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Evaluation of nutritional value of a fish oil by-product in a diet for fingerling

yellowtail Seriola quinqueradiata

Hirofumi FURUITA, Tsuyoshi SUGITA, Takeshi YAMAMOTO,
Naoki KAZE and Hiroshi YAMAMOTO

A 50-day feeding experiment was conducted to evaluate the nutritional value of a fish oil by-product
rich in phospholipids, obtained from tuna and bonito processing residue, in low-fish-oil diet (LFO) for
yellowtail. Control diet contained fish oil as the sole lipid source (HFO). Fish oil content of HFO was
reduced to one-third and substituted by soybean oil to prepare LFO. Fish oil content of LFO diet was
replaced with fish oil by-product and squid liver oil to prepare fish oil by-product diet (FOB). As fish oil by-
product contained less n-3 highly unsaturated fatty acids (HUFA) than fish oil, squid liver oil was added to
satisfy the n-3 HUFA requirement. After the feeding experiment, final body weight, weight gain and specific
growth rate of fish fed FOB were comparable to those for fish fed HFO, and higher than for those fed LFO.
Feed efficiency showed a similar trend to fish growth. n-3 HUFA levels in liver of fish fed HFO were
significantly higher than for those fed LFO and FOB, and were similar between fish fed LFO and FOB.
These results suggest that the inclusion of fish oil by-product in a low-fish-oil diet improves growth and feed

performance in yellowtail fingerlings.
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R EEEEEOHEIMNCE b 2 WEAFAROER
BTHLANCRMOTEIMNEML T 5, ABHPA
WMOEERBIFEITL 2o TWaE D, 05 Offitgss
% L Ty 5 (Tacon et al. 2008, Turchini ef al. 2009) o5
BOLBEAEEIEML CWEFEENTEY (Tacon
et al. 2008), BB LUCAHMORBEROBENEHET
b, 7 Seriola quinqueradiata (X BN BT 5 EIEA
EEFPROLE L, BHRES v BomENIES R
ENTVEY, AMRBHBEOREIIDLT N TH S
(Watanabe 2002) . % < O fFECTHEMMAEMIEL L TH

AENnsKEMP/ S — LhEIL, BEADLERGR
(EFA) T» % n3 BEASMEMEE (n3HUFA) 28 F 2\
LOBEEIIBOWTAMOETERAET L Z L IIEET
&1 (Tocher 2003), 7'V Tid/t— a4, HHEBLU%
DREWIZ L VB 50% ORBRTRTH L2 LD
&SN TWwA (Watanabe 2002) o
ERARICES SN TV AWM N 7)) 54 B8
EXAT, n3HUFA X MY 7Y 254 FEITH B, L
L, FAICT S n3HUFA R S LCTix, +1U 7Y
o4 FRIL DY VIBEEEE LD (Rl »
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JBE) OFPENTED (Sargent et al. 2002), HEEEY
YIBEE MU ) 25 4 FEIO n3HUFA &£ 9 3 20-30%
EELLVWETEFAERERRETE L2 LN T
V% (Salhieral 1999)s L L, $ADHZVITRAET
? EFA ERICKIZTHER ) VIBEOMRIIARHTH
5o B, BROREBET, »5VIIANMEONE
PEELTEON MBS, BEERIEER Y VIRE
RETHDBROBUIELETCHLE 25, ZOBET
HoNbEIEY (TLHE) 1E, ) YBREIEDHLVE
BThHb, GEIZBWTOUTARLFERIOEEEY Y BE
PEWHREZFEOL H1F, KAWMERC T AEEERET
% Z & TREER (Watanabe 2002) D 50% £ 1) b L hEw»
EETRMERETEZL2URENH 2, KR TIE, A
HD 67% % KEHTRE L EAMALR ST A E*E
Y5 ETHERHBDERLWETE 20 L) e
L7

¥ ETTE
ARER HBICER L AMRBREEY (4 2A<)

