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A5 38 B ke RSB A4 1) AR R TR BB R I A B 4
RE Y, Yhi, EWNANCARUESS, iWE R
xR R W] LAE HE B (Ctenopharyngodon idella) Y
AR DR TR AR R i R BT LA ek R (Cyp-
rinus carpio) WIRE | PLEMLTEME . SR
P SN, AT ) T A O i B R AE S AT ff 4
By (2 DR ) 76 ) b} i BB A5 AL ifF K 22 6T (Scoph-
thalmus maximus) PHERMERE S BRI, $2 5t
AALRE T R Dy e, FEBE S M0 (Danio rerio).
JFL 4l 5 XF BF (Litopenaeus vannamei) V) . 1 4 85
(Pelodiscus sinensis) 551l o s finad & 1) 4 J R
Byl £ & s LR b s Ak g U, B, ¢
TSR R AE 2 BE (Cyprinus carpioj var. jian)"™ | B
T (Cyprinus carpio)'™ . H A faFh" 4 b 45T
1) 3¢ FH 2 PR B i VN I A 200~600 mg/kg, T 4%
SRR AE D L Ao M a2
etk (Misgurnus anguillicaudatus) J& T #IE H
( Cypriniformes ) fF} ( Cobitidae ) JEfkJE ( Mis-
gurnus ), JE T IR A fa 2200, [ Py 5 32
B AR ME . K ERNIA AR K, BAER
My BT A, YR Bk A PR, HAIER
FEMESR, 2—FmESR . BN,
PAMIBRZ K NS, R R, HARK
P B8 S AmD i A 32 A A0 T AR K SR 0 251
Ve BTE B 25 b ARl , T EV e E
A g S, HEBHAEIRAFETEE, R I FBR NI
25 1 51 B B ARy AT FH TR 97 1% G Ve AR A5 50
R R 53 0 6t EL AR TR T R A AR R e Bk
TN EEZ ATE PR, EILER, BRI
X RS T 7 SR B ORI N, iU 3R LA
SR H K SRR DT AE A5 D 6k 7 A ol T
JEo B, ASLER LIRS RN S, IR EE
g R R T PR SR R M Re . TH BB EME . B kTS
br . SPEDIRE S PUEALBE JI R SE IR, Sk e fk it S
1 AR P R S AR Y, R DR TR N A Y
TERMA RS

1R i

1.1 SKIEER

S5 i A B BE A ARDRHC J7 B H 8 3R 4
1R . AR SRR b & SRR I EL S N
TRV B AH 5& SCHRY 2 AE R RDEL 2 S s 0
200, 400, 600 F1 800 mg/kg AYLEIERR (W 1 Sigma
NF, A =95 %), BCil g 5 RhSLge iR
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®1 ERES REEFER (% TYRER)

Tab.1 Experimental feed formula and its nutritional com-

position (% dry matter basis)

[LVwips' %y 5 /%
formula ingredients ratio

10§ fish meal 20.00
M soybean meal 20.00
HEFFHT cottonseed meal 8.00
FKE K corn gluten meal 15.00
HIRS dextrin 10.00
T4 flour 12.00
£ fish oil 2.00
T K corn oil 2.00
S AL choline chloride 0.50
2 Z TR KL vitamin premix! 1.00
WY TR R mineral Premix® 1.00
T % — %4 monocalcium phosphate 2.00
%%k wheat bran 5.00
b £F4E 2 microcrystalline cellulose 1.50
BTt total 100.00
HFR/KF nutrition level

#HEE 45T crude protein 36.39
FNEIYT crude fat 8.08
KK ) crude ash 6.41

T DHEE S BORE AT SO BRI 3600 TU 4E7E3 A 1200
U 4423 D3; 20 mg 4i/E 5 Es S mg 4753 K3; 5 mg 4/E% Bl
7 mgEE 3 B2; 6 mg 4E/E % B6: 0.02 mg 4E4E 3 B12; 20 mg 2R
;30 mg M 1.7 mg M 0.05 mg EY)E; 171.4 mg VC %R
;90 mg JJLEE: 1000 mg k. 2) Yy TR ) 4 T o i ke
fiE: 150 mg £%; 120 mg ¥%; 60 mg £F; 30 mg %fi; 4 mg fil; 0.5 mg
i 0.7 mg fili; 1 mg R,

