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ABSTRACT: Objective To investigate the types and differences of volatile compounds in ethyl ester-type fish oil
after the addition of different adsorbents. Methods The carbon tube composite adsorbent was characterized using a
scanning electron microscope (SEM). The quality of ethyl ester-type fish oil was evaluated by determining its acid
value, peroxide value and p-anisidine value. Gas chromatography-ion mobility spectrometry (GC-IMS) combined
with multivariate statistical analysis was applied to screen the key volatile compounds in ethyl ester-type fish oil
treated with different adsorbents. Results SEM analysis confirmed the stability of the carbon nanotube-activated
carbon composite structure; after treatment with the carbon tube composite adsorbent, the quality of ethyl ester-type
fish oil complied with GB 5009. 229—2025 National food safety standard-Determination of acid value in foods,
GB 5009.227—2023 National food safety standard-Determination of peroxide value in foods, GB/T 24304—2024
Animal and vegetable fats and oils-Determination of anisidine value; GC-IMS analysis detected a total of 53 kinds of
volatile compounds, including 11 kinds of aldehydes, 10 kinds of alcohols, 8 kinds of ketones, 7 kinds of esters, 6
kinds of alkenes and 11 kinds of other compounds. Combined with orthogonal partial least squares discriminant
analysis and variable importance in projection, GC-IMS screening finally identified 14 kinds of key volatile
substances, namely (E,E)-2,4-nonadienal, N-nitrosodimethylamine, 2-butanone (D), (Z)-3-hexenol, ethanediol (D),
(E,E)-2,4-heptadienal (D), decanal, 1-butanol, 3-methyl-1-butanol, ethanediol (M), ethyl propionate (M),
(E,E)-2,4-heptadienal (M), 3-penten-2-one (M) and camphene. Conclusion This study clarifies the regulatory rules
by which a novel new type carbon tube composite adsorbent the flavor compounds in ethyl ester-type fish oil,
providing scientific guidance for optimizing the refining process of ethyl ester-type fish oil, as well as theoretical
support and practical evidence for the development of new adsorbent materials.

KEY WORDS: ethyl ester-type fish oil; volatile compounds; multivariate statistical analysis; gas

chromatography-ion mobility spectrometry; carbon tube composite adsorbent
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&MY CNTs.

QL EHER AC %

FRAE R 200 pm (9 AC IR MATRIEE M ET X
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Table 2 Table of sensory evaluation

T H £ FR PEAIhR (Eix
REONEEHE 6~10

(10 43) A RLLE 3~5
AR ROy iy 0~2

A e E R, TRk 6~10

SBR(10 43) BORTR MK 3~5
HH . AR D B 0~2

75 W IR A 6~10

RZE(10 43) [BEERERL 3~5
pERTIGETA 0~2

TJCIE & 1 R WA R 2% o 6~10

FRIR(10 43) A 2R 3~5
B B 2% 0~2

THA PRk 6~10

PR (10 43) A7 B 5 £ JE ik 3~5
e £ R 0~2
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T H1 51| 43 #1 (orthogonal partial least squares discriminant
analysis, OPLS-DA)Z: &, ki 5e L K A% i B B
(variable importance in projection, VIP)73#7 . & A Microsoft
Office 2016 %I Excel 2019 21 T8 ik &l .
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2.1 SEM &tk

Bl 1 ARE A RO 10000, 20000 £51%) SEM
K, HilE 1 ATYET A 1 AC 5 CNTs B8 25 s
AR A SR A SRR T R R BT a5 S R s B G
T8, SRS BOR A O S A .

Bl B A4 SEM 19 10000 (A). 20000 (B)f% &l
Fig.1 SEM images of carbon tube composite structure at
magnifications of 10000 (A) and 20000 (B) times
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Table 3 Physicochemical indexes of 3 groups of carbon tube
composite adsorbents

bR JHYY-1 JHYY-2 JHYY-3
Rt /(mg kOH/g) 0.6453 0.6580 0.6167

i3 AL (E/ (meq/kg) 1.43 1.36 1.34
T 7 e 16.272 15.348 15.943

2.3 AERMFINIEZEER & B GC-IMS EL 4
R EE LR R

GC-IMS Tl B A, 5oy 3 s E &
PEYRP), i e RS CK 45 . BTXH
(A HMWFE) . THYY 02 AW MR)3 42 BER
i, FE 2 FTAT 3 AR SRR R R A LA A L,
HAEME SR b 5 B B R 22 SR RRAE o X B 2000 WG
7 b PR L M A T T

