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Abstract: The optimum conditions and the changes of volatile flavor compounds were studied in each stage of the refining
process for the crude fish oil from snakehead fish viscera. In this study, crude fish oil was extracted from snakehead fish
viscera, and then the degumming, deacidification, and decolorization conditions were optimized by a single factor with acid
value and peroxide value as response values. Gas chromatography-ion mobility spectroscopy (GC-IMS) was used to detect
the volatiles at different stages of refining fish oil, and the differences in volatiles at the stage of best refining fish oil were
investigated by using chemometrics and orthogonal partial least squares discriminant analysis (OPLS-DA) combined with
relative odor activity value (ROAV). The results showed that the best refining conditions of Snakehead fish oil were 0.6%
phosphoric acid degum, 0.7% excess alkali (NaOH, 4 mol/L) deacidification, 5% active clay decolorization, and the acid
value and peroxide value of fish oil were lowest, which were 0.59 mg KOH/g and 2.62 mmol/kg, respectively. A total of 58
volatile flavor compounds were detected by GC-IMS during the refining stage of Snakehead fish oil, among which
aldehydes (22) were the most abundant, followed by alcohols (11) and ketones (8). The volatile flavor compound content of
degumming oil was the highest, and the volatile flavor compound content gradually decreased with refining. After the
deacidification and deodorization stage, the volatile flavor compounds decreased significantly (P<0.05). GC-IMS combined
with OPLS-DA and variable importance in projection (VIP) analysis screened out 10 key volatile flavor compounds, as
follows: citronellal, (Z)-4-heptenal, butanal, 3-methylthiopropanal, 1-octen-3-ol, n-butanol-M, cis-2-penten-1-ol, 1-penten-
3-one, (E)-2-hexene and pyridine. ROAV results showed that (E)-2-nonenal was the major contributor to the flavor of
snakehead fish oil, along with 1-octen-3-ol, (E,E)-2,4-heptadienal, citronellal, n-octanal, (Z)-4-heptenal, hexanal, 3-
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methylbutanal, propanal, heptanal, nonanal, (E)-2-octenal 3-methylthio-propanal, 2-hexanone, ecthyl pentanoate, 2-

pentylfuran and 2-hexenal, which together contributed to the distinctive aroma of snakehead fish oil. The results showed

that refining significantly reduced the content of key volatile compounds in the snakehead fish oil, and improved the quality

of snakehead fish oil. The results can provide a theoretical basis for preparing low-fishy fish oil in the future.

Key words: snakehead fish oil; refining; volatile organic compounds; GC-IMS; chemometric analysis
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Fig.1 Changes of acid value and peroxide value in different
refining stages of snakehead fish oil (A~C), and change
of decolorization rate of snakehead fish oil in the
decolorization stage (D)
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Fig.2 GC-IMS and fingerprint of volatile organic compounds in snakehead fish oil
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Fig.3 OPLS-DA model analysis results of GC-IMS data of snakehead fish oil at different refining stages
{E: (A)OPLS-DA #3535 (B) B AL 52 4]; (C)VIP f.

1.00001¢[1]
R*X[1]120.552  R°X[2]=0.237 Ellipse: Hotelling T2 (95%)
C .
1.6
1.4
1.2 ‘
& 1.0 1
5 \ |
> 0.8
.
0.4 |
0.2 |
0 ‘ L ‘
=
ﬁ%rﬁ“ﬁ&l@ e SIS ST N
- —; S y
TR VEEE S
BRG] SE T AN R ) B B P LI AP X 53

T A B EE A (VIP) F 3R T A28 B X AR A
AR TTER, PTVE A MRS AR 43 2SN IX 43 T 1
P B AR RE 1 B2, VIP>1.0 IFE R W)
JRTERE 3C ALt i o, If HARYE P<0.05 H
VIP>1.0 [FRAEXT IHAE 5 o 25 ah Jii e i A7 2
TTHRIY 12 P JoT, 25 5 STk B R B/ MR 2
i | 3-ZHENknE . M-FRELTN IR . (Z2)-4-BETEE . D-2-
O M-ZFETHE, (2)-3-T Ml 3-FILTEE, H
IR Fg. T, D-1E1%, WRIELERYIL &G &
AR A T BSOS AN [R] B B v i P XUk &
A AR (P<0.05) . 4553, GC-IMS 454 VIP
B AT L AR b P51 fo qoS T 25 B B i 25 S 4 kv
Y.

