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NEA B WY xigtE Y R Hwma
(1. BRSO RRE WR W0 5711265 2. PGB EMNECM R e = 572025;
3. MR EEERE PRI E YRR S BT E LR E R =W 572022;
4. AP EKFEHBORE SRS W H 571126)

WE I ERLEHAEEE 4 £ (Thunnus albacares) L & 3= ik o & & i 2 55, L5 DB B
3 MR B A T (4.2+1.2) kg, J2 (22.5+2.5) kg A1 J3 (50.8+3.9) kg K A& At &, #ik A AL
AT E BN ANERERRY . EER ., BHRET PR TEHR TR . ERE T,
I AP AHERESHT IR, I34; 2. BAMEASELE ST J1 4(P<0.05); J3 445 Hi &
EREHT J1. J2 4(P<0.05. QmE 19 ¥ ARk, aXREERGH AL AKEG.04~
325¢/100g), bF AL T4 E &5 0N BAFKQ2.02~2.15 g100 g), &IKH K & & # (031~
0.45 g/100 g), FELFALT A E 13512511 (P<0.05); LFAER ., ERALBRLGEI HEZEKT
J3 4(P<0.05), K#EAIEBRIF(AAS), HARNE —RAEATER; U FITF5(CS) N IE 7,
N RAF-REAKLEBEABR NV EEAR, BAAXTAR+BEAR., Q)&4E0E 25 HEHR, U
ZAMAMEHBPUFA) A £, 2 EXREW AT 2 AHBMDHA), S8R A EN
37.46%~39.18%., DHA 4B I3 A2 5T J1. 124; —+5%AHEREPASE R, 3AEF5T
J1 %41; DHA : EPA W 11 AR E & T 12, J3 41(P<0.05), 2241070 5 i % (MUFA) & & 13>J2>]1;
PUFA ¢ & I3 4 2% & T J1. ]2 4(P<0.05), PUFA/{a %1 g i % (SFA). n-3 % % A~ %0 fig B # /n-6
A % A0 fig i B (n-3/m-6)Hh 18 J2. I3 AR F T J1 41(P<0.05), WH th{E 13 AR F&HT J1. 12
#(P<0.05),(4) 12,03 ANa.Ca A ERFH TN 4,J1 KA EZFH AL EFEE T 12.13 4(P<0.05).
4 RELBTEARTESFENNRALTRE, ¥ Fe G ERANY J3 4, H 13>12>01
(P<0.05); Cu 4 BZAMA 134, HBREET I 4(P<0.05), %400, KABEZLHE LY
FHNERRE, AHARNERBENAFEREHE 2 ATRA AN EFRET B EKRE,
KA Hehtta; WA; W; BErlka; a88,; BH®R

FESES S917  XEFRIEEE A XEHRS  2095-9869(2024)03-0258-10

6% 43/ 4 (Thunnus albacares) i J& fifi 1 H SA )R (Thunnus), J 32048 TEVREVE . RF-EEFIR
(Perciformes), i 1V F (Scombroidei) , #%F}(Scombridae), PUPAERS AT | ST DA SR R ek, 7e 3R E &
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B A T AR R, 2 s B 2 . A fo 2
o8> /NN R = A S 20 e S P BN [V S 5 S 1
a2 HE N EZ, TyH-KEEX, HEE
I A A8 0 B e BT R B G I, A f0 BT R
SURIT B, F45 7= e BRAR, e DL e [ AT 75 oK
VRN 3 G A AR R AN R B DR AP B A R, TR
St N TIRME AN, B 8 S N TR
AR E LR, HET, FZ2EZMH A KR
RV RSO RS A N TR0, HARD A
PR Y W 6 4 4 8. (Thunnus  orientalis) Y4 J&1 1 A T35
JH (Nakamura et al, 2007; #2115, 2019), & EWTH
BARA SRS, HEZEEHET, ENTEESR
o N TFRFE T JLFAb T 28 LIRS AL R TR 7K 7=
WFFE R R AH DG B 9 FR TAE R i 7R 5, 2022),

E WA T EE S a LA ERAR SN E
A A CHE ST, 0 &y a0 Ak Bl S 1 A 2 3 R 4 AR
(Buentello et al, 2011); K% Al (dark muscle) ¥ it B4
fiE(Elena et al, 2011); AN[w]i X B 6 446 A JIg it i
F#¢(Domingues et al, 2021); & #8446 f FIKAR 446
ff1 (Thunnus obesus) L A1 2H 2 2 3& iR 1 g 7 iR 2H i e
i (Peng et al, 2013); SETCHERT UL, 3 Fh 446 fa (KR
Eifh . RS BEE A0 M) R BRI IER
8, 2021); HEE S H TS (P BEAE, 2008)

