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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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JRE) OFMPEINTEDY (Sargent et al. 2002), HFEHE)
YEIREIEX MY 70 T4 FEIO n3HUFA £ ) b 20-30%
MELLZWETEFA ZERERETEL I EPMWOLNT
W% (Salhietal 1999), L2L, a5V IidkAa T
@ BFA ZERAZ BT T M) /H‘*F’W)»JJ% EAHITH
Lo fid, BOBEMET, HDHVITAENTFHONIE
FHEELCES OB S, BEEERTEE Y VRY
&E%ﬂb%<%@1ﬁ%ﬁf@&&&é ZOM|FET
BoNnsElEw (TL8E) 1%, ) VIREICESH LW
BCh b, Wl bwf%ﬁﬁkﬂﬁ’ﬂﬁﬁvfﬁﬁ
PEWENREFEO % 51, MmE RN T A B A BLA T
5 Z & CTHEHE (Watanabe 2002) @D 50% £ 0 b X ) Ew
HETHRHIMEZ BT BRESH 5. AWIZETIX,
Mo 67% % REM TR L 7R AR 7 2 8 % i
BT 5 E THERCEBIREZYUHETE 2089 »iRE
L7,

MR ETE

SEREF BRI Lo fumiEREEY (A A<
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O~ 7" 0 QR S 3 L 7B o Efi cE o
72bDT, FOMEER IR L. TLEIEKRGH
7%, WRE DS 22% T, FRE D 9 BREIRE A 16% TH -
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YIITN) UHRERGTH o 7z TRIIEEHLKIE n-3HUFA
B 14% TH D, WEOMM (F20%) 12T R
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R1. TLEO—MEGT (%) B X OIRIERHLL

K5y 77.0
57 AV 1.0
FENRE 22.0
HRPERR 5.5
TEHE R TR 3.7
Z DAl 1.8
TR 16.5
KRATZ7FInany r 8.0
AT Ay TIL) v 5.0
Z 0l 3.5
NEITR (RRAEE AL %)
16:0 34.5
16:1 33
18:0 12.9
18:1 17.6
20:4n-6 29
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

y ooy BIEE LTy, KRB, a—r 7 s
= var v, HY YT 46% T, B DA E
G L7 3 ORI R A ER L7 (B2). HEIX (&
M) MO AZ ML, AWK B L O 28X
Ao 2/3 2 KRGl TRE L 720 Rl X o fa
n3HUFA & & (&, 7)) 44 @ n3HUFA Z K& (2%)
(Takeuchi 1997) #7293 £ 9 IZFFEI L7z WAEKXT
4 AEIZE D n3HUFA 254 72\ 728, n-3HUFA
é‘%w‘%b% # = R4 L, n-3HUFA ZR % i 723

INCEREN L7zo KfRMEREAE L CIRAB LR, T4 X
7/\1/‘/57—TBU?/L IR TR X 72, DA

AIZEDLETEDL WG LR, W CHERT L 72,

HEREm RKAROTY v az AR 2 » HEER L
7otk REREIRT 8 HHEIBIE L /- Pk E 46 g D7)
Xyt % 2000 KA 11 RO 2 JAEIX) L7z, F
ki 252*x1.1°CHO L ET1H2 MiAEHRML, 8H

510 H £ T50 HHOHHE 21T > 720 HKEIZH 3.21/

F2. WA OMES L OHHTE (%)

JEOR} xR X X T AEIX
v 40.0 40.0 40.0
KO 14.7 14.7 14.7
A=Y INTF VI 10.0 10.0 10.0
INERy 10.0 10.0 10.0
TN T 7 — Ry 1.95 1.95 1.95
e iiall 13.8 4.6 -
K - 9.2 9.2
SRR ! - - 3.1
A 71 i - - 15
IATNVI vy AT 1.25 1.25 1.25
) UEEANV YT A 2.0 2.0 2.0
vyIviv s Ar 1.5 1.5 1.5
Ny A 0.5 0.5 0.5
AV I 0.3 0.3 0.3
)L a— A 4.0 4.0 4.0
SIHTIE (R2W))

