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Growth and Physiological Effects of Immunity Feed Additives on
the Juvenile Red Sea Cucumber Stichopus japonicus
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Department of Marine Life Science, Jeju National University, Jeju 64234, Korea
'Junwon GBI Co. Ltd., JeJu 63169, Korea

The juvenile red variant of the sea cucumber Stichopus japonicus is distributed worldwide. It is a valuable food source
in Korea, China, and Japan. Major issues in farming the juvenile red variant sea cucumber include growth rates and
disease resistance. In recent years, studies have focused on feed additives to enhance immune system and health. In
this study, we used a common diet (CD), a nutritional diet (ND; mixed nutritional supplements), and an immunity diet
(ID; mixed probiotics, spirulina, and levan) and compared the growth rates and immunity of juvenile red variant sea
cucumbers fed the experimental diets for 12 weeks. The growth and survival rates in the ID group were significantly
increased (P>0.05). This suggests that the feed additives positively influenced immunity and growth in the ID group.
However, the immune activity was exhibit a stabilizing effect, and further investigation of immune effects is required.
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S3ll4k(Stichopus japonicus)ye- =713l 4] §F £ 0 =2 A o}
Aot defjoll M 2 F4] EaL 3Ith(Choo, 2008). s 4= AH¢
2(4 og Auo]] tq-a}isHAP i%gH/\l— ol ?‘TgHN—og T8 5]01 QLo
U B=2skaro gl ol 203 olalg|ojr) e} FL
AT Al FZH] F4A Ty o] EAske Ae® ELQM
1, 71 Fol M= Faike ThE shatol uls) ukat wo] wofut
a7}o] s =] a1 ¢)th(Kan-no and Kijima, 2003; Choo, 2008).
A 2o A= Zaare] 2287 AR} 278k Qo] AAA
o] 7}1]7} =01} Taj|AF oFAl L oA A|BlA o2 o]Fo|R| 1L

3 A A=A T2 718, g 2ol Y8E
B 28 2 SR8 58 o] ghk(Yang etal, 2005). 1 %01]
A A b= Falatol Al f-8-8 o 0 = B nl A%

o Hl3}o] S 3ol S0} op o] Fofud A0 2 2rel
2 oL, AEE 2 A(cellulose)’d A|EH O Q1510 435} A]

of| FAgr7t o2l st Aol A =g 54 o=
Ao BaEal Qlrh(Xiaetal.,, 2012; Shi etal.,, 2013). 3=

=] }_/g_ﬁ_% ]E}F/koiﬂoﬂﬁolq H3} ogow
47} olg kel e Fth(Erasmus et al., 1997; Ten Doeschate
and Coyne, 2008). £3], 3412 4312 o] =] o} Alm Yo

2 AABHE WML sl & 43lgago] Yol A=
& T AW R Holso17]7F ofHf 9 AstEeas #=°
7] fisl EAbE ] ARbE), HE W Aste] 2754 =
Ao Abee] B35 she 5 B 8ol ol FolAal 9= A

Ho|tHChoi, 2014).
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I B8 S ATk 99 0 50 el
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o] Qltk(Xitao et al., 2014). w}eA] A o] BFAISl= 751_%2}
of B2 11 HA1Ro0] -2 B op]et 1|42 0% Ao A3
/ol dofuA Hv FA o7l 2 A A HsiE 7
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gk 2 Zoll= o] 23t ZAIKE s dst] sl
A W02 Ago] Zeuto] 982 St
7ete] AAES] AR U Welel
3 T2 ofs}7] 13t o] o] 20] 1|1 glrk(Zhao et al,
2010; Ma et al., 2013; Wang et al., 2014)

3 2 H}o] 9 E] A (probiotics)= -8 RS ou|sh 43
of YAFS ARSI W w59 Wl Es = S
Dot Ao mA 2 HFE thefgt fofol| A ARg-Eof gt
(FAO/WHO, 2001). ZE2H}0] Q EJAL A3} HAS Fo} 43}
28 FoFE 98-S st (De schrijver and Ollevier, 2000;
Ten Doeschate and Coyne, 2008; Yu et al., 2009; Zokaeifar
et al,, 2012), & oA vlefnla} 2 Waks-S AAsH| = ot
TH(Sugita et al., 1992; Vine et al., 2006). L&} T+ A At
O 2= 43S ot AL Q7] Wzl HZole 2
= U A5 A717] fiste] oA Zzujo] @ Bl 0] A7t
4 BE SN = e 71 RSl ZejHtoleg A
(Prebiotics)@} $HA| ARE-E]1L Qlth. & (pro)H}to] L. E]lAQ} 5T
2)(prejutol el 20] elopd Ex1ah YA Fak 1L $9)
a7 RSl AL AlHo] @ Bl A (synbiotics)e} 1 o] %
231 A7) ghiks] K31 9lth(Cross ML, 2002; Morelli
etal., 2003).

