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Hil = (Apostichopus japonicus) J& T il |2 5
1177 (Echinodermata) ¥ = 24X (Holothuroidea) {Jj
=& (Apostichopus), &M 25 IR E B K =
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FWE I G LR T RE R 2 2 55 B B I
BZ—o

FIZHE (Fucoidan) X 2 Mg Sl I . 5
RVHIR R MG AN v 2R IR A, 2 —Fh I
BRI KA 2R, F L e s A
PRILLH AL, [FIRT iR EL & ZRIE k30 .
WER N O R R, A 2P RE IR 4%
Y SR FI RIS, Palanisamy 551 fF 5% %
B, HREHEIN 150 mg/kg 7= % 2 BRI 5 12
= BE Lt (Danio rerio) WAETE F ML A L BE
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e . PUiAfLRE S e ERE . Chen 551 & B4
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x1 AREEREFAR

Tab.1 Composition and nutrient level of the experimental diets

TH 5 groups
items DO D1 D2 D3 D4 D5

EH/% ingredient

iy fish meal 10.00 10.00 10.00 10.00 10.00 10.00
RWEEH  fermented soybean meal 10.00 10.00 10.00 10.00 10.00 10.00
R algae powder 30.00 30.00 30.00 30.00 30.00 30.00
i3 fish oil 1.00 1.00 1.00 1.00 1.00 1.00
Hi4ALF  antioxidants 0.20 0.20 0.20 0.20 0.20 0.20
AR HURRLY  vitamin premix 1.00 1.00 1.00 1.00 1.00 1.00
TR TREE  mineral premix 1.00 1.00 1.00 1.00 1.00 1.00
BREBEZHE  coated fuc 0.00 1.00 2.00 3.00 4.00 5.00
#J6  seamud 46.80 45.80 44.80 43.80 42.80 41.80
&t total 100.00 100.00 100.00 100.00 100.00 100.00
EFRRS(THF) nutrient composition (DM)

HE /%  crude protein 19.04 19.28 19.01 19.02 18.4 18.71
HNEMI /%  crude lipid 1.51 1.49 1.49 1.53 1.45 1.48
HK Y% crude ash 58.41 57.06 56.51 56.95 58.23 57.63
fiEf/(k)/g) energy 7.56 7.67 7.71 7.98 8.05 8.14
LML W% fucoidan 0.00 0.44 0.88 1.41 1.89 238

W DYEAERTUREN (mg/kg BiIUKg 1kl 4E423KA 7 500.00 U, 44D 1500.00 TU, 4E43KE 60.00 mg, 4i4:%KK; 18.00 mg, 4i4EB,
12.00 mg, #4E4=%B, 12.00 mg, 4E4E#EB, 0.10 mg, VZF& 48.00 mg, JMHBEMZ 90.00 mg, M 3.70 mg, D-A#)F 0.20 mg, MEMEE 60.00 mg,
#EAEFC 310.00 mg. 2)5 P FUR BHmg/kg kL), 4 35.00 mg, 4i 21.00 mg, 4 8.30 mg, % 23.00 mg, % 1.20 mg, Ml 1.00 mg,
0.30 mg.

Notes: 1) vitamin premix (mg/kg or IU/kg diet), vitamin A 7 500.00 IU, vitamin D 1 500.00 IU, vitamin E 60.00 mg, vitamin K5 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.

KR, BHRREPLEEIR 8 LS & T T de s,
BT REKSY, MR E, ZEHFTE,
TR B N, O AR RE K g 1A T
W, IR, HEIRAF T 20 °C.

B % (survival rate, SR, %) = (N, /N, )*
100%;

HAH R (weight gain rate, WGR, %) =
(Wee Wy ) Wx100%;

¥ E 4 K & (specific growth rate, SGR,
%/d) = [In(W;)~In(Wy)]/tx100%;

73 BE LU (ratio of intestine weight to body wall
weight, IBR, %)=W. /W, x100%.
A, NOMBARKLE, Ny hwRSkE, W, R
KK (2), Wy WK (g), 1 NFRTEKEL
(d), W, WERpBEER (), W, WARKER

i (9)o

KA R 105 °C [HEEE (GB/T 6435—2014)
WIAE 3 MRS R 550 °C K485 (GB/T 6438—
2014) I 7 5 ML & R B IC E A (GB/T
6432—2006) il 72 ; KL IE B R 2 Gl 3 ik
(GB/T 6433 —2006) il & ; HE &= R H #& Be ik
(IKA, C6000, FE[E)MIE; SBERM LR
% (DB12/T—2018) M ; Hl S A% 20 & 2ok
FH 5 OB (5,385 (SC/T 3049—2015) Tl 5E

il B UG . IETRG . VR EE . VARG
R AL A . SRR IR ARG . VR T RV
e s Pt S DR T R PR Dl 16 1« IR IR 5 I G
P55 B A R e A - 1 355 P B P o Rl
B AR ) T AR S BT RN Ok
Z: A & UL