L R2AVE | 459 45.8 459
HIRE 22.1 23.1 25.9
Hr R 19.3 20.4 20.4
TR 2.8 2.7 55
fA#HHF n-3HUFA 44 23 2.4
JK53 9.2 9.5 9.2
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TIATIVI v ADOHMM (ghkg) : NaCl, 40; MgSO,-7H,0,
600; Fe citrate, 100; Ca lactate, 140; ZnSO, 7H,0, 1.41;
MnSO,-4H,0, 0.65; CuSO,-5H,0, 0.13; CoCl,-6H,0, 0.004; KIO;,
0.012; LT —2 117.8

BTy IvIv s A0 (gke) T T I UREEENE, 0.86; U
R7TIEY,070; € KX UMM, 083; = aF V1%,
250,85 VT UERAINY T L 271, 4 7 ¥ M=)V, 30.00; ¥
FF >, 003; BERE, 015, 7/ a7 32 ,0.001; T AT
VUMV A 108, AF T4 Y03 b3 v 11531,
Wl b2 7 =0 —)b ,6; L O— A 829.8
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BTh o770 BT 48 BRI L 721,
T T E T o7z, Y TIIEOHE T -80°C TIRAE L
720
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W (%)= T BP9 R E - ISR E) < 100/ (1)
Witk )

AEESR (%/H)=In & TEFEAEE) - GO
FIRE)) x 100/ (F1FH H )

HHEAS (ke AE / H)=1E= (g) x 1000/ (##]
IR E + TR ARE) 2 x (R B+ A5k
¥ 2]/ (FEHE

fE D (%)= (#& T R P IR B < AEFR IR 5 - w78
RE < AR + TIETCMARE) x 100/ (T &)

Y X7 BRI = (TR PIRE < R R - A
¥R E < AR + SR AR E) X 100/(5 787 B
BIGE)

SREE ik S X O RIS A T 4 k%
TV LTHEIFAAL, 17 )VE L TERBKX
29 TIWEGH L7z, s LMy X0 ]
G, I3 Uy - VEICLDEEYEEL T
KD 7o KAIE 105°C T 10 BEMEZE: L, K5 1d 600°C
TSEEBIKILL T, ez Lz, ML vo
RNV DAY — VIR THIE L (Folch et al. 1957),
SUAS =N Uk G TRERRE & ARTEAR R 55
L 72 (Juanda and Rocquelin 1985), # 2 & DO JREH 1
AX PaRAF vy (MK-6, HREH=FEFEY o)
TER L, HREZ2=7 v1bFvFI2L ) AF VL
7otk HAzu< T T 7 (MRS BT GC-
2010) CHREFERALEL % #-_72 (Furuita et al. 2014)

woOR

FEROME R OB 3R 212, R =
KINWFENZTIUR LT ¥ U3 a3 & mE L D8
46% ThH o 7228, IREEGEIITL2EXPMMBOKX LD B
RRE Do 720 iR n-3HUFA & & 135 R X, A X,
i AEXDNEIZ,
1) @ n3HUFA Z K= (2%) (Takeuchi 1997) #iii7z L

4. WBREEZ 50 HEFET L 727 OFHRER

&3, WBREEOIRIIERM GEIRIIERY %)

44, 23, 24% THYH, ETOKXTT

N IR X HRIX AR 7 AEX
14:0 4.4 1.9 13
16:0 13.7 12.9 15.2
16:1n-7 5.6 24 1.6
18:0 2.8 3.5 4.4
18:1n-9 133 193 20.5
18:1n-7 3.1 26 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 15 0.7 0.4
22:6n-3 9.5 5.4 5.9
n-6 8.1 33.6 38.7
n-3 21.5 133 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 1.49 223

IR

TW/z,

BERR R TEHOVPHIREITLEX A ROEL, 2
WTHIRIXTH 0, AT R b Ko 720 HER,
FRRNER, & 2oy B RO TH > 7275, 7
LEXOFEBARIIMOMERX X0 SRMHETRE <&
By L7z HHEEARAHBRXHTEI P72 (4),

BHEOMIER SAEOKSIHEREMX ST 2B K12
HRCE REEEIE VL2 ERPEMAMX LY b5
Molze ¥ VST K IEEEBEX I TER o7 (F
5), MEFORE &R IEAMKARDEL, DWTH
LEIX, SEBXDONETH - 72 HAONRE &= 123 ER X
M CTH#EIE o7z,

P38 & OHGIA O BRIHEEALS I, SR O BRI ERALAL 2
FRMLTBY, AWK, FAEXE S IR 5
AOFERRECIE, V) 2 — Vg (18:2n6) D% < o
Tz (326, 7). n-3HUFA (3P, #iA & bl iig

