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Non-target Metabolomics Analysis of Volatile Compounds in Fermented Hot Pepper Based on Headspace

Solid-Phase Microextraction Coupled with Gas Chromatography-Mass Spectrometry

CHEN Ju', SUN Xiaojing', HUANG Yubing?, WANG Xueya', LI Wenxin', HE Jianwen', PENG Guihua"*
(1. Chili Pepper Research Institute, Guizhou Academy of Agricultural Sciences, Guiyang 550006, China;
2. Natural Products Research Center of Guizhou Province, Guiyang 550014, China)

Abstract: In order to explore the differences in the flavor characteristics of fermented hot pepper prepared from different
varieties, the volatile compounds of fermented hot pepper made from four varieties widely planted in Guizhou, Huangping
line (HP), Linka (LK), Qian 8 (Q4) and Layan 101 (LY), were analyzed by headspace solid-phase microextraction (HS-
SPME) coupled with gas chromatography-mass spectrometry (GC-MS). The results showed that 60, 71, 55 and 65 volatile
compounds were detected in HP, LK, Q4 and LY, respectively. Acetic acid was the most abundant volatile component in HP,
LK and Q4, while geraniol was the most abundant volatile component in LY. In total, 24 volatile compounds were common
to the four fermented hot peppers. Correlation analysis showed significantly negative correlations (P < 0.05) between
alcohols and alkanes and alkenes, between esters and ketones. Conversely, there was a significantly positive correlation
between alkenes and alkanes. Using orthogonal partial least squares-discriminant analysis (OPLS-DA), more than 10
differential volatile compounds were selected among the four varieties, with 2-phenylethyl acetate being the major one in
HP vs Q4 and LK vs Q4, acetic acid being the major one in LY vs Q4 and LK vs LY, and phenylacrylonitrile being the major
one in LK vs HP. A comprehensive quality evaluation model was established based on nine classes of volatile compounds in
fermented peppers, and the decreasing order of volatile flavor quality was HP > LY > LK > Q4. This study could provide a
reference for the choice of raw materials for fermented peppers.
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Fig.1  GC-MS total ion current chromatograms of four fermented
hot peppers
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Table1  Contents of volatile flavor compounds in four fermented hot peppers
i o b e o il (ugkg)

e s KA I CASS m X w T
1 (—)-4-iHf 20126-76-5 — 9414417 — 31.524+9.87
2 (B)-3,7,11-= HiE-1,6,10-1 — 5 = J5-3- 40716-66-3 — 8.2642.03° 184343.26" 15.50+4.12"
3 1R 111273 248.954+6.01° 447.49+24.90" — -
4 13 111-87-5 — - — 16.5943.96"
5 2-BifE 543-49-7 146.57+3.78" 174.74£931° 168.44+£23.66" 241.94434.59°
6 2-F 628-99-9 5394057 — 3.8241.08° 5.9640.78"
7 2475118 107-18-6 — — — 28.86+0.82"
8 it 470-82-6 1232148.11° 140.02£36.58° 323.40+37.65° 2429144047

[ 9 AR 100-51-6 212.29+16.40° 108.46£12.02° 162.75£17.36" —
10 LR BT 53439-91-1 912.634114.32° 32351425.19° 1127.644107.09" 114.904+32.47"
1 I 78-70-6 1247.42469.44" 976.18+76.82" 838.52426.67° 455.91431.88°
12 E Y4 74-93-1 7.9740.44% 5.8440.69° — 9514127
13 HM 106-24-1 1082.23448.46" 1112.94+5841° 1 158.804+49.44' 1976.38493.48"
14 TR 98-55-5 — 269.99435.33" 321.85+29.92° 356.61+38.12°
15 (2)-3,7-—H3E2,6-% — J- 12 106-25-2 — — 59.91410.83 113494844
16 i 64-17-5 24973+ 14.60° 996.26+96.07° 1397.55+89.17° 308.52426.63°
17 SRR 123-51-3 172.29£21.95° 66.1749.86° 285.51+£37.21° —
1 (-(—)-ALE LB 0-00-0 184.70+4.00° 156.354+3.45° — —
2 2-FHET R 137-32-6 74.614+6.33" - — —
3 4- LA 2- B T RS 35852-40-5 148.57436.20° 3443+13.66° 52.0346.00° -
4 4-FUEE TR -4 L IR G 35852-42-7 44.64+3 39" 12.1242.11° — -
5 BHER-2-7E O/ 118-61-6 — — 49.48+5.71° 44534253
6 RRAY Gl 112-39-0 — 11.8742.54° — —
7 WAY ol L 628-97-7 55.13+11.39° 21.11+4.96¢" 29.974543° -
8 KPR 119-36-8 143.87£35.75° 144.29430.71° 37.7248.42° —

