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Effects of Food and Vitamin By on the Growth of a Freshwater
Rotifer (Brachionus calyciflorus) in the High Density Culture
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Faculty of Marine Bioscience & Technology, Kangnung National University, Kangnung 210-702, Korea

This study investigated the effects of food type (condensed freshwater Chlorella, dried Chlorella, dried
Spirulina, dried Schizochytrium, baker's yeast and w-yeast) and amount, and supplementation of vitamin
B> on the growth of freshwater rotifer (Brachionus calyciflorus) in high density culture. Growth of rotifers
fed condensed freshwater Chlorella was the highest and its density ranged 7.65-8.14x10° inds./mL. The
primary lipid acids of rotifers fed condensed freshwater Chlorella were linoleic and linolenic, and their
amount (% of total fatty acids) were 48.8% and 26.8%, respectively. This suggests that condensed freshwater
Chlorella would be an effective diet for high quality and quantity rotifers, which in turn serve as live
food for freshwater fish larvae. Growth rate of rotifers with Chlorella supplementanon increased as amount
of supplementatlon increased up to 1.5 and 2.5 mg at 28 and 32 C, respectively. However, undissolved
ammonia toxicity and packing volume of Chlorella in culture medlum reached the optimal conditions for
the stable and effective cultivation of rotifers when amount of condensed freshwater Chlorella was 1.5
mg in dry weight per 1,000 rotifers at 28 'C and 32C. Growth of rotifers in condensed freshwater Chlorella
with vitamin B, supplementation was significantly higher than that of rotifers without supplementation.
However, no significant difference was found among the different concentrations of vitamin B,,. Therefore,
vitamin B, could improve the growth of rotifers (B. calyciflorus).
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Aol AE-H rotifers B Brachionus calyciflorusZ
19953 He}BE 72k S77e] Q12 7] ofate) A B
3k straing ©]8-3tH T (Hur and Park, 1996). AP F2E
6 L ¥,z g 5L)E FHZ rotifer 1,000 7HA/mL W&
Z FE3goer 27l (NIDEK Medical, Model Mark
5plus, A2FE 95% ©)hHE ALESle] 24 4239 0.3 VVM
(B71FmFSaE) 22 DO 5 ppm )4 HA FIFEA
o e EHEHe AAS7] $138) filter mat (10%15%0.5
cm, KS 185N, Aqua Culture System, Japan) 1732 Ad 28192
w1 28 AHE FAT PP S A 4 ez E
1KW 3E& 24 FX5% water bath (100 L)ol] 83192
o, Hol¥F PHFHXE (Eyela, Model MP-N)E A}-&-8}o]
rotifer LEZ3 2 09:009} 21:00°0 315 5 ¥ Uro] &
AL FFIAT rotifers] WEZ2AL UAHn) A3} A
rotifer 7R E =7} 200 AA/mL A$E HEZE 43 F 33
A3t £g wj o] 824k} pH, NHi-NS &34 3}
7] 28] 2kAaE3 7] (YSI, Model 57)¢} pH, NH;-N &% 7],
NH;-N £4 7] (Orion, Model 920A)5 ©]-&3}3th

HO|EF % vitamin B A7H0| [ rotifer (B. caly-
ciflorus)2] 3%t

#H % rotifer 1,000 /W A)/mL W] E HZE3] & 28T o)A
AAEAT. Hol= B9 55 Chlorella (Daesang Co. Lid),
ZAZE Chlorella (Daesang Co. Ltd)), A2 Spirulina (Salt Creek,
Inc. USA), AZ Schizochytrium (Abank Co. Ltd), W&
(Jenico Co. Ltd.), FA/ &% (Ewha oil & fat industry Co. Ltd.)Z
AHE-SIATY. B E Chlorella® 1Z2E Holx= 3317 A,
A7/ E A8t FRF) Ederd e W@ TC)dl
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30 mx0.32 mmx0.5 gm, USA)°] A&H gas chromatography
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WO R 12:0, 13:0, 14:0, 14:1, 16:1, 17:0, 17:1, 18:0, 18:1,
18:2n-6, 18:3n-6, 18:3n-3, 18:4n-3, 18:4n-6. 20:0, 20:1, 20:2n-6,
20:3n-6, 20:4n-3, 20:5n-3, 22:0, 22:1, 22:4n-3, 22:5n-3, 22:6n-3
9l 24:1 (Sigma, USAYS ARHE-3FH T} Carrier gast helieum
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(FID) 2%& 270CE AAs4r}
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)2 Rico-Martinez and Dodson (1992)2] 2]} )3} A 4+=)ich
[r=(1/T) In(N+/Ny) (T=HZF °]% rotifer’} 1 Yxo] =23}
J17kA] 2} B} kU 4= Ni=T days®) rotifer 321U % Ne=rotifer

HEAE))

