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Effect of High Water Temperature on the Growth and Lipid Compositions
of the Sea Cucumber Apostichopus japonicus
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The optimum growth temperature of sea cucumber is 18°C, above 20°C, the appetite declines and the digestive tract
is atrophied. At 25°C or more, it is known that the digestive tract is degenerated as growth is stopped by minimizing
metabolic activity. Because of these physiological and ecological characteristics, the growth period of sea cucumber
Apostichopus japonicus is relatively short in the natural environment of Korea where four seasons are clear. There-
fore, maintenance of water temperature in sea cucumber culture is very important. This experiment was conducted to
investigate the growth and lipid compositions of sea cucumbers at high temperature. Results showed that the growth
and survival rates of sea cucumber were not significantly different until 26°C (P>0.01). The fatty acid compositions
of total lipid of sea cucumber tended to increase with saturated fatty acid content and decrease with n-3 fatty acid

content at higher water temperature.
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2| A0 & 2| AP 4222 10-18°Co|H(Li et al., 2002; Dong
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2:3hto] E|3tE|o] sk A o= A A §low(Liu et al.,
1996; Yang et al., 2006; Ji et al., 2008), afl4+2] o] A} 221
574 dlxzoll AHAIE o] F5iek S-eutete] A ol A= i
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Aol ARERE Al Ak TH HjFEolA AR S 2
A& AR (Qingdao hiford ecology technology Inc., China)E
ARSIt AR S RS =5 10.0%, T2 23.0%,
25 2.0%, B3kE 10.0% 183 235 55.0%%A T AF
= B W HE S 35%E 120w B AY §
A7 13/ g skl o, AR E 33T U AkE7t 5ol
A A S E o ZEE 9] SfeliA] frEl w3lE AL
glo] 2 vkt Fofl ok P O= TR A%
2 A 9 AR A T 95 6XJo] Aol
2 A A
Al=2e

Aol AHE ASAAE SalolTAAEE olgelalct.
A A 2|lo] S22k 12,000 L2 2284 Z(PH-350M, Wilo
Inc., Korea)S o850 A28 AA)| £3H-8-2 303 7/L ol
on, 2222 W7H7|(DA-3000W, Dae-il Inc., Korea)2} €]
El53]E](2.0KW, Sewon Inc., Korea)s ©]83}o] AR
= 18.0+0.5CE 2Hth Ao AME 2= FAST
© 50 L& HAZH ofa ™A A EA 7] 60 (length) X 30
(width) x 35 (height) cm©] 1L, ARSS4=2 HIERS 6%9] HAFE
£ 7H3 glow W& wejo] ] ofstel shihel
WET o2 Ro|ES alolrt. WA PVC o] x(2]
7 16 mim)E AA|te] LAYA|X, 3 mm)O 2 P
& SNl Mg Bl AL 25 FRPAUGSZ(4Y
150 cm X 30130 om, G-E425F 1,000 L) 27112 2 gup2] o &
AHg et om viere 290] AN 24 Foo] A4 E 13
Bl Wk i AR e 3 WA A A stele BB o
Bz Alojzizsl A2einz 27hE ARSI Aloi32
= ofalaE BoZHE L} $2e] Hlg 1:1)S ALgate
25o] 520 oAl 02 51913, Aol 2e] of A
el EZH(65 X 60 cm) 800445 IAFA A A ARE-EFFL.
, Z o] A 9] U A (biofitler media surface)> 624 m*$ 1L,
450 B2 HolshA o sott 29 248 BAL o
To A oATHE AR, SR A0 A FE o9 Abspet
HEH S5 HolEo A w95 A5 oz 245HA skt
HEore 9, 7, 132w Aa HHos AR
7-10%% EFsHch A2 2288 §]E/(HB-100,
Periha Inc., China)% o]-&35}o] 712} 18°C, 22°C, 26°C 12|31
30°C2 skl om], AR 82 5-103)7/do] ek, =22t
pH+ pH meter (PH-20N, Istek Inc., Korea), 8-&4k4+= DO
meter (YSI-58, YSI, USA) 18] 1! 5=+ EC meter (CM-
21P, Japan) 2 A}8-5}0] 13)/2] 24349t} TAN (total ammo-
nia nitrogen)s= ammonia meter (Palintest, Nessler, England)
2 24313021, TSS (total suspended solid)+= Z-5-0J IHH S
2 23)/F S5tk

