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%, 2014), WEESMMOBEAGRSMERNE, &5
FEERBT . A BRIUEIR(EPA) R —+ — B SR HR(DHA)
ENMMPENITR . 4B RE, Atz £
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WRIE A S R HEHRAR , AR A 2 A B 5 % B g A b
PR U S LR, A% S (R (B A, 2013), BT
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1015 3 LA 0 8 3R A AT X L PR A . AR AR
(2021) PP 1 v ] 1 7 S 5 e B AT Vi SO H AR £
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RIS, EE GA.S AF.

1.3 FHik

131 AKRETHRARSME Koy & i | GB
5009.3-2016 >R FH B35 TR E 5 KO3 7 2% ] GB
5009.4-2016 KM m AL E ; HEH%K GB
5009.5-2016 &L E ZIEN & ; MAENi#% I GB
5009.6-2016 K FH & [GAh 4 200 E .

1.3.2 R ERALAA B HRFEH R AR
F2 i IR X FAO/WHO & SE R TE 4 bR =X
XEE AR, 23R RT3 (AAS). fh
PR (CS) FIh it Z L RAEEU(EAATL)

1.3.3 & AR N AWM ® R GB
5009.124-2016 R HREERR A 3h 53 B0 % .

134 fEH B4 0T NE Wi & s M GB
5009.168-2016 & FHAMRIZM E

1.35 Rk e R : MXT-5 S5 pEA:
(15.00 mx0.53 mm, 1.0 pm), EFEHRE R 40°C; S
H N, (B =99.999%); HATHRT : WL E
2.0 mL/min, ¥# %E 5.0 mL/min, {4 2 min; 3 #E
% 15 mL/min, {#4F 8 min; ¥ FE 50 mL/min, {§3F
5 min; ¥#HZE 100 mL/min, £ 5 min, ERERE
3 45°C; RSN Ny (A =99.999%) .

FREL 3.0 g RRIAE 5L T 20 mL T2s eke
AR PRGN, 8 X NIST £ 1%
FIMS B PR MM, R Gallery Plot JIREZ: il
R il IR R T 31 5
1.3.6 # B4 K F SPSS 25.0 #4741 #r
28 W DL S Y {E 55 U 22 (Mean+SD) o, B & T FLHE
LI P<0.05 A2, P>0.05 A AREE.
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Tab.1 Basic nutrient components in different muscle parts of T. thynnus (g/100 g)

A K5y HEA ML 7 KR 53

Parts Moisture Crude protein Crude lipid Crude ash
HHB Dorsal 57.79+0.65% 24.70+0.52° 19.34+0.33° 1.01+0.02%
JE#B  Abdomen 50.16+0.41° 18.61+0.27° 30.29+0.50° 1.08+0.05*

Vs [ URING iR R 2 B 3 (P<0.05).

Note: Different lowercases in the same column indicate significant differences (P<0.05).

22 EHEWEARMUINASERNUESER

2 NG AR AN R L A Y 2 R 4 A
MR 2 AT, 2 ASERALALIAI ARG H 17 Fh 2 B R (6
RIRBRAL), 2 FERR S5 5k $)(22.07+0.74) /100 g
F1(16.57+0.47) g/100 g, 25 W& (P<0.05), Wity AR
BN (8.61£0.29) g/100 g #1(6.28+0.17) g/100 g; ¥
BB E F LN YEAA/STAA {H ¥ 1E 40% /& 44
YEAA/YNEAA (¥ KT 60%, i1 F FAO/WHO
TEMN R A USSR M FEARRE, BT IR E A
g G 4G £ T AR AN ER b s =R 1Y % B e, HOh
KA, MMM SRR, X 54845 2018)1)
WEFEAE R — 0, 7K i B BEIR 5 DR 2R TR 1Y 5 %
YIAHOG, AR AR L 4 Fh R 2 IR & ik 13
. IR A E IR R A A>T A > H IR,
HYUAA/STAA N 34.93%~35.91%, T 30%, X
W] g G A £ 5 S R AR UL A 2 EL AT Vi K £ S 1 ff
STy

