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Lipid Oxidation Patterns and Their Impact on Flavor Profile
in Crisp Biscuits during Storage
ZHOU Hongqging, CHAI Xiuhang, LIU Yuanfa’

(School of Food Science and Technology, Jiangnan University, Wuxi 214122, China)

Abstract: Crisp biscuits are susceptible to lipid oxidation during storage, resulting in flavor deterioration and a decline in
quality. To systematically investigate the dynamic changes in lipid oxidation indicators and their effect on product flavor,
this study utilized headspace solid-phase microextraction coupled with gas chromatography-mass spectrometry (HS-SPME-
GC-MS) to analyze samples stored for 0, 6, 8, 10, 12, and 14 months. Monitoring of lipid oxidation indices revealed that the
acid value (AV) and peroxide value (POV) increased significantly with storage time (P<0.05). In contrast, the oxidative sta-
bility index (OSI) decreased markedly (P<0.05), with a 34.47% reduction over 14 months. A total of 44 volatile com-
pounds were identified, including aldehydes (9), ketones (8), acids (1), esters (8), alcohols (4), hydrocarbons (7), pyrazines
(6), and others (1). Flavor profiling demonstrated significant temporal variations: aldehydes (e.g., hexanal, isovaleralde-
hyde), ketones (e.g., hydroxyacetone), and acids (e.g., acetic acid) increased significantly during storage (P<0.05), whereas

Wi HHE: 2025-07-23

HEEWB: “twa " BEEEFLRELEER (2021YFD2100300) ;.1 R4 EEHFL %) (ERAHEAH T) (2024CXGC010915)
EEBINT: Ak (2000-) , 5, MEAFR A, BFRF 8 58 R% 45 5 € %)%, E-mail: 850118566@qq.com.

*EEIEE: Tk (1974-) , B, 4, 308, SF R 7 @ i B R %4546 4%, E-mail: yfliu@jiangnan.edu.cn,


https://doi.org/10.13386/j.issn1002-0306.2025070277
https://doi.org/10.13386/j.issn1002-0306.2025070277
https://doi.org/10.13386/j.issn1002-0306.2025070277
mailto:850118566@qq.com
mailto:yfliu@jiangnan.edu.cn

-390 - £ Tl B4

2026 4F 8 A

esters (e.g., ethyl acetate) decreased sharply (P<0.05), with a 93.24% reduction by month 14. Multivariate statistical ana-

lyses, including partial least squares-discriminant analysis (PLS-DA) and principal component analysis (PCA), combined

with variable importance in projection (VIP>1) and statistical significance (P<0.05), identified 13 key differential volatile

markers. Further screening highlighted seven compounds —hexanal, isovaleraldehyde, hydroxyacetone, acetic acid,

acetamide, acetylacetone, and 2-methyltetrahydrofuran-3-one —as core markers indicative of flavor deterioration and

overall quality decline in crisp biscuits. Correlation analysis confirmed lipid oxidation as the primary driver of off-flavor

development and quality degradation. These findings demonstrate that HS-SPME-GC-MS combined with multivariate ana-

lysis is an effective approach for identifying critical differential flavor compounds during storage, providing a scientific and

methodological basis for early prediction and quality monitoring of crisp biscuits.

Key words: crisp biscuits; flavor substances; lipid oxidation; gas chromatography-mass spectrometry (GC-MS); key flavor

compounds
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A I RN B SRR A PR IRK A (40+
2 CH A IR, FeRs &= ML REGT Y, A
Fr RO MR A 30 s Z=I5)08G BlJa R (80
H i ) AT /N 22 93 5 T PE . By . /DN T . &
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Table 1 Sensory evaluation criteria for crisp biscuit
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PRk SRR R TH R 4~54y
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1.2.7 HS-SPME-GC-MS £l  #£ MATAbEE . BN
It g TR] A A IR F TR i, AR B O AR, 5
FIFREL 2 g BF IS, DA 5 pL 4-H 3L-2- 7 1
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Fig.1 Acid value changes during storage of crisp biscuits
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Fig.2 Changes in peroxide value during storage
of crisp biscuits
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Fig.3 Changes in oxidative stability index during storage

