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Abstract : This study was undertaken to improve the survival and early life growth rates of cold-water fish by culturing rotifer (Brachionus plicatilis)
with low-temperature tolerance. The enrichment experiment was carried out at different temperatures and over different time intervals. Cultivation of
the rotifer at low temperatures was repeated, with the selected and cultured as the water temperature was gradually lowered from 20°C to 10°C.
Enrichment of the rotifer was completed using A, S, SCV and SCP. Enrichment was carried out after 6, 12 and 24 hours at three different
temperatures (10, 15 and 20°0). In the growth experiments, the rotifer increased to approximately triple their original size, from 350 + 7.9 ind./ml to
1,064 = 5.7 ind/ml at 10°C over 50 days. The fatty acid composition of the four enrichment materials was species-specific, with the highest ratios
belonging to eicosapentaenoic acid (EPA, C20:5n-3) and docosahezaenoic acid (DHA, C22:6n-3) in SCP. The fatty acid composition of the rotifers
was affected by the enrichment materials. The EPA (% of total fatty acid) was more than 2 % in SCP, which showed a higher ratio than the other
enrichment materials. DHA was higher in S reaching 12.40 % at 15T for 24 hours. The highest levels of EPA (3.09 %) and DHA (11.65 %) were
obtained after the rotifers were enriched with S at 20 C for 12hours.
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A2 vkl L-type ]3| (Brachionus plicatilis)®]

1. M E

2EH = A7) 2 FE7 AH o] o] o= A A Felr] uf
o, 8ol THEANE 7] Hol2A] d o] &5
Atk I W VlEE HHEte] vgd g vlso] A
©](Hirayama and Ogawa, 1972; Fu et al, 1997; Fielder et al.,
2000; Altaff and Janakiraman, 2015; Onal et al., 2015), SFd 4 o
2 g% Aol 7hs3lx A EAE AAEHATG. 2E
o] JFsrA el SHA v FH ol st vheke A+t
&) o] ko ™(Theilacker and McMaster, 1971; Fu et al.,
1997; Takeuchi, 2001; Tomoda et al., 2007), =27} Q42| 274
WHale] o)g 2ZE| T O] FAE Aol dg A7 % a0l
gth(Ito et al, 1981; Miracle and Serra, 1989; Snell, 1992;
Hagiwara et al., 1995; Altaff and Janakiraman, 2015).

o] sfakel o] FHEAYLHE 72 16~22T 9 34
EE 32345 o] 83t o, Ltype =E T
20-25TC oAl Z218 A|7]3L Ythto et al, 1981). ©] 2] 3k
2 B Ao AR AFR, APl A vl ke
B E FHsd, 23 x99 Apold gFS w2
ZEIY = Aokl A HAFSHA " tH(Lubzens, 1987; Qie and
Olsen, 1993). #AFgH =E]H = Fofjeto] =4 ofstz <ls|
Zpol7] 7] #HAe] dle] & = Q. ol & Tty f8iA
Ik o2 ZE|H v Al T HES THALN Fx9
A 2230l Bl SeHAl frAlskaL loh el A= - Ako]
ALS Al ZEY ]S 25 28T oA 25CE w311 20T
A FEASHE 3] 10C Q] AMFFZe FF37 % 3t
ATH(Seo et al, 2007). 3FA| R, B3 o] Fell A7 =H Y
W7 =7 GFdst e oAk gy A &
< AAolt) o] B3] 91E)A n-3 HUFAST 2 AW
cbol GkAdst 4 mH T o] ARSER B w2 oA 4
F78lsle] woldgS AEstal 9l O (Reitan et al, 1997;
Cahu et al., 1998; Assavaaree et al., 2001), o}2 = s ZsfoF &
A7 BT