Note: 1) vitamin premix provides per kilogram of feed: 3 600 IU vitamin
A. 1200 IU Vitamin D3; 20 mg vitamin E; 5 mg vitamin K3; 5 mg
vitamin B1; 7 mg vitamin B2; 6 mg vitamin B6; 0.02 mg vitamin B12;
20 mg calcium pantothenate; 30 mg niacin; 1.7 mg folic acid; 0.05 mg
biotin; 171.4 mg VC phosphate; 90 mg inositol;1 000 mg choline.2)
mineral premix provides per kilogram of feed: 150 mg magnesium; 120
mg iron; 60 mg zinc; 30 mg manganese; 4 mg copper; 0.5mg cobalt; 0.7
mg selenium; 1 mg iodine.

TERHECRNRY R 5 3 60 H 0, R PRI RS
O EORE A SRR AR ANR S, M),
I . SRR IR MRS, e R /N
FEHLH BCREAE A 1.0 mm A RDIR AL IR RE, 2R
B, BT-20°C vkA &

1.2 LT RIEFER

SR YRS, 1 SR AR K2 B R
SRR ZEGEK IR HE L, R U BCE T 200 L)
FNKERE TR SR 14d. BIRERUR, BRI 450 B
TR . RBIAIRR . RILR IR N (3.50+0.01) g
VR, BEDLY AL S 4, AR E I EE .
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KT 2 RN TFHAME, whE7ER - 8. 00 1
T 17: 00, RERMEEE . F55E 0 [a]fRDRHE
BRAH 3 %~5 Yo MFEWIM], KA 7K O 4 78
25~30 °C, % <0.3 mg/L, WKL EE<0.05 mg/L,
B E>5 mg/L, pH #EHITE 7.5~8.5. KA MK
e—POK, BRGK =502 —. LA
N DA BEST SC I s e B I 4 IR Mok
M K25 B WA B 5 23 1 BRI BT o

1.3 A&

TSR IG, RHEEE 24 h, 251
XoF 25 2H YR SRR AT R I S DR T R BB , K T
B MLV TE 4 °C BYZ5F P #E 120, FHE.O
% (4 °C, 3000 r/min, 10 min), BCH FJ2 i,
JER FLARAE T-20 °C S50F T DAL e o 5 e B0
G MK EBGE S, B TRAE S T, T
—80 °C PRAF LA 2 .
1.4 4$KIEHR

AT AR, MER, freEd R, W
BHEASE | R BRI SO 2 T

HEE R (%)=100x(W, - Wo)/ Wy

B8 KR (%/d)=100x(InW, — InW,)/t

T AR =1/(W, - W)

TR =(W, - Wo)/(IxC)

T 2 (%)=100 (S 56 A 1% 0 S 850/ B )
VERRRENSY )
L, PARARRHYER (2); ¢ AT (d);
Wo. W, RS2 50 0] 46 25 5B e ]k IR (g); C
S RBHER U B (%)
1.5 HUESIEMIERR

Xof I 0 2  B UG  PR DT . DE R T
PEDE , AHSCHE IS AR ik nF . B RS v
400 5 R R AR AR AR 2, AR R AN, H
KA A T SR 1) it 2 L T 5 VE R Wl T R 1Y
5 SR FH AL A9 Ll (s b A T, SR FH IR I 3K
& G0 & T a8 AR A F A0S4-1-1 5
7 ) DS g 7 eI
1.6 HALiEARNE

L35 4 HEAG W (AST), 73 N6 & (ALT),
B B (ALP) FNFLRR B SURE (LDH), FFIEZ
HERG S (AST) FIAS TN e 2l (ALT) {6 PR A
SR FIF A 7 dE
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1.7 ®EBINEENE

