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FE: AR A P AmARENASEK. BLEESERAN P HE, UwhEEd
(11.46£0.03) g th R S 4 5 o Lot &, AEBAR PRI EEAFYE, BRRAFELSELS
% 0 (D1, xfHE4). 0.04%(D2). 0.11%(D3). 0.15%(D4). 0.21%(D5) F1 0.27%(D6) H# 6
YLK, EERAFEBERAH I TAdNEK LD, £2EF, OMEAR + A H
WaEBEWNE M, MW ERRETEKEARLARETR, D2~D5 40 F5 T4,
REEKERRADLZKARERMEG R, OFE & a6, Js o8 a0 5 ig &
M LT ETHE, D3. DAAREGTXRE, W_BLELTERELA, D3 4% &K
RIE, EHEE. BUEABRBEIRUEAREESELEEM2R; D3. DAAE4ETEL
FARTAHE4, DO AWM ARIEMMRIE,;, Om FREHBBEML LA EFA, D5. D6 4%
FETHME, RESRBBRRERKBEEELEEARE TR, 25% D4, DI UK KK
B, #MEEATHERAYBELE ALY, Do AR Fa THMEA. FREXW, K
TR THSERMRE, RETNGREEERTA L, NTRHET RS0 EK;
PR E R IFMARE, RSG5 AR T KARE RERMEHN 0.129%. K FHAEE K
MR, ERSHL. RBESHEAKTEREZFMN. BREEEA.
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RWER 2 5> TR AEE N a1, 6 BETFHE, g1, 2
W R 2 0 B VOB, 4320l CpHgO,, 46
WiaE, BA R EEY T/ N
B o= ZUBE TG, KIS RER A 8 BRI,
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W o W RN 8 T 2 SRR 2R AR B 5 AR
MR SRMEA R 0 . R GRS . IR AOHE S I
RIRWESE, WG AR RBES . BERERYT,
TKIRAEXT KZZGT (Scophthalmus maximus) . K
A (Salmo salar)®™ . 5% & AR (Carassius auratus
gibelio)” ZE /K= S E K | YA A 2
HER, JFRENGE MBS .
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I"] (Echinodermata) A % 4§ (Holothuroidea) 15 ¥ =
J& (Apostichopus)'™, EFRMAE R, &3 E &G
HuIX P E SRR T, XSS R
RFME SFEIREMEIUR B RR I, DIREMEAT
FWEXT O 2K S R AL ER, HHXH
S AR 2 0 () IR0 o A S 0 36 ) 7 B Al
Tk T S TINAS [R) A B 7K S5 B e R R S 4 2
VARFGEK TR R Z 4 A4 I A B
R RS2, 578y D RE AR SROME 7 05 0 2 57 5

TSR HIN 0. 0.04%., 0.11%. 0.15%. 0.21%
1 0.27% [y 6 H 4% R ENR M LW im kL, 4
DI(XHEZH), D2, D3, D4, D5 1 D6 4.,

P EE T K IS RALRIR &, A &
7K IR ZEHAR, 90 °C InFAEFE 15 min, ¥HEH
HTHLT R, 275 °cC TR, B RURIR,
il ALK SRBERE o 7E 10 mL Z80/K R mA 1 g
FURE K S BE, ERE S hEad i, IE BEVR P A
& (DB12/T 847—2018), & /K4 S h

IR R AN 36%.

W E AR SRR SO R IS 28 200 H AR VE ST 2 38
o FEARDRHEC 5 BC LU AT RRER L A FH B Y
R, AR, F/NBYSURL ) Ak 5% e AL i A
HAAH 03 cm B SREE, 60 °CHET, B ER
fEo TR JOE SRR LR 1.

