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Tab.1 Effects of boiling time on fatty acid composition of broth mg/100 g soup
BT R FP S If[E] Time/min
Fatty acids 30 60 90 120 150 180

Cl14:0 2.14 +£0.03" 3.23 £0.31° 4.69 +0.73" 7.69 +0.12° 11.85 £0.90° 9.26 +0.26"
C15:0 0.56 +0.03" 0.84 +0.10* 1.11 £0.04* 1.85+0.03" 3.30 £0.42° 1.72 £0.37"
C16:0 25.01 £1.26° 35.74 £1.72% 57.58 £0.75¢ 78.14 £0.56¢ 87.33+0.82°  84.92+0.71°
C17:0 0.41 £0.20° 0.89 £0.19% 0.95 £0.74% 1.69 £0.06" 2.51 +0.26° 1.66 0. 34
C18:0 0.20 +0.02° 3.26 £0.25" 6.20 +0.54¢ 10.14 =1.03¢ 13.11 £0.37°  12.27 £0.09°
€20: 0 0.19 +£0.07° 0.38 +0.04* 0.84 +0.03" 0.90 +0. 60° 1.28 £0.25° 0.66 +0.22°
€22:0 0.27 +0.03" 0.41 +0.04® 0.53 +0.20 0.88 +0.00" 1.24 +0.13¢ 0.80 +0.18°
€23:0 2.43 £0.25° 3.85 +0.58% 5.31 £2.42% 9.62 +0.75% 12.31 £0.66° 6.65 +1.50"
(24:0 0.19 +£0.01° 0.31 £0.02* 0.53 +0.03" 0.67 +0.02" 0.69 +0.11" 0.58 +0.13"
Cl6: 1 5.01 0. 60" 7.96 £0.83*  10.79 £2.17" 15.13 +0.90° 17.77 £0.52°  14.74 £2.87°
C17:1 0.78 +0.09* 1.18 £0.11% 1.79 £0.29% 2.49 £0.08" 4.74 £1.39° 2.76 £0.76"
C18:1 35.55 £1.41° 51.63 £0.86" 68.26 £0.23°¢ 82.67 +0.68° 91.22 £0.39"  75.99 £2.441
€20: 1 1.58 +0.12° 2.35+0.12° 3.27 =1.12% 5.45 +0.02° 8.93 +0.91¢ 5.15 +1.23"
€22:1 0.15 +0.06" 0.30 +0.09° 0.61 +0.53® 0.57 +0.05° 1.78 +1.72° 0.73 +0.02°
C24:1 0.80 +0.05° 1.30 £0.17° 1.54 +0.56° 1.54 +0.56° 2.80 +0.34" 2.67 +0.29"
C18:2 12.23 £0.78° 18.42 £1.59" 23.72 £0.12°¢ 26.23 £0.441 30.98 £0.21"  28.68 £0.15°
C18:3 1.37 £0.11° 2.11 £0.23% 2.68 +0.48" 3.57 +0.02% 5.59 £0.45° 3.82 +0.68¢
€20:2 0.49 +0.04" 0.76 +0.19° 0.83 +0. 28" 1.58 +0.01" 2.07 +0.42° 1.68 +0. 15"
€20:3 0.48 +0.01° 0.52 +0.10° 0.70 +0.65° 1.13 +0.49° 1.48 +0.03° 0.79 +0.16"
22:2 0.37 £0.01° 0.62 +0.06" 0.86 +0.06° 1.19 +0.06" 1.68 +0.02° 1.21 +0.09¢
€20:5(EPA) 6.44 0. 64° 9.34 +1.02° 13.39 £5.7% 21.27 0. 15¢ 25.56 £3.52¢  17.65 +3.64"
(22: 6( DHA) 34.03 £4.43° 50.11 £3.27®  70.77 £0.78"  105.05 +1.24°  123.81 £16.35° 100.23 +17.58°
TFA 130.69 +6.85"  195.49 +8.53"  276.93 £13.75° 379.45 +3.10"  452.02 £19.42° 374.63 +26.81¢

T W AT F B R 22 57 3 (P <0.05) , TFA SR SRR

Notes: Different letters in the same line indicate significant differences (P <0.05),