Xt HE X EARIIX HLH X

1 2 1 2 1 2
AT (%) 100 100 100 82 91 100
HTIFHARE (g) 192.4 196.9 179.0 171.2 226.3 203.5
WEE (%) 318.1 328.0 290.0 2712 391.5 3425
Hm = (% H) 2.86 291 272 2.62 3.19 2.97
H AR (ghkg AE/ H) 27.1 26.6 26.3 26.8 255 273
faEhEE (%) 90.6 933 90.0 86.5 103.0 92.6
VRAVAE bk 1.97 2.03 1.96 1.89 2.24 2.02




x5 ZfRo—kisrs L OWE, HAOIKEEE (%)

X RR X (SR 7 LEIX
1 2 1 2 1 2
EVUTN
Ky 70.8 712 71.5 72.3 70.3 69.2
L2AVA 19.3 19.1 19.2 18.7 19.2 19.6
FRPRE 6.4 6.3 5.9 5.0 6.9 7.8
i 3.2 3.1 3.2 3.5 3.2 3.1
Tk
KPR 7.8 9.4 12.3 12.5 9.0 10.3
PR E 5.6 6.2 9.9 9.3 6.9 8.1
e ERE 22 3.2 2.4 2.1 22 22
A
FRIRE 14 1.4 14 1.3 1.5 1.5
PR E 0.6 0.7 0.8 0.6 0.7 0.6
TR 0.8 0.7 0.7 0.8 0.8 0.8

HBLOBEREICBVCHEBEX Mo 2 XL b5
o 7ze AKX & T LE X O TlE n-3HUFA &=l
KEGPo7T2D5, HLAEXDOFH R IahAxFH ok
(DHA, 22:6n-3), 7 9 % F YR (20:4n-6) %<, T
A a_ry T UFE (EPA, 20:5n-3) AME L, FURHHER
L FAFRDMEIT AR & 72,

zZ

SEOBRFTIZ, TNETTY) THSE STV A AN
fRHFE (50%) (Watanabe 2002) £ 0 b EWEIE (67%)
THIME KM CTRE L7z KEMOATHRE L - KA
WX IFABTREI RO L 722 Eh 5, FHD 67% %

KEIMTRAEST 2 & 79 O BFA BER %072 LT n
WREEDSE 2 5 M 7ze A IX DR n-3HUFA & (3
Pk (2%) (Takeuchi 1997) L0 b &< %5 L) 2k
L7z LA L, n3HUFA ZRE X FRIEEEICAS
SN, TV BT B IRNIERAL R O n-3HUFA O 1T =
1% 1520% & ST 5% (Takeuchi 1997) . AKX DONE
B n-3HUFA 13 10% &, COMIEMEE ) WS &
5 (£3), EMAMEXI n-3HUFA Bk 2072 L Twi
MolzbDbEZ BN, X512, RAMX ORI
HeEmld, "RXE)EE o T, HiEOREE
w O EFA R Z O OFFEL & &7 (Torstensen
and Tocher 2011), KFEHH 7 Salmo salar TIZEIKIE T
THREBEWEZHG LA ICR SN TWw A (Torstensen

®e6. 7 VIFEOMIEIRE B L OVEIRE ORI GEIRIIERT %)

H RN HRIERRE
AR R FHR X AT X 7L EIX FHR X (AR X 7L EIX
1 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 20.6 203 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 34 6.7 6.5 8.6 7.8 9.5 9.3
18:1n-9 20.9 20.7 242 24.4 21.8 224 7.0 7.4 7.5 8.5 6.5 6.8
18:1n-7 42 4.1 2.4 25 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 22 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 32 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 3.4
20:5n-3 4.8 4.8 1.8 1.6 1.8 1.7 7.4 7.2 5.1 4.9 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 39.4 394 46.7 44.1 7.5 7.4 19.8 223 20.5 21.2
n-3 13.7 15.2 7.6 7.4 10.7 9.6 13.7 45.2 36.7 34.1 349 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

*F 1B



®7. 7)HAOPRIRE S L OBIEIRE ORI GEIRIEY %)

