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(L \LARB B SR SIHREET f b, IWRBEFASBEENRE, LR MG 264006:
2. RMGHEEER S, KFERE B R YRR BRI, RO R E R SR AE ST R RO,
K= AL & AL BT R L, B 201306)
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AR, BHATABOTdMAEK TR, £REr: OMERTHEGENE In, AW ER
B e KA AR, D2~DS A8 ¥\ T DI 4, D4 413K g KM, B AT R
AARZHTREEND . Q& a®. I8, 0 o8 A 0B b B g 2 % 7
G, D3. D44 R EH T DI 4; W_BEERRES, D4 AL KKME,; D3~DS5 417
Y EEmE R E¥E T D4, D5, D6 A A KIE MR H. O HHEH M. R R H
MWEBRGEEEEAER, AERHEARE ARG B EEA DI AL R KAME, WK
W EMAEDI AKX RAME; BRGEAAFHRAYEEELE LA ETH, DA~D6 48 %
BTHMA. OFFHEHE. RESRYEIAERGBEERLAEN EAEE, D2~D6
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(EUHR 5 W Xk 30 2 52 W) ) B 5 1 oK DL A o AR
Ao 7 A AR AR S AN [ A f18 R B ] o)
Z41Z, IBHER TR RIS a2 E K AR P
i RO AR G R IR Y52, B e D A 1l
TERIZ SR 58 P ) R BB A

1 MRS

1.1 KGR

DAy . SR RN R A EE R, b AR
R, BT HLER (i 14.00% . LA D5 2 iR
1.80% 114) FE At ) Rk Fc 77 0, 35 Atk ARk v 4 31) 9 o
0.00% (D1). 0.04% (D2). 0.08% (D3). 0.12% (D4).
0.16% (D5) 1 0.20% (D6) A IR T4 (55 R H A
YR EBRA L, AR =99%) HiIfE 6 452 51w
BE, R RE SRR S A3 0.00% . 0.02% .
0.03%. 0.06%. 0.08% F10.11%. i JEAR T4 ) i
EJrek: KM FRESRRR 1 1IRA, IAGE R

7K IH Z AR, 90 °C At 15 min, R HIEH
LT ERRR, 75 °C MET)R, BERUEMIR, i
B R

SR RRHAC 7 BB IR NI 1, AR R
MO RIS 28 200 H e B RLES 5 e H 2R 4T FR
&, A AGE R AREK, RS, /D
RUORL B AL AL B B R 0.3 em FZRRTA R,
60 °C HET, BERLE .

1.2 [RAFEE

Fr B S0 AE L AR A8 VT B R S PR A e AR
BSLIG HH E IR KSR R g it AT, it 67d.
SCI RS0 B LR IR R R A BR A R, 5K
WIFRTT, MISEFRM ARG R E SR 2 A, WR
MREELRERL . BT FRAS R E & 36 h, PRk A
A, BRI (11.46+0.06) g B 242 540 3k,
BEALZ> B E) 18 N FRFEHG (42 60 cm, 15 80 cm)
d, BEAE 30 HOl 2, AR RHREALEER 3 AT S,

F1 AREAREFER RTHR)

Tab.1 Composition and nutrient level of the experimental diets (DM)

HiH 27 groups
1tems D1 D2 D3 D4 D5 D6

R/ % ingredient

i}y fish meal 10.00 10.00 10.00 10.00 10.00 10.00
/NEHy  wheat flour 10.00 10.00 10.00 10.00 10.00 10.00
XY algae powder 30.00 30.00 30.00 30.00 30.00 30.00
faih  fish oil 1.00 1.00 1.00 1.00 1.00 1.00
P4 antioxidants 0.20 0.20 0.20 0.20 0.20 0.20
AEE R THURE  vitamin premix 1.00 1.00 1.00 1.00 1.00 1.00
T PR TERE  mineral premix 1.00 1.00 1.00 1.00 1.00 1.00
FHifl¢  carrageenan 0.20 0.20 0.20 0.20 0.20 0.20
FLIEREFBE  coated RAF 0.00 0.04 0.08 0.12 0.16 0.20
R seamud 46.60 46.56 46.52 46.48 46.44 46.40
&it total 100.00 100.00 100.00 100.00 100.00 100.00