1.2 SSREERMERRE

A R R R AR
IO RS WA REA

1.1 KRR

DLfaRy . SRR/ N By RELER R, Wit
FLEE % 5 14.00% . LRI & 5 1.80% (19 5Ll 7]
BHEC J7 o AE Al R 2 AR I 0. 0.12%.
0.24%. 0.36%. 0.48% F1 0.60% F £ 5 /K F5 8 (2 T B S AE 1L R AR T VE GRS IR BRI Y B AR
VAR TR A IR A, 408 =98%), WiE/K BRI K IR R G P kAT, AT S

x1 ARERREFER RTHR)

Tab.1 Composition and nutrient level of the experimental diets (air dried matter)

ZH7)  groups

PR items D1 D2 D3 D4 D5 D6
R#/% ingredient
Fifaf;  fish meal 10.00 10.00 10.00 10.00 10.00 10.00
/NFEH  wheat flour 10.00 10.00 10.00 10.00 10.00 10.00
#Hr algae powder 30.00 30.00 30.00 30.00 30.00 30.00
fjl fish oil 1.00 1.00 1.00 1.00 1.00 1.00
BT antioxidants 0.20 0.20 0.20 0.20 0.20 0.20
YA R vitamin premix 1.00 1.00 1.00 1.00 1.00 1.00
W P)FE FUEES  mineral premix 1.00 1.00 1.00 1.00 1.00 1.00
P carrageenan 0.20 0.20 0.20 0.20 0.20 0.20
FIEKFHE  coated STA 0.00 0.12 0.24 0.36 0.48 0.60
1% sea mud 46.60 46.48 46.36 46.24 46.12 46.00
#it total 100.00 100.00 100.00 100.00 100.00 100.00
EFRBRA(THYHE) nutrient composition (DM)
FHH/%  crude protein 15.73 15.70 15.67 15.68 16.16 15.77
HLHER/%  crude lipid 1.89 1.98 1.90 1.85 1.94 1.87
FIHK 5%  crude ash 56.25 56.11 55.89 55.94 55.78 55.62
fit®/(kl/g) energy 7.72 7.83 7.96 7.74 7.98 8.02
IKFHHE% STA 0.00 0.04 0.11 0.15 0.21 0.27

e L 4R TR B (mg/kg or IU/Kg Tk & 442 3 A 7 500.00 IU, 4422 D 1500.00 IU, 4E423E 60.00 mg, 4E4:3K; 18.00 mg, #E#B,
12.00 mg, 4E4FEB, 12.00 mg, 4B, 0.10 mg, 2R 48.00 mg, MEMEMZ 90.00 mg, W& 3.70 mg, D-E¥ZF 0.20 mg, MEEE 60.00 mg,
#iEFRC 310.00 mg; 2. WY TR (mg/kg R S 4F 35.00 mg, % 21.00 mg, #18.30 mg, %k 23.00 mg, % 1.20 mg, #t 1.00 mg, #f§ 0.30
mgo

Notes: 1. Vitamin premix(mg/kg or [U/kg diet) contain vitamin A 7 500.00 IU, vitamin D 1 500.00 IU, vitamin E 60.00 mg, vitamin K; 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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W B IR ZFEFOL RO AR FR5H 5
L, HRHSHSERTRERG T, DR E
B2, BE36hE, PRk AR, (REM
T (11.46 + 0.03) g Bl 2412 540 3k, FEAL AT
2| 18 NMEH K FRIEAG (D 70 cmx65 cm) H1, A
303k, AIIUIFEHLER 34, Lo dl, ATk
B MBSIRME, SRR 67d, FRAHMIE,
TR 16: 00 BT 1 IR, PIHREWRE IS4
SRR 3%, R EE H S g Ok H 4%
MEHD, B3 ORIGH 1 RERIE IS IFoK, ok
oM 13K, FREE 1A H I RIS IR
FIHEFEFTDE, FERIKIER 16~18°C, pH 7.6~7.6~
8.3, WAMFERT 6 mg/L, AA S WAIRE: & 1K
F 0.05 mg/L,

TR G, BB 48 h, Git sl =
B IR, TR R ME R KR,
RARREVLEE 8 LIS 8 T Tt i, Rz
FRWE K, FREERE., ZEHETHH, A
R R B N, WO ARRE S )T AR, I
HEELL, FESRAET-20°C, Co