8 o BRI IT R A FUR X i B A R — A K By
B al A (] v XA R B L, TG AN R KA o 6 42 4
£ 1) UL IR 5 SR AR b A o A DL ARGE , BIFOTF A At
A4 43 1 Sk A i N T3R5 8 3R 75 SR R It S %
(Mourente et al, 2009), A58 18 1 X A [5] F A% 25 €
At LR E S SRR . JEERR . IR
B R LG AT SR, e R S I 5 e i g
S AR N T SRR A T T AR AR

1 MRS
1.1 ##

S P EEE AT 2021 4E 9 H—2022 4E 12 A
TE T 1R DO AR (LR 1), RIEEIIRE SR 11
(4.2£1.2) kg J2 (22.5+2.5) kg 1 J3 (50.8+3.9) kg 3 Fi
Hks, 3R, BELH 5% s ma LA,
FH VK 3 5 5 1 A 80 C UKAR A7 4511 -

1.2 ALAENEFESBNE

K FH GB 5009.3-2016 B2 T4 5 0 2 LA 2K 45,
KM GB 5009.6-2016 FR/K gkl LA KEAE DT, R
GB 5009.5-2016 P& R B E NN, R GB
5009.4-2016 iy Kkeik (550 C)IE WLPA &K 55

®1 SHMARMBRERSREBEE. HERBERMS

Tab.1 Yellowfin tuna with three different sizes weight, sampling date and sampling region.
i H Item 1 12 J3
AT Weight/kg 42+£1.2 22.5+2.5 50.8+3.9

5} A Sampling date
55 45, Sampling region

2021.09~2022.01

2022.02~2022.07
17°29'N, 111°10" E B 3T X

2022.08~2022.12

13 MASRERSEHRANE

JUL PR B8 R I 5 £ FH 4 1A 2 B8 R 43 BT A (S-433D,
fE), Hi, @R GB/T 15400-2018, Rl
ROWAR G5 R & PEE R . AL M GB/T
15399-2018, R JT B FAc s ikl , HAb 2R
F 18 GB 5009.124-2016, K LB E

JULIR g R T 00 ol FHACAH €7 (A gilent 7890A,
%), S8 GB 5009.168-2016, FHNFREE .

1.4 ZEBSEMBRETEN

A5G FAO/WHO (1973)H I R IERR T/ b A%
ORI 20 R (A 1 LR 2 I3 FE 68 AR f
R I EIEIRIE /M (AAS) . AL2E N (CS) (RIS
%, 2021); JRIUE IR EEA LA N FE AR IEAS , RREAHTE
P R/ T HE [ AR T R (h/H) . 22 AN R 5 AR/ A

JEMiTR(PUFA/SFA) . n-3 REZAMFIIENIR/M-6 REA
ML R (n-3/n-6)(Domingues et al, 2021), A
AAS=
B i E T P SRR % B (mg/g)
FAO / WHO P-4 B v [F] P 2 FE R & & (mg/g)
_ FESER AR P AR E SR (ng/g)
R E B A P R PP B TR 1 E (mg/g)

h/H = (C18:1n-9 + C18:2n-6 + C18:3n-3 + C20:4n-6
+C20:5n-3 + C22:5n-3 + C22:6n-3)/(C14:0 + C16:0)
PUFA/SFA = Y PUFA/Y SFA
n-3/n-6 =( X n-3)/( X n-6)

15 TYRTEMNNER TR

Na. K. Mg, Ca, Fe. Cu. Mn. Zn fifi F B8 J8%HH
BB TR K BB (Optima 8000, £[E)RH GB
5009.268-2016  HLJEAN A 45 B 114 & ki1 (ICP-OES)

CS
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ME . AR LTSI FAO (1998)F1 WHO (1989)
(Mokhtar et al, 2009) 2 8 A9 ff HH A I oK B i

1.6 #HIFAIE

BE VLB 65 HE 22 (Means=SDYE X K7, fiff
JH SPSS19.0 #47 5K % J7 22 73 (one-way  ANOVA)F
LSD ZH [L#, WEHAKTEH 0.05,

2 #R

21 EMEFMOBILLER

ATRIHRAE B A S A0 f0 H S SR ILER 2. 1 4
KAy e BERT 12, 13 41(P<0.05), 12 F1J3 4
WEMEZERP>0.05); 2. BHMEASEHEEST
J12H(P<0.05); KW & B HBFEET I, 24
(P<0.05), J1 F1J2 470 #5122 5 (P>0.05), & 41K
o3 F T 2 M 25 5 (P>0.05).

