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Analysis and Comprehensive Evaluation of Quality Differences of Cluster Red Pepper in
Different Regions
CHEN Ju', LI Wenxin', SUN Hui’an?, WANG Xueya', PENG Guihua!,SUN Xiaojing', HE Jianwen'”

(1. Chili Pepper Research Institute, Guizhou Academy of Agricultural Sciences, Guiyang 550006, Guizhou,
China;2. Agricultural Foreign Economic Cooperation Center of Guizhou Province , Guiyang 550001, Guizhou,
China)

Abstract: Ten quality indicators of cluster red pepper samples from five different regions were measured to
analyze the significant differences in these indicators. A comprehensive evaluation model was established for
the overall quality assessment of cluster red pepper, followed by cluster analysis of the varieties. The results
showed that there were varying degrees of differences among the quality indicators of cluster red pepper. 66,
64, 62, 66, and 60 types of volatile substances were detected in HS-1 to HS-5, respectively, each containing
8, 12, 6, 9, and 12 unique substances. Among the five types of cluster red pepper, there were 27 common
volatile substances. The B-pinene was the most abundant volatile substance in HS-1, HS-2, and HS-5, while
hexadecane was the most abundant in HS-3 and HS-4. Based on the 10 quality indicators of cluster red pep-
per, principal component analysis extracted three principal components. These three principal components
were used to comprehensively evaluate the quality of cluster red pepper, and the optimal variety was deter-
mined to be HS-1. This study was expected to serve as guidance for chili breeding and selecting high-quality

raw materials for processing.
Key words: cluster red pepper; unique substance; common substance; principal component analysis; com-

prehensive evaluation; cluster analysis
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Table 1 Five cluster red pepper varieties and origins
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99.5%, (L4l ) « LU IR A= PR A B2 B 5 BRARAL
ERRUE T (295% , (i al) - b S e W B R BR A
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Table 2 Comparison of nutritional indexes of different varieties of cluster red pepper

B MR RERES R BRSO EEES ML % HLET4ES  HUER SR —AHER s
(mg/g) (mg/g) H7/(mg/g) /% /% /% (mg/g) it/ (mglg)

HS-1 38.35+0.69*  11.06+1.36° 35.64+0.03* 15.92+0.01> 25.84+0.19* 32.39+0.11¢  6.57+0.05¢ 2.68+0.25*  1056.45+3.57*

HS-2  43.58+0.36* 15.45+0.19> 20.53+0.02¢ 16.49+0.01* 15.96+0.24c 32.88+0.10  0.64+0.17¢ ND 73.40+2.43¢

HS-3  45.20+0.33* 18.3620.06® 34.65+0.07> 13.38+0.03¢ 14.57+0.19¢ 35.97+0.09*  2.31+0.26" 1.17+0.25¢ 398.09+4.07¢

HS-4  38.35+0.13* 11.06+0.25° 14.66+0.01¢ 11.72+0.01¢  17.38+0.01"  28.82+0.16"  4.14+0.04¢ 2.62+0.26" 772.14+0.46¢

HS-5  44.09+0.88*  19.02+0.94* 22.24+0.17° 14.66+0.03¢ 12.49+0.14c 33.35+0.08"  5.92+0.14" 1.68+0.18¢ 867.77+3.85"

T ND K H 5 RIFAS [ 7B 278 25 5 183 (P<0.05) .

e 2 WA, S R 38.35~45.20 mg/g, HS-3 1%
e f i s HS-5 130 S5 2 i e, 4(19.0240.94) mg/g.
X TR ER AT RLIB T BR | — S BRER Y
i FIBREE R, 25 TR 34 3522 F (P<0.05)
H P HHUR BARLLR KRR S BRI
JE i ) SRR R HS-1, 5 443 312K (6.57+0.05 ) mg/g
(35.64+0.03) mg/g.(25.84+0.19)% . (2.68+0.25)mg/g Fl

1 056.45+3.57, 73 il 2 B {1 & i P AY 10.3.2.4.2.1,
2.3 f5F0 14.4 £5 s HS-2 BB A& e, e eIl & &
Wb R HS-4 1Y 1.4 1% ; HS-3 BOMLLT 4 & & fie i, HS-4
K.
2.2 IR HL X T 5 R K 1 I3 43 Bt

AN R R A R M U B 43 DL 2 3.