23 HHEeRBEAEMAAINAKEIENNESZSSR

% 3 ] AT, i 6 A £ T RIS LA Hh 435
erill iy 24 FpoFn 29 MR ER , b, SFA 435108 8 B
12 7, MUFA ¥4 6 #, PUFA 4350 10 F. 11 Fh,
AR ERAE AL 25 B iR & i 348 PUFA>
MUFA>SFA , 2% 5 i % (P<0.05), SFA [ & % W2
(C14:0). FAREER (C16:0)FIHH AE AR (C18:0) ) 75 H i 5
MUFA FFil R (C18: 1) Ml —FBk— M R (C20:1) & & 15 o
TR 2 f LY SN FIIE IR , 2 a8k R AR
P Re i i LRI FISE, 2019), PUFA EHA
MR A B IIRE R AE IR Y, FER RGER T L T
577 4 6 1L A 0 | JE % ki 5 % %F (Martinez et al, 2018;
W4, 2011; Swanson et al, 2012; Frensham et al,
2012) )7 1 B A W& 2%, PUFA + DHA &iafris,
EPA K2, HHAETNLA Y EPA+DHA il
PUFA R 88.55%F11 75.13%, L, #4584 iy
BRI TR LN B ARG A PR R o 3 4819 n-6 A5 i

*2 E®#cEEARIUNANSERHAMCHEET)
Tab.2 Amino acid composition in different muscle
parts of T. thynnus (in wet basis)

£+ Content /(g/100 g)

2L —
Amino acid Rl L
Dorsal Abdomen

REE R Asp** 2.18+0.05° 1.60+0.02°
AR Thr* 1.04£0.02*  0.77£0.01°
225 R Ser 0.88+0.01° 0.67+0.01°
HHATR Glu** 3.15+0.11° 2.30+0.08°
H& R Gly** 1.03£0.05*  0.99+0.04°
AR Ala** 1.35+0.07° 1.06+0.04°
iR Val* 1.18+0.03* 0.87+0.01°
FEHAIR Met* 0.70£0.01*  0.51+0.01°
FILER e* 1.05+0.03*  0.76+0.01°
LR Leu* 1.74+0.07° 1.26+0.03"
&SR Tyr 0.78+0.01*  0.50+0.01°
KNER Phe* 0.88+0.01*  0.65+0.01°
WA R Lys* 2.02+0.12° 1.46+0.09"
&R His 2.09+0.07° 1.52+0.05"
&R Arg 1.24+0.06*  0.95+0.04°
il &R Pro 0.76+0.02° 0.70+0.01°
SR Cys 0.24£0.01*  0.18+0.01°
DT EI R S EYEAA 8.61£0.29°  6.28+0.17°
EHE I S EYNEAA  13.46+0.45°  10.29+0.31°
fif IR FE R S Y UAA 7.71£0.28*  5.95+0.18°
IR B EYAA 22.07+£0.74°  16.57+0.47°
YEAA/YAA 39.01 37.90

SUAA/YAA 34.93 35.91

YEAA/YNEAA 63.96 61.03

TE: *r AR **: BEOREIERR; AT AR/
P RpRoR 22 5 W35 (P<0.05), T

Note: * represents essential amino acids; ** represents
umami amino acids. Different lowercases in the same row
indicate significant differences (P<0.05), the same as below.



222 ook B

5 44 4

x3 HERSWEARMUINNNERBEARRSE
Tab.3 Fatty acid composition of muscle in different
parts of T. thynnus

