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Characteristic quality analysis of Yunnan specialty fresh Capsicum annuum
L. based on principal component and cluster analysis
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(Quality Standard and Testing Technology Institute, Yunnan Academy of Agricultural Sciences, Kunming 650205, China)
ABSTRACT: Objective To explore the change of quality characteristics of Yunnan plateau specialty fresh

Capsicum annuum L. and establish its evaluation system. Methods The 35 quality indexes of 59 samples of Yunnan

plateau fresh Capsicum annuum L. were selected to determine and analyze, and the differences among the quality
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indexes of different samples of Capsicum annuum L. were investigated. The quality of Yunnan plateau specialty fresh
Capsicum annuum L. was comprehensively evaluated by principal component analysis (PCA) and cluster analysis
(CA), and the evaluation model of Yunnan plateau specialty fresh Capsicum annuum L. quality was established.
Results There were significant differences in quality indexes among samples of Capsicum annuum L. (P<0.05), and
the coefficient of variation of the quality indexes were different, indicating that the plateau fresh Capsicum annuum
L. presented varieties between different quality attributes. PCA showed that 5 principal components represented the
35 quality indicators Capsicum annuum L., making 89.005% cumulative contribution to the total variance. Based on
the CA results, indicators such as spiciness, capsaicinoids, dietary fiber, protein, soluble solids, carotenoids, amino
acids and organic acids could be used to comprehensively evaluate the quality of Yunnan plateau specialty fresh
Capsicum annuum L.. Conclusion Among 59 different samples of Capsicum annuum L., ‘Ca38’ has the best
quality. ‘Ca55” has the worst quality. The comprehensive evaluation method of PCA and CA can provide reference for
the quality evaluation of different Capsicum annuum L. varieties, and provide the oretical basis for the breeding of
special plateau Capsicum annuum L., and the development and utilization of the germplasm resources of Yunnan

plateau specialty Capsicum annuum L..
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H0.29 g/kg)>F A R (XIME M 0.04 g/kg)o
AR ISE SR, A AR BE B H A2

D, AL ﬁ TR Ca38’, SN 6.69 g/100 g
PRRA&Em . HaEi. B, WaEm. W oaRAbEmnR
A, Hfx 10 Fhad3img & i = IR & Ca38 . 1 16 Fhad Sk
EP Er b e R IR R RAARR, HIEN 0.58 /100 g,

JE RSB ER(0.47 g/100 g)>4EEHR(0.20 2/100 g)>F2 4
ﬁ&(o.w g/100 @)>fiZR=222411R(0.15 g/100 g)>HfiZdIR=1N
HIR=THPR(0.14 g/100 g>FHEFR(0.12 g/100 g>FENE MR
(0.11 g/100 g)>57 5 2 =75 2R (0.10 g/100 g)>ME % IR

HPULEY), BRI

T A0S TR R AR AR, 59

R1 AR BIRIRHR M

Table 1 Descriptive analysis of Capsicum annuum L. quality index

(0.09 g/100 g)>2HZ2(0.04 /100 g)>FHiZFR(0.01 g/100 g).