2.4 PEaRNiEEE RSN REIMERE L I RNEL

SR Py IR Ea TR AN [R] B BoRE i GC-IMS 3
Kl e 81 A~ A5 S, Horpr 74 M55 05 W i
PIFERPER ST . TR B A — SRR S B )
JoT, B A R A THDRE AN [R] B B i rh e e e Y 58
ARG, EAE 22 FREES 11 PPEEDE . 8 BRI
7 P E RS EG Y . 6 FIERZE . 2 FhelaFn 2 Pk,

A R R A ST B AR XU 114 TR I/ IS F AH
X e B USRI E AL RO, PR, SRHAERT R
I AR Ea RS Tl R v 2 2 e XU A IO 1A 14040,
ifg 72 R XURAE S8 . W3 1 ok . ROAV #E

151, WA AR Sl A XU 1) TTRR AR S, L ROAV =
1.0 VB M PP A 44 L R T AR, SR i T
17 FhOCEEPERR ) 5T, 390 12 H-3-lE . (E.E)-
2,4-FF TUREE | TIEWE . (B)-2-Mi . IESERE . (2)-
A-PRIFTEE . UL 3-FP TS N . BERE. T
(B)-2-T0ieE . 3-F AL . 2-CL ., AR 208 2-
TESCEERIR AT 2- O AH BT RIS, e EXURY
JIROAVYIREAIL . KA [FBB il v (Z) -4- B0
TEROAVI B, Sy B A XU i SR 2L Bimk
PR ACORH £ YHPIS I AS [R] B B (A48 R PR o 248 K
FEWE 4 R, MEFE AR IR T, CFO BBt
% D-CFO BBy P s & i S g a3, o
THAE BRI (st B v in o S BB T 8L BB W
T 4 £, AT B0 B i 1 N . D-OFO Ff 54 7E 2L
AW ZR RAAAE T NS A 2T T SR, AH
Sy Erht DI, B RORIE THRITRIEME, DI SEH] v
PS5 IE FLfeT, 2550 32 B A% T B, (1S
P AE T 15 BRPT, 25 5 9338 I hy B gl LAk Sk I P8
P PR R i R (B AR X AR, IR B RIS Aty
LAY 3-F T S i s A SN RN 2 AN R
BRI S8 A3 ey A A — P SRS, Jse 2R 5 id
JEMHTE IR BEAT Strecker FAAf Y B2 rhalA, 4%
SRZLIFE R PEIBR, BN BRI | IR . e
KA S EESSA TSI [ S0 7H R R R 1Y [ 48



%465 5 o

RN , 25 GC-IMS

1
ity

Mk oA S A N TR e R TS AR TR A Ve B Al 279 -

S W 1ol R ERTIP S i A S 7/ I

Table 1 Changes in key flavor components of snakehead fish oil during refining
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Fig.4 Types and contents of volatile compounds of snakehead
fish oil in different refining stages
E: (A)JE L GC-IMS 5 i 4% 2153 B IR RR, (B) A [l
i B B rp % A I 208G AN RING PR RN 2 R B
(P<0.05),

A, T (Z) -3-7T H i 32 28 b SV il PR ) 4R A 3 i 212

Wy, AR IR R B I A R, AR Sy
PRSAR SN I AR T NS AT ik, e S
A NXELIESZ TR | R R, HAT i AU
(RS ol TR O S Rl PR IS b IS RN T 0 % BEAE D-
GFO e, (T i KUK ™ AR B/ N2 e . 3 R
HRIRAE G PIAE D-CFO Wb 2 H A 0 & & T