I 78 #MA 3(C3). #MA 4(C4). ERREH
M(IgM) TV B (LY'S) 252K FH i I A 8
AR &R E
1.8 IEILIEFR

S5 R R A R 9 o LR LA
FEPRIEA TN , A A S PAALRE T (T-AOC) .,
it S Ak A B (CAT). 8 %A 1k 5L 1k i (SOD).
A WEH IR (GSH) A WEH IR A4k Y (GSH-Px) 1K)
T PELL N i (MDA) & &, ™ H% e B DG 1
PR TR 2 DL LT e 48 bR o
1.9 HBHKIT /0

{di | Microsoft Excel 2019 X $ 45 #E 47 9] 45 2%
B, fifi ] SPSS 26.0 # M4 IBM, E[H) 75355
T, SRR )7 22387 (One-Way ANOVA)
1 Duncan [QIEHEATALIAI0 2 8 AL, SEHEHE L
CSEXEFRMERFR, P<0.05 FREFRE,

2 g

2.1 AR IR SR R EL X e S A 1 RERD R

4 HARNRE, WHEE FrEEREMEN
JoT 0 0 B 3 A BT R, L CA400,
CA600, CA800 4 % CONZH 4 & # Jhm (P <
0.05), T CA200 I A R | FpE A KRR
IKF 2R, AR AL 2R T CON
41 (P <0.05) (£ 2).

2.2 ARHRMARRBRXESE BRI R

TRk v A TN AS ) o o 1 %o Y 8K O 0 i 3
TR BTG VAR AR B S an &) 1 FoR . g5, A
S RN A R B i1 B = Rk e = 1
BTGP, CA400. CAG600. CAS00 ZH T I v i &
FIEE PEEE CON 4L 375 (P <0.05), 1 CA200
205 CON 1253 (P>0.05), CA400, CA600
2 A B AR S S PR R CON 4l B 35 5 (P <
0.05), T CA200. CAS00 £ Jiziti rp 25 B 1 5
CON % 2 % A & (P> 0.05), AFWEH7E CA400
IR B WEAE, N7 IE T 7E CA600 ZH I35 5 B
U (1 1-a)o RDRFH IS NSk I R T f 35 i i A A
J 3 TP e RS BE TS P (P < 0.05), CA400, CA600 2H
A CON 4 I Ik v € oy 1l 30 PR 38 W 35 FH 5 (P <
0.05), H7E CA400 ik FNIE(E, 76 mil 4 bl 5 &%
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®2 RIREERTRS A A ARLF A AR

Tab. 2 Effects of chlorogenic acid on M. anguillicaudatus growth and feed utilization

EiFLin CON41 CA20041 CA4004H CAG6004H CA8004
YIHRE/g IBW 3.50+0.03" 3.51+0.04 3.49+0.02° 3.51+0.02° 3.51+0.03"
KK H/g FBW 7.89+0.16° 8.16£0.15™ 10.29£0.21° 9.92+0.22° 8.85+0.31°
WEH/% WGR 125.004.22° 132.54+5.10° 194.97+7.33" 182.53+6.19° 152.03+6.83°
R E KR /(%/d) SGR 1.45+0.03¢ 1.51+0.04° 1.93+0.04° 1.85+0.04° 1.65+0.05°
|AME  PER 1.56£0.06° 1.80:0.07° 2.14+0.05" 1.93+0.03° 1.75+0.06°
R FCR 1.76£0.07 1.53+0.06 1.2940.03¢ 1.42+0.02™ 1.57+0.06°
JEIG % /% SR 08.89+1.11° 96.67+1.93" 97.78+2.22° 97.78+1.11° 97.78+1.11°