Y ¥y FKW, MEEmERSEE) 13, 7y tB&
=70 OEEH» SHE LMo REEETE R
2LDT, FOMBEERIIWCRLZ. FABIRASH
77%, JREH22% T, TRED ) LIBMEIEE LS 16% TH -
T BHIEEE LT, kX7 7F VN v BLUFAT 4
YIITY UPERSTH o7z BEIFEEMER T n-3HUFA
MR 14% TH Y, BEORM (820%) I[2HRTRR
n-3HUFA B34 e o 72,

K1 TEAEOERS (%) B L ORI

b 77.0
VA PAV A 1.0
wieE 22.0
g 2 55
HEREARR R 3.7
F 0t 1.8
WU E 16.5
KATFFINay v 8.0
AT 4yITITY Y 5.0
Z 0t 3.5
RERAE (IRIFEEAL L %)
16:0 34.5
16:1 3.3
18:0 12.9
18:1 : 17.6
20:4n-6 2.9
20:5n-3 22
22:5n-3 1.4
22:6n-3 10.1
n-3 HUFA* 13.7

*n-3 HUFA=20:4n-3+20:5n-3+22:5n-3+22:6n-3

RS ERE LTRYE, KB, a7y
IR, MY B 46% T, EHHELE
L3 BORBERLER L (R2), MEX (&
BWMX) TARMOALHRML, BAMXBLUTLAEX
AW D 23 B REMTHREL 2o KAMWX O FFF
n3HUFA & & &, 7V 4/ © n3HUFA R & (2%)
(Takeuchi 1997) #ii7:3& I Z#ETL7ze WL ERT
WA ABICE TR S n3HUFA 234 2 728, n3HUFA
EEOBVA WM EAREA L, n3HUFA BR %M
EHICRRE L7z BB ER T L RELE, T4 A
IRV ¥ —TRIEL, ZRECTERIE A0V 1
RIZEDETELVHT L2, BT THEEFEL 2.

SBRe RRoxVrarfil@Esci s AMERL
721%, ERARCE HHEBIEL - FYhES gD T Y
Wifa % 200L KAELIC 11 B9 2oIE 2 EK) L7z,
B 252+1.1°CHOLETIH2 HEERIEL, 8 A
5 10 £ T50 HMOMEEF 21T o 70 HKREIZH 3.21L/

F2. HBREHOMERS L USE (%)

ER Xt HE X BamX  HAERK
T YA 40.0 40.0 40.0
pNGRi bz 14.7 14.7 14.7
A=Y INTF VI 10.0 10.0 10.0
INERS ’ 10.0 10.0 10.0
TN T 7 — 1.95 1.95 1.95
¥ fTi 13.8 4.6 -
KE - 9.2 9.2
BRI EY . - 3.1
A 71 il - - 1.5
IFTNI YA 1.25 1.25 1.25
DING ;B N 2.0 2.0 2.0
¥y3Iriyra® 1.5 1.5 1.5
Ny AL 0.5 0.5 0.5
T I A 0.3 0.3 0.3
L — % 4.0 4.0 4.0
SHE ()

CAPAVE 45.9 458 45.9
WIEE 22.1 23.1 25.9
rREREE 19.3 20.4 20.4
BN E 2.8 2.7 55
A%} n3HUFA 44 23 24
IR 53 9.2 9.5 92

Y EEREIEY OISR TER

TIATINI v s AOHEK (ghe) : NaCl, 40; MgSO,-7TH,0,
600; Fe citrate, 100; Ca lactate, 140; ZnSO, 7H,0, 1.41;
MnSQ, - 4H,0, 0.65; CuS0,5H,0, 0.13; CoCl,-6H,0, 0.004; KIO;,
0.012; T —R 1178

By rIv s AOMB (gke)  FT I REEEE, 0.86; Y
RK75¥ 2,070, €1) K& ViEEEE , 083; = a5 VB,
2.50, SV VT VEEINY T L 271 4 /Y b —Iv,30.00; E
FF >, 0.03; BEE, 015, 7 /38532 ,0.001; TAIN
CUBANT T A ,108;, AF T4 ,03; by >, 115.31;
BEs b7 20— )b, 6, Bl TO—A 8298



7)) G AR AR E R A

BTH ol REBERTIICIZBEBREE L%, o
TN TR ITo7e BT IIEGITE T -80°C TIREL
AR

FAERBITROBRIZINEFEL .

