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RE", /IR 11 SRS T RN R R B R 2R B e i
il B H A K H E RIS s SR AR 7K
PR D, JE R 1 AR AT SR H SR k)
FHIE ELBR IS I T

BET FIRBUIR ARG LK 11 PR 6 4y £ fF
FEXTGR WAL Tk AP S TN [ 2 7K P 14 J it
xR R A KA RE AR AL bR 5 T E | i 4
LSRR A, DA S PRI L 1 PR 6
HP AR L, A R R I R TS 5 ARDRL P Y
74 it —SE TR AR

1RSIk

1.1 K%t

B il 6 2 A% 20 50 1) Rk, A% 21 43 s i o,
250.500.750.1 000 11 250 mg/kg B , B il i 6
i 55 45 Mg 52 5 40 BE (PO L P250 . P500 . P750 .
P1000.P1250) ., it I AR BRI e A= P8 A B
s wlBEHE RO SR/ R JBEER 1 500 Ulg JB
TE N 500 Ulg  JBEHE 7 B 1 000 Ulg, 322 I %
PREQZURIR) o JRURLZE YX3-132M-4 K3 ALK}
W) 33 60 H i , Wl e K 2 R HE i A TR G
PLEE PR A 3957, 5 A ff 3 AR Gi g il 0k 17

A IRIR A i 60 H i, i FEHLE Fin A 20%

IKIEFEE A, 1] DSP60-C B AL WL Uk 4
2 mm (AL IR, A SR KT IR A 2 B4 |
F-20 C UKFE P RAFE A H o RBEAS I v S BEbR
LA RIS TR H BT — B, R RS N
i HI PBS(JC Ca Mg & F )it )G , B T4 “COkKFE—
R e LR U e S TR W e S T p S R4
BB SR AN RO s WAk 1,
1.2 KE&BaS5EFEE

56 FH £ WA VL 90 A BT R Rl &
JEA BN A, A FULH A IR AR =I5 T ik 1
FeHb K YR TR M 35 14 d. % 630 BRI bR AT B
4 (8.00+0.50) g YA 171 SR Ao | B AIL 0 B 6 2, Bk
3IANEE,BATEE 35 R, FALA A% Ky
2 mx3 mx1 m Y 18 AR PRI Hh , R
i 5 38 SR I A A R 40, K e e S B . 3K
55 I3 B 70 d, W) R H MR ARDRL B S W) 4R A 5T Y
3%, 55K 6:3018: 30 AT HEME , P M F AR s £ {4
ARG E o AR X I0 fa E TFR T, ARl f
AR A A 150 8 A B M ARDRF AR . 5% B S5 6 1 (]
SRR & A A RO, KR 22~31 °CL, J AWK E <

0.20 mg/L, ¥ i S B >5.0 mg/L, pH 7.5~8.3,
1.3 #HmRESEN

FIHR I G R A 24 he WA FRIE
Hh Bt ML 3 B 3 R A, T 80 mg/L = SEURU T T IR I
J& B PR AR AR BT AR IR A S
i, TR AR RSB A8 5 s TS 4 s i
BUBE ) T Ve AL 0 1 S i DAJRR e #2114 2 i Ik A 1
MM, # & 30 min J5 7E 4 °C .4 000 /min 2514 F &
A2 10 min, B ETE RS, WA E KRG, ET
-80 “CIRAF; HL0.1~0.2 g FFIE , A R 5, —80 °C
ORAF , T 300 % PRI 2R AL 48 A 5 P AR AR B 5 Bl
BUH 3 J to i JIF I it i 8 0 9 , 4% 22 58 W e
1€ i, T I IE i 2HED) 7 g
1.4 #ERRIE
141 HRUETRY

KM E R LR E Rk (GB 5009.5—
2016) . i /K fig i 7 % (GB/T 6433—2006) .
550 “CHIHE I (GB/T 6438—2007) W 72 Tl A} 14 7K
gy KA KA LB o355 6 o TR P B
P SR I P P ELISA R i) &l o
1.4.2 ARKAE SIEEER

