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Taurine-enriched Rotifers Improve the Growth and Swim Bladder
Inflation of Yellowtail Seriola quinqueradiata Larvae

Jae-Hoon Kim, Jin Woo Park and Jeong-Hyeon Cho*

Jeju Fisheries Research Institute, National Institute of Fisheries Science, Jeju 63610, Republic of Korea

We investigated the effects of taurine-enriched rotifers on larval growth and swim bladder inflation of yellowtail Se-
riola quinqueradiata. Rotifers were enriched with a commercial taurine supplement at two levels (0 and 800 mg/L).
The larvae (initial notochord length=3.98+0.24 mm) were fed the enriched rotifers in triplicate from two days post-
hatch for five days. The average taurine contents of the taurine non-enriched and enriched rotifers were 0.35+0.01
and 4.7740.05 mg/g dry matter, respectively. The weight gain and specific growth rate of the fish fed enriched rotifers
with the taurine supplement at 800 mg/L significantly improved compared with those of fish fed rotifers without
taurine enrichment (P<0.05). The swim bladder inflation rate of larvae fed taurine enriched rotifers significantly
(P<0.05). The results of the present study indicate that yellowtail larvae benefit from taurine concentrations compared
with those typically reported to feed on non-taurine supplemented rotifers. Furthermore, taurine-enriched food for
fish larval effectively improved the growth performance and swim bladder inflation of yellowtail larvae.
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M E 2018), Ao W oju|-g- uljgtAtR 7l (Matsunari et al., 2006;
Takagi ctal, 2008) 5] A77} =3 5| oA}, oF4] AAle} 2
2 oAl ofu] Telt ozt AHx|ol] EAMANE 8
517 e wlojof ghek. eiut Aol 7] Wolo] At ko] 2
3 QI ujulgh Aol BEls vzl Pak A
ASIE), AR WOl S EaHe Sk ol 5] Sl 2]
23} z}oje] Hol2 ZE|HE FFolal TtHYoshimatsu and

Z78o]i(family carangidae)ol] <3]= "Wol(Seriola quin-
queradiata)= e, Y&, it 9 sjelo] A =g xge| &
A Bkl soll de] £xs= 2t 5 olFolth(Lee
et al., 2000; Dong et al., 2020). o] 2] oFAlL 2} A S
3L8)5}0] OFASH= 29K fattening) %FA10] 1960 T L =of| A]

20 2 A =5 th(Sicuro and Luzzana, 2016). Bo] &= A8
7IA 7} ot QAR & =87F =2 ALRTF7FA] ofFo| A uk
(Kolkovski and Sakakura, 2007; Sicuro and Luzzana, 2016),
20001t o] 32 ojejere] X|2:2]Q) 7ha 27} UERERL 9]
CHFAO, 2019). makA] o] 2j3t B4 -& S1a17] SlahA )
A 0] A1t 7 9 A4 Fo} a7 ol o
ofl it AT ofule] W] Ale] 9 Akeh - (Higuchi et al,
2017; Corriero et al., 2021), 4=+ 24 (Higuchi et al,, 2017,