SAXe
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10° R Al/mLE VebgTh sl BAIZE Aol whE w9
pH H8lE BH fAER FFTE A3 Urx 23 e
A Aoz Frlske AES By, D=2 Spirulinash Ax
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A2 Schizochytrium, XA X R} A velytch, wok
2] NH-N ¥zl 28 A ola Alzho) Hnpgdol ule} F7}
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Spirulia F-FTE 49 £8 A 288-46.4 ppmo Z A UE}
WOt AZX Schizochytrium™ FFAAR FHTANE 2.5-6.4
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AN FFe] HolZ widR 2 rotiferd] A4k B4 A3}
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18:3n-3°] 247} 48.8%%) 268% % HL AYL B PTh

Rotifer XY= wikoll A vitamin B2} 3 7}Ek0)

t

£ rotifer



608

Trial |

-
o

—<e—Condensed Chlorella
(_._ Dried Chlorella

(-

& Dried Spirulina

—>—Dried Schizochytrium
—x—baker's yeast
4 L—e—w-yeast

Rotifer density
(x10%inds./mL)

X3
ol
)

Trial ||

Number of eggs
(x10%inds./mL)
N

>
o

NH3-N (ppm)
N
o

-
o

w
o
— — -y | |

of

1.5

N

0.5 1
Days

Fig. 1. Population growth
diets.

2] MAF 442 Fig. 29+ 2t} Vitamin B2 7} ©E
rotifer?] NA S A A wiF 25UA 3 ppm FFTUF
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Table 1. Fatty acids composition (% of total fatty acids) of Brachionus calyciflorus fed the different sorts of diets

Fatty acid Dets
Condensed Chlorella Dried Chlorella Dried Schizochytrium w-yeast Baker's yeast Dried Spirulina

14:0 1.7 1.8 8.1 6.4 2.0 6.5

16:0 - 23.6 347 236 8.5 38.9

16:1 0.9 0.9 5.3 24.8 39.8 9.8

18:0 55 5.0 5.6 4.9 3.9 8.1

18:1 34 1.3 7.2 225 34.5 9.5
18:2n-6 48.8 58.3 13.8 53 5.3 -
18:3n-3 26.8 1.3 - 0.8 - -

20:1 2.3 0.7 2.7 2.6 3.7 10.2
20:2n-6 - 4.0 0.7 - - 3.0
20:4n-6 1.1 1.5 4.1 1.1 - 11.2
20:5n-3 0.9 - 1.9 2.7 0.5 -
22:5n-3 - - 0.9 - - -
22:6n-3 0.4 - 12.2 2.3 - -
Others 8.2 1.6 2.8 3.0 1.8 2.8

EPA+DHA 1.3 0.0 14.2 5.0 0.5 0.0
n-3 HUFA* 1.3 0.0 15.1 5.0 0.5 0.0
“HUFA, highly unsaturated fatty acid (C=20).
-, trace amount (=0.05).
16  ——0ppm A, FFE ool M rotifere] HNLWEE Chlorella 2.0
14 } —m—0.75 ppm mgS FFS FlA 11110 AMmLE 71 =4 Yelgte

~12 L —a—1.5ppm
%10 k —¢3 ppm
8 L —x—6ppm

Rotifer density
d

Number of eggs

Days

Fig. 2. Population growth of Brachionus calyciflorus with
the supplementation of different vitamin B, concentrations
in the condensed Chlorella.

Hojzkofl w2 rotifer (B. calycifiorus)2) A&t
P 28 CoA F-F3 HolFo| wE B cabeiflorus?] 3743
Bl ok 27, o2 Chlorella®-S Table 20 VERATE A

t15mg, 25 mg, 3.0 mgS FFT Fo4E RAFH Fols
RolX] ¢Sk} (P>0.05). Rotifer?] A5 Chiorella 2.0 mg
& 2FE AN 11322 A A JEREO Y 1.0mg, 1.5
mg, 2.5 mg, 3.0mgs FF T A AolE HolX
gk (P>0.05), 8 Holgd AAEHS AL
=-0.2039x"+0.9660x-0.0061 (R*=0.782, P<0.05)= U e}tch
(Fig. 3). Mt Ul &9 Chiorella® 3.0 mg F7 7oA
0.1583 mL/10 mLE 7} Fo] Foka Ho| Fg&o] &5
E A e BAEFS 2o A4 287 HZ =4 NHe-N
9 TEE 15mgS FHE 77 121 ppm 2 71 A Ve
AT APT Alolo] FoFHQ Aole Holx] gkt
(P>0.05).