2| 19] Atol Al g AAE Zejuto] QY AR ARE-SHA
= A5 AW AR Y] 5 =0l B el pHE RB5=
a7} 912 ™(Gibson and Roberfroid, 1995; El-Nagar et al.,
2002; Akin et al., 2007; Adebola et al., 2014), ] 7|5 7}
Hoher] 58 23 479 A 4842 +8 F7H12
weje) gl BHE £ oA S30) A7 2HA
2 4= Qlkar B e 3 Qlch(Kang et al., 2009, Srikanth et al.,
2015). Z1efuf A|g7HA] Z2Hfo] @ E A, Rt Bl An] it
7} 242k A 20 WA E A RA A E 4 ok A
go] o] ojx| 1 glout FalielA 48 A ob 27]
Sl BT glor],  7b o] 48 B A
Hpo| Q| A4 ALz 7HA of] Thgh 15 A Wl g5t A7g ol Tt

ofof & dAtof A= AdY AF-EolA HAFTA=A 50
USH zEupo| e EA uhE S3lste] Aluto] QEAA H
ASHAIE AR, FAlof7tof Al dubA o= AREE I QL
= YRFSAALR, S8 A i AbE E HAS A e

-
=
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[} ~ w10
MRS H FE A S Aldre] e, e H A
B9S2 vl shaat s
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delsE H AeEd

A9 20149 104 2745 20159 14 279714] & 12

FAEAIFE Ul St Falgell A A= glos, Fag el
3 3705 o] &kt A e=2 F3(S. japonicus) A4

A Adolol g FF 467

Lo 7}

= olgstlen, Zalit
A=24+0.1 g o]t @
7|2, %= 100 lux ©
o] SAIXHE A4 sk3len,
o] Aedo] A E= 53t 450
Incorporated, Ohio, USA)E ©|
(Dissolved oxygen, D.O) ¥ pH

Mz JE H S0l

AR tATkE F AR 3 Qu FolE AR (com-
mon diet, CD)@} CDARR || BIEH Fo] Z3HE F=4t vt
% %A (sanyihao/yantai, duolai feed co., Ltd.)E 1 kg 2% %
78k AL (nutrition diet, ND)} 1 kg AT 2|1} 15%, T
ZH}o] @ ElA(Bacillus polyfermenticus) 3 X 10° CFU 4 &9k
0.1%= 4% HYSHAE vitet A= (immunity diet, ID)
£ AHESISITH CDAMR A2 AbR AT of] 2ol &
H¥9100] 1 ATk Table 20} 2}, 21710] A% Ab= 12
270342 1530 g 2.70] o) akict.

82ute| &2 Pt F
1X24%x03m?
of= Elat 7
517 $1a
71(YSL, YSI
B gEAs

TH(Table 1).
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, AR AR 2R 45 wie) BHE S 5

Jd T8 SAE QU AEE R AAEES A

2bstdet. 47t 437452 Specific growth rate (%)=(log, final

wt-log, initial wt)/days@} Zro] AlAFE| 1 Om, SA|-E-2 Weight

gain (%)=(final weight-initial weight) x 100 /initial weight©
= AL A

ohd =21 Rt Aol 5 Faiat Alake] Al thd &

ook

Table 1.Water environment of experiment tank for 12 weeks

Wook Wetmrtemp  Sainiy SO
PSU) (DO: mglL)
0 21.00:035 30.61:332 6.13t0.13 7.64£0.07
15.18£0.06 3347003 835003  7.88+0.15
8  1367:047 3445:001 837014 7.85:0.25
12 11602075 31.08:577 9.14:0.33 7.82+0.11

Table 2. Proximate composition (%) of common diet (CD) for red
sea cucumber Stichopus japonicus

