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Effects of Different Temperature and Protein Levels on Digestive
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Abstract: Sixty-day feeding experiment was conducted on (165.24+8.07) g/Cyprinus carpio .L minor .With fishmeal
as animal protein sources, corn gluten and soybean meal as plant protein sources, the effects of feed with different
protein levels (29,31,34,38 and 40%) under different water temperature (18,22 and 26°C) on digestive enzyme activities
of intestine and hepatopancreas were studied. The result showed, in general, different protein levels under each
temperature had significant effect on activity of protease and lipase in hepatopancreas and midgut, but not amylase
activity. The activity of lipase in different parts of intestine and hepatopancreas had different optimal temperature, and
was raised somewhat with the increase of temperature and dietary protein level. Under 18°C water temperature, the
activities of lipase in hepatopancreas at 29% and 31% protein level and midgut at 34% protein level were the highest
(P<0.05) ; the activities of protease in foregut at 40% protein level, midgut at 29% and 31% protein level and hindgut
at 38% protein level were the highest. Under 22°C water temperature, the activities of lipase in hepatopancreas at 34%
protein level and midgut at 40% protein level were the highest; the activities of protease in hepatopancreas at 38%
protein level and hindgut at 34% protein level were the highest (P<0.05) . Under 26°C water temperature, the activities
of lipase in hepatopancreas at 38% protein level were the highest; the activities of protease in hepatopancreas at
34%protein level and midgut at 31% protein level were the highest. The activity of protease in hepatopancreas and
different parts of the intestinal was enhancing with environmental temperature increasing, and the older of protease

activity was midgut and hindgut>foregut> hepatopancreas. In hepatopancreas the activity of amylase was the highest
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but the activity of lipase was comparatively lower than that of intestine. The specific activity of the protease of intestine

and hepatopancreas was raised somewhat with the increase of temperature and the decrease of dietary protein level.
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21K 96 % o I TR R B AR b X 32 B (1 il £ R
fhz—.

S TH A B 772 S S f 2T A L AR (1) — T E
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JIE I FR) A 1 TS 1 o 2 PR B 11 7K ST PR 384 v 4
T 95 A% Tl B F T P % ek B ) 2 10 7K 1 184 o
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Table 1.Diet formulation and nutritional components analysis of the test diets

Tk rb 2R R R o 2 £

Tl H Ttem Percentage of protein in diet
29% 31% 34% 38% 40%
H AR % /N TH iy 6.00 6.00 6.00 6.00 6.00
Diet ingredients ~ =.4f] 10.00 10.00 10.00 10.00 10.00
Vil 40.00 36.00 31.50 27.00 24.20
o 8.00 13.00 18.50 24.00 27.50
P3| 8.00 8.00 8.00 8.00 8.00
ki 8.00 8.00 8.00 8.00 8.00
FREAH 8.00 8.00 8.00 8.00 8.00
X 2.00 2.00 2.00 2.00 2.00
3 2.50 2.20 1.80 1.50 1.20
TR — S 1.50 1.20 0.60 0.20 0.00
TR 1.13 1.13 1.13 1.13 1.13
o-LFYHEFR 2.37 1.97 1.97 1.67 1.47
R RN 2.00 2.00 2.00 2.00 2.00
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it 100.0 100.0 100.0 100.0 100.0
IR %% i< 29.12 31.46 34.49 38.17 40.13
Nutriti 1 N
virona bishigil 6.34 6.38 6.44 6.52 6.41
components
i 8.04 7.90 8.34 8.77 9.17
At Total energy kl/g 16.25 16.45 16.63 16.85 16.95

1.3 HRMKESNE
1.3.1 MBEER G H & ARKRELEREEE 24 h, FERIGAMT 3 B, BUEFEEMZE, 5FEBRIE. B
R, FUEAT . P sE— N ET S LARTA R, BE — AN RIS LR AR, AT . KRS BRR
JiE, N 9 AR 0.86% M A B Eh /K 21K, B RIS SIHKHLLL 4°C, 4 000 r/min B5.0> 10 min, HU_E3E
BRI, -20° CUKAGIRAZAR I .
1.3.2 HEEE A 69N 2 (1) RHFolin-Byk A" e 8 AREE . DURESE 0.5% TR REIIE MR
YIS B, {E 680 nmig K Nl 5E S SRR FE MR . R FIBRE T S fEpHIE 7.4, IREQ8£1)CEAET,
BT 1 minffEAGAE AR 1 g SR 1 Bl ity — AN B 7 BT o ARG Hh 2R 11 BP0 1 B U A 1 g 2R 2 i G
P
(2) FHI-VERS Lo kB I E JE B 7. JER RS2 S LLVEN YD, fEpHE 7.4, IRFE(Q28+1)C 4t
T, 1 hiEARAE S 1 me R &R BB — NS S A ARG P W A P A N AR 1 g S B
(3) SR LASR 2T 975 BIOMG Toh M SR A A i S B A B A 00 e V0 s AR W S Fa o I P R 1 58 S 7EpHH
74, JREQS8E) CHAET, MEINEE KM TR min™ 421 pg g 107 R A B 58 o — & 1 B30 . A6 o I i g
3 P B R T g4 AR 1
1.4 IS