M T D2 43 E R 2 205 W
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PCR 5246, {4i /] SparkJade /%) RNA e $2 Bt izt
) & $2 BUM 2 38 B RNA, IF %R 55 11X
(Nanoprop, 2000, H1[E) & l] RNA ¥ B, %
RNA ¥ JFE# BN 500~1000 ng/ul, I FHEIR K
EE UK RN RNA 523, ffi ] SparkJade 19
SPARKSscript Il RT Plus Kit (With gDNA eraser)
J B s8R & 2 Bk gDNA Jf [ %5k, T80 °C
PRAFRE ] o 8 AR S50 38 2 A 1Y ) 2 5 s 41 4K
Wi, 0 ¥k GDP-H 25 B 4,6 i /K il 3£ K (gmd) .
FEHM R IL R (fuk) . BRIBR K R I Rl
S (chst) MBLERKCE Z A TIEH (chsy) P51,
e LB 8 actin £ (555 . AB510191)
YERWNSIEH . 51 RATAY TR (1iF) ik
MABRAF SR, 5IWFFnE 2 fin. SEE
9 E 7 PCR R F &~ SparkJade /i 2xSYBR
Green qPCR Mix (With ROX), PCR JZ W 1A % :
2xSYBR gPCR Mix 10 uL, DNA #&fg 1 uL, F
TSI 9145 0.4 uL, Jil RNase Free H,0 E & £
20 uL, PCR FER¢: 94 °C 751k 20s, 1 MEH;
52~60 °C 2k 20s, 72°C %E{H 30s, 40 PEH
i 3 ¢ 56 & & PCR 1% (Roche LightCycler 480,
TR 73 B4 B CE, R IR2-AAG R H Y B
PR A ARG 2R 3R 1
1.4 HESH

SCUGEUHE K ] SPSS Statistics 17.0 #4447
LK 2 )7 24307 (One-Way ANOVA), #5454 ]
2% 5 B % (P<0.05), W Duncan [ 56T
LB M. Gl 45 3 LU 3 (8 b5 o 22
(mean+SD) K7 o K H—JC Wk mlH 30,
E RIS SRS B2 PR RIS A N

*2 EEFTEWMSIFSY
Tab.2 Primer sequences for gene expression

5144 %

primers
MBhEH  actin-F
WMBEH  actin-R

GDP-H #H4,6 Bt KB

F3(5'-3")

sequence (5'-3")

TTATGCTCTTCCTCACGCTATCC
TTGTGGTAAAGGTGTAGCCTCTCTC

ACCAACGAAATCCACAGCGTAC

gmd -F

GDP-H #& ##4,6 i K iy ATCCCGTCCAACTTCCTCCA
gmd -R

RGBS fuk-F TTGAAATAAGGCAGAGGAAG

TR fukR
TEEEFEREME  chst -F
WAL RENE  chst -R
R E REE  chsy -F
TR EEAE chsy-R  CGGACGAACTGCTGGAGAAA

GATGAGAATCCGTGAAGTAAG
GTAGATTTCGTGAGCGAGCAG
CGCATCCCGTGTTTGTAGTG

GCCGATGGTGCCACTACAAG

2 454

N~

L
N

21 EEZENRSERMERERAER TSN

TP S I T 2 T S 6 S ) B R
T 5 (P >0.05), Rl 7 35 22 4 O 5 1) 3
hn, HIZ WGR Hl SGR H 555 FIHE PR
¥, D241 WGR &2 & T H A 41 (P<0.05).
D2, D3, D441 IBR ¥ & T D0, D1, D5 (P<
0.05) (3¢ 3).

