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The Optimal Enrichment Condition of Rotifer Brachionus rotundiformis

0-Nam Kwon* and Heum-Gi Park!

Division of Marine Biosciences, Graduate School of Fisheries Science, Hokkaido University, Hakodate 041-8611, Japan
!'Faculty of Marine Bioscience and Technology, Kangnung National University, Gangneung 210-702, Korea

The purpose of the study was to suggest the optimal lipid enrichment conditions used digestive enzyme activity
of rotifer changing due to water temperature and salinity. The high population growth appeared at the experiment
temperature more than 28 degrees highly on the culture temperature (maximum 32 degrees, 1,453 individual /mL).
The fecundity was low at high temperature, and the egg ratio was high at low temperature. Population growth of
10 and 15 ppt appeared in most highly, but the fecundity and the egg ratio were high most significantly appeared
in natural seawater (32 psu). The digestive enzyme activity by the culture environment mainly showed high activ-
ity in natural seawater (amylase exclusion, 15 psu). However, the TAP activity by the water temperature showed
highly at the more high temperature, but the amylase and the lipase appeared at low temperature. We carried out
the lipid enrichment at 20 degrees and 26 degrees in a condition of the natural seawater. Total protein, the total
essential amino acids differed not significantly. The methionine content that was essential amino acids, a total lipid
content, unsaturated index of fatty acids, DHA and the DHA/EPA ratio were high significantly each in 20°C
enrichment trial. Therefore, we could suggest the 20°C and natural seawater for the optimal lipid enrichment con-
dition in aquaculture, because methionine contents, several indexes by the lipid, TG-lipase activity, fecundity and

egg ratio are high.
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Rotifer Brachionus rotundiformise 1755 44k glojA]
A9l 27| FEA HolAEo|t} o]& rotiferel] T3 AT
Yol Al & Wiste] sz Eela 93 HoldE=
gt o] %, 2 Ul GirE TO] MR S Al
ik S5 A e o] 881 =T (Hagiwara et al., 1988;
rk 1997, 1998). 121} rotifer= 279 wljoFggollA] BAk
&% Chlorella®. WFI9-& o, CiAld o]3e] eirs 2t
A Hake] A o] o3 TH(Maruyama et al., 1997; Sargent et
al., 1999b; Park and Brown, 2004). ©]&1 o]3-Z HUFA $Fo]
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w2721 Nannochloropsis oculata$} Tetraselmis
%3 HUFA -2 571117171 % SFSith(Lubzens,
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B A3tas A4,

9} Marina-o, 71821 WEg T £3Le S el AAERE
8l & HUFA %% Foli=tl Xgsold Uit 2

Zpole]l gle] HUFA 5 DHAS} EPAS] FoAdo] tiFgel ukel,
o529 gHfo] & {8k Ay} u|HZ=FA Schizochytrium sp.,
Crypthoecodinium sp. 52 ©]85 T3l Afo] Tl B Q= 3}
= I kS FFsR= A7) o) ol X 1 thH(Fernndez-
Reiriz et al., 1993; Watanabe, 1993; Park and Brown, 2004;
Park et al., 2006). 7 ofFAtojol] lojA rotifer?} 7= Ao}
UE FEE HoBES 2] e S Fushe wiA
A9 oekat 27] Aol A eFellM FHE A= AskE
ZA2] AEE FAlol| 47838k ltk(Kolkovski, 2001). 13X
T rotiferel] thet A= A&k vl o] zjoio] A4 Fokit
o] BZoWk Yol o]FojA 1 gli= Zlo] dAo|tt et
rotifere} 7to] ool wol g &) &3l Apol9] i35
g el g o7 BuEo] del AX K Qv
(Ueberschr, 1993; Dabrowski, 1977; Kolkovski, 2001). “1%X]
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Tk 2 rotifer’b 7111 AshEdsel] sk A Lol o) F
oA e W AAF o Z R&E|o] 31A] 2TH(Munilla-Moran
and Stark, 1989; Munilla-Moran et al., 1990, Kurokawa and
Suzuki, 1998; Kwon and Park, 2005). ©]§1 ©]-%Z 21&l rotifer
o wleF e wE Aslas e WsE 4al o =1
ol viFE rotifer7t AFoi7F Do w s A dYtE 2
X5 geoksl Jo vt Qo) 18)al o)L rotifere] A3la
& KA-o] SHeA sljalste] H2o] A st 2= Al
Alsll & 27t it

uwj2hr] E A9te 4= Kwon and Park (2005)el4] 881 rotifer
B. rotundiformis®] A3ta4 & BAAS Mo R 29 o
5Ll Wl upE o]59] Astas IS detstal A4
2o GFtsste] B3] TG-lipase E/d0] 2 oA

