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Abstract: Objective: This study aimed to investigate the effects of
granularity of paprika on the physical and chemical properties and
volatile flavor compounds of chili oil. Methods: Chili oil samples
(KLD2-KLD5) were prepared from mechanically crushed paprika
with different granularity (35, 30, 26, 20 mesh), and the

content of capsaicinoids, chromatic aberration value, and

peroxide value of oil samples were determined by high
performance liquid chromatography ( HPLC), colorimeter and
other methods. The types and contents of volatile flavor
compounds were detected and analyzed by gas chromatography-
ion mobility spectrometry ( GC-IMS) combined with principal
component analysis (PCA), partial least squares discriminant
analysis (PLS-DA), and heat map cluster analysis. In addition, a
comparative analysis was performed with the traditional hand-
milled chili oil sample (KLLD1). Results: In the KLD2-KLD5 chili
oil samples prepared with mechanically crushed paprika, the
concentration of capsaicin, dihydrocapsaicin and capsaicinoids,
scoville heat units (SHU) and pungency degree decreased with
the increase of the granularity of paprika. The peroxide value
increases with the increase of the granularity, and the brightness
L increased first and then decreased with the decrease of the
granularity, and there was a significant difference(P<0.05) had
been observed. A total of 58 volatile organic compounds (VOCs)
GC-IMS, mainly including: alcohols,

were identified by

aldehydes, ketones. carboxylic acids, esters, heterocyclics and

thioethers, with 10, 18, 12, 4, 7, 5 and 2 types respectively.
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GC-IMS fingerprints combined with the relative percentage of
VOCs showed that the types of VOCs in KLD2-KLD5 samples
were the same, but the contents were different. The types and
content of VOCs in KLLD1 were quite different from those in
KLD2-KLD5. Fourteen key differential markers of 5 chili oils
were screened by PLS-DA. The results of principal component
analysis, nearest neighbor analysis, and heat map clustering
analysis of VOCs in five kinds of chili oil samples were consistent
with the results of GC-IMS fingerprints. These samples could be
accurately distinguished and the flavor of KLD1 was the most
unique. Conclusion: The granularity of paprika had a significant
impact on the dissolution rate of capsaicin and dihydrocapsaicin in
chili oil, peroxide value, and brightness L * (P<C0.05), but has
no effect on the types of volatile flavor compounds in chili oil.
However, the content of volatile flavor compounds in each
sample had a certain difference.

Keywords: chili oil; paprika; granularity; gas chromatography-
ion mobility spectrometry (GC-IMS) ; volatile flavor compounds;

partial least squares discriminant analysis (PLS-DA)
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Content of capsaicinoids in chili oil samples (n=3)

BRIRR & 1/ TEBMIE S

Wil 4k R 45 B

ErRE B G
(g kg ) (g kg (g kg™ H) (SHU)

KLDI1 0.15640.004" 0.054+0.002° 0.2344+0.003" 3 603.00£45.03" 24.024+0.30"