0.
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s}o] SA)|&(weight gain, %), Q7HIA-E(specific growth rate,
%/day) 12] 1 AE-E(survival rate, %)= AHA5FR o1, A A

Ao chgt gk,
Weight gain WG (g)=W-W,
Specific growth rate (SGR) (%/d)=[(InW-InW )/ T] x 100
Survival rate (SR) (%0)=(IN/N,) x 100

A WL 27) A, W= 25 AR, T 4187
7H N2 H2WA%, N= 2542 77|40l

ARk E-L AOAC (2000) HHHol wha} 452 4el7ed 7
Thl 20 Kjeldahld, 2352 21433 oz =4
o, 22142 choloroform} methanol& 2:1 Bl && &
4ol guj 2 & Bligh and Dyer (1959)5% ]l %51
LR ARMFE AW O R 10°CE] AZ27](Dongwon, dry
oven, Korea)ol| 4] 64]7F B¢t A% & =45l on], 25|He
24 3|31 0 2 60°C 3]3}2 ol A 44|70k B8 3 Heksta
o}, BheBHE FhERe A H O] 4B thil ) A 1 50| Sk
&l 7Fo 2 519t}

Total Lipid &&

slak AR 9F 50 gof] &35=&-81(chloroform:methanol=
2:1, viv)E A& 9] 2uljgk a1, A EZE4 7] (Homogenizer AM-
12, Nihonseiki Kaisha Co. Ltd., Tokyo, Japan)= %4}(15,000
pm, 5&)3 th haxol Al Sk Fet WA|skel) ol F of 3t
eF o3 THAEEE Wi, oA (FEE et A )S &
Azl 7)o gof, F w27t dojupH o F(chloroform )
2 AEH(Na,SO)E B3| BoalA ke 0he 21 B8 A2
7](Rotavapor R-114, BUCHI, Swiss)& 40°C ©]3}o]| A &8

S 13 FUAI 5 A WS e,

29 2 24 100 mg< cap tubeo] ¥l 0.5 N NaOH-
methanol-§- -5 7}sto] A4 43 £ 100°CollA] 821+ &
35t Wl 2 BF3-methanol & ©]-8-51¢] fatty acid methyl
ester (FAME)Z methylationdt % isooctane 2 mLoj| =07 o] &
capillary column (Omegawax-320, 30 m X 0.25 mm i.d., Su-
pelco Co., Bellefonte, PA, USA)o| A2+ gas chromatogra-
phy (Glarus 600, PerkinElmer, USA)Z A|WARS £45]$ T
Carrier gast 53 AMESFY AL, injector ==+ 250°C, de-
tector (FID) 2= 270°C& Z}z+ A1t odf column &

= 180°Cof| A 887t §-#|8}1L, 3°C/min &= = 230°C/min7}t
A F7HAR &, 32/ oll A 1067 41515101 split rate
= 1:500.2 AAsl4c) A Ak HA4-S 3+ menhaden
oilE 3¢ 272 BA3F & ECL (equivalent chain length)
MO 2 E=4319th Ackman, 1969).
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Fig. 1. Mean weight of sea cucumber Apostichopus japonicus grown at different water temperature for 12 weeks. Different letters indicate

significant differences (P<0.05).
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EAA 2+ SPSS version 18.0 (SPSS Inc., Chicago, IL,
USA) programe AHE-31o] one-way ANOVA-testE AA|gH
%, Duncans multiple range test (Duncan, 1955)2 H+ 712
$o4E AR,