Eitan 3 FEl ¥ LREDA bR A5 5 2% 2
B/ 1.00~223.00 29.00 18.00 34.03 117.23 ok
Brkk4 /R 8 %/SHU 14.00~33477.00 4351.00 2760.00 5106.17 117.36 ok
HMUE /(g/kg) 0.01~2.17 0.27 0.17 0.33 120.54 ok
ZEHMER /(g/kg) 0.01~1.84 0.14 0.08 0.24 178.60 ok
JIE I /(2/100 g) 0.40~12.90 2.05 1.50 1.79 87.55 ok
JREE 41 4E/(2/100 g) 2.40~35.50 9.83 9.60 6.14 62.44 ok
4irE % C/(mg/100 g) 36.00~420.00 196.05 205.00 76.06 38.62 ok
A F/(g/100 g) 1.53~11.90 3.49 3.43 1.74 49.79 *k
AL B/ % 0.00~52.40 11.47 11.70 7.00 61.00 ok
SRS N /(ng/ke) 0.00~10.10 225 1.29 2.59 115.04 ok
FEE D FR/(mg/kg) 0.00~66.00 11.67 4.50 14.76 126.49 ok
HHLER/(g/kg) 0.00~75.00 8.31 6.00 10.94 131.75 ok
FrEEIR/(g/kg) 0.00~9.50 3.99 3.80 2.69 67.35 ok
AR/ (g/kg) 0.00~0.95 0.04 0.00 0.14 367.98 ok
MR/ (g/kg) 0.00~4.00 0.29 0.00 0.66 229.23 ok
BRIAMR/(2/kg) 0.00~74.00 1.49 0.00 9.61 643.99 ok
2B/ (g/kg) 0.00~35.00 1.99 0.00 5.91 296.79 ok
B2/ (g/kg) 0.00~7.00 0.49 0.00 1.34 271.81 ok
16 Fh & LR B 1/ (g/100 g) 0.00~6.96 2.70 2.85 1.55 57.53 ok
KA /(2100 g) 0.00~1.23 0.58 0.57 0.32 55.63 ok
HER/(2/100 g) 0.00~1.11 0.47 0.50 0.25 53.08 ok
2 ER/(2/100 g) 0.00~0.41 0.15 0.16 0.09 56.51 ok
HER/(2/100 g) 0.00~0.12 0.04 0.04 0.03 68.77 ok
H&R/(2/100 g) 0.00~0.42 0.14 0.13 0.09 67.28 ok
IR FR/(2/100 g) 0.00~0.30 0.10 0.10 0.06 60.87 ok
FEER/(2/100 g) 0.00~0.54 0.20 0.19 0.13 65.17 ok
R R/(g/100 g) 0.00~0.42 0.14 0.15 0.09 60.42 ok
PR E R /(2/100 g) 0.00~0.01 0.01 0.01 0.01 77.43 ok
FEHEWR/(2/100 g) 0.00~0.36 0.11 0.12 0.07 63.79 ok
fi% 22 /(g/100 g) 0.00~0.20 0.09 0.09 0.05 56.77 %
HER/(2/100 g) 0.00~0.38 0.12 0.12 0.07 61.93 ok
SILEMR/(2/100 g) 0.00~0.33 0.10 0.11 0.06 63.56 ok
W R/ (2/100 g) 0.00~0.36 0.14 0.14 0.08 58.60 ok
SLER/(2/100 g) 0.00~0.55 0.19 0.18 0.11 60.74 ok
fHER/(2/100 g) 0.00~0.65 0.15 0.13 0.15 101.21 ok

e * IR 2= F B 2 (P<0.01),
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Fig.1 Correlation analysis of 35 nutritional quality indexes in Capsicum annuum L.
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Fi=0.032X,-0.031.X>-0.029X;+...+0.067X33+0.082.X5,

~0.004.X55 (1)
F,=0.185X,+0.185X,+0.182X3+...~0.017X33-0.016.X3,+
0.013X;5 2)
F3=0.076X,-0.076X,-0.079X5+...—0.020X33-0.08 1 X34
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Table 2 Eigenvalues, variance contribution rates and cumulative contribution rates of principal components

o (L GERE R FRIBFJr AR A T e - Iy AN
5878 JiZEE I 2B/% At JiE I KBY% Mt JEES BB%
1 19.672 56.204 56.204 19.672 56.204 56.204 16.525 47214 47214
2 4.501 12.861 69.066 4.501 12.861 69.066 6.554 18.725 65.939
3 2.855 8.156 77.222 2.855 8.156 77.222 3.143 8.981 74.920
4 2.291 6.545 83.767 2.291 6.545 83.767 2.602 7.433 82.353
5 1.833 5.239 89.005 1.833 5.239 89.005 2.328 6.652 89.005
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Fig.2 Diagram of principal component analysis
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Table 3 Matrix table of factor score coefficient