EPA(eicosapentaenoic acid)2} DHA(docosahexaenoic acid) 72
n3 AlE Ak AAzE 75 do] Aole] 27] A%
I AE F83 TS $+r}. 18] 2 highly unsaturated fatty
acids(HUFA)= AJA|2He] f-54 2 a484& WA 7|,
prostaglandin®] ATEH & 1 G&o] wjg Fag A=
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FFEE e, AR H LA E5
C18:2n-6)% Alpha-linolecic acid(ALA, C18:3n-3)3 A7~ A Ak
o7 st} Ao B E 3= EPAY DHAY o] 71538}
A7k, )Ako] Fi= EPAY DHA9F 72 n-3 HUFA(n-3 highly
unsaturated fatty acids)E F/dsh=dl o3 a4vt =53] Al
GA o] ALt §17] wliEo] wolo] EPAS} DHAS H.ZF 3 9]
of gt}

AT F4 593 #2982t 2E9 2 0gea, o 2
HE sl AP PP 5, A3, FFB A
dule] B2 @ 7z ARE ATsuA sk

2. ME L

2.1 2E|HO XM42 =X Y

A @Al oM WA o 7o Adrl= FE 1244
2 A glen, o] wf #2199 = 5~10C2 Halso] )
© ™ (Nakatani, 2008), -3}3+ z}o] & AlS & wjo| & o] 2
h7b Aesitt. 22y o] oA REHE x7] Yol=
Fr&3HAl ol&3t7] A= xSl Ffrake Aozt
AAE = e AHE AT oA 2E¥ e dEol
dosttt, 2N ¥4 o7l TRAMNS aLEste] o]
g 2ds FHFAI Al A2AME T4 93 &
= 7H A2 WA ZESE wi el
Foll AHg ZEFHE 20159 A dFdistaelA &
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| 249 BS Ansre £8AA U 2o
dstar A% = A 2% Fx Fxorh &
F&-8ko], 20C A =¥ widstr] A&ttt 1
G 1CH B3 o] & 2EHE Aus 13
1SColA 3 e o FHEE Lol >
1CH S @eo] £ zEWe) AU Adse] 23
o2 10CA 3749 o4 waheirt Aol 10T 3
AR ol we wEHE Agaeith A9 As o

TE

T ol E ARESR AL, HE = 2002 A3

)PNO
B
ool o
2o RO gt o ro 2

o |o me

3

- 501 -



ot
o
1

Eapcha 5ot R = A R R S )
= 7](Onset HOBO, U-22-001, USA)
it

et

[n]

n
ro

| ALt
3= 10, 15, 20C=
, Korea)ol| /] 943 nj

[

-|>

o
O
ol

x5 Q159 o] E(Cryste, &
F42(0220%220 mm, °F 6 L)l

v &te] AAE =7} 500070 A /ml

T

=

[ez]
=1

=
Iz
fr

O o] &H= AAA,
b2} 50 ml/, 17 g/4, 300 ml/%],
Tgele] &R ALgs)

ZE Y A5 Jgist
2 AZYste] 40 m Ao Ae
o] Wi BA A|7bx] -20Co| B3t

—_

2.3 BEH H FYLA 9 XY

X HFAE 218 Folch et al.(1957)<]
X5 des EFA2:)ez
BF3-methanol(Sigma, USA) &N o2 X
Edl capillary column(SPTM-2560, 100 m x 0.25 mm 1i.d., film
thickness 0.20 «m, USA)©] “&&%¥ gas chromatography(Perkin
Elmer, Clarus 600, USA)Z A WAHS
AEFS AHE33 oM, Oven 2= #HZ 140C A 240C7}
Al 4C/min S 7FAZA T o], injector ==+ 240°C, detector
(FID) €% 240C & ztz} A9l on, T3 AWito s