2 o

N

Frof w4t A4 Aah= Table 13} Fig. 19]] LR v}
o gk A¥ 7] Wt 557 4.60 g9 At =2 18°C,
22°C, 26°C 18]3L 30°CE ARS3HITh AR 4220] 18°C
oflA= 4, 8 ZLEaL 125 B = 747 6.96 g, 10.72 g Z1e]
11 18.54 g0 & AA5}9] 01 (P<0.05), 25 77t 51.4%,
133.0% 12|31 303.1%= UFERGTHP<0.05). o] o 2U7Hg%
B2 4,8 183 125 A T 747 0.6431. 0.6561 1)L
0.7207%/dayo] Qtt. AR 4220] 22°C oAl 4, 8 17
a1 123 A1t 3 7k7F 720 g, 12.10 g 712]3L 20.30 g &2 A
o1 2 m(P<0.05), S5F> 22 56.6%, 163.1% “12|iL
341.2%2 Z715FTHP<0.05). o] ] A7HAAEL 4, 8 712
31123 AT 3 7871 0.6957, 0.7502 12| 3L 0.76740] Itk AL
| 520] 26°C o A+=4,8 18|31 125 F 1 3 247+ 6.60 g,
10.81 g 18] 18.79 gO & AA3}9 . H(P<0.05), ZEH-E
Z}7} 43.5%, 135.0% 18] 31 308.5%% LFERGTHP<0.05). ©|
o] A7HGAFE-L- 4, 8 18] al 125 A3} B 7121 0.5601, 0.6625
&)1 0.7275%/day o] et AR 2-20] 30°C Fofl A= 4, 8
)31 123 AT 5 7F7F 540 g, 5.80 g T12] 3 5.99 go] ¢l
on| ZZeE0 747} 17.4%, 26.2% 1] 1 30.2%5 LR}
(P<0.05). o] wf ATAAEL 4, 8 183 125 A & 242}
0.2489, 0.1802 12| i 0.1364%/day°] 3ic}.

ol whE sl4h &S Fig. 200 e viel g A
420 18°C Fo| A= 4, 8 1831 125 A1 & 212} 100%,
95.6% 123l 95.6% o, AR 4220 22°C oA 7t
7} 100%, 95.6% 18] 1L 95.6%= LFeh} 18°Col| A 9] afj 4t}
22°C Fo| A9 slate] EE2 Aol7t e AR UERTh
(P<0.05). AR 4=2-0] 26°C ol A= 4, 8 123 125 73 &
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717} 95.6%, 91.1% 1] 3L 88.9% ©] %121 (P<0.05), AHS: 4=
£0] 30°C Tl A= 2+2F 91.1%, 82.2% 18] 1L 75.6%2 e}
STHP<0.05). 4=2-of] w2 AEE-2 AR 4=20] Zopg]of| u}
S AYEEE WOl = A 02 Ui
A=z

ARE717E EQE gt IA| 28] ARSAS FiEse 33.5-
33.8 psu, 844 6.38-6.62 mg/L, pH:= pH 8.01-8.13, =
FEol= 0.120-0.208 mg/LZ YERton, F RiE2e
7.02-7.56 mg/Lol e, AR 7|7 50t g TA AF]) U AL
S4220] $222 18+0.5°C, 22+0.5°C, 26+0.5°C 121
30+£0.5C2 GAEom, JH%% 33.5-33.8 psu, B4
4 6.12-6.58 mg/L, pH-= pH 8.00-8.12, & ¢} Lo}l 0.132-
0.268 mg/LE Uehgon, & FiE22 7.38-8.06 mg/Lo|
et

I

2ol w2 site] UudE F4 Zik= Table 20 e}
W Hlel o ARS: 422:0] 18°C A allite] A9 s idhg
91.8%, ZTHlA 3.73%, A& 0.58% 18]l Z3|E 2.72%0]
Ao, 22°C AT 749 22 91.2%, 2T 3.78%,
A 0.62% 12|3l 23|15 2.98%0]| AT} AR S220] 26°C
AP SAre] AL SEFHEF 91.7%, 2EHA 3.92%, A2
0.51% 283 23| 2.76%F oM, 30°C AL Ho o5
ek 91.3%, ZTHA 3.88%, XA 0.53% 12]al %35
2.82%%th. ARS: o] whE =EehF 91.2-91.8%, 2 A
3.7-3.9%, 2| A 0.5-0.6% 12|31 Z3]& 2.7-3.0%= LEfstc).