i€ 3 AT, S ] B0 Al S A I 120 Fip

R 3 REmRFEARMIER MK AR

Table 3 Composition of volatile flavor compounds in different varieties of cluster red pepper

G a4 B : ‘ ﬁﬁ/(‘ pelg) : :

HS-1 HS-2 HS-3 HS-4 HS-5

1 (E)-2-T-Jl - - 1.2

2 1-FP - 1 H- D -2 FF 0.8 - 0.3

3 Mg -2 FH i f - 0.8

4 2,4- T HISEHE 0.8 - 12

5 3,4- -1 (2H ) - o T - - 3.3

6 4-2 HOR - - 1.2

7 KW 4.4 3.9 5.0 7.8 5.6

8 2-F 3 -3- (2- TN 35 ) -JR - 2.5

9 2-H G Fh-4- IR FEIKL W} 3.9 3.7 43 3.1 3.0

10 Bzl 1.5 1.4 1.3 1.7 1.5

11 6,10-—F1 -5, 9-+—fi)d-2 il - 23 2.8

12 (E,E)-9,11-|/\Jft — 4 1% 1P ik 3.2 11.3 6.1 326 5.3

13 (Z,7,7)-9,12,15-1/\fk — Iz H s 1.0 1.9 1.4 6.3 1.2
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Continue table 3 Composition of volatile flavor compounds in different varieties of cluster red pepper
o i/ (pglg)

i er i EwH HS-1 HS-2 HS-3 HS-4 HS-5
14 (7)-6-1/\ s 18 P Tig - 2.7 2.0 152 25
15 11-F/\ s 1% F i 15 - - - -
16 9, 12-+/\ik ZIRiR (7, Z) - g - - - 15 -
17 (Z)-9-F 75z H i - - - 3.5 -
18 TR T- 9k 2 M KL g 2.6 - - 3.0 -
19 17- N\ R - - - - 2.5
20 G- - 7S s iR - 4.3 - 1.4 -
21 E-9-1- DU R - - - 2.3 -
22 Z-11-1 DUfiilfiiin 1.7 - - - -
23 Z-8- W B9 DUk i - - - - 0.7
24 4-CHH-a, 0, 4- = HIE3- (- B M) - [IR-(1a, 3., 4.8) A E 2.8 - - - -

Yot HH st
25 1-L M- 1- P2 4 (- R0 -, [18-(1Ta, 2.8.,4. B IR E - - 3.9 - 5.5
26 230 F L -5-(1-HH JE 2 0 5 ) -8- FH - WU 5.3.013% )6t - - - - 49
27 4,8, 8- = FHL2- 3 H-4- Z G BUA5.2.01 1.4 - 5.5 - -
28 (B)-2-T- -1 1.5 - 1.5 1.5 1.8
29 3-8 HE-(22)-2, 4-45 —Hs-1-T5 1.3 1.0 1.0 1.8 -
30 B- RS - - - - 23
31 - KRN 43 2.4 1.1 33 6.2
32 (+)-B-HAA I s 4.0 - 13 - -
33 (+)-E1E 9 - - 13 - .
34 (+)-FF M - 15.7 - - .
35 (3E,7E)-4,8,12- = H ¥+ =-1,3,7, 11-DU)d - - - - 0.8
36 2,4a,5,6,7,8,9,9a-/\5(-3,5,5- B9 F 3 (4aS-I0)-1H-AFEEF - 60.2 41.9 14.8 8.5 18.2
BEA
37 (E)-4-1 DUfichs - - - - 0.5
38 (E)-5-1 Dufiks 3.4 1.2 25 3.6 -
39 (2)-6-1 =t 5.7 17.4 - 1.6 10.4
40 1-(1,5-— H 3-4- U Ji 2k ) -4- 1 oK 1.4 0.8 - 2.8 0.7
41 -\ - - - 19.2 2.1
42 2- L1 DU e M - - 0.5 - -
43 3,7,7-=H 31,3, 5- 3B =45 - 0.9 - - -
44 (Z)-7-F 75k - - - 1.0 -
45 9, 10-i - F 4 -4 - - 0.8 - 26
46 QR-E g 4.0 2.8 - 1.0 -
47 oA HE DN 0.6 0.2 - 0.5 0.6
48 B-IR ) 323.7 183.2 62.5 31.0 71.1
49 v-I AT S B 0.9 0.4 - 0.5 0.6
50 PR 10.6 - - 4.0 -
51 TR ALY 2 - 0.6 - - -
52 ESL/NT 11.5 8.5 2.1 7.8 5.5
53 K24 13.5 7.2 1.9 3.4 -
54 S5 R A A 0.4 0.4 . - _
55 AL DU -2 TR 3.9 - - - -
56 1-CTH-ME I -2-58 ) - £ i 4.9 7.8 7.1 8.4 7.6
57 1-(3-F8Hk-4-H SR ) - - - - 0.5 -
58 2-FR B LR 1.2 - - 1.9 -
59 22 12.9 23.5 17.3 2.8 7.5
60 3,5- R AE-2-F -4 H -t g -4 - 3.1 2.0 1.8 - -
61 5,6,7,7a-WU5(-4,4,7a- =P H-(R)-2(4H) - R I WE I 5.5 3.1 2.6 6.9 3.1
62 B-55 % il 9.4 6.4 7.7 6.4 52
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Continue table 3 Composition of volatile flavor compounds in different varieties of cluster red pepper

