5 444 A 2 4 B Tl B Vol. 44 No. 2
2023 4F 1 H Science and Technology of Food Industry Jan. 2023
TR, RIBGy, TR, A 3 FhIROK AR PN MR LI 5 R A AU B M EAE 0], £ TR, 2023, 44(2): 342-351. doi:
10.13386/j.issn1002-0306.2022030344

ZHANG Quan, WU Sifen, NING Shuxian, et al. Analysis and Comparison on the Quality and Volatile Flavor Components of Crude
Fish Oil from the Viscera of Three Freshwater Fishes[J]. Science and Technology of Food Industry, 2023, 44(2): 342—351. (in Chinese
with English abstract). doi: 10.13386/j.issn1002-0306.2022030344

SRR -
3 gk fu PR fe it S B
USRS ST L

ik 2 RBH,TEMRY, 52 W', =&, 4ARERRT
(1. ®\IFE R FERFEKE I THERFLE PO, 2hEH S 330022;
2R R F AGHFR, ILH & G 330022)

B EARZEKEE WIS M SENF A, ALUAIHFTRLGERE (Eo, Fof086) NIEAFRHHR
B &k, HITHEAAIARIEN . IR AR ARIE R ERA RS . BREAN, Famegifiirgd, LR
AR, B, RORIFELY., BHEBRM., REhEFRMK; dohrz, FohRi, voh, “ohfFen
PR 16, 22, 27 APAERTER, ) AZHBR (Cieo) ~ WBR (Ciginoe) ~ LB (Clgone) NI, &MY
AT ERMERZ. 3 EhEANE 66 FIER KM R, IR E 17H#, BEEXT7H, BEISH, BAL3H,
BEk 8 AF, BRE 104, B R34, HEIA, THHFPEIRHWAM EMWR (59.86%) ; F LB THEL Y
JRVABR R A £, B8 H 5323%; #e b A ERINAREWR (27.64%) o 3 APl & L1325 10 A %48 A2k
5, TEUBE, BERMEMRAA L, RX24- KW, L8, RX24-k WEE, RUB. 1-FH-3-85
R B hb TR0 R, SRR

IR & W MR, AL o, KR IEAT, ISR, KA Rk R o

FESES:TS254.9 SCHRFRIDAD: A X EHE:1002-0306(2023)02—0342-10
DOI: 10.13386/j.issn1002-0306.2022030344

Analysis and Comparison on the Quality and Volatile Flavor
Components of Crude Fish QOil from the Viscera of
Three Freshwater Fishes

ZHANG Quan'?, WU Sifen'?, NING Shuxian'?, PENG Bin'?, LI Jinlin'?, HU Mingming'*"

(1.National R&D Center for Freshwater Fish Processing, Jiangxi Normal University, Nanchang 330022, China;
2.College of Life Science, Jiangxi Normal University, Nanchang 330022, China)

Abstract: In order to improve the high-value utilization of by-products from freshwater fish processing, crude fish oil was
extracted from the viscera of three common freshwater fishes (grass carp, black carp and silver carp), and the
physicochemical indexes, fatty acid composition as well as volatile flavor components were monitored. The findings
indicated that a best quality was observed in black carp oil due to its lower peroxide value, acid value, moisture and volatile
matter, anisidine value and unsaponifiable matter, followed by silver carp oil and grass carp oil. A total of 27 fatty acids
were detected in silver carp oil accompanied by 22 and 16 fatty acids in black carp oil and grass carp oil. The most
preponderant fatty acids in three crude fish oils were palmitic acid (C,¢,), oleic acid (Cjg.;,9.) as well as linoleic acid
(Cig:om60)> and a highest nutritional value was observed in silver carp oil. The 66 volatile compounds involving 17
hydrocarbons, 7 alcohols, 15 aldehydes, 3 ketones, 8 esters, 10 acids, 3 phenols and 3 other components were detected in
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three crude fish oils. The highest level of volatile substances in grass carp oil, black carp oil and silver carp oil were
separately phenols (59.86%), alcohols (53.23%) and acids (27.64%). Additional, aldehydes, alcohols and phenols were
found to be the prominence among the 10 key flavor components obtained from the three crude fish oils. Trans-2,4-

decadienal, nonanal, trans-2,4-hepadienal, phenylacetaldehyde, 1-octanene-3-alcohol were the main fishy and oil flavor

substances in crude fish oils.

