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HEHFRAARTEEN TS E KM, FEFEEER T, B, 48 F iR
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B EMRERB R, MEEFRE T 8R4 5 8RB (ACP). 514 5 B B (AKP).
B (LZM) fr & — A L A6 8 (T-NOS) J& £, H + 7 AKP f1 LZM 7 M4 7l & 7
70.06% fn 156%, [ Aj-lyz REH KA EM B FRE T 22.04%; HANEFERE R, %
RARBERG T HASEED T ANEAHE (CAT) EH, MEKEARFENT - B
(MDA) A BERLE£%, AA¥ERET, ZAEHNEREERGTHHNENHINAEE
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Ak, FRFEARE. HABTEY, TVHEREHEEN. ARERT HREE
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carpio) F15[ [Fl #8865 (Trachinotus ovatus) K .
925 1 RN I B PP BE 0 U Rk S I 0%~
1% A A% 51 COS MM 8 J&, Hyhgehk 448 f1
BEfa A T JE B AN S 4k RO (Vibrio
harveyi) RIBLIRPEY, Wang S IF5T R, COS
HLA fih A ¥ £f1 (Ctenopharyngodon idella) VR W 4 3%
PITETEAE T, [RIE mT {2 3E R 4K IgM 43l o X1
AR, COS WA ST B 45
149 A R BB R SR g2 il i M o R T S ] R i
SR, T RE 2 LA P A G e 55 B A s 41 i B
S, B RN, eSS 52 50 28 d
J5, SRR R T S R AR R T
[i] B ) MR AR I L 0 0 2 1) B i b RS 2
AT S

PR b 92 14 58 1) 7 7K 77 5 B ] MR 3 R
FEWEZE, A2 yOuErr=t, &
9% 50 S BEAE ALK P9/ Wl 2l g 210 sk I
ST I v RO (3 - IR (LC-MS/MS) £
W75k, Kl 2] 48 h J5 7¢ — BE7E Sprague Dawley
(SD) R BRI . ZEH i) HE M 5350 O 7.15% Al
72.80%. Ouyang S fff5¥ KB, 12h Py, HEEE
e B 3k 85 (Megalobrama amblycephala) [ 18
) COS B ORI . PRIt S [R] 4Ah mli
SRR —E 22 . TR SERTE U 24k
LD T e Pk e sl

AR S 06 5 I O OO 6 SRR Y, WTEA
W 0.5% e FHEMERROI R Z 3 d)5, 4 RZH
COS fefe M A . PRtk , A S50 LI 2R
WESEXT 4L, B0UE 3 K 1 YR Y 50 S0 1] PR 28 X0 15
fIZAK AR T L P I LA TE R
WP B2 22 i s e, DU R 52 SRR ZE O R 21
fat B S5 Hh i 7 P AR LR 2 A

1 MRSk

11 SEEMEFEERE

o RERR AL, LS BEE > 95%, A
2~10, FXIHIXT 4 F <1 500 u, HEBRABE
KIEACF Y BEAT 5T PPt o SLml i Ak e it e 5 e
BEEEIL 2 0 1 (B b)) W LU BITR A 0, 7e e b
TRk H SRR R AN 0.5% e SR A5, W
PPl o kL, B 58 B, —20 °C PRAFA o

Fr B S B0 E KA M T K AE A X AT o fik
iRl =0 A RiEERBSHARAR, B
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1, FRFEEKE 16~18 °C, pH {E M 8.00+0.15,
RN 30, KK 24 h A, A H 18 T EE R
TRTE 4% MY FERbiRRE, Bl 9 I BRER AN SR AE
FEi BOK & 1/3 K . ARWFTE RS T K% M
RS B W RS L s, Se g i AR rp A
N G ST R GE MR A, JF 4R R
VPR A A0 23 D1 2 il 2 1 R 1 B PRA T

1.2 SERAESHMARE

1 204 SKATHIZ [ PR (18.5140.28) ] Bl
MLl 240, BHE 3T, BT 34 k.
X HRZH B H AR B i R A RLRE, SEES2H 4 3 KA
B 1 ST SRR, A T 45 R R il
Tk, Frsk 8 J,

