dietary carbohydrate level, the protease ac-
tivities in hepatopancreas, foregut, midgut and hindgut, amylase activities and lipase activities increased
firstly and then decreased. Hepatopancreas protease activities of groups 10. 0% ,16. 0% and 22. 0% were
significantly higher than the control group (P<C0. 05),while the group 28. 0% was significantly lower. The
protease activities in foregut, midgut and hindgut of groups 10. 0% ,16. 0% ,22. 0% and 28. 0% were signif-
icantly higher than control group (P<C0.05). The amylase activities of hepatopancreas in groups 10. 0%
and 16. 0% were significantly higher than the control group (P<C0. 05),while groups 22. 0% and 28. 0%
were significantly lower than the control group (P<C0. 05). The amylase activities in foregut and hindgut of
group 22. 0% were the highest, and groups 10.0%,16.0%,22. 0% and 28. 0% were significantly higher
than the control group (P<C0.05). The amylase activities in midgut of group 16. 0% were the highest,and
groups 16.0% and 22. 0% were significantly higher than those in the control group (P<C0. 05). The differ-
ence between group 10. 0% and the control group was not significant (P>>0. 05) ,and that of group 28. 0%
was significantly lower than that of the control group (P<C0. 05). The lipase activities in hepatopancreas
and intestine of group 22.0% were the highest,and that in hepatopancreas,foregut, midgut and hindgut of
groups 10.0%,16. 0% ,22. 0% and 28.0% were significantly higher than the control group (P<C0. 05).
With the increase of the dietary carbohydrate level, the activities of hexokinase, pyruvate kinase,and fruc-
tose 1,6-bisphosphatasein hepatopancreas and the original content of glycogen firstly increased and then
decreased. When dietary carbohydrate levels were 16. 0% and 22. 0% , hexokinase activities in hepatopan-
creas were significantly higher than the control group (P<C0. 05),while hexokinase activities in hepatopan-
creas in groups 10.0% and 28. 0% had no significant difference with control group (P>>0. 05). Pyruvate
kinase activities reached the maximum in group 22. 0% ,and the activities in groups 16. 0%, 22. 0% and
28.0% were significantly higher than in the control group (P<C0.05),while group 10. 0% and the control
group had no significant difference (P>>0. 05). Fructose 1,6-bisphosphatase activities of groups 16. 0% and
22.0% were significantly higher than those in control group (P<C0. 05),while groups 10. 0% and 28. 0%
had no significant difference with the control group (P>>0. 05). The original contents of glycogen of groups
22.0% and 28. 0% were significantly higher than that of the control group (P <C0. 05), while groups
10. 0% and 16. 0% had no significant difference with the control group (P>>0. 05). [Conclusion] Accord-
ing to the digestive enzymes activities and carbohydrate metabolic enzymes activities of Rhynchocypris
lagowskii Dybowski,the suggested suitable carbohydrate level was 16. 0% —22. 0% in formulated diets.
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% 5 (Rhynchocy pris lagowskii Dybowski )
SCRRAL IR R W) fish » A FRADAR b SRR T 81JE H (Cyp-
riniformes) .l B} (Cyprinidae) ., f % 1 W B} (Leu-
ciscinae) Jfi & (Phoxinus) , & [H 24 5% 09 22 & P/
BRI G 28, HA T WM IR BRI 5. K TIKIK
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(0.0%(CK)>,10.0%,16.0%,22.0%,28. 0% , 34K
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g/ kO BLA RN (FE D,
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Table 1 Formulation and nutritional composition of experimental diets(air-dry basis) g/kg
e 77 Mo H8 FR 4 ik fitk KA & W K-/ % Carbohydrate level
Ingredient and proximate composition 0. 0(CK) 10.0 16.0 22.0 28.0
1145 Fish meal 351.0 351.0 351.0 351.0 351.0
. ¥1 Soybean meal 160. 0 160. 0 160. 0 160. 0 160. 0
%K1 Rapeseed meal 80. 0 80. 0 80. 0 80. 0 80. 0
. Fi 1 Cottonseed meal 80.0 80.0 80.0 80.0 80.0
?Eggﬁ‘lgit Wk Dextrin 0.0 100. 0 160. 0 220.0 280. 0
?ﬁﬁflﬂfﬁ ficmcrystalline 288.2 188.2 128.2 68.2 8.2
Bl Premix 10.0 10.0 10.0 10.0 10.0
S AL EA% Choline chloride 5.0 5.0 5.0 5.0 5.0
E K Corn oil 12.9 12.9 12.9 12.9 12.9
ffi il Fish oil 12.9 12.9 12.9 12.9 12.9
YR Hl & [ Crude protein 360. 0 360. 0 360.0 360.0 360.0
Proximate FLIE W Crude lipid 60. 0 60. 0 60. 0 60. 0 60. 0
composition HLZF4E Crude fiber 289. 6 199. 6 145. 6 96.0 37.5
FL K4y Ash 71.6 71.6 71.6 71.6 71.6
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.
1.3 iKmigit