K2 IMAREESRENAERNERES (LU
Tab.2 Proximate composition of muscle in three different
sizes of yellowfin tuna (g/100 g) (in wet basis)

e %

Proximate J1 2 I3
composition
K4y Moisture  72.12+2.11*  70.91+3.19°  70.38+2.85°
HEE 25.43+1.21° 26.68+0.83* 26.89+1.14°
Crude protein
bl 0.51£0.03°  0.53+0.02°>  0.64+0.01°
Crude fat
JK4Y Ash 2.85+0.4 2.8240.28  2.76+0.33

T A=A R AR5 R 2257 .35 (P<0.05), FIAl.
Note: Different superscript letters indicate significant
differences (P < 0.05) in the same row, the same below.

22 SEBMARSEMN

BE A AL A 19 R WESEIR (R 3),
36 9 P T ZILR(EAA) . 2 Rl T 2 LM 8
T2 FEIR . 3 FhEIAK M 68 A0 f0 2 B R & HE fe i
()34 J 5 B R (3.04~3.25 g/100 g); Wois BELTR P & &
o i N R (2.02~2.15 g/100 g), Sk i)y (4.2 R
(0.31~0.45 g/100 g). A [F] FIAK B 68 G 40 f0 2 FE PR 7
ZRBR, BRHEAR. HEAR. RER. RadmR.
B R . RN AR H 2T A EIN, HA a5 &
wmll I3 H>12 H>01 Aol F . BEAERR(TAA) . JE
AR T )3 d1>02 d>T1 41(P<0.05); RSt
R, SRR SR T 4B EKT I3 4(P<0.05),
{85 12 400 B EE2E R (P>0.05); U FHRERS &

J1H B EMT 12, I3 4H(P<0.05), %4 EAA/TAA [t
{EIITE 40%LL I, HIG B FE M2 R (P>0.05),

®3 IMAKEEECENASTERARCIHEET)

Tab.3 Amino acid composition of muscle in three different
sizes of yellowfin tuna (g/100 g) (in wet basis)

RITAE R Asp*  2.08£0.11°  2.19£0.09°  2.21+0.12°
JER Thr" 0.95+0.05  0.99+0.07  1.09+0.06
2R Ser 0.83£0.02°  0.88+0.06® 0.95+0.08"
HEMR Glu* 3.04+0.08°  3.16£0.10*  3.25+0.11°
HEm Gly* 0.98+0.06°  1.10+0.08°  1.22+0.05
R Ala* 1.2340.05°  1.30£0.09%  1.38+0.08"
HER Val" 1.11£0.08  1.1440.08  1.18+0.05
EER Met" 0.66+0.01  0.69+£0.01  0.72+0.02
SRILE R e 1.0240.03  1.05+0.02  1.10+0.02
ZEMR Leu" 1.74£0.05°  1.78+0.03* 1.82+0.05"
%z /2 Tyr 0.83+0.01  0.88+£0.01  0.89+0.01
HN%ER Phe™  0.88+0.01  0.9140.02  0.93+0.02
R Lys" 2.02£0.05°  2.09£0.06® 2.15+0.09"
HE R His 1.9240.02°  2.23+0.08°  2.38+0.04
WHER Arg? 1.31£0.05°  1.37+0.05% 1.42+0.03°
i & Pro 0.65+0.01°  0.7440.01°  0.88+0.01%
AR Trp" 0.31£0.01°  0.35+0.01°  0.45+0.01°
AR Cys 0.29+0.01°  0.29+0.02°  0.39+0.01%
EEMR Met" 0.7740.01°>  0.82+0.01* 0.88+0.01%
MR TAA  22.60+1.21° 23.95+1.32° 25.29+1.08°
WESE IR EAA  9.45+0.52°  9.81+0.38" 10.32+0.69"
VT S R 3.22+0.08"  3.60£0.11°  3.80+0.09°
HEAA

ELRGLR DAA  7.33+0.11°  7.75+0.08"  8.06+0.08"
B2 E-a73 9.93+0.06° 10.54+0.08° 11.17+0.06"
NEAA

EAA/TAA /%  41.81£1.35 40.96+1.25 40.81+1.32

0. MADTHERER; 0P OFREER; ANER

AR

Note: H: Essential amino acids; .: Semi-essential

amino acids; A : Delicious amino acids.