B AT B N

Eitan Eitn
1 2 3 4 5 1 2 3 4 5
PRAE -0.032  0.185 -0.076 0.000  0.006 16 FI &L R 0.075  -0.023  —0.040  0.001 —0.002
Wikt /RIEEC —0.031  0.185 -0.076  —0.000  0.007 REEH R 0.100 -0.053 -0.121  0.016 —0.013
B -0.029  0.182 -0.079 0.000  0.011 wHEm 0.087 —0.031 —0.080  0.001 —0.004
ZEHME -0.033  0.175 -0.024 0.010  0.010 YA TR 0.093 -0.020 -0.122  0.003 0.020
JE W -0.034  0.131 0.092 0.002  0.028 HATR 0.048 —0.030  0.058  0.005 0.001
B e 4k 0.014  0.057 0.054  —-0.010  0.010 HaR 0.039 —-0.001  0.060  0.001 0.009
4% C 0.014 —0.060 0.167 0.037  0.048 TATR 0.037 —0.031  0.105  0.005 0.010
HEAR 0.015  0.070 0.023  -0.001  0.009 ikl 0.091 -0.030 -0.096 -0.029 0.007
AIEEETEY) 0.005  0.080 0.045  -0.003  0.032 N R 0.090 -0.014 -0.118 -0.015 0.015
p-IHE N ER 0.013  -0.055 0.151 -0.059  0.057 a2  -0.034 0018 0261  0.045 -0.030
FKEE MK -0.085  0.001 0.348 0.009 —0.023 RINAR 0.034  0.012  0.063 -0.003 0.004
HHLER -0.016  0.022 0.061 0.307  0.169 it R 0.104 -0.055 —0.117 —0.007 0.010
PR 0.045 -0.020 0.021  —0.058 -0.144 WA TR 0.056  0.005 -0.005 —0.006 0.005
AR 0.007 -0.007 -0.037 0.361  —0.099 SR 0.047  0.010  0.018 -0.006 —0.001
£ -0.077  0.137 0.192 0.037  —0.049 i R 0.067 -0.017 -0.020  0.006 —0.003
BEIIR -0.034  0.014 0.065 0397 —0.084 SLEIR 0.082 -0.016 -0.081 —0.008 0.008
% 0.011  0.011 -0.021 —-0.050  0.427 il 2R -0.004  0.013 0.175  0.012 —0.028

FLIR 0.008  0.008 -0.015  -0.055  0.424

*4 BAFEASEAHES

Table 4 Factor scores and comprehensive scores

FE S S5 Fy Fy Fs F4 Fs F He44
Cal -0.286 0.173 ~0.540 -0.211 -0.195 ~0.2064 36
Ca2 0.262 0.449 -0.562 0.314 4.627 0.4221 13
Ca3 —0.428 —0.432 -0.115 -0.212 ~0.368 —0.3388 39
Ca4 ~1.057 —0.449 -0.013 —0.189 —0.211 ~0.6696 53
Ca5 ~0.960 -0.163 0.058 0.539 ~0.310 ~0.5365 48
Cab 0.068 0.304 —0.448 —0.194 -0.198 0.0175 32
Ca7 -0.020 —0.434 ~0.031 -0.028 1.122 —0.0126 34
Ca8 0.686 -0.086 —0.349 -0.103 2.957 0.4939 10
Ca9 0.945 ~0.680 -0.393 -0.368 -0.029 0.3861 15
Cal0 0.336 0.588 ~0.847 -0.252 ~0.260 0.1655 27
Call 1.356 -0.700 -0.528 -0.398 ~0.187 0.5930 8
Cal2 0.762 -0.315 —0.618 -0.261 ~0.208 0.3092 21
Cal3 1.098 ~0.549 ~0.880 -0.315 ~0.250 0.4409 11
Cal4 0.762 -0.335 -0.751 0.359 —0.524 0.3199 20
Cal5s -0.303 —0.149 —0.074 7.339 ~0.366 0.2651 24
Cal6 0.676 —0.470 —0.557 -0.272 ~0.357 0.2372 26
Cal7 1.502 -0.983 -0.208 ~0.360 —0.258 0.6636 6
Calg 0.079 -0.129 ~0.958 -0.154 1.165 0.0009 33
Cal9 1.053 -0.776 —0.766 -0.291 0.320 0.4274 12
Ca20 0.842 0.412 ~1.214 -0.267 —0.324 0.3925 14
Ca2l 0.669 -0.158 ~0.991 0.390 ~0.532 0.2724 22
Ca22 0.854 -0.236 ~1.004 -0.231 -0.291 0.3372 19
Ca23 0.719 -0.298 —0.847 -0.269 -0.313 0.2624 25

