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Tab. 1 The effects of temperature on the activities of protease, lipase and amylase
SHAVES BE = R B B7 i =17
Digestive Tempaerature Stomach Hepatopancreas Anter} or Middle intestine lh’osterhlor
enzymes (C) intestine intestine
20 33.29+1.48% 58.48+1.03% 86.96+1.76", 23.97+0.62% 19.87+0.44%:
25 62.96+2.75% 153.67+4.21%, 156.60+3.41%, 38.16+1.14% 30.69+0.75%
30 84.14+4.10% 162.2542.56% 170.9041.49%, 45.55+0.95%, 38.39+0.89%;
=) 35 92.99+1.25% 167.13+£5.26% 236.57+2.00°, 62.65+5.47, 47.10+3.09°
Protease a b . . b
(ug/min) 40 152.16%3.63% 189.30+1.97%; 334.14+7.77% 85.58+1.08°%, 71.02+1.63%
45 45.78+1.99°, 286.8143.83% 528.83+2.74%, 138.06+2.55% 99.97+1.09%;
50 31.69+£2.22"% 190.19+3.05°% 408.49+2.63°%, 100.43+2.14% 70.83+1.39%,
55 16.27+0.49%; 47.79+4.00% 115.13+3.998, 35.80+0.97'¢ 25.90+1.79",
20 29.59+1.52% 109.61+0.72°4 21.99+1.36'¢ 12.77+0.42% 8.83+0.59%
25 45.26+1.78" 124.69+3.92¢, 28.33+0.88%¢ 20.56+0.92¢, 10.53+0.82¢%
30 96.91%1.69% 155.85+1.87° 36.07+1.57° 26.80+0.59° 12.1240.95%
B B B 35 114.07+0.76" 186.74+0.77A 51.51£0.53% 38.35+1.13% 17.28+0.64%;
Li
(“m'opl?f;n) 40 91.35+1.80% 160.49+2.02°, 43.61+0.98° 33.43+121%  14.66+0.44%,
45 81.82+1.67% 109.90+1.43%, 31.36+1.33% 26.60+0.66% 8.02+0.49%
50 65.73+1.88% 78.07+1.08", 23.45+0.98"¢ 15.99+0.66° 6.27+0.49":
55 31.43+1.00% 44.16%1.492, 18.65+1.092¢ 10.60+1.03%, 4.82+0.438;
20 2.1140.18% 9.66+0.59¢4 2.70+0.15% 2.04+0.07% 1.75+0.14%,
25 2.56+0.09° 11.4840.755 2.96+0.14% 2.29+0.19° 2.06+0.09°
30 3.78+0.17%; 25.29+0.79% 7.90+0.18% 6.47+0.22° 5.57+0.25%,
il 35 4.20+0.57% 12.37+0.38%, 3.17+0.03% 2.59+0.04%, 2.28+0.04%,
Amyl
(mrg/ynfisn‘; 40 2.89+0.11% 8.96:0.40%, 2.30+0.02% 2.46+0.12% 2.08+0.06%
45 2.15+0.08°% 6.23+0.25%, 1.96+0.03 1.67+0.11°, 1.43+0.05°;
50 1.50+0.20% 3.97+0.15%4 1.63+0.05%, 1.26+0.11% 1.01+0.04",
55 0.50+0.09% 0.91+0.06%, 0.36+0.03"¢p 0.37+0.028¢ 0.29+0.02%,

X RHE-HET) BEZASIEEFHRRAERER, FEELF(TH) X a QOFR, BNRELRTR) NFEFER
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TEREE (P<005 - ATERREAL

Note: Values in the same column (row) were compared with one by one from high to low , and the superscript (subscript) of the highest value

was marked a (A), with different superscript (subscript) letter is significantly different (P <0.05). The following tables are similar to Tab. 1

F2 ZMIHUERNEAEEZRLE Qu

Tab.2 The Q) values of protease, lipase and amylase

SHALEE T3 BE = R 0L i =171
Digestive Tempﬁerature Stomach Hepatopancreas Anter}or Middle intestine I_’oster_lor
enzymes (C) intestine intestine