K AAS F1 CS PF4r, X[ RS 5 8 440 £
BIERIATE IV (G 4). KYE AAS o, 414
RIRVE I H/NT 1, RS — R R, J1.
J2 5 IR SR N R, 13 AN AR
PL CS NPEsrbrifE, BRE R M 13 4l aish, Haox
BRIERVEDTART 1, 1, 2 4H%5— . B BREE
AR N ORAR . RN AR+ AR, 13 A5 — .
55 R 2 LR A Tl R R TR A TR + T TR | AR
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Tab.4 Nutritional evaluation of essential amino acids in muscle of three different sizes of yellowfin tuna
L = ﬁ/\ﬂ/ / #ﬁ ,‘:-‘V// ,ﬂl»-‘t\//
FULW  FAOWHO  WEE[ REM S &/(mg/e) M fe oy
. . ; Amino acids content Amino acids score Chemical score
Amino acid /(mg/g)  Egg protein /(mg/g)
12 13 1 12 13 1 12 13

TR lle 40 49 4513 43.84 4350 1.13 1.10 1.09 092 089 0.89
TLEIR Leu 70 81 76.99 7432 7197 1.10 1.06 1.03" 095 092 0.89
R Lys 55 66 89.38 87.27 8501 1.63 159 155 135 132 129
AR+ AR 35 47 42.04 4092 4389 120 1.17 125 089 087 0.93
Met +Cys
WA R+ IR E R 60 86 75.66 7433 7197 126 124 120 0.88" 0.86" 0.84"
Phe+Tyr
IR Thr 40 45 42.04 4134 43.10 1.057 1.03" 1.07 093 092 096
HERR Val 50 54 49.12 47.60 46.66 098" 095" 0.93° 091 088 0.86"
OE R Trp 10 17 13.27 1461 1779 132 146 178 0.78" 0.85" 1.05

T N BRI IR o5 IRV E R

Note: * The first limiting amino acid; **, The second limiting amino acid.

2.3 PERAERHYZE AL LLBE

3 FhRLAK B G A f0 L LA 25 Rl B
FR (3 5), FL4E 10 B SFA, 5 Fl A FIAR B (MUFA),
10 ' PUFA. A 9 FBNIRR EH A S im T 1%, HF
Y& E B HES €22:6n3 (DHA). C16:0., C18:0,
C18:1n9c. C20:5n3 (EPA).C20:4n6 (ARA).C18:2n6c
C24:1n9. Cl6:1n7, #EiX 9 FIRMIERH LA Cl16:0.
C24:1n9 M1 Cl6:1n7 = Fi 5 W5 R G & 3% Pk 22 5%
(P>0.05), #{HEE4AH LN AR R L PUFA h 3,
Hrp, 4 TS KBR(C22:6n3, DHA) & 1 (5 BB
R &Y 37.46%~39.18%, DHA S I3 AR EET
J1. J2 44(P<0.05), J1. J2 410G & &M% 5 (P>0.05);
THBEREREPAYE R 12, I3 AREST 1 4
(P<0.05); DHA : EPA I J1 B =T 012, 134
(P<0.05), #5441 SFA Joli ¥ M2 % (P>0.05), MUFA
B 13 41>02 4H>T1 41(P<0.05); PUFA % I3 41 3%
BT I, 12 44(P<0.05), PUFA/SFA. n-3/n-6 [L1H J2.
B HBEST J1 4(P<0.05), 2. 13 AT ENES
(P>0.05). h/H {13 45T J1. 12 41(P<0.05).

2.4 WYIRITTERARLLE

3 FhiAk g AR LA T Y BT R WLk 6,
4P EEICE T Na, CafyFm 2. B4l ERT I
ZH(P<0.05), K i J1 s HieEmT 12, 134
(P<0.05); 541 Mg & o i P22 %(P>0.05). 4 Fh
4R ICE LT WHO (1989)5% FAO (1998) £ i H
HUE R R AVFRE, Fe SRR N IZH, H I3
ZH>12 4H>71 4H(P<0.05); Cu SR KN I3 4, H