ISR RERL R 7 & i S5 LS TR
o E D2 4R FR KA, W& R TRk D1 414
Ay A ZH (P<0.05); 1RRBEZS B2 HE S & 29
IR PR S, D2 D34 &5 T %
D4 4 A HA A (P<0.05), 4% 20 i 2 4 BE bk
v MER . MRS &SRS R EER

"3 AESENRSERMERENRN

Tab. 3 Effects of dietary fucoidan on growth performance of A. japonicus

5 groups

TiH

items DO DI D2 D3 D4 D5
Yitaikdi/g  initial body weigh 16.700.20 16.78+0.25 16.83+0.08 16.72£0.19 16.67£0.10 16.73£0.15
AKARHE /g final body weigh 21.29+0.25° 22.21+0.18" 23.10£0.15 22.20+0.41° 21.4740.15° 20.98+0.24¢
HEZE/% WGR 27.51£1.08° 32.32+1.44° 37.23£1.38" 32.80£1.27° 28.80+1.19° 25.35+0.49°
e K R/(%/d) SGR 0.40+0.01° 0.47+0.02° 0.53+0.02° 0.47+0.02° 0.42+0.02° 0.38+0.01°
JBELL/%  IBR 7.85+0.75 6.71£0.51° 8.57+0.95° 8.99+0.95" 8.35+0.10° 6.87+0.09°
BT #E/% SR 98.33+2.89 96.67+5.77 100.00£0.00 100.00+0.00 100.000.00 95.00+5.00

T FATEUE AR T RROR E R B#F(P<0.05) . R,

Notes: In the same row, different superscript letters represent significant differences (P<0.05), the same below.
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(P>0.05) (3¢ 4), K F DO 4 (P<0.05). DHA [#& 4 ¥ & F
B AR e S S R AR, RIBK DO4l, 7E D3 4liARIE KA, IR E S T HAD

BEh C16:0, C18:1n-9c fil DHA #f 5 E T 41 (P<0.05). ARA & 2 N EH, DO I

TR, C16:0 1 C18:1n-9c ) D4 A D5 414 D1 2118 2w T HALL (P<0.05) (& 5).

T4 BESENRSHSEERERY TR

Tab. 4 Effects of dietary fucoidan on approximate composition of body wall of A. japonicus

HiH H%|  groups

items DO DI D2 D3 D4 D5
JK43/%  moisture 91.15£0.97 92.12+0.88 91.28+0.71 91.35+1.57 92.97+0.34 92.4+0.29
HEA/%  crude protein 54.96+0.63 56.242.13 54.17+0.5 54.67+1.44 55.05+1.98 54.89+0.96
FLEWi/%  crude lipid 3.77+0.12° 3.87+0.26" 4.19+0.14" 3.8+0.11° 3.71+0.06° 3.72+0.19°
ALK 53/%  crude ash 28.82+0.99 29.24+1.02 29.48+2.47 27.554+2.08 27.68+1.34 29.06+1.67
/% total sugar 13.67+0.59 14.26+1.83 14.57+1.85 16.07+0.96 16.59+2.29 16.54+2.23
EWELBE/(mg/g)  fucoidan 56.63+2.34° 57.01+1.79° 62.9+1.25 65.2243.83" 61.7243.8" 58.89+1.56"

e MEA. KN MKy, SHEREEZ S /ATEE R,

Notes: The crude protein, crude lipid, crude ash, total sugar and fucoidan contents of body wall are based on dry basis.

RS ABRZFERMIRS LS EEREHERE KK

Tab. 5 Effects of dietary fucoidan on fatty acid composition of body wall of A. japonicus

TiH 3 groups
items DO D1 D2 D3 D4 D5

C14:0 1.1240.03° 1.23+0.03° 1.28+0.03° 1.26+0.02° 1.24+0.10° 1.25+0.05°
C16:0 6.58+0.11° 7.16+£0.27° 6.62+0.09° 6.37+0.16 5.91+0.15¢ 5.83+0.12°
C18:0 4.32+0.09° 4.52+0.23" 3.91+0.06° 4.78+0.15 4.31+0.12° 3.97+0.13¢
C20:0 1.33+0.10 1.36£0.06 1.28+0.02 1.28+0.06 1.33+0.07 1.34+0.06

SSFA 13.35+0.09° 14.27+0.26" 13.10£0.02 13.700.10° 12.78+0.20° 12.39+0.17°
Cl6:1 3.17+0.13 3.50+0.42 3.40+0.09 3.4240.16 3.36+0.09 3.47+0.20

C18:1n-9c 11.52+0.37° 11.57+0.17¢ 12.14+0.14° 13.06£0.24° 10.44+0.40° 10.52+0.26°
Cl18:1n-7 4.55+0.28 4.77+0.19 4.79+0.17 4.73+0.23 4.75+0.26 4.78+0.18