FIHEI ARG, 250 24 h, BAFATRENL
I3 ST SR IR G HEA, AT e Fa ARl
o WKW, DARFRLL 1: 1 A B e
(0.48 mol/L NaCl, 0.019 mol/L KCI, 0.02 mol/L
EGTA. 0.068 mol/L Tris-HCl, pH 7.6), —#F/+4%
TR 0 40 0k 35 A R 22 2% 10° N /mL ), BLIESR T
A I T R R g W 5 o 53— P 43 P P R
% (22 kHz, 25x6's, 0 °C)W# )5, 4 000 r/min,
4°C, ¥ 10 min, FF5 LWEW-80 °C /A7, H
T BN A AL B A o WO I T R AR
SrRIFRE, DAL 19 B9 HL BN A TS PBS
(BERRERDE v, pH 7.6) FATA10K . B H S 3M
A 15mLELEF, 4°C, 7000 r/min, 5.0
20 min, T IETR T80 °C A7, F Tz .
P A AL G A A IS PR E o R, BEASFATRE
PUHEL 3 Sk 2, WA I B RN IR, JH 4% £
5 [ B A A2 48 h, T8I A HilfE
ASPAT S BENLANIR 3 SkifE 2, B 1 4 2UE
TEMEOE D, MAWAEGE, —80 °C {17,
FIF RNA $RIBCR AR S E
1.3 EKMEe

XA KSR A

1B R (weight gain rate, WGR, %)= (W~W,) /
W, x 100%

5 42 < K (specific growth rate, SGR, %/d)=
(InW—nW,) / t x 100%

It BE Lt (ratio of visceral weight to body wall
weight, VBR, %)=W, / W, x 100%

W BE b (ratio of intestine weight to body wall
weight, IBR, %)=W,/ W, x 100%
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A735 R (survival rate, SR, %)= N,/ Ny x 100%
K, Ny RIS, NORERSLEL, Wy kW)
IR (g), W, WAKRIKE (g), ¢ HIHKEL (D),
W, HINIEE (g), W, WIAIETE (g), W, NIREEE ().

1.4 R0 AR 4 FINFIR IR &

T WG G AT bk & 5 2% SCRik, A R b
YT 5 P AR HE Uk (NBT) 36 S5 g

15 EEEMNE

SR 2% 07 2 T T R 2 2 50 SR R A
JEPO, T 5 25 i 38 A0 I A 2H 2 e S TR
PR AN . 3 T B 114 R e S M e Tl AN 4T
S AT S A5 34 R FH R o 8 R W TR 5T iy A
R4S I 350 & A AR [ (Molecular Devices, E[E)
W o FERE ST S 8 An L 3G TR M B PR Bl (ACP) .
T PEBE BRIl (AKP). ¥ (LZM) FLE— A A
A (T-NOS) (75 o P4 A 48 b B 45 8 21k 4
Ak (SOD) Ml AL & i (CAT) iEE . BPiA
fLRE ST (T-AOC) FITA [ (MDA) &, JA% i IR
WA S R AL U BT IR R, SR &
U B A5 v B T B B R A I B T 1
HWK, I05E WA IE A TE AR . R AR AR R 3,5-
TR KA R Y AR L AR R, A
OGN P 1 PO L R R RN I R
1.6 FAiE. FMEIRMIBLDFTH

[ 58 J5 FORE Sh 2B TS I K . B | R
FHR, R P YIRS pm VI A, 2, JRK
- (HE) Jet)s, HEMIRE . miEadl
PR S iR ALY i, kU] R BEMLEE 8 4~
frs, DA HUR MRS . WA R AL B
RFEYER YA AT W I B, I Image Pro
Plus 6.0 KA1 Y] A e i .