20—30 2.53 2.77 1.97 1.90 1.93
PE sl 30—40 1.81 1.17 1.96 1.88 1.86
rotease
40—50 0.21 1.00 1.22 1.17 1.00
20—30 3.28 1.42 1.64 2.10 1.37
1=
Reifi 8 30—40 0.94 1.03 1.21 1.25 1.21
Lipase
40—50 0.72 0.49 0.54 0.48 0.43
20—30 1.79 2.62 2.93 3.17 3.18
;E%lm 30—40 0.76 0.35 0.29 0.38 0.37
mylase
40—50 0.52 0.44 0.71 0.51 0.49
#3 pHMEALE. BHE. TWHEEHINEN
Tab. 3 The effects of pH on the activities of protease, lipase and amylase
SHAVES = R LIl H =37
Digestive Stomach Hepatopancreas .Anter.lor Middle intestine l"oster'lor
enzymes intestine intestine
1.5 581.29+4.04¢
2.0 931.45+4.81°
2.5 808.25+4.72°
3.0 707.77+4.70°
3.5 528.56+12.79°
4.0 280.38+1.87"
4.5 169.00+6.72¢
EQk 5.0 140.94+1.52"
Protease 55 125.78+0.84, 58.94+2 85% 62.82+1.38%, 24.48+0.62" 17.49+1.14%,
(ng/min)
6.0 117.9242.79', 112.15+1.07" 68.48+1.23% 27.77+0.70%, 20.53+1.14%
6.5 115.02+1.4275 145.24+1.23%, 86.27+0.83° 30.31£1.36% 23.40+0.99°;
7.0 111.97+1.67% 155.48+1.94%, 148.90+1.48°5 37.35+0.96% 29.04+1.984,
7.5 92.99+1.25%¢ 167.1345.26% 236.57+£2.00%4 62.65+5.47°, 47.16+3.03%
8.0 71.98+1.17" 182.83+2.54%, 178.34+2.50°, 98.33+1.47% 76.21+1.18%
8.5 70.4343.42'¢ 192.8642.31% 125.22+1.23% 48.57+0.99°) 36.57+1.33%
9.0 46.29+1.97™ 115.34+2.03%4 54.07+1.74", 22.06+1.63"%, 15.45+0.50%;
5.5 41.80+0.68"; 104.67+1.41%, 5.29+0.19%¢ 4.62+0.228: 2.03+0.08"
6.0 51.87+0.56% 125.40+0.86%, 6.64+0.50", 7.32+0.29% 3.48+0.20%
6.5 63.66%1.13% 168.2620.68%4 24.3420.46% 18.80+0.44%, 8.20+0.19%
g B B 7.0 78.65+0.58";  179.41=1.00°4 31.78+0.72° 23.96+0.22" 10.78+0.37%
Li
(“mloplj‘f;n) 75 114.07£0.76%  186.74+0.77"5 51.51£0.53% 38.35+1.13% 17.28+0.64%
8.0 101.44+0.77% 114.28+0.69%4 24.17£0.17% 17.90+0.32° 8.43+0.34%
8.5 83.57+0.74%, 71.09+0.64%;, 16.71+£0.39¢ 12.17+0.41%, 5.61+£0.27%
9.0 58.45+1.11" 61.39+1.22", 10.64+0.70°¢ 7.86+0.31% 3.47+0.22%
SER 5.5 2.07+0.09%, 2.04+0.11°, 1.65+0.27% 1.44+0.09%; 1.15+0.13f
Amylase 6.0 2.41£0.24%, 2.26+0.08° 4.712£0.13¢, 3.96+0.16% 3.50+0.24%
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(mg/min) 6.5 7.24+0.21°, 3.57+0.29%) 6.97+0.18", 5.5620.10% 4.76+0.18"
7.0 8.61+0.48"5 4.25+0.08% 7.64+0.22% 5.99+0.27% 5.2240.14%
7.5 4.20£0.57°5 12.37+0.38%5 3.17+0.03% 2.59+0.04%, 2.28+0.04,
8.0 1.94+0.11%, 8.94+0.23%, 2.98+0.07% 2.36+0.07°¢ 2.06+0.10,
8.5 1.79+0.04°¢ 4.47£0.06, 2.08+0.04% 1.75+0.06cp 1.55+0.08¢p
9.0 1.63£0.05¢¢ 3.33+0.20¢, 2.02+0.04% 1.62+0.03"% 1.34+0.10°",

24 TREEILBREZEA®R. BB, EVEEION
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ZREK | SHNEETEIM 3 HH BN R
ERE, 3 ME(EEARENRE, pH 758
SFHT, NEHEE, FRE. 51, 1B, B S
MW EAR. TR, BEIHBEENE 4.