KLD2 0.24940.005% 0.09640.001% 0.384740.006% 5 916.33489.492 39.4440.60°

KLD3 0.13040.002¢ 0.04940.000° 0.19940.002°¢ 3 073.67431.79¢ 20.4940.21°

KLD4 0.11740.001¢ 0.044+0.001¢ 0.17940.001¢ 2 760.33+15.50¢ 18.4040.10¢

KLD5 0.093£0.003¢ 0.03540.001°¢ 0.14240.003¢ 2 189.33440.82¢ 14.60+0.27¢

t FHING FRONF RN 2 57 B3 (P<<0.05) .
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Figure 2 Chromatic aberration value of chili oil samples
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Table 2 List of qualitative VOCs in chili oil samples
%5 & W4 Fr TEiRE RERE/s  EBEE/ms AR A
Al (Z)-3-C. ) 1359.8 937.679 1.232 22 TG
A2 TR EE-M 1269.0 771.844 1.254 21 FH IR
A3 % BE-D 1268.3 770.829 1.512 37 SEBR L Je T
A4 3-FHE-1-T B 1225.8 705.874 1.241 04 R R
A5 -1 M- 3- 1182.6 637.874 0.940 73 Bk
A6 1-THE-M 1166.8 605.397 1.183 09 RE
A7 1-T D 1166.3 604.382 1.378 02 RE
A8 2-H BE-1- P i 1114.6 508.979 1.172 55 g
A9 1-EE-M 1061.1 431.666 1.111 03 RGO K T R
A10 1-H EE-D 1 .060.1 430.406 1.249 54 A T | & TR
All 2 956.0 325.218 1.130 97 K
Al2 AT B 930.3 306.952 1.319 85 g
Al3 2-T B 1.043.4 409.620 1.147 76 R
Bl W 1762.9 2 248.677 1.256 98 B IS
B2 3- B 35 T 1476.9 1 208.825 1.093 56 + Tk B R
B3 TR 1404.7 1 033.538 1.476 48 w8 5 &
B4 (E)-2-F M 1 440.6 1117.416 1.334 25 FH R
B5 (E)-2-BilsE-M 1334.3 887.086 1.260 05 FEH RN
B6 (E)-2-PifE-D 1333.6 885.755 1.668 18 e A
B7 R 1291.9 809.396 1.378 02 Mg 105 A
B8 2-CL 4 T 1261.9 760.680 1.192 31 A e
B9 (E)-2-C M 1234.8 719.068 1.181 77 A RN
B10 BEE-M 1203.1 673.397 1.329 29 B 15 B A A T
Bl11 BEE-D 1201.6 671.367 1.699 41 B Wi A A A
B12 (E)-2-J M E-M 1155.0 582.054 1.105 37 T R
B13 (E)-2-% M E-D 1155.0 582.054 1.359 58 R Bk
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gk 2
%5 [ AeL/EX N PRETEE fREERE/s  EBEE/ms SR A
Bl4 cLE-M 1107.3 496.800 1.260 80 HEE BN F
B15 CL#-D 1109.1 499.845 1.562 43 BEE RIH
B16 Y #E-M 1 .008.5 369.309 1.173 99 KR RE
B17 JREE-D 1.009.0 369.938 1.424 78 KRR R
B18 3- T 938.4 312.620 1.398 55 1558 71 Bk i vk
B19 TR 901.1 287.426 1.281 02 15 58 Jy vk
B20 TN 945 T 877.2 272.309 1.061 72 B2E
B21 N 827.2 243.335 1.139 37 3% S Bk
B22 2-H SE T I 839.7 250.263 1.279 97 T F AR
B23 LW O 919.2 299.393 1.035 48 A IR
C1 1-$23-2- N Ail-M 1316.7 853.801 1.048 25 B FH R
C2 1-$23-2- N F-D 1316.8 854.053 1.230 50 B B R
C3 ZABIR-M 1301.8 826.650 1.059 27 LURTHITS
C4 ZABIA-D 1302.3 827.665 1.330 61 LURTHITS
C5 1-3F M5-3- 1 1314.6 849.993 1.284 51 BERE IR
C6 R 1316.2 853.038 1.151 47 T Ay R
C7 2- BE 1191.1 656.143 1.264 75 PSS 1 S NUS
C8 4- P -3 13 - 2-T 1133.2 541.457 1.111 96 + =k
C9 2,3- 1% /R 1085.3 463.789 1.226 46 B bR
C10 1- 7% M -3--M 1048.0 415.289 1.076 41 SR
C11 1-J% H5-3-H-D 1 046.5 413.399 1.311 45 SE R
Cl2 2- 1% i 1.004.4 364.900 1.347 13 E S
C13 TR 976.1 340.335 1.183 44 R
Cl4 2- T Tl 926.6 304.432 1.247 44 RE
C15 1] 852.9 257.822 1.114 18 R BE
D1 THR-D 1715.7 2 029.733 1.363 14 2250 7L 1
D2 T-M 1715.7 2 029.733 1.160 14 I B 7L ik ok
D3 R 1 640.6 1724.476 1.109 86 IS
D4 ST HR-M 1631.5 1690.792 1.147 10 2 Wk
D5 B TH-D 1631.5 1690.792 1.368 72 % bk
D6 ZB-M 1504.9 1 284.484 1.052 12 Jig ok
D7 2D 1504.9 1 284,484 1.154 55 i 0k
El TA-2(3H) - R 1715.2 2 027.628 1.087 51 LURTHITS
E2 R THR 1096.6 479.536 1.235 90 Ak
E3 T 1.069.8 443.003 1.199 18 R
E4 LR 5T e 1035.5 400.172 1.232 75 HER
E5 LR LR 907.9 291.835 1.338 74 R
E6 215 WP 844.1 252.783 1.200 23 R
E7 RN TR 1010.2 371.198 1.504 53 RE
ES y-T MR 1670.0 1 838.158 1.094 96 W ok
F1 HERE-M 1493.7 1 253.654 1.091 70 AKFE HFE
F2 HEEE-D 1496.3 1 260.827 1.335 67 PN N S
F3 2- M s H A I 1430.2 1092.268 1.104 74 A% i e
F4 2,5~ H1 L g 1338.2 894.650 1.097 47 [PV SR YU S
F5 FP i i 18R 1280.9 791.128 1.082 98 [
F6 E g3 1.037.6 402.692 1.035 48 NS
G1 T T R 1201.6 671.367 1.135 67 Kk EAEFER
G2 . HH R 808.4 233.257 0.957 83 PEA R

