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Table 1 Sample preparation of different processing technology
A ) B
A FRAFF (T Fo) A X 1 /i WA R (B £ARL) AR X
A /min
A SRR SRR SR 60 x A ok
B TR R R KR 8(65 CLA) 30 % 45 o 3y 74
C FMaEE R & B A A (100 CA %) 2 x A AR 3
D StHiLE R % 2 A 6 x A AR 3
E  Stulie & sk B 3 A 10 x 4 ok
Fo St 48 s kol 3 b 2 Ak ) 15 ) 6 £ 45 ok 3y 74
G IR E IR U R AR ST B 5B AR 6 x o5 AR A R
H  StMEERR ELHRMR STHITER  HERAH 6 H AR 45 AR A A
I S e s U RAR M TR &R A 6 W exHAGE B i
J St A8 SRR G SUIA R AR AT AR B iR A 6 K &SRO AR AT EH
132 HPEREST SHWRFCM T, SR, TR (25 CZE A BEATRI, DB £ B

HEFFREL 10 o RERLBRAUIM A 90 mL 2848 K+
4 CiZ % ,3 000 r/min 550> 10 min J5 33 18 B
VS HEATRSE T, TR R BRI SE S BT R G
FEAEPAT, A DU AK 7 A I B TR R
WAL Ve R HES W S 2D TR XS TR R S TR
W B R AR R AT E BT
D W BE ) . 2 B W .30 mmol/L. KC1+0.3
mmol/L T8 A7 2 5 TR 35 Ve« AR B 43 %k 30% & s+
100 mmol/L. HCl; 1EMIEVEW . HRF534 30% 2
EZ+100 mmol/I. KCI+10 mmol/I. KOH ., AgClﬁ?ﬂ\]

PR E s A RS AR SE M BEARRE A 7 Ik i
WG 3 RAEE 25 R AT e 4 5 W

1.3.3  FALAEFRME  pH H A & . 2 ] GB/
T 9724-2007"%; 7K 4 & & W00 % . 2 I GB5009.
3-2016M""; SR & & A I E AR P GB5009.235-
2016 VC & & Al E . 2 18 GB/T6195-19867,
1.34 BCEIPERE 2RI PASEN AR UE
B, WMk 2 B, i 10 Mg B E %
A MOl N BB, P AN BE W AT I AR R S
PR, T4 B I A D, B S S R

k2 BEITHRESR
Table 2 Sensory score standard table

T H SR (%4 100 2) o
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0~13 M IR E
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1.3.5 HS-GC-IMS 73 #r &1 B2 g BEMLBRAR
FEARE T 20 mL WU, B O AR A
3, MOREAEZET  MXT-5 (15 mx0.53 mm, 1 pm),
HER 60 °C, HERE 7 2R A 3 s gERE SEAE AR
R 100 pl, 9 & 5 B 80 °C B [H] 15 min, HEFEET
EE R 85 °C, WAk % L 500 v/min, HS/EH N
R4l Ny(Z % =99.999% ) ,IMS L R 45 °C, 50 #r
A8 K 30 min, JE: #IUGJE 2 mL/min, fR¥F2
min 5 7€ 10 min NZEPEHRE 2 10 mL/min, 7€ 20 min
WA 2 100 mL/min, #8J5 75 30 min A £8 1R
% 150 mL/min,

1.3.6 Kot S5ab AR BLE R LAV
(laboratory analytical viewer) ,Reporter ,Gallery .
Dynamic PCA .GCxIMS Library Search %5 43 H7 %K
A XFRE i AT TR S B s 48 H Excle
2010 FATEAE G, SPSS 21.0 #E47 W F PR 447
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Fig.1 Radar chart of Ciba pepper with different

processing technology
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Table 3 Physical and chemical indexes of Ciba pepper samples with different processing technology

BB A E (VA SLER )/

B n 5 Aw/% pH 14 VC/mg- (100mL)™
g+ (100 )
A 65.01% + 0.61" 529 +0.01* 2.49 £ 0.07' 14.70 +0.35¢
B 62.08% + 0.39% 5.13 £0.02¢ 2.86 + 0.04¢ 13.16 +0.30
C 52.91% + 0.85" 5.23 £0.04° 2.56 £ 0.04° 18.10 + 0.34¢
D 61.61% + 0.25° 5.08 + 0.03* 2.99 +0.05* 23.07 £0.52°
E 66.38% + 0.79* 527 +0.01* 2.43 £ 0.04' 22.60 = 0.39%
F 62.07% +0.41% 5.15 £ 0.02 2.82 +0.03 23.37 £ 0.62°
G 62.58% + 0.42 5.17 £0.02¢ 2.80 + 0.02¢ 25.07 +0.33"
H 62.24% = 0.38* 5.16 £ 0.04° 2.77 £ 0.02* 27.02 £ 0.46"
I 63.18% + 0.51° 5.14 £0.01* 2.83 +0.03* 26.85 +0.30"
J 62.21 % + 0.54* 4.12 £0.02° 2.92 +0.04 26.40 £ 0.51°