— 120

55 f b 25 Al pgy)

HS-1 HS-2 HS-3 HS-4 HS-5
63 A -B-55 % 24T 10.6 - - - 11.3
64 T 5 T 0.9 0.6 0.6 - -
65 1 e B TR 4.8 - - 6.8 2.7
66 bR R - 33 - 6.4 -
67 SR P s 6.8 2- 12.5 64.8 13.9
68 + = hER 12-F 3L R 1.2 4.5 2.2 9.4 25
69 T R F TR 2.9 2.4 3.6 12.0 33
70 LR+ = i Sk lg - - 2.6 - -
71 + bR 3.1 0.7 3.0 3.4 0.5
72 TR - - - 29 -
73 1E TS LiR - 1.5 - 8.5 -
74 1,2-28 T HI R AL (2-F 3L 3 ) iR 0.9 1.0 0.8 0.8 0.7
75 2-HIL TR 4-H0 3L % iR - 1.5 2.6 - 2.6
76 4-F LR P i 16.5 - - - -
77 8-HI BTk 4-H JE % ik 10.5 - 2.0 9.1 22
78 8- JLTF ik 2-F L T g 5.9 - 1.4 - -
79 8- FH BLF- i H i 24 1.5 1.9 2.8 2.7
80 8-FH AL TR 53 I i 18.4 13 3.6 11.9 3.6
81 8-FHEL TR F iR 0.9 - - - -
82 R R 2-F J-4- 2 PRI - 2.9 - - -
83 PR 55 1 H - - - 4.1 -
84 KA 1R 1 g 13.4 - 9.6 11.7 8.8
85 R P iR - 2.7 - - -
86 Tufi i 1% HH g - 0.3 0.4 1.8 0.2
87 5-FEHE-6-F AR k- 8-[ (4-B B~ 1-H L T3 ) S Sk s bk = LV R & 26.4 19.2 7.0 18.5 14.2
88 8- Jk-6-T-f 16.2 - 8.4 19.1 13.1
89 8- L TR 6.9 0.6 1.8 3.9 3.0
90 ARH R 0.9 - - - -
91 TR - - - - 9.4
92 1-5-T 5k 12.0 - - - -
93 2,4-T 2 FE-1,3,2- A - - 13 - -
94 2-HIE 2 RIE IR 2 he - - - 0.6 -
95 3-C -1, - R b 56.9 - 23.8 102.1 -
96 N- Fbe b S - - - - 2.1
97 B2 -y - - 3.3 2.6 -
98 T AR A 28.1 5.1 4.0 18.5 -
99 A e 19.8 4.0 2.6 12.0 -
100 (IVAGIE- S VINEE=¢ <] 5.4 7.8 7.7 3.8 -
101 RVAVSH 164.6 70.8 92.1 280.7 38.8
102 1,2,3,4,4a,8a-/N%F-.a.,.a.,4a, 8-PUFF E-[2R-(2.0a. , 4a. ., 8a. o) ]-2 - - 3.4 - - -

R

103 2-T 124 14.2 11.5 19.6 65.9 19.0
104 5T -5 A A - 1.0 - - -
105 o 5.9 1.9 1.5 8.8 3.5
106 W 2.8 1.8 2.9 2.7 3.0
107 i 0.8 10.2 2.9 1.2 0.6
108 FF e [i) PP 2 P st - 25 - - -
109 1,3- & - - - - 0.6
110 PME RS : . ) i 07