of crisp biscuits
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Fig.4 Sensory evaluation of crisp biscuits
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FI & AR ) 32 AL ) o
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F et AR kIS SRR e TR R L
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TR XU, AR B S s iRl RN ARR . etk
JEEH(12 M AT 14 MOAE S PAG I 1) Z2 Fh AR PR R S
&Y, an 2,3-5C HR . 2(SH)-BEIEHERE | 2-H PO,
MR IRg -3 Az 3-FR3-2-T HRAENRAL &9, LA K ANAL
TE 14 M FE S A A HS B 1-32 3L -2- T R A 2-85 1 .
X e Ll G P I H B T IR A AL AR BE BT B 4
k. B FESRIE T RTIHR Ry &t E e (POV
T i BRI 1 HE— 2543 (AN p-24) LA S R
A=A N 384 (UNAB TR B-4E AP . ik ak
R SEALTaFs 5 OSI i 35 T [, W] iR
PEPET R aTmAE KA T IREEE L.

JLE S B 10 R 2 W) S5 HE A% 1 SR i 18 XUBR 4R
P, (H 3 S RIS o B T R S A e TR
AR, MR E PR A4 G v Y fE—
MR IEW) o VKBS IR, B M 62.84+0.21 ng/g .35 F
FHF] 191.65+5.69 ng/g(P<0.05), K2 204.98%,
XK R BT AV 19 BT, iR K A
= B RRIVITR ) Al B AR iR iE— 25 Stk (A= plids
FERIR ARSI SEEAE I IEE R . BARVKIEIRE A
SR Z A RIS, AR AR B A X e v, FLIE sk
AR USRI =R E P, (B B S T e R AR
FRIBRIBCRE B TR ) — > B B2 AR R o

HAT IR RS RIS 0T & B At B
R S R RS, S, . R LR . 24
lR 2 BE & B WU 0 M BE Y 42.34+0.91 ng/g &
EREZE 14 M FESH Y 2.86+0.07 ng/g(P<0.05), FIE
R 93.24%, LR FFE 49.55%, IR T g 58 &
TEABRCAIHA (0 M) JETH IS . FEER G S AL T 33
T NR IR AN SR 5 R IR BEIGIn, AED K 0GB
FAF T UM R ER K R, AR B 218 . PRI,
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BRI R i JoT b i (AN s | li2s) vl 5 2
S54RI AR BRSSP, R, R
FE Mg H B RT A A BB TR 48 Ak (OST fIX. POV il
AV 5D Ik 25 04 XU Wliads A3 10 B 2R s o

B 0T AR H 4 o, JHC AR 2R R S SRR )
W10 MO B, LA S ROF o IR, fhaye s
FITHRIEAE ITAT AR S R ARG 1, e B e i) I
TS iR, FLAEAS RGP (] 5 e S AR R Bl