TFA. total fatty acids
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Tab.2 Effects of boiling time on fatty acid composition of pan-fried soup mg/100 g soup
g s fffa]  Time/min
Faity acids 30 60 90 120 150 180
Cl14:0 6.19 +0.13° 9.46 £1.46% 11.32 +0.20™ 13.14 +1.37° 18.96 +0.03¢ 16.83 +2.76¢
C15:0 1.78 +0.01° 2.92 +0.25% 3.34 +0.06" 4.95+0.78° 6.92 £0.964 6.61 £0.734
C16:0 32.15£1.24°  49.93 £0.06" 71.75 £1.23°¢ 97.92 +1.12°  105.91 £2.28" 92.63 £0.97¢
C17:0 1.48 £0.21° 2.44 +0.58" 2.60 +0.09" 3.86 +0.52° 6.25+0.11° 5.34 +0.23¢
C18:0 8.59 +0.15° 13.41 +1.83" 15.62 £0. 64" 23.81 +1.94° 33.63 £0.27¢ 31.04 £3.92¢
€20:0 0.35 +0.02° 0.60 +0.02" 0.95 +0.07¢ 1.52 +0.01¢ 2.45 +0.20" 0.90 +0.08°
€22:0 0.31 £0.01% 0.44 +0.05" 0.74 £0.03* 0.78 +0.10° 1.61 +0.31" 1.37 +0.11"
€23:0 9.46 +0.29* 13.36 £1.56" 15.80 +0.13¢ 17.42 +1.53¢ 18.57 +0.64¢ 16.26 +0.58¢
C24:0 0.22 +0.01° 0.37 £0.02° 0.49 +0.27° 0.54 £0.20° 1.15+0.11° 0.94 £0.00"
Cl6:1 14.66 £0.75°  21.39 +1.78" 30.84 +0.45¢ 40.13 =3. 88 54.42 +2.441 47.29 £1.06°
C17:1 1.73 £1.03% 3.75 0. 18" 3.76 £0. 44" 4.35+0.21° 7.54 +0.21° 6.66 +0.93°
C18:1 49.23 £0.58*  78.96 £1.24>  106.73 £0.51>  112.08 £0.60°  129.29 +0.77°  116.59 +1.03°
€20: 1 3.48 +0.03° 6.77 £0.96* 7.31 £0.68" 12.88 +1. 15" 15.14 £0.28° 13.66 £1.71°
22:1 0.22 +£0.02° 0.35 £0.07" 1.06 +0.08¢ 0.78 +0.21¢ 1.11 +0.08f 0.72 +0.11°
C24:1 1.00 £0.03* 1.56 +0.06" 3.02 £0.33° 3.02 +0. 334 4.83 +0.61° 4.26 +0.21¢
C18:2 16.62 +1.54*  22.79 +0.81" 25.42 £0.04° 36.12 £0.41¢ 47.43 £0.51° 36.3 +0.05¢
C18:3 0.47 £0.01% 0.78 +0.08" 1.06 +0.59° 1.47 +0.24° 1.71 £0.17° 1.20 +0.26"
€20:2 1.03 £0.02° 1.73 £0.02" 1.90 +0.08" 3.21 +0.10° 4.46 +0.48¢ 3.20 +0.28°
€20:3 0.78 £0.01% 1.08 +0.03" 1.36 +0.04° 2.27 +0.18" 5.55 +0. 86 4.53 +£0.15°
€22:2 0.89 +0. 128 1.45 £0.17° 1.47 £0.10° 2.59 £0.64" 5.01 £0.30° 2.54 £0.24"
C20:5(EPA) 15.67 +2.75° 23.52 +0.90" 25.41 +£0.30" 26.99 +2.28" 31.49 £1.12° 25.1+1.55"
(22: 6(DHA) 43.63 £1.80°  67.96 £1.12"  114.71 +£3.97°  128.56+7.24%  135.30 +0.27% 126.53 +4.56"
TFA 259.78 +5.80  395.34 +21.78"  519.00 +3.58°  601.19 +11.38¢ 694.87 +5.62°  625.52 +2.33¢

T Rl =47 PR AR R 22 5 B35 (P <0.05) , TFA FR BAEHITR

Notes: Different letters in the same line indicate significant differences (P <0.05) ,TFA.