1E 2 3R R 50 TF AR A T SR 15 d A B
HRZH okt 3 BOR) s A T it R (7. 64 0. 04) g/
(7% [ &)y £ 600 J2  BEBLAT A 5 4 Rl ik 3
SR T BRI R4 40 L iEAT o 8 S
1 5 35 1

) FEA 6 0 ) PR R K IR TE 22~ 24°C L, R K 1
YK s B UG B R K R R 1/4 ~1/3 R K iR
LR (DO) 5.0 mg/L A EL,pH ££ 7.0~8.0,
Vi R R 5T 5 W B2/ T 0,05 mg /L, SR i & ik
/INF 0.3 mg/L, HENEAREN 3% ~4 %0, L H &N
BUREHLM R L 4y 3k (P F 07.00,FF4F 12.00. B |
17:00) M CREN Ty 8 m i N7 5
1.4 HRWERERNE

T 5 R 6 45 o L R T B ML OIS EC B 10 L 7
VKB b AT IS M) R RO A T R R
G W) F0FJEAE . — 80 “C UK A8 th - A7 %

FE 1 I SR P A AR I X R0 3 0 5 E A L B

U7 e L | DAY R R L RRE -1 6- R TR T

P = Ny 7

P I A A R R B (e ot A ) R
FIOME .
1.5 HIEZItE5SH

K1 SPSS 20. 0 A% 3% FC 8% 1 1L i L A G
Tl 35 1 AR I i e R AT O 22 e A e O 25
Br 5.3 . FF#E4T Duncan’s 2 L3243 07 1l 55 41 6]
22 7 5 1 B K BEE P<20. 05, i 0 K gl %
R AR R "R

2 AR50

2.1 {ARERKLEW KT QKRS ELETER
=10

2.1.1 EamEn NE2TUEFSE.EARRKEK

PR Bl 25 R K AR A K 1 T 3 ER A
JE I o R RS g B e MR S B TS T R
(R Bk K Ak A P K S 16,0 %6 B 5K 31 e o
10.0% ,16. 0% F1 22. 0 Y0 21 T JR Ik 25 /4 g 7% P &l 3%
o TXF HR 2 (P<<0. 05) 5 1 28. 0 %0 41 i & (K T % &
2H (P<C0. 05) s /il i « v g A B B 1 Il 3% 14 R I
10.0%,16.0% .22, 0% F1 28. 0% 2H ¥ . 35 &5 T %F
MB4H (P<<0.05),

R2 ARBKLENKENEREEABEEENZN

Table 2

Effects of dietary fat level on protease activities of Rhynchocypris lagowskii Dybowski

U/g

Tl g K AL S K/ % JHF Jk Hi L7 V=17]
Carbohydrate levels Hepatopancrea Fore intestine Middle intestine Hind intestine
0. 0(CK) 1451.13452.33 b 917.47+23.06 a 955.124+47.39 a 1 025.30469.20 a
10. 0 1 561.66488.40 ¢ 999. 02428, 44 ¢ 1 050. 60430.65 ¢ 1079.16416.42 ¢
16.0 1576.63+56.97 ¢ 1011.45+31.86d 1171.13459.10 e 1175.55+46.03 e
22.0 1569.93484.94 ¢ 996.64+15.13 ¢ 1124.90+23.71d 1125.44482.27 d
28.0 1312.32485.68 a 943.374+50.94 b 1016.83+13.91b 1033.334+64.15 b

TE < 7 50 B0l 5 b AR [ /NG 52 8 3R 22 57 AN SB35 (P>>0. 05) AR AR R /NG 58 08 22 5 835 (P<<0. 05) . Tl

Note:Same lowercase letters indicate insignificant difference( P=>0. 05) , while different lowercase letters indicate significant difference( P<C

0. 05). The same below.