A AKE B RKERI, Co iR A S 2 min, D mIRAH 6 min, E. SRS 10 min, F.2 R HU, G .3 FhERE B H . 15 il
G BOPABURE LRI, T MLFTRIERE 5 3 P B BB 3 YO AT B30 9 P S (L bR G 22 | 17 910 /NG S BN [A) 3678 22 57 i 35 (P<0.05)
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Table 4 Sensory score of Ciba pepper samples with different processing technology

® 4 FEMNITZHAARERBRETES

# oo AL kIS A WK E
A 16.20 + 1.32¢ 17.20 £ 1.87% 17.20 £ 1.03¢ 9.10 + 1.66°
B 17.40 £ 1.17' 16.40 = 1.65¢ 15.30 £ 1.89° 12.30 +1.89*
C 18.40 +0.84° 13.50 = 1.58' 14.30 £ 2.21° 10.20 + 1.75°
D 20.10 +0.74 20.70 = 1.16° 19.10 = 1.10° 18.00 + 0.67°
E 19.10 = 0.57¢ 18.20 + 1.23¢ 17.50 £ 0.97¢ 11.30 + 1.49%
F 20.60 + 0.96* 21.10 £ 0.74° 20.20 £ 0.79¢ 21.20 £ 0.92
G 22.60 £ 0.52* 22.20 £ 0.92 23.10£0.57* 22.50 £ 0.85*
H 23.30 = 0.47° 22.50 £ 0.85" 22.40 £ 0.97* 23.20 £ 0.79°
I 22.30 +0.82" 23.70 + 0.68" 21.70 = 1.06" 23.60 = 0.70°
J 21.20 + 0.63¢ 21.30 £ 0.48° 21.10 £ 0.88" 19.10 + 0.88¢

ALK B RKRIL, Co ik S 2 min, D miREH 6 min, E. S RAS 10 min, F.2 FFREHUR, G .3 FER B H . 10 i
S BOBUBORE  TORHI T HLFT R 38 P i B D 3 BT AT 1 S B (A5 A 22 |, IR 1) /N B R [R] 3608 22 57 .35 (P<0.05) o
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‘measurement run | sec [min]

2 AEMITEHBEHEMM_HERE L (a)f =% GC-IMS EiE (b)
Fig.2 Two dimensional (a) and three—dimensional GC-IMS spectra (b) of Ciba pepper

with different processing technologies

measurement run | sec [min]

anftume / RIP relative

B3 AREMITZHLHEME GC-IMS il E = Z Xttt
Fig.3 Comparison of GC-IMS top view of Ciba pepper with different processing technology
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Fig.4 Fingerprint of Ciba pepper samples with different processing technology
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Table 5 List of qualitative compounds of volatile components

%5 X & & A CAS# 5F X R IEH REEE/S EBEE/
1 £ # (Nonanal ) C124196 CoH ;50 1106.2 790.512 1.47522
2 ¥ B (Octanal ) C124130 CgH,0 1007.8 605.127 1.40685
3 J B (Heptanal-M ) C111717 CH,,0 899.4 403.636 1.33407
4 J B (Heptanal-D) C111717 C,H,,0 900.3 405.198 1.69793
5 K ¥ B (Benzaldehyde) C100527 C,HO 955 506.724 1.1542
6 B R —2- T M B[ (E)-2-Hexenal-M] C6728263 CeH 00 844.7 335.738 1.1844
7 R R ~2- T B[ (E)-2-Hexenal-D] C6728263 CeH 0 845.9 337.034 1.52015
8 #& B (Furfural-M) C98011 CsH,0, 822.5 310.238 1.08233
9 #& B (Furfural-D) C98011 CsH,0, 822.2 309.806 1.33481
10 2 B (Hexanal-M) C66251 CeH .0 790.9 273.933 1.25692
11 B (Hexanal-D) C66251 CeH 1,0 789.8 272.636 1.56447
12 A X-2-/% 5 B[ (E)-2-Pentenal-M] C1576870 CsHgO 748.7 236.829 1.10619
13 R X-2- 8 M B[ (E)-2-Pentenal-D] C1576870 CsHO 747.8 236.072 1.36062
14 X (Pentanal-D) C110623 CsH,,0 696.5 193.696 1.42323
15 X # (Pentanal-M) C110623 CsH,0 693.8 191.426 1.18272
16 2-¥ & T 8 (2-Methyl-butanal-M) C96173 CsH,,0 662 175.787 1.15886
17 2-¥ J& T 8 (2-Methyl-butanal-D) C96173 CsH,0 663.1 176.292 1.39838
18 3-W & T 8 (3-Methyl-butanal-M) (C590863 CsH,,0 646.6 169.229 1.17079
19 3-¥ 3 T 8 (3—Methyl-butanal-D) C590863 CsH,0 648.3 169.986 1.40534
20 T & (Butanal) C123728 C,HO 560.1 132.402 1.28111
21 B R —2-3F M B[ (E)-2-Octenal-M]| (C2548870 CgH .0 1 062.5 708.244 1.33567
22 R A -2-F B (E)-2-Octenal-D] (2548870 CsH .0 1062 707.312 1.82515