Hossain, 2014; Gao et al., 2021). 2 E| 3= tj|=F uljoFo] g-o|3}
LIS b o B o) D IR o) ) g g el e o ) A e RS B
W= §3} 2po] Aol B asgt AR JddE=ol 2F =] 9
AL 22 FERE TREO] Qo] A B o R By
11 9ltiHamre, 2016; Fu et al., 2021). o & S0, oA 2]
%7] go] &2l 2717 (copepods)2} H]nL5}o] AH¢]-8 ZE| 3]
= 825, Al Z-2 v|A| 4 (micronutrients) % E}--
o] o e 7 3-8 o] ¢Jri(Mahre et al., 2000; Hamre et
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el., 2008; Mehre et al., 2012). £3] ZE|¥ U e}-¢-2 gk
AEm|ote} 2 ZkFof sl 104004 YA HrE Ao
%) a1 QltH(van der Meeren et al., 2008,; Maehre etal., 2012). €}
-2l (2-aminoethanesulfonic acid)2] 7| 55 E3SHT}
o 435 o] tlsh @50l SHorl, F0 71502 1 4
3} 7]-5(Urbich et al., 2022), &-AFsHBavi et al., 2022), -3
2] o] vk 271 (Nguyen et al., 2015; Wijayasinghe et al., 2017)
=9 gAY o2 YrE ) BoRle F2R At ¢l
7] wiof] A A Fhgdof yodstA] AT Conceicdo et
al. 2011), B2 AYefsa] @jekat o] Auko 2 Base o}
593t JoFAo]thRipps and Shen, 2012). o]zt EF-T2
e 5E50] 4H 9 a4% A3k 53 methionineX} cyste-
ine 1] 31 4 -phosphopantetheine 2. 2 % €] ER9-21-& g4 g}
1 B E 3 QItH(Andersen et al., 2016; Biasato et al., 2022).
it o] o] F At & 74| sAl &4Ql eysteine dioxy-
genase (CDO)&} cysteine sulfinate decarboxylase (CSD)+= 3£
et HlaLsto] o] oAl WE B4 7N, ool wt
g 1 58% 37 th2ch 1 B3 FEti(Goto et al., 2001, 2003;
Yokoyama et al., 2001).

Hofo] A4 ERe-de] A J J& AlRtel= a4xQl CSD7F
H2Z OE 7:‘151:»]01 kar g A th(Yokoyama et al.,

2001). 3} o] o] FA43%H 27] A7 Ao A4 CDO 2 CSD
o wre T e Bhal B S AsHIA g Ao €l

S 2 B 3% ¢ tH(Takagi et al., 2005). Matsunari et al. (2006)
T} Takagi et al. (2008)2] Ao A= e = o El-¢-2o| g+
FEARE BT ol 019] At Yol AAs| sk,
ehovlo] AUE ARE T Yol ofulol Al Alvt ool
s btk 3 shoih 2, ols B Be shit o
Rl 2o 32U GUS BAT 4 flov, B o
S8 ofiel S o] Aol 4 Gepds A
tH(Yokoyama et al., 2001; Takagi et al., 2008). @2 413

of| A zko] 71 2] B =g o Fretedol( Thunnus orientalis), %”4‘%*01
(Thunnus albacares, Katagiri et al., 2017), 2%-o](Seriola du-
merili, Matsunari et al., 2013), 5-A] 2] (Seriola lalandi; Rotman
etal., 2017), &~5(Pagrus major; Chen et al., 2004; Kim et al.,
2016), YE(Gadus chacogrammus; Nakawaga et al., 2019),
‘A X|(Paralichthys olivaceus; Chen et al., 2005), €3 o]+
(Gadus microcephalus; Matsunari et al., 2005) 2! 2-=27](Lar-
imichthys polyactis; Cho et al., 2022)5 tj4 0.2 ZE|H 9] E}
o] ofoF Zele ot AR W AJZ G A AT B 15197

B, ol thaho.2 9 Al Sl v gich
) o1 9] AFFAY A 7] 28} Ao SAA 43

BRI} H7FALR A3 7] 7hm st AAbd o] 212 Q1 ¢glo]
)31 i (Woolley and Qin 2010; Sawada et al., 2021). ®o]

25} 2joliz 4502 §95H Selo] Lo} ofghe] 422 et
3} & 3to] WAsH: muw wALe] F8 YoloR B

o] ztofof| wAl = Y& 525

TH(Tanaka et al., 2009). Z7FALE 013t HAl= K| g3 715
o] Ago] FQ ¢¢loF W 31%|m(Takashi et al., 2006), 52|
B 752 K3} Aol ] 271 AEof| QlojA] uf¢-Fadt aa
2 7R -2 7] of A W] 4 nA= Ao R
¥ 31 %31 9] ©UKSalze et al., 2011; Kim et al., 2016), EF>-2
o] 3} zjo] o] Fa| WA 7)ol vl 2= gl et A= m|
gk Aolct. kAl 2 A-rofAl = ol o] FAk YAt 7]* =
sl dgto R A, zlo)7)o FHFEE ZE WO e

7457} ko] 2o o] At |l K| YA} 7] 5ol vl x| = °q?%

ZAFS17] $15tel Sastect.