2.1.2 wABEWR  FERBRKLS AKX SRR B R R K 3,
xR 3 ARBKLEWKEN S KREENEEENZ N
Table 3 Effects of dietary fat level on amylase activities of Rhynchocypris lagowskii Dybowski U/g
TR K AL & P KF/ % JHF g Je Hi el =7
Carbohydrate levels Hepatopancrea Fore intestine Middle intestine Hind intestine
0. 0(CK) 15.55+2.15 b 4.3540.08 a 3.68+0.02 b 3.33£0.01 a
10.0 16.73+1.11 ¢ 4.46+0.02 b 3.72+0.02 b 3.48+0.03 b
16.0 17.67+0.91 d 4.73+£0.03 ¢ 5.4940.07 d 3.65+0.05 ¢
22.0 14.43+1.75 a 4.97+0.01 e 4,18740.03 ¢ 3.67+0.04 ¢
28.0 14.29+0.95 a 4,7840.19d 3.347£0.09 a 3.22£0.02 a

MFZ 3 AT AL ARk KA G ) KT EG B
iU S 7Y I TG kS R L B R R AR K RS
KT R BT TR H o 100 006 Al
16. 0 Y0 £ JHF fi Ik 9 oy ity 4% 0 2 v T % B4 (P <<

0.05) 1 22. 0% Fl 28. 0% 4 i 2K F X B 41 (P<<
0. 05) 5 iif Jizs F i 1 V€ oy I 135 P Bl 5 T B Kk AL & 9
KT A S B TS T R R S oK Ak A K
KRy 22, 0% Bk B 5 fE, H10.0%, 16. 0%,
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22.0%F1 28. 0 Y041 B 2 /& F XF B4 (P<C0. 05) 5 i
i GE A9 il % M I A DR K A S P KT T L 5 5
FTHE T RERE R MK A K E R 16, 0% B ik
S, H16. 0% F1 22. 0% 41 i 2 &5 T %F ig 41
(P<C0.05) 1M 10. 0% 41 5 X} B2 22 ¢ A | 3% (P>
0.05),28. 00 2H . I T X B2 (P<<0. 05)

2.1.3 JeWEgEb K4 TR R K AL
G WK T X i TG A 1B e K i s o i ) 1 B
it 15 PE A S R W, 3 B A RDRHRR K AR A KO T
mESE TR R BB SRk LS KR
22,0 %0 Bk B f5 s X BR A B AR T oAb s A
(P<C0.05),
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Table 4 Effects of dietary fat level on lipase activities of Rhynchocy pris lagowskii Dybowski U/g
Tl g K AL S K/ % ST e JUE i LR 7] J& W
Carbohydrate levels Hepatopancrea Fore intestine Middle intestine Hind intestine
0. 0(CK) 10.33+1.82 a 16.18+1.40 a 10.9340.00 a 6.9040.28 a
10.0 14.54+2.12 b 16.91+1.38 b 13.274+0.00 b 9.58+0.30 b
16.0 15.29+0.95 ¢ 19.0740.79 d 18.04£0.00d 15.26+0.00 ¢
22.0 22,0944, 44 e 20.26%1.16 e 18.36+£0.82 e 15.61+£0.33 ¢
28.0 20.58+2.85d 17.68+1.11 ¢ 16.6740. 26 ¢ 9.24+0.84 b
2.2 ARBAKUEWKETEREHERGEFTE 22, 00K A B &, H 16.0%,22. 0% A1 28. 0%
57 B 3 T X B2 (P<<0. 05) L 11 10. 0% 41 45 % Bf

e 5 KWL U TC R T e VR C W R L DY TR R UK
Ty R BE-1, 6- i R I 15 1k A TR DR i 2 B A R
BHR KA DK T e T m s TR
B A AL A W KR 16,0 % F1 22, 0 Y% B L 9% X figh JiTF
B W 98 Al T M Y 2 TR IR (P <C0. 05) L T
10.0% M1 28. 0% 4 5 X B4l 22 5% KN @ % (P >
0. 05) 5 P ] iz 384 1 3 P A 1 b} e 7K Ak & W0 K F

HERABFE(P>0.05); BE-1,6-— # 1R By 15 1
TER R R KA S W) 7K - K 16, 0% 1 22. 0 % 20 i i

FE T XL (P<<0.05), 1 10. 0% F1 28. 0% 415
St B L 22 55 A i 2% (P=>0. 05) 5 JIF 4 J5E 4 o2 0] 76 4
B K AL A WK R 22. 0% F1 28, 0% B I 3 & T
X B ZH (P<<0. 05) . 1M 10. 0% F1 22. 0% 41 5 %f B 2