EFRS  nutrient composition

FI#H/%  crude protein 1573 16.11 16.10 16.18 15.79 16.01
HAEWT/%  crude lipid 1.89 1.93 1.86 1.91 1.96 1.84
KK 53/%  crude ash 56.25 56.16 56.08 56.19 56.11 56.07
fEf/(kl/g) energy 7.72 8.02 7.93 7.96 8.02 7.96
3T ¥E/% raffinose 0.00 0.02 0.03 0.06 0.08 0.11

e DYEAE R TR RN (mg/kg B TU/Kg Tk, 4E4EFRA 7500.00 1U, 4E4E3RD 1500.00 U, 44 3E 60.00 mg, 4EERK; 18.00 mg, 4E4EEB,
12.00 mg, #4E/E#B, 12.00 mg, 4E4E#EB),0.10 mg, JZHR 48.00 mg, MABEH 90.00 mg, M 3.70 mg, D-E¥F 0.20 mg, MLEEE 60.00 mg,
Hi4: 2 C 310.00 mg. 2)H W BURKHmg/ke Wk, 4 35.00 mg, %% 21.00 mg, %1 8.30 mg, % 23.00 mg, % 1.20 mg, it 1.00 mg, 7 0.30 mg
Notes: 1) vitamin premix (mg/kg or [U/kg diet), vitamin A 7 500.00 IU, vitamin D 1 500.00 IU, vitamin E 60.00 mg, vitamin K3 18.00 mg, vitamin B,
12.00 mg, vitamin B, 12.00 mg, vitamin B, 0.10 mg, pantothenate acid 48.00 mg, niacin 90.00 mg, folic acid 3.70 mg, D-biotin 0.20 mg, pyridoxine
60.00 mg, vitamin C 310.00 mg. 2) mineral premix (mg/kg diet), Zn 35.00 mg, Mn 21.00 mg, Cu 8.30 mg, Fe 23.00 mg, Co 1.20 mg, I 1.00 mg, Se 0.30 mg
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RERPEME 1K (16:00), ) 4R B0 il Sk o i
1) 3%, MR H B E LR H R, &3
KIEH 1 RFR A IR oK, oK R 1/3 K
A, FREE 1A H BRGS0 E . LR
WA, RS KRS 16~18 °C, pH 7.6~
8.3, WAHASEART 6 mg/L, A S WMIREL S
=L T 0.05 mg/L,

1.3 HEXESSH

FHSLI SR E, R 48 h, GiTAHfS
B IFAREE, TR W ERAREE AR,
FEAMBEALEE 8 Sk = B T T4ttt , BREE
TRmAKsSy, FREERTE, ZEETRE, EHE
R A A E N, WO RRE K B IR,
TR R, A ERAE T-20 °C,

JEIE R (survival rate, SR,%) = (NV,/N,)*100%;

14 H R (weight gain rate, WG, %) = (W~W,)/
Wyx100%;

2 AE A KR (specific growth rate, SGR, %/d) =
(InW~InWy)/tx100%;

M7 BE Lt (ratio of intestine weight to body wall

weight, IBR, %)=W,/W,,x100%.
K, N WLKRRBE, N, MVIGEE, w, oS
LRKTT R (2), Wo MRS PIRIERE (g), tH
TR REL (d), W MFRFEL KNS i i (g),
W, NFFALAR RN SRRE BT (g)o

BRI S PRI AL 0.4 cm, B T Bouin K
WP EE 24 h e, B A 70% 1) 2B PR IR AT
W E ARk, B BEaiE,
VI 6 pm JE YY) 7 IR ANG e ge s, bk
WERE B B o BN AE S E IR 10 N EEEZSE MY A
TE 40<H) 55 N WM %E, K Leica DM500 [F 1% % 4
R 4005 L2 JE B (thickness of muscularis, tM) 5
HEEELE (height of fold, hF).