F2 32TCoM F5s Hol&dl| WE B calyeiflorus 2] A%
I ek 87, AR a1 G Ho)eE Table 39 e}
ok F53 Hol#o| whE B, calyciflorus®] I A==
HolFF#o] BeTE A Uetvie ¢S B 3.0 mg
FEFFANA 23.9x10° AA/MLE =A JeEPEAR 20 mg, 2.5
mgs T TE FAHYA AolE HolA skt (P>
0.05). IE3F rotifer?] AAE-L Chlorella 3.0 mgS T3 ol
A 19302 71 B4 Jelbtort 20 mg, 2.5 mgs B
TohE ztelE HolA| FSkew (P>0.05), &3 Hol#r A%
E79] BAAL y=-0.2168x"+1.2411x+0.1370 (R*=0.97, P<
0.05)2 YEIRT (Fig. 3). A ¥al F2 23z d€
HolHFL 3.0mg FFTNA 0.0208 mL/10 mLE 7} ©o)
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Table 2. Growth of freshwater rotifer (Brachionus calyciflorus) fed on the different amount of Chlorella at 28 C'

Amount of Chlorella (dry weight mg)/1,000 rotifers

0.5 1.0 15 2.0 25 3.0
Initial density
(x10° inds./mL) 35 3.5 35 35 3.5 35
Final density 5.4+0.1390° 6.6+0.56° 9.6+1.52° 11.1£0.27° 10.740.78° 10.440.74°

(x10% inds./mL)
Specific growth rate 0.41+0.0249°  0.78£0.2491®°  0.98+0.1598° 1.13+0.0248° 1.09+0.0734° 1.08+0.0846"

Packed volume of

a a ab be C d
Chiorella (mL/10 mL)? 0.0002+0.0000° 0.0013+0.0004° 0.0021+0.0004™ 0.0067+0.0017 0.0096+0.0012° 0.1583+0.0017

NHs-N (ppm) 9.0+0.01° 8.1+0.54" 12.123.13° 11.9+1.16° 11.00.88° 9.0+2.66°

'Values (means.e. of replication) in the same row not sharing a common superscript are significantly different (P<0.05).
*Packed volume of Chlorella when culture medium of rotifer was centrifuged.

Table 3. Growth of freshwater rotifer (Brachionus calyciflorus) fed on the different amount of Chlorella at 32C'

Amount of Chiorella (dry weight mg)/1,000 rotifers

0.5 1.0 15 2.0 25 3.0
10? ) 35 35 35 35 35 35
(F,if;f)'s f:z;s}zu 7.1£0.00° 10.5:0.12° 16.70.89° 19.6:1.78" 19.6+2.63° 23.9£0.28°
Specific growth rate  0.71:0.0057"  1.110.0028°  159:0.0208°  1.73:0.0970°  1.85:0.1241°  1.9320.0177°

Packed volume of

a a a ab b 5
Chiorella (mL/10 mL)? 0.0001+0.0001 0.0001+0.0001 0.0003+0.0001" 0.0005+0.0002 0.0011£0.0025°  0.0208+0.0004

NHs-N (ppm) 9.9+3.13° 15.912.94° 20.6£3.95° 41.246.55 23.041.24° 21.7+4.37°

'Values (meant+s.e. of replication) in the same row not sharing a common superscript are significantly different (P<0.05).
*Packed volume of Chlorella when culture medium of rotifer was centrifuged.

AT (P<0.05). & AEF HAYEAAM NHy-NY =5 & AFH8H] W&l 322 AFAT} (Yoshimatsu et al, 1997).
20mge SFH T/ 412ppme g 7P =4 UElg T (P< $9H, Bower and Bidwell (1978)2} Yu and Hirayama (1986)<
0.05) VA A@TE &olrt f1d) Lx ol pH7} Z718e] whe) NH,N9 &7 Z=7hsittn B
stk met B AT 12 Schizochytrium 379

U FAEE FF7 pH7} ThE ATl vis) WAl FAEHA

o) 5o WE B. calyciflorus®) TUE v kel] A w4 OB Z NH-N 5% K3 2564 ppm o Z B¥J UEPE ZHAo =R
A EE ChiorellaE Bol2 BFE3HL W U2 sE25(AZ A=At 28y rotiferd] A7 NH3-N 5571 @2
Chlorella, 7425 Spirulina, 717 Schizochytrium, &5, FA ET-3IL Chiorella 3H7TET WA UWehd Zog Hol b
#r)el Wolo] Hls gAo]l $43AT} Hirayama and o A LRI rotifer] wojof tik A8, rotifer T4
Nakamura (1976)-2 rotifer T2l 2 98 Ho| 2 Chiorella Hag d¥ahe dgo T4V 6 & R Azsn
o] Ay ojetn s 1y ojof w2 B A ole) w2 ®HFAH A4yt HoE o= HokdE

<l

é

oAM= EF AP0l Hlg) @ S Bo) 1 e wgkd) GOl FQ FAN ook Ao olfE 28 AT
Qo] wlakalo)g2 AjEA] e Aoy AGHY o)E rotifer  ATE HAM FEALALZ n-3A419) linolenic acid (18:3n-3)
7} RoldA el oA B daAdE A 28 F2 Z 2731 o] WAte] 9 ¢40] (chum salmon)= E-&% ¢!
HoJMERT ¢ 52 TlAIRFEE Aot e "ol E 7S 930 linolenic acid (18:3n-3) %+ o} 2} linoleic acid
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Fig. 3. Second order polynomial regression between specific
growth rate () and supplied food amount in freshwater rotifer
(Brachionus calyciflorus).