I ) 2 v i s B8 AL (6 & A [7])0.4 cm),
BT Bouin R 24 h, ZJEFEA 70% 4
B R IR A . SRR AR ST L AR A IR S
I 5T BEAC TR
1.3 WNIErRS HE

G R (survival rate, SR, %)=(N/N,) x100%;

14 7 % (weight gain rate, WGR, %)=(W~W,)/
W< 100%;

7B K 3R (specific growth rate, SGR, %/d) =
(InW~InW,)/tx100%;

B BE b (ratio of intestine weight to body wall

weight, IBR, %) = W/ W, x100%.,
AP, N RBASKEL, Ny WiR kB, W, R
SZURKHEE (g), Wy HUIRISHIRER (), ¢ Hh
FRIAREL (), Wi WL ARDTRN S HiIEE & (g),
W, WIRFHARA RS RBE T i (g).

SE o, K 4 R 105 °C 1H & 35 (GB/T
6435—2014) M & ; MK 53K H] 550 °C il Jrr#4y d5
% (GB/T 6438—2007) il & ; HL & 1R HYLICE
R (GB/T 6432—2018) M % ; HLAK I R &K K
29 (GB/T 6433—2006) 7 ; fiE &R KBS
2 (IKA, C6000, Germany) il ; 7K I 25 & %
FH S RGRAR (23357 (QB/T 4260—2018) il 5E o

Ji7 38 25 B (protease) . R (lipase). TE#)

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

fiti (amylase). 8 % 1k ¥ B fL B (superoxide dis-
mutase, SOD), N —.[% (malondialdehyde, MDA),
WP B R B (alkaline phosphatase, AKP) . 21 i iR
fif} (acid phosphatase, ACP), i % # I i (glucok-
inase, GK). LM W2 ¥ (6-phosphofructokinase,
PFK). AR B (pyruvate kinase, PK) . iR i
1 2 PR i R 4R 4 ¥ (phosphoenolpyruvate, PEPCK)
TP A R A ) T AR 5 T A A
72 AR & Ut T .

14 BEAERTRFHES YR

BB E G R mE H g oK . B B S
B, ZJEYI 6 um JERG Y] B 95 AR - 41 4t
o, AP HEMIRE Ao BERER IR 10 AN HEESE
WP R, TE 40<¥) B8 T W%, R Leica DM500
F% R £ RGN & JLZ B (thickness of muscu-
laris, tM) M4 BE 2 (height of fold, hF).

1.5 BIEHIT S

SRR R FH SPSS 17.0 #EAT B[N K 7 2243
Hr (One-Way ANOVA), #5441 22 7 i 3 (P<
0.05), W|f] Duncan KK IS T2 B LK 50T, 4t
TSR VE PR E (mean £ SD) IR .

2 HiR

2.1 KFAFEIFARISE KGR AR S BIR T

PR R[] B i 1K GO X5 2 4 S AT
& (SR) T i 0 (P>0.05): & D6 H4h, 4%
HPTRIZNS R TR (WGR) FIFEE A KK (SGR)
50w T R 4H (P<0.05), H.E & K 758 &
Fsn, 25 ETHE RS, 7 D3 4153
KAE; BT 2 R (P>0.05)(3% 2).

D S R ey T 2 Tt/ G CI = B
B, WIHRIRTEE Hy (11.46+0.03) g {24 25kt
K F3 B A Rl S R 0.129%(J& 1)

PR R[] B i 0 K GBI 2 40 2R E
FK Sy . KA . KA D AR 0 G 35 M 5
(P>0.05)(3. 3)

2.2 KFHHEXARIS B E IR ST

B DR K O S A, O 2 e
1A ARG 05 S 2 R TR TR
D3, D4 418 B % & T D1, D5, D64l
(P<0.05); D3 410k i i & 2% = T % D2 415w 3
4 (P<0.05). 7K 7555 XiF g 38 3 A3 it 90 P 2 e A
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Tab.2 Effects of dietary STA on growth performance of sea cucumber A. japonicus