C20:1 5.50£0.31% 5.25+0.07" 5.67+0.14° 5.58+0.23" 4.93+0.11% 4.86+0.14°
C22:1n-9 2.08+0.12" 2.16+0.11° 2.57+0.11° 2.16+0.07° 2.01£0.13° 2.08+0.01°
SMUFA 26.82+0.71° 27.26+0.25° 28.57+0.23" 28.95+0.23" 25.49+0.56° 25.71+0.63
C18:2n-6¢ 5.28+0.23 5.3420.14" 5.71£0.24" 5.94+0.13" 4.91£0.29* 4.84+0.08°
ARA 10.77+0.24° 10.19+0.31° 7.91+0.12¢ 8.17+0.28° 8.10+0.07° 8.79+0.17°
=n-6 PUFA 16.05+0.41° 15.53+0.39° 13.010.17° 14.11£0.27" 14.41+0.23" 13.63+0.23¢
C18:3n-3 1.20+0.10 1.16+0.02 1.15+0.02 1.22+0.12 1.09+0.01 1.09+0.02

EPA 6.95+0.19° 7.10+0.18° 8.32+0.10" 7.63+0.10° 7.77+0.24° 7.63+0.07°
DHA 7.41£0.35° 7.88+0.12° 9.51+0.11° 10.32+0.16" 8.66+0.26° 8.41+0.21°
*n-3 PUFA 15.55+0.31¢ 16.15+0.13° 18.98+0.15" 19.17+0.20° 17.51+0.32° 17.13+0.26°
SPUFA 31.60+0.31° 31.67+0.33° 32.00+0.14° 33.28+0.32° 31.92+0.48° 30.76+0.06°
n-3/En-6 0.97+0.04° 1.04+0.03° 1.46+0.03° 1.36+0.03° 1.2240.02¢ 1.26+0.04°

TE: SSFABMAIRITER, IMUFA SRUAIENIRR, n-6 PUFA. n-6 R5IZ AWARITRR, In-3 PUFA. n-3 R L AEANRITE .
Notes: ZSFA. total saturated fatty acids, EMUFA. total mono-unsaturated fatty acids, £n-6 PUFA. total n-6 poly-unsaturated fatty acids, £n-3 PUFA.
total n-3 poly-unsaturated fatty acids.
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L WGR NIEM bR, Z—Jo ka5
Brigt, WG E R (16.74£0.07) ¢ (il 241 %
T Rb A i 2 B0 RGE A N 1.116%.

22 EHEZBEWNRSBFEEK. RERREK
AN

Bl 4 DL v i M S RN, TE A
MRS LR MRS, D3 4185 T
flb 2l (P<0.05). M7 if s il &2 % b T+ s T R
B, D1 F D2 415 I B 1k 2 T A g
(P<0.05). AL 5E 205 B 500 2 1 18 2R 11l
T TC i ARk (P>0.05) (3 6).

Bl 2 sk b A R 2 BB, LZM TR
PR LTHE TR B, 75 D4 4k BE K
fH, D3. D44 W ¥ & T D0, DI, D54 (P<

0.05), SOD iGPER e FFHa TR, Do4
B F LT BR DS AW HAB 2 (P<0.05), DO 4H
MDA % & i ¥ 5 T H A 41 (P<0.05), D1 4 %
FAR T HABLH (P<0.05) (£ 7).

2.3 EREZPEX RS B8 VEAN S X5 B E
AL

Wil 5 fDRk v A s 2 R A A B I, PFKCAN
PK {f ¥ 258 T M5 PR m & #, PFK I
7E D2 4 @ LT DO F1 D1 4 (P<0.05), PK i%
PETE D3 41 W 35 I8 T HA 4 (P<0.05) . PEPCK
R TRG LIRS, 78 DO 4B % &
T H Al 20 (P<0.05), D2 43k 3 f/ME (GE 8).
Bt & 7 e 2 WS, FAS W&PER e LT
TRER S, D143 Tk D2 44 HAh

®6 EEZENNSHSHEHNEEENZM

Tab. 6 Effects of dietary fucoidan on the activities of intestinal digestive enzyme
activities of A. japonicus U/mg prot
TiH A5 groups
items DO D1 D2 D3 D4 D5

HEW  protease 1 466.72+78.69 1449.33+£92.85 1 521.85+78.6 1583.97+135.5 1589.08+132.68 1 552.87+90.51

YEREE  amylase 0.17+0.01° 0.17+0.01° 0.18+0.01° 0.21£0.01° 0.17+0.01° 0.19+0.01°
feWil  lipase 4.36+0.25" 5.78+0.27° 5.69+0.16° 4.5+0.24° 4.16+0.32° 4.48+0.24°
*x71 EESENRSHSHEREMNECEEERNZN
Tab.7 Effects of dietary fucoidan on the activities of intestinal immunity and
antioxidant enzyme activities of A. japonicus