ASN| )

ERTETE

Alsiof

Alglofo] A% Fe] 9 AR A2 FsATetY SR
3 #12)(2021-NIFS-IACUC-21)0]) whe} Srai s gie}. =g

AbpsRl AlFAbel A (Jeju, Korea)oll Al ARS: He] 591
Hho] oju|(54|0, o]A|& ¢k 6-7 kg)= K€ 2l *J%%.(S )
S o] Zelol =l AUl 150 LAY 4% 52 67)
o $E5 30008 SURTE G511 RN AR
76.2+11.0%, 1=3). A2 Ho 2k Aol 777 (mouth-
opening stage)”} Z18)% 24 P HE] =33}t

2E|0 WY 2 ER PAS-1:

E A% o] Holg AM-H L-& 2 E|9(Brachionus plicatilis,
AQUANET, Tongyeong, Korea) 100%] /A& Z2]z=24
A 1 000 L ¥ gxof 28311, A8 chlorellas dfl4-2
S 314 2, EEM P st ez B 5 mL7t S HEE
= 553 71(AX1-51; Cheonsei Industry, Co., Ltd., Ansan,
Korea)E AHg-sto] v fstditt. e +-= ehe-1d m] FoF 2t
2 E|7 ¥g-(taurine non-enriched 0 mg/L, T-0) & EF-2 &
9F 7)3} 2 €] 1 ¥F+(taurine-enriched 800 mg/L, T-800)2] 2
7| ABLE AAEAT) BRow ok} Er o] Ao QA
A A ol 22 jAFO 2 B AT ATkE skl A5}
S tH(Matsunari et al., 2013; Kim et al., 2016; Katagiri et al.,
2017). G 7AFE flall 20 Lot=d A o] A7 =200 2
HE 500,000 ind./Lo] Y= F5to] ARE-SISIT o4 B
2-#(Food and feed grade 99.0%; Qianjiang Yongan Pharma-
ceutical Co., Ltd., Yongan, China)< 2+ 0 2 800 mg/Le] &
=2 22:00 2 2]& 05:000] A7}sle] 12A417F 2 18417 743}

2] odof 7
T — OO

= 12
shglar, 2 €3 9] DHA 713Hs 94l A48 DHA % 743k
(Marine Glos EX; Marinetech, Aichi, Japan)E 20 mL¥ &
Q51 A7 Fsksick SoF ek % 2.0 25°CR 2L

A A e REH O 3E2 G AT exolA 124]
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AIZE ZgBket 2E|wE AFIste] 25°C sl S& o]
ok & o 22](10:00 % 16:00) SH3HATF. 2E ¥ &
Ao 33 A AR AE 2 U ZEH O A 5 9l
o] 2E|9 U7} 10,000 ind/L7} F-A] 5 =% sl ¢t E3t,
AR A =2 Y AFYE chlorella (Fresh Chlorella V12, 14
milliard cell/mL; Chlorella Industry Co., Ltd., Tokyo, Japan)
240 mLZ 19) 38] H7}3fe] A& A1 4o ] 2E]w] 9] 7o}
(starvation)= HA|S}FAL green water condition= -4 5+t
AR el o v 9 $he] of 3} ub 2] (ultrafilter membrane)
£ 083 A} S5 ARE-SEo] AR A E =30l 100% tank/
day©] ]2 T, 2 5% vhe Golo] §942 5] 9
gto] o o] AEZ AL 29} S ST FEARE T
HoFHTH0.3 L/min). AR5 AF 7|7t 52t Ht AN 2, &
F A4k 9 pHE 72474 21.240.5°C, 7.3£0.2 mg/L 2 pH 8.1+0.1
o] 9l 7= 09:001] 21:00 F2F FH5L ALgs}o] %
A3 tH(12L:12D).