1.7 SRR} E= PCR

P52 18 & RNA IS B S 943070 £ 16
B145 (Monad). i FHBGHR (I 2 S I RNA MR EE
FH 1% Byt B Bl 5 e 45 DU RNA Bt & . 42 HU iy &
RNA H Prime Script™ & %% 5% i 7] £ (TaKaRa) ¥
IR ERECE] ) RNA FE i G S B cDNAL - S 52
6 42 & PCR SZ 50 fff FH 5 i % & PCR 1Y (Eppen-
dorf) XI5 il Z: W 38 G S A G HE X Aj-tlr3 . Aj-c3.
Aj-lyz. Aj-sod. Aj-rel mRNA [JAHXERIA K347
Kl (% 1), 5198 T AT AY TR (K B
ABRAFG B, ALmd ik EET IS %

R E K7 2: 2 E /) sponsored by China Society of Fisheries

®1 ASMEMEREESY

Tab.1 Primers of internal reference and target genes

HRER  5Imamk Fr4l
gene primer primer sequence (5'-3")

P-actin actin-F TGGCGTGAGGAAGAGCAT
actin-R CATTCAACCCTAAAGCCAACA

Aj-lyz lyz-F GTGTCTGATGTGGCTGTGCT
lyz-R TTCCCCAGGTATCCCATGAT

Aj-sod sod-F CGATGATAATGGTGTGGCTAGTGT
sod-R TAAATCGTCAACCCCTTCGTG

Aj-tlr3 tr3-F TTGAAGCGTTGGATTTG
tlr3-R GGACCGATGTTGGAGATA

Aj-c3 c3-F AGAACCAGAGGTCTTACTTGGTG
c3-R AAACTGCTCCCTGACTCTCCTTT

Aj-rel rel-F TGAAGGTGGTATGCGTCTGG
rel-R TTGGGCTGCTCGGTTATG

Sk P, S K &R 8 SYBR® Premix Ex Tag™
(Monad) 10 pL, cDNA (100 ng/uL) 2 pL, ddH,O
72 uL, 1% F (10 umol/L) 0.4 uL; 5% R (10
pmol/L) 0.4 pL. FEA KW A2 JF K 95 °C T As 4 10
min; 95 °CZZE M 10s, 60 °CiE k 10s, 72 °C 4t
f120s, 40 MEH . R 272 LR H WA Y
AR IR

1.8 BHXW

FEAH S EE RS, SEI0 AL AN BR 41 B BE AL
EHL 15 SO 2, 1T R ORS00 . R R A
NIREIRE (Vibrio splendidus) (&34 : AM422807),
K B RIETHIGE s By 428 8 f SE 0 % . CREI
iGN O, W LDsy i 10° CFU/mL. %
W PR 2 2x10° CFU/mL, % M s i 59
)47 300 2 R P9 3 5 B 0.1 mL, /K Al v 37 4
WELE 14 d WHISET G O o TRz S0 1] 9 248 75 i) 2 43
LA S B 2 56 i A Ty A TR

1.9 BIESH

S 5 KA R 7 BB AR fE 22 (mean+SD)
7R, 4% 9 5 Excel 2019, SPSS 22.0 #l Origin
2019 A AT AT B . SRIABSIHEAR T
R g6 e 4l |] 22 vk, DL P<0.05 FoR 22 5 1 3
P<0.01 FRRZERWM B,

2 4R

2.1 [EFRIRREEREX RIS E KBRS
2t 8 M IR, DiRIZS RIAG IR E |
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ZORIREE, WER | FREE AR, JERELL | hhE #3 EARRREBES RIS R ERERE N

Hoo AR RILER 20 3 K1 YR IV 58 S T MR %6 % RFIR AR & HY S

RS ER, HBEERE, BIERLEELN Tab.3 Effects of COS feeding frequency once

(P>0.05), 53T B4 A L , EE ﬂ{%%%;{%‘-ﬂ‘*& every 3 days on phagocytic activity and

I L 0 S 1 U R L BE L (P<0.01) respiratory outburst of coelomocytes of A. japonicus

Eizga paieich pa il
%2 I‘Eﬂ 1= ?ﬁ nE ;'E-l, g*ﬁ R;f{h—*u%i ‘L’t']‘i IF-I»E EI\] $2 uru] indexes control group treatment group

FhEiEPE  phagocytic activity 0.29:0.07° 0.46+0.06"

