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E b H R AR A n K 5 & (allicin) 4R 2 (Apostichopus japonicus) & K . 78 b, 5.5k 1 6 DA
K prd B RGBTSR B 7 (50.2543.21) g B BRI B A R 4, 3B R Am 0% (4
B). 02%. 0.4%. 0.6% A& AR, FAAB N ASd, ME AR LIHAEKE, Fximl g
U R G EHENER ERET, A AGELRANE EET ST KEHEET TXHE
4(P<0.05), H 1, Bhr 0.4% K 7r % A0 F A4 2 A K E 95 5(29.49+2.07)%F7(0.57+0.13)%/d,
REEHTHMALA(P<0.05), MAZRAMENR i, R SKRE A, 5086 % H 0 E
PEUA BRI R s B B B MR R AW B A A S S A R AR B N R e
BE TR AS; RREBREN, 04% LB AHMEMEFFEAERERAEES THMEA
(P<0.05), #| 5 B2 OTU HE £ R LA B ¥, Chaol #53M AFEFmEWNR 0 & L7 5 F1K
W, ACEH# . FRIEB M FLHRBHELHFURBMAGZEANENEME THZS, 0.6%
LA SRR K Z MR T RS mE e MM, 4, a4 H# B (Rhodobacter)
FEA B #Y, KAt B (Escherichia)f T 4 %, 2 5 J& (Clostridium) 2 JE 3 fm g T FEmy#2 %,
ERKFERMEN 0.6%0 1224 B % % % (P<0.05), LEfSe 447 & 7, % JL T JiL # (Chitinophagales) .
% & 2K B (Ruminococcacaea) . /1% 44 T (Gardnerella) f1 3 5 4T & (Bifidobacteriales) % %t B8 41 & & £ %
H(P<0.05), kAKX BEMAFEZN AWML THENH ., AREREN, AT ANEEATZ
fpEEA S E K, RIRMSHMEMESERE EREEE, XX EHLEN, AE
AR ETRAMEN 0.4%,
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E %40 &

H#ilZ: (Apostichopus japonicus) 2 A 4 & & &
MR, B8 A\ Z—, 2022 4l
12250 AR IR 24 J7 20100, SR8 77 i 24.85 7 t (R
b A b A B B R 4, 2023), B TR B
s P B Fe KRR /K SR BN S o 2 1 G218 3 2 1 fh
FHEIHIUE T HARBRCRBAR, R a7 ik 7=
FARLT, SRR R RAC, 5 S8R
JEW . V5 YLK B A, A, Bl A R R SR A
BRI, WENEH SN, mRE AR
WA S TR i % 4 KUK (Stentiford et al, 2012),
KL, TG EEAHE . PrE e re g iE i
BRI . 25 AP R AR AR . 7 i K. Al AR
PR, B HHTET BYERHA N B #A5 (Awad et al,
2017). VR 25 AR K= sy R4 . Syse iy
FHLH e 1A W 8 $2 7+ /F F (Citarasu, 2010; Abarike
et al, 2018; Wang et al, 2018),

KiFr K (allicin), 2#24 —HiHN I —Hilit (CeH,00S,),
2 DN R o 058 25 rh B TRAS £R 22 5 A K 43 A R ) AR
MRy, SRR EE RS, e A & 5
RN, BEAPUREER . PUMoRE . FEARI0E - 9 I
A AE RO, X 2 FE i 24 4 2 A BT RE T (van
Loi et al, 2019; de Greef et al, 2021), HHi, KFrHEAE
FR AR ZH T & S AmE T, HARA AR EEE
T & W E i E A, et syt &, &
KEE, RN, B, ARPEINGE S KRR
FEAR T iRk R 2, HAE VA8 TR . B e TS
AR —E G A, 2021; SRITURSE, 2023), fEf
X IMERSK YT, R EREAHEEN, W
i e s ML R Sk S e PERE BT M, 42
K e (Lee et al, 2012; Inoue et al, 2016; Adineh et al,
2020; Tazikeh et al, 2020), 7, KFrZ [ sh4)
JaiB B, MIMA AT 15 £ fd 5 (Etyemez Biiyiikdeveci
etal, 2018), HHT, T RKFERETER S AR A
WA IE