111 3-FH A 4, 7- F - H- S - - - - 3.6
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Continue table 3 Composition of volatile flavor compounds in different varieties of cluster red pepper
i fet R i/ (pefe)
HS-1 HS-2 HS-3 HS-4 HS-5
112 TR - 23 - - .
113 PO - - 0.6 - -
114 TR 2.5 - 2.4 4.0 1.5
115 (1R,4aS,8aR)-1-5E -4 ,7- " H1 %-1,2,4a,5,6,8a- /N A 28 16.1 1.5 1.4 - -
116 4,4a,5,6,7,8-NFA -4, 4a- " EE-6-(1-HI BE V. £ 35 )-(4R-JI) -2 (3H ) -Z5 T - 9.8 2.9 - 45
117 (E)-3,7,11-=H 31,6, 10-F " = Js-3-1% - - 3.4 9.8 12.2
118 4-(2,6,6-—H H-1-F O J5-1-56) -3- T 45 -2- T - 5.1 3.0 8.5 -
119 R-(E)-1-(2,6,6-= H F-2- R C M- 198 ) - 1- s - 3-8 - 0.9 - - -
120 (1R,28)-1-58 3 2-Bfifix - 1.8 - - 1.8
LN o 992.4 567.8 401.6 916.8 370.2
YRRV AN 66 64 62 66 60

T - FOR AR T

P8 1 R 1843, Hidh HS-1 . HS-2 \HS-3 \HS-4 Hl HS-5
A3 AR Y 66,64 .62 .66 i Al 60 Fli ) it , B- R i &
HS-1.HS-2 Fl HS-5 " & i e 2 W HE L PEY) T, M2k
YT B AT e R IRE2 B J AU n] AR il A A
I M AN R A R A A B A P R Y
JFUBH21, HS-3 (HS-4 & fd i B R B R oK
St MWIERVEYIE S A HS-1 feiih 992.4 pe/e,

Z-8- W BE-O- - DUBRME R 17 /\BRIR TR
1,3-250K 2-HIBEZE TR UA[5.3.0]
Tk 2- I HE-5-(1-FRHE Z 07538 )-8-F 2
(E)-2-TJffs ((3E,7E)-4,8, 12-=H 3%

=-1,3,7, 11-PUs N1 Fobe ik £
Mg CE)-4-1 PUBRAR | B- 23 | 3-FF 4 J-
4,7- - TH-57 08

(Z)-7-F75B5ds PR 25 g L 1-(3-F -
A-TVE LRI ) - 2-F -2 - B
At E-9- | VUBRIGHR | (2)-9-1- 7Nk
IR G A-C AR A kR L9,
12- /B iR (7, 2) - iR

HK A HS-4(916.8 pg/g) , HS-5 £2 MK (370.2 pefg) , 1L
A HS-1 14 37.3%.

R T HE—2E T RS FRBRUR] 0 HE R T2 5
XFEATREA 3R AT o0, 25 R WA 1,

AN £ 1) PR T AR AR TRIRE i, R 22 [) 38 B 3
G EUT R RE AR RIS W R AR, 24 B 2 T8
BRI BTN AR Z R ) TR L
14 A DU -2 Tl 4- Mo, o, 4-
SIPE-3-(1-F L 200 -[1R-(Lat, 3.,
4.8))-F1 e FR B 8- FY B TR 1 TSGR

ENT N AV BB AN L
it \4- LSRR | Z- 11 DUBRIG R

IG5 AE A R 2 HE-4- TR
fig 3,7,7-=H 51,3, 5- R B =45 IHLIK-
2-FENG il 4-(2,6,6- = %E-1,3-3f
O =108 )-3- 975 -2 P 3 i) F 4
VP AR T . 1,2,3,4,40,8a- N -
a,.o.,4a,8-PUHE-[2R-(2.a , 4a.a. , 8a.
o )] 2-ZE T RS e 2.2
SEIE-3- (-3 ) 2R L H