3770 A %AF Z8HE(PUFA 37 Component FAME Mix, USA)S

g,

of W} FE2=2
3t 14 %

methylation A

S|
X
= < A
[e)
H}A <
=
-,

WakS B29318 ) Carrier gast
A

3 |7E:|J_'—|' ol Xt
3.1 ZE/HO M4 =X Hf
dubA ol vjFE Rt W 2o =3 L MY
e 73 2E = 10C oA 5027 g3t Aot Hx A
ZU% 35067970 A /miol A HE WU T 1,064+5.77) A /ml
Ed L79mhE A7 oF 3u) FIteE SAES ES

%

ChFig. 1). 9ubE¢l ZElS wj g 5=220-25C )(ito et al,
1981)> W7 o 7o) §-35} 2po] AR 2(5~10T ) G
ztol 7 U 7] wiEddl AR G0 3 ZEHIF &
434 YolZ o] guA grevla A ZEth(Lubzens, 1987;
Oie and Olsen, 1993). ©]&]3F ZE]H ujtL xlo] A3 )

THEE REHE

A x7l0] thzy] e, A

ey A N
[Slm =]

o

©
e
of
o
Loy

oo

ol

2

o
fr

Ll

o %Oﬂ
2-3}7] Wil (Epp and Lewis Jr, 1980),
W= AL 7)ol gk dS
o} 2E|H 9] F4 JMse
3}(Fielder et al., 2000)°] ™, $3+-2]

| ®rol(Koiso and Hino, 2001) w24 gt
ol dF % 197pptd] W WY
UH(Epp and Winston, 1977; Walker, 1981).

AL 2 AGelAE B4 o7l AR et fAR

~
R

-
i

L

[}

= [e]
Fo §9
(e}

M= 5T

N e e

lo

o

I F-?ﬂg

Of
bt

A

A

24

o]

2

O ozl §E

P
_,___9_
o

5

[e)
o 8

o

CK EER
Mab} ohw
o o] VA

o
)

=

wo ox flo &

.

o]

©

ols

|
TN E S BT & AL °F 15519 PR
FRo| A o] Foj 7] wel thEF i AAISsHA gkt
A FEA A ZEHE o] 8T A 10T oA AL )
Faa, 12 M 2o §37 Y UEE SPoRA F
BEALE A Had 26y &5 A Ao TgEnh
2,000 12
1,800 |
:.E‘ 1,600 \/-J\W\/\\/\/\N\/\rpe 10 o
S 1400 | | gl
® 1200 |
2 1,000 | 1 6
g 800 | E.
{4
g 600 =—a=Rotifer density IE
% ;gg p ==Temperature {°C) 12
24
0 0
0 10 20 30 40 50
Elapsed time (day)

Fig. 1. Growth of rotifer cultured at 10C.

3.2 £#2 U FLLsiA o OE XM BN

EPA ¥ DHA®} 72 n-3 HUFAS] ke a4t o] 7 #}o
o] A A AL B TS v 2 th(Rainuzzo et
al.,, 1989; Watanabe, 1993; Furuita et al., 1996; Rainuzzo et al.,
1997; Furuita et al., 1998). -3} 2}oj7} 7173k Al 473317] 9
A= HolE2] n3 HUFA $&o] 3-4% oS 273
UH(Yoshimatsu et al., 1997).

AP A ARESE P FAEA
Table 1o YERATE Esh=] ke
(PA, C16:0)> AollA =2 S HAY
SCve}F SCPoll A vE gho] vEbwth B3 n3A] B EEXES A
WAkel EPAY SCPOlA 1549 %% =7 YEF S, DHAE
SCP 35.03 %, S 22.32 %= 2. & *=9tt}. EPAS} DHAS] H] &2
15.49, 35.03 %= powder type®l SCPolA =4 ey}
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A2 v k3l Ltype ZE|3|(Brachionus plicatilis)®] %A

Table 1. Major fatty acids composition (area % of total fatty
acids) of four enrichments as raw material