To-MPRIR BR S -DY RN IR R A W EESE B O RESE  C O EI S D OB ERE  E B BEE s F AR IR G O B .
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Figure 3 Two-dimensional difference spectra of VOCs in chili oil samples
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Figure 5 Relative content of VOCs in chili oil samples
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BRASL I A b VA b K 300 DX 4
2.4.5  BHH VOCs B f B /N — 3 2 531 43 1 (PLS-DA)

HE 8 H,R*X =0.956,R*Y=0.984,Q*=0.916,
Ut BZ AR BT A, BB XE 5 i AU A 00 XU AT 8K A
B T

FR AT AR 4% 5 B M (VIP) i R X 5 Fhosfial
A B T W Y e 2 R AR R (VIP >
1.2 B RmE 9 B, BE 9 AT, 14 F OG5 22 S bn Ak
Pp(VIP>1.2) 4k 17 A&, 2 D7 #1 D6 (Z #8) . C15 (N
fi) BI5(E BE-D) b &% 9.C2 Al C1(1-38 He-2-TN D |
B17 (3 5-D) \B20 (M) .C4 il C3(Z AR \B18(3-H
ETED .D2CTE-M) \E1( - &-2(3H)-IK IR i) . D4 (57
TRR-M) B23(Z B4 8 .C13(CT ). &A% 2
AL, 14 FhOCHE 22 S bR R W i 5 FRIBESS (4 R 2 (3 FR
251 IR A E MR 9 5 W AL H AT an il 10 Br
RLH A C2 M CTA-$3E-2-TR D (B18 (3-H 3£ T ) \E1
(%2 (3H)-WE W B . B20 (P9 45 %) . D2 (T iz-M) . D4
(RTE-M \B23(Z Z B4 Z WO X8 1 3 84y sTk 3K
K ,B15(C -D) . B17 (J% [i¥-D) . D6 ( Z #2-M) . C15 (1§
fiil) C4(Z AR IA-D) X 565 2 3 B4 STk R .
2.4.6 BN VOCs BRS04 i & 11 W],
KLDI 55 240, WU 55 o AR, 14 Bl ¢ 8 22 5 bR ik
FLB20 (N ) LC2AICT (- 3-2-TN D E1( ~&-2

1.0F .
I } -------- /
0.6 | ooem J B )
o2l .’/,..
0.2F ) /’i
0.0F ’ P
o -
026 T I
2 I
el g oK
0.6} } y
0.8

0.0 0.2 0.4 0.6 0.8 1.0
200 permutations 6 components

FHAH A VOCs 49 PLS-DA E #% A
Permutation test plots of PLS-DA based on
the VOCs of chili oil samples