JIg 15 R i Content/%

Fatty acid B R Dorsal 3 Abdomen
C12:0 0.02+0.00° 0.010.00"
C13:0 0.010.00° 0.010.00°
Cl14:.0 1.13+0.03° 1.65+0.01°
C15:0 0.13+0.01° 0.22+0.01°
C16:0 2.99+0.11° 6.91+0.23°
C17:0 0.12+0.01° 0.3120.03*
C18:0 1.0540.04° 2.59+0.09°
C20:0 0.03+0.00° 0.10£0.01°
C21:0 ND 0.03+0.00
C22:0 ND 0.04+0.00
C23:0 ND 0.010.00
C24:0 ND 0.02+0.00
S'SFA 5.48+0.20° 11.90+0.38"
Cl4:1 0.02+0.00° 0.02+0.00°
Cl6:1 0.68+0.02° 1.71£0.07°
C18:1 3.72+40.11° 9.29+0.35°
C20:1 3.42+0.07° 1.01£0.04°
C22:1 0.22+0.03° 0.33+0.05°
C24:1 0.17+£0.01° 0.42+0.03°
YMUFA 8.23+0.24° 12.78+0.54°
C18:1n9t 0.04+0.00° 0.15+0.01*
C18:2n9¢ 0.34+0.02° 0.70+0.05°
C18:2n9t 0.05+0.01° 0.19+0.04°
C18:3n3 0.27+0.03° 2.600.12°
C18:3n6 0.03+0.00° 0.09+£0.01°
C20:2n6 0.07+£0.01° 0.14+£0.01°
C20:3n6 0.03+0.00° 0.07+0.00*
C20:4n6 0.23+0.01° 0.56+0.05°
C20:5n6(EPA) 2.02+0.16° 4.02+0.30°
C22:2n6 ND 0.01 +0.00
C22:6n3(DHA) 5.48+0.18" 8.58+0.33°
S PUFA 8.47+0.42° 16.77+0.92°

TE: SFA: WFIASHIER ; MUFA: BAIH IS 7 R ;
PUFA: ZAMIFIEINIER; ND FomAKH .

Note: SFA: Saturated fatty acid, MUFA: Monounsaturated
fatty acid; PUFA: Polyunsaturated fatty acid; ND stands for
no detected.

PR = L) n-6 5 n-3 ZAERSHIIRG 5 &P ,
BRI n-6 5 n-3 Z AR AIIERFR S = B9 n-3 A
T 0 0 R 2K - WA B T BT 26 RN B i S5 (B HE 4
2014), WHO/FAO &I ER 1 n-6 5 n-3 Z A FIE
TR A FLAELIY A 4~6, 111 i 668 4 46 410 15 30 R R L

W n-6 5 n-3 AN LEY 0.41~0.44, /)
T WHO/FAO B bRE , 33 ¢ BH i i 4 4 £ 75 3
HETSIR B E & n-3 ZAAIRTITR, U5 n-3 £
AN IR 77 R K U
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A LAY O b A L 45 R P AR S W e T B R E R IL PR R
Ao A O o 5 B A A0 F A SR L IR v 2- B | 2-FH 3
WEWT . E-2-CU-1-FE . KPR . o-JRM . AR, TR T
P, 2-5Ememg . TRRIGHER . N TR, AN
FmEE, PRROER . o-FA B, FEFTE, 2-H
FETHE-D, 2-FIETEE-M AR A e 8
HRILIA Hh B-2- P00 . N-SIV A 3 F Rk 2 6 i . FR kit
. 3-HEETEE, —HOR. M. E-3-CU-1-BE
4-WRE-2- Tl 2-EENIR 1R . 2- T B . LR ST
3-TYENGE . 2,4, 5-— W BLBERR A AR & B ; i
R S 4 e XL 0 Joit A A % o 1 2 S ol LR
T4 B B RRRHE