R 9 L2 LT 103-45-7 — 38.6343.92° 1995.22445.99" -
10 LT 14936-66-4 — — — 24.89£3.00"
1 LR O 142-92-7 — 334842.52° 77.88+2.68" —
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3] 5 AR CASE Ll
Bl 75 PSRRI 5 m X o T
12 LR 79-20-9 5.9640.50° 6541+£12.22° 236.96+13.39° —
13 LT 141-78-6 600.13+36.23° 331.19425.24° 1248.38+86.74" —
14 LEERIKR S 125-12-2 5243+12.86" - — 91.434£24.39°
15 LSRR 123-92-2 — 11.874£0.79° 414.07£25.26° —
1 (B)-3,7-— I Hk2,6-3 Ik 459-80-3 — 78.36+22.82" — —
Bk 2 4RHETR 591-81-1 21.2040.63" 244241.62° 22.69+129" —
3 7% 64-19-7 5379.62+13933°  7221.58+12681°  5155.024152.95 —
1 2-PUJRE 107-02-8 12.74£2.10° - 11.73+0.36° 18.0340.89°
2 RHE 100-52-7 478.934+39.40° 153.84+14.81° — —
3 KLm 122-78-1 9.8740.35 7541£532" — 47.90+8.46"
Rk 4 R-2- B 57266-86-1 - - - 25.5146.52°
5 JR-2,4-58 I 25152-84-5 — — — 71.57+4.80°
6 -2 1576-87-0 — — — 114.80£17.10°
7 [l 66-25-1 — 6.25+041° — 29.5046.14°
8 LR 7507-0 126.2743.27° 26.54%3.41° 38.30+£2.45° 19.7542.10°
1 1,7,7-=F - =3R[2.2.1.02,6)] Bk 508-32-7 - 6.5540.76" — 7.1340.80°
2 2,6- —HEETH 17302-28-2 — 18.5943.28" — 2545+5.14°
3 2-HE-=F 1560-96-9 44.60+12.04" — 73.13£16.18 9.8241.26"
4 3-HUEET 590-86-3 — 6.15+0.24° — —
5 4-HIJE-12,3-= ek 116664-30-3 — — — 62.42£12.28"
P92 6 A 1560-95-8 548641277 - — —
7 A 544-76-3 23484575 28.154635" — 36.57410.24°
8 i 124-18-5 21.0147.85° — — —
9 +oh 112-40-3 132.18£32.60° 74.02+17.32° 50.97+14.05° 83.86+£20.40"
10 BRI 629-59-4 — — — 44.60+3.36"
11 T 1120-21-4 8.6543.08" 13.04+4.73° 11.54+3.34° 14.94+4.98
1 “R’SR)'Z'EF%'5['5(’1?)6]6;%?5%'2'%)ﬂ% 58319-06-5 — 29744594 24684513 34.1443.10°
2 (E)-4.8-ZFIET-13,7-= 1 19945-61-0 — 9.92+0.78" 29.91+3.19* 11.224+1.13°
3 1-F A4 (6- F R P-5-05-2-2)- 1 4-FF L = W 72345-84-7 — - — 26.91+7.98°
4 1= 46~ FE-505-2-35)- 1 3-R O 20 451-55-8 — — — 84.86+6.49"
5 1-FH-4-1- L 2 0 5-R O 586-62-9 4523£10.10° 37.77£10.61° — 27174433
6 2-FIJE-5-(1,5- I E-4- DR HD)- 1 3- A C 0 495-60-3 156249410145 1018.18£114.98° — 1478.484116.42°
T 315 HEEA- O E)-6- T FFE-[S-(R*,S%)]-FF 2 20307-83-9 103.96£24.76" 100.46+21.76° 167.31£35.54" 2574742757
8 DI 5989-27-5 161.62+14.28 180.15£18.67 256.15+44.88° 211.46+22.94°
9 7-3,7- D 6-3 0 106-26-3 — — 67.92+12.32" 133.35+£17.17"
e 10 B 515-13-9 19.44£2.17° - — -
11 [t 115-07-1 565.37448.96° 481.58+54.26" 746.67+74.83° 1231.26+96.12°
12 ZREE 21391-99-1 — 2.18£0.78 — 3.0940.56°
13 Rt 3779-61-1 404.99+40.03° 418.01426.32" 88.89+7.91° —
14 ARVt 495-61-4 302.19430.21° — 276.43+24.93° —
15 AW 502-61-4 160.60£15.32" 1952541334 156.33£3.77° 209.51£1235°
16 Bl 79-92-5 249.13£21.05 215.97+16.15° 297.87424.29° 299.99+21.20°
17 DI 13877-91-3 878.20+35.71° 753.62+21.38" — —
18 KFEs 99-83-2 979.42484.73" 868.68+67.14° 1378.93+116.12° 1129.05+64.30"
19 i 80-56-8 — — — 205.40£20.04*
20 i i 1 99-85-4 — — 11.00£2.11° 7.66%0.85"
21 AN 123-35-3 371.28+34.82° 430.64£31.57 825.60+67.36" 563.59+41.20°
1 1-¥4f-3-F 1629-58-9 — - — 285.33421.35"
2 3-H1JE-4-(2,6,6- = U - 1B U 1-58)-3- T 4s-2- 14901-07-6 87.9346.52" 24924377 62.134£3.52° 2.9040.55°
3 AL BE R 110-93-0 12.1440.70 9.39+0.97° 16.60+2.90° 31.35+191°
4 125275 116-09-6 — 7.5140.62° — —
[k 5 2+ 112-12-9 38.46+3.85" 42.60+2.78° — 106.96+9.32"
6 32T 513-86-0 — 139.09+10.21° — —
7 i 67-64-1 1248+ 1.64° 15.67+1.67° 9.434+0.32° —
8 ZTH 78-93-3 4941021° — — —
9 Z R TN 110-43-0 — 20.65+1.65° 201342.12° 49.9843.69°
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g1
AL
R PR AR CAs — T— 5 —
1 2- -4 LI K Ty 7786-61-0 108.03£9.36" 282741.26° - 100.71£8.92
2 4-2 3Ry 123-07-9 984.21425.63° 257.014£36.47° — —
FERE 3 TT&R 97-53-0 0.8740.12° 0.9840.06" 2874098 6.1840.66"
4 2,4- 7 FEE I 3710-43-8 — - 12.65+1.95° —
5 1-(1,5- = i He-4- T ) -4- L 644-30-4 856.63+32.61° 568.25425.48° 1097.14486.49" -
1 5.;5:%.6.&!’gg.g.[mggg;ng)ﬁg]@m; 53111-25-4 — 36.88+2.89" — —
2 ZRHER 105-87-3 748.35+45.26° 748.01+53.26° 1580.55+116.23° 1506.79+123.65°
3 ZER 75-09-2 — — — 1.68£021°
4 S-EHE-1- 5048-19-1 352,06+ 13.65" 171.16+18.34° 135.47412.69° 2623542165
5 CHERERE 4786-24-7 74.97+534" 35.81£2.68" 35.12£2.96" 65.06+1.62"
it 6 B 645-59-0 2007.69£56.32° 559.42423.60° 625.99423.56" 879.85+26.31°
7 KB 103-81-1 — 14404127 — 51.23+521°
8 A 124-38-9 366.114+24.78™ 320.66+25.14" 395.71419.25° 297.34+14.56°
9 4 75-05-8 — 88.45+12.64° 108.61£8.64" 78344235
10 2-FEHE-3-2- U B P 4 -t s 24683-00-9 - 42.66+2.35° — 28244128
11 S 120-72-9 36.824£2.94" — 54840.52° -