Moisture (%) 5.33
Crude protein (%) 21.07
Crude fat (%) 1.32

Crude ash (%) 34.65




T aui
o Aol o 242 Fellit AA AxEEE 2 M TFA
(trifluoroacetic acid)Z AH7lE-afatal ] 2H0.2 um) ¥ 3]4
slo] A A]2] 3t 5 HPAEC-PAD system (Dionex, USA)Z ©|
g3lo] FATR el F4L el APEAL 0%
A2 18 mM NaOH, Z# -2 CarboPac™ PA -3 ARE-81 3T

Ho 3tM EA
L1 20O T

W 2y 2L gistol 2 AR ML ke AL
2 o] 3 10ke) 4 FA9)2 Al ste] Aol Agstec). A
72 1 mL FA7| 2 #215He] 1.5 mL tubee] §1L YA1EE
715 o] g3fe] 700 gollA] 1581 A4 F AFARS Belst
o), AATHEAE WS AT 5 nakstect 5SS
A F-70CAN FASHT AP A7 Bttt

S HAke] A7l ) Tl S Lowry et al. (1952)
9] W] ulel A%l 2™, Bovin serum albumin (BSA,
sigma, USA)S AME-310] standard A4S 1371 & 750 nm
oA FF=E S4sto] AIIAUTE Lysozyme B4 A7
oS- 15 uLA 96 well plateo]] #8150 uL Micrococcus
lysodeikticus solution (0.2 mg/mL, 0.1M PBS, pH=6.8)& 4
31257 oA 5 27 RhS % 540 nmo| A S EE £4 st
THA] 54 2FHES- AlX ] 53 ool S8 576t
lysis A $-0] 4= 2-& H|wste] =43} tt. Penoloxydase
(PO) &/d-2 Ashida and Dohke (1980)2] W& 58310 =
Ast3Act. 96 well plateo]] A|7F<] 15 uLe} phospate buffer
(pH 6.0) 150 uLE 211, 3,4-dihydroxy-L-phenylalanine (L-
DOPA, sigma, USA)E 150 uL Yol& & 25T of|4] 258 &
QFHESAIZ] 5 490 nmoj A SF =S SHSHL S Fof FY
ok oAl A SAT & A gk Hlasto] ARSIt 7t
A0 2 @9l = 79 0.0019] 8= Fas vUehe as
o Foz Aojstinh
SAXzZ

ZAulo] B4 % 2= SPSS version 12 (SPSS Inc., USA)E &
£3}0] One-way ANOVA- test & E7 B4 E]g] on o]
ol B §-2]3}= Duncan’s multiple test AFEEA]S E5)
P<0.05° A 7} 157 F-01/8& sl

o
szuho] 9820} el B3 Folrk FahAt MAte] gt

A - ofalit
BEFA B2 LA 215 915te] Alutol 224 v
AZUAE ARste] Fo| F 4% NACE 1277 HERY
AR Stk £ AY AT CDZ T3.1+0.84%

ND-2 70.9+0.32%, IDFS 76.9+0.5%7F AYZ515].00
Dol A 7H 2 AEE-S YeRRUTHFig. 1A, P<0.05).
AFE At A 2 AT 277 A= 24501 g2 H
Apstgl oy, HERAL CDE 4.6+0.5 g, ND 5.3+0.62
golglen IDL9] 49 6.1+£0.53 go= fFolHor =A 4
st thFig. 1B, P<0.05). A& AEAIZ} Alofl= nE=
@] FABHA 24+0.1 g o9l CDF9] 4% 125
3 91.67+17.2%, ND2] 7<% 118.75+352% 9 DTS
155.6+31.7%2.2 Z7}8}9cHTable 3, P<0.05). 47k 4%
E 9A] CDZ-L 0.21 +0.03%, ND-2 0.27 +0.08%, ID7-2
0.34+£0.05%% IDFo| A5, SAHE, sl B5
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Fig. 1. Survival rate (A) and body weight (B) of the juvenile red
type sea cucumber Stichopus japonicus experimental diet fed after
12 weeks. Experimental groups: common diet (CD), nutrition diet
(ND) and immunity diet (ID). Data are expressed as mean=SE,
different superscript letters (a, b, ¢) indicate significant difference
between the values (P<0.05).
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FolH 02 =& A e 2 th(P<0.05, Table 3).