ZE|THO| MEfaHY B

e R A A il Jg At 12418
A 25°Co| B2 S, FEREZ 3R AA F E715 A
Asto] 3B, HE AR A A7HA] -80°Coll A Bt
Shoick. 2E|T Al 72417k o4} B A7 27| (LP-20; lishin
BioBase, Yangju, Korea)2 52 =23t &, 57 A3} 51
$2) oAt W Aa HAo] ARg Bl $2) ofulat
H242 high-performance liquid chromatography equipment

o 3
A
) .
o0

o
>
N
=
E
2

Ir

(Dionex Uitimate 3000 system; Thermo Scientific, Vienna,
Austria)2} column (Inno C18 column, 4.6 mm X 150 mm, 5
um; Younjinbiochrom Co., Ltd., Seongnam, Korea)-S A8-5}
o] 3= it} Injection volume 0.5 um, column®] &=+
40°C, A 29| &&= 20°C, 5-<(flow rate) 1.5 mL/min] %
Zof| A B4t o r, 589 A (mobile phase A)+= 40 mM
sodium phosphate (pH 7), &5-8< B (mobile phase B)= 3
A} 574, acetonitrile 2 methanol (10%:45%:45%, v:v:v)S
ARE5FATE AHAE 2418 gas chromatography equipment
(Agilent 7890A; Agilent, Santa Clara, CA, USA)2} column
(DB-23, 120 mm % 0.25 mm X 0.25 pm; Agilent, Santa Clara,
CA, USA)& ARg-sto] 3w qleh. 4] 2712 injector?] &
T 250°C, flame ionization detector®] % 280°C, H,= 35,
AirE 350, Het= 10 mL/min ZZA o[ A =3 = At}
o] 23t Koo ¥ £F

wro] Zpol= of A A R4S Sl F3t 3 04" olA 7Y
F7HA Wil =2 30uke]a] AR AFshe] HAF o]
(notochord length)%} o] 4| 5(weight)2 =743}l &= o2l F
= A R Y 455 ZQlskel) Wol zpojo] A4k
Zo] 43t Ky vhek 35 2918 stereoscopic microscope
(SMZ745T; Nikon, Tokyo, Japan)i} image software (Optiv-

iew; Korea Lab Tech, Seongnam, Korea)S ©]-&35}%1l, of
A %L A A-L2(Quintix124-1SKR; Sartorius, Goettingen,
Germany)® 0.1 pg7lA] ZA5k3Ich FSA4l&(weight gain,
WG), 47+ AA-E(specific growth rate, SGR) H 78| A5
(swim bladder inflation rate, SBIR)2 Z}Z} ofgfj @} o] A A
s,

[final wet weight (g)-initial wet weight (g)]

0/\—
WG (%) imitial wet weight (2)

%100

ght-In initial weight]x100
Time (days)

SGR (%/day)= [In final wei

SBIR (% )=[inflation larvae/total larvae] < 100

SAXE

Hrojo] Az A= Windows & IBM SPSS 19 software
package (SPSS Inc., Chicago, IL, USA)E A&-5}0] 2459
t}. g|o]E]+= Shapiro-Wilk 2! Levene®] H|AEE 712} A5}
of BAR] A9t W FEAS Rt 7H ol el Bk Sl e
1 98k(violation)©] A ¥ 4] QAATHP>0.05). H|olE] 2] FA|
2| FLA| 0 95%9] §-0] 4225(P<0.05) 2.2 ANOVAE Al-g-5}0]
skt 23t 2Fo](significant treatment effect)”} A
58l (A8 S AHEto] BaTlel 0141 ol S Blel g

2 o

ZEHO| oty 4

E9-H 73} %% 0 mg/L (T-0)2} 800 mg/L (T-800)of] =
ZE|H 9] ofu] At $HFS Table 19 e AT 2 7](initial)
ZE]#(0.30 mg/g)et T-0 (0.35 mg/g)9] BF-7 oS -9
gk zpo| 7k Gl o, T-800x Bl sto] ER-e-7 oheFe] 524
2l Zpo]7F LRt th(P<0.05). =3 f B-9-1 3HFS T-800
o] T-0} vlaate] oF 178 &2 eF$-319] 5532 et
(T-0, 0.35 mg/g % T-800, 4.77 mg/g). ZE|H o] Ho| =2 AL2F
chlorella®f A= EF-2lo] AZEX] F9tTh(Table 1). 2+ A¥
O] A A A4S Table 20] e QL) chlorella] DHA
£ HAEEA 9ottt DHA 9% 43Hs o] o2 27] 2E]H
o] Z|uFAk 1) DHA 352 0.27%S YEpi o, T-0 2 T-800
O] DHA 3F2 7k7) 5.35% W 5.43%= DHA 9 743} v}
7+ Q1% 31K Table 2).