Key words: fish viscera; crude fish oil; basic indexes; fatty acid; key flavor components
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W, Pz IR, BT 37 °C /KW 35 min, B
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1.2.53 HERMEXERBIFEHESEETT a2
AT BT NIST 14 JTi% =X RAG W47 2 Ut
P, VEBCRE KT 800 (e KA A 1000) 119 % 58 45 1 T
LR 45 Ak & 248K

RE AT R AT RS R M A AR AR
Pl LR A5
1.2.6 FHAAIM XA PEM R SRIXIE 5
SEUTV B AR SRS BE(ETR (ROAV) X 3 Fi AL
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FRE ORH O AR UE, T HE SR ISR Y AR
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Leae . 3 Pk AT K o> SR R W) & EJC W 22
5 (P>0.05), ¥J/NF 0.5%, 154 SC/T 3502—2016 #i
FE LAY AR e faylbRE SC/T 3502—2016
Hr R X A Y T A R(E S AN e & B TRR A
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Table 1 Physicochemical indexes of the three crude fish oils
SC/T 3502-2016H1 i
EiEtan B il =R
o —Y
i EAE (mmol/kg) 0.43+0.03" 0.22+0.06" 1.99+0.27* <12.0 <20.0
&4 (mg KOH/g) 18.37+0.88" 6.36+0.07° 12.25+0.18° <8.0 <15.0
IKAY B AR (%) 0.38+0.07° 0.32+0.03° 0.36+0.02° <0.3 <0.5
[GiEie 1.40+0.24° 1.33+0.32° 1.78+0.59° -
flLfH (g/100 g) 97.63+5.08° 106.39+6.74° 118.71+13.03° =120
AEAEH) (%) 0.59+0.04° 0.33+0.19° 0.29+0.06 -
AEHEZ ST (%) 1.85+0.08° 1.40+0.58° 2.20+0.47* <0.5
W74 R (CFU/mL) <1 <1 <1 <10’

TE: — R ARMERE s AT AR 7R 22 53 38 (P<0.05)
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Table 2 Proportion of various fatty acid in three
crude fish oils

— AHXT (%)
FAH Tl i aith
Cio0 - 0.13+0.12°
Ciao 1.16+0.08 1.72+0.61° 0.25+0.04°
Cizo - - 0.28+0.04°
Ciao 1.67+0.55° 2.14+£0.29 3.75£0.35°
Ciso 0.18+0.01° 0.15+0.03" 1.63+0.10°
Ciso 20.83+2.68® 16.70+0.38" 23.52+0.44°
Ciro - 0.13+0.02° 0.91+0.02°
Ciso 3.7240.49° 3.2340.13 3.37+0.05°
Caoo 0.17+0.05% 0.14+0.04* 0.28+0.01°
Caro - - 0.16£0.01°
Caio 0.44+0.08° 0.18+0.00° 0.28+0.01°
Caso - - 1.39+0.03*
YSFA 28.17+3.93 24.51+1.61° 35.82+1.10°
Cien 4.08+0.33 4.80+0.03 9.66:+0.27°
Cio - 0.2120.06° 1.27+0.02°
Cig1mor 0.15+0.02° 0.38+0.00°
Cginoe 39.68+0.01° 47.96+0.89* 27.91+0.51°
Caoui 0.89+0.32° 1.05+0.00° 2.87+0.08°
Coino - 0.11=0.01° 0.11+0.00"
YMUFA 44.65+0.66° 54.28+1.01° 42.20+0.88°
Ciganer - - 1.32+0.04°
Ciganse 22.66+1.82° 17.45+0.28" 4.30+0.06°
Cigsne 0.33+0.02° 0.35+0.03 0.41=0.00°
Cisans 2.02+0.21° 1.79+0.06° 8.88+0.12°
Caoa 0.54+0.15" 0.40+0.00° 0.85+0.37*
Coo:3n-6 0.68+0.16 0.73+0.04° -
Cao3n3 - - 0.08=0.00°
Caoan-6 0.960.17 0.410.03¢ 0.70+0.02°
Cya - - 1.46+0.04*
Cao:sna(EPA) - - 2.53+0.08"
Cyn3(DHA) - 0.09+0.01° 1.44+0.03
YPUFA 27.17+2.53* 21.21+0.45 21.97+0.76"
EPA+4DHA - 0.09+0.01° 3.97+0.10°
n-3YPUFA 2.02+0.21° 1.87+0.07° 12.92+0.23
n-6YPUFA 24.62+2.17° 18.94:0.38° 6.73£0.12°
n-6/n-3 12.20 10.11 0.52

e AR ENZ Y TR SRR 25 57 B 3 (P<0.05) .

