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Comparative analysis of nutritional indexes of 117 dried pepper resources
ZHU Li', ZHANG Jun', SHANG Di', CAI Chen', ZHONG Minhan', SUN Ting', QIN Tinghao', LI
Huanxiu®

(1. Sichuan Academy of Agricultural Characteristic Plants, Neijiang 611730, Sichuan, China; 2. College of Horticulture, Sichuan Agri-
cultural University, Chengdu 610000, Sichuan, China)

Abstract: Pepper is an important cash crop. In order to cultivate dried pepper varieties with rich nutrients and high con-
tent, the contents of protein, crude fat and capsaicin in 117 dried peppers were determined and compared by descriptive
statistics, correlation analysis, grey correlation analysis and cluster analysis. The results showed that the maximum coeffi-
cient of variation of capsaicin content in 117 dried peppers was 85.04%, and there was more room for the selection of cap-
saicin content in the process of breeding new pepper varieties. Protein content was found negative correlation with crude
fat content, and significant negative with capsaicin content, while crude fat content was exhibited significant positive cor-
relation with capsaicin content. Based on the grey relational analysis of entropy weight, the weights of protein, crude fat
and capsaicin was 0.20, 0.22 and 0.58 respectively, and the comprehensive nutritional quality of 2021Q- 141- 571,
2021Q-156-543 and 2021Q- 147-543 were better. When K=5, 117 dried and spicy resources were grouped into five
groups: Low crude fat, low capsaicin, high crude fat, high capsaicin, medium nutritional quality and high protein. Com-
pared with systematic clustering, it can better solve the problem of correlation among nutritional indexes. According to
the comprehensive evaluation results of grey relational analysis and K-means clustering, pepper materials with high capsa-
icin content, high protein content or rich crude fat content can be screened out, which has certain reference value for scien-
tific evaluation of comprehensive nutritional quality of pepper, innovative utilization of pepper germplasm resources and
cultivation of excellent varieties.