AR BOEARAE Fin oy oK 101 R B ) 2R 1 o
(Final body weight, FBW) |} 5 % (Weight gain
rate, WGR) . 1A £} & %% (Feed conversion ratio,
FCR) fr%%ﬁiﬁ%(Speciﬁc growth rate, SGR) ¢
1% % (Survival rate, SR) | $% B % (Feed intake,
FI) | A %5 £ (Condition factor, CF) . If 1A $8 %
(Visceral index, VSI) | B {4 4§ % (Hepatosomatic
index, HSI),it& /A

W= (W=W,)/Wx100% (1)
Fo=l/(W~W,) (2)
Ser=InW~InW,)/tx100% (3)
Sy=N/N,x100% (4)
F=C/[ (W +W,)/2xt ]x100% (5)
C=W/L*x100% (6)
V=W./Wx100% (7)
H,=W,/Wx100% (8)
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Tab.1 Ingredients and proximate nutrient compositions of experimental diets (air-dry basis)

&5 Content

Ui H Ttems

PO P250 P500 P750 P1000 P1250
JiB} Ingredients
{64 Fish meal 45% 45% 45% 45% 45% 45%
WFH Shrimp meal 5% 5% 5% 5% 5% 5%
TLHI Soybean meal 15% 15% 15% 15% 15% 15%
M1 Rapeseed meal 13% 13% 13% 13% 13% 13%
KEWAEHE FH Soybean protein concentrate 4% 4% 4% 4% 4% 4%
A Weat flour 9% 9% 9% 9% 9% 9%
KT Soybean lecithin 2% 2% 2% 2% 2% 2%
17 Fish oil 2% 2% 2% 2% 2% 2%
JHA% Choline 1% 1% 1% 1% 1% 1%
Herl: R AT W) IC R R A Premix 2% 2% 2% 2% 2% 2%
R Methionine 0.1% 0.1% 0.1% 0.1% 0.1% 0.1%
B Bile acid 0.03% 0.03% 0.03% 0.03% 0.03% 0.03%
W2 — 245 Ca(H,PO,), 1.87% 1.87% 1.87% 1.87% 1.87% 1.87%
A3 Total 100.00% 100.00%  100.00%  100.00% 100.00% 100.00%
JBiHf Pancreatin/(mg/kg) 0 250 500 750 1 000 1250
B IR Proximate nutrient composition >
ML 1 Crude protein/% 50.74 49.66 50.67 49.88 50.79 49.28
HLAE I Crude lipid/% 9.86 9.97 10.02 9.81 9.93 9.87
HIK Y Crude ash/% 15.59 15.38 15.64 15.70 15.50 15.72
K43 Moisture/% 8.62 8.55 8.74 8.66 8.72 8.44
JHEHE 1A B M Trypsin activity/(U/kg) 0 316.87 633.74 950.61 1267.48 1584.35
JHEIG 105 T 7% 4 Pancrelipase activity/(Ulkg) 0 950.34 1900.68  2851.02 3801.36 4751.70
JHRVERS BTG PE Amylopsin activity/(Urkg) 0 480.95 961.90 1442.85 1923.8 2404.75

TE: D) FR A AET SRR V, 20 mg V,,,(1%) 8 mg.V, 10 mg.V, 15 mg .V, 15 mg.V 15 mg B E 40 mg JULEE 320 mg JABENE
80 mg M 5 mg A H % 2 mg . Na 30 mg.K 50 mg Mg 100 mg . Mn 14 mg.I 1.6 mg.Se 0.2 mg.Co 0.8 mg.FeSO4 25 mg.ZnS04 35 mg ., CuSO,

3mg; 2)E IRV E (e

Notes: 1) Premix provides per kilogram of feed: V, 20 mg, V,,,(1%) 8 mg, V,, 10 mg, V, 15 mg, V, 15 mg, V. 15 mg, riboflavin 40 mg,
inositol 320 mg, niacinamide 80 mg, folate 5 mg, biotin 2 mg, Na 30 mg, K 50 mg, Mg 100 mg, Mn 14 mg, I 1.6 mg, Se 0.2 mg, Co 0.8 mg.
FeS04 25 mg. ZnS04 35 mg. CuSO4 3 mg; 2) Nutrient levels were measured values.

