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IR IR -Fe? e A W 23 3 & v [Q R B MR (Procam-
barus clarkii)f) K P8 A AR Fr 5 PE G RE I P o

Ve ik (Misgurnus anguillicaudatus)F& 8 B IR
Kagatkz —, HEe I —RhaE
R R JEHTS) R AR G, AR AN E 2
IR SN N T | RN Y =X GBS O i RV i)
B2 ¥ S HESI IR BN T . FRAE . F S
AW 58K

ARSI DR B8k BIF 5T 6 2, AR VR Bk R rp
AN ] & (4 2 O ER B B IR, IR ST R
e I A S AR R S M G R A G 48 A Y S
W, ] B 5T AR 1 Ik 2 S IR T T R A Y
AR DL, Ay i A 08 5K 4 L B B T 3R S AR
PR

1 MRS T7E

L1 LRSI

PRI T B (1542.0) g 1R (13+2.0) em)],
W H SRR s VReRkERL, Sl v & K
WANFE; WEH, FHEYTEARAA; S
Wi H R 2¢O X (FITC), Sigma/A#); 0.5 kusr i
ENAS, FEEEAMAN; EOBESEIKN &, MR
WA TR .
1.2 LI

A-1502437 66 i, 1 i%o0; Freezone
4. 5plus?® % TH:HL, & E Labconco; UPT-11-
60LER /K HL, LiAE; HWS-12H KB,
SRR ; CF-16RN 3R R B LML, HAH
3.; MDF-US3VALBEAGIR 7K, HASSANYO.
1.3 LA

PRIV R AR R R
/RS CHR[T, 12]. il 4 AR A KR
KAGKA, /> FRNI~3 ke, WEETEAR
H80.46%. VBRI S SR, Kk
PR A R 2 & Bk, T BT 2k i AL iR
A1, MAGE &K, A /N B fRDESORL B
il 1 /N B RIURE ) T TR RE, SRR A 25 °CHE
R PG o A DR v R A A R B
40, 0.5, 1. 2F14 g/kg.

TR RS FIAE R IS R Bk
el R V5 VR HBL K A (60 cmx44 cmx36 cm)iff
TR, JeBIWSE 5 H 1.5% S Ak AhvA WO 75

xz1 REHANESREE
Tab.1 Composition and content of

M. anguillicaudatus feed

TAEHH Y HE%

feed ingredient content
HE A crude protein 42.0
K4y ash 16.0
HHLF4E  crude fiber 6.0
5 calcium 1.0~4.0
JH%  total phosphorus 1.0~2.5
ik salt 3.0
HEER  lysine 1.8
MU crude fat 3.0
/K4 moisture 12.0

10 minf5, FERKA T A RKIERIIFEL0 d. Y
FEERIE, PRk . R G R IeE, 5
BCSH, BA3AFAT, 30K, IR TS
Bk A H, AR 8:30M16:3080kF, BORHE ik
AU 1%~2 %, PFlA4E L, sKii25~30 °C,
T RIKER3EA, W40 d, SLEES AR —

RAEIMRE
HaRE JHEAE BT RS A HY

T S i X Ve A T AR DK IR, 4 °CYKF N # 2 h
J&, FT4°CT 3500 r/min.[>15 min, W4 JZE M
B, —20 °CLRAF, LA i ol A e i s Ak il
( superoxide dismutase, SOD). i & bt & ¥
(catalase, CAT ). PN _Ji¥ (malondialdehyde, MDA )
s T TS M o PR e kAR ) IO R E N
E, i E TARECE T, 7E-80 °CUKAH
R AE, LA IHACRE (IS DT RE . ek mE . H &
P i 2 1l S IERYSOD . CAT. MDA)I
PE 0T Ak IS MR RS R R AR N, PR S AR
R LI A AR A B ER K, TR S K A it
f7513% . 3 500 r/min® 030 min)5 B E & W T
TH ARl PR

B M i 5H B 45 A7 R i Mg g L
fitg . R R AR ARSI 1 2 SR [13]

3R 4 M IR T BE AR AR T A 0 5]
&Y A Y TR T 5 R T
PR E B0 Bk (ug/mL)iil e ', MDA R
FARAC L HE 2 82 Eb {8 32 (TBATE )(nmol/mg prot) il
FEUY, SODTE PSR FH B I 04 4 Ak il ik e
CATI PR A28 AP Lo g 0 5 ™
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FITCA7 48 & 4k % A Ak FITChric W 4% %
G RS Jullian B sk A5, FEVESN: FREXI~S ku
Y2k B4 K3 500.0 mg 5 FITC 10.0 mgfii A 50.0 mL
W 0.2 mol/L . pHIE My 901 Bk iR £k 2% v il v
(R RS0 : 1), & FREBFESE L, =EE
WA T s, 25 A4°CrkHi, 16h
Je W B Ay T B oM 0.5 ku B M AS kAT
WIREBE F/KiBEN48 h, Fi10 hEE1 hife 1R EH
TR, HELKNEBE ., BHETE, B30 H
R T-20 °CIRAF .