7 SO AR A SR EE AT

PR E RN E
il FHIR X AR X T LEIX FIR X AR 7L HEIX
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 18.5 19.5
16:1n-7 8.6 8.3 5.3 5.1 34 5.5 0.8 0.8 0.4 0.4 0.3 0.2
18:0 4.1 35 4.1 4.7 5.0 4.9 7.9 8.4 9.9 9.8 10.1 10.2
18:1n-9 10.3 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 49 28.0 253 293 29.5 3.1 2.9 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 25 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 22 2.1
20:5n-3 6.5 6.9 3.0 3.5 2.5 2.5 6.2 6.1 33 32 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 13.9 372 37.0 29.9 30.2 31.7 315
n-6 72 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 27.5 18.0 229 19.4 19.0 455 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 34.7 354 349

1B

and Tocher 2011) o ARFERD AR D 3HHE D & b KA
X% n-3HUFA "AE L Tz b o L g Sz,

—, A AEXIIAMIX & 1313 L n-3HUFA & &
Tdo72h, MERHFRREZ EAMRMIMIX I Tt
ZI3N, AKX EFASFOMERMETRLIZZ ErE, T
L&A HFMERINT S 2 & TRIO 67% % K
THRETEDLZ EAVREN, T2, O EE= D
MR &R, TABRIIHREX & EREP N &
MO, EFARZDOIEREFZEL T WD EEZ S5z,
BRHED L OE BT, KAMXIE n-3HUFA A
HOATH LD LT, HLEKIIEHT L EIZHET
HUEEETEY VIREAE ENCE Y, FEH O n3HUFA
DR HMENGE H K D n3HUFA TH o720 N5
DZEDNS, HFETHONTWE L)L, TYSEICE
WCHHEFEYE) VIR A n-3HUFA BERRIE & L CHlE O
L D L ENLREEZ L > TWE D EEZ SN,
AR ORI ERRL, (F23) 134 LKA, KAz
NTDHA BL U7 T F N VDR <, EPA DA -
720 HPBEB & OW A O RREFEERALEL & Z 4L & O FEL DAL
AR, A AERKITEAMXIZIENTDHA BL U7
T % FUEBROEIAEDTE {, EPA MRV D > 72,
o ORRIERIE T A 39 4 FESAHEEYE O wiERE
THhY), BENTEELEHEZHEHE WL EEZLNT
BY, EWICHETEHZ L > Cnwh o, fkdogs
TR, ZNOHOMELEHEETHL LEZ LN T
% (Sargent et al. 1999), D728, # LE ¥ D DHA/
EPA It B X U7 7 % N U EE /EPA LA R BN
TEr-o722 by, TAEROFET SRz EsE/-%
HNTHHUEEEDH D, 71 HDVIdMaFEOFHELIC

BWTIL, DHA 25EPA &L D SV EFA IR EHFOZ &
BHIGNTWAE, LiL, DEMBWCIE~ Y 1 Pagrus
major C EPA & DHA DT EFA B FAIZE=D W T &8
IRENTWVDA, 7 TEAHTH L (F1112009).
KEIZHBTET7F P BROLEEIZHET 505813
n-3HUFA (2R TA WD, ¥ — K v | Scophthalmus
maximus FEFRL I — 1T v IXANF A Sparus aurata 1125
WCHRIZT 7% FUVBEZRMNT A2 & THRESR A b
L AT 7 EDee%§ 5 2 EAURENTW S (Bell and
Sargent 2003) o RO 7 7 F NV ERIRINE OB INIZAE
) FE MBI RO A 1 = A LNEAPTH HH5, JEIC
WARZZEHNZTTHR R UBRIETA T 4 FOREKMET
HHLI L, FRFOT T F N VEE/EPA LOZELIC
PPk A ot A FEARDSRSEL T, €0
MERE L THREICEEER 52 TV IO TRV b i
ENTwb (Bell and Sargent 2003) o 414, AR fi %}
IZBITE NS DMENIBGES L OHEOEEIIONWT
LNRDLZENVETHSH I,

Db, iR A e A AR AT A 2 &
I2&koT, 7RO RERHEERNZEE Ul O AT LA
L7zfik e MEICE CUETE LI EDmRBENL, L
MPLRDS, SRORBRTIE Y L E X OFE O K
MOEEDREDP 722 D5, BREIT> THELH
AT HUENDHH ). F/z, SHMH LT 2 EITH
BOFERGPHLBHEEIN T s, ZOFOE
SIS 2 S 24 5 2 & T, ik R EY O A whF)
HABLUHRmEHEDKBLEEDONLbDEEZ S
N5
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