BTXF JHYX
ILAZ I H]/ms

B2 34 ZERRIAE S Y GC-IMS & Moy = 41
Fig.2 Three-dimensional GC-IMS spectra of volatile components in
3 groups of ethyl ester-type fish oil samples
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JHYY A miF x4 2, 0o B DL % ¥ kP4 ot R
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OM 2.0M
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[33:20]
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2.4 T[EIWRF5TIALIE 2 BEBY & A GC-IMS & 1t
RSB E B E M A

X FEA AT GC-IMS K, B2 AE LT Y fa i o
JCGH 53 JSE MY, Hoh SR 11 Fp, BESE 10 B, [l
2 8l MR 7 Fh, MRIEE 6 Fh, Ml 11 B, AR
YA 4 s o X SRR VR M B T S ik A A
A Pl BRI R A RESE . BER LA, Hrp RS
W R AR, SRR TR A AL T S ) - ) A
LEG B AR PF T RS i i A A S W AL, i

NG
BTXF JHYY

10 15 20 25

TF: M FRfE S IR ME, &4 7.
3 3 Ul ZEREMA AL L Y GC-IMS #E & M Usr — g 1
Fig.3 2D GC-IMS spectra of volatile components in 3 groups of ethyl ester-type fish oil samples
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Fig.4 GC-IMS difference spectra of volatile components in 3 groups of ethyl ester-type fish oil samples



316 B0 LG 4 o AR I 2 4R 617 %

T e RIS TR fa I S AL RIS ) R R, AN(ELE)-2,4- 1001 %E%%ée
T IR R R 2 NI AL AR R 13-F Ak, 4k el %%ﬁ%
S M2 2R RN (EE)-2,4- R IGRE(DIM) | o-YE ok
RRERZMIAAEILAE AR 1350 Ak, Jed B 3 -2 Ei;so-
L BARE TR PN, Xt 2 Ee R 03 A i gg
Rk i RS P S AT, KE 2SR g3 2 S [ W F40T
FUAL B, THYY SR H 28%, MECTHABMILL, ol
X — PR R0 E K G W ZE AR T Sl b iy
AN FIRE Wi R & 2B s 0 sl vk 2 2 24 0 J R B £ U5 2 0
FUP IR SR B, (L W B P *
BIAT B 4 5, BRI th TR A o T 4 L
BRARA CR B L, PR £ 3o A AR R Fig.5 Relative contents of volatile compounds
F4 TRGMLEBEET ZEER &RPIEL YR
Table 4 Volatile compounds in ethyl ester-type fish oil under different adsorption treatments
25 HhCH R CAS 5 Vi MW RI Rt/s Dt/a.u. ARSI
PR (D) C111717 C;H,,0 1142 12002 661.729  1.34643 MRk, W, R
BRIE (M) C111717 C7H,,0 1142 12004  662.045  1.70166 IR . EA . BE
(E,E)-2,4-J¢ —Jf5l5 (D) C4313035 C7H;,0 1102 14943 1248.751  1.18243  MAEWK. fafdtk . HHEE
(E.E)-2,4-FF I T (M) 4313035 C7H,,0 1102 14854 1224566  1.64351 JHfEUR . MR, HEFH
% R TN B (2568254 CHpO, 1642  1256.7 744.822  1.14705 p R NNV NS
i3 2-C (D) C505577 CsH,00 98.1 1217.0 685.368  1.18464 AR . HEIR
2-CLIR T (M) 505577 CsH,00 98.1 1217.3 685.831  1.51530 EHORAY . FHEIR
(E)-2- 10 C1576870 CsHO 84.1 1103.7 483.041 137318 =FEHMY. SEHBR. GHEY
3-HIE TR 590863 CsH,00 86.1 903.0 287285  1.19943 WEDRIY . B RIBR
T C112312 CiHyO 1563 1483.8 1220370  1.55083 RETR I . IR
(E.E)-2,4-F Il 5910872 CyH,,0 1382 1664.6 1813373  1.35503 £
(2)-3-CL I 928961 CeH 1,0 1002 1363.8 938.196  1.22542 B TR
2, (D) C107211 C,H,0, 62.1 1623.5  1657.303  1.11461 -
Z (M) C107211 C,H,0, 62.1 1627.6  1672.122  1.16535 -
IR H N R I (2568254  C,H,,0, 1642  1256.7 744822  1.14705 TR . BRI
N 2-LRHE OB C110805 CH0, 901 12479 731142 1.33971 -
W 3-HIEE-1-TEE C123513 CsH,,0 88.1 1165.5 594766  1.50073 -
1- T C71363 C4H,,0 74.1 1128.6 525307  1.36881 A SRS
2- )3 P 6032297 CsH,,0 88.1 1133.9 534776  1.21383 WA EIR
2-F B 1T 105306 CeHi0 1022 833.3 245.868  1.30220 -
4-Fp 3L 2- 1% (D) C108112 CeH 1,0 1022 1154.1 572308  1.27674 B L R
(D) 108941 CeH,00 98.1 1293.0 803.521  1.16061 AT IR
IO (M) 108941 CeH100 98.1 1292.6 802.841  1.45901 LA IR
3-8 -2 (D) C625332 CsHO 84.1 1140.9 547.504  1.06740 REEN D SO N
. 3-1J-2- i (M) C625332 CsHO 84.1 1144.8 554717  1.34345 REEN D SO N
u 2-J% i (D) C107879 CsH,00 86.1 989.0 348.013  1.12191 AR . Rk
2-THi(D) 78933 C,HzO 72.1 910.4 292.045  1.05962 17 SN N i}
2- Tl (M) 78933 C,HO 72.1 919.1 297758  1.25035 (17 SN N i)