Eiztn 5] groups

items DI D2 D3 D4 D5 D6
VidhtkE/g IBW 11.48+0.02 11.45+0.04 11.43+0.04 11.48+0.02 11.45+0.04 11.47+0.04
A R{kH/g FBW 18.73+0.82° 20.43+0.85° 21.82+0.51° 21.06+0.32% 20.52+0.45° 18.75+0.32°
WMER/% WGR 63.22+6.90" 78.48+6.80° 90.88+4.57° 83.48+2.50™ 79.08+4.46° 63.51£2.67"
BEEAEKER/(%/d) SGR 0.73£0.07° 0.87+0.06° 0.96+0.04¢ 0.90+0.02% 0.860.04° 0.73+0.02°
JrEELL/%  IBR 7.98+1.44 7.29+0.43 7.04+0.13 7.97+1.92 7.71£0.39 7.76£0.34
PG %% SR 98.89+1.92 97.78+1.92 98.89+1.92 97.78+1.92 100.00+0.00 97.78+1.92

TE: FATEOE B TR ROR Z R B (P<0.05), R,

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

o 100
S g 90
s 80
\JFEH iﬁ 70 y=—1457.7x*+376.5x+63.764
=0 6 R*=0.946
- g 60 Xppx=0.129
50 : : : : :
0 0.05 010 0.15 020 0.25
TEPRLK 5B 25 8%
dietary stachyose levels
E1 HRISEERSEKAESIENREADHT
Fig. 1 Regression analysis between dietary STA level
and weight gain rate (WGR) of
A. japonicus
HLE (P>0.05)(F 4).

S IG5 ) 2 i T 10 A5 B = T K I A )
OIS E A E TR, Hd D3, D44
T R4 (P<0.05), 1 D5. D6 4 & &Ik

=3

T D3, D4 4 (P<0.05); NUZERETCREHMEER (P>
0.05)(3% 5)-

D3, D4 AN HEN T . K%, D6 41
EAREE I BLSRH, A RIEAR IS (KR
23 KAFEXM RS IE R RE R

B & TR K SR S s R, (5 S
SOD W& PR 5 EFHE TR &#H, D3, D4, D5
21 SOD i 14 & 3 & T XF B4l (P<0.05); MDA &
HREETRE LA ES, H D34 EINTIH
4 (P<0.05), ACP. AKP i P A 32 15 Fl v K 95
B =052 (P>0.05) (35 6).

2.4 KABEX RIS HIETEN S EEE RS20

Bt 2 TR oK TR S R RO, 0 2 g 1A
GK 1GMER FTHE FRam i, H D3 ~D6 3%

IKFBEST RIS R B B A B 53 BRI R2 M

Tab.3 Effects of dietary STA on approximate composition of body wall of A. japonicus

5 groups

=07

ltems D1 D2 D3 D4 D5 D6
JK%3/%  moisture 91.3340.06 91.34+0.12 91.3440.48 91.37+0.05 91.2440.03 91.3+0.26
HEA/%  crude protein 46.86+0.13 46.85+0.23 46.82+0.18 46.79+0.07 46.68+0.10 46.68+0.11
MW /%  crude lipid 4.00+0.36 4.18+0.16 4.09+0.06 4.08+0.06 3.93+0.13 4.12+0.11
FIK43/%  crude ash 32.92+0.12 32.87+0.09 33.10+1.78 32.94+0.32 32.62+0.22 33.24+0.97

e MR HEAMEENSENTESE; FTH.

Notes: The crude ash, crude protein and crude lipid contents of body wall are based on dry basis, the same below.