Rl H 29 FPAR TR, A . T Al . 65107 55
Sh16., 22 F1 27 F, S3ARTIEEN Cg~Cyyo 3 it aIH
PIPIAFHRIR (C 16.0) « THITR(C g.qp00) ~ MEIHAR(Cygnp 60)
HF . I, IR RGOk, IR
B AR R P2 £ T AN TR R U R e v
Sh64.18%, B 5 T I AS T AN AR 5 IR & 4 G
WEM2E S (P>0.05), =81, 43750 71.83%.,
75.49% ., WFIERIN, BAAEANHR DT R EL I B . U855
LG . BEE I A BRI RRAFIER Y Z AR R
HAA RGO AT ZRGUHNA « P . VA Heie a5 E 2
DR rERY . 3 Pk Al A s AN g Y
PR, 2 f ik 42.20%~54.28%, EZATIHAR (Clg.1n00) «
FEMETIAR (C 4., ) s AR TR SR 21.21%~

27.17%, FEEZAT AR (C (.06 a-WIRIR(C g.305)
EPA Fll DHA A “Hx# 47 Fl “ M H 18 R Z PR, H
BRI B, 3 Firdfaih EPA A1 DHA & &
ZERNE I (P<0.05), i fuih & s, S 3.97%, 54
SR, 1N 0.09%, T EPA il DHA Jf-AR7ER
A PRSI Y, 3R] BEME—2AATIE T S T AT AT
FITEL AL AT T o AR . 5 S N A5 ST 0N S ) i AT
JH EPA il DHA M 14 3.57%, EPA. DHA & &4
BR 1.27%. 2.30%, SGASSCEE RIS, et 2R
38 Jeb Pk B B A A TR S AN fr v, H AR Py E
EPA+DHA &5 0.29%; PRBEFSEP JE T & f
WLA R EPA+DHA &8 1.70%, 54304
FEAE2ESE, X AT HE TR O i . $EBGHRA AN
FREL, 3 Mok D n-3PUFA & & s i S ik
T, SR 12.92%, 35w T A P Ao € 7 (P<0.05) 5
By ST A n-6PUFA &880, 439110 24.62%.
18.94%, i} 3 /= Tk fn i (P<0.05) . A WF5EHEH, n-
6/n-3 FUIH 5 AN ZEPE0 S AER FRAT ¢, I LUIEAIL
F 411 B A] RABRAR O LA BT B FET 23R8, 3 Rl
ta P EE L I A n-6/n-3 KT 401, Ffa, FFam
RO AT n-6/n-3 & TiX—HIE . 2560071 HBER
3 PR A A A TR AL A AT LIAS H : Ay E IR E
i, H EPA Fl DHA & & f% 0, n-6/n-3 HLEEAK,
HABFIRR TR & 585 o
2.3 FHEHEL MRS

X 3 PR K A P9 AR 2 i B34 e XU B 4312
ATXF EE AT, 3 FloRE fa T 4 S R 3 B S T T I an
1, S Aral SR UL 2 AN 3. 3 Rlok oy ARG H
66 FPIE KLY 0T, ARYE T AT T — et B ANk 24 4544
B H Aok 8 25, 4Bk 17 Fh, BEZS 15 Fh, FR2K
10 Ff, Fg2S 8 Fb, WS 3 i, B52s 7 Fh, WS 3 Fi, H
fth2& 3 Pl B T I AN £ R A I
34,38, 35 P R EW T . ARV P R B R
ZH AR B AR R 25 5, Aty v R B
T Y 25 TR (59.86% ) , T £ vl P iy 2 i 2
i 5.24%; T il IR & T ABES A 32, A
BN 53.23%; it fr i AR T S R SR RIS I,
i 27.64%, 1-2E4-3-1E . L. K SR . 23R 5%
15 B ey R AE 3 Rk T X 4 1), e 2k
Y I ) o AN A et i ok an () - Sl UK
S -2-SF T . T iR P ER A AR AT TR R Y, 2R 2
Wi 2-, - 1-CU s 2(SHD) - , 2128 H i — H
P AT gt PG Y, 1SN SE-2-FF 2R 2- T k-1
Hi5 . LR O R AN AR B T PR Y o

