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Effect of different roasting durations on volatile flavor

substances of red oil pepper
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Abstract: [Objective] To explore the effect of different roasting durations on the volatile flavor substances of red oil pepper. [ Methods ]
Sensory evaluation, electronic nose, and gas chromatography-mass spectrometry (GC-MS) were used to analyze the sensory characteristics,
color difference, and volatile compounds of red oil pepper roasted for different durations (0, 30, 45, 60, 75, and 90 s). Relative odor activity
value (ROAV) and partial least squares discriminant analysis (PLS-DA) were employed to identify the key flavor compounds in the six types of
red oil pepper. [ Results] The overall flavor of red oil pepper prepared for different durations showed significant differences. A total of 63
volatile compounds were identified by GC-MS. ROAV analysis revealed that the overall aroma of red oil pepper was mainly composed of oily,
cocoa, and onion aromas. PLS-DA screening identified 24 differential volatile compounds, with alcohols and aldehydes being the main ones.
[Conclusion ] Roasting time has a considerable impact on the color difference, sensory characteristics, and volatile flavor substances of red oil
pepper. Red oil pepper roasted for 60 s exhibited better overall flavor and can be directly used in subsequent production and processing.
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Table 1 Sensory evaluation criteria of red oil pepper
A BT bR
oA -
IR (2053) AS(2043) @7 (204))
16~20  BORIEH  JOSRR A ORIRAR A A, S84l
(¥R EUR
11~15 B0 B0/ 800 PR IRBORAR & Bs4L
6~10  BlEE K /N HOK AR AR, K ELL
KRR I iU
0~5  BBR R /D E K BUERAR,SE L AEA
PNIEEEZS R o vk
133 @205 SR JH 6 22 4300 200 BOBURE AR 1 €7 I

PEHEAT m A A AT, BRI A AR Y SR B (L) (AL (o)
AT (D)3 AR bR o R ff A 445 SR B0 ofe Wt o ] o 49
Ve, BEAFEA I AT 3 YOS SE .

1.3.4 HF &4

(1) e &AL BH . B 2.0 mL 21 3 BRA0_L 375 9 I8 A
10 mL T 25 i, 70 “CHF Ak 25 R AL 5 min, F 2 AR, BLiK
PEREHRE 1000 pL/s,

(2) HLF SR 25« 4RI 3 150 mL/s, B4 R 4R
BFIA] 120 s, A ¢ A FARG 0 65 35 7 150 s B FF S gE AT
10RE X .

1.3.5 GC-MSH i

(1) ZEBUE AR  BUZL AR 7 9l 5 mL %% A 20 mL
0025 0 . T2 AR B 70 °C, AL AT (] 30 min, 1A £
JiE 75 °C, B fi 22 B 80 °C, ZE HUBT [A] 180 s, THR 120 s, fift
Br 10 s, AR BF DR 5 240 s

(2) A A A 3 A A He (>299.999%) , 18 i I &t
1.0 mL/min. #2 4R R B 40 °C, £ 3 min, 285 LA 5 °C/min
TF# 90 °C, & J5 A 10 “C/min 1 % 230 °C, 4 ¥ 7 min,

(3) B &7 ELE 7R, TR 70 eV, B 1
PR BE 230 °C5 S48 Bl 45~550 (m/z) .

1.3.6 ROAV  ZLyMBU & 2544 & 1 043 1) ROAV 23
k[ 1410977 1 AT HAE  ROAV > | 934 &AL S W BN
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Table 2 Sensory evaluation results of red oil pepper
FE i JZAUS FR %
CK 13.3042.06° 14.30+2.06 15.90+ 1.66™
A 13.90+2.73% 14.70+1.89 15.20+1.81%
B 13.60+2.22% 15.20-1.48 16.00+1.33%°
C 15.5041.96® 16.20+1.23 16.7041.34"
D 12.904+2.13¢ 15.80+1.48 16.304+1.25"
E 16.1041.66" 14.00+1.83 14.8041.55°
T B SRR AN R 2 7 41 0] BU(E 25 57 1% (P<<0.05) .