TiH A5 groups
items DO DI D2 D3 D4 D5
W RE/(U/mg prot) LZM 161.24+2.92° 163.38+2.49" 169.73+2.32" 174.79+6.22° 176.24+7.33 162.82+2.03°
HBENE AL B/ (U/mg prot)  SOD 38.8143.65¢ 46.88+5.4" 47.5+1.6% 52.5+2.09% 55.04+3.12° 43.51+2.33%
P4 —®/(nmol/mg prot) MDA 5.62+0.04° 3.56+0.12° 4.08+0.34% 4.87+0.07° 4.56:0.54"™ 4.69+0.23"
#* 8 EESEXRISHSHEMEXINEEEENZN
Tab. 8 Effects of fucoidan on the activities of glucose metabolism and lipid metabolism enzyme of A. japonicus
TiH 27 groups
items DO DI D2 D3 D4 D5
RV EIAT/(U/mg prot)  6-phosphofrutokinase, PFK  9.81+0.18° 8.73+0.2° 7.2240.14°  7.69+0.34°  7.46+0.08  7.15+0.3¢
PIBRBRAR/(U/g prot)  pyruvate kinase, PK 95.5243.38"  86.57+4.08" 82.11+4.53" 73.15+0.88° 85.75+2.78" 83.51+3.83"
it g 4 e =X P P R 20 il /(U /mg prrot) 96.13+3.24°  76.43+1.22° 57.19+4.02° 70.01+4.65° 71.26+3.91° 70.78+2.21°
phosphoenolpyruvate carboxykinase, PEPCK
R A BB/ (ng/mL) ~ fatty acid synthase , FAS 3.06£0.13°  3.42+0.1°  3.18+0.16™  2.95£0.08°  3.06£0.07°  3.09+0.05°
PA BEBRAR AR T % 7% - 1/(ng/mL) 3.91+0.05"  4.22+40.31°  4.44+0.06°  2.95+0.01°  3.69+0.13°  2.98+0.12°

carnitine palmitoyl transferase-1, CPT1
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4 (P<0.05), HAth#H =z 8] JC 8 3% 22 % (P>0.05).
CPTI MR e FIHE FREMEaE, D1, D24
ST HALL (P<0.05),

2.4 HEZEEX DO A D2 AEEFIAHIE N

D2 % gmd ikt F KT DO 4 (P<0.05),
M fuk. chst. chsy FFiAE D2 418 % & T DO
2H (P<0.05) (K 1),

: 307 oD0 oD2 4
; 25 [ a
g S
X 2 20
RE 15T a
Es 0t & a !
£ 0.
8 0 m 1 1 1 |+| 1
gmd fuk chst chsy
FE A
genes

E1 ARZENRESHEREENRRRETRZZHE
BRAXEEREHF M
7] — PR 8l bR R 7 BE RO 22 5 B3 (P<0.05).
Fig.1 Effects of fucose polysaccharides on
the expression of genes related to fucose and
chondroitin sulfate polysaccharide synthesis in
the gut of A. japonicus

In the same gene, different superscript letters represent significant differ-
ences (P<0.05).

3 iR

3.1 HEZENRISEKMER S RELEERN
=AU

ARSI v 2 A 2B N TE 0.5%~1.5%
Al R S 2 WGR. SGR Fl IBR, R
AR R, BN INE A i 2 B AR I U 2 1
AR RRRERR I I UTRL . BRI R, A
22 W 235 A P ARG TR R R R 5 A I R
ARSRINEE A VE R, AT 40 ]98T B 2 1 3 B
1R LGB, (R B ol R S o] B AIR A 8 pH,
I pH A FREE REAT R 1 B0 B3G5 . WeidE™
RIS N 23 35 22 BHRE 0 A 00 S PR At o 5 22
B, T 3k S B A ) [ R B 0 K 1Y
W IREE 2L . A REEY, Wi
i Y RO 0% G i M S R, T 9 B o A 7
TR R TR F B T2 — o AL A
22 WE AR E ) 2 A 4 T R D DR 2 VS 0 7 22 R el