Tab. 2 Effects of COS feeding frequency once every 3 days

on growth performance of A. japonicus WPBRAR  respiratory outburst 0.33+0.04' 0.45+0.01°

ij:iae@s coﬁj(fg%)up treatﬁé%rﬁnggroup ﬁ\ E"J J'i‘b % 7{% /fﬁ,] BLB‘% }/F)ﬁ %‘EX‘T 'fjj EEIJ 72(12{& H% élH H@ D % JE N

YWtk /g initial body weight  18.5140.28°  18.50:£0.29" R #% ACP, AKP. LZM. T-NOS i A AR
SKfkE/g final body weight — 347543.16'  35.442.86" FERRE . SR A L, 1% 07 e ST S
WEH/% WGR 87.50+14.28°  90.80+12.62° FHE TR ACP 3G M (P<0.05), %
FEEEKE/(%/d)  SGR 1.12+0.14° 1.150.12° w7 IR ACP M (P<0.01), B4 435
JEBELL/%  VBR 16374009 17.48£0.12° PE T 62.83% M1 42.12%, HXFIFIA ) ACP 15 P
WEELL/% IBR 3.65+0.04" 4.13£0.05" P All (P>0.05), 3 K1 YR P 5 SR ML R
e SR RS S627340 % 35 R T A 40 A ) AP 5 P (P<
vt a0, RARSTUER 001, g T PRI AKP THHE (P<0.05), 5}
e T e o e e (Y, B T 2088%. 70.06% I S005%. WA, %
the same below. e M Ty 2Rt 3 B AR A I Y LZMOE M (P<

22 EREWEERNGASEEERERE 00 PO RES TR LZM

T O 46 B 2200 (P<0.01), 4345 58.27%. 156.00% £ 30.84%.

1% 072X BE {0 3 B v R RS A0 Y Y T-NOS {6 1 (P<

(] 587 43¢ PR 7 S A X 1) 5 A s 0 7 e 3% 2 0.05), M i 2% 5 5 i i i T-NOS i M (P<0.01),
FUVEIR AR A BOREMA UL ARG 30 SR IRAMIEL, 3K 1 sgrud HALH AN 4TS 24.27% F11 43.65%.,

VR HOFE S B L0506 1T 535 B4 0 0 2 40 o
. s nﬂm%r‘_“(n g dl % e F i!»zu"
B W 3% PR T I A% & RE T (P<0.05). 24 [EREBREEREMN GRS EHENZIY

N s 1] I 45 ML 55 S X 5 0 2 M s A L . i
gmﬁﬁﬁkﬁgﬁﬁﬁﬂéﬁﬁﬁﬁ%gm PO R LB ORI L 5. 3 % 1 YR
L S AT S O R 2 ORI AR . Bt . O

(] o 45 PR 8 S B0 0 SR I i i . gl 1 SOD. CAT. T-AOC jifPEF1 MDA & 4 A[d
DR RS S S G PR S 2 4, 3 K 1 FREEROSSNA . 5 X HRLEA L, ) R S

x4 [ERIRREEENHRSEEAE. FE. FRNIEFRE RN
Tab. 4 Effects of COS feeding frequency once every 3 days on non-specific immunoenzyme activities in coelomocytes,

intestine and respiratory tree of A. japonicus

sbr RE4EM]  coelomocytes J73i&  intestine PR respiratory tree
f=E7N
indexes X R4 S xof JE2H SEH xR 2H S

control group treatment group control group treatment group control group treatment group

ACP (U/mL; U/mg prot) 93.83+1.13° 152.78+12.03° 44.35+0.48" 63.03+1.00® 49.84+16.64" 37.47+15.00°

AKP (U/mL; U/mg prot) 341.93+23.34* 413.34+2.73° 251.98+9.30* 428.51+38.20° 1 679.89+92.36" 2 520.67+138.68"

LZM (U/mL; U/mg prot) 1.39+0.23° 2.20+0.06 6.57+0.17* 16.84+0.54" 10.83+0.29" 14.17+0.30°

T-NOS (U/mL; U/mg prot) 5.15+0.21° 6.40£0.92° 5.43+0.17* 7.80£0.78" 4.77+0.55" 3.90+0.49°