WEE (%)= THEYEE - HFHKRE) x 100/ (7
P E)

HEREZE (%/H)=0n (KRTHFHEE)-n (WH
FIHEE)) x 100/ (FE B 1)

HHEEE (gkghE/ H)=18=E (g) x 1000/[ (R
FHERE+BRTHEYEE) 2 x (NERK + 4R
¥) 21/ (T IH

SRR (%)= TR FHHRE x ERER - T
HREXNERE + SHRTAKE) x 100/(BEE)

g BERhE =R TRFHRE X EREH - W8T
BHREXNAERE+SRTAMKE) x100/(F » 77K
=)

DRFE Ak TES L OHRIEEKIET 4 EEE
T=IVLTHFEYFAAL, 1T ne LTERBX
2H T TNEG LTz BB L UCARKOMSY Vs E
EEIE, EIITUINS - NVERICEIDEREZEELT
RKed7ze KL 105°C T 10 RERMEE L, K4 1d 600°C
TS5 REKIEL T, #nFnlE L7 MigE7 oo
RV LAY — VBB THH L (Folch et al. 1957),
UAH =Ty VERCHEREYE &R ICHE
L7z (Juanda and Rocquelin 1985)o % 2 E OB MK IZ
AXY  OAF vy (MK-6, HRASHZZELFEY T Y)
TEEL?Z. ERE*Z 7 vibA v RICL Y 2 F kL
2tk HAZuw N7 (BRASHBEEERN GC-
2010) THERFBEALRL % FA~<7: (Furuita ef al. 2014) .

R

FEROSIE SEO—BRSEE2 I, RITEERY
FIWFNFIWRL, FUN/EERBIIEFARLE DN
46% TH o275, BEEER TV LERXIMOR LD B
RRE 5 126 BT n-3HUFA S & 3R X, AKX,
HAEXDNEIZ,
) @ n-3HUFA ZK& (2%) (Takeuchi 1997) %7 L

R4, ABEHEZ S0 HHABHE L7 OFEFRER

44, 23, 24% THYH, ETCHORTT

3. HBREHOIREAER RIRHERF %)

gL xf FE X R EBIX 7 HEIX
14:0 4.4 1.9 1.3
16:0 13.7 12.9 15.2
16:1n-7 5.6 2.4 1.6
18:0 2.8 35 4.4
18:1n-9 13.3 193 20.5
18:1n-7 3.1 2.6 1.8
18:2n-6 6.4 32.7 37.5
18:3n-3 1.1 3.0 33
20:1 9.5 33 0.9
20:4n-6 0.5 0.4 0.6
20:5n-3 8.4 3.6 2.7
22:1 12.1 3.5 0.7
22:5n-3 1.5 0.7 0.4
22:6n-3 9.5 5.4 5.9
n-6 8.1 33.6 38.7
n-3 21.5 13.3 12.6
n-3 HUFA" 20.0 10.0 9.1
n-6/n-3 0.38 2.53 3.07
20:4n-6/20:5n-3 0.06 0.10 0.22
22:6n-3/20:5n-3 1.13 1.49 2.23
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Tz,

HERR KRTROFHFEEIVNLAEXIRbES, 2
WTHBRETH ), BEMKIEIR O Er o 72, BES,
ERZhER, & 2y HERS FEROENTH - 725, A
LEXOFERAIIMORRK L ) bAEHTRE (L
Bl HHBERIABRKETER R 72 (FR4d).