o]%1 9] A tE Lo w2, ZEuto] QEIA u|A| 2R, &7
F2 T (astragalus membranaceus polysaccharides), &5
o} (yeast polysaccharide), HlEFE-F7H(B-glucans) 2 H|E}
¥l(vitamin) 5-9] B2A5o] shite] u] HolHel Wizt HL
Z7MH 7= Ao2 B3l QItk(Sun et al., 2008; Gu et al.,
2010; Zhao et al., 2010; Ma et al., 2013; Wang et al., 2014;
Srikanth et al., 2015). L&} sjALE 43l52lo] 24| k7] uf
2ol 71578 =22 Aol vighsto] o] dthal stoj e Al
O] 2x3hgof whet g2 FaFE o, siare] ol B I
= "2z 27 M| 2T TS H i eho = ui et Al S
2ol 23k82 &= e siatAbR oA ulS- et Q4o
th(Xia et al., 2012; Shi et al., 2013; Choi, 2014).

Ak} o) & |2 5FE A olsl= - Haliotis midae E
T Lol YT AG AR A AR 434 wo
S SN Ao ® Yeyth o] Z2Hlo] e Bl A
7b a2 7o Saet R dee wes Fvks o A
B9l A AR Gag b o Mgl
(Erasmus et al., 1997; Ten Doeschate and Coyne, 2008; A.
Newaj-Fyzul, 2014). E3E, A3 G550l 4 Alujo] 9 g A
A thel Holo] Edste] Fol S Al Zeujolog
2 T AATS AR ATt vlsto] At 43S o
% o= A%E vtk 425tk Gibson and Rober-
froid, 1995;Kontula et al., 1999; Saarela et al., 2003; Gu et al.,
2011; Boonanuntanasarn et al., 2015). ¥ Ao A = AlH}o]
EAE G DT AL A AERO| WF A B
Hglom, o) #uto] Zuto] 9 E|20] TS FAATIE
AL FI 0|5 Foo] AvReiel 2 B} 2e 44
A 0] A 2sfoh Gl 7191907] uhizoletm of Axic
webA] B X ARl Aleto] 0 Bl WA Z A A7kt
of FolsHA| =W = JFES o5 Ao AekE

Table 3.Growth performance of red sea cucumber Stichopus ja-
ponicus after 12 weeks

CD ND ID
Initial weight (g/fish)'  2.4+0.12  2.4+0.172 2.440.13°
Final weight (g/fish)'  4.6£0.52  5.3+0.62° 6.1+0.53°¢

Weight gain (%)? 91.6+17.22 118.8+35.2° 156.0£31.7°
Specific growth rate (%) 0.21+£0.032 0.27+0.08° 0.34+0.05°
IStandard weight = total weight (g)/ fish.

*Specific growth rate (%) = (log, final wt-log_ initial wt)/days.
*Weight gain (%) = (final weight-initial weight)*100 /initial
weight.

CD=common diet. ND= nutrition diet. ID= immunity diet.

Mean within each line followed by the different superscript let-
ters (a, b, ¢) indicate significant difference between the values
(P<0.05).
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Sl o7t gol ehrEe] Sl Aoz defxlon
(Mourdo et al., 1996; Yu et al., 2015) A& of] AMEH HKHlo]
AW ohdditoll G mx=A Zelstr] fls Soliks
Z7 Azsto] A Yol 2A3H= fructose®} glucose?] 3tk
= 4151t Fructose 241 22 CD-2- 8.84 +1.35mg/100
mL, ND+2 8.06+2.07 mg/100 mL % ID- 9.25+3.14
mg/100 mLZ 274 % 9IthFig. 2A). Glucose ¥4 27} CD*
29.20+2.0 mg/100 mL, ND-2 8.21 +0.95 mg/100 mL ¥
D2 10.04 + 1.85 mg/100 mL & el thFig. 2B). ©| &} 2
o] Zt A+t HE =7 H fructose} glucose?] 32 #5214
<l 2koli= YERA] QFEATH(P>0.05), IDSEof| A Thas -2 3
& 2ol & et giet. ol 23t Ak Folak Al W9 fruc-
tose®} glucose2] §Fefo] 7| HA 0 2 =7] wjito] BE AF L
9] fructose?} glucose A g=Fo] 27| x}ol& LFeERA] g2
AOg Ko, A1) 27] A Al &2 T1E Woll A= ZiAIZE