e — AR HEE S B < pgkg. AITFAFFRIRREREE (P<0.05) .

HP. LKFIQ4H #8584 7 22.8% . 34.2% Fl
21.7%, HAEKHF I BMEBIE (0.000 33 pg/kg) ",
FERVETR, REEERWE, XRE G EEAR XK E TR .
LY & B m 2 A e (1.976.38 pgrkg) ,
FEK BB 40 pe/kg™, 2. PIEEEDL
R S

SEAN R 2 . BR2E . RIS G R )
PSRN BT 70 dr, KIHP. LK. Q4FILY 737 &4
60. 71, 55 65 Fps KRR (E2AD , HiE
RMEPD R A R 23 589, 21 107, 23 737 ng/kg
14 414 pg/kg (E2B) . I®27 %1, HP. LK.
Q4FILY w4 J VW ot 2 5 e v (40 9 o2 o 288 4 i) 7t
225 (5890 ug/kg, 13 F) | F&2E (7 324 pg/kg,
3 F) . EEZ (5868 pglkg, 12 Fh) A%
(5913 pgrkg, 17 B, 75 b7 B AR kM) i
GEM24.6%. 34.5%. 24.7%. 41.0%. XKWL
[F) S AR SRk ) A B R M R VW R A A E
5 W RE S0 I B AR XU, BT DA 5 X e ) 5 TR R
KA N HBR R AR EERSEH. b
E2CH &, BERSHER. MRRY R L B Al
K (P<0.05) , BREHW R LR EF 7K
(P<0.05) , MMk ld 89 i & 8% E A%
(P<<0.05) , FHULTT I, HEBRME K R 1 Rk P
Jo B AR AE — 8 A HAEF R &R .
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Fig.2  CIRCOS diagrams and correlation analysis of volatile
compounds in four fermented hot peppers
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Fig.3  Analysis of shared and unique volatile compounds across four

fermented hot peppers
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Fig. 4 PCA plot of volatile compounds in four fermented hot peppers