DRAZH 7 0 38 o S 0 R R R X i = B
— 3 M HE PN B AR, , R LA 3T 07 2050 SR R ‘L 1)
WS IMEAT AT FEIE ST o A9 30038 2o 5% 5 S 99 43 A e et
HA I ] A R 2 X I 2 4k L Ds M A K PEE
s, BRI SRR KR 2 IS B e [, LA
W1 Ksm R AE RIS LA b i R FH 3R 2 5 4R 35

1 #REFE
1.1 SCIgHed
SCG RIS B AR S EEERA R A E, Bk

PEIG ) RAT . B —E RIS E T 2 mx3 mx1.6 m
EWNKEH R, STV E R (50.25+3.21) g, B
FEMR PR EE R, B KA SLA TRDR) DA o SE B0 IR
1.2 sKIgdE#t

SERb AR AT R . SR . REE G £
PR . SR Y. RSB A, AR R
Yrky g2 200 H UL L 3 HBIRER ST B IRKTR 8.92%
L L 1.48% KB | 35.46%KL K43 (VAT 338
TR R 50 2 5 R AR, W8 5 BELHE A Yy R
HIRAT, 4ifEHN 99.9%. 16FA R 2 B N
0.2%. 0.4%. 0.6%MKirZ:fil 3 Fhscgmimkl, L
AN Kopn R B FERIRDRL R X B AR, SERG T AN in e
A R R T K S 5 SRR EHE & 3957, i
R AR R, 20 CHAAERF A .

1.3 FTWHITEHEEIE

FIZ4h S8 5% 1 RN 4 A28, 751
B R FR R INE A 0% FE2H) .0.2%.0.4%F1 0.6%
BB BRIC T A0 A2, A4 Fil A6), H4H 3 PEE,
FAER 30 KIS, SRS 2023 4F 10 A 13 H
11 H 25 H, FREEWN 45d, LA N 150 L
OSBRI SRTEAR , BN RS R OIS
B2 HE, SCEMHRIGESE R, WARE>S mg/L, R
09 31~34, FNHKRKIER 10.2~17.8 'C, B H N
FEMRALRE Sl [ A Ak A T e v K A e R
WG AT, AR 0 2 B B 1 Dl Y R A
BERHIK 1/3~2/3, WL IE BRZK AR G B 5% 15 M 2618,
£ 10 d B — K & FEFE I

14 HRFE

ST Uf RN 25 RO R ) 2 B TR, R
B 48 h 455 - HEME, BRI S 0 2 7 BRI v i gk
5 min, AR~ EEFEHLHME 10 k3012, Fri R E fik
BETE, FHHLE 3 Skl S Aok b sn)a, F—ubEng
R, BUH S, K A B AR /K vh k)5
FAW K 48K PR K 43, Bl V) 5 A /N B2 2 T
T, Hodr, B v BB —350 0 T 0 T B I 2
Mr, i i BERG 55— T T R BE LS 00T 5 IR
76 4 'C'F 5000 r/min #.0> 10 min, B3R T %A
BN, WARBTHRIGEHE-80 CFEAE, HT WL fE
R S P 3 T A P U A

15 EKIEFRME

B HLR(WGR, %)=100%(We-Wo)/Wo;
i 58 2 KR (SGR, %/d)= (InW—InW,)/t;
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2 R (BWR, %)= 100xW,/W,;
A, Wo RIS RIS (g), W NHIS ALK B
H(g), t NIRFHLI KAL), W, WIRBETE (g), W, N
K (g).

1.6 BeiEMENE

KT B A A ) TR T T PR H AR5
G 5E W 8 JE AR 1 B (TRY) . g U5 il (LPS) Al I #)
(AMS) ST AL BTG P, A Y5 TR B (LZM) | Bl
MR (AKP) | R 1 R B (ACP) . M 48 {1 AL i (SOD)
A A S R T 1 0 S R B U A

17 BEEEEHASH

FE A DNA $2BUS W 405 16S tDNA V3~V4
X 5] ¥ (338F: 5'-ACTCCTACGGGAGGCAGCA-3'Fl
806R: 5'-GGACTACHVGGGTWTCTAAT-3")i#4T PCR
P, eysaife . gAY —E N A Ilumina
Novaseq 6000 /51 & #4777 5110 7 . J5t bh 506 22 9F
. i uE . RIS RS SRARE SUT A,
Usearch #FLL 97.0%AH AL EE 7K F by 8 (B X 454 43 2%
HiJC(operational taxonomic units, OTU)#EFT R, fifi
i QUME2 H A4 X #E i 7 5 64T ZAEE 0 b o SR A
STAMP k{4, LAl Ia) =F B 22 5, M ey o3 A 141