K51 K HI 105 °C fH H % (GB/T 6435—2014)
W E 5 MK AR 550 °C D 88 4 K 52 vk (GB/T
6435—2014) l5E ; A AR IR E &% (GB/T
6432—2006) Ml 5E ; HLAR TR &R [ (GB/T
6433—2006) ill5E ; B R HEAREEL (IKA, C6000,
] ) DU A 5 A OB B SR e RO A R
(QB/T 4260—2018) M *E .

B . BRiEE . JEMEE . AL
1L W (SOD). Wik P: % 2 B§ (AKP). & T 0% B2 Mt
(ACP)., B (GCK) ., FPHEIRILEE (PFK).
VYT 7 8 B (PK) . W TR M I =X T T TR R K
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(PEPCK) 15 P J2 9 ¥ (MDA) & 12 (i FH Fig 5% HE il
AW TR TR F &N, kS BiHNE
PAEE

{8 ] Trizol ¥ $2BUH 2 1418 & RNA, FH
R 1Y (Nanoprop, 2000, H1[E) &l RNA ¥,
¥ RNA YR BEF Bl 500~1 000 ng/mL, FfHIBiNsw
HEE LUK R I RNA 5234, ffiH Evo M-MLV %
Bt £ 2Bk gDNA, JF R FESE, T-80 °C £
AR ol AR 520 % B AT 1) 2 7 St 4 B
vkt GCK. PFK F PK 3L %%, 378 NCBI
Nucleotide BLAST I #47 [RJF M b X, #%2 [7l R
PEES I P 3, SR 8 AR AL b B EL 31 331
GCK (#3H, 91.8%). PFK (i fH, 93.6%) fil PK
(R, 92.5%), HEHNLBHEF actin FEH B 55
ABS1019) fEN NS . 519 LA TAY
TREBRMAERARG, 519FFE 2 s,
SO E 7 PCR 57 &4 TaKaRa ) TB Green™
Premix ExTag™ 1l . PCR 2% : 94 °C T4 30 s,
1 MG ;5 60°C ZEfif 30 s, 30 ME )G K =
72 °C 1 min, 8 1 %% % %2 & PCR { (Roche Light-
Cycler 480, 74 [) 15 2453 N C {H, &g 27
TR H MG RIEE ., ALK+ GCK,
PFK . PK Fl actin 3K B9 38 %R 43 51 R 1.966
1.983. 2.023 Fi1 2.005.

*2 ERFEHSIFT

Tab.2 Primer sequences for gene expression

ClE/ER S FHI(5"-3")

primers sequence (5'-3")
WBEH  actin-F TTATGCTCTTCCTCACGCTATCC
MBhEA  actinR TTGTGGTAAAGGTGTAGCCTCTCTC

WE WY GCK-F
HEFEME  GCK-R
FHERRRMES  PFK-F TCTACCACAGCACAAAGTCACCAAAG

TGTCGGTCAAGTCCACTCCTTAGG
GATCGTCGGCCAATCCTGTAACC

RPEBERSIS PFK-R GAAGAGCCAATCAGCACCACAGG
WEIRSSBE  PK-F
N  PK-R

TGATGTTGACCTTCCAGCGTTATCC
TTTGCCTTGTTCTCCCAACTCCTTC

1.4 BIESH

SIS % FH SPSS Statistics 17.0 % 14 7E 47
PR KT 2253 HT (One-Way ANOVA), #5454 [i] 2
5 B3 (P<0.05), WA Duncan [CKHHEFT 2 L
BT o Gt ES R LI (E AR 2E (meantSD) 3
No KRH—IC WA, 8 3 S 4h Sk
HOR T ) R E AN I
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2 4R

2.1 BFEXNRSEKMERERIEK SR
T A N [R5 i A A X )2 SR TG i 3

SR (P>0.05), BEE M F RS SR8, 28

WG F1 SGR ¥ 5 F TG TR, D2~D5 4

B EE T D14 (P<0.05), D4 HikE R A(E, IBR
I TC 2 22 5% (P>0.05) (3 3).

