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TEM. B BTALAE ROl S8, 7R
WAE N NF S S a3, R
PRA A LR . RRIREE R . A K TR )
BT EA —E R R, TR LT, XL
I E SRR L A6 4R . 2 ARL
N BEPERON . SRBE RN . MR R R
T RN IS I A5 7P A AR D, A 2 | MR
B BARAR B Py S8 W AR LTz R Y, R
SERFLMREEAK Y L RAR 2, TEX A
® 11 (Rachycentron canadum)® . ¥t ffi (Ctenopha-
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10 1 LT, 5. 3 PR TN A | B I K B DI RE 15 1765
ryngodon idella)”™ . WJE% k£ (Oreochromis nilo- O 68 R FLIR I, A FLIR A AE SR AR 7R

ticusxO.aureu)” %5 B 5 Hh 359 10F 52 7L R 1 1T 48 5
R KRR sz T . 588 (Channa argus)
RS, A R £ 2 TR
FpUO, RIHAERM . AEdrJrom . RIREEE, HE
ARG . ARTEW IR AR UKD I A5 22 Fh 2
i, MR ARSMaFEMmESERME,
PR L R AL IR S R
R Bl 5 0 2 IR B 1 & J& , 7E (i % T % A A
T, BRI B W oK ff 5 o R =
Be A ek AR K B A S B S 6 A KR H R
18, s TR, R &4 R, kb sk
SR b LR, ™ BELAR Ml R R Jr
P, T2k —Fh & a2 4 s RS 57l
HEERE, Bl X TARENIIRZ B
InE 5 2, AR ME B A R [ 2 2L R R (] A 22
S, PIAR S50 38 a8 He g 3 FhAS [ 2L R o ko 1 ol
AR P K R DI RE S A, O

g

Iy FH 4 AR 2 8 Bt
MRS Tk
L1 SEReM

SEUGHE T 3 FhELIR I, FLIRFLEKEE L21 (lacto-
coccus lactis L21). ¥ Y FLFF# W21 (Lactobacillus
plantarum W21), & 3R & L2 (Enterococcus fae-
calis L2) ¥ R 5, 5 ARAR ML R 2 T B 45 = 512
i g7 b
1.2 LIGEHR

Sk 2 B RS R B LR 1. DR A )
BHE X B2, fd H1V BE BRGNS L. lactis L21 . L.
plantarum W21 . E. faecalis 12 3% i & 1%~ FL IR
BECE R 10° CFU/g 1) 3 a2 s ikl , 37 °C 1R
LTS, B T-20°C vKAEH PR A& H .

1

®1 EMARESREFRS

Tab.1 Basic feed formula and nutrient content

WiH HAMRE LAB
item A2 control L2141 w2141 L4
JE#}/% ingredient
fa4}  fish meal 42.00 42.00 42.00 42.00
FEKEEHR  corn protein powder 26.00 26.00 26.00 26.00
# %k wheat bran 5.00 5.00 5.00 5.00
F K com oil 4.00 4.00 4.00 4.00
it} flour 14.00 14.00 14.00 14.00
WifE  dextrin 5.00 5.00 5.00 5.00
HAETREN?  compound premix 2.00 2.00 2.00 2.00
R 445 calcium phosphate 1.50 1.50 1.50 1.50
SALNESS  choline chloride 0.50 0.50 0.50 0.50
EFER4 nutrient content
A A /%  crude protein 45.83 45.83 45.83 45.83
FHRERT/%  crude lipid 7.8 7.8 7.8 7.8
FK5¥/%  crude Ash 11.07 11.07 11.07 11.07
EB8/(MJ/kg) total energy 17.63 17.63 17.63 17.63

e LYEAE R TR ST 7 A RHE A AVD; 2 000 TUL VE 50 IU. VK 1 mg. VB, 1 mg. VB, 6 mg. VBg (M%) 5 mg. AHAK] 000 mg.
VB, 0.02 mg. JHEZ10 mg. VA 2500 IU. 4#)%0.14 mg. D-iZ k4520 mg. W21 mg. VC 50 mg: 2.4 ¥R R EHA ST so i RHR U RR
W4k13 mg. BREREE60 mg. & ALEN1 200 mg. BRERHE32 mg. BRERHH7 mg. MILES mg