1.4.3 ABAA bR

ML7E O H (TP) A& A (ALB) 5 2 #if
(Glu) | =% B B 25 (1 BH [ B2 (HDL-C) (IR FE R
#H (LDL-C) . H il =5 (TG) & JHE EE (TC) &
T DA KA R G (AST) A3 VA 5 & B (ALT) (B
PEBS IR B (AKP) 36, JFEIE B2 (1 (TP) (2
BE(Glw) 5 HIM = (TC) SR H ALK E 4
H 3 A Ak A AT ASCHEA T 2 5 JFF U e S A A i
(SOD) \IN [ (MDA) B4 AL HE 1 (T-A0C) |
B WEH B -S 55 7% Bl (GSH-ST) H4 45 %t 1 38 71 £ 10
B A5 AT 00 e ) 600 ) B o e e ) TR F
FEHT)

http://www.shhydxxb.com

1.4.4 JpiEdHgULEME

JFERE B bR A 4% 2 B W 2 )5, 2 18
ik A A O R AR AT B D) R IR il
Image-pro plus 6.0 FA4XF 117 1 90 5 B2 L 9 B 4K
i M UZ B EE S AT TR S v A
1.5 HEMEITHH

K Excel 2016 2 SPSS 26.0 #1730 K b
558 Geit 5 Bk FH One-way ANOVA #E47
Jr e VR g, LSD K e 2 i LK . P<<0.05 %R
25 AR R 2 25 R (P<<0.05) , W4T
Duncan's ¥ 5 WK 56 L) B 2 A0 B2 2 [6] 19 1 2 95
5o A AR U E AR EDR (Mean+SE) R
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fofi Al KRR R BTG TR, i
T 750 me/kg B B 2H 9 FBW . WGR M SGR 5% /& ,
2.1 fARPRmMEENAOZeisaERKMEesE FCR &K, H X BAHFAE R EZE R (P<
EpA! 0.05) , A 1 250 mg/kg B2 /Y 1k 45 b5 5

23 70 d (IR SLHG , FERVEDRP IR IR X R4 OC B 3 22 F (P>0.05) . P250. P750 FlI
e A B T R T B G Ayt A KOPEREROSE I L P1250 409 SR 3 = T4 R4 (P<<0.05) , i FI
F2, 2R, ML RN EREGA AL RGN, AESALRITE A 2 (P>0.05) .

2 4k

F2 ARRRMEREX A O RSi%) @4 KRR RN

Tab. 2 Effects of pancreatin supplementation on growth performance of juvenile largemouth bass

i H Items ZH931] Groups

PO P250 P500 P750 P1000 P1250
LA FBW /g 47.73+1.39 49.88+2.44" 52.50+2.02"" 54.85+1.84" 50.10+0.99" 48.16+1.33
1A WGR/% 496.56+17.32"  523.48+30.49" 556242531  585.68+23.05" 526.23+12.33"  501.94+16.62"
PR A KA SCR/(%/d) 3.84+0.03" 3.87+0.04* 3.92+0.04* 3.97+0.03" 3.88+0.02 3.83+0.03"
Akl 2% FCR 0.96+0.03" 0.93+0.04" 0.92+0.04" 0.83+0.03" 0.97+0.02° 0.96+0.03"
BERF% 1.94+0.18 1.89+0.26 1.98+0.20 1.76+0.25 2.0120.17 1.94+0.22
TE% R SRI% 96.19+0.95"  100.00+0" 96.19+1.90"  100.00+0" 99.05+0.95"  100.00+0"

VE - [ T8 8 b e B b Al BER R 28 5 A .3 (P> 0.05) , A Al/ING FRER R 28 53 .35 (P<0.05)
Notes: In the same row, values with no letter or the same letter superscripts mean no significant difference (P > 0.05), while with different

small letter superscripts mean significant difference (P < 0.05).