TP 245 34T LefSe (LDA effect size) 4T,
i 2 S TR R D R A SRR 1A, 7 2 b 3 2 e TR
(P<0.05, LDA>3.0), =il &l 5 /0 i At H i %
EYIBHEA RA R GEF )58, Bda i thfl i ain%

7z F 15 (https://www.biocloud.net/) 5% i,
1.8 HiEAEESHT

K HI SPSS 16.0 BAF X Kdfa i 47 5N 2 05 2200 M
(one-way ANOVA), >k Duncan £ H 53 H7 A A
SR [A] 1 25 S R, 25 R WK P<0.05, Ji
A EUE B PR 22 (Mean+SD) R 7R .

2 ZER55H

2.1 HEHKEFER

K IR S S R R 100%. R 1 H,
BEAE AR R S R IREIN , 25 SC00 20 S 1 3 T R R bR
AR R B K S BRAR A R, B R E B
A4 WINKGRRG A ER | FrEf KRy
FET XL A0 (P<0.05), A4 ARG T AR 4
FE AR K R, A o (29.4942.07)% .
(0.57+0.13)%/d F1(56.09+1.07)%, &5 T Hh & 4
(P<0.05).

&1 ARBXFRRRMAENRSERKERB I

Tab.1 Effect of dietary allicin levels on the growth performance of sea cucumber A. japonicus
2451 W)U ZORH i R FisE R R BIE S
Group Initial weight/g Final weight/g WGR/% SGR/(%/d) BWR/%
A0 1 389.52+8.21° 1690.08+8.31¢ 21.68+1.27° 0.44+0.25¢ 51.80+0.78"
A2 1 391.25+7.02° 1.729.67+7.96° 25.24+1.17° 0.50£0.32° 56.06+1.97*
A4 1 419.17+6.89* 1 853.30+9.53° 29.49+2.07° 0.57+0.13* 56.09+1.07*
A6 1 416.02+6.52° 1765.51+7.52° 23.97+0.97° 0.48+1.13° 53.29+1.08°

T AF BT R R A N 22 57 3% (P<0.05), T A .

Note: Different superscript letters indicate significant differences between groups at P<0.05 level. The same below.

22 HRUEREEEME

MR 2 /A, BEE RS R I g, %
SR SRR ) ACP. AKP. LZM F1 SOD %5 [iff
TEPE eI SRR Ry s, Horb, XFRRZHX 4 Fhg
FITEPERAG, B8 EMT A2, A4 1 A6 4H(P<0.05);
A4 4 ACP. AKP ., LZM FI SOD &5 % il 1% M i =
43 9 M (19.93+£2.70) U/mL . (12.32+0.39) U/mL .
(2.84+0.13) U/mL H1(126.93+5.13) U/mL, H: 1, AKP .
LZM F1 SOD [iff i 1 34 1t 2 5 T HAh 52 5641 (P<0.05),
ACP fifiGtE S A2 2R A2, B E R THAMS

520 (P<0.05).
2.3 HiLEEEM

M2 3 nJA, BETAR R IS I, 4558
RIS iE TRY . LPS Al AMS S5 7H AL iE PE 2 5t
HJE RAR RS, SREN B A4 41, 530k
(48.23+2.50) U/mg prot, (5.15+0.20) U/mg prot A
(6.58+0.15) U/mg prot, ¥4 2 T H h 52 56 41
(P<0.05); XJHRZH A0 19 3 Rl AL B IG PEd/), &K
T A2. A4 1 A6 £H(P<0.05).
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Tab.2 Effect of dietary allicin levels on the immune enzyme activity of sea cucumber A. japonicus
45 PR i I Tt i Tl R V¥ TR il AL B A
Group ACP/(U/mL) AKP/(U/mL) LZM/(U/mL) SOD/(U/mL)
A0 16.39+0.73°¢ 9.49+0.47° 1.42+0.07° 87.86+0.28¢
A2 19.06+0.38° 11.4340.63° 2.10£0.20° 103.48+3.57°
A4 19.93+2.70° 12.324+0.39? 2.84+0.13% 126.93+5.13%
A6 18.08+0.31° 10.7240.58" 1.90+0.98" 95.68+2.29°