[ CON [ CON
80 - 1 CA200 6 5 CA200
[ CA400 [ CA400 a b
I CA600 . I CA600 b b 2
— [ CA800 ab ™ [ CA8004 =
0 5 60 - T ab be P £ & = 2
5 = T ab - c = 2 B be be
S be T Bz 4T ¢
# g c = 5 3 T
HE Q 40 s -'H,E o
3 g ]
El O th
et > -
= E a0l =E°
e pi=d
0 1 1 0 1 1
JHERE J¥iE JH i JiE
liver intestine liver intestine
(a) (b)
1 CON
25 - 1 CA200
[ CA400 a
[ CA600 T ab
w 20 B CAS00  ab
5 Z\ ab ab T
S&= 15 L ab T ab b
fal g b
LN T
2 10
Om
= 5 -
O 1 1
i3gilia i
liver intestine
(©

E 1 AR ARE SRR S 8 XM AT IR S E T BRI R
Fig. 1 Effects of different chlorogenic acid contents in feed on digestive enzyme activity in liver and

intestine of M. anguillicaudatus

2 AR O 1 8 o A TS TR A AR RIS TR
TR S, HAE CA600 20 75 2 i ik 2] 04 (i
(&1 1-b)o Ak v I Jon o D 1 T 0 25 i v JH O R
TE Y B DT EEREG PE (P < 0.05), H H K F-FE % 45
PR s IR G i, PR TH R MR, HAE
CA600 ik FIEMH (& 1-c),

2.3 (AR RN IN 4R IR ER X e SR A Al 2 FR D B2 A

TIPS AN [] 7K P ¢ St T e SR U A B
RIS SRR W], SCHR P IE AST TG VEHR 035 5
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T CON 41 (P<0.05), HrPFIE ASTIRMEAE CA400
H ik B Fe i (B 2-a), CA200, CA400 Wi ZH i HiE
ALT iR —EREN IS, (HEERARE P>
0.05), CA600. CAS800 Wi ZH JIF/IiE ALT {6 4 . & Tt
B (P <0.05), CA600 41/ I ALT ¥ 1 1k %1 06
(& 2-b). BEE SRR B B3N, IfE AST 1614
FALT EPEAR B TS s, HARTE
CA400 4 ik B 5 AIRME , Hoh CA200 4 1175 AST
G5 CON 4L &2 5 (P> 0.05), Hadim

T KPR 25 3246 sponsored by China Society of Fisheries



HLEEs, &

IK7A 24, 2023, 47(10): 109609

i AST M5 CON A B E 2% (P<0.05), ik
K40 I 7 ALT 35 7E 5 CON AL A & 24 57
(P <0.05)(&l 2-c, d). CA200. CA400 ZHIfL{F ALP
IEPEE T CONZH, CA600. CAS00 £ Ifil i ALP
EHEAMT CONY, SdHZmERANEE P>
0.05)(1¥l 2-¢). CA200 41L& 5 CONZ 2 F A
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AENEFRELR IR 272 57 B3 (P<0.05), Tl

Fig. 2 The effect of adding different concentrations of chlorogenic acid in feed on

3 (P> 0.05), CA400, CA600, CA8004H Ifi 7%

LDH 1% PERF{ET CA200 4 (P<0.05), H+ CA400

20 1fiL 3% LDH 1% 55 B AR AE (7 2-0)

2.4 (AR N SR R BS X e 8] e T2 Th e B 52 M
TRk S N AN [ 7K P S i i %o ) Bk # 328 T g

150
2
= 100
£
5 T
282
=% 50
&=

0

X QQ Q Q QN
COT OV N T
(b)

40 -
)
25
= <
2
g
g

=R Q Q Q
© Q?:LQ QP»D‘Q QP&Q QP*%Q

1L LDH/(U/mL)
serum LDH activity

Q Q Q Q
C(ﬁ CP&Q C?’D‘Q CP&Q CP&Q
®

biochemical indicators of M. anguillicaudatus

Different letters mean significant difference (P<0.05), the same below.
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GRZMAN I 3 s o SEERAL IV C3 & AR & T
CON 4H, CA400 F1 CA600 £H IfiL i C3 5 & 5 %R
HA W25 (P <0.05)(K 3-a), 5 CON 4L,
CA600 4L 1M C4 7 it 1 3 = THAR AL (P < 0.05),
L% C4 & 8 FF7E CA600 435 5 i KAH (& 3-b).
CA400, CA600 il CA800 4 IgM & & & & i T