BERT I 4H(P<0.05), 44 Mn . Zn &G &1
£ 5 (P>0.05),

3 itig
31 3FMMBEESWEEAEFRRLIWDHT

LA 96%~98% K4y . HEFE . B
5 1R 4346 1 (Rani et al, 2016), F44 i 45 2 46 16 1 1Y)
JEOE L OCE SR . A DR A H W E E IR
(Ravichandran et al, 2011), 7EABIFEH, #EiESH M
LKL 7 % (0.51~0.64 g/100 g)FHLE [ i & &
(25.43~26.89 g/100 ) 5 KIRGAR A CHLAEDT 0.6 2/100 g,
FIEEH 23 /100 g)., filffi(Katsuwonus pelamis) (HLAR i
0.6 g/100 g, HEH 25.9 g/100 g)Z5EH13L(Venugopal
etal, 1996). B HE 44 (0 A 11 5 A R 105 3 o Bl KA
) HE R IG N, X 5 4 R BN TSR E i A A
(Nakamura et al, 2007). i [K f# (Mystus bleekeri)
(Naeem et al, 2011)% AUWFFE 45 AL ; Venugopal 55
(1996)WF 75 IA Sy, KR4 WL A 2L g i 5 178
165 HIK I3 & s R G, XS AT 7 45 A
Bl XRTAFEMAEAIRA 32257, HHERRZ,
WE EEALETRANEY . A0 s 35
(Ahmed et al, 2022), B AA[E AR BT B A4
BB CRENFEE, 2008; RS, 2017),
B OARA AR ATE N, 0 GE 5 2 B A P A
IR, FA X B YR B HOE A K R B LT
)5 75 B (Koizumi et al, 2009; X445, 2018), IHAh,
AN ] A K B B 4 A 9 A 38 S iz gl & AR AR 3K
(Graham et al, 2004), X LEERA] G FHEA IR 53102552 o
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Tab.5 Fatty acid composition of muscle in three different
sizes of yellowfin tuna/%

JEWiBR Fatty acid J1 2 13

C12:0 0.06+£0.00  0.05£0.00  0.04+0.00
C14:0 0.81+0.02  0.81+0.01  0.87+0.03
C15:0 0.59+0.01° 0.48+0.01° 0.48+0.01°
C16:0 21.1441.02 21.57+1.18 22.37+0.98
C17:0 0.96+0.03*  0.82+0.04* 0.93+0.03"
C18:0 11.33£0.86* 10.19+0.95° 10.30+1.02°
C20:0 0.24+0.01  0.23£0.01  0.23+0.01
C21:0 0.06+0.00  0.05+0.00  0.03+0.00
C22:0 0.27+0.01*°  0.15+0.01° 0.12+0.01°
C24:0 0.34£0.01* 0.19+0.01° 0.15+0.01°
C16:1n7 1.3940.11  1.33+0.09  1.43+0.12
C18:1n9¢ 8.99+0.25° 9.78+0.32° 12.87+0.21%
C20:1 0.37+0.01°  0.45+0.02* 0.32+0.01°
C22:1n9 0.40+0.02°  0.95£0.02* 0.87+0.01°
C24:1n9 1.54+0.12  1.5240.15  1.46+0.09
C18:2n6¢ 1.95£0.11* 1.48+0.12° 1.54£0.12°
C18:3n6 0.04+0.00  0.07£0.00  0.07+0.00
C20:2n6 0.29+0.01° 0.43£0.01° 0.56+0.01°
C20:3n6 0.15+0.01°  0.09+0.01° 0.09+0.01°
C20:4n6 (ARA)  4.61+0.12" 4.68+0.16° 4.72+0.15°
C22:2n6 0.15+0.01° 0.11£0.01*  0.05+0.00°
C18:3n3 0.34+0.01°  0.23+0.02° 0.20+0.01°
C20:3n3 0.19+0.01  0.25£0.01  0.19+0.01
C20:5n3 (EPA) 435+0.12° 5.1340.13* 5.3740.15°
C22:6n3 (DHA)  37.88+2.10° 37.46+1.54° 39.18+1.98"
SFA 35.80+1.88 34.55+2.11 35.53+1.09
MUFA 12.70£0.98° 14.03£1.01° 16.96+1.11*
PUFA 49.95+3.21° 49.93+1.22° 51.96+2.14%
n-6 PUFA 7.20+0.88  6.86£0.65  7.02+1.01
n-3 PUFA 42.75+3.35" 43.07+2.84% 44.94+1.56"
DHA:EPA 8.71£0.35°  7.30+£0.21° 7.31%0.68°
PUFA/SFA 1.40£0.08"  1.45+0.05° 1.46£0.11°
n-3/n-6 5.94+0.65° 6.28+0.82°  6.40+0.39°
h/H 2.65+0.11°  2.62+0.09® 2.75+0.15°

TE: SFA JAHRUFINIE R S 5 MUFA R 5AN R AR 5
M2 PUFA 9 Z AMEFIIRINTER S5 5 n-3 PUFA 4 n-3
AL ARWAIEINIR ; n-6 PUFA 2} n-6 2 Z AU AING TR ;
h/H Ay A [ P A 1/ 1 UL e i s R

Note: SFA means the sum of saturated fatty acids;
MUFA means the sum of monounsaturated fatty acids; PUFA
means the sum of polyunsaturated fatty acids; n-3 PUFA
means the sum of n-3 polyunsaturated fatty acids; n-6 PUFA
means the sum of n-6 polyunsaturated fatty acids; h/H means
the ratio of hypocholesterolaemic/hypercholesterolaemic.