e =g

G0l T SlaFe] & A1 AIMAT 248 Table 3] L}
4 vlo} 2T, AL -20] 18°C AR aie] FRAHAE 2
AL 16:1n-7, 20:4n-6, 20:5n-3, 16:0 13l 18:0 <=0 2 7}
7+ 12.40%, 11.15%, 10.29%, 7.16% “12]aL 7.14%% et
o, AR £2-0] 22°C 4t AT FRAAR 16:1n-7, 20:4n-
6, 20:50-3, 16:0 18] 1 18:0 2202 717} 12.19%, 10.96%,
9.25%, 8.76% 181l 7.88%= et 183l ARS: 2
0] 26°C AT JAF FR A 242 16:0, 20:4n-6, 18:0,

Table 1. Growth performance of Apostichopus japonicus cultured at different water temperture for 12 weeks

Temperture (°C) Initial mean weight (g) Final mean weight (g) WG' (%) SGR? FC? Survival* (%)
18 4.60+0.06 18.54+0.59° 303.1 0.7207 3.304 95.6
22 4.60+0.09 20.30+1.06° 341.2 0.7674 3.278 95.6
26 4.60+0.06 18.79+1.26° 308.5 0.7275 3.673 88.9
30 4.60+0.08 5.99+0.66° 30.2 0.1364 - 75.6

'WG (Weight gain, %)=[(final sea cucumber weight-initial sea cucumber weight)/initial sea cucumber weight]x100. 2SGR (Specific growth

rate, %/day)=[(loge final sea cucumber weight-loge initial sea cucumber weight)/days]x100. 3FC (Feed coefficient)=dry feed intake/wet

weight gain. *Survial rate (%)=(final sea cucumber /initial sea cucumber)x100.
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Fig. 2. Survival of sea cucumber Apostichopus japonicus grown by different water temperature for 12 weeks. Different letters indicate

significant differences (P<0.05).

20:5n-3, 7128] 37 18:1n-9 <=0 & 747} 12.24%, 9.81%, 9.78%,
8.60% “12]1l 6.69%= LEFFOoH, AR420] 30°C ATt
SAF =R A HFARLS- 16:0, 18:0, 20:4n-6, 20:5n-3, 18] 37 18:1n-
907 7+7F15.15%, 12.231%, 8.65%, 7.38% 18] 31 5.92%
2 Yt 53, 23R4 3FRF] 2ol 7t BG =t AR
$20] 18°C, 22°C, 26°C “12]aL 30°C Lol A ZH2) 21.58%,
23.79%, 30.39% “12]1L 35.86%%2 AR 20| ol of u}
o} oA S SUbE= Ao R UEeH, 3h-3
PUFAQ] A% 717} 17.96, 16.79, 14.61% 12|31 11.87%=
A8, 4-20] 7hatol w2t Sn-3 PUFA BRES Wz 71
2 YERGTHP<0.05).

2

il

ol A& Foto] st 2 18°C, 22°C, 26°C 171t
30°C= ARt At 2-91 18°C i Hlste] A== 22°C
FollA A wERt e, 26°C Foll A= F2Al ol 7t gl

= A0 & YA, 29 142131 30°C FolAl= RA U
EpStT) o] A3t At A F7HA] 21} I E| o] 3 et
o] 5o M 4L W9z &7l 10-18°C (Li et al,
2002; Dong et al., 2006)2}= 447 slof| o] Fof 5 7] wfjiZo] H]
W 4 Gl TS 27)7F v offh 2 25°C o] H
= A7t S-S HaSpAA S HEAL, a3k
o] E|g}E|o] shH(HHK)st= A= U4 lom(Liu et al,
1996; Yang et al., 2006; Ji et al., 2008), 3fj4-2] o] e =]
2 54 wgo] ARl Fatet $2luiete] AIgol AL
sharel 4271710] Fot st ool Belak Ao el
Qlth(Jeong et al., 2016a). =2 slo)| W sf4to] 5 EA
of| A =2 28-30°Coll A1 9] siat FF 542 A AR 6AIE
o] Azt o]Fofli= thE 42(10-25C) .t B % w2 7HA|
S0l ZsetA 55 sk Ao] WEE UL, Ao Wt
Sk A7 kol A &9 Sl o] B lth(Jeong et
al,, 2016a). A3 F& AFoll= HARAZF Ul on o5 7
A O] B85S o] AR AL B2 moba] O] 519