* 3 ARBPARAFRRRIMEX RS HELEEEENIE
Tab.3 Effect of dietary allicin levels on the digestive

x4 BBELRABXFZ=SEEABRENS
7B H 2 Alpha Z MR

enzyme activity of sea cucumber A. japonicus

Tab.4 Alpha diversity analysis of intestinal microbiota

45 BEE AR TRY Ne i LPS FER T AMS in the sea cucumber A. japonicus after
Group  /(U/mg prot) /(U/mg prot) /(U/mg prot) feeding diet of different allicin levels
A0 33.1143.95° 3.06+0.09° 4.81+0.25¢ 2H 5| ACE Chaol Simpson  Shannon
A2 42.30+1.71° 4.27+0.36° 5.59+0.21° Group ~ index index index index
A4 48.234+2.50° 5.15+0.20" 6.58+0.15% A0 588.02° 591.35% 0.94° 6.02%
b b c

A6 41.13+0.97 4.33+0.23 5.14+0.17 A2 58061°  592.99° 0.94° 5 988
A4 564.35" 569.37% 0.92° 5.67%
24 HEEBLEN A6 44803 45297 0.90° 5.19°

X 4552 56 21 i) 2 W TR R R A TS R A AT, kA
696 > OTU, MA#ER T BIE AT LA H(E 1), A0,
A2, A4 A6 HF5FH OTU B 5k 1. 0.1, 54,
A OTU HEh 608 4>, Hidr, A6 44FH OTU
W%, WRPE OTU 2Kk 1T Alpha ZHMSHT, 45
BWIR, MRFEZAINERIN, ACE #8%k. Simpson
ORI Shannon FEEIE T REMF, H/ME H BE
A6 4l; Chaol F58EURE I INERARMETE:, A4 4
K, A6 A/, 73514 592.99 Fl1 452.97, (HA44 £
FEVEFS 8022 F R 13 (P>0.05) (3 4).

A0 A6
(U L P NEI PN 7 |4 Gif SOy e
WAIE R OTU 43H1=F A
Fig.1 OTU analysis among intestinal microbiota of sea cucumber

A. japonicus at different dietary allicin supplement levels

Ry ik — 25 BEGER R K R 2 iR R T S
Jo 18 R SAE W RV 25 S R OTU AKX 4 A4~
SLH LR S EAT PCA 48T, 45 LA 2, PCAL (95T
Hk% N 95.63%, PCA2 [HTTHAHEN 2.25%, HTTHEER
N 97.88%. FHNFERERE R, RUEY¥E
PRS-, A4 L A6 H 5 H AR R IR B e, 1
HAIX 2 ZH RS H 22 S A AR L

; ® A0
i A2
0.02} ¢ 04
N CYY;
s
Of-------m--s -‘4-.— -------- . -~

PC2-Percent variation explained 2.25%

vs
—0.02 *E

-0.04 -0.02 0 0.02 0.04 0.06
PC1-Percent variation explained 95.63%

PR TR K35 R & 1 kLS ) 2
J7iE R PCA 04 E

Fig.2 PCA analysis of intestinal microbiota in
sea cucumber A. japonicus after
feeding diet of different allicin levels

K 2
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FET K, 25 402 08 F= FEwT - e 34 ]
WK 3a, HKHAMIERFEHNEEA B, FLELUEREE
I ] (Firmicutes) . Z8JE [ ] (Proteobacteria) . fLLFT T
I"J(Bacteroidota) F1#2 fig i | ] (Spirochaetota)ZH hY,, Fij 4
DEFATE 1A X = B2 S R0 Bifi K 75 2% R B 185 A 34 v
P, HEREIN, 435124 90.30% . 90.36% . 91.17%.
92.54%, FE RFR RIS AY3E 0, JERERE AT 3
FE RIS AR S, JFTE A2 iR BIER K, A2
HEES A0 FI A4 ERARE, RERT A6 4
(P<0.05) (&l 3c); ZSIERRTTWIAH . , BEAE Kisn R E
PIXG IR REANE B, A4 HFERER/DN, A6
HAFRE RO, HE m T HAD A 41(P<0.05) (4] 3d);
PFFRT T2 SRR S, 78 A6 4l i AT

( 3e)