¥t a3t F2A4E skl H20] Atk

Mz 9y

kA Asla s B4 S-S s Aol ARRH rotifer
= B. rotundiformis (Uljin strain)®|TF. Rotifer BFelA] 4=
2of whE AFe 20, 24, 28, 32 4 36°CA] o]Fo] Hom,
G A3e 28°CellA 5, 10, 15, 20, 25 psu B 32 psu(AHed
a4y 2o AAESIt

Rotiferi= mL & 1,0007§#1¢] Wz HEFa00m HF
24X17F A7 3 AMAF/mLE AlFete] AA54S sieleh &
ok ek A9l e Algste] EebEY) O vlEE YERQlT

Z4zko) wjoF 29 rotifers TR ESkAL 4°Co| A P
(6,000 rpm, 30 min) § FEHS FEAN O T ARSI 11
2ol Aska A G4 A A7 -80°Cell Haksiglvh B &
ML FH] F 48X el B S-S AAEII

23E 4 B4 =4S Somogyi (1952), Kunitz (1947) 2
Schmidt et al. (1974)%] WS rotifer 4 EAJS 185k
W33k Kwon and Park (2005)2] B O 2 a-amylase, Total
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alkaline protease (©|3} TAP) %! triacylglycerol lipase (©|3} TG-
lipase) /35 S8t 18]35 W] 54
Lowry et al. (1951)9] ®el| whe} AJ=Fsigict.

A2 sl AR A rotiferd] 7t Aslas &
/do] =9k 32 psucllA] 20°Ce} 26°CE Lol AATEHITE
oF}3} Al rotifers= 1,000 71Al/mLE =251 1,000,000 rotifer
F 0.3 g2 Algamac 2000 (Martek, U.S.A.)S.2 A& ¥t
3} &l =2}k JFd3l= Park and Brwon (2004)0114 o744
Ql st AlREo R AAITE 611 B<t Bl F]laL, 73t S
T2 a1 $ upge] JoFsAl A77]9) rotifer AHAIE A|A
gk F FAg0 = ARGl PFEEE rotifers FAUR

A ZulE T3(GC, 6890 plus, Agilent, U.S.A.)S ©]-83}
T/ op At ApAkE EAEIN oM, & T e B A4
& T oAl TRkl SR o R 747 ARlslel BiEE
= #7)sk8i

MAVF Astasr G4 SAAEE one-way ANOVA
tests AAISFAL Duncan (1955)°] thFsAd o= A, o 1t
o] frelde AT BE SAAEE EE 95% W
of| ] SPSS & 73 (Ver. 14.0)y2 ©]-&3}o] E4J&13T}.

2 1

247k O 250l 24417 iFE rotifer ISk W 32°C
oAl 1,453 7HA/mLE 71 334 THP<0.05). 1214} 287} 36°C
o] {2281 zlol= QIith. 12l a ZHEL 20°ColA] 7P
=2 299 LFERFAIRHP<0.05), 24, 28 2 32°CS} 5-2]%]2]
Zpol= HolA| ¢kgkor 36°CollA 7FE W 10.4%2] s
S HATHP>0.05). T ¥ 20°CollM 78 =2 37.1%% %
AR AARE(P<0.05) 24°CS) 1214191 2leli= glSinh ik
28°CollA] Pseell wh rotifer MY 3= 15 psuellA] 2,147
AA/mLE 71 =4 JEREATHP<0.05), 1,993 7HA/mLE

Table 1. Rotifer density, specific growth rate (SGR), fecundity and egg ratios of rotifer Brachionus rotundiformis cultured for 24 hour
after inoculation to 1,000 inds./mL on the different temperatures and salinities

oc Rotifer (ind./mL) Fecundity Egg ratios su Rotifer (ind./mL) Fecundity Egg ratios
(SGR) (%) (%) P (SGR) (%) (%)
Initial 1,000 + 102.0 22.9+2.85 23.3+2.39 1000 + 151.8 51.2+9.00° 52.3+2.39*
1,073 £ 94.5° b . 1653 £23.1° a a
20 (0.07 + 0.087°) 29.0+8.18 37.1+£9.84 5 (0.07 + 0.087°) 22.1+£3.95 33.5+0.92
1,193 + 80.8* b be 1993 + 180.4° a ” e
24 (0.18 = 0.067) 23.9+£4.83 26.6+7.15 10 (0.69 = 0.090°) 20.0+2.53 32.1+3.30
1,240 £ 111.4%¢ ab ab 2147 £ 172.4° a a
28 (0.22 = 0.091°) 18.4 +2.81 21.2+£24.92 15 (0.76 = 0.081°) 19.7 +£2.07 28.7+3.25
1,453 £98.7¢ ab ab 1640 + 60.0° a "
32 (0.37 £ 0.070°) 18.5£6.76 18.5+£6.76 20 (0.49 £ 0.037") 24.0+0.43 36.7 £3.30
1,380 + 163.7™ N a 1427 £ 115.5° a a
36 (0.32%0.117%) 10.4 £3.50 10.4 + 3.50 25 (0.35 % 0.079% 24.5+5.88 57.8 +£26.94
32 10532 144.7° 395117320 93343887