Ee BV RE2N AL, SIS AN TR BB, 2N TR R RS i R A L, R
Notes: There are 2 units after each index, the first is the unit corresponding to the coelomocytes, and the second is the unit corresponding to the intestine
and respiratory tree; the same below.
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IR TSR 40 CAT 3% 1 (P<0.01),
TR L T 208%, 14T SOD F1 T-AOC {614 |

=5

MDA & JC & % (P>0.05),

BRI MR FEN RIS RIZ A . B8, MFRR ELEER R0

Tab.5 Effects of COS feeding frequency once every 3 days on antioxidant enzyme activities in coelomocytes,

intestine and respiratory tree of A. japonicus

. P4 coelomocytes J7i&  intestine WPIRA  respiratory tree
indexes o R ZH S o HEZH S o R ZH SR
control group treatment group control group treatment group control group treatment group
SOD (U/mL; U/mg prot) 94.03+1.61° 91.93+0.21* 53.61+3.38" 59.83+1.39" 58.61+6.17" 61.91+8.06"
CAT (U/mL; U/mg prot) 0.86+0.04" 2.63+0.18° 145.58+10.52" 146.98+9.88" 148.70+10.90° 147.16+10.98*
T-AOC (U/mL; U/mg prot) 1.43+0.11° 1.68+0.12* 0.90+0.33" 1.03+0.34* 0.39+0.14* 0.42+0.13"
MDA (nmol/mL; nmol/mg prot) 0.87+0.14° 0.77+0.14° 7.55£1.17° 6.21£1.10° 2.81£0.29° 3.15+0.54°
25 [EFRIRRESENARSHIEHNEEE  Re BRRREEMARN S HEH RO/

=REA

1] B 5 M 58 SE M X077 901 2 Mg L 1 il 0 2 1)
W LK 6, SXTIEAM L, %05 2 b W 5T S b
W 5 3 T 0 00 2 W 18 R T M (P<0.01),
AR T 0 S 3 R R 1 (P<0.05), 41
BT T 27.92% F1 11.41%, XF 47 41 2 5 18 e #
BTG TR, (BT 225 (P>0.05).

2.6 FEEXMRISERFHEN

MBI Bon, UiRIZ i b N 1 SR
FZ . BETZE . WUZE. KBEZ @R 5

500 pm

_"4

EhR 1
1~3 st AR RT . .y B, 4~6 HHUNSEIRART. . Elr, HAEEEE,
WIZ, FF.
Plate [

Tab. 6 Effects of COS feeding frequency once

every 3 days on the intestinal digestive enzyme activities of

A. japonicus U
Eiz Xof B2 DRl
indexes control group treatment group
EAME  protease 9.67+0.55" 12.37+0.50°
JEWikE  lipase 17.27+0.71* 19.24+0.69°
VEES  amylase 0.13+0.02" 0.16+0.01°

YRR A L, SO L5 S B 25 R,
WEMPLHNZEF L% (ER ), BB AEE
PEME LR, SXTRAME, 3K 1IRMEE

BRI R F A RS B AR F M
w.

GEEERE, MUBEZ, SMAET)Z, MCALKWE, S.

Effects of COS feeding frequency once every 3 days on the intestinal histology of A. japonicus

1-3. foregut, midgut and hindgut of the control group, respectively; 4-6. foregut, midgut and hindgut of treatment group. H. fold height, W. fold width,

M. mucosa, SM. submucosa, MC. muscularis, S. serosa, the same below.
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300 AN, N B E A SR o e R,
B % E4l  control group s e LB 5 (@Hﬁ D)
254 treatment group - . °©
£ 4 200 2.7 [EfRIRREEEMARISHERREHEXE
i & ESEsEA
o 5 \ . X : .
100 Ti4) B A5 M € SEARE X 07 R 2 1 5 1> B g A O
DA Rk g B2 ma A&l 2 s . 3 K 1K
0 L 70 T T R AR B T O 2 s b 4)-
t WiMMC S M WSMMES H W SMMC S th3. Aj-c3. Aj-lyz. Aj-sod. Aj-rel mRNA [t #H X}
Hil a7} Ja N I\ =] $H B 0 0
foregut midgut hindgut Tk (P<0.01), 4142 1 41.87%. 42.95%.
VNGl A r 22.04%. 14.40% 1 86.51%,

the various tissue layers of the
different intestinal segments

B ERERES R RS ET A S R
B AR JF NG T RER R AL 22 5 B3 (P<0.05), ANFKSFRE
NI 2 R AR B3 (P<0.01), TIAl.