Notes: 1. Vitamin premix provided per kilogram of feed: VD5 2 000 IU, VE 50 IU, VK 1 mg, VB 1 mg, VB, 6 mg, VB, (pyridoxine) 5 mg, choline

1 000 mg, VB;, 0.02 mg, niacin 10 mg, VA 2 500 IU, biotin 0.14 mg, D-calcium pantothenate 20 mg, folic acid 1 mg, VC 50 mg; 2. mineral premix
provides per kilogram of feed: FeSO,4 13 mg, ZnSO,4 60 mg, NaCl 1 200 mg, MnSO, 32 mg, CuSO, 7 mg, KI 8 mg
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1.3 e HEEE

S FIF ) A S H AL T R g, T
TR M R 2 K = 7 B M s T M SR A AR
Gerh AT oM 8 RN IR LS, AR SEER T T KR
PR gE 15d, T yife, Beak B iRqa R, 1A
R R A% — B, R (3.43 £ 0.05) g Y L filf
360 B2, JEBEHLATECH] 12 AN KGR, BEHL
W42, SRR . L21 4. W21 4 L2 4,
HAIANELE, BAEK 30 R, X A E R
RiARLRE, 55 A1 3 200 ) 43 R R e 1 3 LR P
TkE o KA KRB E 25~29 °C, B fRA KT
5mg/L, AA/NT 0.02mg/L, pHfH 7.1+0.1, H
P UH RN S B R i Y 3%~4%, B3 H AR 1R
27K (9:005 16:00), 1 h J5He A KA PN 5% DA i
F FH Bk W R O R A BRI, R A B O
EEE ST

14 HmESEREN

el FIH LI LS WG, S
fFE 240, PRIKBTE . HFIEL AR, JREiA
K, RIFH#EATRFKEUN, T 4 °C vk i
E 2hJ5, 5000 r/min .0 10 min, HE 5 PEAT
I3 %EE T80 °C UKAR T IRAE, ToHRAENE . 1R
Ik B IE DL R 3 S B T80 °C vKAR T RAEREI

A KO R B AR A A 48 AR S A8
BE) 06 R BT . ZORIR i = DL S s R
Vg R AR R KR BHRCR | B
JFARLE . R L, THREAKXIT .

HI% 2 (survival rate, SR,%)=N/Nyx100%;

SEYA1 B 2R (average weight gain rate, AWGR,
%)=~ W)/ W< 100%:

5 KR (specific growthrate, SGR, %/d)=
(InW~ InWy)/tx100%;

TR (feed efficiency rate, FER, %)=(W,~
W) W 100%;

A 3 B (condition factor, CF, g/cm’)=W,/L’

JHA LY (hepatosomatic index, HSI, %)=100%x
wyw,

JIEIALE (viscerosomaticindex, VSI, %)=100%x
W W,

A, NORZREE, NP RER, W%
KIKFT = (g), Wo NWIIRIKTTR (g), ¢ NELHAK
), WA (), W, R8T IEE
(@), W, EZRMIEE (&), L Nk K (cm).
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A 7 45 A4S ) 111375 V5 T i (lysozyme,
LZM). B4 % B2 i (alkaline phosphatase, AKP).,
B A AL L (superoxide dismutase, SOD). i
FAL A (catalase, CAT). &Mt H K (glutathione,
GSH) K % Bk #5 ' M (immunoglobulin M, IgM)
T A P et R A W T AR I 9 P A 7 R
EUEATREIN A I Ty AR R U B R AT
AR,

qPCR #& ] Fi BRI F Simply £1 RNA $2
Boaon) & Ui B B8R, SRIBOIFIE . MUNE . E R
DL K 18 1) RNA, 4% B8 PrimeScript™ RT reagent
Kit with gDNA Eraser it W] 45 2 4F , Kf RNA [ #%
¢ B, cDNA, f#i H TB Green Premix Ex Taq II 7¢
ABI 7500 4% %% ' #E AT qPCR LI, 43 50 46 ) 7L-
18, IL-8. IL-105% TNF-a 3R kK (% 2).