FPAERE 3, 4-Z -1 (2H)-WEHK R 2
P LR 2 W B DURRMG | (+)-
B 2,4- 70 38-1,3,2-

oM RN 8- F A TR S LG 7 A R 1, 2R IR
XL(2-FISERRE) i 2- T 36100 AR W WM (Z,2,7)-
9,12, 15-1/\ il =4 WP G 24 i .2, 3- -3, 5- 8 -6~
P -AH- M -4 FOGERR R (B, E)-9, 11--F/\ Bk IR
TR 75 b B M .5,6,7, Ta- DU -4, 4, Ta- = T HE-(R)-
2(4H) IR K 2B = LR 12-H1 - F g L 1-(TH-E
1%-2-58)- ] | 5-FE3E-6- HY AR BE-8-[ (4- U k- 1-FH AL T 3 ) (0|
B = SRR S A 2,4a,5,6,7,8,9,9a-/\R-3,5,5-=
P L9 1 - (4aS-IT) - VH- - FR P 2- AL -4- 2R HE
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Fig.1 Venn diagram of volatile substances in five types of cluster red pepper
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Table 4 Eigenvalues and cumulative contribution rates of

principal components

By FFAEfE JPZETRAR % RFTT 22 TR %
1 5.132 51.320 51.320
2 2.404 24.035 75.355
3 1.958 19.580 97.935

VEBURFEER T 1 Ao E R 27290, i 3% 4
LA A 3 AN EMS, IF HaX 3 S TR Bt 2251
k%R 97.935% (— i B3t 07 2 5Tk R KT 70% J2:
BRI R) UL IX 3 T REREAREE 5 MRES Y
JR10 AR 45 B (97.935%) , IE R X 3 4~ F
BEATHT 5 AR B S R TR A VR -

T3 S ) R T A S A e R R R AR
HRIARY, BE R e I 4 T s b, T
BT e — 0 2 45 R SEBR & X, 4545 AR
O3 A WL S
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Table 5 Loading matrix of principal components

et ESi%i | FHgr 2 Y3
o (U,,) 135 R ot (U,) EEREY N ot (Usy,) ESREEF SN

X, (R -0.432 -0.979 0.132 0.204 0.008 0.011
X, G J50H%) -0.394 -0.892 0.285 0.442 -0.004 -0.005
X, (B %) -0.039 -0.088 0.119 0.185 0.672 0.940
X, () -0.135 -0.306 -0.319 -0.494 0.419 0.587
XsCHLIg ) 0.321 0.728 -0.216 -0.335 0.427 0.598
X CHIZT4E) -0.338 -0.765 0.154 0.238 0.411 0.575
X, GHRER) 0.173 0.391 0.571 0.885 0.079 0.110
X A HHER) 0.392 0.887 0.293 0.454 0.058 0.081
Xo(FEE) 0.268 0.607 0.499 0.774 0.076 0.106
X0 (FER M TR ) 0.408 0.924 0.233 0.362 0.072 0.101

H6 4 AR 5 AT, 505 1 ERU 7 200l ER R st RIEF 3 DASE 1.2.3 sy

51.320% , H: 322 W S o Skl HLIE iy RLER 4 —
AR ALY BB & w525 2 Fa
7 22 TR R 24.035% , S WOBHUR AR 1915 . 5 5
3 TS 2 TTRER N 19.580% , 3 T S WOBRARLL 3 A
HEEBREE

P& T PR AT PR UEAL S R 3 A R AT
100 535 Y YR F Y 3FR0R 3 A EAr 55 H i 55
TEAT (U) 5 9 DR AR HEIE (X)) B N &8 .
Vi YL MY AR

YVi=UiX i+ Uil Xt Ul X+ Uil Xt Ul Xs+ Ui Xt U X+ U X+
UiXotUyiX 105 YomUplX i+ UpXo+ Upl X+ UpX g+ Uy X s+ UpX o+
Ul Xg+ UpXg+ UplXo+ UpiX g5 Ya=Us X1+ UsiXo+ U3 X3+ Ui Xy
UsiXs+UsXo+Us X7+ UsXs+ UsXo+ U3X 1, 53 B0BR 55 3 W%

TEAELBR DLREAE A S A A 5, A8 HE 0 25 5 TR
IR ¥=0.5XY,+0.25XY,+0.21xY;, TEAME 0 W35 6,

K6 Z/IHER

Table 6 Comprehensive score

i Y, Y, Y, Y 4
HS-1 2.39 0.18 1.95 1.74 1
HS-4 2.51 0.44 -1.83 1.09 2
HS-5 -1.07 1.34 -0.39 -0.32 3
HS-3 -1.92 0.52 0.64 -0.77 4
HS-2 -1.91 -2.47 -0.37 -1.73 5

H1Z 6 ATA, 5 R KA B9 255 37 40 h s BUIRAK
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Fig.2 Cluster analysis of different types of cluster red pepper
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