40 -

1MiE C3 #&/(mg/L)
W
S

serum C3 content
(3]
=)

—_
(=]

135 1gM & & /(g/L)
serum IgM content

N N\ Q Q \
O 090 o?*@ C?‘@ Cge“

©

CON 4 (P <0.05), ifif CA200 415 CON ZH 2% A
W3 (P> 0.05), HAmiE IgM & 2 7F CA600 41
K FWEAE (K 3-c), CA400, CA600. CA800 4 Ifil
HLYS & W #FE T CON4 (P <0.05), CA400
T LYS A% 8il%, CA200 411i5E LYS 5 CON
HZ [\ 27 AR E (P> 0.05) (K 3-d).

60 -
50
40
30

20

1MiE C4 #&/(mg/L)
serum C4 content

10

0
N Q Q Q Q
O OPQ,Q C?,w c?*@ CP@&

IM3E LYS 36/ (ug/mL)
serum LYS activity

N Q Q Q N\
O CP:LQ QP‘@ 0?*@ CP*%Q
(d)

B3 AR EIR 4R R B X e S S R Th RE Y R4 0

Fig.3 The effect of adding different concentrations of chlorogenic acid in feed on the

immune function of M. anguillicaudatus

25 ARPRMEEERXRHIME e W
Al

o JE R RE 2 = VR Bk Y CAT 75k, 48 CON 4
FEL, CA400, CA600 il CAS00 ZH JIF ik A1 iz 3 Y
CAT W& M B Z T & (P < 0.05), CA20041 5 CON
HI I E2ZF (P>0.05)(& 4-a), L%)ABRREHRE = U8
fifk () GSH-Px, SOD F1 T-AOC [y i 4 Ll &% GSH
i, PEIRURHKY MDA Fi . 5 CON 4L,
CA400 Fil CA600 41 i1k Filfi7 1 1) GSH-Px 13 P
i FEHE (P <0.05), CA200 Fil CA800 5 CON 4
T 325 5 (P>0.05)(&] 4-b). &4 ATHERY SOD i
PRI 3 T (P < 0.05), 2H 1A TG i # 2% 5 (P>

https://www.china-fishery.cn

0.05). #: CON 4, CA400. CA600 Fil CA800
I IER SOD 1 ik & FHisr (P <0.05), 1M CA200
5 CON4 G &g 3% 22 5% (P>0.05)(I&l 4-c). CA400
F1 CA600 2H JiF Ik Fil iz 1 /9 T-AOC W 425 (P <
0.05). CA200 il CA800 5 CON 41 G It 25 5 (P>
0.05)(1¥l 4-d), #5241 EH /Y GSH 1 & = 34
F P (P <0.05), 4HTE#EES (P>0.05),
CA400 Fl CA600 41 fi7 1 H1 i) GSH & & ¥4 W3
55 (P<0.05), CA200 il CA800 5 CON 1L
F5E (P>0.05)([%] 4-e). CA400, CA600 Il CAS00 £H
JHFWEFN 7 38 i MDA & 35 i SR AI% (P < 0.05),
CA200 415 CON 416 . # 22 5% (P>0.05)(& 4-1),

HPEK A% 25 0 sponsored by China Society of Fisheries
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Fig. 4 Effects of chlorogenic acid on antioxidant capacity in liver and intestine of Misgurnus anguillicaudatus