2.2 kDﬁ%ﬁﬁﬁJﬁiﬁﬂﬂPiﬁEiﬁsm%’fum$ ‘ V= 498747 + 7324018 UG
H Gauss [F] R 73 K 12265 WGR 5 % 425 358/?
TN Z [ 5 5 2R, 75 B AS [7] 9 B 7K V- i i s TN 2
it (X) 5 K F1 PR B 5% (V) 19 Gauss [B1JH 5 ## R*=0.979, 235, TR rp [ B AN Iy
(E1): 678.894 mg/kg~679 mg/kg.
620 -
610 |
600 |
590 R Gauss
580 Y=498. 742+ Meﬂ_ﬂ:ﬁ:;w
z ggg : FiE 425, 358\/;
<)
= 550 | 2H WE¥
@ 540 | Y, 498. 741 73+5. 192 63
# 530 X, 678. 894 18+22. 090 31
520 w 425. 358 17+51.912 98
510 1 A 47 324. 017 69+6 978. 428 14
500 Reduced Chi-Sqr 0. 135 37
490 |
X Réw ‘ 0.979 31
0 PSR 0. 948 27

(.) 2(.)0 460 6(.10 860 1 (.)00 1 2.00 1 4.100
FRES &
Pancreatin supplemental level/(mg/kg)
1 FARFRMFAKESROZHHEEEREWGRHMEIHXR

Fig.1 Regression relationship between dietary additive level and WGR of juvenile largemouth bass

2.3 @EARdRmMERETKOEE 4 EAFSIsE 0 (P>0.05) , {H P500. P750 40 A% T- PO 4 ,
AR IEFRAY B HSI ., VST #BA A [R) B BE 0 FEAIG , A8 JR B ), CF

1 3 A, AR P S IR R B KPR BE A A e (P>0.05)
[0 PNEES GEIRN RS R ESPALS L Av e
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Tab.3 Effects of pancreatin supplementation on physical indices and organ indices of juvenile largemouth bass

21 51 Groups

Tji H Ttems oups

PO P250 P500 P750 P1000 P1250

MEAARFE VS % 9.35+0.34 8.86+0.24 9.05+0.22 8.99+0.12 8.73+0.36 9.20+0.22
ARS8 HSI/% 2.21+0.17 2.00+0.09 1.88+0.15 1.84+0.10 2.11+0.09 2.22+0.12
A BE CF/(glem®) 1.28+0.03 1.3620.05 1.32+0.04 1.360.02 1.45+0.04 1.37+0.04

2.4 fEMBRMEENKOZ6ihEMFEN
SH R B E TR R

W 4 FroR Rk s n g s, 5%k BRZHAH
I, TP 5 ALB &334 fr B FF, 43578 P500 ZH il

=4

DR o T B K 1 SR8 4 8 195 2 4 4 B R

P750 2H £ 5 5 P500 2H Fl P750 41 9 TG 5 TC 7
T AR (P<<0.05) 5 AST 1 ALB 775 4 B JB Bt 75 fin
KGN, S TG LTE, P750 41 AST 36 M e 1K
AKP i e o

skl

Tab. 4 Effects of pancreatin supplementation on serum biochemical composition and enzyme activity of juvenile

largemouth bass

I H ltems 215 Groups
PO P250 P500 P750 P1000 P1250

BRI TP/(g/L) 27.77+1.23°  29.65+0.82"  33.98+1.63" 29.23+1.13"  32.47+1.25" = 32.25+1.68"
R ALB/(g/L) 12.77+0.55"  13.28+0.35*  14.23+0.57" 15.18+0.60"  13.82+0.61"  12.42+0.51°
%4 Glu(mmol/L) 6.94+0.90"  7.71+0.87"  6.68+0.65"  6.49+0.62"  8.15+0.45" 5.64+0.28"
Hith =B TG/(mmol/L) 9.8240.91°  8.29+0.77*  5.59+0.39"  3.68+0.47" 9.75+0.65" 9.29+1.01°
S E & TC/(mmol/L) 8.17+0.11*  8.78+0.27*  7.01+0.38"  7.87+0.25° 8.13+0.34" 9.46+0.22°
NG FUIH B HDL-C/(mmol/L) — 2.4440.19"  2.73+0.22" 3.23+0.17°  2.64+0.11" 2.28+0.10" 2.38+0.17"
%A% B2 i A B 8 LDL~C/(mmol/L) 2.68+0.17° 3.48+0.18"  4.27+0.10"  3.59+0.13" 4.48+0.46" 3.90+0.29%
A LG 5 AST/(U/L) 193.83+50.02*  61.00+15.37" 63.33+7.21"  47.33+7.51"  82.00+13.14"  51.17+14.20"
A5 NG S ALT/(U/L) 5.67+0.62 4.67+0.84 4.00=1.34 4.17%1.05 5.50+0.92 7.00£0.68
B PE R R [ AKP/(U/L) 5.17+4.96"  10.00+£5.06"  15.67+3.44" 24.17+19.82* 20.83+21.46" 13.67+5.65"