(18:2n-6)= L7385 Aoz & A At (Watanabe et al.,
1983; 1 ik et al, 1999). T3k Awaiss et al. (1996) 4017
o] 228 thAl 7158 71X DHAE 52 linolenic acid2
HE A9 T Bndlglom, 1 ik et al. (1999)2 Tilapia
zillii Ao Al Chiorella vulgaris= W &8 B. calyciflorus=
53 A3} Tilapia zillii A} linoleic acid®} linolenic acid®l]
X DHA (22:60-3)E2] @40 7153 Aoz Bwslgo) o
E]—/H Table 101]*‘], 7};(} b:O /Hx]-l-‘»_ _@_0} 1:]-/\)\]. 0:‘1_
ChlorellaZ %3 3 rotifers 18:2n-63} 18:3n-3¢] Z+7Z} 48.8%
9} 268%= T2 RS Hol T ProlFe] HolZ Akgo]
7V Aoz et

AWLA © B Chlorella vulgariss %< 37F2] vitamin B2 &
¥&3 93l (Maruyama et al,, 1997), ¥l F42 AME-S %
Box A% vitamin Bt £& Z5o oy o] FEE
rotifer7} 343}t F8231A] &t (Yu et al., 1989). w-E}A
rotifer A48 ¢ vitamin B 7ol g 28 A7} 23
Hololth G 8 Eof, Yu et al. (1988, 1989)2 &) 521 rotifer,
B. plicatilis®} 7| vitamin B E A4t de|glols Hol2
FFRE W =& AL EHE AT E8 Maruyama et al.
(19915 B. plicatilis® 37 Chlorella®] vitamin B, %]
oJ &3l ASZ H 7591 Maruyama and Hirayama (1993)
& Chiorella®) 4.5 1g/g DW 2} vitamin BpE 7181 rotifer

At rotiter2] A1 A 611

q

oX
o}
tjo

A AT ik 2 Aol A% vitamin B E
H77t A7EHAl o2 AP TR B rotifere]
| Vel vitamin Bio?t B954F rotifere] Ad Aol
t Ao Yepyth 28t} vitamin Bp®l F7HF
gele BE APV FroFQl AolE KolA sk
Foll #4 vitamin B, & 7%FS 71937 AslA 0.75 ppm
oA e] BEH A7r 48 Aoz dddn
Rotifer Wil glo] Aukx oz ol vl F7hgd ot
RAAEE SUFHAT rotiferis & #o] TN WMAS
A3 Hol 18-S Bt ELAOE 33 Eg A Hol
ARRo o] #28}t} (Rico-Martinez and Dodson, 1992). whe}
A B2 AR gt rotifer TRE WS 528 28CE
FASEE W 20mg FFTFIF LI32E M & AAES
BYo 1.0 mg, 1.5 mg, 2.5 mg, 3.0 mg &2 A4
zols Holx] erkr), w3 ARl Chlorella®l A= 0.5
mg FHT7F 7S AA ey 1.0mg, 1.5mgs FF
AT} F2)AQ) Aol RojA] FForn®E FE Ho|go)
An 4AEFH} HIYEE Eo0 NH;-N2| FEX%E 8.14 ppm
o7 BlaE we 1.5mg1,000 rotifers F-F3H= o} 28C=2
FAHE rotifer LZH] G Ao 7HF AA| A o]a FH A
9l A9 Yoo FHETh
& 32T 05mg, 1.0mg, 1.5mg, 20 mgs I
T e HolgalA o2l zolE
go olge] Ay AAET HIUEE S 2.0 mgol
ER “’*Olaoi 45}9474”* vk AN & 2.0
FE7}F 4119 ppm S FE HF Fot
uj ke <t 3*4 o] gl Ao= Vel Park et al. (1999,
2000)°) 3R B. rotundiformis®} B. calyciflorus9 73730l
QS 1|X) = NH;-NY FEE 16.6-22.6 ppmO. 2 F#H A 9
il Yu and Hirayama (1986)2] A9l A= rotifere] 574 54
fu-EHE NH-N2| HHEX A B58 17 ppmo)efal Bas}
Aok o] BE e 1 wf £ 32CoA e HA Chlorella
FTEHS 1.5 mg/1,000 rotifer & E SH= R o] 717 AR Ho|3
AFH FFY R werdn
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