2R AEE(P>0.05),

RS AR AWK T XTI B A 5 B Y R

Table 5

Effects of dietary fat level on activities of carbohydrate metabolic enzymes of Rhynchocypris lagowskii Dybowski

TR KA S WK/ %

Carbohydrate levels

C M EE/ (U - g™

Hexokinase

N PR YRS/ (U« =) FUBE-1.6- B MRME/ (U - g~

Pyruvatekinas

B/ (mg » g D)

Fructose 1.6-bisphosphatase Liver glycogen

0. 0(CK) 5.39-0.28 32.84+1.36 a 10.876+0. 96 a 5.70+0. 64 a
10.0 5.810.41 a 36.84+3,92 ab 12.13+1.32 ab 6.1240.20 a
16.0 10. 76+1.09 b 44.09+4.96 b 43.22+2.60 d 7.16+0.73 ab
22.0 9.82+0.25 b 68.65+5.89 d 26.39+2.77 ¢ 9.75+0. 64 c
28.0 5.80+1.09 a 55.9544.12 ¢ 13.0042. 71 ab 8.28+0.55 b
5 B Thm BT B R A o 2 oK ARG K
> ) N e , -
-2 16,000 I d5e iy » 9 TR A 2R AR T o L 1A
3.1 MmN EWKEXNBREHEUEBFEERN  FHNRE S T XA (P<0. 05) U M R &
A AT E TR A R G . 28 S TEAR

3.1.1 ZamEn RENFERUHAEE N
e AR TE — 5 R b R T AL B 3R W BT 3 A A
JE . RLE SR W K F B SO AR By g | S T Y A
b AL T N B B T A E A .
8 e K AT LA B B B R R T AR B 4
SR T IR A A A 3 AR P I X A Rk K
5 PP 9 T v 158 B TR R BRI S iRk
AWK 16,000 I 35 21 fie g B, 38 A f 5% it
WA % PR R AR o i L MR O R R A
KR DR R TSR B R AR K AL A 0K F 1

BRlE b AT B Tk AR TS M R T
(R A < DA 1 S (P U INE 3
(Scophthalmus maximus) HFFE P & B, AR T
IR 2R {8 08 AR RS M R e T R R W
P UAEEEEE I, X A A R AL B
B e B S koK AL S W RS L 2R
PR 0% 0 2 3% B0 1 A iR 1 T S M A e b
T EL B K AR S T LA e LA 8 BT T A
W 77 HE T 38 B 29 21 A B ROR . Shias %Y
TE S A B (E pinephelus malabaricus) FRIWFSE



30 PE JEAMB R 722 4R CB AR B 4 O

AT

IRUE B T AEGRDRE R S s K Ak A 0 BAT W 29 B R
e .

3.1.2 EAEeEE R RKAL S YK
A B4 52 e T Al g B N TE R Tl T 1 AR RS
TE 53 T P 05 At o 21 9 A Tl 08 MR AR X 5 W 4
TR AR A AFAE — R AH G, 2 2R AR S IR Y
— i . AR 2 R R W] A DR K L S
PRS- 1 T 8 T B A R i JE T R I T 1 5 S B T
Ja T R X R W — R YRR Bk K AL S )
IRV B T TR Sl 3E A i A A 4 L R A
PERACH . X T RE 518 IR 1 A2 B PR R IE A G . AP
AR 3 R ZE W (Scophthalmus maximus) [ HF
FER W] RE S 0B T 2R 0 3 T A R A L
EFHE TR AR AR S X ] 3k 5 (Megalo-
brama amblycephala) B 5T 3 B, BT IE 3 4 1 05 1
BETEE Ry KT I I 558 TS R R, TH
M X W A AR (Pelteobagrus fulvidraco) WHF9E %
B Ji 30 T A O 1 O T 0 R S o ok Y
LSS T i AR A e X 5 AR B A5 R A
5 LA 7R 1 2 B A f8 (Oreochromis niloticus) b
I WFFE TR T IX — 5.

3.1.3 JfemEgiE M JRITEREMAE W RGP K
F2 WA A e TR B BE 8 1) T e B 1 T I L K
ff R BEAR AR . AU R B L BEE DR OK
1EE WK Tt m s i BB BRI X2 i i b i F0 S
B Mg e M R BT TR R MoK S
AN 22. 0% B ik F) e m {E. B 10.0%,16. 0%,
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