Oil type P(t);vp(ier

Fatty acids A S SCV SCP
C14:0 0.00 0.69 0.46 1.27
C16:0 36.94 19.22 18.66 7.49
Cle:1 0.90 1.12 0.00 1.44
C18:0 0.00 0.21 13.41 0.88
C18:1n-9 6.33 19.63 10.58 7.61
C18:2n-6 5.64 14.65 29.28 0.69
C18:3n-3 0.00 0.00 7.85 5.98
C20:4n-6 1.18 0.28 0.00 0.79
C20:5n-3 2.67 1.85 3.08 15.49
C22:6n-3 19.67 22.32 8.99 35.03

A, 10C oA viget 2EjH ] Y43 d Agak &
M A3E Table 201 YEFUI AT PAE 13.63 %, LAT 44.07 %
2 =7 yebt 33, EPA 2 DHAY 2+ 0.36 %, 0.37 %
2 9 vEhsth

Table 2. Major fatty acids composition (area % of total fatty
acids) of not enriched rotifer

Fatty acids % of total fatty acids

C14:0 0.59
C16:0 13.63
Cle:1 1.69
C18:0 8.68
C18:1n-9 2.85
C18:2n-6 44.07
C18:3n-3 0.00
C20:4n-6 1.09
C20:5n-3 0.36
C22:6n-3 0.37

Zhzke] JAASAE Abgste] YA 2 = ATl
2 ZE|H o XAk A S Table 3~60] YERNATE

£, Table 39] AolAE LAZE U743 =& = A7t
AAIG o] 37.63~48.04 %% EL HES A e PAE
20C ol A 12A17F g3l 3 A1 19.26 %2 =A e}
W%oh ALAE 10T oA 6A1ZF FE4Ee AP 71 470 %=
=7 YEF T} Arachidonic acid(AA, C20:4n-6)= =< 10, 15C
ol A 24117}, 20°C ol A 12A)3F G FAEFsE A o] 242} 1.94 %,

A

J

GFds) 72, A L FFLEA T

2.00%, 1.91 %% EFTE EPAE 20C ol A 24X17F 47
3} ATt 1.58 %, DHAE 20C ol A 12A]17F o4 9743} 31
77 479 %= ER T

oY

IUZ

Table 3. Major fatty acids composition (area % of total fatty
acids) of the rotifer enriched with the A

Fatty acids Tenmp' Enrichment time (hour)
(©) 6 12 24
10 1.45 0.34 0.99
C14:0 15 11.37 1.34 1.38
20 1.37 1.87 1.59
10 8.38 16.64 15.67
C16:0 15 13.69 15.00 15.76
20 16.48 19.26 17.05
10 1.76 2.06 2.12
Cle:1 15 1.21 1.98 2.15
20 1.61 2.50 8.60
10 8.72 8.94 7.30
C18:0 15 7.33 7.02 6.46
20 8.51 0.17 3.17
10 6.24 5.77 5.99
C18:1n-9 15 4.72 6.30 5.62
20 5.42 5.86 6.29
10 48.04 43.99 39.52
C18:2n-6 15 37.76 39.65 37.63
20 40.82 39.89 37.82
10 4.70 3.95 3.82
C18:3n-3 15 3.14 3.75 3.40
20 3.83 3.87 2.51
10 1.28 1.12 1.94
C20:4n-6 15 1.04 1.38 2.00
20 1.19 1.91 0.31
10 0.52 0.71 0.85
C20:5n-3 15 0.53 0.78 1.19
20 0.76 1.16 1.58
10 2.63 2.25 293
C22:6n-3 15 2.25 3.57 4.08
20 3.05 4.79 3.79

BEASIA SE AHEEte] FdAse REHY 2 F
2 A 2b ehES Table 40 YERARIY LAY A
A A g FoA 7 2 v &S kA s o
o0 2 PAZ} ARSI