T < AT R I AR - B AR ) 5 B 2R 22 52 R ik 35 (P>0.05) , AR l/NG 52 B3R 22 53 35 (P<<0.05)

Notes: In the same row, values with no letter or the same letter superscripts mean no significant difference (P > 0.05), while with different

small letter superscripts mean significant difference (P < 0.05).

2.5 ARRRMESYKOZEHEFEEL TIEREXT SOD V& PTG i

it oAl
I3 5 AR, K HSRSTE Glu 5 TG & #4541
Z I TE 3 22 5 (P>0.05) o FEK 1 RSkl s

x5 AR MEEEX A O RS54 & I E A S ARa T

52 (P>0.05) ; GSH-ST

FNT-AOC 15 VEBE R B A B9 T 8 B
Ja TR (P<0.05) s MDA 754 Bifi fi S i 7K
AT R R RS E TR (P<<0.05).

Tab.5 Effects of pancreatin supplementation on liver biochemical indices of juvenile largemouth bass

2115 Groups

15 H Items
PO P250 P500 P750 P1000 P1250
i Glu/(mmol/g) 20.46+2.93  2531+3.60 24442237  20.18+0.91 21.43£1.60  22.51£1.12
i =7 TG/(mmol/g) 1.360.11 1.52+0.22 1.38+0.14 1.27+0.06 1.69+0.25 1.35+0.18
A ALY AR SOD/(U/mg) 152.93+3.31  142.97+1.77  152.5124.63  150.00£3.46  147.35+4.04  144.68+2.92
TN ¥ MDA/(nmol/mg) 7.930.16° 7.64+0.17"  6.59+0.35*'  6.73+0.33“ 6.01+0.27" 6.97+0.31"
HPLEALBE S T-AO0C/(U/mg) 13.48+0.19"  15.38+0.39"  15.48+0.46"  14.82+0.32"  14.17+0.21°"  14.41£0.35"
A3 I TR =S B A% it GSH-ST/(U/mg) 38.69+1.07°  39.99+0.84°  48.06+2.59"  52.74x1.64"  47.48+2.61" 42.11+2.48"

T : [RAT B0 A AR IE R BT R TR R OR 28 53 A 3 (P>0.05) , ARG FRERIR 225+ 1235 (P < 0.05)

o

Notes: In the same row, values with no letter or the same letter superscripts mean no significant difference (P > 0.05) , while with different

small letter superscripts mean significant difference (P < 0.05).
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2.6 ’tﬂﬂqﬂ;‘?ﬁﬂuﬂﬁﬁﬁﬂkm,.‘Jiztﬁﬂﬁtﬂr 7]
ARSI
ﬂni‘%@ﬁ,'—ﬁﬂﬁﬁéﬂ*ﬁ L, P5S00 411 P750 41
VS ERER(P<0.05) VW .3 | TH(P<0.05) ;P500
zﬂ VN I 35 45 15 (P<0.05) o ) A6k Hh s o ke il o)
1SR LR i 1 2H 2R 285 () 52 me) DL IRT 2 FRE] 3

3 it

3.1 ARhRMEENKOZeHaRNERKE
B SAKIEFRII R
AR B 45 T £ B, P750 4 19 FBW . WGR Al

&6 {ABHRRMEEYAXOZRE Y &FFER

SGR HIRT#¢  , FCR B FILS5 S AIG, 156 B % Jom g ity
A LA 2 0 K T SR 1 A KM R AR SE A
A RE 2 PR A fDRL p s in B, IR G AR B 4
EAR W I3 i BN o3, P o 0 B R G a1k B
AN A B IR BT R WO, RS T R
ARACR . AR RIZERIZEE , i A
T v S TN AN AR P TR | VE o Tk i R R
n] ok 3 L 48 5 101 (Cichla intermedia) ) WGR Fl1
SGR"™, i 4 3k 614 (Sparus aurata) W R
WS, T N T 48% " i m TR B B AR
111 (Oreochromis niloticus ) ) FBW F1 SGR'™/,