AR IR P IFEA R e e I, iz 25
A B AN LA W 0 XURARAE, S RT3 A
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Table 2 Aroma compounds content in crisp biscuits at different storage durations
= Na = 3R [25-26 ﬁ%(ng/g)
CAS+ 4 Sl VIP{ P-value
oM 6 M 8 M 10M 12M 14M
. LR
590-86-3 S *éféufp* 14.26£0.23¢  13.57+0.19°  15.00£0.18°  17.09+0.05° 35.26+0.37°  79.8£0.10° 1277 <<0.01
66-25-1 ECEE FBAER AR 43.54+£0.59°  61.79+£0.09°  72.78+£0.01¢  80.27+0.41°  77.55+0.34° 95.43+125" 1211 <0.01
124-19-6 TR HHARG AR 2.8240.10°  3.79+1.19° 3.140.76* 3.69+0.73*  436+0.17°  5.69+0.28" 0360 0.16
100-52-7 IR AR 6.59+0.01  5.58+0.18"  6.12+0.02¢ 7.340.09°  16.02£0.24°  35.01£0.73* 0.834 <0.01
98-01-1 T [N N - - - - 8.73£0.18°  14.89+0.62* 0.572 <0.01
96-17-3 2-F LT AR 7.32+0.03%  8.12+0.03%  8.73+0.36°  6.49+0.30°  14.63+0.27° 31.16+0.25° 0.801 <0.01
124-13-0 IFFE NEWk, A<k - - - 3.28+0.17°  2.15+0.13°  1.62+0.04° 0.508 <<0.01
111-71-7 P JHIEMR ., IR 3.5240.30° 6.2320.56°  5.99+0.07¢  12.54+0.38"  8.80+0.11°  14.04+021° 0.623 <0.01
121-33-5 HFER WFEMR ., FHE 249.05£17.06° 322.82+£33.48% 328.82+30™ 385.95+12.75° 277.85+9.13% 259.42+0.92% 2.189  0.02
[iEES
116-09-6 FRILPI FEEER 6.40+0.57"  36.99+1.72° 42.995+2.99 47.48+5.70° 200.66+1.86" 261.64+2.44* 2415 <0.01
600-14-6  23-C W hh. EHEES - - - - 3.9240.05°  6.71+0.03* 0384 <0.01
2- A 3 Ak )
3188-00-9 urﬁaﬂg i, BRER - - - - 12.04+0.06"  45.95+0.67° 1.118 <0.01
513-86-0  3-FEHE-2-TTR ERSUS - - - - 23.87+0.12°  43.89+0.64* 0975 <0.01
592-20-1 LRI SR - - - 1.68+0.13°  15.53+0.15° 48.88£0.97* 1.101 <<0.01
5077-67-8  1-FE3E-2- TR Bl - - - - - 5.26+0.03  0.479 <0.01
497-23-4  2(5H)-WK IR MR - - - - 2.51£0.07*  2.39+0.13* 0306 <0.01
110-43-0 2B IR R - - - - - 3.33£0.01 0381 <0.01
64-19-7 UKERTR PEFURIAR  62.84£0217  73.57+2.49°  89.19+2.43¢ 107.69+2.82° 149.87+3.28" 191.65£5.69* 1.726 <<0.01
S
141-78-6 LR IR 4234+091* 2491030 23.51+1.06° 22.23+0.18°  5.35+0.10°  2.86+0.07" 1.069 <0.01
109-60-4 LRI KR 80.49+0.12°  56.17+0.30°  48.61+0.56°  64.2+0.37°  46.81£0.40° 40.61£2.327 1320 <0.01
123-86-4 R THE IRIRE R 3.68+0.15 - - - - - 0.450 <0.01
106-65-0 1 —Fi g BIESUS 17.36£0.01*  17.43+0.51*  15.35+0.01° 14.03+0.17° 16.46+0.15"  13.8+0.40° 0.628 <0.01
96-48-0 - T INF SR TR 1.7740.06°  3.28+0.04°  2.45+0.01°  2.87+0.22%  13.25+0.18" 19.27+0.38" 0.632 <<0.01
119-40-0 TR R —PEE MES, BEEAET  62.2+1.19° 57.9+3.24®  30.38+1.23%  42.99+0.91°  62.89+0.05°  55.55+0.65° 1.176 <<0.01
627-93-0 C R EAMARER 137720540 11.68+1.89"  10.78+2.23"  7.3+£0.47°  13.92£0.76"  11.3+0.34* 0.551 <0.01
TN P b
108-65-6 H;EE i AR - - - - 23.65+0.33*  24.05+0.53" 0.926 <<0.01
71-41-0 1E R ZREEIN SR 3.93+0.13°  9.86+0.51¢)  7.22+0.01%  13.89+0.28" 12.85+0.14" 21.74+2.62* 0.794 <0.01
123-96-6 fpay s RIS EAMR 71.2943.32°  121.0549.08° 121.57+4.64° 106.76+4.50° 74.78+3.5"  82.63+1.14° 1.806 <0.01
98-00-0 e AR 2.67+0.01¢  3.73:0.08%  3.31+0.01  6.03£0.43°  29.26+0.52" 47.63+0.95* 0977 <0.01
100-51-6 7 WETES 2.33+0.04 - - - - - 0358 <0.01
ML
109-08-0  2-F ALk FEKAE 5.64+0.12°  5.87+£0.49%  3.10+0.70¢  9.57+£1.58™  11.42+0.05° 19.21+2.10° 0.733 <0.01
290-37-9 LIRS WL IR e - - - 376139 10.77£0.04°  21.5+0.03*° 0.679 <0.01
_ TR, K54 |
123-32-0  2,5-HIBkntiz ‘FHIH;% - - - - 12.79£0.01"  34.17+#2.40° 0.895 <0.01
Hi
_ TR, K5k |
108-50-9  2,6-— 13Ntz ﬁﬁu*”% - - - - 13.18+0.02°  34.17+0.93* 0.891 <0.01
13925-00-3  2-ZFENkE ¥ Ak - - - - 2.34+0.05° 7.5+0.22° 0435 <0.01
2-0HE-6-HIE R, BN
-03- - - - - - <.
13925-03-6 e Hivk 5574035  0.551 0.01
e
593-45-3 TE+ /% - - - - - 5.03£020°  7.62£0.27° 0419 <0.01
2216-34-4  A-HIEELE FRIRAR 17.9740.24°  17.59+0.76°  9.38+0.09°  13.99+0.18° 19.17+0.21° 21.29+0.07° 1267 <0.01
17312-54-8 3,7-—HI R3S ke BRffy<immk 10.03£0.39°  8.80+0.21°  11.37+0.02°  6.60+0.28°  21.78+0.25° 12.23+0.34"* 0.985 <0.011
3-ZH-3-
17302-01-1 £3-PE - 2.8740.14°  435£1.12°  1.54+0.02° 6.6+0.28" 5.8940.28"  3.36+0.11° 0.891 <0.01