T4k KR AT T A RIKAIR A 89 A
IS N A i R TR v £ = ) N LW - AR 4
JE45 mg/mL, DIVE 977 = A Y 44 py200 pL,
SKAEmFE 40530, 0.5, 1, 2, 4f18 h, JRHHkI%
RE B, A AR IR VKA T R R EOE K
DT B 2 D kR 7K 43, CAIVIS Kineticsi ) 1
RBUR R G SREAR T, BRI RR S 45
B A 4851520 nm, AEANEF[H] L 2~3 4 EH A .

F I HT S 45 R D meantSDFE N, 18
7 SPSS 1704k 4 LB PR 28 7 2 40 Ar ik Xt L 2 41
BB 5, P>0.05HR R LR EFENELER,
P<0.05%/REFRE, P<0.01FRERWNEE,

2 4R

2.1 AR IR KRE S BRAR MR RS 5 iE
HILERE MR R0

e SRk Ak Tl O 1 R S AE AR R R F A
VERCEEMAER , (BRI 5 22 kb g 57k
SYHIREIR o W ARES A BRI i 1H14 g/kgh
i Js T 3 M 4 B 35 8 T IE B % BR 41(P<0.05),
A A2 g/kg M 35 1 T I X BEEH.(P<0.01);
TEM REIE MR T, BN N1 gkel BE S TIE
B R4 (P<0.05); B EEIEHGEA D, N
F2 g/kgdl 3 = T IE H O B4 (P<0.05); 45 5L
2 7 g AR 1A S M R G O R X BR 2 E  E
P22 5.(P>0.05)(#2).

®2 RHMBEMEHLEEYE

Tab.2 Digestive enzyme activities in the digestive tract of M. anguillicaudatus

g} o MR A IR B (g/kg) JIg 10 BE/(U/g prot) YERBE/(U/mg prot) B R A HE/(U/mg prot)  JBER FI8E/(U/mg prot)
content of ferrous chelating peptide in feed lipase amylase pepsin trypsin
0 53.34+6.40 2.18+0.14 2.72+1.01 1574.11+60.55
0.5 61.20+5.13 2.20+0.23 3.63+0.37 1 583.33+70.93
1 67.56+5.62* 3.08+0.34* 3.81+0.29* 1561.56+37.82
2 88.97+6.27%* 2.56+0.15 4.40+0.69** 1769.33+1.05
4 67.75+8.57* 2.34+0.15 3.47+0.20 1576.22+28.39

Ve R 0 i 5 IR S IR AR LR AT S T (P<0.05) AR B E M (P<0.0) 2R, T

Notes: “*” meant the significance compared with the control group (P<0.05), “**” meant extreme significance compared with the control group

(P<0.01), the same below

2.2 AR L SR EE A BRI 0 X R 8] g T A
A

13 H SODIE VETE R N ity 2 g/kghf, W3
TR B4 (P<0.05); CATHEAR N K1 g/kgh,
3 X R (P<0.05), WS JINEh 2 g/kglit Rk
3 ME 22 5 (P<0.01) 5 ¥ TR il 70 S I &2 oy 1702
g/kghf 4 HI A & 2% & T (P<0.0 )Ml i & & T
(P<0.05)%f BiZH ; MDATEW N 42 g/kght i %
1B T X B 2H (P<0.05)(33).