HARIRM

Tab. 6 Effects of pancreatin supplementation on hepato—intestinal morphology of juvenile largemouth bass

251 Groups
151 H Items
PO P250 P500 P750 P1000 P1250

FRE 25 ML T AR VS/jum? 261.77+53.33"  184.65+17.57" 143.34+3.28"  105.74+20.48"  163.01+23.59" 144.93+42.09"
B VH/um 895.89+127.55 720.42+80.61  881.89+92.79  673.52+101.17 738.04+90.24  596.41+71.22
B TEE VW/ium 131.50+11.17"  144.67+13.43"  184.26+13.58" 189.41+7.68*  167.57+12.11" 167.56x11.66"
EHE VN/ (4 /pm?) 20.33+0.92" 20.50+0.85" 22.67+2.26 18.83+1.80" 23.00+1.15° 17.33+1.36"
WUZJEEE WT/pwm 167.02+19.57*  214.21+1.53"  217.77+6.37"  203.85+8.73"  108.10+14.67°  257.09+55.07"

A TR AR e B B R R R 22 F R 3 (P>0.05) AN [/NG FREFoR 22 5 35 (P<0.05) .

Notes: In the same row, values with no letter or the same letter superscripts mean no significant difference (P > 0.05) , while with different

small letter superscripts mean significant difference (P < 0.05).
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Fig.2 Effects of pancreatin supplementation on liver morphology of Juvemle largemouth bass
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Effects of dietary pancreatin level on growth performance, biochemical
indices and enterohepatic structure of juvenile largemouth bass

ZHANG Jiao'?, LIU Chongwan'?, ZHU Xiaohua'?, YANG Zhiqiang', LI Xiaoxuan', YANG Hongsheng'",
LI Haoze®

(1. Jiangsu Provincial Freshwater Fisheries Research Institute, Nanjing 210017, Jiangsu, China; 2. Collage of Fisheries and
Life Science, Shanghai Ocean University, Shanghai 201306, China; 3. Jiangsu Aquatic Product Quality Testing Center,
Nanjing 210017, Jiangsu,China)

Abstract: To evaluate the effects of dietary pancreatin on growth performance, biochemical indexes, and
enterohepatic structure of juvenile largemouth bass (Micropterus salmoides) , specimens with of the initial
body quality of (8. 00+0.50) g, 630 were randomly divided into 6 groups, each group of three repetition, 35
fishes each repetition. The control group was fed with a basic diet, and 5 experimental groups were fed with
pancreatin-added diet of different concentrations of pancreatin (P250, P500, P750, P1000, P1250). The
experimental period was 70 days. The results show that: The growth performance of fish first increased and
then decreased with the increase of pancreatin dosage. The final average weight, weight gain rate and specific
growth rate of fish in P750 group were the highest, and the feed ratio was the lowest, which were significantly
different from the control group. Compared with the control group, the contents of serum total protein and
albumin increased, which were the highest in P5S00 group and P750 group, respectively. The contents of
serum triglyceride and total cholesterol in the P500 and P750 groups decreased significantly. The activities of
aspartate aminotransferase (AST) and alanine aminotransferase (ALT) first decreased and then increased
with the increasing amount of trypsin added. In the P750 group, the activity of AST was the lowest, and the
activity of alkaline phosphatase was the highest. Compared with the control group, the P5S00 and P750 groups
had a significant reduction in lipid vacuolization area and a significant increase in villus width ; Fluff number
increased significantly in the P500 group. In conclusion, dietary pancreatin could significantly improve the
growth performance, biochemical indexes, liver antioxidant and enterohepatic structure of largemouth bass,
and there was a dose effect of pancreatin. Based on the comprehensive analysis and the index of weight gain
rate, it is suggested that the appropriate amount of pancreatin in the diet of largemouth bass is 679 mg/kg.

Key words: largemouth bass; pancreatin; performance of growth; enterohepatic structure
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