PL WG A bR, 4—J0 kBl 415
L WA BTRR (11.4620.06) g T 24 2 )k
HHAR B ) Rl VS N R 0.063% (151 1)

R3 WBTEIRSHSEKMEERNZT

Tab.3 Effects of dietary raffinose on growth performance of juvenile A. japonicus

H5|  groups

TiH

items DI D2 D3 D4 D5 D6
Wila ki &#ig 1BW 11.48+0.02 11.47+0.06 11.45+0.03 11.43£0.06 11.49+0.03 11.45+0.03
LXK FiR/g FBW 18.73+0.82" 19.28+0.79" 19.77+0.61™ 21.08+0.41° 20.70+0.83" 18.62+0.35"
WEZEY% WG 63.22+6.90 68.11£6.31° 72.66+4.90® 84.41+3.35° 80.20+7.13™ 62.59+2.70"
B A KR /(%/d) SGR 0.73+0.07" 0.77+0.06™ 0.82+0.04" 0.91+0.03¢ 0.88+0.06% 0.72+0.03°
JRELL/%  IBR 7.98+1.44 8.09+1.79 7.87+0.97 7.49+0.98 7.75+1.44 9.24+0.67
JE /% SR 98.89+1.92 95.56+5.09 96.67+3.33 94.44+1.93 97.78+1.92 100.00:£0.00

W FATENR EARA R BER R 2 7 35 (P<0.05), T

Notes: in the same row, different superscript letters represent significant differences(P<0.05), the same below

90

80

70

1=-5 341.9x+667.97x+60.237
60 ¢ R=0.899 6
Xopax=0.063

Y

/%
weight gain rate

50

0 002 0.04 006 0.08 0.10 0.12
TR %
dietary raffinose levels
E1 RE&HSEERSHMBFESENEESH
Fig. 1 Regression analysis between dietary raffinose

level and weight gain rate (WG) of juvenile A. japonicus

TRDE b AN [a] 5 BRS04 2 PR BE 1Y)
Koy R ML D5 ALK 43 TC W3 5 R (P>

0.05) (& 4).
22 WFBEMNFSFEECEERRELRN

I

B LR R B S R, 2 i R
IR . R It R oy G P 38 52 58 B TS R R Y
¥, D3. D4 A HE G RE ST DI, DS
1 D6 4H (P<0.05); D2, D3 £ i & = T H:
4l (P<0.05); D3~DS5 ZH JE ) il i M . % = T D1
21 (P<0.05) (% 5).

B A AR R R S R s, RS
SOD {& 5% I A+ JG T R, 75 D44 ik & KA .
MDA & FRe)E L, H D3, D44 B ELT
HAh 2 (P<0.05), A4 7 &2 X = 5 18 ACP.
AKP {5 PETC i E50 (P>0.05) (3% 6).

T4 MTENRSUSHEEERDHFMN

Tab. 4 Effects of dietary raffinose on approximate composition of body wall of juvenile A. japonicus %
i H A7 groups
items DI D2 D3 D4 D5 D6
/K43 moisture 91.33+0.06 91.19+0.12 91.17x0.28 91.27+0.48 91.27+0.05 91.21£0.02
F#E  crude protein 46.86+0.13 47.11£0.25 46.86+0.09 46.48+0.16 47.20+0.17 47244025
HMENT  crude lipid 4.00+0.36 4.13+0.19 4.02+0.06 3.98+0.17 4.02+0.13 4.03+0.14
FK4r  crude ash 32.92+0.12 32.87+0.77 32.48+0.06 33.08+0.14 32.49+0.10 32.44+0.08

e HUEA. HURDALICO) & 8o T35

Notes: the crude protein, crude lipid and crude ash contents of body wall are based on dry matter basis
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x5 WRTEMNRSHSHEHELEELHNEm

Tab. 5 Effects of dietary raffinose on intestinal digestive enzymes of juvenile A. japonicus U/mg prot
TiH 27 groups
itemns D1 D2 D3 D4 D5 D6

i }  protease .90+30.61™ .53+96.76
sl 1 267.90+30.61" 1 330.53£96.76

1372.33£17.62%

1443.67+37.53¢ 1231.33+45.61° 1094.67+32.04°

JEWifE  lipase 4.22+0.72° 5.44+0.11° 5.7240.11° 5.81+0.41° 4.72+0.07" 4.40+0.07*
VEREE  amylase 1.28+0.41° 1.51+0.06™ 1.62+0.03" 1.78+0.04" 1.86+0.02¢ 1.30+0.03"
R 6 IBFHEINRISIHIE RRIERIRZIE
Tab. 6 Effects of dietary raffinose on intestinal immune indices of juvenile A. japonicus