- 280 - £ Tl B4

2025 4F 3 A

B LAUKmZeAb &9 M 51, 2- 2, 3R i T B —
1 EPA =% DHA i [ & fbA: nl, vk dil 22 b s
e B IR . IR fe K VRS 2 TR S 3R EPA 5%,
DHA M) I, 4y FWisd)s e st k), 4
of B Wi LA 4- 3583 -a SN FNTEE, SR Bk
ML AAIOY, VIR SR AR B A v W ke g 2 S i B i
WSS, 7E KA Omega-3 %M F8 55 P, F0 46 A
V. T SRR AN, (B, Z/E,E)-2,4- 58
P e iy, LR 1-0800-3-15 . (B)-2-CUL ST 2-
R, R MY RIS 5 T MR e
AP RS R R S (Z2) -4-FE
ROAV ZEAL i A [F], L5 ROAV BH & [F5AIK,
B S T, ARUBE o A e B, DS i ik R vh
W . AN B BB AL BRI R T, ROAV 2
BEALG, MR R o AT BEEAOK KU S EUABR A5 & 2
ARAE T ROAV FHEr . Kl E 17 Fhoessip: XUk
ARG, PRSI RSB T gl h— Ly
R ERKRAIERPEYI R . Guo %508 pIfoT 260, O,
3-HH LT E . ST G . 1R -3, 2-HH 3T
IR F TG . PR . CLPEE . DN . T TS A 2L T S A AR
Il R Y SR XU ) BT, SRS IS BRI . L. T
g TEERIR L EESL, AR BT ROAV PAS R
FERFAR, AR g IR 522240,
3 #Hig

AT LA B A YT SRR BBORH a7, Kk
BT TR I B B B R FR Ak, R GC-IMS Xt fefd:
AG I B B Ol A R MR BT A T R . R fapH fa vl
A il PR 2R B AR A 0.6% BRIR AR KL, 0.7% #E
FERRBER AN 5% W A B, faghR s At S lE
BAREAR . BB A A TR I BT BRI Y 58 b
KW, 456 VIP>1.0 fl P<0.05, 55 H 10 By
BEVEMIIR, S RE L (Z2)-4-BEkETE . TR, 3-F
BRFELTIEE | 1-3FM-3-B% . 1IE T EE-M. (Z2)-2-)%)-1-
B 18 -3-1 . (BE)-2-c45-D FntkinE . AR GC-
IMS A5 S, £k MORH £7 7 B B 21 A 2 e Ak 9 B
P R ) o B SR BRAIR a3 . 4% OPLS-DA 11
5O, A5 HRE T ST AT A M R E BB I BRI 6
B A ARARL, RH v | G A B RIS B B B A R
YA W X . ARYE ROAV 455, X 17
FhOCEME R EH), 43500 (B) -2 Ml . 1-3F -
3-fi, (E.E)-2,4-B¢ IAKME . TP IEFEE. (Z2)-4-
PSS . U . 3-HH L TOmE L DN . BEE . %L (B)-
2- T . 3-FFBRIE DN | 2-CA . R ZHR . 2-1E1%
FLORI N 2-CU Mo 435SR b s S £ Py ORE fa v % 4
Y IoT F= A AR O SRS R B T A R LB . B
ST T RO ARG 20 R S B R T e
LS, [FAIEE GC-IMS 45 G b2k T i 12 iT DAV b
PR B TS T B 1 22 S HE R PR BT, ROAV AT 3
B H PR YR M A e A S R R T

© The Author(s) 2025. This is an Open Access article
distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

S 3Lk

(1] LR Z& &R ACE ¥4 bk od 4] & B it i 4 [D]. &
gL IR K%, 2022. [ MA T X. Preparation and rapid screen-
ing of ACE inhibitor peptides from Channa striatus[D]. Nanchang:
Jiangxi Normal University, 2022. ]
(2] BRBEE, R EU, 403k, 5. B8RP 05 m LIRS RAF
R#tRET]. WEFFR, 2023,37(2): 40-45. [CHENSJ,LUM M,
XIANG H, et al. Research progress on nutritional evaluation of and
processing and preservation technologies for Channa argus[J]. Meat
Research, 2023, 37(2): 40—45. ]
[3] Fms, MBI, F £, F RIBENS & & %R/
e A 25 M A M0 e [T, R o T kAL, 2024, 45(9): 83-90.