ALAE 10C AF 71 AIZPE R 4.03, 442, 348 %% o}
2Rt =7 el th AAE 20T oA 613 A3 g
AFT7F 0.82 %5 HEFWH O 12417, 2441 3F AE e A=
0.0 %= YEth EPAE 15T oA 6A17F 4 F733ls A3
T7F 3.57% =9kow, DHAE 15C ol A 24417 473}
A T7} 1240 %% =A LER

M

ot
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Table 4. Major fatty acids composition (area % of total fatty
aids) of the rotifer enriched with the S
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Table 5. Major fatty acids composition (area % of total fatty
acids) of the rotifer enriched with the SCV

Fatty acids Tec,mp' Enrichment time (hour) Fatty acids Teomp' Enrichment time (hour)
(©) 6 12 24 (©) 6 12 24
10 1.09 0.98 1.62 10 0.61 0.74 0.71
C14:0 15 0.73 1.66 1.45 Cl14:0 15 1.16 1.01 0.58
20 1.52 0.00 1.17 20 0.26 1.02 0.34
10 16.00 16.36 19.13 10 14.38 13.78 13.01
C16:0 15 10.11 22.30 15.04 C16:0 15 13.19 14.82 9.94
20 17.54 0.00 16.08 20 14.05 14.11 14.17
10 1.46 1.69 3.65 10 1.53 1.53 1.73
C16:1 15 0.86 2.76 3.38 C16:1 15 1.73 1.62 0.87
20 1.77 0.00 1.98 20 0.00 1.45 1.45
10 6.58 7.18 4.98 10 11.87 12.31 11.97
C18:0 15 3.67 5.26 5.18 C18:0 15 7.92 11.80 8.21
20 6.83 0.00 5.36 20 11.65 10.69 8.94
10 11.07 11.79 8.36 10 4.06 8.81 8.88
C18:1n-9 15 7.33 10.43 8.10 C18:1n9 15 6.81 8.79 6.12
20 6.99 15.10 9.01 20 4.67 3.53 6.90
10 39.01 4125 29.03 10 43.12 41.36 40.05
C18:2n-6 15 23.97 34.15 29.42 C18:2n-6 15 36.61 40.26 25.05
20 40.41 56.76 30.48 20 48.32 44.62 36.10
10 4.03 4.42 3.48 10 5.97 6.70 7.82
C18:3n-3 15 222 1.50 3.74 C18:3n-3 15 5.84 6.53 4.94
20 4.66 0.91 3.68 20 5.18 551 4.86
10 0.52 0.68 0.77 10 0.48 0.61 0.59
C20:4n-6 15 0.28 0.41 0.68 C20:4n-6 15 1.51 0.70 0.00
20 0.82 0.00 0.00 20 0.00 0.86 0.23
10 0.85 0.73 1.43 10 0.72 0.95 1.37
C20:5n-3 15 3.57 1.42 1.89 C20:5n-3 15 233 1.05 1.02
20 0.93 3.09 1.60 20 0.40 0.64 0.71
10 6.16 5.54 9.44 10 1.91 1.94 2.69
C22:6n-3 15 4.79 6.09 12.40 C22:6n-3 15 4.46 2.11 1.96
20 6.18 11.65 11.27 20 1.09 1.27 1.94
SCVE A}-&-3}od °§° 7skek 2EjH O] A7 R 2o o SCPE AM&3to] dd7dslst ZE|H Y A7 L F2o o}
E AL %S Table 50| YERITE LAZE AA A & 2 AL S Table 60l YER
ZF T M 5 H]EE 2FA 3k T ALAE 10T ol A 244 LAZF AA A4l st =2 0SS i}ﬂ shlon, PA
Zb g rtslet g ) 782%, = 15CAdA 6A1ZF G 7F O o2 =3kt ALAT 20C ol A o ¥7sl Azt
Zatet AT 151 %= =4 Uebth EPASF DHAE Wl 6.06, 645, 6.64 %= ThAh Holx|&= AeS vehyth
15C A 6x]7F Oé%k%ﬁ}i A T7F 242 233 %, 4.46 %= = 15T 6417, 12417 978l A TS A&t v 5
A vEbs o, JFst Agte] dojdF wolx= 4 & Bl&S YETH EPAE 20C 24A13F Aol A 3.78 %,
o] e DHAT 20C AE A A3t Algto] dojda5 497,