T EREL, BRI A, A
22 A fr R R S P R A T ) T
Fhir, AEETE T S 6 I

MBI R T 1.5% 1, B Z 0
WGR FUREERG 7 & 1 w2 TR, RS
I A s 2R R S K . AR
KW, HREWESEMAEY ERTET KE
{48 5% B i 2 (SCFAs), SCFAs AJ [a] 42 3 il 1
TH U S AV ARG A0 I BEAk, A ]
A bR LR AR U AR AR IR 1 O AR
s (BAT), BAT HH&A F & MLk,
M3 RE A IH AR [R5 i 22 A R Tl 1o R
I M 3 TR A b R RE TS HOUAT A R B LU (A
I/ ML XS BB S I, AT 0 ] A= A R
LR,

AL, BEE SRR I E T,
| = 4l 2 K BE g D5 iR T C16:0. C18:1n-9c.
DHA #f 25 F A E TREEHE, ARASHET
Fefmkash, FROE YIRE T A2 fE it
C16:0. C18:1n-9c Fl DHA &R, 7] gAY J& 4
JEIE T PR 2 MR RS AR D I AR R,
REWTR & PR HEE TR . (ARG 7 i 2 HE
Wi, C16:0 #l C18:1n-9¢c & &k 3 P, Xl
e 5 W 1B SCFAs W A ¢, % & 1Y SCFAs
XPR P H I =R A A PRIE R, 2E S 20
TR I & Lz 2N I0 1. ARA v Hofth 21
FLT DO FI D1 40, FWIE B2 vk
i 0.5% B B ZREAL T RIS IR N ARA TR
T ARA S54ifip AT BRI R B, A%
WEAE Sy G922 15 50 551 3 608 ) B0 Wk 24 L A B
I r= A TP 4R (reactive oxygen species, ROS) %8
LA i R () ARA, T EUN MR H ARA 75 &
FEAR U, Y5 3 2 BE S Nk B 3 1.5% B,
DHA % N, AR, YHLIAN SCFAs
e R 1 P 5 S P A Y RRE BN, T S B
KA ROS 774, Tl ARA ALK, HLIA
KT AR TDRE, i DHA SEF 4554
1L, MIMHZE ARA BEAL™,

ARSI, 2 1 U R I RN I O
B R TR, 78 D3 ik & KE.
< WA B A0 e 22 W B A8 o e i 1 PR DL AR
PERATE TE A B 50, T T UE A R
B 1 5 A 2 RS N A, TE R AT
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5 2 RS A T S PRS2 B
32 AEZBNRNSHERELMREED

CAMIE R, i HE RN 5 8
IPTAALTEYE, SR e NPT TIRe s A,
[] Bt — PP BE A 175 T e A S 1 B 2 TG 1Y
PRI, AR G 2 2 0 S AR I X A 3
) E Ty =, A S AR TR
PIFFWEAN AL, LZM B8 7K i 41 TR 40 i BE 11 K 2R M
AP AR, T S B SN R
Jih, BIIE LZM 6 PR B T R 9 i e e K- o
AL e PG ) e 22 B RE 0 S AR A
SRR N, T LZM EPE, A RIS
2 W 5 3 22 T LA i 1 s 41 A 7 I BE T A
FETF LZM 35D, H 2 25 i 2 8 1o
MU Z S RIS, AR LZM 7K B T R,
X 75 S50y Re A5 RIS IS . i X A A SR
JE DR AT BB A 2 5 3 2 Uk B IR, BB (e it
EmgEgn i M1 Ak, $25 LZM 3G PRI sR &
WERE S0, T R 2 PR R e, A
E R WA Y Bk B SCFAs 2340403 W B i 375
RRIER N, [FIBT SCFAs s v BE TN R N T
TR 2 0] 98 938 N B 1) A 3 ) S TR Ak R A 5 - TN
L T 05953 7 e 4 ) 8 2550

A FALALE S A h 2= 4 KRR ROS,
HA A PERY ROS RESALEYIR, AfREE
Jig S AL W 1 53 A 77 ) MDA 51 R 2 it
£, SOD T LLiE Br &8 ROS, ¥ %% ROS Y
BN, R A sz 8, HiGET
DU WA LA ST E AL N I BE 71, MDA & 2
BT A0 A A5 A5 B R . AR SEES v SOD i M DO
HIMEFHAb4L, i MDA & & DO 413475 T
fal, FUIA B2 PEREaE 0 vt b A A 1Y & Rl
W, A ROHER ROS LU 42 S8 A0 10 B0 2H 41
BT . TEARSEIR TR AN 0.5% WA P 2 HHRERS
3 R e R e LT SOD 1k, [RIE %
ik MDA F i, P& AN, MDA &
WA —EREE TR, TTREIR K A A s 2 b
T s 200 L %) NP B A K i ROS, 17 ) 2
PR R G R ERAIR, 53 MDA J+& .