Ofd| 4% & 22 WE

ARSAE TR F o] Aol RS Fig. 1o]] YER ]I
AL Z o= T-8007F T-0-f H]al] A3l o, 5-2]4 31 Z}o]
= YUERHA] 82Tk (P>0.05). 22} o 4|52 T-80017} T-0
TFEEF FoA 02 #UTHP<0.05). Tl D L3t Sl

N



ER-1 7o) 2E|H Fgo] ol Atefol njAle 9% 527

AL T-8007}F T-0-€} H|iwsto] f-o02 02 A Leh{th
(P<0.05). T-04+ % T-800-+2] 72l H3& o 7o ¥ /-7
£ Fig. 2 % Fig. 3o Yepfi ik, 72 452 T-042] 35
58.7%%1o.m, T-800712] 79 84.4%= T-0719} H|wdlo] &
O] 0 & =QITH(P<0.05).

A= Bl G ATt 2B 9] g0l Wl F.3) Afoj
= G AR fl8l 3= 9L
22 A7 9oF 7F3K(direct enhancement)3t
W Ek-d9] s5FS S a Y
EF-9-2l-2 o] J3} 2po] o] A7t 9l K| At
& A= A o2 Yyl 2E | g1l g9
800 mg/L (T-800)2] 5= 2 12A]7F 9 18A]7F 52+ A

.9 7S A1 T-800+12] BF-1l 55 e 124]
k0] 75 4.77 mg/g, 18A17F A 7dske] B9 4.37

o2

j1(Z{|‘r3:O]1"oU:
Ir = % %
o2 St
O %@
b To
=l

EL
2 r
o

> o) e &l
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o2

Table 1. Free amino acid content of chlorella and rotifers

mg/g & 27| (initial) 2 €] 9 T-0-9] B-9-1l F=of H]sf
oF 174 o]} F713t 5% Ykt Jeu 2 A9t 5
Uk B2 F=(800 mg/L)= 7ot A3 Aol M=, ZE
O] JoF A3} Algkel whet 2 ¥ W Bhe-= ol 2to] 7k
Elyttt. Kim et al. (2016)+= S-& 2 E]5(Brachionus rotundi-
formisyE A8-510] 800 mg/L BR- =0l A ZH2F 16417 2
23 A7t G ASFE skl 16411t 743615 wf = 3 2
ERO-7 312F-2-9.11 mg/goll Wl 23A17F J o 731= 5192
15.57 mg/ge = 7|3k 733} Alof| BRe-d 55 kol S7tst
9t} Chen et al. (2005)2] Lol A = L-3 2E| 5 S AL-8-5}0]
800 mg/L BF-& 5ol A 217 6417 2 17417 7 8lsh e
o], 2] 7 o] B2 g2 647kl A 2.41 mg/goll HEal, 174]
Zroll A 4.52 mg/g® 733} A|to] Aol ApE e Yo 55
= B9 ko] S7kek= 21 BHE Tk Chen et al. (2004)
o] &t} dAFAvel = S5 ZE et L-§ RE|HE 717}
6A17E 2 17417 49 751 sfo] 2E|7] v eh 9.2l 53 wiek

(mg/g, dry-matter)

Enriched rotifer’