IR HCHE FISPSS15.0 Ziit- #1447 77 243 #1(LSD) M2 Duncan# LAY, LIP<0.05 N2 5 B K T,

2 ERE5H

2.1 FEIREMEBRKENEBEEMAFI

R 2 0] 0L, 18°CHI, 29%1Y5 31%H )i 4 H 17 B 1 B 14 42 35 KT 38% 5 40% 85 14 (P<0.05), 5
34%EE A ZE FARZE (P>0.05); 38%% H T 415 178 H B S 22 KT 29%5 34%E H 4 40%5 i
AT R B EE KT 34% 8 F 4 . 22°CHY, 34% 8 i 40 1 5 M e TRV MR S5 38 KT 29%5 40% 8 i 4
(P<0.05); 38%ITI AR 25 1 B G 14 2 3 KT 29% 85 1l 4L (P<0.05). 26°CH, 31%% R 4115 I 25 1
PR E R T 29%E A4 (P<0.05); 34%Y5 31%5 H AL EE & A s = R A RE, B3 KT HA
34 (P<0.05), 38%HE AN E AL E KT 29%5 31%EAA, 5 34%5 40%EARAZER AL
2 (P>0.05),

2 FRIBEME A FKEXELEEEASME
Table 2.Effects of different temperature and protein levels on protease activities

R/ C EHKT% JFFERE(U-¢ ) HifU-g™) FmU-g" FlU-gh
Temperature Protein level Hepatopancreas Foregut Midgut Hindgut
29 88.61+6.33 97.33+1.67% 126.36+1.56° 112.74+2.21°
31 89.25+0.27 97.37+1.41% 126.04+0.35° 114.31+1.95®
18 34 92.51+3.63 95.33+0.36" 121.3240.98" 112.331.92°
38 86.8145.07 98.29+1.69™ 106.76+1.59" 130.42:£9.44°
40 94.61+4.53 101.96+0.47° 117.17+2.05° 129.00+2.49"
29 88.48+0.86" 108.13+2.87 121.46+1.68 114.96+0.90%°
31 93.24+46.23% 109.43+0.06 114.75+3.04 122.3143.60™
22 34 93.28+1.93% 107.72+3.50 122.07+6.61 127.81+5.51°
38 93.92+0.21° 106.28+1.16 122.43+0.99 121.24+1.36™
40 91.04+0.06™ 106.90+1.31 123.41+0.27 106.50+0.05
29 94.73+1.59® 103.19+0.75° 125.62+1.18 118.27+0.96"
31 101.32+3.13% 133.63+4.06° 136.13+2.10 134.31+3.43°
26 34 104.80£131° 137.8122.05 117.16£6.70 12126+6.63"
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38 94.47+4.10% 141.91+0.32° 130.59+5.83 128.34+0.95%
40 87.2442.11° 136.13£0.72% 138.734£2.74 121.70£7.72%
2.2 ARIREFAEBKFXTAE RS M AR 1 2L P P M 0 i 7 T 2 A K, 40% 8 1 T 4 i

3 a0, 18°CHY, 29%5 31%%E [ 20 i AT /N5 40% 53 2E 1 A W i o v 1 N K T A %
JoR U i 05 i v PR R 3 OR T 34% A1 40% & A H (P<0.05); 26°CHF, 38% T B AT g i il v 1 A
(P<0.05). 34%% [ )5 41 1) v B g o g it A o Ky 40%5E 1l 4R/
5 38%E A A ZEFAEE (P>0.05); 22°CH, 34%

< 3 NEIRE A5 A Rk 33 Be B B & M RO 5200
Table 3.Effects of different temperature and protein levels on lipase activities

R/ C B EKT% JFFIERE(U-¢ ) HifU-g") HmU-g") JE(U-g")
Temperature Protein level Hepatopancreas Foregut Midgut Hindgut