ETEAY, SFARAERME 3b Prs, FHE
BRI PL AT RE 3 20 KA #T & (Escherichia) . 21
FF 147 J& (Rhodobacter) . #2 1% J& (Clostridium) . #53K 14
J& (Streptococcus) . % IR iE /A & (Treponema) . BR 10 7
J& (Terrisporobacter)%5 . KT H EE A4 41FE
K, WEST A2 A6 4, 78 A6 AR/, WF
T HAth & 2 (P<0.05) (&l 3f); ZLATFHIETE A0, A2
A4 HZEF AR, A6 AFEHRAHEERTHAR
% 2H(P<0.05) (18] 3g); MR Fifi K m 2% MR B2 185 i 52
HWERRABES, A2HFEERK, 5 A2 M A4HER
AN, A6 4 =F ¥ i/ H i 5% T HA 45 41(P<0.05)
(K 3h),

a 100 r = Unknown b 100 m Unknown
m Others m Others
80 | m Cyanobacteria .80 Ff m Lactobacillus
% o Patescibacteria % = Prevotellaceae UCG_ 001
- § 60 1 = Fibrobacte.rota . . g 60 - = uncl:?ssiﬁed_ Prevotellaceae
# 8 @ Verrucomicrobiota - § m Terrisporobacter
?é’ § m Desulfobacterota ;% § m Treponema
-% 40 1 = Actinobacteriota % 40 m Streptococcus
E m Spirochaetota E m Clostridium_ sensu stricto_ 1
20 | m Bacteroidota 20 = Romboutsia
m Proteobacteria m unclassified Rhodobacteraceae
ol m Firmicutes ol m Escherichia_ Shigella
A0 A2 A4 A6 A0 A2 A4 A6
2 %] Group 2 %] Group
c JEEER ] Firmicutes d AFFE ] Proteobacteria € HUFTF ] Bacteroidota
%’ 50 a a a - 28 %\: S 25
g 40 =A4 £ S 20
#® 30 b mA6 RS i 'g 1
# 5 # 8 g g 15
€2 1 €2 Eg
ki 2 g3
5] 0 Q o
P4 A0 A2 A4 A6 = A0 A2 A4 A6 A~ 0 A0 A2 A4 A6
#H5 Group 21 5] Group 21 5] Group
f KIGFF 8@ Escherichia g Z1FFHiJB Rhodobacteria h W& Clostridium
& 30 a -A0 X 50 a -gg X 10
S S - 3
8 ab =42 S 40 - A4 g 8
’ﬁ-g 20 -Ab M-g 30 mA6 S 6
#5 # 8 W3
rs 'S 20 'R 4
' 10 €2 -
£ g0 L b £ 2
& 0 & 0 & 0
A0 A2 A4 A6 A0 A2 A4 A6 A0 A2 A4 A6
205/ Group 285 Group 21 51| Group
B3 BN IRI R FR 2R & Tl I o0 2 7 T T A 2 A
Fig.3 Intestinal microbiota composition in the sea cucumber A. japonicus after feeding diet of different allicin levels

a: TIPS FREHERRIET; b J@ KF AR X B2 HE AR 5

c~h: FEEEFEMXFEEFLE.

a: Histogram of relative abundance at phylum level; b: Histogram of relative abundance at genus level,;
c~h: Histogram showing relative abundance of the main different bacteria.
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WG LEfSe 2371 R 4H [ AE W& 25 7 1 (Ruminococcacaea) . 7844 [ (Gardnerella) 1 XU FT
MEARRE(E 4a), Hr, A0 HpiEn) B EMZERE W H(Bifidobacteriales); A2 4 i 3 M 25 7 1 i 2 22
BE M WEJLT i E (Chitinophagales) . 8 B Bk & # ERHE . BRIUEE M Prevotellaceae; A4 ZH & &1k

a CladOgI‘ am w: f_Lactobacillaceae
x:s__unclassified_Clostridium_sensu_stricto_1

y: g Clostridium_sensu_stricto_1

a: s__Gardnerella_vaginalis
b: g Gardnerella
c: f__Bifidobacteriaceae

. A0 d: o__Bifidobacteriales z:s__unclassified  Eub ium__ruminantium_group
. A2 e: f__Muribaculaceae a0:g  pup ium_ group

f: g Prevotellaceac NK3B31_group al:s__uncultured_Ruminococcaceae_bacterium
A4 g:s__uncultured_Bacteroidales bacterium a2: g_ uncultured Ruminococcaceae_bacterium
= AS h: g Rikenellaceae RC9_gut_group a3:s__unclassified_Terrisporobacter