32 3MNIBERERERERISENIREEHR
S

RIS AN B AL IR ARL, VT
W& W8 TN A B 2245 F5 (Ahmed et al, 2022), 152
QIR NH R R b R E 2R, F AR
XA MG TE B OCE T, i R AR i AR AR K R
B BRI s ) T R EEAEA, R A
— BRI PE SRR (T B4R, 2021), FEARFSGEH, 3 Fh
A B 4 M0 0 3 i A P R B O A AR
(3.04~3.25 g/100 g), Whits A IEMR P Fr i = 1 A B R
(2.02~2.15 /100 g), FRfIRAY R L 22(0.31~0.45 /100 g),
X5 Peng %5(2013) AU M 78 45 SR AL . 075 & FE R 1 A1
o EEREBYEARERNENEERNR, A
R, AN[E RS 8 A0 i EAA/TAA HE TG B &1
Z5, WAETE 40.81%~41.81%22 0], WL T 1 #E 440
1(37.90%~39.01%) (B F455, 2023), 44 FAO/WHO
BR, TS FAR S T SR 0 RS (R LR
39%, JLEHR 26%, AN 11%) (Oluwaniyi et al,
2010), UL, #fE 4 A RRT M AEBOEE, 2
R S R S i R KU () EE B b, AR, RAH
iz, AR, HER . WER 4 Fh LR E LRI bl
FAK G R, X 5 435 (Acipenser schrenckii
x Acipenser baerii)iff 57 45 R — 8 (FL5R 5%, 2017), X
VLB R HAS S48 0 11 B 4T

WG AAS PPy, AR A — BRI P R
J1.J2 258 — PR s L TR N R =R, I3 A1 e &R
PL CS HIEIrFRaE, T1. J2 H5E— . 45 PRI 4 3
Moy i E R . RINA R AR, 13A%E—. &6
PR R 4y B O AR TN R R . TR
X 15 IF N [] 0 A 5 06 4 A £ 11 B o (SR R O R o8
SAHME , FREIEE SRR T RS A R/ IRBE L B,
FL 2 URE AR S5 R R AHOC(RRMERESE, 2016; X143 FL4F,
2013), TR AE A Tk bR B R8sy, A
G R I, Tk e = SR s B B AR, s Bk
K fsme | IR SRR (Ahmed, 2010), ik 438 4 4
P o S 28 5k TR 174 4 TGS IR 0 28 1 A K % 3 i £ f
H i )1 B B4R (Craig et al, 2017; Ahmed et al,
2006), UL, 05T o6 4 e fn S SR RR AL,
SETEAS R AE K Wy BEAR T e S R 1Y 75 R e AN T
TR B 8 S MO A0 SR DR IR LA RS H M E .
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Tab.6 Concentrations of macro and micro mineral elements in the muscle of three different sizes of yellowfin tuna /(mg/kg)

AW%FEE% J1 2 I3 WHO(1989) FAO(1998)
Mineral elements
EERILE Na 173.36+5.98° 250.37+4.96" 268.34+7.65%
Macro elements K 785.58+13.26" 719.52+10.92° 730.79+15.21°
Mg 209.21+£9.21 195.41£10.68 215.58+8.67
Ca 26.82+2.88° 35.23+1.89° 38.62+3.28°
T2 Fe 2.83%0.67° 3.23+0.74° 5.67+1.13" 100 -
Micro elements Cu 0.46+0.05° 0.69+0.04* 0.754+0.06" 30 10~100
Mn 0.25+0.07 0.26+0.05 0.28+0.05 1 -
Zn 1.86+0.02 1.89+0.02 1.95+0.03 100 30~100

R & 52 EEAE A (Calder, 1997), ff5#E2%>
AEJ) . RERINA LR, W)y, BT I
B Jok o8 5 e b R S S R S e 1Y) R AR AE ELA
£ H (Bucher et al, 2002; Damsgaard et al, 2007), &g
LA P& IENR & /L PUFA A3, DHA A
FEASHIER, &Ik 37.46%~39.19%, Wt T4 B
(Epinephelus spp.) (FEARHESE, 2018) I BF JE 48 5
(Trachinotus ovatus) (¥ #5455, 2020)55 # WLk fi, H
KHLHE B BE 440 f0 i) PUFA . EPA . DHA & &5 T/0
iR, X595 G R BE fi(Pangasius sutchi)iff 5t 25 1
LGB AT, 2020), MEALN, EARBI T, HiE4
#fi DHA : EPA HfH 7.30~8.71, & T K& EHFF
i i) .25 (Hossain, 2011), #HX 4 =5 i) DHA Fil DHA :
EPA L3N RER AR MY R — A RHE, 75 R 2 500H
BHAC 7 #Y fe3h v, DHA : EPA H(EAR /DBt 2, WP
1250 EPA #:4k -}y DHA HUHE /14 FR(Sargent et al,
1995), X SEHERATAEXT 4 M f0 A T35 F 4R i 7 7=
HE S