®2 5IUFER

Tab.2 Primer information

Gik7| gl K% /bp

primer sequence size
IL-1B-F TCCGATGACACTGAAGAAT 172
IL-1-R GATGTACTGAGCCGAAGG
IL-8-F CTTCTCGGCTGTATCTGTG 160
IL-8-R TTCCTCTTGCGACTCTTC
IL-10-F TGGCAGTGAAGAAGACAT 182
IL-10-R CTTTGAAGTGCTCAGGGA
TNF-o-F ACAATACCACCCCAGGTCCCA 182
TNF-0-R ACGCAGCATCCTCTCATCCAT
p-actin-F CACTGTGCCCATCTACGAG 198
p-actin-R CCATCTCCTGCTCGAAGTC

15 #iEgit

K FH SPSS 20.0 A AF X 88 A4 < LA
Yo 2 T8 b RS HEAT B R O 2250 WT, 5 T 2548
Mriw 2, #t—2 17 Duncan [RZ & L, 4r#r
g h) 25 M, BE AR E R 0.05, LK
P R H - {E PR E 22 (mean+SD) £ 7 o

2 4R
21 3MIEABENSEE KM XFARNT B/
=AU

S5 WoR, RDRE ORI AY 3 i L R 1 2]
I F 4 W 56 ) AWGR, SGR il FER(P<0.05),
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HAr 121 4 AWGR. SGR FfIFER F& 5, W21 45
L2 #H i) 22 5 A 3% (P>0.05), 4% 4H[H] CF. HSI,

VSI 5%t R AH Lo 6 B 2 24 5% (P>0.05)(% 3).

F3 3IMIABMENSEEKMERERT AN
Tab.3 Effects of three kinds of LAB on the growth performance and feed utilization of C. argus

AW LAB

A
item W12 4 s 4
ST control L2141 W214 L2441
YIEAf /g 1BM 3.40+0.07 3.45+0.02 3.47+0.02 3.38+0.05
LKA R/g FBM 10.820.02° 16.28+0.54° 14.30+0.22° 13.13£0.61°

T ER/% AWGR 216.47+8.62°

e E K /(%/d) SGR 2.06+0.05"
TARIRL# /%  FER 55.07+1.13"
JIE# [ /(g/em®)  CF 1.09+0.16
JEAALE/% VST 4.65+0.29
A /% HSI 0.96+0.05
JRIE/%  survival rate 100

371.32+13.44° 312.26+8.14° 288.57+12.42°

2.77+0.05° 2.53+0.04° 2.42+0.06"

74.34+3.02° 66.82+1.44° 61.62+3.53°

1.15+0.08 1.06+0.2 1.07+0.06

4.53+0.81 3.494+0.73 4.88+0.97

0.78+0.14 0.93+0.23 0.90+0.13
100 100 100

e FATEARE bR /NG = BEA R # R R 2L 22 St $i 3 (P<0.05)

Notes: Different lowercase letters in the same line of data indicate significant differences between groups (P<0.05)

22 3MABRENSRBMBMEXRREER
apA

L2 41 SOD ¥4 &b 2 = T % FRALFT L21 4 (P<
0.05), W21 2 5% 4H 2 5 ¥ A B & (P>0.05), L2
41 CAT i 1 1 3 5 T HAh 45 41 (P<0.05), Hifth 3
H 8] G W 3 22 5 (P>0.05). 3 FLIRF AL 4] GSH
WA T, Hob L2 40 GSH W 3% &5 T X R
ZH (P<0.05), L21 Fll W21 4 5 %F BR 4 F1 L2 4H 3
JC i3 5 (P>0.05)(F 1), W21 41 F1 L2 41 LZM
TR A TR R4 (P<0.05), H W21 f1 L2 4
] 22 5K 3 (P>0.05), L2 40 AKP iGtE g & & T
Xt HR 40 (P<0.05), W21 41 AKP 3§ 43 fr L F+{H
FJEA B3 (P>0.05), 3 Fh LR 14 Ak FRAH 1gM 7K -
¥ b, (H5X R4 2: R IFAR R (P>0.05)
(&l 2)