29 3.9340.55° 4.00+1.22 3.00+0.00" 2.20+0.72

31 4.10+0.62° 4.40+2.03 3.80+0.40" 2.20+0.20

18 34 1.77+0.32* 2.60+0.53 6.80+1.22° 3.00+1.59

38 3.4020.42" 2.00+0.87 5.20+0.40% 2.40+1.20

40 2.47+0.43" 2.60+1.71 3.00+1.51% 3.40+0.53

29 3.63+0.20° 2.80+0.80 2.60+0.87" 3.40+1.44

31 3.93+0.24° 3.80+0.72 1.60+0.53" 4.40+1.40

22 34 5.2340.22° 5.40+2.40 3.00+1.20" 1.60+0.40

38 3.47£0.37° 3.40+1.22 2.20+0.80" 4.00+1.40

40 2.30+0.15" 4.00+0.20 6.00+1.04° 3.00+0.92

29 1.63+£0.26" 4.00+1.56 4.20+1.83 6.80+3.29°

31 2.33+0.18° 1.80+0.35 3.40+0.72 4.60+1.97*

26 34 2.17+0.09% 3.80£1.11 5.20+1.91 2.60+0.72%

38 4.73+0.18¢ 2.80+1.31 2.40+0.92 3.80+1.00"

40 0.93+0.18" 2.00+0.72 2.40+0.34 2.00+1.70°

2. 3 A EIRE FEBKEXEM B R A2 T 2 25 AF T £ 7K 0 e oy Bl v 1 B A S B

400, BT 22°CH 38%5 40%8E A B4l i,
AR vE R B M B2 N T oA 3 4H4h (P<0.05), %

® 4 FEIREME B FUKFXEHEEE R0

Table 4.Effects of different temperature and protein levels on amylase activities

ErC EAKT/% HEBERECU-¢™) HiU-g ™ JiiaU-g" JEaU-g")
Temperature Protein level Hepatopancreas Foregut Midgut Hindgut

29 38.88+0.21 37.06+0.58 36.57+0.24 37.46+0.33

31 38.85+0.19 37.06+0.51 36.3140.61 36.93+0.52

18 34 38.52+0.52 36.11+£0.37 36.34+0.84 37.00+0.33
38 38.67+0.23 36.03+0.94 36.32+0.41 36.60+0.47

40 38.84+0.17 36.40+0.50 36.62+0.46 37.68+0.01

29 38.72+0.23 37.56+0.17° 37.04+0.24 37.17+0.17

31 39.00+0.13 37.42+0.16° 36.95+0.16 37.47+0.19

22 34 38.71+0.07 37.47£0.27° 37.17+0.38 37.7240.19
38 38.92+0.07 36.26+0.26" 36.78+0.21 37.15+0.46

40 39.04+0.05 36.36+0.33" 36.84+0.37 37.7840.10

29 38.64+0.07 37.48+0.20 37.06+0.11 37.42+0.23

31 38.90+0.05 36.28+0.66 37.64+0.45 37.3240.55

26 34 38.68+0.25 37.13+0.02 36.57+0.70 37.44+0.25
38 38.94+0.09 34.58+2.69 36.77+0.23 36.95+0.32

40 39.02+0.16 36.94+0.53 36.27+0.29 37.60+0.80

Journal of Jilin Agricultural University 2011 , March



IHE: BEREORKRFSIEEFEEEELGY R

2. 4 ARLRE T A EEMLH L ESE A EL AL

I 77 T ) e e P PRI AN ) B2 1T AN R o I M g
MRS VELE 18 CIF R, R T AR 26°C I B
Ko BULELAT T BTG VEN B 7135 2.2 KT Wid

(P<0.05). 18°C A1 22°C /& A BEHE 1 X/ NIBF ~ A
Jo B> = IR, A6 26°C I il i 1 2 A e
BE KT R (P<0.05).

% 5 TELRE X A B BRALH B E R R0

Table 5.Effects of different temperature on enzyme activities

HEE/C wE I I ity TR HA"
Temperature Organ Lipase Amylase Protease
18 JFI#AE Hepatopancreas 2.00+0.26 38.75+0.12° 90.36+1.76"
Tii fs Foregut 2.32+0.37 36.53+0.26" 98.06+0.84°
1/ Midgut 2.64+0.37 36.43+0.21° 118.27+2.33¢
Ji lr Hindgut 5.11+0.68° 37.14+0.18° 119.76+3.13°
22 JFI#AE Hepatopancreas 3.71+0.27 38.84+0.07° 92.11+0.79*
Hii s Foregut 3.88+0.54 37.0140.18" 107.75+0.91°
b Midgut 3.08+0.54 36.86+0.20° 120.88+1.42°
Ji s Hindgut 3.28+0.52 37.3540.19° 118.81+2.40°
26 AT igifik Hepatopancreas 3.13+0.29" 38.87+0.06° 96.51+2.21a
Hii s Foregut 3.12+0.58" 36.48+0.55" 128.05+4.93
b Midgut 4.36+0.52° 36.96+0.11% 128.27+2.91°
J&i s Hindgut 2.64+0.39" 37.46+0.12° 124.53+2.19°