[HUANG L J, WEN Y F, LUO M L, et al. The effect of extraction
temperature on the functional and structural properties of cuttlefish
scale gelatin[J]. Science and Technology of Food Industry, 2024, 45
(9):83-90. ]
[4] MONTAZER M, EBRAHIMPOUR S, SURKAN J, et al. Ef-
fects of fish-oil consumption on psychological function outcomes in
psychosis: A systematic review and dose-response meta-analysis of
randomized controlled trials[J]. Advances in Nutrition, 2022, 13(6):
2149-2164.
[5] kAR, 4, 284, F. 2 & ibth) 2 F &R RARS
T [I]. B A3, 2023, 44(12): 208-216. [ ZHANG Q, WANG
W, WU S F, et al. Changes in the quality and flavor components of
Snakehead fish oil during refining[J]. Food Science, 2023, 44(12):
208-216. ]
[6] JOSCHA C, SASCHA, R, PHILIPP W. GC-IMS-tools —A
new Python package for chemometric analysis of GC-IMS data[J].
Food Chem, 2022, 394: 133476.
[7] WANG Z L, MI S, WANG X H, et al. Characterization and
discrimination of fermented sweet melon juice by different micro-
bial strains via GC-IMS-based volatile profiling and chemometrics
[J]. Food Science and Human Wellness, 2023, 12(4): 1241-1247.
[8] GU S, WANG Z H, CHEN W, et al. Targeted versus nontar-
geted green strategies based on headspace-gas chromatography-ion
mobility spectrometry combined with chemometrics for rapid detec-
tion of fungal contamination on wheat kernels[J]. Journal of Agri-
cultural and Food Chemistry, 2020, 68(45): 12719-12728.
[9] CREXIV T, MONTE M L, SOARES L A, et al. Production
and refinement of oil from carp (Cyprinus carpio) viscera[J]. Food
Chemistry, 2010, 119(3): 945-950.
[10] CHEW S C, ALI M A. Recent advances in ultrasound tech-
nology applications of vegetable oil refining[J]. Trends in Food Sci-
ence & Technology, 2021, 116: 468—479.
[11] BEZARHXNEFTER 2 RBELEB /L RS TR
a9 2 GB 5009.229-2016[S]. Ab 7 P B 474 th ik, 2016: 1-
4. [ National Health and Family Planning Commission. National
food safety standard-Determination of acid price in food: GB
5009.229-2016[S]. Beijing: Standards Press of China, 2016: 1—4. ]
[12] BEEZAFHXNATER 4 RBLLATIFE RSP
A AR 9 Z . GB 5009.227-2023[S]. b 7. P B AR £ R AL,
2023. [ National Health and Family Planning Commission. Nation-
al food safety standard-Determination of Determination of peroxide
value in food: GB 5009.227-2023[S]. Beijing: Standards Press of


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1093/advances/nmac083
https://doi.org/10.1016/j.foodchem.2022.133476
https://doi.org/10.1016/j.fshw.2022.10.006
https://doi.org/10.1021/acs.jafc.0c05393
https://doi.org/10.1021/acs.jafc.0c05393
https://doi.org/10.1021/acs.jafc.0c05393
https://doi.org/10.1016/j.foodchem.2009.07.050
https://doi.org/10.1016/j.foodchem.2009.07.050

%465 5 o

AR , % GC-IMS Z5a i ik o R i A AT SRS L AR R R P A 1 - 281 -

China, 2016: 2023. ]

[13] Frbob, 252, A, &. &4 T8l =M b &b etk
T g s R 48 A7 [J]. A s B 42, 2015, 36(20): 190-193. [ LI
CC,LIZH, LIU Y L, et al. Refinement of fish oil from byproducts
of fish meal processing and its fatty acid composition analysis[J].
Food Science, 2015, 36(20): 190—193. ]

[14] CAPITAIN C, WELLER P. Non-targeted screening ap-
proaches for profiling of volatile organic compounds based on gas
chromatography-ion mobility spectroscopy (GC-IMS) and machine
learning[J]. Molecules, 2021, 26(18): 5457.

[15] 2B, FAE, h¥E. o125 X AR LS4 oG —FF
# 7 k. “ROAV” % [J]. & & #F%,2008(7):370-374. [LIU D
Y, ZHOU G H, XU X L, et al. “ROAV” Method: A new method for
determining key odor compounds of rugao ham[J]. & &#} 5, 2008
(7):370-374. |

[16] LIUX, WANG W F, XU L, et al. Effects of different degum-
ming processes on the molecular species and microstructures of
phospholipids recovered from crude vegetable oils[J]. LWT-Food
Science and Technology, 2023, 185: 115126.