A 14

12

Concentration of fructose (mg/100 mg)

—
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=
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CD ND ID

Fig. 2. Glucose (A) and fructose (B) concentration in body well
of the juvenile red type sea cucumber Stichopus japonicus. Ex-
perimental groups: common diet (CD), nutrition diet (ND) and
immunity diet (ID). Data are expressed as mean+SE, different su-
perscript letters (a, b, ¢) indicate significant difference between the
values (P<0.05).
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O] |7} A7) whtell 7k 1E 1t -9 3t Aol 7F UpefUbR] k2
Ao gt Hh(P>0.05). ¥H o2 #Huke Ao]et9S 4
5 @A ] Yk o] &t 7Ho. 24 fructose™ glucose 9t
o] Zrlel= Ao 2 B 1% 0]Qlof(Rairakhwada et al., 2007;
Rehm, 2009), & A-FZ o] A IDFOA thd w2 =2E
Bl A2 Aol A A¥ o7 St oFo] mln|slol e AU
doll Yk v Ao g FAE o] gt fRtke] Holet 5
aflaF A o] oha st thgh A= A4k |t A
O A= A171%1 S 71 9] BoalE tid o= =71 Q1 A
o] 2= Ko igelsiA vie A A 0= 7| H )

glRkE Aoleh Saflare] Mol 24 glsty| sl Al
) w2l ok lysozyme 2! penoloxydase (PO) EA4S &4
sheich. Aol te] Tl 24245 CDF-E 56010 mg
mL, ND-2 66.1 =24 mg/mL ¥ ID-2 66.5+ 19 mg/mL
2 UebgeH(Fig. 3), CDEol H|ske] NDtat Dol A =
ob AR S Rmelort o142 Aol vhekix) glolet
(P>0.05). st 22 S1]E5=2] AN Al7d2Al(coelo-
mocytes) % 1 9]9] 47} £3kE AR o|ZojA glow,
27| WY EAS sdske Aoz defA Ath(Glinski and
Jarosz., 2000; Ramirez-Gomez et al.,2010). 3f|4F2] A| 7324 U
ofl = ThefRt Tl o] @ aFo] ZEof glom, 9 W
A2S Aste AaAE AT Aol A= A C3,
AMP (Antimicrobial Peptides), Toll like receptors, lectins,
PO, lysozyme 59 W& fFddh= AaE0] TASHL A
o] B % Ach(Jiang et al., 2014; Xue et al., 2015). E3F 3f4F
3} e Su o] A7) ) gl Foj AR Hel
52t el cytokine IL-1% IL-653} A3t chal o] o]

100

40}

20

Protein level in coelomic fluid (mg/mL)

CD ND ID

Fig. 3. Protein level in coelomic fluid of the juvenile red type sea
cucumber Stichopus japonicus. Experimental groups: common
diet (CD), nutrition diet (ND) and immunity diet (ID). Data are ex-
pressed as mean+SE, different superscript letters (a, b, ¢) indicate
significant difference between the values (P<0.05).