3 e
3.1 AR ISR R ERXT R 8R4 < 1 RE RO S2 M

SRR EAPR . WE SR, TR
PR 3z [ R LB, IR B Ak
[0 VAR NS o SIS D0 B2 1 N A i e e S |
LRIRTRBEM R BRI AR R B . WE R frk
KR ETm, RIS R RR BB o Yo it 4 K
PERE . Zhang SF™ 5T LB, RIS A 0.08 % 7K
S-S5 D5 T 11 T 6 4 A T A i R A 348 TR S T

i 7K =2 25 32 /) sponsored by China Society of Fisheries

TR AR S I R A SO R, RIS N4 5
iR ] B 2B R = Y (Ictalurus punctatus) W) PERE ,
PR A . BEFE R, AR B gk S5 R AT LA
2 {5 M1 85 (Oncorhynchus mykiss) R 25 g 15 1K & 51
SRR, XA KA mdr e iE
FHEC, 5 s A7 000 2 it 2 XoF e 6K £ < A% RE B A 25 A
FATTBE SRR T RE A G . X A S g i et v
WhNgRRRR, FECGEARMCR R E TG, e
o3 0 E BRI S S AW & Ak, ik
TSI & Ji RO 2B P B 1 O R A AT e 5 I Ak
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REE PERO SR R A 5 o BT AC B, TR N2k SRR 1 5tk
TIHARHEEE R, AT PR SR A R S B AR
PERERFEAR A () R

3.2 ARROR IR R B X R SUE BRI

N

TEK =S b, T 45 b T A Tl )
BRI, HX PR AR E SR BRI A . I
FUF TR A 2O E S /E Y, BB 1L
AR E B, RO BT Y e o R
DARE I B A T (0 2 R . IR DT il — SR T AL Tl
Rz ARTEAN I . MY h, JFE K
itk /N Mg v 0 R 1 R T AR 10 T 1R 4 17 AR S
SRRWY, ARDRE P AR gk i R T B e e O
A E AR Y. A PFE R, TEEH
i BFE $2 50 (4% 508, W] i3 46 i v AP R A
(Acipenser baerii) [ I . VEMEEIGPED TH1L
it 7% 1 e T R 2 A AR Y AR K MEBE . Hamed
SR T 6 AT TR A SRR, HRAN SR A T
b v I o D R 2L 1140 2 1 G AR DE o T 2 T
o VL BB S AR S RARL, HAEHM T,
FRATULL 300 ) W 55 sy e JE e SRR ) 8 114 £ 2R T 1k
il M v o DRI, R i e A ) £ 288
A A BE 1Y 03 7T BB S HY T4 SRR X T AL 1Y 75
SRR SRR 5 IR ARG

g5 LRk, FEDRL b S I Y S )RR T $i
e VR AL M, ELRE A VRS A A P RERG 5i
7oA KR ROCR Y SRR T RE A - St R AT LA 2ok 2l
1 T A PSR R G P, DT 5 T Ak
=W 7= 1 & DS R 7 A 1 1
FHERR, AT MRS, W RE DR Y KA, Y
SRALARRY e T)

3.3 TR IR IR R ER X e S0 AT R 2 FR BV 20

JHFIE 2 o AR P SRR A Y R i, BA
R, s . HEESTIRE, ALT Al AST &) BT
JUE 5495 1) T LS AR Y Il T 0 A AR S bR B AL
FAK A8 b B T g 14 S5 e 4 2 At R R 50 RN AL ARG i
MLEERY, IfiLi&H AST Fl ALT R BETUR & Sh¥ T
FLOE ARG SR FESY 1ML E o AST 1 ALT 36 1
— AR, (AAESAL, KB PRSI,
MRS 28 T 2 W, X s R EA
M, SRR 9 AST Fl ALT 3% HE T B,
AST Ml ALT 36 AR R Z 3 At sm i, i B
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] iz et AR F DB R IR Y, ALP & —Fh S
LRSS | B SR 5L A is B R rh E Y
PHPEEEE, I T ALP B AR, —
WS 5 E Y BRI S AT, LDH J2& 40 i
AL LR TE B PN R R 1 B L 2 —, 7RISl )
TR K FAE M hiE v, i+ LDH %
METh R, PTRET R 26 IEE . 5 R A5 4 2L 9 A B
P43, 3O T 5 ) A i B Ok 1002 — > B AR
BRI, AR SZaG v, DA e R g D R {45 U 8K
JHFHE AST Al ALT 3G PESE N, 1L 3% o AST Al ALT
TP RE, TESREIRIRIE ) 400, 600 il 800 mg/kg
ISR 3, VeI ALP 16 7L 5 B A1 )5 v #4
o AE M BE R 200 mg/kg R B A, R K I v
LDH {7 M XF e BRAL & 1 F R 10 I 4 IR R X 1E
A LR O B Ve BT I TG £ TR R, AN 20 e Bk
JRESF 208 IR, B ER, B S f
VR B 2 J TR s B8 v P R R T A, ROV O O R
X} SR I IR A, 3 5 e T 3 AR RGO
G RS ARL, PR, SRR XK
BURI/IN BRURFIE LRI PE T, T HRBT e A
U, RISk IR 2R B AR R T