T 2y ot 3 2 AN IR R S Ak ™= A=, LB (E
A, AR v B R w] 7= A AR v g XU, 2-FF S TR
BN S 0 5% R IE KR AL 5 ) (Zeng et al, 2017),
X T 068 4 A 00 T UL PR B AR Ut A S Bk, —
FRCTRLRI 2 ) 0 1 B (AR =, XK ST 3
T AP0 0 2 DU A 5 R 1 B (1 GEX B2 55, 2021) 0 =AY
Fi  E-2- O - 1-B5 AT B-3- 00 M- - X WL DAY £16) 2 4R JXUi:
A —E M TTHR . 2SI G T REJE B T 2 AN R g
i (0 P A B i | U B R I A 8 B 2k W A 7 R
(), DIk A AL B AR (R B3 55, 2020), 2-Pi
BAFFRG@IEESE, 2019), 2-THIHAKEFES
(Laura et al, 2018), X5 &BFIIE H AL A A9 3 A4 KUK A7
—EMTTEEN . FER A WEE TR T . TR
BE . BRIR TR . LR CTRA 2-HIENTR T, Hh R
FEESAL A PIBEACTE LAY, T DU 68— Fh & S
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Tab.4 Volatile compounds of muscle in different parts of T. thynnus
25 e R B ] R E
Category Compound Retention time/s Migration time/ms
JE 2 E-2-J1 M -D E-2-Pentenal-D 164 967 13 703
Aldehydes E-2- I E-M E-2-Pentenal-M 164 475 10 944
2-HETEE-D 2-Methyl-butanal-D 107 616 14 134
2-HEETHE-M 2-Methylbutanal-M 107 703 1167
fii 2 2-FHE-M 2-Heptanone-M 28 671 1256
Ketones 2-BEfif-D 2-Heptanone-D 286 146 17 144
L 5 T Methylisobutyl ketone 153 158 11775
FFEPER-D 1-Hydroxy-2-propanone-D 117 508 12 448
FEHE N -M 1-Hydroxy-2-Propanone-M 118 332 10 429
2-"T il 2-Butanone 98 069 10 638
2 o-FA I T Alpha-Terpineol 1 046 959 12 141
Alcohols E-2-C0 f-1-1 E-2-Hexen-1-ol 269 456 11 865
E-3-C f-1-B% E-3-Hexen-1-ol 245 359 1251
4-F R s 4-Methyl-2-pentanol 163 194 12 703
2,3-T B 2,3-Butanediol 17 265 13 786
3-FH AT 3-Methylbutanol 173 075 12279
B TR IR Pentylbutanoate 727 653 14 066
Esters PR 2T Ethylheptanoate 768 246 14047
LR T Ethyl Acetate 105 635 11 091
TR T lE Butylbutanoate 481 268 13 324
2-F LN R Z TR Ethyl-2-methylpropanoate 163 026 15777
iR 2k N Propanoic acid 126 089 10 932
Acids a0 Pentanoic acid 307 613 12 311
3-HETRR 3-Methylbutyric acid 228202 12 159
542 Olefins a-JEI Alpha-Pinene 345971 12 095
TAMLEY 4-H IR 4-Methylphenol 636 546 11 481
Nitrogen-containing 5 4 5 — m1 ey 2,4,5-Trimethylthiazole 474 618 11 411
compounds
2- )% Lk g 2-Pentylfuran 462 769 12 607
o E-M Hexanenitrile-M 277 796 12 585
TR 1-2-Dimethylbenzene 289 403 10 714
FH Lt gz Methylpyrazine 2279 11 037
2-HI JEE oy 2-Methylthiophene 175 495 10 411
2-Z FENK IR 2-Ethylfuran 132 534 1056
= Triethylamine 116 993 12 118
3- Tl 3-Butenenitrile 11 563 11 192
CiE-D Hexanenitrile-D 282 128 15 839
N- g R 2 HM  N-Nitrosomethylethylamine 215387 11079
TG TR Ak Diallyldisulfide 689 909 16 313
Sulfur-containing ;o by Dipropyldisulfide 794 817 12514

compounds
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Fig.1 Principal component analysis based on volatile
compounds of muscle in different muscle parts of T. thynnus