BEOAHER 2AFOKRFTZERAMX AN LERXKIZ
HRTEL, BEEERVAEREAME I LS
Moize ¥ VN B IRGIRBRE CER R o572 (F
5)o FEHFORREEEMEAMRIRLEL, DVWTH
LEX, MBRONETH 7. HADIREEEIZREBREK
BTEE LD o7,

Frig B & O A ORRIFEEERIE, AR o IRDEE L %
SAXBLTEY, KEWX, FAEKE O ICHTE
BOHRHERETIE, ) /) — VB (182n-6) BED L o
Tz (86, 7)o n3HUFA 3HFE, A L b IcHhEgg

xR X X HHEX

1 2 1 2 1 2
HTRE (%) 100 100 100 82 91 100
RTHEISHKE (g 192.4 196.9 179.0 171.2 226.3 203.5
BEE (%) 318.1 328.0 290.0 271.2 391.5 3425
HERER (% H) 2.86 2.91 2.72 2.62 3.19 2.97
B EEeE (gkegKE/H) 27.1 26.6 263 26.8 25.5 27.3
SRR (%) 90.6 93.3 90.0 86.5 103.0 92.6
LAV ¢ L 1.97 2.03 1.96 1.89 224 2.02




g5 SREO—RES B LUK SRORESE (%)

FTHEIX R THIX AN
1 2 1 2 1 2
Lk
K 70.8 712 715 723 70.3 69.2
AV 19.3 19.1 19.2 18.7 19.2 19.6
wIRE 6.4 6.3 5.9 5.0 6.9 7.8
K5 3.2 3.1 3.2 3.5 3.2 3.1
s
IR E 7.8 9.4 12.3 12.5 9.0 10.3
R E 5.6 6.2 9.9 9.3 6.9 8.1
IR 22 3.2 24 2.1 2.2 2.2
A
WIEE 1.4 1.4 14 1.3 1.5 1.5
PR E 0.6 0.7 0.8 0.6 0.7 0.6
MR E 0.8 0.7 0.7 0.8 0.8 0.8

BEBIUBEREIBNYTHEBERMO2X LD b E
otz BAMK EH LABEXOM Tld n-3HUFA &I
KELDo72H, WLABEROFAF I AFY L EE
(DHA, 22:6n-3), 75 % FYH (204n6) 7°&E <, =
4 a3~y F VB (EPA, 20:5n-3) ML, SURHER
& FEAEDEBA A b7z,

% =
ASEOMEBTIE, ThETTY THESN TV B AN

REFE (50%) (Watanabe 2002) & Y L EWEIS (67%)
THRMEZREMTRE L. REMOATRE L&A
WMXIIFEBTREIR IS o722 00, AHD 67% %

KEWMTRET S L7 OEFAEREZHIZL TRV
TREEDE 2 b N7z, AR O FE n3HUFA &2
FORE (2%) (Takeuchi 1997) LW &< 25 X HITF
L7 LA L, n3HUFA ERE AR EEICAR
Eh, TV BIT A RRFEMER A O n3HUFA O#ILE
1 15-20% & 8N T % (Takeuchi 1997), AKX D
B n3HUFA 12 10% &, ZOBWEMLH BENZ &
5 (F£3), BAMKII n3HUFA EREZH LTk
MofzbDEEz b, 512, BREMXOFIKONR
Hegld, BRI\ hoTniz, FROBES
EOMWIIZEFA R Z OB OIEZE & & (Torstensen
and Tocher 2011), KVEEEY 7 Salmo salar TIIEAKIET
TREMEBELZHBS LIHAICRE SN T3 (Torstensen

®6. 7)) FEOTEEE S L ORI EORMBALE (RIEHEEY %)