S
23 4-#»ih BF (4-Terpineol ) (C562743 CioH 150 1160.2 892.172 1.21744
24 1-T B (1-Hexanol-M) C111273 CeH .0 871.9 366.931 1.32721
25  1-T A (1-Hexanol-D) C111273 CeH .0 870.5 365.369 1.63889
26 5+ T A% (Isohexanol-M) C626891 CeH .0 831.2 320.178 1.3187
27 5+ T (Isohexanol-D) C626891 CeH .0 830.1 318.882 1.62893
28 1-/% B (1-Pentanol ) C71410 CsH,,0 760.6 246.666 1.24831
29 F A B (Isopentanol-M) C123513 CsH,,0 727.3 219.172 1.24434
30 5+ & B% (Isopentanol-D) C123513 CsH,,0 727.9 219.677 1.49181
31 2-¥ & & & (2-Methylpropanol-M) C78831 C.H,,0 618.7 157.374 1.17079
32 2-¥ % & & (2-Methylpropanol-D) C78831 CH,,0 619.9 157.878 1.3626
33 1-®& & (1-Propanol) C71238 C3HzO 559.5 132.15 1.2493
34 2-#& B (2-Propanol) C67630 C;H0 551.2 128.618 1.20756
35 Z %% (Ethanol-M) C64175 C,HO 504.4 108.692 1.04656
36 Z B (Ethanol-D) C64175 C,HO 505.6 109.196 1.12905
37 4% 8% (Linalool) C78706 CioH 150 1101.6 781.759 1.22048

R &

38  2-+8 (2-Nonanone) C821556 CoH 50 1092 763.668 1.4166

39 6-FA-5-F M -2-8 (6-Methyl-5-hepten— C110930 CgH,,0 989.5 570.764 1.1748
2-one)

40  2-3R TH-1-8 (2-Cyclohexen—1-one) C930687 CeHzO 909.9 423.161 1.11164

41 3R @ #A (Cyclohexanone) C108941 CeH 0 909.9 423.161 1.46451
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Y5 1o th 4 AR CAS# 42T X B IE REARE/s R RS
42 2- /B (2—-Heptanone—M ) C110430 CH,,0 892.3 390.36 1.2613
43 2- /B (2-Heptanone-D) C110430 CH,,0 889.6 387.236 1.63477
44 2.3-)% =81 (2,3-Pentanedione) C600146 CsHg0, 690.7 188.904 1.22346
45 3-/% B (3—Pentanone) €96220 CsH,,O 695 192.435 1.35167
46  2-T & (2-Butanone-D) C78933 C,H:0 587.9 144.257 1.24632
47  2-T B (2-Butanone-M) C78933 C,HO 589.7 145.014 1.05749
48 7 R (2—Propanone ) C67641 C;HO 524 117.016 1.11811
49  2,3-T =& (2,3-Butanedione) (431038 C,H:O, 580.8 141.23 1.1847