u] Shel |l o], Aok §ARE TS shHe el T
CHprotein family) G A] 2522 chal &2 4 th(Gross PS et
al.,1999; Ramirez-Gomez and Garcia-Arraras.,2010). o2} 2+
o HARATER I A7l ) Thid F7Re vl S0l wel
HRE T} Qizhelo] 918 Aol AR, & Al AT 2t 187
of b wjoliz olat Afol7h kA gkse. oleiat 2
= AR ofl AR Foliak 214He] Aol 27] e FAR A
215k9) o1t F g ol A -2 T1E Woll A = ZHAIZR] Afo 7}
A YePs7] i o2 of AT 25 Bk ARl S
ATA Y] Folale o]8-8to] HMASAIA Aol whE A7
o] el oh EASH HH B eks] oSS}
A7kl ) ehel 2 o) Al S aotd 4= §l& Ao|et AbmE
o} whebA 2 A Aol A ZF Ao At W e o
ol FolH o2 FIFsHAl = UAITHP>0.05) ND<- 2} ID+
oA T4 9] =2 A5 YERH A2 o] gt H] 5o 4 Y &
A oA W AEET Aol Yl A O & oA
b, sak Aol el lysozyme 24 A Ad CD
£ 2954+92 U/mg, NDZS 49.52+72 Umg, IDZ2
14.09+3.2 Umg2 & IDFO A Fol 8 02 Whe =25 Le}
W ich(Fig. 4A, P<0.05). LysozymeS- o, =5 Sof 323}
AU 54 5 sht=A ] ng=ol didshr] g =
7] A g axolw BA2FE0] Hl5o|A HAA AR A S8
3t oS 48 $lt}(Saurabh and Sahoo, 2008; Nayak, 2010).
S 2ot At AEH AT S1E 790l lysozyme 24
o] Z7}=|m(Wang et al., 2008), 57l 71 #Hwk
Aolstdle 49 A W lysozyme B 7]} ] Eo0]2] e
2 Z7FA171tk AL 5% th(Rairakhwada et al., 2007; Dahech et
al., 2011; Xue et al., 2015). ZL&L} & Ao A= H =714
HigARE ol R IDto] 7Hd £& Ade Tt AEES UE
Weroll T Etshar 1250 £ 57449 lysozyme S/ 7214 0
B2 22 225 YER S o] 9} -2 S o]H ] A=l
A HASAA ol 23t lysozyme /o] 27100 S7Fsk3ith
7 AEGA R WA Ap=o] @A] b 7ol AlRbe] AdrE
Aol A HsE B d42 Uetl= A o= 46k Qi
Ma et al. (2013)2] SA-Fof| A i AF Autel fARHA A9 Al
AREEE s zHfo] @ B A 0] Frof wh} lysozyme E/d0] F
o] o 7 HSlsIAIT, 2|42 Q1 WY /S 7% At o]
L A& AlZro] At Sofl= 23] 27| Hef B4o] Holx|=
A= ey k. E3E, Tian et al. (2015)2] ALl A = ozt
7 2 GEAEY 20 T c-type lysozyme A HE o
Al 2710l = 7L Algko] Ald Fofl= W ke yE
itk wekba] 2 AdoA IDFo|lA 7171 Abgof whek
lysozymeo| -2 2| & Uebd A1k} IDTo A =2 &S
T ARES Hel ATE Fste] B, IDTY] W2 9
lysozyme-2- 8l 4F2] Ak QM Shof| whE Ak Helr, 25 9]
FAEH A Z=o] 93t lysozyme /g3 59 A5 F5t



o] A2l WakE HASHA Hul Rk S 4HRAS 5t
oFe 4 91 R02 7|,

7|
PO €& 543t A1, CDol A 14.7 +6.5 U/mg, ND+--2
17.2+8.0 U/mg 2 ID-2 16.2+3.8 U/mg CD:2o]| H|}o]
NDZ3} IDZoll4] obzbe] Aol Leht ot 2122l Aol
U ATHFig. 4B, P>0.05). PO S/ sfl4ke] HY EAdollA &
83 AYS FYste Ao defA glon lysozymed} npzh
7 &= T2 A 7FH Yol A A E th(Jiang et al., 2014). Mag-
nadéttir et al. (2006)0]] 2J51H Uukz o= PO EAY & &
2] anti-protease /d-> o -antiprotease, o,-antiprotease
4 o,-macrogloblobulin®]] €]s}e] g3} Hr}al 519 o1} o]
At A2 YA 02 Algto] I oF3E wivt SH k=
A2SRA PO THS 9ot ATE L] BAL A 2ol
U} med o] ofafAuh 2h4shEITkR B 115k ch(Magnaddt-
tir et al., 2006). wHebA] 2 Aol A= YRS 8= &
2lo] Hof PO &/do] ATt AR A5 el 2o g

60

50 -
40 a

J o

20 + c

Lysozyme activity (U/mg)

25

15

PO activity (U/mg)

10

CD ND ID

Fig. 4. Lysozyme activity (A) and penoloxydase activity (B) in
coelomic fluid of the juvenile red type sea cucumber Stichopus
Japonicus. Experimental groups: CD; common diet, ND; nutrition
diet and ID; immunity diet. Data are expressed as mean=SE, dif-
ferent superscript letters (a, b, ¢) indicate, significant difference
between the values (P<0.05).
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