B 8
Figure 8

163



164

E% 5E % NUTRITION & ACTIVITY

2.8
240 |
200 111 & =
© _
g 31.6* i B
~E12 i E=r=
0.8
0.4
0.0 E\2\‘2\@\S\g\:\5\8\5\E\S\E\E\Q\S\2\:\:\
Om Mm@, m-oTo
VOCs%i s
Var ID(primary)
B9 kA S PLS-DA %4 £ 7 47.E ek
Y ey VIP 1B
Figure 9 VIP scores of PLS-DA based on the VOCs

of chili oil samples(VIP>1.2)

10r B1S
B17
087 R cis .
" w4
=& 067 D7
7 E 9 4
&L 04 p "t 0 Cl3 B20
02l o"B23 "E1
D2 uB18
0.0 C2
1
02 L . . .
10 -05 00 0.5 1.0
(1]
pleorn)[1]
B 10 Mk S PLSDA 4 & £ 5 Kok & 4 8.4 B

Figure 10  Scores plot of PLS-DA based on the
VOCs of chili oil samples

(3H)-BKM ) \B18(3-H 5L T ) . B17 UL E-D) #£ KLD1
e B e B2 e 5 BROAUTET UREL B 8 R 19 BROBLIH AE f KLDA F1
KLD5 v, ¥4 3~4 Pl G5 22 e bm i 0 & 1 58 v 1 43 4
Horp ,KLD5 HEZ Y B C4 F1 C3CZ AR .C15 (R FD |
C13(T M) & & 8 . KLD4 t D7 #1 D6 (Z R) . B23
(L TE4E ) &t 550 1e 5 1E RURL JBE 55 /0N 19 RS0 A
KLD2 F1 KLD3 v, 14 Bl 3¢5 22 5 b5 25 9 & 1 AR, 1

Hor 40 FURE S AR RE B KLD2 14 Fl oG il 22 B AR &
WK, 25 b 78 KLD2~KLDS5 4 BB ee 5, b5
UL B AR A e G R 22 S AR AR M R RN S B R, 25
W@ .15 PCA 23 #r—%L.

3 i
S 22 W1, BT A SR J2 % AR o B
UMM 9 1 36k AR SR L Bk H 2

B2 (P<C0.05) , X BOBUM 48 & 1 KUK Ak & 40 1) i 24 T 1A

Bagm AR EREREEEEAEINAGY TR EENR
H—EZ R, XM GC-IMS # I # A& ¥ 45 & PCA.PLS-
DA FHA B B 2 43 H1 55 2 T 46 1T J5 ¥ DS b B LT A )

B 2648 | 202310 A | RRSYM

ﬁ B20 1.5

-
El 0.0
C2 o5

B18 |_1.0

9 -1.5
D6
D7

B23
D2
D4
BI5
B17
C13
3
C4
C15

KLD1 KLD4 KLD5  KLD2 KLD3
B 11 ARG ARE ZF Rk o R EHA
Figure 11 Heat map based on the VOCs of chili

oil samples

MR LR LA PR T 14 A oC 82 RAREY

AT 52 I T 45 AT A R AT U B X A %%%Iﬁﬁﬁﬂﬁi
BT 5 1 AU B S 2 3 AR E o T T 200 7R
PR BT R R G5 . ORI R AR S 2R BRI )
il £ T 25 e = A oA AT KU 5 5 5 SR T S AR IR BRI
E’Jmfﬁﬂﬁjﬂﬂ/ﬂ*7ﬁ$ﬂ¥ﬁ*f‘f§ﬂﬁm‘iﬂﬁé%m%%%%
B B AR 1Y 52 W 38 A i — 2D F SR,

5% 3
1 fal /e, R A, 2 Ha, 45 DR [] BSOS A o6k SUABUIM & T
Wi ffF 52 [7]. o L R A, 2014, 39C1D): 10-12, 22.
HE X L, TANG J H, CHE J Y, et al. Study on effect of different

pA

varieties of chilies on quality of chili oil[J]. China Condimen, 2014,
39(1D): 10-12, 22.