2%l (M) C107879 CsH,,0 86.1 999.9 357.050  1.37554 ARFEE . REE
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%5 SC AR CAS 5 77 MW RI Rt/s Dt/a.u. RS 34
(2)-3-C\ 475 3k F R g 33467731 CH,0, 1282 12755 774597  1.17436 sEn) ., Bt
2R e C111126 CoH,0, 1542  1233.6 709.570  1.40391 A . S
Tz H g C624248 CeH )0, 116.2 1102.8 481.606  1.57295 SRR
[ IR ZER(D) C105373 CsHy0, 1021 952.9 321.085  1.14758 AR A . SRR Y
NR LR (M) C105373 CsH,,0,  102.1 975.6 337.747  1.45220 FHARIR R . SRR
LR TR C141786 C,H;50, 88.1 904.5 288.237 133739 U NI N )
TRABR C105668 C,H,,0, 130.2 1104.3 484.037  1.26976 TR . SRRy
WA (D) 586629 CioHyg 1362 1306.2 827.056  1.22465 FZG
I P TH 5 (M) C586629 CioHys 136.2 1305.0 824930  1.73767 L2
3 | C112414 C,Hy, 168.3 1211.9 678.062  1.43388 -
3-E M C13466789 CioHye 1362 11535 571265  1.68070 MG . AR
a-JR N 80568 CioHyg 1362 1007.7 365221  1.21603 -
/3 C79925 CioHig 1362 1065.1 430.890  1.21054 FLABR
L% e (D) C123751 C,HoN 71.1 1021.3 379.740  1.05131 E=N b}
ML A% J5E (M) C123751 C,HoN 71.1 1036.2 396.411 1.27301 E=N 0]
EINwR C110827 CeHys 84.2 720.4 191.121  1.04017
1,4-— 50K C106467 CeH4Cp 147.0  1429.6  1083.824  1.12122
- 14- 8% C106467 CeH4Cp 147.0 14514 1136755  1.10709
}m E7NwN:CS C108918 CeHi3N 99.2 1231.8 706.895  1.18504
NV i3 — H i C62759 C,HN,0 74.1 751.7 204.926  1.22721 -
2,5- H JLnk g C123320 CeHgN, 108.1 1323.5 859.017 1.1018 URIRORAY . ATATBR
A 290379 C,H,N, 80.1 1223.9 695392  1.04267 IS
VSRR AR )] 592881 CeH,S 114.2 1211.2 677.173  1.12579 {TEp]
2- T JEmk iRg C4466244 CgH,,0 1242 1159.1 582.116  1.18375 FH
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