e
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k2
i (ng/g)
CcASE i, RS2 VIPfA P-value
oM 6M 8 M 10M 12M 14M
2213-23-2 2,4- AP etk 27.55+0.66° 22.64+0.73%  19.55+0.59° 29.10+4.60° 26.71+0.03° 42.21+0.32* 0941 <<0.01
100-42-5 KM THOR, JBOPE R 5.2040.19°  3.72+0.84%  3.7240.02%  4.74+0.12°  2.63+0.04%  1.81+0.04° 0342 0.012
2,6,10-= HI %t , :
31295-56-4 = ;; £t Jok - 2.4340.14°  1.95+0.07°  1.68+0.06°  1.97+0.01"  2.01+0.04° 0456 <0.01
60-35-5 T [I7US 28.62+0.09°  21.58+0.61¢ 18.47+3.43% 44.36+0.35" 46.23+0.36° 60.74+1.98° 1277 <0.01

T = FRIRARME N, ] —ATARRVNG FRERR 2 57 .3 (P<0.05); P-value 1] THr 4528 B VEYHEAR, P-value<0.05, MIDCHZE R BAT 12455 .
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Fig.5 PLS-DA scatter plot of crisp biscuits at different
storage times
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Fig.6 Permutation test plot of the PLS-DA model
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Fig.7 Principal component analysis loadings plot for crisp
biscuit samples at different storage times
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Fig.8 Correlation analysis among lipid oxidation indicators,
key flavor compounds, and sensory characteristics
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