SR PSR LI B ) S o AR R e 2
2 IR AR 10 2 AFT DT (8 RO € 3RV e R A
R I B 3 b i I i) A28 0 3ok BB 8 5 20 R
Jesg G AR

R3 AMFWMEBESHER

Table 3 Results of color difference analysis of red oil pepper

FE & L a b

CK 49.9540.04° 6.7340.02° 6.254-0.10°
A 50.374£0.31° 6.0140.04¢ 7.424-0.20°
B 49.4340.25" 7.01+0.02° 6.97-+0.05"
C 49.1440.44° 7.0840.12° 7.094-0.11°
D 50.00+0.07° 7.0340.05° 6.134-0.04°
E 49.93+0.03" 6.84+0.03" 5.89+0.05¢
F B SRR AN R] 2 41 0] B0(E 26 5% (P<<0.05) .
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Figure 1

E-nose radar map and principal component analysis of red oil pepper
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A HE 25 RO A B 4 58 AN [R) e 1 Bk ] ) Sl BOxT 41
T U R B, R ] GC-MS BEAT R I 20 By, 4% IR 3k
B - 6 Fl 2L e BRURE it b e 1 63 R R ME AL S, B
HRORE i CK OIS BE S A 23 Bl B 0 B 26 B, B4 C 26 F,
FES D 27 F  FERL E 27 R, LA EEZS 18 Fh (BE2E 167 .
JE 2 o Bk R 2 6 Bl IR 25 3 Rk g 2 3 kR I fih 4y IR
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Table 4 Qualitative and quantitative results of red oil pepper by GC-MS