i: s__unclassified_Rikenellaceae

j: g unclassified Rikenellaceae

k:s__ unclassified_Chitinophagales
1: g unclassified_Chitinophagales
m: f__unclassified_Chitinophagales
n: o__Chitinophagales
o:s__unclassified_Psychroserpens

a4: g__ Terrisporobacter

a5:f Peptostreptococcaceae

a6: o__Pep p les_Tissierellal
a7:s__uncultured_Alphaproteobacteria_bacterium
a8: g Jannaschia

a9: s__unclassified_Colwellia

b0: g__Colwellia

bl: f_Colwelliaceae

b2: s__unclassified_Escherichia_Shigella
b3: g_ Escherichia_Shigella

b4: f_Enterobacteriaceae

b5: s__unclassified_Vibrio

b6: g__ Vibrio

b7: f__Vibrionaceae

p: g_ Psychroserpens

q: s__unclassified_Flavobacteriaceae
1: g__unclassified_Flavobacteriaceae
s: f Flavobacteriaceae

t: o__Flavobacteriales

u: s__unclassified_Catenisphaera

v: g_ Catenisphaera

?

A0 A2 A4 mm A6

b f Lactobacillaceae
o_Flavobacteriales

f Flavobacteriaceae

g_Vibrio

f Vibrionaceae

s_unclassified_Vibrio [ R
s_uncultured_Alphaproteobacteria bacterium |G
g_unclassified_Flavobacteriaceac | ]
s_unclassified Flavobacteriaceac I N S
Jannaschia
s_unclassified_Psychroserpens |
. Psychroserpen [ R
s_unclassified_Colwellia | R
g_Colwellia | R
£ Colwelliaceae | s
f Enterobacteriaceae | R s R
g Escherichia_Shigella | N BN
ified Escherichia_Shigella | R e R
s unclassifigdpepiostreptocoecaceas |EEG—G
o_ Peptostreptococcales Tissierellales
s_unclassified Rikenellaceae
g_unclassified Rikenellaceae
c_Clostridia
g_ Terrisporobacter
g_Clostridium_sensu_stricto_1
s_unclassified-Terrisporobacter
s_unclassified Clostridium sensu stricto_1
f_Muribaculaceae
_Prevotellaceac NK3B31_group
g_Rikenellaceae RC9_gut_group
_Catenisphaera
s_unclassified Catenisphaera
s_uncultured Bacteroidales bacterium
s_unclassified Eubacterium_ruminantium_group

g_Eubacterium_ruminantium_group =
s_unclassified_Chitinophagales
f unclassified_Chitinophagales IR
o_Chitinophagales [N R R R
_unclassified_Chitinophagales [N R D
g uncultured Ruminococcaceae bacterium [N N B |
s_uncultured Ruminococcaceae_bacterium [N
s_Gardnerella_vaginalis IR R
g_Gardnerella I R
o_Bifidobacteriaceac I R
f Bifidobacteriaceac I R
0

1 2 3 4
LDA SCORE (log 10)

K4 BRI R 2R & B AR S B2 17 18 R RE LEfSe 20T EFREADIR I () FIEEAR 5] (b)
Fig.4 LEfSe analysis ring dendrograms (a) and histogram (b) of intestinal microbiota in sea cucumber
A. japonicus after feeding diet of different allicin levels
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2 S W BN AT B (Enterobacteriaceae) . K FT
J& FERAE Bl (Rikenellaceae); A6 4H g 51 25 5 A BE
F B N FFF # Bl (Lactobacillaceae) . 25 AT 1 FF
(Flavobacteriaceae) . N & F} (Vibrionaceae) #