Bk 4 WA, 5 MM E R BE DB S IRKX
N >R RE>B>F >R, FBL2EE0

EEZR(P<0.05), EMEELBSIERMRN: F
BRE>B>ai>FB>Fh, ESUZEAEREE
(P<0.05)o X BESE D S BRAOR R FFRRAE>B1 7>
hip>EH>8, FWUZBEEREE(P<0.05), &
IERERS B, SEMEE L&D, EHBOURTRIR, ¥
BARTIRAE REILEBSM EE AP, AIBAEH 3
MOELEANEIERE, HBATCNREENHLE
. FRVE{LBRENEN B/ EBABA/P)EBENT 1,

F4 REBEEFHT 3 MiHLEEEME LR EH=T7.5)

Tab. 4 Comparative activities of three digestive enzymes under the optimum temperature

HILES B FF BB (17 T =37
Digestive enzymes Stomach Hepatopancreas Anterior intestine Middle intestine Posterior intestine
E
EAE ] 152.16+3.63° 286.81+3.83" 528.83+2.74° 138.06+2.55¢ 99.97+1.09°
Protease (pg/min)
=}
Be s R 114.07£7.60° 186.74+7.69" 51.51£5.26° 38.35+1.13¢ 17.28+2.64°
Lipase (umol/min)
A . 4.20£0.57° 25.29+079° 7.90+0.18° 6.47+0.22° 5.57+0.25¢
Amylase (mg/min)
A/P 0.03 0.09 0.01 0.05 0.06
3 i e BHNEBEE— BB ETERMEENSERE. HLE

3.1 BEEHEMAEEMHNXR

John"IANH, X ELBHNEERE—KHA
30C—50C. MXEEHMARLERRYE, Rl
(Carassius auratus)i7 B E ¥ B8, RERFES. EOM&
ERES BN 25C, 37C, 40C, HTLBIRE,
MARAHANKYKELR. THENSERENR
33'C—45CH 39C—45C. SBEAZEIRE e
(Perca fluviatilis) AT B, 78, BEMEBHNRER
EHR 30C, BN &ERENR 40°C; FFERA.
EEEBHNREREN 50C, BEABNSRER
ER40C, EXNHARERE ERERHE . N
HUBHNEERESHREEELRXKE, KGR

B IE R RDR B RN E =2 7 = 30 A E B IR Y A S
THITHW, ERLEGFANBEEANNRERSZ,
FUSERERE—EXGHTFIEREN, BE—
ERELARR T HCEN MR RREXNEEED
MM E. MNARLERKRE, BEE 20C0-35C
ZEENEAR. BHE. EHBEHNEHEEN
EHEDS, W, th&EFEKBETERN, NES
KEBHASHIEMRIEE,
32 pHEHEEEENXR
pHEXNEEFINEERRZ—, TEBEIR
MERUEWEL, ——RUAETBERYNES, =
RUEHBHBER, RNFRERKH, pH XWHthA 3 b
SHCEMSE D9 BELEFM, EiREN pH BEMA,
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HENEASERENEDS. SHEHEEBEN
pHEE, YEY. BE. RENNBERNFHEE
i, BB - NEAZRANZE pH. EBAXEN pH
TEMRENEM, A pH MRS, Bt MEES
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6.5—9.5 2B, MATERRE, F5H B ER B &E pH
251 6.8—7.0, 5.0—8.0 M 5.0—7.0, AFFRER
5H-¥,
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AN A 2.0, 5K (54—55FE, AXHK
BER HEREHBEER pH 8 75. BER
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5 # 8 B %3 B4 (Sparusmacroce phallus){k
NE B EE D HZEIREME L, Dask, et al.*#f3E
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BHRILFEERE, MAED BB, EBEEAR
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REWEKEHBHEE pH FEMTE, W
& 3K 87 (Sparus aurata)ly 8.0,
7.51261 8 ##(Oncorhynchus mykiss) # 7.8 . #4#Y
EEpH A 75, ExE&LNERBEL, BHEHN
&E pH HREY, HAREBEREERN TENE
EANKE, XUESHEREKERE M KR
BEEX.