Chlorella Initial rotifer 12h 18 h
T-0 T-800 T-0 T-800
Non-essential amino acids?
Taurine N.D. 0.30£0.02 0.35+0.01 4.77+0.05 0.31£0.02 4.3740.09
Alanine 4.80+0.14 0.85+0.04 0.64+0.00 0.63+0.01 1.0410.04 1.5310.06
Aspartic acid 0.17£0.03 0.43+0.02 0.25+0.01 0.24+0.00 0.48+0.02 0.51+0.06
Glutamic acid 3.01£0.06 1.6710.01 1.3310.01 1.350.01 2.191£0.12 3.57+0.45
Glycine 0.84+0.05 0.49+0.02 0.26+0.00 0.27+0.00 0.50£0.02 0.48+0.05
Proline 1.8010.16 0.39£0.02 0.30£0.01 0.32+0.03 0.70£0.09 0.57+0.06
Serine 0.12+0.02 0.48+0.01 0.34+0.00 0.36+0.00 0.60+0.03 0.54+0.06
Tyrosine 0.19+0.04 0.85+0.04 0.53+0.01 0.49+0.00 0.90+0.04 0.84+0.06
Total 10.92+0.49 5.45+0.03 4.01£0.03 8.44+0.08 6.72+0.26 12.40+0.74
Essential amino acids?
Arginine 0.35+0.05 1.59+0.04 1.38+0.02 1.39+0.02 1.73+0.06 1.53£0.10
Histidine 0.14+0.02 0.46+0.03 0.1940.01 0.20+0.00 0.35+0.03 0.33+0.03
Isoleucine 0.23+0.02 0.32+0.02 0.21+0.00 0.20+0.00 0.41+0.02 0.48+0.05
Leucine 0.19+0.08 0.66+0.02 0.37+0.01 0.36+0.00 0.78+0.04 0.79+0.12
Lysine 0.49+0.04 0.82+0.01 0.72+0.01 0.73+0.02 0.82+0.06 0.82+0.07
Methionine 0.05£0.02 0.18+0.00 0.06+0.00 0.08+0.00 0.19+0.01 0.20+£002
Phenylalanine 0.18+0.05 0.54+0.02 0.33+0.01 0.31£0.00 0.61+0.02 0.53+0.06
Threonine 0.38+0.02 0.38+0.01 0.25+0.01 0.25+0.00 0.47+0.03 0.59+0.06
Valine 0.34+0.04 0.35£0.02 0.22+0.00 0.21£0.00 0.40+0.02 0.560£0.07
Total 2.3740.34 5.311£0.16 3.7240.04 3.75£0.01 5.76+0.27 5.82+0.58
Total (Non-essential+essential) 13.2940.82 10.75£0.19 7.73+0.06 12.1940.09 12.48+0.52 18.22+1.32

IThree different taurine (T) enrichment levels, including 0 ppm (T-0) and 800 ppm (T-800). *Values are means+standard deviation of tripli-

cate (r=3). N.D., Not detected.
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Zgatet vlaste] 1747kl A 2 Bhe-dl 5= 23
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& g3t ARto] ZdojRof wheh ZE| ¥ W Bhe-d 55 SRl 5
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w9 Bho-d o W Y st 24 of whet w5 w0 AlolE
e & AtollA= 128 18AIRE G Astol whe Bke-
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© ZHY ¥ A2l 27 S2dE 1§] J—%‘?—‘T7l'
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Table 2. Fatty acid composition (% of total fatty acids) of chlorella and rotifers

Enriched rotifer’