Psychroserpens (/%] 4b).
3 itig

ARG R, TR AN 0.2%~0.6% KFw %R
Ve 7RS4 K kRE, Hrb, W0 0.4% KRR I,
RIS E R R E AR R R E S . RIEC A,
KERZ ALK Sh P ek th s s AR ), =l H
IS JE A 0.04~40 g/kg (Valenzuela- Gutiérrez et al,
2021) AHFFE RIS 1R BHE B R R R MEN 0.4%,
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gariepinus) a1 ikl 1.0% %8 Jil 42 (Thanikachalam
et al, 2010), {H I & = F A H AL H 40 mg/kg (0.004%)
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PSRRI 80 d JiifL4E ff(Poecilia reticulata) i)
AKP Fll ACP i M0 HEZH 3545 B 5 42 %5 (Ahmadniaye
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POFFTR . RIAFF TR . A5 5 TR LA B A 2 G BH P 1 a2
fFF B (Bacillus) . 5 2K B 1175 % 2K 1 (Staphyl ococcus)
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Ko R B AR T 55 AR B T R X i B TR A A 3
FEAFAESRZ R (Saha et al, 2017). ARAFFTH, KR dsn
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Effects of Dietary Allicin on the Growth, Digestion, Non-Specific Immunity,
and Gut Microbiota of Sea Cucumber (Apostichopus japonicus)
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ZOU An’ge’, LIU Qingbing*, YUAN Chunying'
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Abstract Sea cucumber (Apostichopus japonicus) is an important marine aquaculture species in
China. In 2022, the total area of sea cucumber aquaculture in China reached >3.7 million acres, with a
breeding yield of 24.85 tons. Sea cucumber aquaculture is the largest single variety of marine aquaculture
species in China. With the increase of sea cucumber aquaculture scale and density, its feeding efficiency is
low, which leads to low utilization rate of feed. It is easy to cause residual bait to mold and decay,
polluting water quality and leading to frequent sea cucumber diseases. Therefore, antibiotic abuse has
become abundant. However, the extensive use of antibiotic drugs poses ecological and food safety risks.
Therefore, developing environmentally friendly and healthy feed additives that have feeding, antibacterial,
and immune enhancing effects is urgently required. Our research group screened various sea cucumber
attractants in the early stage and selected allicin for further feeding experiments based on the initial
experimental results. To investigate the effects of adding allicin to feed on the growth, digestion, immune
performance, and gut microbiota structure of sea cucumber (Apostichopus japonicus), healthy sea
cucumber with an initial body weight of (50.2543.21) g was used as the research object. Feed
supplemented with 0% (control), 0.2%, 0.4%, and 0.6% allicin was used as feed for 45 days. The growth
rate, immune and digestive enzyme indicators, as well as differences in gut microbiota structure of
different experimental groups were determined. Weight gain and specific growth rates of the experimental
group with added allicin were significantly higher than those of the control group (P<0.05), with the
weight gain rate and specific growth rate of the group with added 0.4% allicin being (29.49+2.07)% and
(0.57£0.13)%/d, respectively, significantly higher than the other groups (P<0.05). As the amount of allicin
added increases, the activities of digestive enzymes such as trypsin, amylase, and lipase, as well as
non-specific immune enzyme activities such as alkaline phosphatase, acid phosphatase, lysozyme, and
superoxide dismutase in body fluid, all showed a trend of first increasing and then decreasing. Except for
the ACP index, the digestion enzyme and non-specific immune enzyme activities of the 0.4%
experimental group were significantly higher than those of the other groups (P<0.05). There was no
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significant difference in the number of OTUs in the gut microbiota of sea cucumber. The Chaol index
showed a trend of first increasing and then decreasing with the increase of allicin addition, while diversity
indices such as ACE, Shannon, and Simpson indices showed a decreasing trend with the increase of
allicin addition. The diversity index of the 0.6% experimental group was the smallest. The addition of
allicin affected the gut microbiota structure of sea cucumber, with an increasing trend in the abundance of
Rhodobacter, a decreasing trend in the abundance of Escherichia coli, and an initial increase followed by
a decrease in the abundance of Clostridium. When the allicin addition was 0.6%, the microbial community
structure changed significantly (P<0.05). LEfSe analysis showed that Chitinophagales, Ruminococcacaea,
Gardnerella, and Bifidobacteriales were significantly dominant bacteria in the control group (P<0.05),
indicating that these bacteria were significantly inhibited with the addition of allicin. The research results
indicate that adding an appropriate amount of allicin to feed can improve the growth performance of sea
cucumber, promote digestive and non-specific immune enzyme activity, increase the abundance of
beneficial bacteria while inhibiting the proliferation of harmful bacteria, and change the structure of sea
cucumber gut microbiota. The appropriate amount of allicin added to feed was 0.4%. To our knowledge,
this is the first report to demonstrate the effect of different garlic concentrations on the growth
performance and intestinal microbiota of sea cucumber. Dietary garlic supplementation was intestinal
microbiota for sea cucumber when administered as feed additive in terms of promoting growth and
inducing changes in the intestinal microbiota. Finally, our research findings suggest that dietary garlic
supplementation may represent an antibiotic as growth promoter in aquaculture.

Key words Sea cucumber; Allicin; Gut microbial structure; Enzyme activity