[17] Z4%, Bk, 28, 5. BENES) 4P &bk R L
Su AT [T]. A S5s 5 ALK, 2022, 38(9): 204-210,226. [ WU Y X,
YONG Z, WANG Y, et al. Refining and quality analysis of fish oil
from mandarin fish viscera byproducts[J]. Food & Machinery, 2022,
38(9):204-210,226. ]

[ 18] WANG Z, MA X, ZHENG C, et al. Effect of adsorption
deacidification on the quality of peony seed Oil[J]. Foods, 2023, 12
(2):240.

[19] FEAREFERLIR. &ib: SC/T 3502-2016[S]. . 7:
W B AR AR, 2016: 1-2. [ Ministry of Agriculture of the Peo-
ple's Republic of China. Fish oil: SC/T 3502-2016[S]. Beijing: Chi-
na Standard Press, 2016: 1-2. ]

[20] HUANG S, HU Y M, JIN W W, et al. Modeling of bleach-
ing process of camellia oil using multiple surrogate models[J].
LWT-Food Science and Technology, 2023, 189: 115139.

[21] FRAH, AR, XA, F. T RAEERE LAERLLME
7 4 ) B B W AR A R [T]. A e Tk A, 2022, 43(8):
76—84. [ HUANG C D, AI S, LIU C Y, et al. Preparation and ad-
sorption properties of chitosan/active clay composite as sugar juice
decolorization agent[J]. Science and Technology of Food Industry,
2022,43(8): 76-84.

[22] OLLER(M)ORENOCI S, MALLAFRE(M)URO C, FER-
NANDEZ L, et al. GCIMS: An R package for untargeted gas chro-
matography—ion mobility spectrometry data processing[J]. Chemo-
metrics and Intelligent Laboratory Systems, 2023, 241: 104938.
[23] ZHANG L Y, WEI W, HUANG L Y, et al. Quality assess-
ment of large yellow croaker (Larimichthys crocea) roe oil before
and after refining [J]. RSC Advances, 2021, 11(23): 14103-14112.
[24] RONG Y T, XIE J L, YUAN H B, et al. Characterization of
volatile metabolites in Pu-erh teas with different storage years by
combining GC-E-Nose, GC-MS, and GC-IMS[J]. Food Chemistry
X, 2023, 18: 100693.

[25] ZHU Y, CHENG J, CHEN X, et al. Use of relative odor ac-
tivity value (ROAV) to link aroma profiles to volatile compounds: A
pplication to fresh and dried eel (Muraenesox cinereus)[J]. Interna-
tional Journal of Food Properties, 2020, 23(1): 2257-2270.

[26] 2R JEHEBA. AE M EARRIL % [M]. A5 S iRAE,
2015. [ LEOVAN H. Compilation of compound flavor thresholds
[M]. Science Press, 2015. ]

[27] ZHANG X Y, WANG A X, YAO H L, et al. Research ad-
vancements on the flavor compounds formation mechanism of pick-
led bamboo shoots in river snails rice noodles[J]. LWT-Food Sci-
ence and Technology, 2023, 186: 115226.

[28] SMITT B A, ENGELS J M, SMIT G. Branched chain alde-
hydes: Production and breakdown pathways and relevance for
flavour in foods [J]. Applied Microbiology and Biotechnology, 2008,
81(6): 987-999.

[29] YUANQN, TU M J, GAO P, et al. Comparative analysis of
rapeseed oils prepared by three different methods[J]. Journal of
Oleo Science, 2020, 69(12): 1641—1648.

[30] CAO I, JIANG X, CHEN Q'Y, et al. Oxidative stabilities of
olive and camellia oils: Possible mechanism of aldehydes formation
in oleic acid triglyceride at high temperature[J]. LWT-Food Sci-
ence and Technology, 2020, 118: 108858.

[31] JIANG H, ZHANG M T, YE J J, et al. HS-SPME-GC(M)S
and OAV analyses of characteristic volatile flavour compounds in
salt-baked drumstick [J]. LWT-Food Science and Technology, 2022,
170: 114041.

[32] HEJH, WU X H, YU Z L. Microwave pretreatment of
camellia (Camellia oleifera Abel.) seeds: Effect on oil flavor[J].
Food Chemistry, 2021, 364: 130388.