FERE AR B ER 40 C12:0, C14:0 Fl C16:0 %4>
1 A0 if 3 4408 [ B (Ulbricht et al, 1991), F i,
PUFA/SFA . WH HAE & T T VP4l & %) 09 & 5% i &=
(Chen et al, 2020), HE R & A BY F RGO M4
T A P2 P e & AR B RS . n-3/n-6 FU AR HLARAS
[F] £0 i B 17 2 A 0 SR R B e A, B
n-3/n-6 LA A £ 2 45 25 B (Guler et al, 2011), HRAE
R E AW, n-3/n-6 WIEHE T 4 RERRIEE WA
(18 P9 19 & 2 (@kland et al, 2005), TEABFSEH, 12,
J3 44 PUFA/SFA HEPI & T J1 405 h/H e I3 4
WERT I, 124 £4 n-3/n-6 LLEHKTF 4, H
2. BABEST I, dad Xt 3 FpAS[EHURS i i
4t PUFA/SFA . h/H Fll n-3/n-6 A LLESFR B, KM
6 B A0 0 HAA TP SR i,

34 3THMBEHSRETURTEINSN

KA A ) IR B v B SR RN B 1 0 ) I v
VERRIERY, ISR ) vk B 32 21 22 R 3R 1 52 T
(Karunarathna et al, 2009), 7EAMF5EH, Na Fl K /)
S 34 ok BE 4y WIAE 173.36~268.34 mg/kg il 719.52~
785.58 mg/kg Z ], 5 FREH AR ER S K 0 7 i 25 S
MRONFF 54, 2019), Na: K HFE1: 3% 1:42
B8], X5 K4 A Na, K Al (Karunarathna
etal,2009), 7TEEMPHAIE Y, EHEH.

e BT RAERE T, TGS SR
%, Cu, Fe Ml Zn % & 4 J& 7EARVR FE I A= W AR AR 5
BT oo 1Y, AEAE S e I AT BEJ2 45 B2 A9 (Chan et al,
2019), & EEROKLIEBRYFEHRERS
H 4R . & Fe &N 2.7~80.0 mg/kg, H
R =R N Al O A AN
(Karunarathna et al, 2009), A5+, Fe F =7
2.83~5.67 mg/kg Z[H], BlALKE AULE N, ¥ 68 A fa AL
PR S A 1S K 5 Cu & s i KIS 13 41 0.75 mg/kg,
HEEET I 4; 4410 Mo M Zn TREES,
WHO (1989)F1 FAO (1998)& T a2 & dh o Cu iy K
FEVFRRE 3508 30 pg/g A1 10~100 pg/g, Zn WK
FLFBR M50 100 pg/g A1 30~100 pg/g (Mokhtar et al,
2009), HEEESRANIANESE Cu, Zn IKEZIKTE
i ORI B e K RV P R