5.00, 6.98 %= }E}%IT)
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A2 w3l Ltype ZE|T|(Brachionus plicatilis)®] 24 Gud7}3} =8, A

Table 6. Major fatty acids composition (area % of total fatty
acids) of the rotifer enriched with the SCP

Fatty acids Timp' Enrichment time (hour)
(®) 6 12 24
10 1.03 1.16 132
Cl14:0 15 1.53 1.56 1.38
20 1.33 .12 0.96
10 1331 13.44 13.42
C16:0 15 14.70 15.35 14.41
20 12.88 14.18 13.19
10 1.84 2.38 3.01
Cl6:1 15 7.91 8.37 234
20 1.96 2.58 3.29
10 7.82 8.33 771
C18:0 15 3.02 3.40 775
20 7.85 7.48 6.28
10 6.69 6.64 6.56
C18:1n-9 15 731 5.40 6.95
20 6.20 8.00 833
10 39.37 38.38 36.72
C18:2n-6 15 39.94 39.73 37.00
20 34.85 34.52 29.96
10 6.09 5.81 5.68
C18:3n-3 15 3.81 3.37 5.37
20 6.06 6.45 6.64
10 1.56 1.44 1.45
C20:4n-6 15 0.33 0.31 1.46
20 1.47 1.53 1.92
10 2.04 1.35 3.00
C20:5n-3 15 2.87 2.83 2.59
20 2.76 2.88 378
10 4.67 4.17 4.17
C22:6n-3 15 4.19 321 3.64
20 4.97 5.00 6.98

B AF A AFE3 U 71x 9] Agta Al o] Ak 24
CP2] EPA, DHA &HaFo] 1549, 35.09 %i = 9k TH(Table 1).
i ZE| e A3 4YAEE F0e 9ol DHA

2 SOl A A debwtow, o Fdst /\]7}4 oo =

= =7 YeER I tH(Table 4). ] oil type2] S7} powder

type®] SCPEU} ZE|H Ao wFo] g7] Wi o2 Al

Hoh
7}z o] JEAIA R L

1< & EPA®} DHAS| %P%k% %

W B, EPAE SCP7} Q97438 o3 A7kl #A¢
2% oS AABt e FEE

& H &S YElth DHAYE s7F o2 J3siAng =
et on, 15C24A17F Aol A 12.40 %,

o] Aojd45 Hlgo] otk 1 o= SCPE

tlo mot QL' rlo

SC
Ay
b
=
=T

X oHf © T oo

>

20C

)
S
of

G

o\

=
T

oA 24A3F FEAFSE T AT 6.98 %= WEFRTE S,
Ao FAAIZ ZEHE oF 20C Ao 253}
1443 50 %7} Aol Assavaaree et al., 2001).
AfA o R YpA olFe] 27] Hol=A RZHHAE &
Al &g38l7] flsAe 3k Ao A2l 10T A
MFet ZEH o EPASH DHAS] AWat gafo] 2 sof

SCPE ol %] Y Rl W W ER JYB F AR
o] FFshs Aol £ Jow wekdr)

4. 4 E
B AT A E Wea o fe] FRAA 27] Holw F
FHE AL WAL A 2o Wkt ofo] H3E o
P el distel AEsha nEst

1 Aol A 77 wdet 2E = dwral o &
220-25CH)R T} we =29 10TCoAME =& FHES B
Atk

2. 10Cell A wigFet 2E 55 20C9] FA 12~24A17F
FFEst 3 A3 57F EPA B DHA $HgFol =41 vebsteh

70
ole @ Ashiz YA ol Fel A Al Ao} AH{E7
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