B k&

50  E 8 T8 (Ethyl nonanoate) C123295 C1 Hx0, 13325 1216.916 1.55412
51 KB F B (Methyl Salicylate) C119368 CsHgO5 1199 965.406 1.19869
52 K'Y B ¥ B (Methyl benzoate) (C93583 CsH0, 1092.7 765.01 1.20411
53 R BR ¥ B (Methyl isovalerate—M) C556241 CeH 1,0, 769.5 254.052 1.1938
54 F R BR ¥ B (Methyl isovalerate-D) C556241 CeH 1,0, 770.3 254.738 1.53057
55 7 B2 T Bg (Ethyl propanoate) C105373 CsH,,0, 698.4 195.21 1.14296
56 Z 8 T B (Ethyl Acetate—M) C141786 C,H:0, 605.1 151.572 1.09625
57 L 8 T (Ethyl Acetate-D) C141786 C,H:0, 604.5 151.32 1.33776
58 Z B2 T B (Butyl acetate) C123864 CeH 1,0, 805.8 291.062 1.23226
59  6—% A (delta—Octalactone) C698760 C:H 1,0, 13333 1218.498 1.28935
60  A7#H (Limonene—M) C138863 CiHie 1030.7 648.238 1.21876
61  #74)% (Limonene-D) C138863 CiHie 1030.7 648.238 1.64815
62 a—7KJf ¥ (alpha—Phellandrene ) (99832 CioHy6 1 007.4 604.346 1.21874
63 A M (Myrcene) C123353 CiHie 993.3 577.793 1.22011
64 B34 (beta—Pinene) C127913 CiHe 971 536.401 1.21736
65 34 (Camphene) C79925 CiHe 942.3 483.295 1.21187
66  a—J M (alpha—Pinene) C80568 CiHie 928.5 457.523 1.21462
67 &4 (Sabinene) (C3387415 CiHe 960.9 517.658 1.30249
te
68  2-/& vk vd (2-Heptylfuran) C3777717 CiH;s0 13199 1193.189 1.40303
69 5-F A& -2-9F Bk K (5-Methyl-2- C13679704 CeHe0S 1168 906.93 1.17777
formylthiophene—M)
70 5-F A& -2-F B A K (5-Methyl-2-  C13679704 CeHe0S 1168 906.93 1.58372
formylthiophene—D)
71 =% ® A& = #EE (Diallyl disulfide—M) C2179579 CeH oS, 10734 728.77 1.19825
72 =% R A& = e (Diallyl disulfide-D) C2179579 CeH oS, 10734 728.77 1.63935
73 1,8-#&*t % (1,8-Cineole-M) C470826 CioH 0 1 040.7 667.029 1.29643
74 1,8-#27t% (1,8-Cineole-D) C470826 CioH ;g0 1040 665.687 1.72582
75 = ® A HE (Diallyl sulfide) C592881 CeH S 850.8 342.653 1.12262
76 =% & = #HE (Dimethyl disulfide) €624920 C.H.S, 732.5 223.46 0.98494
77 A% 4R (Acetoin) C513860 C,H:0, 710.9 205.551 1.05749
78  w&vk (Thiazole) C288471 C;H:NS 721.8 214.632 1.02767
79  2-Z ek (2-Ethylfuran) C3208160 CcHO 695.9 193.192 1.04457

80 = ¥ A ALE (Dimethyl sulfide) C75183 CHeS 540.6 124.078 0.9581
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GC-IMS # & M Xk Y 03 25 S HEAT T 4087, 4551
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R 5 R A R R ORI E T A
R K k3 AREURIS T, MR 6
min, Y8 1T K0 1 4 B HOBURF | 85 B 45 A o4 10 R
FEL B 2 T XU A 5 0 1 o I 0 ik B o ol =F
B, FROEXUR Y A SR R (AR ) 2T R
(U RR) 2,38 il 3-SR A s (k| IR
) 3-HURE TR (2R A ) 2 R T (AR
BAR) L IR G - EE 1- OB (R
) 2-F LN B (AR, RIK),VC SR E
(27.02+0.46) mg/100 g, FLA &5 14 77 b i 5 5 i
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Effect of Key Technology of Ciba Pepper on Its Quality

Wu Zhaoqging', Hu Ping", Wang Xiaoyu?, Zheng Rongmei', Zhu Qiujin’
(School of Liquor-making and Food Engineering, Guizhou University, Guiyang 550025
*School of Life Sciences, Guizhou University, Guiyang 550025)

Abstract Ciba pepper is a traditional characteristic pepper product in Guizhou. In order to clarify the correlation be-
tween the key processing technology and the flavor and quality of Ciba pepper, 10 different processing technologies of
Ciba pepper were used as the research object, and the electronic tongue and gas phase ion mobility spectrometry (GC-
IMS) were used. The effects of different processing conditions on the flavor and quality of Ciba pepper were compared
and analyzed. The results showed that: 80 kinds of volatile flavor compounds were detected in 10 kinds of Ciba pepper
samples, including 22 kinds of aldehydes, 15 kinds of alcohols, 12 kinds of ketones, 10 kinds of esters, 8 kinds of
terpenes and 13 kinds of other compounds. The flavor fingerprint information of samples changes significantly with the
different processing technology; The Ciba pepper electronic tongue produced by the standardized technology had better
taste freshness, richness and sensory score. Among them, three kinds of dry capsicum were selected, cooked at high
temperature for 6 min, fried with golden capsicum seeds, and crushed with radium. The flavor quality of Ciba capsicum
was the best. The results provide theoretical basis and data support for large—scale processing and quality control of
characteristic Ciba pepper products.

Keywords Ciba pepper; process optimization; characteristic flavor; gas chromatography—ims (GC-IMS)