M I 2 /LU 36 A B s
PR RP2IE— B, 32970 22 BP0 R , He b A A s
M2 (SFA) AR DT (MUFA) (2 AR
Ui (PUFA) 5353024 9 Fift (6 B 7 Fir o W7 113K
Vorb MR 9 AR FIR TR , W i M E
HANTRL AR DT R 20 o5 S IR T R o 11 68.37 % ~
75.97% F1 69.33% ~72.55% ., P& ZLE B EAY
ST, T U R 0 R A5 I T R ) R
T, B 83 41 4R I i TR G K 35T i i
i, HAE 150 min i, 08T 5 ok Bl ok &
F&A 150 min 25 #0374 IR DT IR A PR
K, AT BB RP Lk Y ey i AL B S B 1 #37 Hh IR DT IR
Raefiee Ry /NGy T R AR R

FCRE I3 0 01 1 3 v g U T ) 2L 1S A B -
THH BRI RIS IR Y B R (C16:0) , A
[Fil &[] A o5 48 FRS U7 R 5 1Y 65. 37% ~
79. 63% 5 iz 2 BB IR 105 R O A AR IR
(C16:0) , HYE MR (C18:0) \ —+ = he MR
(C23:0), & & 2 5 10 5 W5 1R 80. 81% ~
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total fatty acids
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NEMimR , AR B B ARE G, HEE B 3R EL,
HLA B 1O A0 R I 2K M i BT PR
@ H % D 6e, &% 8 W, A A T8 2% > fg
I BT Sy TR AR T R Y
Pt 3k 1 ik & — o w1 iR (C18:2) L1
RIS R L Nl = | N A N (=i
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m T, TR R A A R T St — B
FIS PE] P v Yk A B 68 PR BT A I, B A R T Sk 2
LU g iR Y o #E 150 min N, 5 A
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Different letters in the same figure indicate significant differences( P <0.05)
1 £R&LFGHATEP SFAMUFA 71 PUFA S E%TL
Fig.1 Ratio of SFA, MUFA, PUFA to TFA with boiling time of tuna head soup

2.2 EREBLFHRESEPELEZEFETH

1 3 FIk 4l Ji1, Bl 2K A TR A RE S, 45
fo sk 4R 2 E AW B VE R
HuT4EE R E AR & s W B3, B
150 min B 44 R E SRR A R E Sk
5, X SN W 45 % — 8. MEE%, A
AR E SRS TG, £ R G Thiek
M DEE AW ST RIS 3-4EF

Mo AR A R B RS A B S R 8-
AR (22.14 £0.64) pg /g]o PG HEI H
AR &AM R RE R U T AR Sk A R L
HELE R E ARy —Fh NS AT sk 1 4E A4 R R IR
JrEAE SR A R0 L I S KA AL A
AR Dy P A R T
R, SRk IPEHTAEENEERE,
XAB UL T ek T E SR E

F*3I HEMEMNFAIRELEER E RHEARNZNT
Tab.3 Effects of boiling time on tocopherol isomers composition of broth pg /g soup
HeAF E SR At Time/min

Vitamin E isomer 30 60 90 120 150 180
o H M a-tocopherol 0.62+0.01%  0.80+0.02¢ 1.34£0.36" 1.44+0.12> 2.37+0.260° 1.29 +0.00"
B-2E & 1 B-tocopherol 0.03 £0.00*°  0.03 £0.00*°  0.04 £0.00°  0.04 +0.00*°  0.05+0.00*°  0.04 +0.00*
~-"E & ) y-tocopherol 0.02£0.00"  0.02£0.00° 0.04+0.01> 0.0420.01" 0.07+0.00° 0.03 +0.00°

-4 B 8-tocopherol N.D. N.D. N.D. N.D. N. D. N. D.
M Total 0.68 +0.02° 0.84+0.02° 1.42+0.37" 1.51+0.13" 2.49+0.27° 1.36 +0.00"

i A= AR TR 2257 B3 (P <0.05) sN. D R AR A H

Notes: Different letters in the same line indicate significant differences (P <0.05); N.D. is not detected
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Tab.4 Effects of boiling time on tocopherol isomers composition of pan-fried soup Kg /g soup
HeAF E SRk i) Time/min