=4

IKTIHERH RIS B8 TH LB E M B R0

Tab. 4 Effects of dietary STA on intestinal digestive enzymes of A. japonicus

2H51 groups

1BtR items

D3 D4 D5 D6

DI D2
 HE¥/[U/(mg prot)] protease 1267.90£30.61°  1388.46+34.07"
AR WiE/[U/(g prot)]  lipase 4.22+0.72" 4.87+0.17%
VERIE/[U/(mg prot)] amylase 1.2840.41 1.26+0.11

1351.26+67.53°  1326.96+25.55®
4.55+0.03"

1.33+0.27

1456..08+36.86°  1445.00+43.27°

4.65£0.09™ 4.52+0.14™

1.31£0.04

5.27+0.08°

1.33£0.05 1.2740.01
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Tab.5 Effects of dietary STA on the structure of intestine of A. japonicus
ki 5 groups
items DI D2 D3 D4 D5 D6
WMEEE/um ™M 6.96+0.63 6.86=1.73 6.10+0.62 6.37+1.55 6.61£0.27 6.46£0.35
AEER S /um hF 176.93+20.34® 204.08+20.8" 274.91+25.02° 306.16+25.95° 187.43+15.63® 150.15+10.82°

Elh KBS RIS HEARRS

Y820 (x40))
1-6 23 B F RO HZ HIBLE 0. 0.04%- 0.11%- 0.15%. 0.21% F1 0.27% /K IFHEZI T A LUEE . M. UUEE R, hF. 888 m B, ici. RAE
2 M=

Plate Effects of dietary STA on intestinal morphology of A. japonicus(x40)

1-6 show the intestinal morphology of 4. japonicus under the influence of 0, 0.04%, 0.11%, 0.15%, 0.21% and 0.27% stachyose, respectively. tM. thick-

ness of muscularis, hF. height of fold, ici. inflammatory cell infiltration.

*6 IKIPEX RIS IHIE RZEEERRN

Tab. 6 Effects of dietary STA on intestinal immune enzymes of A. japonicus

5] groups

rbr
ltems Dl D2 D3 D4 D5 D6
R M B RR /[ 4 IR0/ (g prot)]  ACP 147.14£6.96  157.80+10.17 154.92+7.64 143.46+2.16 141.92+8.97 153.85+3.10

Bl P R A/ [ & K ¥h7 /(g prot)]  AKP
ALY AL EE/[U/(mg prot)]  SOD
A - [%/[nmol/(mg prot)] MDA

633.64+34.74

4.42+0.01°

606.33+31.94

3.48+0.13

631.68+28.02 617.87+35.00 630.50+24.25 668.88+48.59

7644.36+226.89° 7784.66+26.77" 8269.63£310.50" 8472.09+359.90° 8044.62+376.50° 7776.57+330.50"

2.77+£0.21° 3.49+0.15° 3.81£0.11% 4.06+0.38°

mETXRY], DS, D6 4B &= T D3, D4 4 (P<;
0.05); PFK Al PK i P 256 LA TR B,
5357 D4 Fi D3 413k fx K ff ; PEPCK i &2 I
FH#a#, D2~D5s AW Em TX A, D6 4%
T HAB 440 (P<0.05) (5 7).

3 iR

3.1 IKFBEIFRRISE KM BE R AR 57 B 22 M

ARSI T, R B 415 A R A Z A R
FK IS R, ELAADRE IS N 3E K S,
74121 WGR 1 SGR i & 455, (B %5 /K 5 bk

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

SRR, ERMEERETREES, XY
TERGEGE BB FERAMIT s TR IR A7 SR AR
MV N WUBLIN F-, - Al fie 28 Mg T8 OB T B B L
FRAT R B AR, K IR0 I A2 AR AT RS 2 AH
Ko BIG, IKIBEROSUEFT B AN FLRRAT i e iz 2=
FCERMI N, BRI S A B9 o FUREH A K R D o
BT, SR T HLAOREACS, O A d i SR A RE
P 7O S AERPERED s R, KRR AR
YR EEIR TR (LR . NIRAE) W] AR 18
pH fE, feitsh . BESE WAL, H5A SRR,
Wb T AL SNEA FERE A AR RIE, KTR
Bl REIF 3 DUBAT T ML AT B KRB, A i
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R KFHESARISBHERHEEE LR