RAHEHAE, 2020), WRIAALAS P KHEB EA BARK
XU {8 (. E 25, 2018), 2- WG 1 B(E 4 6 pg/ke,
DIl NGO i S NE S Vi3 bk e R
YIEZOR AR RARR . ez Z RN Strecker
R i I Wi (Josephson et al, 2002), & kifb& 4 B (H
ARATG, %o fif 0 PR o ) Vg R AR A <L AT EE DUk
WEWH & — MM G, W —Fh ik, /N i fo
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R ALA HA R RRE RS 2, 4, 5-— H G Mg X}
R L PR A AU AT R A9 BT RAE FH & kI 2R A 59
S AL SRS S Y K AR Maillard Y
PR ERAE, 2021), FERIMAFERMEEE, it
W8 25 R 2 % S I RRTE M UK ) 5T, A 2 5 £ R PR vh 3
LR XU R G UL TR 45, 2019),  FHJEmL R 7 i R AIL A
MRS S, PTRESEME AR LA AR ) B 2R IR —

WRAIEFR SRS T LA B (1 2), IRITEESE . HR2E
FBEETEE AR b B e, AN el . 2- T, E-2-
P S S e, RE AN A WS
iR AR BT L 2-F B TORE L 2- 0k kR .
TN R Rk SR 0 T, X e ) AR R
WAL AT DG, I o, HY LS T T A S e T 285 Y
AR TR A AR DG . RSk U, R A
WA AR R S A R 225, F8 5214
BB 2 FE IR A B2 A ¢, MEIR R R AR A
B, A AN R E RIS R

3 #it

B A A0 T R LA P R A T AR
EAMHEY, Ho, WEEA SR, WD

E-2-Pentenal-D
E-2-Pentenal-M

2

W

3-Methylbutanol
1-2-Dimethylbenzene
Ethyl-2-Methylpropanoate
2-Butanone

Ethyl Acetate
3-Butenenitrile
Triethylamine
E-3-Hexen-1-ol
4-Methyl-2-pentanol
2-4-5-Trimethylthiazole
2-Methylthiophene
E-2-Hexen-1-ol
Pentanoicacid
Alpha-Pinene
Propanoic acid
Butylbutanoate
2-Pentylfuran
Pentylbutanoate
Dipropyldisulfide
Diallyldisulfide
Ethylheptanoate
Alpha-Terpineol
Methylisobutyl ketone
2-Methyl-butanal-D
2-Methylbutanal-M
2-Heptanone-D
2-Heptanone-M
2-3-Butanediol
3-Methylbutyric acid
2-Ethylfuran
1-Hydroxy-2-propanone-D
1-Hydroxy-2-Propanone-M
4-Methylphenol
Hexanenitrile-D

Hexanenitrile-M

FEE Dorsal - BEER Abdorlnen -
2 WEEEEHEAERRA AL 35k A Y R SRS

Fig.2 Fingerprint of volatile compounds of muscle in
different muscle parts of T. thynnus

AR —FE RS Y, IR AR B4
3AFAT, BUEIRIE RS R AL & Wk
(“MPEREAR, “D R ZRIK),

Each row represents a volatile compound, each column

represents a sample. 3 parallels in each group. The color

depth represents concentration of the volatile compound
(“M” means monomer, “D” means dimer).
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Abstract
biology, fishing, and genetic diversity, among others. There are few reports on nutrition and flavor related

At present, local and foreign research reports on Thunnus thynnus have focused on fishery