3.4 ERRIRINGR RER T e R R Th RERI RN

FMATE 1R AAAE T IE R ARSI s i —
PTG, BABEEWERE D, BREPURN
IR, SPURES S TR URAMA R S,
Z 5 HURRE ™, C3 M C4 78 B g 40 i Fn
JHF e A, H i AT R ALK G % T RE R S
IgM AR AR S0 ey S R I e e Bk &
[F] B 30 J2 TR AR e 988 2R 4 T I — T A AR R
IgM 7E I3 i 7 2 T FRoR MUK ZE DI RE . LYS
HADHE . HR. DURTEFIRES, fEALR T,
TSGR R B IS Rk st R R e, Hafig 4 C3
FCA & 34 B S, AR 400
600 mg/kg I C3 & & I 4w, &% 5 R vk A
600 mg/kg B C4 & ffdm 3, HiNIMa 55
SR IME T IgM $E 5 o R YR i v ) LY'S
RN, RS R RVE R 400 mg/kg B K
R 2. KIEE R, R iR R R AT
DR LYS &, WeREESITHEE REE S, Wi
Tk e e IR . 5 ZAMIA R, TESRIEIRXT h4E
g, SR RIIILRR S P S T C3. C4 1Y
T, MY R AP TR R, Rk
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RS INER JE IR f5 . IL3F P C3. C4 LA 1gM )&
HIRTE A=
35 EARPRMFRBIEMMELE DD

A0

SRR EA PR . FRILAE . SE A
FAHRPTREAERT 2 A H K S il
(GSH-Px). IS L& (CAT), #H ALY 1k i
(SOD) H:[Fl R4y i T ML BT AL B R 52, N
T (MDA) 1E R g it S AL R N (A P28, 24
MaFZH 2R Dl e i ol — 8 B BE B3, DTN 53K
HUIR 9 Th B 2 B3R, Bt &L BE J1 (T-AOC)
JEAR A T T A AL 5T L BBt R A T R R BT
ALK . GSH-Px 1B —Fh b P A L, wf
{68 JFF 0k 1 20 v ) 1 o s AR Ak = sk 2D, DT T B
AALRIRS ., fE EEEN A b R, &t
Jir PR R 38 o B v X B I 3k I T-AOC 7K ~F-Fil GSH-
Px i i LN EXT IR b AL RE S . BEAh, A
W BLER R R w] AN rh AR R ) GSH-Px, CAT
H1 SOD 1177 1 3 Bl i 25 M i it v, b T (45 A
EHURINPL AL RE 1A B T, Xk
FEARDRE S I SR R AR IR 25 TR G, X DA A B A
SSMEE| T HGEMER, T I — e R R
1o TR G LR DA S I i B S Ak BE T, ik 38 R A6
XL B8R (Cyprinus carpiohaematopterus) #E17iR
BRI, FEARDRE P IS N & A0 2R R AT LA A
Hyra a2 B E IR T, fEARLE Y, 45
REH, 3 RIFE R ES N 200, 400, 600, 800
mg/kg Lk JF R Y4 AT LLE A5 YR Bk i LR IR T L
R R ROR, RYERE, WHACEENG L
JFEH %) SOD, CAT. GSH Fl GSH-Px {427},
YR A Ry ) I R 2 D R 51 Ll 400~600 mg/kg
FEAE X FRCR W R AT AR R - SRR NI LA E i ek
6 W 38 Y PSR R R S A A, DT RS SRV Ak
AeSr, PRUERFREACIEE, VR IG, v AR R
W& A, BASRHLARR S RE Tl .