HHXF F /%

WS AL/ E2 CAS
CK A B C D E
[ 78-84-2 — — — — — 12.01+£3.36
RS 123-73-9 — — — 0.0140.01 — —
2-H1 P 16630-91-4 4244075 5.03£036 4244014 6.084+138 4.331+130 5.8510.64
2-F L T 96-17-3 5414084 6.16+£1.92 6.10£093 11.67=1.21 7.10=1.01 9.630.68
4-F5 5L -3 B TR 56805-34-6 — — — — — 0.0340.01
J2 -2 g 1576-87-0 0.520.07 0.39+£0.09 0.524+0.09 0.40+0.06 0.53+0.08 0.40+0.04
R 1998-1-1 0.5940.09 0.51£0.07 0.5040.07 0.7620.12 0.6240.11  0.810.21
PR 111-71-7 — 0.1940.03 0.23%0.04 0.1720.01 0.3240.02 0.1520.03
3- H i S A 3268-49-3 — — — — 0.04+0.01  0.04-0.01
2-BEE 57266-86-1 0.68+0.11 0.65+£0.18 0.5820.15 0.4340.09 0.7340.17 0.48%0.09
A 100-52-7 — 0.0940.01 — 0.080.02  0.0940.02 —
1EE 124-13-0 — 0.10£0.01  0.100.02 0.09£0.01 0.2040.03  0.054-0.01
(E.E)-2,4-FF Z I 4313-3-5 0.810.14 0.9320.11 0.9940.18 0914024 2.01+0.26 0.63%0.09
R 122-78-1 04542011  0.600.06 0.6920.09 0.7440.12 0.6520.11 0.712-0.03
S -2- — W 53448-07-0 — 0.0340.01 — 0.030.01  0.1540.03 -
L -2-3 J T 2548-87-0 — — 0.06+0.01 — — —
(Z2)-2-%%-1-[% 2497-25-8 — — — — 0.05+0.02 —
T 124-19-6 0.260.06 0.4240.05 04740.02 0.4940.03 1214031 0.28%0.06
M2 PR 107-18-6 — — — — 0.11-£0.02 —
2-IR P Sk 2 2566-44-1 1394019 1.7240.48 2.0740.55 2.4640.75 1914026 0.8220.19
4-H1H IR O 589-91-3 1.1540.10 1.1740.14 1.784029 2.104-0.52 2.124-0.40 —
IE 71-41-0 — 0.46+0.14 0.560.18 0.400.08 0.71£0.10 —
(8$)-(+)-1,3-T —f% 24621-61-2 1.064026 1.5940.47 4994093 2904044 2444034 2.742-0.80
4-J8 P2 - 2117-11-5 — — — — — 0.0740.02
(R)-(—)-1,3-T —Ji% 6290-3-5 4.184£0.66 1.10029 0.8640.18 1.234:0.32 4344142 0.82+0.11
2,3-T fE 513-85-9 1.9840.44 1.1340.30 — 3.0940.25 — —
(2R,3R)-(—)-2,3-T % 24347-58-8 206020 2554032 2494041 1.0840.16 — 2.6340.54
(8,8)-(+)-2,3-T 19132-06-0 — — — — — 3.17+0.54
1,3-T 107-88-0 — 4.96+1.05 — — — —
J-2,4-8 k-1 111-28-4 0.34£0.07 0.40+0.13 0.524+0.07 0.49+0.03 0.60=0.07 —
i 98-00-0 — — — — — 0.5240.11
B 112-42-5 — — — — 0.0420.01 —
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4k 4
ARXT 5 /%
BES AL/ E2 CAS
CK A B C D E
fE IE PR 111-70-6 — — — 0.02-0.00 — —
(Z)-2-3J5 -1 26001-58-1 — 0.10£0.04 0.09£0.02 0.10£0.01 0.13£0.01  0.0740.00
Rk —E Wk 74-87-3 1.654024 1.8942029 2.384:0.53 1914025 2.9941.06 3.1520.44
1-P 4 - 1-TR 0 3424-89-3 — — — — — 1.24-+0.38
2,4- RO ki 589-43-5 2.50£0.19 2.74+0.86 2.8940.51 2.5540.25 3.5540.48 2.25+0.17
R 2436-90-0 — — — — 0.084-0.03 —
4-C A O 7353-76-6 — — — — — 0.0540.01
1-5 N 3E-1-R O W 4292-04-0 — — — 0.074+0.01 — —
2,4-F "M 13643-08-8 0.260.01 0.3320.03 0.36220.09 0.294-0.01 0.4540.12 0.242-0.04
3-ZHE2-IE-1,3-0 7 61142-36-7 — — - — 0.140.01 —
W 2 37 Bt 10494-87-8 — — 0.07£0.02  0.09+0.03 — 0.06£0.01
fif2E 3-C0 4 -2- il 763-93-9 — — — 0.050.01  0.0940.03 —
-8 -1, 3- 930-60-9 0.060.01  0.04+0.01 0.0620.00 0.0540.01 0.042-0.00 0.072-0.02
E Sk 210K e T 14360-50-0 — — 0.12£0.01  0.19+0.03 — 0.24+0.03
(E,E)-3,5-3¢ _Jf-2- 30086-02-3 — — 0.0540.01 — — —
3= IR 1740-63-2 — 0.05+0.01 0.1270.02 — — 0.05+0.01
2,3-45(-3,5 e -6-H i 28564-83-2 - - - - — 0.21+0.04
-4(H )Nl g -4 -5
BRI R £ TR 109-95-5 11.75+0.72 — — — — 19.27+1.20
R 2 Y IR 107-31-3 — 18.24+1.96 18.29+5.14 12.64+2.88 16.19+3.14 -
L-K 5 AR R 21754-55-2 — 0.12£0.02  0.04+0.01 — — 0.1240.03
R 2- NG K g 3194-17-0 — — — — 0.1540.02 —
2- 2,0 H W g 1487-18-9 0.0720.01  0.060.01 0.0720.01 0.1240.02 0.094-0.02 0.14%-0.03
278k g 3777-69-3 — 0.12£0.01  0.14£0.04 0.07£0.01 0.15£0.02 0.0840.02
Hofl A ik 75-18-3 40.92+2.32 39.93+3.08 39.13+5.30 39.53+5.68 35.76+5.12 20.72+4.38
N-F 3 ntk g 96-54-8 0.140.00 0.1840.01 0.1640.00 0.134-0.01 0.154-0.02 0.183-0.07
A% %S 592-56-3 — — — 0.04-£0.00 — —
FOm 646-07-1 — — — — — 0.6440.10
W 124-40-3 — — — — 1.7240.27 —
1,2,4-8 = HR 54699-35-3 — — — — 0.070.01 —
X T3 106-42-3 — 0.060.01 0.100.02 0.120.02 0.0840.02 0.1820.02
3- Tt AL i 1072-82-8 — 0.01£0.00 0.0120.00 0.08=0.01 0.07=0.01 —
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Figure 2 Number and proportion of volatile compounds in red oil pepper
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Figure 4 Heatmap for clustering of differential aroma substances in red oil pepper
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