PR TR E
izl X TRAHX A HEIX HREX REHX HAEKX
B! 2 1 2 1 2 1 2 1 2 1 2

14:0 3.8 3.7 1.4 1.4 0.8 0.9 1.2 1.3 0.5 0.6 0.4 0.4
16:0 14.5 15.0 11.7 11.4 9.4 11.4 21.4 21.3 20.6 20.3 21.2 22.0
16:1n-7 5.3 5.0 2.0 2.1 1.3 1.3 1.6 1.6 0.5 0.7 0.7 0.4
18:0 2.7 2.7 2.6 2.8 2.6 3.4 6.7 6.5 8.6 7.8 9.5 9.3
18:1n-9 20.9 20.7 242 244 21.8 22.4 7.0 7.4 7.5 8.5 6.5 6.8
18:1n-7 42 4.1 2.4 2.5 2.1 2.1 2.5 2.6 2.0 1.9 1.4 1.4
18:2n-6 7.6 7.1 382 38.0 44.0 41.5 2.6 2.7 15.8 18.1 14.6 15.6
18:3n-3 0.8 0.8 2.2 22 2.7 2.5 0.4 0.4 0.9 1.1 0.8 0.9
20:1 11.0 10.4 3.0 3.2 1.1 1.2 1.5 1.4 0.6 0.8 0.3 0.4
20:4n-6 0.7 0.7 0.3 0.3 1.0 0.9 3.0 2.9 2.6 2.5 3.7 34
20:5n-3 4.8 4.8 1.8 1.6 1.8 1.7 7.4 7.2 5.1 49 2.7 2.8
22:1 8.8 8.1 2.0 2.0 0.3 0.4 1.1 1.0 0.4 0.5 0.1 0.0
22:5n-3 1.7 1.8 0.6 0.8 0.9 0.8 2.0 1.8 1.7 1.9 1.5 1.5
22:6n-3 5.4 6.6 2.5 2.3 4.6 4.1 34.4 35.0 28.5 25.8 29.4 30.6
n-6 9.3 8.7 394 394 46.7 44.1 7.5 7.4 19.8 22.3 20.5 21.2
n-3 13.7 15.2 7.6 7.4 10.7 9.6 13.7 45.2 36.7 34.1 34.9 36.2
n-3 HUFA * 12.6 14.0 5.1 4.9 7.6 6.7 12.6 44.3 35.6 32.8 33.8 35.0

212K
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®1. TVHBRAOTERES L CEEREORIRELE (RIEMED %)

TR E IR E
=it AR R&EHX H A HIX *HRX X 7 HHERK
1 2 1 2 1 2 1 2 1 2 1 2

14:0 1.8 2.6 1.2 0.9 0.9 0.9 0.3 0.3 0.2 0.2 0.1 0.1
16:0 18.8 16.5 14.6 16.5 16.7 16.3 19.4 20.3 18.5 18.1 185 19.5
16:1n-7 8.6 8.3 5.3 5.1 3.4 5.5 0.8 0.8 0.4 0.4 0.3 0.2
18:0 4.1 3.5 4.1 4.7 5.0 4.9 7.9 8.4 9.9 9.8 10.1 10.2
18:1n-9 103 11.7 17.2 14.4 16.7 16.6 7.8 7.4 9.2 9.2 7.8 7.9
18:1n-7 2.6 2.8 2.0 2.1 1.7 1.9 33 3.1 2.8 3.0 22 2.3
18:2n-6 4.7 4.9 28.0 253 29.3 29.5 3.1 29 16.4 16.7 16.8 16.5
18:3n-3 0.5 0.6 1.8 1.7 1.8 1.9 0.2 0.2 0.5 0.5 0.5 0.5
20:1 6.1 6.6 2.9 24 1.1 1.0 2.7 2.5 1.0 1.0 0.5 0.4
20:4n-6 1.1 0.9 0.6 0.8 1.1 1.2 1.6 1.6 1.3 1.3 2.2 2.1
20:5n-3 6.5 6.9 3.0 35 2.5 25 6.2 6.1 33 3.2 2.6 2.6
22:1 5.6 7.5 2.4 1.6 0.4 0.2 1.3 1.3 0.4 0.4 0.4 0.2
22:5n-3 1.6 1.6 1.0 1.0 0.8 0.3 1.3 1.3 1.2 1.1 1.0 0.9
22:6n-3 21.1 17.6 11.7 16.3 13.8 13.9 37.2 37.0 29.9 30.2 31.7 31.5
n-6 7.2 7.4 29.5 27.3 31.7 31.7 6.2 6.0 18.7 19.2 20.8 203
n-3 30.2 275 18.0 229 19.4 19.0 45.5 45.1 353 354 36.2 35.8
n-3 HUFA* 29.5 26.6 16.0 21.1 17.2 16.8 44.9 44.7 34.4 347 354 34.9