VAW, F Ayl | SE RS SR R Y
B, Sy 10.34%. 18.03%. 20.69%, flFHLElE .
VDN G iy oW <o <L 7/ TN et e L (= S =P R SEREERY
KUK TR N, (BRI S I E—E 2500 T nlTBE R
P | FRE, ek Ay = At R R T E DR 2R P, i
TR fay v H FR 2R, O H gl R B TS e
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S
% X5 R SERATEC O PR DT v R XU A AT 4k
' 40 R—F, BRI T 230 A 1 AN B R Ak S BB 1,
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o LA MMl o Ll FE 3 Bl Ay Hh R 10 FRER IS, AHXT & B AR
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Fig.1 Total ion flow diagram of the volatile components of
crude fish oils
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R T T A AR A RR R, fe 28R R A AT
BT, EAh, FE 3 Bk AR IR ARG AR X e AR A
(18 R P | A S R, 3 S S o AL £ v JXUBR:
AT AT — 2 RSN VEF o

24 FHEHAXBERIRA ST

KU BT R B e T4 R AR S o b B
{EPS, HE 4 AT, 3 P P IRE fa 7 G XU a5 AH
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Table 3 Flavor components and their proportion in three crude fish oils
e e AT R (ugkg) HTER )
A i Rl
(SeS
1 E NN CHy 730 - 8.96 -
2 1,2,4- = HIHR CoHy, - 0.30 -
3 3,5,5-=HIHE-2-CU 0 CoHg - 3.46 -
4 1M HE-2- CoHp, - - 0.11
5 2-CHEX R CioHya 0.53 -
6 1,2,4,5-PY 2 CoHya 435 - 0.29
7 2-HIHZE C,H,, 14 0.41 - -
8 1-FHHZE CHy, 14 - 0.27 -
9 1-2.55-2,4,5- = HIE Cp Hyg 1.09 - -
10 FHHOR C; Hy - 0.24 -
11 +puke C,Hy 1000 0.65 2.54 0.61
12 (=) -5y CysHyy 0.24 - -
13 1A T4 CsHy, 64 - 0.44 -
14 (RS CysHs, 0.78 0.47 1.97
15 755 C¢Hsy 3000 0.49 0.34 1.04
16 FEbe C,;Hy4 1.81 1.02 16.29
17 RIWACSH C,sHsg - - 0.38
MR 10.34 18.03 20.69
18 R C,HO 10000 - 0.82 -
19 2,7-3¢ T Jg-1-F CgH,,0 - 5.98 2.63
20 1-H-3-J C¢H,,0 1 6.58 32.95 7.47
21 (22)-2-3F -1 C¢H,,0 40 0.92 12.80 1.53
22 2-2.3-1-CU B CeH,; O 270000 - 0.48 -
23 |- C¢H,,0 110 - 0.20 -
24 2-T3-1-F C,H,0 - - 0.12
Mo 7.50 53.23 11.75
25 2 C,H,O 350 - 1.23 -
26 faX-2,4- B I C,H,,0 10 1.01 - 10.75
27 R C,H,O 4 0.50 - 0.64
28 -2 C¢H,,0 0.1 0.55 - -
29 2,4-Z PR C,H,,0 - 0.74 -
30 (Z)-2-T-Hists CoH,,0 8 - 0.63 -
31 - 2- T CoH,,0 3 0.28 - 0.15
32 TR CoH,40 1 1.19 2.01 1.77
33 2,4-58 I C,oH;0 0.07 0.39 0.67 -
34 J2-2,4-%% ZInE C,oH,0 0.1 0.40 0.72 0.42
35 3-SR -4 S O C,H,0;, 0.22 - -
36 3- A4 BOR S C,H,0; - - 0.35
37 2- b —JiE C, H,,0 - 0.12 -
38 E-14-F 7Bl C,sH;,0 - - 1.91
39 7S C,H5,0 0.11 0.17 -
RNy 4.66 6.29 16.00
[{iES
40 2(5H) -5 C,H,0, - 0.12 -