Fig. 1 Effects of COS feeding frequency once every
3 days on intestinal morphological parameters of
A. japonicus
Different lowercases stand for significant differences within groups

(P<0.05), and different capital letters stand for mean significant differ-

ences within groups (P<0.01), the same below.

Y] P 3R A S 2 b = T R S i ILZ R
IR IRRE (P<0.01), H 745 5E S BEFIGERE (P<0.01),
J W A v B RN S B (P<<0.01) (81 1)

15 2 0 WA S BEIR 20 A AR s v, A R
A AR YRR I B2 . WUZE . I . P
JZ R e S A A BRZE AR L, B BTG
B A Ak (BRI 76 3 K 1 IR B 5% S0 1 M i
R, RIS PR AR L R 2 A0 RS %
WUPR 2 AR b e 2, R AOJRE Il A K

EhR 11
T RRZARPIR R, 2. SEBGLNPIRA, AL PRl L2, B 4L, C. Mg, D.ALZ, E. 4005, F.odgefi.
Plate I

1. respiratory tree of the control group, 2. respiratory tree of the treatment group. A. coelothelial cell; B. endothelial cell; C. haemocoel; D. muscular

—

layer; E. secretion of endothelial cell; F. center antrum.

https://www.china-fishery.cn

250 um - - %%,
_ -ﬁ 4

[ B $5% AR X 73 R S W R LA R 5 B 2P

2.8 [EfRIREZE RIS HH IR

TR B e, 05 RS A0 R LA 3,
EXRRAA L, 3 K 1 UK K5 S0 i IR A5 R ] L
PEE RS AT R, HAAERH 5333% M
% 66.67%-

3 Wi

3.1 [ERRRREEENARSE KRN

A A, 7E 3R IR ERERET
0.5% ¢ FE A RE AN 1035 B2 1w 0 0 2 1) JUE R L A gy e
Lt (P<0.01), fHX 075 40 2 1 34 o SRR AR KR
WA BEZW, 5 Wang FP I RA —EE R
A SRR B SEARRL, AR DR s
COS 1M 60 d J5, A4 Z 8 (Eriocheir sinensis)
PR EE i . i e T HEN ST SR
Pk A A B ML R B A 1 175 3 W T A )
ik, RHEFYRA T, HREASENAER
RE, RN AR, T s A

Effects of COS feeding frequency once every 3 days on the histology of the respiratory tree of A. japonicus

FRE K7 2E 4 E 7/ sponsored by China Society of Fisheries
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Fig. 2 Effects of COS feeding frequency once every
3 days on relative expression of five genes in
intestine of A. japonicus

Aj-lyz. lysozyme, Aj-sod. Cu-Zn superoxide dismutase, 4j-t/r3. Toll-like
receptor 3, 4j-c3. Complement 3, 4j-rel. rel gene.
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Effects of feeding chitosan oligosaccharide intermittently on growth,
non-specific immunity activities and disease resistance of
sea cucumber (Apostichopus japonicus)

LI Xiaofan, WANG Rongyue, HUANG Chong, TANG Jinwei, LIUJuan’, LI Ruijun’
(College of Fish and Life Science, Dalian Ocean University, Dalian 116023, China)