4 Hiig

L5 LRI, AR SN A S R R e 5K
A= KPR B A I VA I 0 4R AR TR
RE 5 33 5 e 5K 1) B 922 T R A8 BRHIL 14 1) e 4 T g
Ho TEARREZZMT, R B2 R A4 fc i
I 400~600 mg/kg.
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Effects of chlorogenic acid in feed on the growth performance, digestive enzyme
activity, immune function, and antioxidant capacity of loach
(Misgurnus anguillicaudatus)

LIU Xiaorui ', MA Xibo?, ZHANGNan', LIMin', LIKe!,
JIAO Sigi', WANG Guigin', KONG Yidi "
(1. College of Animal Science and Technology, Jilin Agriculture University/Jilin Provincial Key Laboratory of Animal Nutrition and
Feed Science/Key Laboratory for Animal Production, Product Quality and Safety of
Ministry of Education, Changchun 130118, China;
2. Fishery Technology Promotion Station of Qianguo County, Songyuan 131100, China)

Abstract: (Objective) Taking loach as the research object, the effects of different concentrations of chlorogenic
acid added to the feed on the growth performance, digestive enzyme activity, immune function and antioxidant
capacity of loach were studied. (Method) Disease free and injury free loach, weighing 3.50 + 0.01g/tail, was ran-
domly divided into 5 groups. The basic feed was supplemented with 0, 200, 400, 600 and 800 mg/kg chlorogenic
acid test feed, and each group was repeated for 56 days. After feeding test, the growth performance, digestive
enzyme activity, biochemical indicators, immune function and antioxidant capacity of loach (Misgurnus anguilli-
caudatus) were determined. (Results) Compared with the control group, the final weight (FBW), weight gain rate
(WGR) and specific growth rate (SGR) of loach were significantly increased by adding chlorogenic acid to the diet
(P < 0.05); The activities of protease, lipase and amylase in liver and intestine increased significantly (P < 0.05),
total antioxidant capacity (T-AOC), catalase (CAT), superoxide dismutase (SOD), glutathione (GSH) and gluta-
thione peroxidase (GSH-Px) increased significantly, and malondialdehyde (MDA) production decreased. The
activities of aspartic acid transaminase (AST) and alanine transaminase (ALT) in liver increased with the increase
of chlorogenic acid concentration, reaching the maximum at 400 mg/kg and 600 mg/kg respectively. With the
increase of acid concentration, serum AST and ALT activities decreased significantly (P < 0.05), and serum lact-
ate dehydrogenase (LDH) gradually decreased with the increase of chlorogenic acid concentration, reaching the
lowest value at 400 mg/kg concentration; The content of complement 3 (C3) and complement 4 (C4) in serum
increased first and then decreased, reaching the peak when the concentration of chlorogenic acid was 400 mg/kg
and 600 mg/kg, respectively; the level of immunoglobulin M (IgM) in serum significantly increased (P < 0.05),
reaching its maximum at a concentration of 600 mg/kg; serum lysozyme (LYS) content first increased and then
decreased, reaching the maximum when the concentration was 400 mg/kg. (Conclusion) Adding 400,600 mg/kg
chlorogenic acid to the diet can improve the antioxidant capacity of loach, significantly improve the growth per-
formance and digestive enzyme activity of loach (P < 0.05), enhance the immune function of loach and the diges-
tion and absorption of nutrients, and further protect the liver tissue of loach.

Key words: Misgurnus anguillicaudatus; chlorogenic acid; growth performance; digestive enzyme activity;

immune function; antioxidant capacity
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