3.3 AEERZENRSHERERERHN

W2 AR FIOARE S A e WA R i A v o Y A
Bifa A IRt e &Y, PFK 1 PK J& T B fi

W SRR, RETRIS AR IR AR IR AR I ) S R
PEPCK &4l 5 A4 v 1 S B PR T il . 7 A S 36
2 i PFK Al PK G P SRR 5 T PRt 3,
PEPCK J& MG LT A e T fa . 458 %
TS I 5 22 W RE 0% 100 1) ) 2 100 00 T3 i OB S
HEIRFE, YT R T 1.5% I PFK #5242 T [,
PEPCK i PE#a T A2, AT AE IR R 78 B ARG
=4 SCFAs TR T X 2 At 1% 42 A 00 ) 1777 Dk
55 1 XS A AR A

FAS JE AR IR A A ad 2 Hh i G e, RERS
ALY —E-CoA & B AR W2 . CPT-1
SRR B AL S, S PEAKE ]
DL WA 5 1R 1 SE Ak o i i 3 . EAR S,
FAS i& A1 CPT1 & M3 & 0%¢ B THE F RBEr
o H ok B AR LIS PRBERLRE 7 1) 7 —
. RGBSR RE N L THIE i A KT
e PERE AL B . X ] g ORI IR B A
Z e e HE N ER AR AR, & B W R TS
BUAl, e 22 W] 2 5 02 B AR AR B
Z 5P, it 1 PPAR S 5L
CPT-1, [AlZsamfisiiRny B Eib. BEE A HL
WEU T, FAS I CPTIL 3G PR3 FRE, Al fE
JE W TR R B A i 2 W 0T T 8 HMG-CoA-R FI
LCAT, il iH [& B G 5, [A 6 3% SREBP-1
0] FAS & Mg AR, CPTI i 1 F K ) ]
AE FH AL A T 3kt G DR M R ok 3 4 9 2 T
SR HUAE S PR AT AL
34 EESENRSSESRHEN

HIZ WA GRS GDP-A3E . FuCS
A FCS & Wgkit, HF FCS & iisss b, H
TE SR PN B ML A B SRR il i A B
TOA SE B £ X GDP-45 3 A L& 12 A1 FuCsS &
B RIFAFSE

GDP-7 BEf A s A2 53 M Sk B g 12
FNROETR, PIFPIEARTE G L GDP-25 et i A
AR YAT, A BGaRARG TH b,
22— R\ 5 i GDP-H #24 , 7£ GDP-H 22 4
4,6 7K B (GMD) 1E I # H i K A= B GDP-#
POECY RS AR IR DA 5 B 25 T
TS5 WAL B2 GDP-A il . IEH LT
LA Y M Sk & s AR R I 1Y GDP-4 e b8 24 |5
90%"", GMD 1E & GDP-# ¥ 0 M Sk & Ak 12
B PR, B 5 GDP-2 it 4 s R 4
FHPY, FUK J& GDP-75 305 A RO & s 42 h i

https://www.china-fishery.cn

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

XNZR, 55

IK P24, 2025, 49(2): 029614

KEEHG, Befs L 58 BN L4 b5 A B GDP-
M AR ARSI D2 4 gmd ik &
BECT DO 4 (P<0.05), fuk XHiIxHRESHT
DO 4 (P<0.05), KBNS 2 P& 17 5=
N GDP-# #bH I M Sk B a2 i e 2F T # bk
W, P R IMANRGER A N GDP-# B b
FIBRCRIE MK B B 2 %, RIS 520
WG T ANRGE A, I HARME T KA GDP-#
Wi, TR B GDP-2A s RE I il LM Sk A s
b gmd (IR,

FuCS & s 1% 32 240 7 FuCsS BHEE (1) ZE
R SAE I, 7EBLIR B R A W (CHSY) 1
EVERTT, Wi PR A BEE R (GIcUA) 1 N-
R FL B (GalNAC) Yk aE i B-1,3 H1 p-1,4
BHTT B B2 A A I IR U PR R B4, FuCS
TERNA W ERSN, SRIFEEAZSGE
WA A, R & S SUE S W A )24 A
FHBY, BRIR B R B FE R Bl (CHST) # 3'-8%
TR R -5 - BERR IR (PAPS) | (16l JL 55 72 28 B
BE I GalNAc FIMINGE 1, [A] B 7 7 38 A L
FEBEAE FH T8 A B PE 1% 2 GIcUA |, &I
B B LA A S AL Y FuCS, CHSY &
FEAH FuCS F- 55 A B, CHST J2 553 FuCs
it 1 1 1Y) OC B g B, AR SC G v D2 4 chst
chsy FEiRTh T, B I 20N 0 68 18 1 5
FuCS & s Rk,