Table 2. Proximate compositions of sea cucumber Apostichopus japonicus cultured at different water temperture (%)
Temperture (°C) - . Nutrien-t f:ontent
Moisture Protein Lipid Ash Carbohydrate
18 91.83+0.28° 3.73+0.032 0.58+0.022 2.7240.012 1.1410.022
22 91.23+0.40° 3.78+0.092 0.62+0.062 2.98+0.022 1.39+0.022
26 91.68+0.22° 3.92+0.072 0.51+0.032 2.76+0.012 1.13+0.022
30 91.29+0.20° 3.8840.122 0.53+0.012 2.8240.012 1.48+0.022

Nutrient content date were calculated on a dry matter basis. Data with different letters in the same column means
significant difference among different diet treatments (P<0.05).
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wIshgich Alolth 2 ALY Ao} 7)o erelzl -2 Aleier
o] 713 5 Aol e 420 25°C o4 Hl Al7]ol thake
B2 H25pAA 43S UFAL, 25t0] Elgtelo] hA(E
)R oA QAR 2 Aol A sheiglo] AAsHee
o], Jeong etal. (2016b)2] GO AT 25°C o4 H= A]7] o]
= Aol Be|a glek. olele Aol s A 2719} 4l
ARk o) ake] ool 7|91 0.2 A2l 4= k. 2 Al
ARG SRS A9 o} siafolwA 114-R0] 25| 4
A7 oItk A TAS GFAA B3] 25 ou] it
AFE5HE T F A1 ofm] 7}8helof 4 T Lol = BAlglo]
A 4 QleR Aloltk. e Bl QR A A3k A0

o PHOR AL FAE AGHS 1] 26:30°C 2
0.2 Al |w B AR 7h A ao] AEl ol

ke, el of 7)o that A7) e shake] Al
2 B4 Bk Seabso] T2 opAa o] AAa el 24

ol A 7115 Axfetar AbR ) Ak AFR O] S SR A
T AR vl A IS A Rafjslr| gt -2o] A5t
o Hufjz gt e g2 7HE3E E ol §l7| el
F-2of| w2 AbRE] 7} o} S asith SitALR O 544
FHEARE ST U AR pEo] HAA 2E EEE 2
Aft7] dmoll +E e dS 2ad T 4 e Ales e
Fasith. o2let A S s dst] flste] HAEA fE
2lE ARgsto] o Bl Sof| Zotr= W (Anisuzzaman
et al,, 2018)& ARSI & AAlol A Tt AleEg
WS 55to] A ARS71ZE pHi= pH 8.00-8.12, ¥ f U ok=
0.132-0.268 mg/L 128]1! & F3-52-2 7.38-8.06 mg/LoZ
A siatARSE IRt ARt /9] ol A 4171 Eof 2o 3
4ol dEFe = A2 fle Ao E AlmErh

Table 2] PR & 282 051-0.62% HA=A 429 W
Slof| Zpol= gllem, Table 39| sl Ao ARt 24
olME Lo 8 s ZIAPARS F7HE AL Q= WA
of ERXIAARE Akl A o' YTt o] =29

E A= thE ofA A E0] Hof(Kepshier et al., 1983)2} &
2}u]ol(Satoh et al., 1984) Ao A= -2 AWy} HuE 1
AUtk AR 2 F7Hel Wdsto] A4 AlGE = Bl awshH
Q| 7F-9A AR HS7E il o, eH7H-644 9] 20:4n-6
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Table 3. Total lipids fatty acid profiles of sea cucumber Aposticho-

pus japonicus cultured at different water temperature (%)
) Water Temperture (°C)