WiH 205 groups

items DI D2 D3 D4 D5 D6
ACP/(U/mg prot) 147.14+6.96° 136.3147.13" 131.09+5.15 126.69+6.40" 130.84+8.72" 119.03+10.00°
AKP/(U/mg prot) 633.64+34.74° 602.18£18.25"  579.35£17.21°  686.67+8.08° 504.21+11.37° 497.90+20.51°
SOD/(U/mg prot) 7 644.36£226.89"  8032.12+£56.16" 7 698.55£47.00° 8 381.33+191.68° 8 084.76+450.60” 7 867.15+249.06"
MDA/(nmol/mg prot) 4.42+0.01° 3.86+0.35" 3.45+0.08° 3.27£0.19" 3.58+0.13" 4.96+0.23

I 5 g 10 200 v R WAL -0 5 o 3 i 22
EFHE TR, D3, D444 EE R T D1, D6
Y4 (P<0.05), WUZJEE T EEF (P>0.05) (% 7).
D2. D3 L AMiA%HES 385, DS, D6 473 4%
B 2 0 A A0 R (1 2).

23 WMTENRNSHEERRHEEEREXE
ESEiEROE SN DEA )

B 25 AR R A R A, S g
GK it . PFK FI PK iG55 58 B THE T BRI
#, Hrp GK. PFK G PE7E D4 dlik e KfH, PK
TEPETE D3 43k R{H . PEPCK iG¥EE S BTG
FRaEaH, DA~D6 4l B E m T HAh 4l (P<0.05)
(# 8).

2 it GCK. PFK Fl PK [ Fik81
B A0 B i 3G i 2 5 B TR N R
D4 #1 D5 4 GCK Fik & o & T HAh 4 (P<0.05),
D1, D2 f1D6 I #%2:5 (P>0.05), 441 PFK 3=
SRR FEE T DI 4 (P<0.05), H D3, D44 T

T HALSS 4 (P<0.05), 454 PK £k B
# T D1 41 (P<0.05), D4 4k KAME (K 3~ 5).

3 Wi

3.1 BFEXRISE KRR
CAMRRY], R IR R & &
B B 1B SUB T TR R L BRAT R A R ™, Bl
B An (Pelteobagrus fulvidraco) M 1B 4584, 1871
B R ARSEE R AR N A
THERS, RSB R ER T ARmA, B4
Kikne i Z6em, X 5F A My Py IEms
TSR —3 . BHERERAEERE, MEE
B, W T bR A o AR, T 4
U AR HERET WIS A . R DT T A R
TG PR BG I, 3R AR i s i RS,
e TR, IR T PR,
XA} F s a5 R — 8. A s
e, BTS84 BB AT B S A 5 e A

®7 WTENRESHNSHEEHFIE

Tab.7  Effects of dietary raffinose on the intestinal structure tract of juvenile A. japonicas pm
WiH A groups
items DI D2 D3 D4 D5 D6
t™M 6.96+0.63 6.50+0.96 7.25+0.50 7.32+0.50 7.14+0.66 8.34+0.46
hF 176.93+20.34" 203.02:8.54" 233.36+10.39° 262.59+18.70° 219.93£16.04" 194.39+8.09"

H: ML UZERE, bF G, R
Notes: tM. thickness of muscularis, hF. height of fold, the same below
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[# 2 #%%#EXWU%QJJ*%LE RS ?ﬂl‘] (x40)
1~6 43 B R M B I AE 0.00% 0.02%. 0.03%. 0.06%- 0.08% F 0.11% T HEFZI N I LU, ici. 2 T 40 3=

Fig. 2 Effects of dietary raffinose on intestinal morphology of juvenile A. japonicus