Ca24 0.886 —0.463 —-1.073 0.391 —-0.496 0.3503 17
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FE S F F, Fy F; Fs F He#
Ca25s 0.515 -0.508 ~0.385 -0.278 -0.302 0.1586 28
Ca26 0.857 ~0.555 -1.078 0.406 -0.157 0.3407 18
Ca27 1.254 -0.185 ~1.361 0.502 —0.485 0.5774 9
Ca28 ~0.180 -0.731 ~0.396 ~0.241 -0.238 ~0.2556 37
Ca29 —0.525 —0.650 —0.083 —0.245 ~0.340 ~0.4190 41
Ca30 0.907 ~0.093 ~1.008 -0.332 -0.259 0.3805 16
Ca3l ~0.794 -0.352 0.329 -0.262 ~0.388 ~0.5021 45
Ca32 -1.041 -0.222 1.609 ~0.094 -0.519 —0.5156 47
Ca33 ~1.060 -0.223 0.374 -0.151 —0.421 ~0.6260 51
Ca34 ~0.652 0.429 0.476 -0.248 -0.406 ~0.3099 38
Ca3s ~1.143 -0.215 1.116 —0.149 -0.516 —0.6156 50
Ca36 ~0.281 0.612 0.402 -0.222 ~0.435 ~0.0840 35
Ca37 0.747 1.468 1.730 0.140 -0.505 0.7326 4
Ca38 1.645 6.234 0.172 —0.044 0.127 1.7441 1
Ca39 ~0.043 —0.414 1.810 -0.290 -0.225 0.0398 31
Ca40 2.386 -0.508 1.832 ~0.204 —0.174 1.4029 2
Ca4l 0.538 ~0.832 1.108 -0.310 0.108 0.2713 23
Ca42 0.891 0.546 1.692 0.057 ~0.418 0.6909 5
Ca43 1.238 ~0.590 1.843 -0.257 0.083 0.7576 3
Ca44 0.634 0.127 3.087 0.144 -0.526 0.6066 7
Ca4s 0.028 ~0.583 1.693 -0.027 -0.231 0.0652 30
Ca46 ~0.953 ~0.475 0.699 -0.142 -0.354 -0.5676 49
Ca47 ~1.109 0.155 —0.557 -0.250 -0.459 ~0.6893 54
Ca48 —0.911 —0.422 0.374 —0.046 1.945 —0.4368 43
Ca49 -0.259 1.800 0.541 -0.016 -0.359 0.1104 29
Ca50 ~1.130 -0.627 1.383 -0.258 -0.292 ~0.6351 52
Ca51 ~1.194 -0.173 1.120 0.105 3.897 ~0.3909 40
Ca52 -0.601 —0.469 —0.149 -0.237 -0.126 -0.4321 42
Ca53 —0.679 ~0.366 —0.104 —0.185 ~0.294 —0.4648 44
Cas4 ~0.885 0.211 -0.021 -0.177 ~0.425 ~0.5059 46
Ca55 ~1.756 0.751 -0.978 -0.334 -0.373 ~1.0113 59
Cas6 -1.775 0.899 ~0.995 ~0.334 -0.362 ~1.0037 57
Cas7 -1.807 1.066 -1.021 -0.314 -0.334 ~0.9998 56
Ca58 ~1.714 0.515 —0.878 -0.331 -0.380 ~1.0101 58
Ca59 ~1.652 0.260 ~0.667 -0.330 -0.371 ~0.9904 55
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Fig.3 R-type cluster analysis of quality indexes of Capsicum annuum L.
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Fig.4 Q-type cluster analysis of quality indexes of Capsicum annuum L.
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