Tab.7 Effects of dietary STA on intestinal metabolic enzymes of A. japonicus

5 groups

f Lz

ltems D1 D3 D4 D5 D6
% BB/ (ng/mL)  GK 3.2240.09°  3.4240.10° 3.8120.10° 4.00£0.14° 435+0.15°  4.25+0.18°
T B R/ [U/ (mg prot)]  PFK 24.80+£1.43" 27.23+£135°  30.98+£1.37°  31.31+0.84°  29.52+1.06°  25.70+1.35"

TR R B4/ [U/(g prot)]  PK

Tl R 07 T 5 P WA RR R U8/ [U/(mg prot)]  PEPCK  40.91+2.96"

54.29+2.81°

170.23£2.56" 207.32+15.37% 222.86+33.30° 207.49+12.99™ 177.26+1.90® 162.98+12.52°

55.30+3.04°  58.24+0.66 58.68+1.93°  64.37+1.85°

RE A B A Mo et A R MY £, 4% B
kR AU Ak, KRB IR AR T i G B,
e T I X E SR e Y, AR SE R,
Bl K D30 S i, DRI S A K RE R TR
#aP, SYEF6F (Paralichthys olivaceus)" I+ )
SE—3, T KT Ok sl ) I T A,
o B SUBZ AT B R LR AT TR K A, S/ &5 2l
AU Z A RR , SBER 38 R, U
LA BE R, FEHEKIERE, I
5] Jg T 6T 75 SR R RO, e 4 B A L AR A
KB DL WGR MM HE PR, R —Jc =ik el
A3 BT AT 05 0 2 4 20K 95 8 19 5l W
0.129%, AR T KZEHE (1.25%), X A fig 5 05 il
S 18 25 0 FOBE A BB A 5 o AR I 47
SUNSRBEK G . MR . ORLAR D5 UKL K 5352
ANBFE, RERGREN | FEH R RV
ff

32 KAEMARSHECEER A HEEY
OS2 E

WETE W], DHREVEMRRME (KT 1 &
) ST W T ) XSS R AN LA T ST AR AT
XA 45 T AT A R b R AR A, AT A
P IH ARG PR AR SRR, ORI S 36 Y T R
PRI PR A2 K TR OS2 MR, X 5 70 8 6 L S
S5 R —F, 5P AT RE A E by TG I K K T
Bl A~ SUBE B AT OG5 T A 1 R A 0 R O
BEK 5B & g, B5E BT TRRES, 5
TERZEEF AT —2L, A  ThREVEAR A 1Y
FESEHEAIRRABEAE DS L s A AR R A 45
RO PP AT 5 2 S BN AL RS
PEREAR, X T BER T KOO0 5 XU AT T . FLIR
FFEAE ™ Tk A1, R T i s,
B IR A A 7 e 7 3 5 B A IR )L, T
PR B ] R R SR

DiRZ AR LTI B s, HIH

https://www.china-fishery.cn

fREgZ A7 T I iE ZE B HIR AN Y, Frlh, Bpil
FhERE S N T AL o PR bR A, R e B
F5 W) 50 R 2R B FE AP BN 0.11%~0.15% 1Y
KT, D72 R 18 ) A5 5 v AR K A0 R A HE
G GTHREST , F K S T 3 o s 5 0 2 W 1 4
¥, AR IEEAREER o, B TR SRR AL
RIS Skl ok 00 & s m e, (il =
T AEEE B A i, HLH B R AE AR IR A B4
UEi, il S miE B E RN, XA A TR
W LA, SEUmE G, B
YT AR R, S S AP,