3 7 i

AL 1) R P T A7 45 B 2 TR 1 T T 4
K, ERBEE R OTH, AR (AL 8 R3S
M I T A e 2 PR L FHD 97 e v o O O O ) B35 0
A EIB LT A AN R, o 5 U FEE e 7 s A g i
VE VETE B 8 1R K TR 375 b v o L 15 2 1 R K
SR B T 2 T S 2
3.1 REMERRKEXHLENRI

AL R LA IE 5 AR A G i M,
LRI Y 1 35 AL 2 AR AR A 3 VAL
e, TR 20 FR R A AR, T i
i 2 R L BRI R A A o 2K A B
EHIRE 2 7T ), 7T DA B A A B 1 2K Py
SRR PR AS R A AR B, i s Bl el e 5 ke
()73 B S AN e TR, RNt 31 A2 i A B s o A2
R AE — 2 OB, f K IR R T B R
VRSN, S WU AR, oS A TR
pHZE, T ISR v . a5, TR
FE IR PR ATV PR RS s 4 S B0 AL B A 4
W F70 LURE FIIF 9t 2 S rp -0 8 B G 2R 1 K
S ALK ST B, 5 TR L R 25 1 K T
S 3o FLE P 0 S L AR
3.1.1 BEAZEQRAKFHEQBEWGHH &
RIS S B, UL o 4 ) B 1 O T B
Ko BALEER AR 7208 2 05 FE ) T 1 43
K, TR VIR 5o AR [ Bt 8L 88 S ) S
KL, BEAN. BEAMRMEES ST, X5
ARI 2 AR . (HRBEE IR T s, R
EHR L K FFR

R AL P R TR D 9 e T A v B R AL T M . I
A RESERUATE— iR B SE P, B, ik Py
B2 L R S T B S, SRR B AR R NN R,
FTRAC I F 3G 3R MY, John! WA Kyt KTl AL B 0 i
FER 30-50°C o M AR R 50 16 P 5 PRI B LR
KT RARIREE (1) — A T B AT 75 1 BoE i
&, THAGER IS 1b 7 T80, B S B 2 I AR,
IR L Bt 5 2 /K P RO 3 A4 o /T R NI £ ) B
R, AN AR, SR E A BN S AR
W) LA P i e Bt 3 11

3.1.2 REAFE G MK-FAEFEEER 0 A
TRIG 45 R, AR W T B Ja B TR AR [R]85
ANF, X5 TG TIRF T AN [F) K A LS T K BT
F WS ST AR A 2E AL . BE A TR I T v B MR
15 T A e R 1 K I I I B, X 2 g
SELE AN [ AR 4 T Ak 2R Gt P T I S 0 R S R
FRVRFF 58 485 FEAR S, 33X o] B DR A R 7 2 UL IR1Z 3 i i 23
FIREESRIR, BEIR SRR, AR = & A1f
TR, Mgt NmiEAsE, S, &
EHFEIE O, FPRE P RE IR IR, e A S AR RS
1k, JF EHFFRE R B A RE T a6 A, T REm KPR
FR SR HEHLARTE 2 1R AR A AR B, (13758 Y
1 TR 7K T B B A g B TR A

3.1.3 BEAZ A MAK-FMZNEEERGH R K
TR R Wk 22°C I FI AT Bpie K B A1, 85 5 8 1 Tk
SPGB BTG PR 3 TG R 3 R (P>0.05), X SRR
SR DR R [ B KCT X 5 A0 i i T S A B
S U h S — 8. IX AT A BT ARG BT 2 (IR
FEJEHI/N, FEAS R DL S UE R B 2 i s i s, SR H
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Ao [FIFh A A B BURFE TP E . K
IRH TR, 1 AR R Y B R IO, R R
Jor>1i >R IR o 3% 5 2k 2 B POV i 7t 48 A A —
;o HWw b, AL B AR IR CE M, T
1T R i e SSRGS, B 2Rl Rt aE il
VAR, PR B A s R S, R IE NI EOE
BREOS 7 Be AR VDB R VE AL PE DRI R
JFE P B 9 ARG 7 98 A v Y R ) S I S
BURIE R AFIRAE 1% 570 S P = 4 fa it
Foah FARL . Ve R B A TE I R L R . WAL R E AN
[) 17 S ELVE D18 . ANRIG 25 R Bow, S 1 gk
VERT RS 77 f e, U BF U 2 ek g AR )
B X SR R PR IE 45 R 8 EAREG AT
TRME AP TESEAE AL ZE 3 T e, X T
52 6 R H AL RE e A Rl — S IR A AT
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