Fatty acid (area, %)? Chlorella Initial rotifer 12h 18 h
T-0 T-800 T-0 T-800

14:0 N.D. 2.2940.06 3.1540.09 2.8240.07 2.5610.07 2.5740.07
16:0 2550+0.14  21.20£0.19  24.15+0.73  22.71+0.40 22.75+0.18  21.97+0.28
16:1 0.47+0.01 1.4610.08 0.96+0.01 1.17+0.01 1.20£0.04 4.70+0.11
17:0 N.D. 1.4610.00 1.19+0.04 1.20£0.07 1.18+0.01 1.11£0.03
18:0 0.32+0.01 5.81+0.02 7.11+0.21 6.76+0.17 6.23+0.02 5.70+0.09
18:1n-9 4.26+0.03 2.88+0.04 1.73+0.04 1.7240.02 2.11£0.06 1.93+0.03
18:2n-6 63.38+0.09  48.00£0.19  37.20£1.02  38.95+0.48 42.49+0.18  41.88%0.67
18:3n-3 4.88+0.03 2.57+0.02 1.52+0.06 1.62+0.04 1.98+0.02 2.05+0.04
20:0 0.310.00 0.35+0.00 0.45+0.03 0.42+0.02 0.38+0.00 0.3410.00
20:2 0.37+0.00 3.45+0.04 2.21+0.04 2.26+0.09 2.77+0.07 2.71+0.02
20:3n-6 N.D. 3.15+0.06 3.75+0.09 3.82+0.07 4.31+0.11 4.38+00.11
20:4n-6 N.D. 1.77+0.03 2.67+0.09 2.79+0.06 2.50+0.06 2.31+0.06
22:0 N.D. 0.54+0.01 0.8840.05 0.84+0.04 0.71+0.02 0.67+0.02
20:5n-3 N.D. 0.2940.01 1.010.04 1.01+£0.04 0.89+0.03 0.67+0.03
22:1n-9 N.D. 0.7940.01 1.06+0.09 0.97+0.08 0.86+0.02 0.750.03
23:0 N.D. 1.2120.06 1.35£0.10 1.2810.06 1.2510.03 1.18+0.04
24:0 N.D. 1.53+0.00 2.8510.15 2.8410.11 2.1740.09 2.11+0.08
24:1 N.D. 0.9740.03 1.4310.05 1.40£0.06 1.1620.02 1.141£0.04
22:6n-3 N.D. 0.27+0.09 5.35+0.17 5.43+0.64 2.5110.05 1.83+0.07
2n-3LC-PUFA® N.D. 0.56+0.10 6.36+0.20 6.43+0.68 3.3940.06 2.51+0.09
DHA (g/100 g, dry- matter) N.D. 0.01+0.00 0.12+0.01 0.13+0.02 0.07+0.00 0.050.00
2n-3LC-PUFA (g/100 g, dry- matter) N.D. 0.02+0.00 0.15+0.01 0.15+0.02 0.09+0.00 0.07+0.00

IThree different taurine (T) enrichment levels, including 0 ppm (T-0) and 800 ppm (T-800). *Values are means+standard deviation of trip-
licate (r=3). SLC-PUFA, long chain polyunsaturated fatty acids; £n-3LC-PUFA: 18:4n-3, 20:4n-3, 20:5n-3, 22:5n-3, 22:6n-3. N.D., Not

detected.



-
re
o
&
hu
fuj
El
ok

(A)
4.40 P-value
=0.789
420
3
E 400 r
<
2 380 [
K
o
S 360 [
<
3
° 340
P4
320
3.00
C
©) 300
P-value
=0.018
250 *
< 200
£
(0]
> 150
Ny
2
)
= 100
50 [
O 1
T-0 T-800

Hol ol Zojo n|A= YT 529

0.50
P-value
=0.020

040 [ .

>
€ 030 [
=
=)
g
Z o020 [
©
o]
[a0]
010 [
0.00
D
©® 40
P-value
=0.038
*
I
Qo
©
£z
(o]
0
S
e L
& 10
0 1
T-0

T-800

Fig. 1. Growth performance (A, notochord length; B, body weight; C, weight gain; D, specific growth rate) of yellowtail Seriola quin-
queradiata larvae fed at the different taurine-enriched rotifers for 5 days (=3 tanks; twenty pooled fish per tank). Vertical bar indicates the
standard error of mean values of triplicate tanks. The asterisks indicate significant differences between T-0 and T-800 by t-test (P<0.05).
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Fig. 2. The mean of the fractions of larvae with inflated swim blad-
ders of yellowtail Seriola quinqueradiata larvae fed at the different
taurine-enriched rotifers for 5 days (n=3 tanks; 30 fish per tank).
Vertical bar indicates the standard error of mean values of triplicate
tanks. The asterisks indicate significant differences between T-0
and T-800 by ttest (P<0.05).

Fig. 3. Image of yellowtail Seriola quinqueradiata larvae show-
ing successful (upper) and unsuccessful (lower) first swim bladder
inflation. In (A) the swim bladder can be seen to be inflated via the
presence of a bubble just above the gut while this feature is absent
in (B).
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