Pl S R ICEME Y, EEMRKEIERT R
BE, WA R BT IR 51 5 3 B 20 5 A 0 A i
17, AKP Hl ACP 25 T WA HLIR 11 7K fiff A iR
GOy IR W IRUN AR Y/ Y& ST IRUN =
AR A B 20 RS TR R A A R I, AT R I I A
MG, AR R S S e 1 AR AR, FEAR
SEa e, K IRBE S G I 2 6 AKP Fil ACP
TG PR TG S 5, 3 3 B K 508 X 7 o 2 A I 4
ML LSS . SOD & E B WAL, nT LAV
BRALU A ST B A 2k, MDA W&k A i 2k
AL 9728, SOD F1 MDA ¥ it B3 I AL 4
A H 3 A AR B R 2 A5 1 DO 2K T
FHTE 0.11%~0.15% B}, {52718 SOD i M ik
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Effects of dietary stachyose on growth, digestive physiology and
glycometabolism of juvenile sea cucumber (Apostichopus japonicus)

GUO Peng '?,  WANG lJiying ", LI Baoshan', 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 of the Ministry of Agriculture and Rural Affairs, National Demonstration Center for
Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Stachyose 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. Juvenile
sea cucumbers Apostichopus japonicus has high nutritional value and is an important breeding species in the Yel-
low Sea and Bohai Sea areas of China. This study investigated the effects of dietary stachyose on growth, digest-
ive physiology and glycometabolism of juvenile sea cucumber A.japonicus. Six experimental diets were formu-
lated to contain the graded levels of stachyose [0 (D1, control group), 0.04% (D2), 0.11% (D3), 0.15% (D4),
0.21% (DS) and 0.27% (D6) dry diets]. Each diet was randomly assigned to triplicate tanks of sea cucumber juven-
iles with initial body weight (11.46+0.03) g for 67 days. The results showed that there were no differences in sur-
vival rate (SR) and ratio of intestine weight to body wall weight (IBR) among all groups. Both weight gain rate
(WGR) and the specific growth rate (SGR) increased with increasing stachyose content until reaching peak levels
at 0.15% dietary stachyose, but decreased thereafter. The WGR and SGR of D2, D3, D4and D5 groups were signi-
ficantly higher than D1 group. The WGR reached maximum value of 90.88% in the D3 group. There were no sig-
nificant effects on moisture, crude protein, crude fat and ash of body wall of Apostichopus japonicus. The activit-
ies of intestinal protease, lipase and superoxide dismutase were increased when dietary stachyose content increased
from 0 to 0.15% and then decreased. The protease of D3 and D4 groups were significantly higher than other
groups, meanwhile, the lipase of D3 group was significantly higher than other groups. The superoxide dismutase
activity of D3, D4 and D5 groups were significantly higher than the control group. The content of malondialde-
hyde was first decreased and then increased, and reached the lowest value in D3 group. There was no significant
difference among the activities of amylase, alkaline phosphatase and acid phosphatase. The height of intestinal
folds in D3 and D4 groups was significantly greater than that in the control group, and inflammatory cell infiltra-
tion appeared in D6 group. There were no significant differences in the ratio of intestine weight to body wall
weight and the thickness of muscularis among all group. With the increase of stachyose content, the activities of
glucokinase and phosphoenolpyruvate carboxykinase increased, while the activities of fructosophosphate phos-
phokinase and pyruvate kinase increased first and then decreased. The glucokinase activitie of D3, D4, D5 and D6
groups were significantly higher than the control group. The fructosophosphate phosphokinase activitie of D3, D4
and D5 groups were significantly higher than the other groups, and reached maximum value in the D4 group.. The
pyruvate kinase activitie of D3 groups were significantly higher than the other groups. The phosphoenolpyruvate
carboxykinase activitie of D2, D3, D4 and D5 groups were significantly higher than the control group and signific-
antly lower than D6 group. The results showed that dietary stachyose increased the glucose metabolism efficiency,
improved the digestive physiology and antioxidant capacity of the body, and promoted the growth of the sea
cucumber juvenile. With the weight gain rate as an evaluation indicator, quadratic regression analysis showed that
the optimum dietary stachyose of sea cucumber juvenile was 0.129% diet. As a functional oligosaccharide, stachy-
ose plays an important role in the digestion, metabolism and antioxidation of A4.japonicus, and has deep research
significance in the application of compound feed of 4.japonicus.

Key words: Apostichopus japonicus; stachyose; growth; digestive physiology; immunity; glycometabolism
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