Vitamin E isomer 30 60 90 120 150 180
o H M a-tocopherol 0.95+0.01° 0.92+0.31° 1.18+0.02¢ 1.63+0.01° 2.57+0.00° 2.09 £0.01"
B-/E 7 B B-tocopherol 0.11£0.01  0.11£0.02'  0.03+0.03° 0.43+0.02° 0.83 +0.00° 0.54+0.01"
~-A= B y-tocopherol 0.03 £0.00°  0.02+0.01  0.02+0.00 0.04+£0.00° 0.09+0.00*° 0.07 0.00"
S-LE & d-tocopherol 0.06£0.01  0.15£0.07° 0.12£0.03° 0.51 £0.01>  0.78 £0.00*°  0.53 =0.00"
M Total 1.15+0.03  1.20+0.39¢ 1.35+0.08" 2.61+0.04° 4.27+0.01*° 3.23+0.01"

A —fr AR PR 25 B35 (P <0.05)

Notes: Different letters in the same line indicate significant differences (P <0.05)

2.3 £RE&ELHPHMRBAHKIZ KN
SIMT IR AE R EE N 108 (m/m) B ]
9 150 min i, A8 43K 7 45 MR W R S 4E AR 3R E
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Tab.5 Size distribution of tuna head soup with different treatment methods

e 2 2 5 0.45 pm fH ik 100 ku ##E
. *‘\M,T"/éﬁ Original soup Microfiltration 0. 45 pm Ultrafiltration 100 ku
Particle size parameter
%%/ Broth %/ PFS 151/ Broth %/ PFS |17/ Broth 3%/ PFS
Dy 5/ pm 8.64 £0.70¢ 34.84 +3.18"  6.55+0.72%  4.25+0.30° 3.81£0.57%  2.71 +£0.29*
Dy 3/ pm 134.72 £1.39% 136.53 £3.92"  76.26 £0.77% 72.58 £4.53*  39.44 +0.84* 29.79 +0.91*
Dsy/ pm 68.77 £0.67% 113.6 +1.35°  20.22+0.60" 36.33 +0.37" 4.60 +0.45"  6.28 +0.16*
1
HeAR TR 0.70 £0.02¢  0.17 £0.00°  0.92+0.02°%  1.41 +0.10" 1.57 £0. 124 2.22+0.11°

Specific area/(m?/g)

T AT F R R 2257 B3 (P <0.05) 535 N RE 71, A /NG 71

Notes ; Different letters in the same line indicate significant differences (P <0.05) ;broth is capital letters, pan-fried soup (PFS) is lowercase

letters
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Fatty acid composition, vitamin E and microscopic morphology of tuna
( Thunnus obesus) head soup

QIAN Xueli', SU Hong', FAN Xinyi', ZHANG Jing', TAO Ningping'*, WANG Xichang'*
(1. College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306, China; 2. Shanghai Engineering
Research Center of Aquatic Product Processing & Preservation, Shanghai 201306, China)

Abstract: The broth and pan-fried soup ( PFS) of tuna ( Thunnus obesus) head were stewed by two different
methods. Fatty acid compositions and vitamin E (V) contents of two different tuna head soups were analyzed
and its microscopic morphology were observed during the cooking process. The results showed that there were
22 kinds of fatty acids both in the broth and PFS. The proportion of saturated fatty acids, monounsaturated
fatty acids, polyunsaturated fatty acids and V reached the maximum with the condition of fish to water ratio of
1:8(m/m) , boiled for 150 min, and the contents in the PFS were higher than those in the broth. The average
particles size of the micro/nano-size particle in broth and PFS after microfiltration and ultrafiltration treatment
was measured by Malvern laser particle size analyzer, and it was found that the average particle size of the two
kinds of soup was significantly smaller (P < 0. 05), but re-aggregation occurs to form larger particles.
Observed under Inverted microscopy microscope, the particles were found to be unequal-sized spherical , with
wide size distribution and good dispersion. This paper provides a research basis for the transfer of nutrients into
the soup during the cooking process. Furthermore, it provides theoretical basis for the production of high-
quality fish soup.

Key words: tuna head soup; fatty acid composition; vitamin E ; micro/nano-size particle
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1. 30 min; 2. 90 min; 3. 150 min

BRI €iR&ELFEHRaRrtERREERRE
Plate I Morphology of particles in the broth by inverted optical microscopy

1. 30 min; 2. 90 min; 3. 150 min
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Platel Morphology of particles in the pan-fried soup by inverted optical microscopy
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