[2] 75 55 . ORI o 4 KL A
114-117.

12 FHH 9], B R R 5 2016, 41(3):

FENG Y. Discussion on the making standard and application of
pepper[J]. China Condimen, 2016, 41(3): 114-117.

3] XA, YA, FEALLE, 5. 5N I BOUE S KUK B 5T 43
[J]. £ A, 2013, 34(20): 221-227.
LIUY Y, WU Y J, WANG Y J, et al. Volatile flavor components
analysis of fried pepper sauce in Guizhou province [J]. Food
Science, 2013, 34(20): 221-227.

[4] BRI, SEAEAK, IR IE, 25 TR A JRORHE ORI T 8 5T M
LAk oy 23 M (0], AR ™ o T, 2021(7): 45-52.
CHEN J J, MENG X Y, SUN C G, et al. Process optimization and
analysis of volatile compounds in pepper oil from mixed materials
[J]. Farm Products Processing, 2021(7): 45-52.

[5] ZRAM bk, FBAEET, PMER, 5. T2 [ A 4K IR SO B % —
H 43 0 ORI o (5 JRUBR 4 S [0, AR £ BB, 2017, 33(6):



&M | Vol.39, No.10

276-284.

JI D S, ZHENG G Q, SUN J, et al. Analysis of flavor compounds in

chili oil by head-space solid-phase micro- extraction gas
chromatography mass spectrometry [J]. Modern Food Science and
Technology, 2017, 33(6): 276-284.

[6] PLAGEMANN I, ZELENA K, KRINGS U, et al. Volatile flavours
in raw egg yolk of hens fed on different diets[J]. Journal of the
Science of Food and Agriculture, 2011, 91(11): 2 061-2 065.

[7] A7 ELMS, TR ep . BORL S b ek BB i B S R A ST (0] AR S
iR, 2022, 35(2): 69-73.

SHI Z B, ZHOU S Z. Study on the effect of chili varieties on the
quality of chili oil[J]. Cereals & Oils, 2022, 35(2): 69-73.

[8] UL, XUME, BROGHE, 5. ASIR] i Rb BOBLIH 1 5 14 fn BT AIE 52 (0.
1555 & BT, 2019, 45(5): 190-198.

ZHANG H X, LIU H, CHEN G J, et al. Study on the quality of chili
oil products from different chili varieties[J]. Food and Fermentation
Industries, 2019, 45(5): 190-198.

[9] #05, M, TULEE, &5 B TAMEE T IRIES &L

TCGE T T 15 43 A BROAL it A % AR I 20 Ak 1 5T A XU R ) B 14 5%
Wi (7). B dh 5 R BT, 2023, 49(19): 319-328.
YANG F, YUAN H B, JIA HF, et al. Effects of chili varieties on the
physicochemical properties and flavor compounds of chili oil based
on GC-IMS combined with multivariate statistical methods[J]. Food
and Fermentation Industries, 2023, 49(19): 319-328.

[10] LOIZZO M R, BONESI M, FALCO T, et al. Carolea olive oil
enriched with an infusion of Capsicuum annuum and C. chinense
dried pepper powders to produce an added value flavoured olive
oils[J]. Food Processingand Preservation, 2021, 45(10): e15776.

[11] CAPORASO N, PADUANO A, NICOLETTI G, et al
Capsaicinoids, antioxidant activity, and volatile compounds in
olive oil flavored with dried chili pepper ( Capsicum annuum) [J].
European Journal of Lipid Science and Technology, 2013, 115
(12): 1 434-1 442.

[12] ZE7R, M58 4, 28 25, 56 BIOBUXR 4= il i T T 240 Ak B 4% &
PEY A AT 3] B S5 HLA, 2021, 37(12): 149-154, 214,

LI D, HE X Y, L1 Y, et al. Study on processing technology of chili
flavor beef tallow and its volatile compounds analysis[J]. Food &
Machinery, 2021, 37(12): 149-154, 214.