Key words: Pepper; Nutritional quality; Correlation; Analysis of grey correlative degree; Cluster analysis
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Table 1 Pepper resource and serial number
G FIRAATR Bt s B AR PR s R R PR
Number Resource name Type Number Resource name Type Number Resource name Type
1 2021Q-T32A-828 ShP 40 2021Q-156-111 PoP 79 2021Q-147-543  PoP
2 2021Q-T32A-829 PoP 41 2021Q-156-543 PoP 80 2021Q-142-542  PoP
3 2021Q-T32A-830 ShP 42 2021Q-156-118 PoP 81 2021Q-545-541  PoP
4 2021Q-T12A-832 PoP 43 2021Q-157-129 PoP 82 2021Q-143-130 PoP
5 2021Q-T12A-831 ChP 44 2021Q-157-117 PoP 83 2021Q-143-137  PoP
6 2021Q-J22A-828 ShP 45 2021Q-157-114 PoP 84 2021Q-143-115 PoP
7 2021Q-J22A-T222 ShP 46 2021Q-153-824 PoP 85 2021Q-266-813  PoP
8 2021Q-J22A-T221 ShP 47 2021Q-153-109 PoP 86 2021Q-264-779  PoP
9 2021Q-J21A-J1 ShP 48 2021Q-153-118 PoP 87 2021Q-264-826 PoP
10 2021Q-H242-T212 ShP 49 2021Q-153116 PoP 88 2021Q-264-806  PoP
11 2021Q-H242-833 ShP 50 2021Q-148-826 PoP 89 2021Q-264-815 PoP
12 2021Q-H242-830 ShP 51 2021Q-148-825 DP 90 2021Q-264-813  PoP
13 2021Q-H241-832 ChP 52 2021Q-148-827 DP 91 2021Q-264-810  PoP
14 2021Q-H241-831 ChP 53 2021Q-148-129 DP 92 2021Q-142-129 PoP
15 2021Q-H23A-834 ShP 54 2021Q-148-117 DP 93 2021Q-142-111  PoP
16 2021Q-BA-H242 ShP 55 2021Q-148-116 PoP 94 2021Q-142-110 PoP
17 2021Q-BA-H241 ShP 56 2021Q-155-126 PoP 95 2021Q-142-109  PoP
18 2021Q-BA-B2 ShP 57 2021Q-155-109 PoP 96 2021Q-142-134 PoP
19 2021Q-139-136 DP 58 2021Q-155-117 PoP 97 2021Q-142-118  PoP
20 2021Q-139-126 DP 59 2021Q-155-115 PoP 98 2021Q-142-117  PoP
21 2021Q-139-111 PoP 60 2021Q-232-137 PoP 99 2021Q-142-778 PoP
22 2021Q-139-117 PoP 61 2021Q-232-811 PoP 100 2021Q-141-567  PoP
23 2021Q-139-115 PoP 62 2021Q-232-114 PoP 101 2021Q-141-566 PoP
24 2021Q-139-130 DP 63 2021Q-146-136 DP 102 2021Q-141-564  PoP
25 2021Q-138-820 PoP 64 2021Q-146-109 PoP 103 2021Q-141-109  PoP
26 2021Q-138-821 PoP 65 2021Q-146-543 PoP 104 2021Q-141-578 PoP
27 2021Q-138-822 DP 66 2021Q-146-116 PoP 105 2021Q-141-137  PoP
28 2021Q-280-110 PoP 67 2021Q-147-136 PoP 106 2021Q-141- 544  PoP
29 2021Q-280-109 PoP 68 2021Q-147-109 PoP 107 2021Q-141-118  PoP
30 2021Q-280-118 PoP 69 2021Q-147-137 PoP 108 2021Q-141-785  PoP
31 2021Q-280-114 PoP 70 2021Q-147-117 PoP 109 2021Q-141-816 PoP
32 2021Q-278-806 PoP 71 2021Q-145-136 DP 110 2021Q-141-815  PoP
33 2021Q-278-806 PoP 72 2021Q-145-132 DP 111 2021Q-141-814 PoP
34 2021Q-278-814 PoP 73 2021Q-145-129 PoP 112 2021Q-141-555  PoP
35 2021Q-278-810 PoP 74 2021Q-145-111 PoP 113 2021Q-141-554 PoP
36 2021Q-156-816 PoP 75 2021Q-145-776 PoP 114 2021Q-141-553  PoP
37 2021Q-156-126 PoP 76 2021Q-145-116 PoP 115 2021Q-141-572  PoP
38 2021Q-156-127 PoP 77 2021Q-145-778 PoP 116 2021Q-141-571 PoP
39 2021Q-156-823 PoP 78 2021Q-145-113 PoP 117 2021Q-141-550  PoP
1% : ShP 27K 3 AL PoP R KA ChP Z7s 4 M4 DP R
Note: ShP means sheep-horn pepper, PoP means pod pepper, ChP means cow-horn pepper, DP means downward pepper.
R2 TREIRWEFIEFERME ST
Table 2 Descriptive statistics of nutritional indexes of different peppers
EEE RAME BOKME e FHE brifE 22 A5 R
Index Min Max Extreme difference ~ Average value  Standard eviation CV/%
w( & [ 5 Protein content/(g- 100 g™ 10.61 22.09 11.48 13.91 1.61 11.61
wCHLAE W) Crude fat content/% 6.72 21.22 14.50 11.43 2.39 20.95
wCBHAER) Capsaicinoids content/(g-kg™") 0.10 11.23 11.13 2.64 2.24 85.04
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Table 3 Correlation analysis of nutritional index of
pepper

- HAREGE HENSE BRREE
fabr

Protein Crude fat Capsaicinoids
Index

content content content
EESE 1.000
Protein content
sl -0.229* 1.000
Crude fat content
BRER & & ~0.350%* 0.292%* 1.000

Capsaicinoids content

TEHIORE 0.05 TR ORME 0.01 ACTHERAE MR .
Note: * indicates significant correlation at 0.05 level; ** indicates

extremely significant correlation at 0.01 level.
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Table 4 Entropy value and weight of each index

J#1E Entropy value A Weight

FE R Index

EHRAE 0.975 0.20
Protein content

FHLRE 7 £ 5 0.974 0.22
Crude fat content

PR & & 0.931 0.58

Capsaicinoids content
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Table S Dimensionless processing and grey correlation analysis of original data of each index