JH W SOD I M ZE S it hy 2 g/kghf, W3
TR R AL (P<0.05); M HLIE W XFAR4L, CATHE
AN A 114 g/kgli it 255 X BREH (P<0.05), 4 g/kg
I R A 3 P 25 5 (P<0.01); MDATER N K
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1. 214 g/kght ¥4 g 251G T XF HE 41 (P<0.05)(F4).
2.3 USEAKRERMARRSSH

By i R AR B AR A AW RO 5 9 e AT
) 25 WL Bm 10 W 7 15 1 3h W 1A P9 4 R kR
ANASCRE % WO 3t S 3L S 0 A I K H L D) b R R
O FAEM R, R GE PURAERIE . REUER
SR, EEY . BT YNIRIT SR
Gz R AR FITCHR I BB &
[iINE NS Y S N I A s B R N DR AW
Aii o BRAC P AE WA R P T R A A
EBE& I ) B HERS , A LR B hriC W) = o
W HERR AR B AR N bR iC ) B
TE ViR PRI B3R, HAOUMGR, 8 hig, Y


http://www.scxuebao.cn

6 4 MR, A R R S 1 RS W 0 VIR B G R A R T 971

3 RWMMEREES

Tab.3 Related enzyme activities of non-specific immune of M. anguillicaudatus

¥ =y VT T
con teﬁ?:fl gﬁiiiﬁfﬁé iﬁﬁ)n foed SOD/(U/mL) CAT/(Ulmng prot) MDA/(nmol/mg prot) y/z(;i/;nL)
0 4739+1.18 6.67+031 7.12+0.14 1.39+0.56
0.5 49.99+0.89 6.92+0.15 6.97+0.12 2.04+0.70
1 52.2942.78 7.32+0.23 6.74+0.11 3.61+0.73%*
2 61.44+1.71% 12.09+0.19%* 4.21+0.00% 2.69+0.42*
4 48.98+0.94 7214021 6.79+0.08 2.08+0.69
T4 TREHAT L AT AR AT PEAA bE T 1E 6 IR 20 G 1B 3 1 22 & (P>0.05), H

Tab.4 Antioxidant indexes of liver of

M. anguillicaudatus

USRI
BERE B (g/ke) SOD/ CAT/ MDA/
content of ferrous (U/mL) (U/mg prot) (nmol/mg prot)
chelating peptide in feed

0 61.17+5.23  7.87+0.15 4.28+0.54
0.5 62.14+4.65 8.72+0.27 3.98+0.39
1 66.82+2.98  10.83+0.47* 3.27+0.15*
2 73.55+3.25% 14.47+1.33** 3.16+0.21*
4 59.59+4.69 9.08+0.73* 3.43+0.06*

AR N AT A DA, U B I R S IR e Bk
T P T8 R AT LA S P i B O TR kG, i R ik
PR MO s, R0 HFRE. IRESEESE
JITRRERAL, 50 I Bk B IR TR ik AL i
EEARAENTHE . IR AR (1), XA E R
AWERE S KU S /2D, Tt — PRI .

3 v

Tk o N Ik 5 T BRI 4T 2 R i i A Tl
PR, ARSCHFFEAGE S5 ), RDRL R SR 4
L e P I D AR SN L T A A A
SEAEHT, a8 2 0 A TR SR 5 T A e
JF IR 2 1 5 S B AH O, IR 52 i 3l T AL i S
P B9 B T RE R Bk e U 4y s A BRI A9 A
TS 30T JR U 3 A il D ) B S RS A T
B S POV S AT S I BRI T I A 4R v 9 A
PR BLG DN - BT K AT LU ) 8 A
(2R BB, 8 i R IR S S N SE R, )
2 52 i e U T T B S 8 T S,
Hh R E SRWANRE T o IR TR AR R A N 1~2 g/kg
D730 NI L] N v RS R e S N2
P B R 2 T AR R X A, AR

A 8 A, 4 s B S W ne R KA W e L )
it FLRE R o BE A M R e, FTR E & B OT R
R W, I B B G IS LA R A e i 4Ty ot f
TH A IG P — A L AR T T i 2 2 G R Y
PU BRI P AT LAGT R K 0 T AR 2 3 Ab e I
Mg E . RTWEREGMEDSM L. iE
Jr REOR = S e 1R T 3 R 48 T Ak O
W PR . ARSI ST R S A 1~2
g/kg M K HE & R RE 4 = Ve SR AL Bl s v, [k
TRk S R o ) SR