TSR 3 AN [R]RHAS B 6 A0 £ SR | AR TR
5 HT, S 440 HLA B 1B R T, KRG 4
o £ SR HE R & B iy, [A]ISH PUFA/SFA | h/H
Fl n-3/n-6 HLAE T R, 316 B JCRIAR £ 46 A 1R 4
WG A M fEN TR T G 0785 57 1)k e il B Rz
2 RO R AR K o B R SRR 7 R () 5 oK ik, TR B 4
¥t LA B HIXTH T ) DHA A7 DHA : EPA H
R, AE BB RN
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Analysis and Evaluation of the Muscle Nutrition of Different
Sizes of Wild Yellowfin Tuna (Thunnus albacares)
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Abstract Yellowfin tuna (Thunnus albacares) is popular with consumers due to its delicious meat and
high nutritional value. It is a globally recognized high-end marine economic fish. With the advancement
of fishing equipment and the increase in fishing efforts, the amount of tuna resources has decreased
significantly. To make up for the insufficient supply of tuna in the market and protect wild populations, it
is essential to carry out research on artificial aquaculture technology for tuna and to gradually establish
full-cycle cultures of tuna. In order to study the differences in the nutritional components and quality of
yellowfin tuna muscles of different sizes, three different-sized yellowfin tuna, J1 (4.2+1.2) kg, J2 (22.5+
2.5) kg, and J3 (50.843.9) kg, were used as the research subjects, and conventional biochemical analysis
methods were used to compare and analyze the proximate compositions, amino acids, fatty acids, and
mineral elements of tuna muscle. The results showed that (1) the moisture level of the J1 group was
significantly higher than that of the J2 and J3 groups (P<0.05); the crude protein levels of the J2 and J3
groups were significantly higher than that of the J1 group (P<0.05); and the crude fat level in the J3 group
was significantly higher than that in the J1 and J2 groups (P<0.05). (2) A total of 19 common amino acids
were detected in yellowfin tuna muscle, including nine essential amino acids (EAA), two semi-essential
amino acids, and eight nonessential amino acids. The amino acid with the highest content was glutamic
acid (3.04~3.25 g/100 g) of the three tuna sizes; the essential amino acid with the highest content was
lysine (2.02~2.15 g/100 g), and the essential amino acid with the lowest content was tryptophan
(0.31~0.45 g/100 g). The amino acid content of different-sized yellowfin tuna varied greatly, except for
threonine, valine, methionine, isoleucine, tyrosine, and phenylalanine, which were not significantly
different among the groups, and the other amino acid contents were mainly J3>J2>J1. The content of
nonessential amino acids was J3>J2>J1 (P<0.05). The content of essential amino acids and delicious
amino acids in the J1 group was significantly lower than that in the J3 group (P<0.05). The content of
semi-essential amino acids in the J1 group was significantly lower than that in the J2 and J3 groups
(P<0.05). The ratio of EAA/TAA (total amino acids) in each group was above 40%, and there were no
significant differences. According to the Amino acid score (AAS) score, the valine score in each group
was the lowest and < 1, which was the first limiting amino acid. According to the chemical score (CS)
score, except for lysine and tryptophan of the J3 group, the scores of other amino acids were all less than 1.
The first limiting amino acid of groups J1 and J2 was tryptophan, while the first limiting amino acids of
the J3 group were phenylalanine + tyrosine. (3) A total of 25 fatty acids were detected in the muscles of
yellowfin tuna of three sizes, including 10 saturated fatty acids (SFAs), 5 monounsaturated fatty acids
(MUFAs), and 10 polyunsaturated fatty acids (PUFAs). There were nine fatty acids whose content was
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greater than 1%, and their average content ranged from high to low: C22:6n3 docosahexaenoic acid
(DHA), C16:0, C18:0, C18:1n9¢, C20:5n3 eicosapentaenoic acid (EPA), C20:4n6 arachidonic acid (ARA),
C18:2n6¢c, C24:1n9, and C16:1n7. Among these nine fatty acids, only C16:0, C24:1n9, and C16:1n7

showed no significant differences (P>0.05). The fatty acids in yellowfin tuna muscle were mainly PUFAs,

and the content of DHA accounted for 37.46%~39.18% of the total fatty acid content. The DHA content
of the J3 group was significantly higher than that of the J1 and J2 groups (P<0.05). The EPA content of
the J2 and J3 groups was significantly higher than that of the J1 group (P<0.05). The DHA:EPA ratio of
the J1 group was significantly higher than that of the J2 and J3 groups (P<0.05), and the MUFA content
was J3>J2>]1 (P<0.05). The PUFA content of the J3 group was significantly higher than that of the J1 and
J2 groups (P<0.05). PUFA/SFA and n-3/n-6 ratios of the J2 and J3 groups were significantly higher than
those of the J1 group (P<0.05). The h/H ratio of the J3 group was significantly higher than that of the J1

and J2 groups (P<0.05). (4) Among the four macro elements, the contents of sodium and calcium of the J2
and J3 groups were significantly higher than those of the J1 group (P<0.05), and the potassium content of
the J1 group was the highest and was significantly higher than that of the J2 and J3 groups (P<0.05). The
contents of four heavy metal elements were all far lower than the maximum allowable limit (FAO and
WHO) suggested in food, among which the iron content was the highest in the J3 group, and J3>J2>J1

(P<0.05). The copper content was the highest in the J3 group, and was significantly higher than that in the
J1 group (P<0.05). Comprehensive analysis showed that large size yellowfin tuna had better nutritional
quality, and the results of this study also provide a scientific basis for the selection of residents' diets and
the formulation of artificial nutrition feed for yellowfin tuna.

Key words Yellowfin tuna (Thunnus albacares); Muscle; Size; Nutritional components; Amino acids;
Fatty acids