XK 53D

E6oill=

2024, Vol.45, No.13 187

N T RE— B0 4 PO B 45 Rk 22 A 5L
5T OPLS-DARVIPAE X He 47 70 #r, Wi 2 VIP>1H.
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Fig.5  Analysis of differential metabolites among four fermented hot peppers
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2 PCIFFAERT K )y 2 stk 4

Table2  Eigenvalues and variance contributions of principal components
PC FHIEE JIZETURR %o Tt T ZE VTR %
5.289 58.767 58.767
2.501 27.788 86.554
3 1.210 13.446 100.000

P C ) 5 Wi A2 B W] 38 1k PC AR far A8 B P AR R
AP Rk S e s, ST T RS, B
A RT3 — 0 e & R R SEBR & . 4G R2FIR3 ]
K1, PCIIITJTZE TR NS8.767%, H I MEE, fig
. BRI, B, BRI MR BRKIEE; PC2i
T ZETTRRER N27.788%, N5 FIRENIME B PC3T £
TIHRE N 13.446%, £ B MHAEY R GRS

#3  PCOYEMTHRE

Table3 Load matrix of principal components
PCl PC2 PC3
LI L G
AR () Uy U W) Uy
B (X)) —0955 —0415 0.085 0.054 0.285 0.259
fik (X)) —0.858 0373 0.194 0.123 0476 0433
Bk () —0.670 —0.291 0.403 0.255 —0.624 —0.567
Bk () 0.696 0303 0.671 0424 —0254 =031
Bk () 0968 0421 0.249 0.157 0.029 0.026
Rk (X) 0972 0423 0219 0.138 0.088 0.080
ik () 0.746 0324 —0.666 —0421 0014 —0013
E?Xﬁ)ﬁ —0.193 —0.084 0975 0617 —0.114 —0.104
8
i x) 0483 0210 0.583 0.369 0.653 0.59%
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Uy Zs+ UyZos Yo=UyZ,+ UsZ,+ Uy Zys+ U Zy+ Uy Zs+
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o B B HEA R UCHHP >LY > LK >Q4, X & B R Bk
FRURE S HPHE R M R i B 5 0, 080 1.27; FHLUORFE
LY, ZH8CR1.17; QARIFERAE KU 5 it v 7 fefK o

#4 A FORIBER A TR A R

Table4  Comprehensive scores of four fermented hot peppers

A i Y Y, Y, Vi

HP 1.11 2.24 —0.08 1.27

LY 2.50 —1.38 0.62 1.17

LK —0.84 —0.76 —1.51 —0.90

Q4 —2.77 —0.11 0.98 —1.54
3 & ®

JBITHS-SPME-GC-MSr ¥, 4 Flkli siAfuee i 4t
Fr il 4 100 B4 R MBSy, oA B R PR RG24
HP. LK. Q4FILY & B4 4H60. 71, 55 Fif165 FiiF
KRR, HPRHP, LKFQ4E B E MR 2 2
B, LY &&mIP e g MEREVIR KSR,
HP. LK. Q4FILY HRH% 4 i 7 5 5t e B 53 53 ) o M
JEZk (5802 pg/kg, 1380 o RIS (7324 pgkg, 3F) o
BE2K (5 868 pug/kg, 12 Fh) FUEKESE (5913 pg/kg,
17 #0 o @ BT R R A AR O, RILEER S
KRR, Ry 2R E AL (P<0.05) , FE
SEAEY it 5 B2 % (P<0.05) , MEEISFIk
BRI R R IEA G, 4 MOEBBOL R & E RE
24 Fh, HP. LK. Q4FILY % 75 H KA 15 K W it
5. 6. 1. 13 ', 23FOPLS-DA, HPvs Q4. LY vs Q4.
LK vs HP. LK vs LY. LK vs Q41 FW)% 5 WA 15,
12, 13, 13, 15 Ff, FLAHP vs Q4FILK vs Q4 T (1]
ERYIR AN CIR-2- K LB, LY vs Q4RNILK vs LY fix 1 &
)22 SR 8 LK vs HP g 3 B 22 B 5 AR
VI o BE T RE BB K S5 R Ve o 37 2% & i o VA
AL, 5 HORE BRBSURE S HPHE 5 PR AU B e i, HLIROK
LY. 255K, JERkE 5 SOR BRI 4 & 1 KUK i it 2
SRR R Z —, A FEAT RS BORT JAh E f
LA TR E S E K.
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