1-6 show the intestinal morphology of Apostiopus japonicus under the influence of 0.00%, 0.02%, 0.03%, 0.06%, 0.08% and 0.11% raffinose, respect-

ively, ici. inflammatory cell infiltration

*8 WTEMNRESHSHERHEEELHNm

Tab. 8 Effects of dietary raffinose on intestinal metabolic enzymes of juvenile A. japonicus

H 27 groups
items DI D2 D3 D4 D5 D6
GK/(ng/mL) 3.2240.09° 3.41£0.17* 3.96:£0.05° 4.65+0.13° 3.23+0.48" 3.2240.21°
PFK/(U/mg prot) 24.80+1.43° 26.84+0.53% 27.25+0.47° 28.7141.18° 25.22+0.96" 25.04+1.38"
PK/(U/g prot) 170.23+2.56" 210.03+3.84" 222.28+6.02° 221.86+8.00° 221.26£10.54° 180.59+5.58"
PEPCK/(U/mg prot) 40.9142.96" 44.47+0.65" 47.81%0.93° 55.73%1.49° 53.77+1.70° 56.38+1.12°
4. 3¢
© o)
5 d 5
—_ = d
L = d
g . =S o2t ¢
ol ol
w® 8 K E b b
®E2r =5 | e
=K b m o, IF
m w2
T2l 2 ¢ ks
= 2
e 0 : : : : : '
0 , , . . . , D1 D2 D3 D4 D5 D6
DI D2 D3 D4 D5 D6 2H )
2H 5 groups
groups &4 BpiET PFK fExIRIZE

B3 RpiEd GCK X REE
AR R RER RE (P<0.05), FF
Fig.3 Relative expression level of GCK in intestine

Different superscript letters represent significant differences (P<0.05),

the same below

AR EENRITTR , T A R AR KB RE R
T AP B e b B A R R TR, B

HE 7K P25 22 3275 sponsored by China Society of Fisheries

Fig. 4 Relative expression level of PFK in intestine

X SR IR AT AL SCRE 1 i A v E Y
%m,ﬂﬁE§%%%%%&W%Zﬂ fre 2EA
FMNEE H A IH AL R, Xl RER RIS Y
ﬁ?%ﬁﬁﬂ%é&%f%EKOUWGﬁﬁ%
fabn, RA—ICZKEAS S, S42M
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\]
1

L ESS
relative expression level

(]

DI D2 D3 D4 D5 D6
2H 5
groups

E 5 fFEt PKHEXNERILE

Fig. 5 Relative expression level of PK in intestine

TG RIS R 0.063%, &4 HS US40
RRLEFELES, BB TRABE K. HEA .
FELIR i AR K 43 5 i) AN . 35

32 RFEMRSIHCEER RENFAT

AR, TR 2 i ACP il AKP
WVETC 00, ACP AR i o i Y b ik i, I
Wl 1 0 S AR R S M g v X TR 1 K i BE D 0T
RS MRS % b VR L T A 5T 20
RWY, IR TR RE W E S A R TR, O
HEYE = KB HT & (Escherichia coli) A4 T8 (0 % & Bk
W (Staphylococcus aureus) W FFWERE 7117, X Al fig
SE R E S A5 22 A % . SOD AR N E K
LA AR, 7T P4 e 0T W 1 2o i v 32 21 45
Pity a2, e T HLAPON K, MDA
BRALAR B iR K Vo TEAR SIS b, BN &
AR TR A E T 240 208 SOD TRk, K
IR T MDA 54, 3 A]AE I K A A 5 LSS AT
T S LR AT B 0 A 357 ) S Al Jit 355G, T
AL T IR S A RS A, R A SR
PUAE B A5G, EA MBESEWAERT , 55
Wi BESE B ML BH B9 7 22 0k . AMACHIIE 1 40 5 4
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N IR BT AE DY, XL T BE AR T
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w5, GK HA BN HAR Y TIEE, YA
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SR, WZmiE GK. PFK Ml PK 1% 2
S LFAE TR ESE, JZSmiE TS Z A
GCK. PFK Fl PK 2 MR 0y %, GCKTE D4,
D5 Rk 4w, LU0 PFK il PK 3Rk
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Fa . HAET, KT KA oh W i i A 4
SN A AF 5T F I, R b X i A DU T B A L IR
FF TR 9 384 B 2 A AR AR Y BT SA o-2F
FLBHTT G, B0 8 BUBEFT 1R Y o= LB T i
3R 7 A A R O T R AT, B
FhE sl , GCK. PFK K PK 3Gt 2158 . a3
R W8 I8 5 B s 1 ) 2 I W T A RO S A B
{H YA TR S T 0.06% I, 3] S8 AR 1 i
AT, 2o v W S5 A B R PR ) R T R
o R A, D TR S A B T HEBR AR
Gh, I A EaE RS, PR R G R
il S, e I 7 ) A A R S A A AR T A
BURI NS . B TR A rp s i Y R TR AR
FAAEAE AR b, St & S0 P 400 R
ik, MimigmiKPERE . 28 LArd, A A s
TR SHEA — e, 8 SR INAR RS
TEREA R MU AR TR S AR R i, JT R S AR K
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Effects of dietary raffinose on growth performance, physiological indices and
glycometabolism of juvenile sea cucumber (Apostichopus japonicus)