Frs BIRAHK ARG R & & MRS IR TR TE KL H4
Number Resource name Protein content Crude fat content ~ Capsaicinoids content Grey correlation coefficient Rank
1 2021Q-T32A-828 0.227 0.001 0.041 0.351 116
2 2021Q-T32A-829 0.430 0.286 0.043 0.383 78
3 2021Q-T32A-830 0.301 0.342 0.074 0.382 83
4 2021Q-T12A-832 0.492 0.130 0.054 0.380 86
5 2021Q-T12A-831 0.394 0.162 0.052 0.373 101
6 2021Q-J22A-828 0.274 0.090 0.105 0.367 109
7 2021Q-J22A-T222 0.245 0.199 0.046 0.364 111
8 2021Q-J22A-T221 0.215 0.101 0.047 0.356 115
9 2021Q-J21A-J1 0.224 0.161 0.099 0.367 108
10 2021Q-H242-T212 0.333 0.158 0.101 0.375 97
11 2021Q-H242-833 0.366 0.238 0.001 0.369 105
12 2021Q-H242-830 0.191 0.227 0.010 0.357 114
13 2021Q-H241-832 0.309 0.246 0.078 0.376 96
14 2021Q-H241-831 0.363 0.255 0.038 0.375 99
15 2021Q-H23A-834 0.209 0.158 0.064 0.361 113
16 2021Q-BA-H242 0.496 0.119 0.015 0.375 98
17 2021Q-BA-H241 0.545 0.023 0.023 0.376 94
18 2021Q-BA-B2 0.152 0.048 0.021 0.346 117
19 2021Q-139-136 0.356 0.347 0.219 0.409 49
20 2021Q-139-126 0.356 0.373 0.309 0.428 30
21 2021Q-139-111 0.215 1.001 0.278 0.534 6
22 2021Q-139-117 0.168 0.408 0.158 0.391 70
23 2021Q-139-115 0.242 0.370 0.144 0.390 71
24 2021Q-139-130 0.310 0.287 0.116 0.384 77
25 2021Q-138-820 0.194 0.363 0.300 0.414 40
26 2021Q-138-821 0.157 0.556 0.301 0.432 26
27 2021Q-138-822 0.219 0.262 0.328 0.414 41
28 2021Q-280-110 0.123 0.642 0.361 0.454 19
29 2021Q-280-109 0.174 0.363 0.239 0.402 56
30 2021Q-280-118 0.214 0.313 0.177 0.389 72
31 2021Q-280-114 0.165 0.250 0.065 0.365 110
32 2021Q-278-806 0.335 0.546 0.113 0.410 46
33 2021Q-278-806 0.126 0.377 0.113 0.379 91
34 2021Q-278-814 0.348 0.613 0.113 0.420 34
35 2021Q-278-810 0.327 0.400 0.012 0.380 89
36 2021Q-156-816 0.313 0.492 0.349 0.445 21
37 2021Q-156-126 0.373 0.367 0.661 0.530 7
38 2021Q-156-127 0.432 0.446 0.591 0.516 10
39 2021Q-156-823 0.367 0.424 0.617 0.518 9
40 2021Q-156-111 0.180 0.874 0.450 0.526 8
41 2021Q-156-543 0.145 0.540 0.947 0.709 2
42 2021Q-156-118 0.094 0.457 0.341 0.426 31
43 2021Q-157-129 0.149 0.287 0.525 0.461 14
44 2021Q-157-117 0.165 0.361 0.326 0.418 36
45 2021Q-157-114 0.191 0.485 0.211 0.409 48
46 2021Q-153-824 0.359 0.465 0.313 0.438 24
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Table 5 (Continued)
R FIRAFK R E S R & & MRS E IRERIR L Z K H4
Number Resource name Protein content Crude fat content ~ Capsaicinoids content Grey correlation coefficient Rank
47 2021Q-153-109 0.291 0.263 0.148 0.386 76
48 2021Q-153-118 0.196 0.220 0.118 0.372 102
49 2021Q-153116 0.171 0.158 0.129 0.368 106
50 2021Q-148-826 0.218 0.472 0.312 0.428 29
51 2021Q-148-825 0.300 0.615 0.353 0.460 16
52 2021Q-148-827 0.201 0.462 0.588 0.500 12
53 2021Q-148-129 0.324 0.459 0.566 0.500 11
54 2021Q-148-117 0.240 0.253 0.135 0.380 90
55 2021Q-148-116 0.197 0.416 0.259 0.411 44
56 2021Q-155-126 0.084 0.503 0.383 0.439 23
57 2021Q-155-109 0.049 0.624 0.305 0.436 25
58 2021Q-155-117 0.121 0.449 0.295 0.417 37
59 2021Q-155-115 0.276 0.613 0.367 0.461 15
60 2021Q-232-137 0.237 0.311 0.120 0.382 84
61 2021Q-232-811 0.299 0.423 0.157 0.401 57
62 2021Q-232-114 0.114 0.395 0.097 0.378 93
63 2021Q-146-136 0.454 0.326 0.420 0.458 17
64 2021Q-146-109 0.256 0.323 0.233 0.402 54
65 2021Q-146-543 0.184 0.308 0.822 0.594 4
66 2021Q-146-116 0.309 0.278 0.251 0.406 52
67 2021Q-147-136 0.168 0.226 0.326 0.408 51
68 2021Q-147-109 0.171 0.278 0.323 0.411 45
69 2021Q-147-137 0.194 0.371 0.208 0.398 60
70 2021Q-147-117 0.139 0.345 0.232 0.397 63
71 2021Q-145-136 0.285 0.372 0.255 0.412 42
72 2021Q-145-132 0.332 0.250 0.272 0.409 47
73 2021Q-145-129 0.342 0.457 0.286 0.430 27
74 2021Q-145-111 0.411 0.710 0.214 0.456 18
75 2021Q-145-776 0.336 0.433 0.251 0.421 33
76 2021Q-145-116 0.250 0.309 0.240 0.402 55
77 2021Q-145-778 0.249 0.451 0.081 0.389 73
78 2021Q-145-113 0.331 0.434 0.160 0.405 53
79 2021Q-147-543 0.001 0.144 0.930 0.654 3
80 2021Q-142-542 0.371 0.325 0.277 0.419 35
81 2021Q-545-541 0.008 0.173 0.838 0.586 5
82 2021Q-143-130 0.547 0.221 0.215 0.417 38
83 2021Q-143-137 0.350 0.272 0.092 0.382 80
84 2021Q-143-115 0.490 0.305 0.215 0.417 39
85 2021Q-266-813 0.526 0.281 0.046 0.393 68
86 2021Q-264-779 0.435 0.239 0.168 0.399 58
87 2021Q-264-826 0.288 0.620 0.268 0.442 22
88 2021Q-264-806 0.216 0.337 0.100 0.379 92
89 2021Q-264-815 0.435 0.202 0.172 0.397 62
90 2021Q-264-813 0.474 0.246 0.202 0.409 50
91 2021Q-264-810 0.392 0.174 0.022 0.370 104
92 2021Q-142-129 0.481 0.184 0.118 0.392 69
93 2021Q-142-111 0.245 0.457 0.404 0.449 20
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Table 5 (Continued)