[33] XUEC, YOU J, ZHANG, et al. Capacity of myofibrillar pro-
tein to adsorb characteristic fishy-odor compounds: Effects of con-
centration, temperature, ionic strength, pH and yeast glucan addi-
tion[J]. Food Chemistry, 363: 130304.

[34] VENKATESHWARLU G, LET M B, MEYERA S. Model-
ing the sensory impact of defined combinations of volatile lipidoxi-
dation products on fishy and metallic off-flavors[J]. Journal of
Agricultural and Food Chemistry, 52(6), 1635—1641.

[35] LIU P, WANG X, XIANG Q, et al. Optimization of intelli-
gent post-fermentation and quality analysis of pixian broad-bean
paste[J]. Food Science, 2020, 41: 166—176.

[36 ] FRANKEL E. N. Lipid Oxidation. Chapters 2 & 4 (2nd ed.).
Woodhead Publishing Limited.

[37] DAMERAU A, AHONEN E, KORTESNIEMI M, et al.
Evaluation of the composition and oxidative status of omega-3 fatty
acid supplements on the Finnish market using NMR and SPME-GC-
MS in comparison with conventional methods[J]. Food Chemistry,
2020, 330: 127194.

[38] GUO Y, SHAO J J, SUN 1], et al. Optimization of extraction
and refining parameters of oil from dotted gGizzard shad (Konosirus
punctatus) [J]. Foods 2024, 13: 1278.


https://doi.org/10.7506/spkx1002-6630-201520036
https://doi.org/10.7506/spkx1002-6630-201520036
https://doi.org/10.3390/molecules26185457
https://doi.org/10.1016/j.lwt.2023.115126
https://doi.org/10.1016/j.lwt.2023.115126
https://doi.org/10.1016/j.lwt.2023.115126
https://doi.org/10.1016/j.lwt.2023.115126
https://doi.org/10.3390/foods12020240
https://doi.org/10.1016/j.chemolab.2023.104938
https://doi.org/10.1016/j.chemolab.2023.104938
https://doi.org/10.1039/D0RA09546J
https://doi.org/10.1016/j.fochx.2023.100693
https://doi.org/10.1016/j.fochx.2023.100693
https://doi.org/10.1080/10942912.2020.1856133
https://doi.org/10.1080/10942912.2020.1856133
https://doi.org/10.1016/j.lwt.2023.115226
https://doi.org/10.1016/j.lwt.2023.115226
https://doi.org/10.1016/j.lwt.2023.115226
https://doi.org/10.1016/j.lwt.2023.115226
https://doi.org/10.1016/j.lwt.2023.115226
https://doi.org/10.5650/jos.ess20188
https://doi.org/10.5650/jos.ess20188
https://doi.org/10.1016/j.lwt.2019.108858
https://doi.org/10.1016/j.lwt.2019.108858
https://doi.org/10.1016/j.lwt.2019.108858
https://doi.org/10.1016/j.lwt.2019.108858
https://doi.org/10.1016/j.lwt.2019.108858
https://doi.org/10.1016/j.lwt.2022.114041
https://doi.org/10.1016/j.lwt.2022.114041
https://doi.org/10.1016/j.lwt.2022.114041
https://doi.org/10.1016/j.foodchem.2020.127194

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 黑鱼粗鱼油的制备
	1.2.2 粗鱼油的精制工艺
	1.2.2.1 磷酸脱胶
	1.2.2.2 超量碱脱酸
	1.2.2.3 活性白土脱色
	1.2.2.4 真空脱臭

	1.2.3 黑鱼油基本理化指标测定
	1.2.4 GC-IMS测定
	1.2.4.1 样品前处理
	1.2.4.2 进样条件
	1.2.4.3 挥发性成分鉴定与分析

	1.2.5 关键风味物质评价方法

	1.3 数据处理

	2 结果与分析
	2.1 黑鱼油精制阶段单因素优化结果
	2.1.1 磷酸添加量
	2.1.2 超量碱添加量
	2.1.3 活性白土添加量

	2.2 黑鱼内脏粗鱼油精制不同阶段GC-IMS谱图差异对比分析
	2.3 黑鱼内脏粗鱼油精制不同阶段挥发性物质多元统计学分析
	2.4 黑鱼内脏粗鱼油精制不同阶段挥发性物质的变化

	3 结论
	参考文献