N~
%

4 4k

TPk HR A NI R 1) 22 R RE RS 1 T =
K, SMREEZ R R IR IF IR AR 2, F T
IS RpE MPT A LRESr, AR Re s ik i
i WA AN R TR I Sk i A, 4R
FHARP GDP-7# 3 bE & W BE T1, A L HEnE s
5 il S K ) A Y FuCsS RO RE J1 . LA 8 R 1T
MbritE, WIERIKE N (16.75£0.07) g B HIZ 42
TR s e 2 B B BB AR IR 1.116%.
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Effects of dietary fucoidan on growth performance, digestion, immunity,
antioxidant and glucolipid metabolism of juvenile sea cucumber
(Apostichopus japonicus)

LIU Jingwei '?, LI Baoshan®, WANG Jiying >, JIA Xuchen’, LU Guofeng '?,
HAO Tiantian >, WANG Xiaoyan’, SUN Yongzhi >

1. 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;
2. Yantai Key Laboratory of Quality and Safety Control and Deep Processing of Marine Food , Key Laboratory of
Marine Ecological Restoration, Shandong Marine Resource and Environment Research Institute, Yantai 264006, China;
3. Shandong Anyuan Seed Industry Technology Co., Ltd., Yantai 265617, China

Abstract: Sea cucumber (4dpostichopus japonicus) is an aquatic economic variety with great nutritional value, and its polysac-
charide is one of the main functional substances in the body of A. japonicus, which has the function of anti-oxidation and
immunity promotion. With the development of A. japonicus breeding industry, the formula feed of A. japonicus puts forward
higher requirements. Fucoidan is rich in fucoses, which can regulate animals’ immunity and lipid metabolism. This study
investigated the effects of dietary fucoidan on growth performances, digestion, immunity, antioxidant and glucolipid metabol-
ism of 4. japonicus. A total of six isonitrogen and isoenergetic experimental diets were formulated to contain graded levels of
fucoidan, which named 0.00% (DO0), 0.44% (D1), 0.88% (D2), 1.41% (D3), 1.89% (D4) and 2.38% (D5) dry diets. Each diet
was randomly assigned to triplicate tanks of 4. japonicus with initial body weight of (16.75+0.07) g for 60 days. The result
showed: D The weight gain rate of sea cucumber in D2 and D3 groups was significantly higher than in DO group (P<0.05). The
body wall crude fat and polysaccharide contents of 4. japonicus reached the maximum in D2 and D3 groups, respectively.
Lipase activity in D1 and D2 groups was significantly higher than in other groups (P<0.05). Amylase activity in D3 group was
significantly higher than in other groups (P<0.05). @ The activities of intestinal lysozyme and superoxide dismutase reached
the maximum value in D4 group. Malondialdehyde content in group D1 was significantly lower than in other groups (P<0.05).
(® Phosphofructokinase activity in D2 group was significantly lower than that in DO and D1 groups (P<0.05), pyruvate kinase
in D3 group was significantly lower than that in other groups (P<0.05). The activity of phosphoenolpyruvate carboxykinase
reached the minimum value in D2 group. The activities of fatty acid synthase and carnitine palmitoyl transferase-1 in D1 and
D2 groups were significantly higher than those in other groups (P<0.05). @ The fluorescence quantitative results showed that
the expression level of GDP-mannose-4, 6 dehydrase in D2 group was significantly lower than that in DO group (P<0.05), while
fucokinase, sulfotransferase, chondroitin sulfate and synthase in D2 group were significantly higher than that in DO group
(P<0.05). The effects of dietary fucoidan could promote the growth of A. japonicus, improved the digestive, immune and anti-
oxidant capacity of the body, increased the efficiency of lipid metabolism, and decreased the efficiency of glucose metabolism.
It was found that the fucoidan could inhibit the de novo pathway of GDP-fucose, promote the salvage pathway, and up-regulate
the synthesis pathway of chondroitin sulfate polysaccharide. With the weight gain rate as an evaluation indicator, quadratic
regression analysis showed that the optimum dietary fucoidan of 4. japonicus with body weight 16.75 g was 1.116% diet. This
study can provide theoretical basis for the rational utilization of Fucoidan and the deposition of chondroitin sulfate polysacchar-
ide in the diet of A. japonicus, and promoting the high-quality development of 4. japonicus aquaculture.
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