2.3 qPCR MR

BRI I H B R/ AH LT,
U W21 41 IL-15. IL-8 il IL-10 FE K 26 3k K °F
%5 T X R4 (P<0.05), 440 HFNEH TNF-o 5
R 2R KRR B 25 (P>0.05), BT L2 41 IL-15
FERE R K e, HEE R T R4 (P<0.05),
L2 FIL21 4H IL-10 FEPRRIRACT 2w TR (P<
0.05), L21 K L2 41 IL-8 3N ik /K F i & & T

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

X HRZH (P<0.05), L2 2H TNF-a 3K %35 KF 53
e T X R4 (P<0.05). "B WIEH 4541 IL-10 FIl TNF-
o BRI RIBIKF-TC i 22 5 (P>0.05), L2 4 IL-1B
FIL-8 FEPR IR AT 2 5 T X R4 (P>0.05). 1
B A R R B AR, BiEhILR
FALFRAL IL-18, IL-10 JEPHFRIRKFH 05 T
XTHRZL (P<0.05), HAAALRIIFTC R E 25 (P>0.05);
W21 5 L2 21 IL-8 FE PR 335 K7 i 2 T %5 B 4H
(P<0.05), H. P4l 254 8 3% (P>0.05); L24
TNF-o SEHFGAKT i 25 X BRAT (P<0.05)(1 3).

3 iR

3.1 3EBRENSERE KM RERF AR

A

FL IR B VE R e RS 590 AT % o R L 1Y
PR, R AR LT . DIAEXS
w5 A1 BE A (Epinephelus coioides)!'” . 7 &} (Para-
lichthys olivaceus)"™" . KVGHR (Sparus aurata)™
w AU R (Carassius auratus)?" 25 B9 5 ¥4 %
LR T AE 2 4R Y AR R M e SRR T .
TEARSEFZAET, SXTHRAA L, RRhEm L.
lactis L21, L. plantarum W21 F1 E. faecalis L2 f7 5
fi* AWGR, SGR Jz FER W% b, HrP Ui i
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Fig. 1 Effect of three kinds of LAB on the serum
antioxidant enzyme activity of C. argus
(a) SOD, (b) CAT, (c) GSH. 1. control group, 2.L21 group, 3. W21
group, 4. L2 group, the same below
W) & L lactis L21, L. plantarum W21 Fl E.
faecalis L2 HORARAL . 5 A S50 45 AR 2
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= \
220} %&

0 N

1 2 3 4
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dietary LAB species
(@)
60
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é 40 + ab
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%% T SQ

0 N
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dietary LAB species

(b)
5 \

et} e LR T b 2K
dietary LAB species

(©)
2 3 FRELEREIX B 88 I e AR B TE M AU S
(a) W T, (b) BRAEBEIRE, (o) REHREAM
Fig.2 Effects of three kinds of LAB on the serum
immune enzyme activity of C. argus
(a)LZM, (b) AKP, (c)IgM

Dawood 452 i 97 h & 38 5 X% B 21 A L B2 pE L
¥ % (Lactobacillus rhamnosus) F1 L. lactis Y5 't 2%
PLEL T B (Pagrus major)B) AWGR ., SGR } FER,
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3. a fiHE  liver
= I spleen b
ba I kidney b
a JIiE  intestine b
ab l b
2t ab b
ab

ab

a
aa a

FA & 18 I FFRIEK T (ng/g)
IL-1/ gene expression level

1234 1234 1234

etk LR T 2K
dietary LAB species

@

1234

6ra FFAE liver

= JJifjE  spleen

a E kidney
a i intestine

M % 8 FERFiAIK T /(ng/g)
IL-8 gene expression level

1234 1234

1234
etk LR T 2K
dietary LAB species

©

1234

4. FFIE  liver

= Jif)E  spleen by
a FfF  kidney

m JifiE  intestine

IL-10 gene expression level
[\S]

I3 10 S KR KF/(ng/g)

0
1234 1234 1234 1234
Tk o LR A A2
dietary LAB species
(b)
4 a fiffiE  liver
= T spleen

a 5 kidney b
w [l intestine

TNF-a gene expression level
[\S}

[l R BE IR T--0 3 (R R IE 7K F/(ng/g)