GUO Peng ’,  WANG Jiying ", LIBaoshan', WANG Meiqi >, SUN Yongzhi ',
HUANG Bingshan ', WANG Shixin '
(1. Key Laboratory of Marine Ecological Restoration,

Shandong Marine Resource and Environment Research Institute, Yantai 264006, China;
2. Shanghai Collaborative Innovation for Aquatic Animal Genetics and Breeding,
Centre for Research on Environmental Ecology and Fish Nutrion, Ministry of Agriculture and Rural Affairs,
National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Sea cucumber (Apostichopus japonicus) is one of most valuable cultured marine species in northeast and
southeast China. With the rapid development of 4. japonicus breeding industry, high efficiency and environmental
protection formula diet has become one of bottleneck problems which hinder the development of the industry.
Raffinose is a functional oligosaccharide, which is utilized by Bifidobacterium and Lactobacillus in the intestines,
and plays an important role in the digestive physiology and antioxidant properties of the body. This study investig-
ated the effects of dietary raffinose on growth performances, physiological indices and genes related to glycometa-
bolism of juvenile A. japonicus. Six isonitrogen and isoenergetic experimental diets were formulated to contain
graded levels of raffinose, namely 0.00% (D1), 0.02% (D2), 0.03% (D3), 0.06% (D4), 0.08% (D5) and 0.11% (D6)
dry diets. Each diet was randomly assigned to triplicate tanks of juvenile 4. japonicus with initial body weight
(11.46%0.06) g for 67 days. There were no differences in survival rate between all groups. Both weight gain rate
(WG) and the specific growth rate were increased first and then decreased afterwards with the increase of dietary
raffinose. All of the activities of intestinal protease, lipase, amylase and superoxide dismutase were increased first
and then decreased, and were significantly higher in D3 and D4 groups than other groups. The content of malondi-
aldehyde was first decreased and then increased, and reached the lowest value in D4 group. The heights of intest-
inal folds in D3-D5 groups were significantly higher than those in the D1 group, and meanwhile, inflammatory cell
infiltration appeared in D5 and D6 groups. With the increase of dietary raffinose content, all of the activities of
glucokinase, fructosophosphate phosphokinase and pyruvate kinase were increased first and then decreased. The
activity of phosphoenolpyruvate carboxykinase were increased first and then kept stable, and D4-D6 had signific-
antly higher figures than D1 group. The expression levels of glucokinase (GCK), fructosophosphate phosphok-
inase (PFK) and pyruvate kinase (PK) genes increased first and then decreased, and were significantly higher in
D2-D6 groups than D1 group. Both GCK and PK genes expression reached the maximum in D4 group, and PFK
gene expression levels in D4 and D5 groups were significantly higher than those in other groups. With WG as an
evaluation indicator, quadratic regression analysis showed that the optimum dietary raffinose for juvenile A.
Japonicus was 0.063% diet. Dietary raffinose increased the glucose metabolism efficiency, improved the digestive

physiology and antioxidant capacity of the body, and promoted the growth of juvenile 4. japonicus.
Key words: Apostichopus japonicus; raffinose; growth; digestive; immunity; glycometabolism
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