41 LT CH O 65 0.37 0.25 0.21
42 3,5-F —J-2-T CgH,,0 150 - - 1.53
MR 0.37 0.37 1.74
[L:ES
43 LIETR g C,H,0, - - 3.19
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HR3
¥ ey /L3 7 TSR ED ™ (pg/kg) FRTE G
LR e Hah fiE 0 31
44 OB &N BT CgH,,0, - - 1.14
45 TS INER C,oH,50, 0.55 0.58 -
46 24 it C,,Hy0, 0.16 - -
47 TR R C5H,60, 0.89 - -
48 A e — H e C,oH,00,4 - 1377 -
49 T PUR 2T C,6H3,0, - - 0.60
50 TR C 5H;360, 2000 - - 0.86
JeEri 1.60 1.95 5.79
78S
51 iz C,H,0, 180000 1.65 1.19 14.41
52 5] C;HO, 20000 - - 1.13
53 CR CeH,,0, 10000 1.22 1.08 -
54 BRTR C,H,,0, - 0.38 -
55 R CeH, 0, 3000 3.07 3.71 0.42
56 T CoH,0, 131 0.73 7.50
57 B C1oHz0, 435 4.68 0.97
58 TR C,H,,0, - - 0.67
59 Rz C,H,0, 1.07 0.85 0.68
60 RIVAYizd CH;,0, 2.85 2.11 1.85
NSy 15.53 14.74 27.64
S
61 T C,oH,,0, 7.1 59.20 5.24 -
62 (E)-2-F 4 -4- (1- T BT ) C,oH,,0, 0.66 - 0.31
63 2- T E-3- (2- T 56 ) R Ty CH,0, - - 15.85
MR 59.86 5.24 16.16
HoAth
64 ke CH;NO - - 0.23
65 LGS CH,N 140 0.13 - -
66 SIS C,oH,0NgO; - 0.16 -
B 0.13 0.16 0.23
T Ak B R B
T4 Hfh PO RGO XU S
Table 4 Key flavor components in grass carp oil, black carp oil and silver carp oil
e oty ROAY kg
Hifailh il e
(oo
1 R - 0.04 - H . IR SRR
2 2-HIEZE 0.35 - - A& EAE
3 1-FRREZE - 0.06 - [EANTIS
4 T 0.01 0.01 0.01 (BEEL e
5 - - 0.02 - A ARE . THEK
6 RVAYS <0.01 <0.01 <0.01 -
[EeS
7 2 - <0.01 - HOACT | I
8 1-3FH-3-1 78.92 100 100 3 i 117 S 7S
9 (27)-2-FMs-1-B¢ 0.28 0.97 0.51 Wi A
10 2-2 k- 1-CU - <0.01 - MG HilEek. E&
11 -3 - 0.01 - WA TR BRIk
[t
12 AR - 0.01 - AR RRFE
13 S -2,4-BE ImiE 121 - 14.39 B TR TR
14 R 1.50 - 2.14 BEA LA A
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e ot ROAY kg
R (e FHaih fi 41 18
15 SR -2 AT 69.96 - - TR, H R
16 (Z)-2-F-Js - 0.24 - BT, B BURBR
17 R a-2-THls 1.12 - 0.67 MR, HEE . B
18 T-wE 14.27 6.10 23.69 ik, 5. BOLE
19 2,4-%% IR 66.82 29.05 - iR N =1 SN2 S
20 R -2.4-28 I 47.97 21.85 56.22 TMARIR  BRAE faRk
i
21 LT 0.07 0.01 0.04 SR AR IR
22 3,5-F Jfi-2-Ti - - 0.14 KBTI FHAE
HoAih
23 RN Y - - 0.01 WS DRI TR
24 v <0.01 <0.01 <0.01 (il TS
25 R - - <0.01 k. R WA
26 CR <0.01 <0.01 - TR . Wik
27 iR 0.01 <0.01 <0.01 JE Rk TR KR
28 T 100 2.24 - FAF . WER . AR
29 LGS 0.01 - - TEAT | FERBR

e =R ARA H B R B Z ) T ICE TS ROA VIR S BRI IA; A4 KU Fhttp://www perflavory.com/index.html.,
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