1234
Atk v LR T A 5K
dietary LAB species

(d)

1234 1234 1234

B3 3#MARREX S IL-1B(a). IL-10 (b). IL-8 (c) 1 TNF-a (d) EE RIEHIF NI
Fig. 3 Effect of three kinds of LAB on the genes expression of IL-1f (a), IL-10 (b), IL-8 (¢) and TNF-a (d) of C. argus

H2 2R A RE, HEHI VSI A HSI 5t
BY e #E 2R, BeckB™ kB L. lactis 1 L.
plantarum T $& &5 2 B 1) A= K 1 BE R RDEL AR
Horb L. lactis SURAR T L. plantarum ., J& 15¢ 3 55
LT 5 A LR oo e Bk fa A KPR RR Y 52,
gE LR L. plantarum 1 E. faecalis 7 50 # 5 T
Je % AE i) AWGR Fl SGR, H. 2 Ffr 7L iR 1 24 R
TR EES ., Son FE' WG T L. lactis N E. faecalis
P BEf AR PERE R RN, AR 2 Bl LR R Y fig
P 5 A BE A ) AWGR, BEAR T i RE R K, fH 2
Pt AEWH 2Z R ARE, BT, XTAFRILR
XK P s P A KPR BE R A 25 R A T —
X AT RE 5 R E A FL R R RR A FH AL AN ) Be DL &
P B[] A AN TR G o

32 3MEBMENSEMERELERNZN

AL I K 7R sh W & A e B 3 R A
Z—, SOD. CAT } GSH 1E J HLIA ¥t 8 1k 1 |

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

SV P 0 e A TT A 4 e s LA 8 4 SR K
SR SOD il I M K OF X 4 AE T T AR
SRR, AT AR A A R Ry S PR
1) HyO,p, LAZES# AL, CAT N Ak 2H 21

B Y Hy0, 43 7K HyO Fil 0%, GSH i i 5
BLEh 4 B i B LA R, AT R B H R
HytAALRe 1. A WFE R 028 16 5 1 1Y 5L
2 v B A PRI TR, B SR A L R L.
plantarum F E. faecalis V] b 2 46 55 B e % R fa i
5 SOD itk Dawood % 1E ELGH R L Es 0 L.
rhamnosus F1 L. lactis, %54 3 W] L3 SOD 1 14
B, WA R Rt sz ) BeR, AT REE T
LR T 7 AEL R 1 M R S 5 DT 2 1 7 4L
ALBE S o ARSZIG SN E. faecalis L2 Y5, 65 1)
SOD. CAT K GSH {f1E % 1T, WiHsI L. lactis
L21, L. plantarum W21 11 2 8 1l 15 B S A 1 06 14
AR I AN B, AT BB S A O LR T Y 4 4R BE
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JIBREA T E AR, SCRA R
3.3 3MIABREXN SEEME RZIERF

AR A 5 48 Bp X T 48 s £ 1 A= BRI — iR £t
FARBLAR B HEL, E R 7 E R MRS AR,
I3 LZM F AKP TEAILA B Al R 7 592 7 3 v &
FEEELAEN, TS0 B W5 A0 A 0 53 0 B
FOWE M S W LA B AR e S P e RE T o TIgM &
B A T g T, BRI L BOERMA
SRR AE R . & FLIR T A I T 4R = LZM I
IgM I PEPY ARSI TR iR N L. plantarum W21 Fl
E. faecalis L2 1) 5 i Ifil 7 LZM F1 AKP 3 M4 BF
FE, SARSLR R AL, Beck FP X LIL T L.
lactis R L. plantarum %t 4 8¢ 52 T RE AU ), &
P AE TN S BERE R LZM 1M, B e AR AERT
WFoR & BB e B AE Bk E. faecalis Z2 7MW FL IR B
A PREH 1M E LZM T&E PR A ST, L. plantarum F1
JAEZLFT & (Lactobacillus pentosus) ¥&i5 T AKP 1%
£ . Dawood %5 ® (1) 52 45 & B L. rhamnosus Fl L.
lactis T i 25 $ = LR 1L %5 LZM 36 P, Aly 260
¥ WL FLAT 1 (Lactobacillus acidophilus) ¥ INTEJE
& B A (Oreochromis niloticus) 1Akl , % —Et
B MR, e % B AR g LZM & YA 5
FIHE R . Jami G0 XU (Salmo trutta caspius)
RO 5T & B L. plantarum 241 LZM F1 IgM 14 &g &
P o MR, A SEE P 4% 4 IgM K 5 %)
WA TR E2ES, PP AEMaRU I (Oncorhyn-
chus mykiss) B Il 3§ LZMiG V£ IF 52 E. faecalis ¥
A, BN (Dicentrarchus labrax) L& H AKP
WM R 22 L. plantarumB 520, 7] 68 J& B R X
WEPR DR, W2 B e . R A
PRI 2R DA K gt A AT TR R R T %) 532 g 121