[13] 4 8, BIERAL, SRML, &5 3k T E AR (35— & 7T B35

A i 05 B AU B9 S [0]. o A 24T, 2021, 2109):
328-335.
YANG H, HUANG L H, ZHANG F, et al. Effect of oil temperature
on the flavor of chilli oil by GC-IMS and sensory evaluation[J].
Journal of Chinese Institule of Food Science and Technology,
2021, 21(9): 328-335.

[14] HE Z G, ZHANG Y, YANG M D, et al. Effect of different
sweeteners on the quality, fatty acid and volatile flavor compounds
of braised pork[J]. Frontiers in Nutrition, 2022, 9: 961998.

[I5]ZHANG Y Z, LIU X N, JI H J, et al. Characterization and

correlation of dominant bacteria and volatile compounds in post-

¥ F%E SR AL X R 3B 1 R A0 A IXURE 40 R B R M

fermentation process of Ba-bao Douchi [J]. Food Research
International, 2022, 160: 111688.

[16] %75, H#, S FT T H T LM & T T BIEX LA
HRE& 1Y XU 43 A [0]. 208 Tk BF 8, 2019, 40(23): 193-198, 206.
YANG F, YANG L, SU L D. Flavor analysis of Capsicum
frutescens L. Sauce based on electronic nose andgas
chromatograph-ion mobility spectrometer ( GC-IMS) [J]. Science
and Technology of Food Industry, 2019, 40(23): 193-198, 206.

[171 WU X L, LI W, LI C, et al. Discrimination and characterization of
the volatile organic compounds of Acori tatarinowii rhizoma based
on headspace-gas chromatography-ion mobility spectrometry and
headspace solid phase microextraction-gas chromatography-mass
spectrometry [J]. Arabian Journal of Chemistry, 2022, 15
(11): 104231.

[18] GAO W, YANG X F, ZHU X M, et al. The variation of odor
characteristics of wastewater sludge treated by advanced anaerobic
digestion (AAD) and the contribution pattern of key odorants[J].
Science of the Total Environment, 2022, 840: 156722.

[19] WANG S Q, CHEN H T, SUN B G. Recent progress in food flavor
analysis using gas chromatography-ion mobility spectrometry
(GC-IMS) [J]. Food Chemistry, 2020, 315: 126158.

[20] TH, BRI &T, 77 2%, S5 R ORS B FF A i 52 e R 3R K
RO WFFE[I]. b EJERE &, 2010, 35(8): 62-65, 77.

YIN M, CHEN Y F, QIAO X, et al. Research on effecting factors
and characteristic about the ciba-chili oil [J]. China Condimen,
2010, 35(8): 62-65, 77.

(217 TR SCHF, o737 25, 10 <Ak, A5 M) R3S 3 X6 S BBURT B 43 1 2R
FR 52 (7). £ S DF ST 5 0T &, 2018, 39(1): 78-82.

SHEN W J, HE X Y, FENG C L, et al. Effect of crushing degree
on the dissolution content of chilli seed[J]. Food Research and
Development, 2018, 39(1): 78-82.

[22] MAJID N, MEHDI V, MOEIN B. The Maillard reaction products
as food-born antioxidant and antibrowning agents in model and
real food systems[J]. Food Chemistry, 2019, 275: 644-660.

[23] ADEBOWALE K O, LAWAL O S. Microstructure,

physicochemical properties and retrogradation behavior of

mucunabean ( Mucuna pruriens ) starch on heat moisture
treatments[J]. Food Hydrocolloids, 2003, 17(3): 265-272.

[24] YANG L Z, LIU J, WANG X Y, et al. Characterization of volatile
component changes in jujube fruits during cold storage by using
headspace-gas chromatography-ion mobility
Molecules, 2019, 24(21): 3 904.

[25] AZIZAN K A, BAHARUM S N, RESSOM H W, et al. GC-MS

and PLS-DA validation of the

spectrometry [J].

trimethyl ~ silyl-

of Applied

analysis
derivatization techniques [J]. American Journal

Sciences, 2012, 9(7): 1 124-1 136.

165