Fatty acid 18 22 26 30

14:0 1.43£0.02 1.40£0.02 1.74+£0.03 1.79+0.03
15:0 2.3120.01 2.274+0.01 2.45+0.05 2.29+0.02
16:0 7.16£0.23 8.76+0.40 12.24+0.18 15.15+0.16
16:1n-9 1.21£0.05 1.19£0.02 1.30£0.02 1.23+0.01
16:1n-7 12.40+0.07 12.19+0.11 5.77+0.18 5.90£0.10
16:1n-5 1.11£0.03 1.09+0.03 1.46£0.03 1.78+0.03
16:2n-9 0.69+£0.02 0.68+0.03 0.78+0.02 0.50+0.01
16:2n-4 0.64+0.01 0.63+0.02 0.72+0.01 0.83+0.01
16:3n-4 1.3310.02 1.31£0.01 0.25+£0.06 0.44+0.02
16:3n-1 0.904£0.02 0.89+0.02 1.01+0.02 1.03+0.01
16:4n-3 1.05+0.03 1.0320.00 0.31+£0.01 0.06+0.01
16:4n-1 1.90+0.03 1.87£0.01 2.24+0.03 1.89+0.03
17:0 1.74£0.02 1.71£0.03 1.85+0.02 1.73+0.02
18:0 7.14+0.12 7.88+0.21 9.78+0.06 12.23+0.19
18:1n-9 4.65+0.08 4.57+0.10 6.69+0.10 5.92+0.10
18:1n-7 3.86+0.01 3.79+0.02 0.98+0.08 0.59+0.08
18:2n-6 1.39+0.02 1.3720.08 2.73+0.05 2.48+0.05
18:3n-6 1.95+0.01 1.91£0.06 2.16+£0.03 2.07+0.03
18:3n-3 0.404£0.01 0.40+0.02 0.31+0.02 0.30+0.02

20:0 1.81£0.06 1.78+0.06 2.33+0.08 2.67+0.08

20:1n-9 4.53+0.08 4.46+0.08 4.80+0.03 4.89+0.03
20:1n-7 1.10£0.03 1.08+£0.03 1.82+0.08 1.85+0.08
20:2n-6 0.96+0.02 0.94+0.05 1.07+0.03 1.00+0.03
20:4n-6 11.15+£0.28 10.9620.16 9.81+0.09 8.65+0.09
20:3n-3 0.75£0.03 0.74+0.02 1.34+0.06 1.27+0.06
20:5n-3 10.29£0.20 9.25+0.40 8.60+0.30 7.38+0.12

22:0 1.72+0.04 1.69+0.03 1.92+0.06 1.96+0.06

22:1n-9 1.64+0.02 1.61£0.06 1.16x0.09 1.19+0.04
22:1n-7 2.19+0.06 2.15£0.09 2.38+0.08 2.32+0.05
23:1n-9 3.62+0.07 3.56+0.04 3.89+0.03 3.72+0.02
22:5n-6 0.72£0.03 0.71x0.02 1.30+0.01 1.33x0.01
22:4n-3 0.35+0.01 0.34+0.02 0.27+0.01 0.21+0.00
22:5n-3 0.44+0.01 0.43+0.02 0.48+0.03 0.46+0.01
22:6n-3 5.46+£0.03 5.37+0.04 4.04+0.02 2.86x0.04
24:1n-9 0.20+0.00 0.15+0.01 0.32+0.00 0.26%0.01
J SFA! 21.58° 23.79° 30.39° 35.86°
J USFA? 78.42° 76.21° 69.61° 64.14¢
Jn-6 PUFA® 19.76° 19.45%® 20.97° 19.26°
Jn-3 PUFA 17.96¢ 16.79° 14.61° 11.872
n-6/n-3 0.91 0.86 0.70 0.62

ISFA, Saturated fatty acid. 2USFA, Unsaturated fatty acid. ’PUFA,
Poly unsaturated fatty acid. The values are mean+S.D. (n=3). *
dDifferent superscript letters within rows represent significant dif-
ferences between treatments (P<0.05).
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