3.4 3MILEREX SR REERRIANENN

IL-1B F1 TNF-0 3% 16 A0 1 B 05 40 At 5 6
JE KRR IE R G T E RPN -, 8w g HAE
SPET IR RS BN Y [L-8 EEE B g
Y ifL - B A0 LR P R A A, T S b R
298 L R LAt s 240 B S A% SR IR R AR s IL-
10 E R EZMIRAMAFZ—, B AR
AR S AN M P T A, T ELRE A e T AR
FHEM, 3088 58 PR ANAUAT AT S 95 4 i e 3]
G BEVR AR, -t n] ) g At S8 E A R AR
M5 & RIESUMEI 2 IE, PFR R, RAZA
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PR AT B BE A O E D Y Y AR S rh 45 2
41 [L-15. IL-8. IL-10 Fil TNF-a FE [F 26 1k K 1
AR T w3 Pl B2 o i 3 v g8 58 I
1) 2R IR A FE HE ORI 3L R 7R 2 Ao 2
Ty AE B B2 = AT RE S 38 o (8 i i B DN Y R
KRS, Beck S5 X A 6 RS R R I L. lac-
tis Ml L. plantarum Y5 7] 175 3 25 6} IL-8 J TNF-o 1
FEHARIR, TEXT P PR R L. rham-
nosus . L. lactis Fl L. plantarum W55 Je & % 4k fa
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Effects of three kinds of lactic acid bacteria on growth,
antioxidant and immune functions of Channa argus

KONG Yuxin "***,  TIAN Jiaxin ">**,  PENG Sibo "***,  WANG Guiqin "***

(1. College of Life Science, Jilin Agricultural University, Changchun 130118, China;
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Abstract: In order to study the effects of lactic acid bacteria (LAB) on the growth, antioxidative status and
immunity of Channa argus, 360 C. argus with an initial weight of (3.43 + 0.05) g were selected and randomly
divided into 4 groups. Each group was set up with 3 replicates, each with 30 C. argus. They were fed with basic
feed and test feed supplemented with 10° CFU Lactococcus lactis 1.21 (L21 group), Lactobacillus plantarum W21
(W21 group), and Enterococcus faecalis L2 (L2 group). After 8 weeks, we collected the serum, liver, spleen, kid-
ney and intestinal tissues to determine related indicators and genes expression. The results showed that compared
with the control group, the three LAB added to the feed could significantly increase the average weight gain rate
(AWGR), specific growth rate (SGR) and feed efficiency rate (FER) of C. argus, and the L21 group was signific-
antly higher than other groups. Compared with the control group, the activities of superoxide dismutase (SOD),
catalase (CAT), glutathione (GSH) and alkaline phosphatase (AKP) in the L2 group were significantly higher than
control group, the lysozyme (LZM) activity of the W21 and L2 groups was significantly higher than that of the
control and L21 groups, and the immunoglobulin M (IgM) activity of each group was not significant. The genes
expression levels of IL-1f, IL-8, IL-10 and TNF-a in various tissues all increased to varying degrees, and LAB
could significantly promote the expression of immune-related genes in the intestine. Research shows that under the
experimental conditions, L. lactis L21 had the best application effect in C. argus, and it could improve the growth,
and immune function of C. argus.
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