(0.05+0.133%)




A3lah BAoR B orotiferd] A7 Fokdst A 43

HERE 10 psust F-24<1 Aol glsith. TES /AEE
7F 7P w2 32 psuAHAslT)elA 7S =2 39.2%010 Tk
(P<0.05). ' H-&2 32 psu AATlA 93.3%%] H&EE 7P
=7 JERFTHP<0.05). 1232 15 psu AETolA 7 whe
W H1ES JERAIEE, 32 psu AT 0]9]9] AEtel 9]
221 ztolE oA AUTHP>0.05)(Table 1).

kgt of] whE rotifer®] A8k A EAJolA] ol i W
= a-amylase €704 ZHAME S0 ¥ Tl nlEgd oA
20~28°C AfolellMl= /-2]41Q1 #lo] ¢lo] A VFERTH(P<0.05).
TAP @4dof| QoA JHAE Ed-2 24~32°CollM oA o7 =
Al GER S (P<0.05), Tl H]Ede] QoM =2 2%
AFF1 32~36°CollA] =A YEFETHP<0.05). 183l TG-
lipase E/JelME ZAE 90 il w)gy] 25 7R vk
2521 20°ClA ol 02 7HE 2 B8-S HAlTh(P<0.05).
T3 A Ao g-amylase®] 7NAE 42 15 psu ©]
7o) Aol A o Z = YEREAIRHP<0.05), T2 1)
Aol = 20 psuellA] Frold o =2 A4S HIITH(P<0.05).
Ty TAP B2 AT Aol oA 32 psu FatollAl
7P =2 S BGANE, T v oM=<
72l 5 psuellA 7FE =2 B4S HSITR(P<0.05). TG-lipase
G2 A1 32 psuellA] ZHAG 23 T nigAd ol
A oA o® T =2 S-S UERSITHP<0.05)(Table 2).

Rotifer?] FFd3sh= 32 psuEFAallg)elAl 20°Ce} 26°CZ

H

uro] AAISEATE. 71 A3 methionine (% in protein)©]
20°ColA -4 07 =2 6.2 ng/mg dry matter= A SIT)
(P<0.05). 3HA|9F T o} 5 Fprobu| il kel al= f-<]
9l 2ol Hox| EJTHP>0.05). A2 gy} A Ak B
SHE HESE 20°C FUs oA oo R HA UER e
(P<0.05), 53], DHA%} DHA/EPA B]o|A] 20°C ¥d3}7ol
A 12.6%9} 12.59] B]2 27} 524 O 2 3=8I0H(P<0.05)(Table 3).
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Rotifers= a4t o7 2 14247 SR 27] 554 Ho]
AEZ 85 ]85l SJth(to, 1960; Porriot and Snell,
1983). ©]= rotiferi= U A5p7]¢to] & g S22
=R offFellA 7KL Q= oY 7] Astaae] @ds 7
A2 EH(Chun et al., 1996; Kwon and Park, 2005). ©] &2
AUl Askgie A2ee el we- EAde] Wt olom
(Benitez and Tiro, 1982; Alarcn et al., 1998), 53] 0|5 &
of &Jst Wiy} At} 18X o] rotiferd] WA ST
of 7 B2 JEs 5 FHLRITE AES XIS 2 £
75 & 4 31t} Hagiwara et al. (1988)¥} Park and Hur (1996)
= Brachionus rotundiformis (21712 S-type)= 15 psu, 28°C
7F7Ee] 7P F3ThaL Basigiv, o] Fsdt $de
A 8= DNAS] st 57t Adgea] £3he AlSst