i BIRH K HARGE HLARHG & & PR B YREPSEIEFS /3 4
Number Resource name Protein content Crude fat content ~ Capsaicinoids content Grey correlation coefficient Rank
94 2021Q-142-110 0.444 0.298 0.109 0.395 64
95 2021Q-142-109 0.585 0.240 0.215 0.423 32
96 2021Q-142-134 0.492 0.242 0.123 0.398 61
97 2021Q-142-118 0.278 0.300 0.098 0.380 88
98 2021Q-142-117 0.364 0.244 0.088 0.381 85
99 2021Q-142-778 0.306 0.204 0.010 0.363 112
100 2021Q-141-567 0.260 0.103 0.161 0.376 95
101 2021Q-141-566 0.530 0.205 0.203 0412 43
102 2021Q-141-564 1.001 0.135 0.132 0.496 13
103 2021Q-141-109 0.300 0.192 0.100 0.375 100
104 2021Q-141-578 0.270 0.246 0.209 0.393 67
105 2021Q-141-137 0.533 0.155 0.029 0.383 79
106 2021Q-141- 544 0.358 0.119 0.179 0.387 75
107 2021Q-141-118 0.324 0.299 0.076 0.380 87
108 2021Q-141-785 0.331 0.201 0.032 0.368 107
109 2021Q-141-816 0.362 0.278 0.002 0.372 103
110 2021Q-141-815 0.228 0.586 0.249 0.430 28
111 2021Q-141-814 0.177 0.386 0.105 0.382 82
112 2021Q-141-555 0.237 0.203 0.266 0.399 59
113 2021Q-141-554 0.127 0.176 0.221 0.382 81
114 2021Q-141-553 0.166 0.296 0.229 0.394 66
115 2021Q-141-572 0.178 0.325 0.214 0.394 65
116 2021Q-141-571 0.054 0.163 1.001 0.729 1
117 2021Q-141-550 0.204 0.241 0.207 0.388 74