to the different muscles of T. thynnus. To scientifically evaluate the nutritional quality and major flavor of
different muscle parts of T. thynnus, the basic nutritional components, amino acid composition, fatty acid
composition, and volatile flavor substances of dorsal and abdominal muscles were compared. Except for
ash, the moisture, crude protein, and fat contents varied significantly between the dorsal and abdominal
muscles (P<0.05). The moisture contents of the dorsal and abdominal muscles were 57.79 g/100 gand
50.16 g/100 g, respectively. The protein content was 24.70 g/100 gand 18.61 g/100 g, respectively. The
protein content of dorsal muscles was 24.70 g/100 g, which was 1.33 times that of the abdomen. The
crude fat content of the dorsal muscles was 19.34 /100 g, and in the abdomen was 30.29 g/100 g, which
was 1.57 times that in the dorsal muscles. The crude ash content of dorsal and abdominal muscles was
1.01 g/100 g and 1.08 g/100 g, respectively. Seventeen amino acids were detected in different parts of
T. thynnus. The total amino acid content differed significantly between the dorsal (22.07+0.74) g/100 gand
abdominal muscles (16.57+£0.47) g/100 g. The essential amino acid content of dorsal and abdominal
muscles was (8.61+0.29) g/100 g and (6.28+0.17) g/100 g, respectively. The content of glutamate was the
highest among the amino acids, followed by aspartic acid, and the content of cystine was the lowest. The
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ratio of essential amino acids to total amino acids of different muscle parts of T. thynnus was 40%, and the
ratio of essential amino acids to nonessential amino acids was >60%, which was close to the ideal protein
nutrition evaluation model recommended by the Food and Agriculture Organization of the United
Nations/World Health Organization (FAO/WHO). Thus, the dorsal and abdominal muscles are
high-quality proteins. The umami taste of aquatic products is closely related to the content of umami
amino acids. Four types of umami amino acids showed the highest content levels, namely glutamic acid,
aspartic acid, alanine, and glycine (in descending order of content level). The proportion of umami amino
acids in dorsal and abdominal muscles was 34.93% and 35.91%, respectively, both exceeding 30%, which
indicated that the dorsal and abdominal muscles of T. thynnus have a delicious quality. In the dorsal and
abdominal muscles, 24 and 29 kinds of fatty acids were detected, including 8 and 12 kinds of saturated
fatty acids, 6 kinds of monounsaturated fatty acids, and 10 and 11 kinds of polyunsaturated fatty acids,
respectively, and there was a significant difference among the contents of different types of fatty acids.
The contents of myristic acid, palmitic acid, and stearic acid were higher than those of other saturated
fatty acids. The contents of oleic acid and eicosanoic acid were higher in monounsaturated fatty acids. The
total content of eicosapentaenoic acid and docosahexaenoic acid in the dorsal and abdominal muscles
accounted for 88.55% and 75.13% of polyunsaturated fatty acids, respectively. Therefore, the dorsal and
abdominal muscles have good functional properties. The FAO/WHO recommends that the intake ratio of
n-6 to n-3 polyunsaturated fatty acids in the diet should be 4:6, and the ratio of dorsal and abdominal
muscles ranged from 0.41 to 0.44, which is much smaller than the standard. These results indicate that
T. thynnus is rich in n-3 polyunsaturated fatty acids. A total of 39 volatile substances were detected in the
dorsal and abdominal muscles of T. thynnus, including aldehydes, ketones, alcohols, esters, acids, alkenes,
and compounds containing nitrogen and sulfur. PCA analysis showed that there was a significant
difference between the odors of the dorsal and abdominal muscles of T. thynnus. Gas chromatography—ion
mobility spectrometry can effectively be used to distinguish the different volatiles associated with the
muscles. The relative contents of 2-methylthiophene, (E)-2-hexen-1-ol, pentanoic acid, alpha-pinene,
propanoic acid, butyl butanoate, 2-pentylfuran, pentyl butanoate, dipropyl disulfide, diallyl disulfide,
ethylheptanoate, alpha-terpineol, methylisobutylketone, 2-methylbutanal-D, and 2-methylbutanal-M were
higher in the abdomen; the relative contents of (E)-2-pentenal, N-nitromethylethylamine, methylpyrazine,
3-methylbutanol, 1-2-dimethylbenzene, triethylamine, E-3-hexene-1-ol, 4-methyl-2-pentanol, ethyl
2-methylpropanoate, 2-butanone, ethyl acetate, 3-butenonitrile, and 2,4,5-trimethylthiazole were higher in
abdominal muscle. The difference in composition and content caused the dorsal and abdominal muscles to
form their own flavor characteristics, which were mainly related to the amino acid and fatty acid
composition of the two parts. In general, the dorsal muscles mainly presented a fatty fragrance, whereas
the abdominal muscles mainly presented a clear fragrance. The dorsal and abdominal muscles of T.
thynnus are rich in nutrients and n-3 polyunsaturated fatty acids. Both muscles have a delicious taste,
though they vary in flavor characteristics. This study provides a scientific basis for the deep processing
and utilization of T. thynnus.
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