Table 2. Activities of digestive enzymes of rotifer Brachionus rotundiformis cultured for after inoculation to 1,000 inds./mL on the

different temperatures and salinities*

°C [A** SA** psu TA** SA**
o-amylase
20 3.63 +0.736™ 14.1 £2.86° 5 1.43 £ 0.096* 3.1+£0.21°
24 4.02 +0.853¢ 12.4 +£2.63% 10 2.11 £0.167° 3.8 £0.30
28 3.60 & 0.908™ 10.9 +2.75% 15 2.63 £ 0.452° 4.4+0.75°
32 2.37 £ 0.692® 9.2£2.67" 20 2.58+0.272° 5.2£0.55¢
36 1.84+£0.373* 7.4+ 1.49° 25 2.55+0.179° 4.4+031°
32 2.68+0.188° 3.2+£0.23%
Total alkaline protease
20 0.38 £ 0.053* 3.0+ 0.36° 5 0.68 + 0.058" 2.9+0.25°
24 0.46 + 0.073" 2.8+ 0.40° 10 0.76 + 0.030% 2.8+£0.11%
28 0.51+0.014° 3.1+0.09° 15 0.80 + 0.028¢ 2.7+0.09°
32 0.50 £ 0.030° 3.9+0.23° 20 0.60 £ 0.030* 2.4+0.12°
36 0.45 +0.015® 3.6+0.14° 25 0.73 +0.021% 2.5+0.07°
32 1.03 £ 0.026° 2.5+0.06"
Triacylglycerol lipase***
20 0.114 £ 0.0293¢ 0.89 +0.228° 5 0.026 + 0.0075° 0.11£0.032°
24 0.067 £ 0.0178° 0.41 +0.109° 10 0.033 =0.0101* 0.12+0.037°
28 0.055 £ 0.0063" 0.33 +0.038" 15 0.042 £ 0.0122" 0.14 +£0.041°
32 0.030 £ 0.0111® 0.23 +0.086" 20 0.050 = 0.0124 0.20 £ 0.050°
36 0.001 + 0.0001* 0.00 +0.001° 25 0.063 = 0.0013% 0.21 £0.005°

*Same superscript on each column of a-amylase, total alkaline protease and triacylglycerol lipase was not the significant difference, respec-

tively.

**The 1A and SA were to indicate the individual activity and specific activity, respectively.
***The Triacylglycerol lipase activities (IA and SA) were pU and mU, respectively.
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Table 3. Biochemical contents of the rotifers Brachionus rotundiformis
enriched with Algamac 2000 of which the main gradient is microalgae,
Schizochytrium species for 6 hours at 16°C, 20 and 26°C

20°C 26°C
Protein contents (% DW) 52.5+0.04 40.5+2.23
Essential amino acid contents (% of protein) 19.3 £0.01 11.7 £ 2.11
Methionine 162+0.17 4.1+£0.35
Amino acids'  Leusine 39.7+0.27 31.1+1.80
Histidine 10.3+0.23 8.6+0.83
Total lipid (% DW) 8.0+030 52+0.50
Unsaturated index’ 200.8 +9.77 128.8 £ 6.31
P/S ratio 224031 2.0+0.13
C18:2n6 40.3+2.01 30.2+0.60
C18:3n3 35+0.53 0.8+0.08
Fatty acids’  C20:4n6 1.1£0.21 1.5+0.03
C20:5n3 1.0+0.18 0.9+0.00
C22:6n3 12.6£0.79 6.0£0.97
DHA/EPA 125+1.75 69+1.11
EPA/ARA 1.0+0.21 0.6%0.01
Saturated fatty acid 29.8+2.41 31.2+1.47
Mono-unsaturated fatty acid 39+£1.08 6.1+0.26
Poly-unsaturated fatty acid 66.3+£3.42 62.7+1.21
n-3 PUFA 172+0.72 10.0+1.01

"*" was to indicate the significant difference by t-test (P<0.05).
'The unit of each amino acid was ng/mg dry matter.
*Unsaturated index were indicated the T (the number of double
bond x the fatty acid contents).

>The unit of each fatty acid was % in total fatty acids.
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HE 5871 Aste] Al Astas o] moba] gt &
T S TURFSS HolAl Hok wjebA] AddEe] 1 W
&7 wEda she 2 AU oluX] F2 Hoks A
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Al F50] H7] wFEel o9 A¥E vl 2 Mercier et al.
(2004)2} Barclay and Zeller (1996)0ll4] AA13F JU7}3} 25
o] W9 <kl Q= 26°CS} 2 ATollM BE 4 Bo] H2&
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A7 JFdsE Pok =3F Al Park and Brown (2004)$}
Park et al., (2006)°4 33t 627+ JU3=E st 12
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71 AY) F A a) F 5= ofn| Al deFel| 4= methionine
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Stoh= A 3E(Rainuzzo et al., 1989; Olsen et al, 1993;
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=UTHP<0.05).
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