A RS EMESI ), A = P S e L
AR SEH, P I 3 SR 1 5 1 SR e G
VAN S S A B T AR 2, (R HEPLAAR AR K OF
PRAUEfR R o 7 T i 2 7K 7 2 4 R S 2 fR py Al
TSP e B A A R 5T, LIS MR RN E
R 5 7 I A B 0 1 2 A 3 B, TR R Dy £ fk
HPEH A 5R 55 . SOD . CATAEHL AL A 7E 4L
A 9 AT LR ARk 30 RN B AR A 7D Y Bl A Al
IR SHECE /NG e R (L) I < 2 1 N S R AW B U
KW EEMEN, SV f2Z 3R E, 5t
AALEE R ETE R Z R0 H dB 5, DIgERRLAR
{5 . MDAR] $5 75 HLA B AL P 380, &
R A A AT RS, AR
PP, XHLAS B, SRAF R F IR &
B, 7E 3¢ ¥ 3k 1 (Oreochromis niloticus) H ¥
b TR Y 2 IR—FEC A Yt 4 0 R T
TS TR B B ALS SODIE M, B IR—TiE oo R
4 B WA ) T AHE — 5 7K T 1 K Az 3 ) e g
BLA o ASEg r, ARDRE s in 1~2 g/kg ) IF Bk 5%
B R RE 1 5 U SRk 100355 55 I H SOD K i 375 ¥ T i
TGPE, ZEER T R G o [T I B A (Y B 52
S5 AL, [A B MDA RH & W2k 5 A RS = 1Y
e, JEREARE TS i 5 Huang 85 %0 R B
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Fig. 1 In vivo imaging of M. anguillicaudatus after injection of ferrous chelating peptide at different time

(a) 0 h after injection; (b) 2 h after injection; (c) 4 h after injection; (d) 8 h after injection

WRFEAE R, FT LI BRI CATIFH PEAE
7 e NS IERTAE = AR U GRS
TN % 2 5 JIK RE AR 2 G B ey O B, K R B
AR R A R B B B2 R, W]
REZICBY o TR ZES . KWW LA
[ i 2 J T R AF Y R R . RV O HL R il i o
R TE—E R LR 2R ), (AT A
5 1 L R 25 5 10 Bk it oo 3R A 3 5 8 AR #1110
AR S P G 8 T T B T ML R TR ™ R
PR AT RE S B AR IR 45 A R B LR, Bk
TLER ISR HT R 5

Li LTIk, DR RS IS A Al i A R
Bk 25 O AU R T 2 e 908 90 Ak T 15
P, TERIEDNRETT A B RO . HARYE
AT S, DR 1~2 g/kg A i A 2R I
B A T o A % 52 6 2 TP 3 B T B
fem e dhae i fe b VR, 48w S g s .
5 S 36 2 90 5O U 21 20 K% i 1 A SUR KA R
AR Ul Al i SR BB S IRTE AR SE 5
LN E R, LiSEPhE T a2 0aE ks
56\ 7y £ B 2R 1 I BRES 45 IKLD s 95% Y AT {5

http://www.scxuebao.cn

FR M6 259~9 022 mg/kg, JB TSLhrCiE i, Xfsz
56 Bl W) T I K B i AR A UG, SR SR Y
SEARRL . R A BURH R WER K BT ik
TH AL B OO R A RS, S K ) i B 7
PPN, 00 Y B S R DL AR W WA s 32 2 53 A
TEFRE . IHEESEERE N
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Effect of ferrous chelate Trichiurus lepturus protein on the immune
characteristics of Misgurnus anguillicaudatus

LIN Huimin, YUANNing, LI Yingjie, DENG Shanggui ,
ZHANG Bin, HUO Jiancong
(College of Food and Pharmacy, Zhejiang Ocean University, Zhoushan 316000, China)

Abstract: The test of the digestive enzyme activity, observation of intestinal tissue and the living imaging techno-
logy were applied to investigate the effect of the ferrous chelating peptide on the digestive tract. The test of in-
dexes of biochemical indexes of serum and liver, and observation of the liver were used to investigate the effect of
the ferrous chelating peptide on immunological characteristics of Misgurnus anguillicaudatus. The result showed
lipase activity was significantly higher than that of the control group when the ferrous chelating peptide was 2
g/kg; amylase activity of pepsin was significantly higher than the normal control group when the ferrous chelating
peptide was 1 g/kg; trypsin activity in each experimental group compared with the control group had no signific-
ant difference. SOD and lysozyme in serum were significantly higher than those of normal control group when the
ferrous chelating peptide was 2 g/kg; compared with the normal control group, CAT at ferrous chelating peptide
concentration of 1 g/kg showed significant difference. Compared with control group, the morphological structure
of each experimental group had no change. With the application of living imaging technology, complexes of fer-
rous chelating peptide with FITC marked stayed in M. anguillicaudatus for a long time and fluorescence intensity
was mainly enriched in the upper body of M. anguillicaudatus, hence, after absorption, the ferrous chelating pep-
tide was speculated to be distributed in the liver, gallbladder and other organs. The results showed that the hydro-
lysis of ferrous chelate peptide could improve the digestive enzyme activities of loach and enhance non-specific

immunity of loach.
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