®6 K=5HIRBREF L
Table 6 The final clustering center with K =5

R Cluster
1 2 3 4 5

FEH% Index

GEA D
v %EU\ . 13.77 13.39 12.94 13.29 16.64
Protein content/(g- 100 g™

wCOH IR

9.69 16.38 11.68 12.22 9.70

Crude fat content/%

CBRBR D
ORI } 118 322 827 277 145
Capsaicinoids content/(g-kg")

A~Z%L Number of cases 37 12 11 40 17

5 Lt Proportion/% 31.62 10.26 9.40 34.19 14.53
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Table 7 K-means clustering analysis

Iz BE ERFPLEH G FoEN HRFEP L s EEK ERFPLEH
Number Cluster Clustering center distance Number Cluster Clustering center distance || Number Cluster Clustering center distance
1 1 3.09 40 2 3.63 79 3 4.30
2 5 1.82 41 3 3.77 80 4 1.82
3 1 2.01 42 4 2.25 81 3 3.52
4 5 1.40 43 3 2.56 82 5 1.08
5 1 1.58 44 4 1.27 83 1 1.27
6 1 1.69 45 4 1.62 84 5 1.80
7 1 0.69 46 4 2.05 85 5 1.38
8 1 1.78 47 1 1.01 86 5 1.24
9 1 0.88 48 1 0.96 87 2 0.87
10 1 0.95 49 1 1.44 88 4 1.71
11 1 1.57 50 4 1.55 89 5 1.18
12 1 1.41 51 2 1.28 90 5 1.21
13 1 0.73 52 3 2.37 91 1 1.64
14 1 1.40 53 3 2.88 92 5 0.61
15 1 1.10 54 1 0.89 93 4 2.13
16 5 1.78 55 4 0.70 94 5 1.63
17 5 2.89 56 4 2.93 95 5 1.33
18 1 2.83 57 2 2.33 96 5 0.65
19 4 1.50 58 4 1.73 97 1 1.37
20 4 1.59 59 2 1.29 98 1 1.16
21 2 4.86 60 1 1.60 99 1 1.04
22 4 1.26 61 4 1.34 100 1 1.66
23 4 1.09 62 4 2.13 101 5 0.90
24 1 1.25 63 4 3.32 102 5 5.55
25 4 0.84 64 4 0.87 103 1 0.34
26 2 1.91 65 3 1.11 104 1 1.36
27 4 1.99 66 4 1.72 105 5 1.28
28 2 1.67 67 4 2.55 106 1 1.81
29 4 0.74 68 4 1.89 107 1 1.49
30 4 1.24 69 4 0.61 108 1 0.97
31 1 1.46 70 4 1.21 109 1 1.79
32 2 2.77 71 4 0.62 110 2 1.23
33 4 1.89 72 1 2.13 111 4 1.65
34 2 2.36 73 4 1.74 112 1 1.92
35 4 2.77 74 2 2.17 113 1 2.22
36 4 2.20 75 4 1.40 114 4 1.47
37 3 2.14 76 4 1.06 115 4 1.07
38 3 3.42 77 4 2.06 116 3 4.30
39 3 2.58 78 4 1.63 117 1 1.55
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Note: The data is dimensionless, and the numbered example “102-5" indicates that pepper resource 102 belongs to the fifth category in K-means clustering.
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Fig. 1 Systematic clustering of nutritional indexes of different dried pepper resources
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