B &SEMBNSEDE pH 7.0 &S, IR
ZW X EEPURIE K P 4 4 2 B (Eriocheir
. B3 A X #F(Fenneropenaeus vannamei)
M = 7 & (Scortum barcoo) M EM B ERB S
# T (pH5.0—6.2) EHRETE, JeEEHHNER
HEX, BATRABIMHESIENBERENRTE,
HENHWBHERBRSBEMER.

£ (Salmon salar)®

sinensis)

33 BMEHILEEMNXR
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&, HREFEREMNS,; KFERAEREREED
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HRAwifaMPis, EHERN 3 MELENED
#HrwE, XEBrRMEaN ETEH LTV 5
SCHEPE MR, FETEPIHERAEIH
WO E P 3R BN
EARB ML R — B Biesiot M Capuzzoi2H, T
XA AP NEENEXBREREENEFRRRNIER
RIESKRE AP ESH, ANRMENEYRLEDF
MYRMY; AP ERE, ENEENNDYEERFE
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ERREESNERRE,

&

:rZIﬂ}&

(Erythroculter ilishaeformis),
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THE EFFECTS OF TEMPERATURE AND PH ON ACTIVITIES OF DIGESTIVE
ENZYMES IN CATFISH (SILURUS ASOTUS LINNAEUS) IN DONGTING LAKE AREA

HAN Qing, LIU Liang-Guo, ZHANG Jian-Ping, ZHAO Dong-Hai, PAN Zhu and WU Ri-Na
(College of Life Sciences, Hunan University of Arts and Science, Changde 415000, China)

Abstract: The aims of the present study were to find out the digestive enzymes distribution features of each digestive
organs in Silurus asotus as well as the optimum temperature and pH of digestive enzymes, and to elucidate the effects of
temperature and pH on the nutrition requirements of Silurus asotus. The study would provide theoretical basis and ref-
erence for studying digestive physiology and nutrition requirements of Silurus asotus. In the present study, the Silurus
asotus in Dongting Lake area was chosen as research material. Effects of temperature and pH on the activities of three
digestive enzymes (protease, lipase and amylase) in stomach, hepatopancreas, anterior intestine, middle intestine and
posterior intestine of Silurus asotus were studied by means of enzyme analyses. The protease, lipase and amylase activ-
ity of different digestive organs of Silurus asotus were determined by using Folin-phenol method, polyvinyl alcohol
emulsion of olive oil hydrolysis method and 3,5-dinitrosalicylic acid method respectively. Then, the experimental data
were analyzed for ANOVA and multiple comparisons (LSD method) using SPSS 13.0 software package for windows.
The data were expressed as mean £SD. The results showed that the activities of all digestive enzymes in Silurus asotus
increased at first and then decreased with temperature and pH increasing in the designed temperature and pH ranges. In
stomach, the optimal temperature for protease was 40°C, whereas all in hepatopancreas, anterior intestine, middle intes-
tine and posterior intestine were 45°C, when the reaction pH value was 7.5. The optimum temperature for lipase in
stomach, hepatopancreas, anterior intestine, middle intestine and posterior intestine were all at 35°C. The optimum
temperature for amylase in stomach was 35°C. The others were all 35°C respectively. The optimum pH in stomach,
hepatopancreas, anterior intestine, middle intestine and posterior intestine were all 7.5 for lipase and 2.0, 8.5, 7.5, 8.0,
8.0 for protease respectively. The optimum pH in hepatopancreas for amylase was 7.5 and others were all 7.0. The re-
sults indicated that amylase was conductive to weak acidic condition, and protease in hepatopancreas and intestine were
conductive to weak alkaline condition, while the protease in stomach was conductive to acidic condition. The activities
of digestive enzymes in Silurus asotus have organic specificity. Under optimum temperature, the activity of protease in
different organs was in the order of anterior intestine > hepatopancreas > stomach > middle intestine > posterior intes-
tine, and the activities of lipase were hepatopancreas > stomach > anterior intestine > middle intestine > posterior intes-
tine, while the activity of amylase was hepatopancreas > anterior intestine > middle intestine > posterior intestine >
stomach. Results showed by multiple comparisons that there were significant differences (P<0.05) among different
temperature or pH of the same digestive enzyme in the same place, and there were also significant differences (P<0.05)

of the same digestive enzyme among different digestive organs in the same temperature or pH.
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