%188

and Tocher 2011), RNEEOAADODTED S B KA
[Xid n3HUFA "R B L TWiz b DL HER SN,

—%, ALAERXIFEAMX L IZIZE U n3HUFA 552
THol=i, BERLERFL EAMERAMRICH TR
EEn, MEBREAEOMBERELRLAI DS, 7
LEE A HIFMERINT A Z & TRIBD 67% % KEH
TRETELIEIREN, T2, HEOKESE
TERRXERL Y, FAEKIIHBRLEERN 2N L
5, EFARZDEREEL TWRWVWHDEEZ G,
BRHED S O BRI, KA IE n3HUFA IR
WOARTHLOWIF LT, THAEXIZIETLAEICHET
LU YIBESE TN TB Y, B H O n3HUFA
OFEGHIBUEIEEERD n3HUFA TH o772 2N H
DT EPS, FATHOLATWS I, TILAICE
WT b HEEE ) VBB A n3HUFA #H51F E L CGERE D
AWMLV IBENLHRELoTWBELDEEZ LN,
FRORRBER (E3) BVL2ERH, BAMRICL
NTDHA B L U7 I % FUBEFRRHE {, EPA MMED -
7o FHiEE & OFT R OBRIFERAR b 2 6 O FPE OB
TREL, FABERIEAWXIZHTDHA BLUT
S& FUBOBENE L, EPAPMBRWERN S o7 &
NODOEMEIET A a9/ 4 FEEREEEYE ORIER A
ThHY, AERNTEELEFZEL TS EEZLNRT
BY, BEWIEHEE 2 > TWa 0, Efdhoess
TR, TROORBLEETHLLEEZOLNTY
% (Sargent et al. 1999), # D78, H L EEED DHA/
EPA Lt B X U7 T % F VB /EPA MR A ME R T
TEhrolcltd, TAEROFATREL A LS E/E
HTHrWEEELH L, 7 H A VIidtAEOTHAIS

BWTid, DHADEPA L ) b BV EFARIRZHOZ &
BPHILNTWD, UL, PREIBWTIZY S 1 Pagrus
major T EPA & DHA O T EFA IRIZEN RV L8
IRENTWEDS, 7Y TIEAHTHL (1N 2009). iE
KBIZBITHTIF P UBROLBEWRICET LRI
n3HUFA I HRTA R WA, ¥ — Ry b Scophthalmus
maximus HEFRP T — 0 v NAF A Sparus aurata 1FHEI2 5B
WTHHEHICT X FUBEZRINT A ZETHERESRA b
LA AR ET LI EARENTVS (Bell and
Sargent 2003) . FAEINO T T ¥ F U EERINE QBN £
I FABTHRBERLENRD AN = AL BIETH 275, £
MR ENCTIFTFFVBIZA IV 4 FOREMET
HHTENE, FARFOTTF N B /EPA EOELIC
Bk FR T, Y A FEEEPBES T, F0
HRELTHREICEEL S 2 TCWEDOTIE v L #E
STV 5 (Bell and Sargent 2003) . 5%, &AM EFH
BT INOOEIBEEL L UEEOEEIIOVWT
SHRDZEPLETHH I,

B, BRAMEABIITAEE A AFHERETHI L
2EoT, TVHBORERCEAMDEEBHOAZEE
L7FREFSEICETRETELIENRBEINS, L
PLARYS, SEORBRTIET L EROFEBED K
MOEEFREDP o2 DS, BREIToTHREE
BT ALENHL Y, T, SEFEHLLTLEIZE
BOFERSPOEEINTW I RS, FOHDE
SESEBELPICTH I ET, AMBHEIEYOF YT
ABLCARMERAEORRILT EDONEIDEEZS
N5,
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RIREY v ADAFIZTH 7720 7B IREREMOK
BN AREM S~ & — DI TS BB I R
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