Abstract: Chitosan oligosaccharide (COS) is a potent immunopotentiator, but rarely used in aquaculture. The aim
of this study is to investigate the effect of feeding COS intermittently on growth, non-specific immune indices,
digestive enzyme activities, histological and disease resistance of sea cucumber Apostichopus japonicus. A.
Japonicus [mean body weight (18.51+0.28) g] were first fed for 8 weeks by two groups (control group, A.
Japonicus were fed with basal diet; treatment group, sea cucumbers were first fed with basal diet added 0.5% COS
for 1 day and then fed with basal diet for 2 days). Growth performance, non-specific immune enzyme activities,
intestinal enzyme activities, the structure of the respiratory tree, intestines, expression of intestinal immune gene
and immune response were measured to investigate the effects of feeding frequency with COS once every 3 days
of sea cucumber A. japonicus. The results indicated that treatment group had significantly higher ratio of visceral
weight to body wall weight (VBR) and ratio of intestine weight to body wall weight (IBR) (P<0.01). Phagocytic
activity and respiratory outburst of coelomocytes in treatment group were significantly higher than those in control
group (P<0.05). The activities of enzymes such as acid phosphatase (ACP), falkaline phosphatase (AKP), lyso-
zyme (LZM) and total nitric oxide synthase (T-NOS) of intestine in treatment group increased significantly
(P<0.01) and the activities of AKP and LZM of intestine in treatment group increased by 70.06% and 156%,
respectively. The mRNA relative expression of Aj-lyz gene (P<0.01) of intestine in treatment group were signific-
atly higher than that in control group, and the relative expression level of 4j-lyz gene of intestine in treatment
group increased by 22.04%, respectively. The activity of catalase (CAT) of coelomocytes in treatment group was
significantly higher than that in control group (P<0.01), but the content of malondialdehyde (MDA) of coelomo-
cytes and intestine showed no significant difference between the two groups (P>0.05). Compared with the control
group, the muscularis and serosa in foregut, fold height and fold width in midgut and hindgut were significantly
increased in treatment group (P<0.01). We found that the survival rate of the sea cucumber A4. japonicus against
infection with Vibrio splendidus was higher in the treatment group, with a relative protection rate of 66.67%.
Above all, the feeding frequency of once every 3 days for COS is recommended to promote the growth perform-
ance, non-specific immunity and immune response of the 4. japonicus. This study provides theoretical support for
follow-up research.

Key words: Apostichopus japonicus; chitosan oligosaccharide; feeding frequency; immunoenzyme; antioxidant
capacity; histology

Corresponding authors: LIU Juan. E-mail: liujuan@dlou.edu.cn;

LI Ruijun. E-mail: liruijun@dlou.edu.cn

Funding projects: Basic Scientific Research Project of Higher Education Institutions of Liaoning Province
(JYTMS20230487)

[ K 722 2: 32 /5 sponsored by China Society of Fisheries https://www.china-fishery.cn

13


mailto:liujuan@dlou.edu.cn
mailto:liruijun@dlou.edu.cn
https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

	1 材料与方法
	1.1 实验饲料及养殖管理
	1.2 实验方法与样品采集
	1.3 生长性能
	1.4 体腔细胞吞噬活性和呼吸爆发
	1.5 酶活性测定
	1.6 肠道、呼吸树组织学切片
	1.7 实时荧光定量PCR
	1.8 攻毒实验
	1.9 数据分析

	2 结果
	2.1 间隔投喂壳寡糖对仿刺参生长性能的影响
	2.2 间隔投喂壳寡糖对仿刺参体腔细胞吞噬活性和呼吸爆发的影响
	2.3 间隔投喂壳寡糖对仿刺参非特异性免疫酶活性的影响
	2.4 间隔投喂壳寡糖对仿刺参抗氧化酶的影响
	2.5 间隔投喂壳寡糖对仿刺参肠道消化酶活性的影响
	2.6 壳寡糖对仿刺参组织学的影响
	2.7 间隔投喂壳寡糖对仿刺参肠道免疫相关基因的影响
	2.8 间隔投喂壳寡糖对仿刺参抗病力的影响

	3 讨论
	3.1 间隔投喂壳寡糖对仿刺参生长的影响
	3.2 间隔投喂壳寡糖对仿刺参体腔细胞吞噬活性和呼吸爆发的影响
	3.3 间隔投喂壳寡糖对仿刺参非特异性免疫指标的影响
	3.4 间隔投喂壳寡糖对仿刺参消化酶的影响
	3.5 间隔投喂壳寡糖对仿刺参组织学的影响
	3.6 间隔投喂壳寡糖对仿刺参抗病力的影响

	4 结论
	参考文献

