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Comprehensive evaluation of nutritional quality of different Asparagus
officinalis L. varieties based on principal component analysis and cluster

analysis

QI Huijuan', YUE Yani', XU Jigen’, WANG Ying', LU Jilai', CHEN Weigiang'

(1. Taizhou Academy of Agricultural Sciences, Taizhou 318000, Zhejiang, China; 2. Zhejiang Taizhou Agricultural Materials Co., Ltd.,
Taizhou 318000, Zhejiang, China)

Abstract: By evaluating the nutritional quality of different asparagus varieties, this study aims to provide theoretical sup-
port for asparagus variety breeding, quality improvement, and high-value utilization . Fifteen three-year-old asparagus va-
rieties such as Jinguan, Huamiao, Grande and others were used as materials. A comprehensive evaluation was conducted
on 16 nutritional indicators, including basic nutritional components, mineral elements, and functional active ingredient ra-
tios, using various statistical methods such as correlation analysis, principal component analysis, and cluster analysis. The
results showed that vitamin C content had the highest coefficient of variation at 31.58%. Except for cellulose content, the
remaining 15 indicators each showed significant or extremely significant correlations with at least one other indicator.
Principal component analysis extracted six principal components from the 16 quality indicators, with a cumulative vari-
ance contribution rate of 88.129%. The top three asparagus varieties with the highest comprehensive scores were Jialu No. 2,
Walker Pioneer, and Huamiao. Cluster analysis classified the 15 asparagus varieties into three major groups: The first
group includes WB-231, WB-212, H2-12, UC157, WB-211, and Apollo; the second group consists of Atlas, Grande,
Jinguan, WB-234, WB-260, and Purple Passion; the third group includes Huamiao, Walker Pioneer, and Jialu No. 2. In
summary, the asparagus varieties with excellent comprehensive nutritional quality are Jialu No. 2, Walker Pioneer, and
Huamiao (which belong to the third group), which can serve as foundational materials for asparagus germplasm innova-
tion and variety breeding.
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Table 1 Name, source and color of tested asparagus varieties

T RS b/ S B
No. Variety name Source Tender stem color
1 47tk Jinguan W AR AEA P R A BR A 5] Shandong Huanong Asparagus Technology Co., LTD. Zi (% Green
2 Atlas Waker Brother Seeds and Plants, LLC.(In USA) 21t th Green
3 WB-260 Waker Brother Seeds and Plants, LLC.(In USA) Zk (% Green
4 WB-234 Waker Brother Seeds and Plants, LLC.(In USA) ZE4 Green
5 WB-231 Waker Brother Seeds and Plants, LLC.(In USA) Zk (% Green
6 WB-212 Waker Brother Seeds and Plants, LLC.(In USA) ZE£4 Green
7 WB-211 Waker Brother Seeds and Plants, LLC.(In USA) Zk (% Green
8 4E#% Huamiao L ZR A P A R A BR 22 7] Shandong Huanong Asparagus Technology Co., LTD. 218 Green
9 Grande Waker Brother Seeds and Plants, LLC.(In USA) Zk (% Green
10 Purple Passion Waker Brother Seeds and Plants, LLC.(In USA) A4 Purple
11 H2-12 I R A P R A BR A 7] Shandong Huanong Asparagus Technology Co., LTD. Zk (% Green
12 B 2 5 JialuNo. 2 WUINEEERVIH KA BR A 7 Hangzhou Jiahui Agricultural Development Co., LTD. £k (% Green
13 Walker Pioneer Waker Brother Seeds and Plants, LLC.(In USA) £k (% Green
14 uC157 Waker Brother Seeds and Plants, LLC.(In USA) £k (% Green
15 Apollo Waker Brother Seeds and Plants, LLC.(In USA) %k (7 Green
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Table 2 Basic nutritional content of different asparagus varieties
R w(7.K§7\) w(%IEUﬁ) W(’i%&) w(ZF4EF) w(iﬁﬁi% ()] W(ﬁiéﬁ).
Variety No. Moisture Protemr content/ Ammor acid content/ Cellulorse content/ Vitamin C (fontent/ Anthocyamrn content/
content/% (mg-ghH (mg-g" (mg-g" (mg-100 g™ (mg-100 g™
1 94.41+0.16 abed 48.21+0.96 b 3.01+0.21 de 189.3242.27 ¢ 8.58+0.40 f 5.14+0.39 fg
2 94.83+0.15 ab 35.80+2.53 2.66+0.11 f 192.88+12.29 ¢ 8.59+0.20 5.55+0.26 f
3 93.25+0.22 cde 32.13+1.17gh  3.28+0.25 cd 187.29+4.43 ¢ 9.93+0.20 cde 6.60+0.09 e
4 93.27+0.20 cde 37.13£1.92 ef 3.024+0.07 de 202.14+13.41¢c  14.97£1.00 a 5.60+0.09 f
5 93.17+0.18 cde 42.88+1.40 ¢ 2.48+0.14 f 189.92+3.25 ¢ 11.91£0.37 b 8.03+0.36 b
6 93.70+1.53 bede  42.1941.67cd  3.22+0.20 cd 189.83+8.89 ¢ 6.98£0.23 g 4.76+0.31 gh
7 93.04+0.39 de 46.54+1.64 b 4.40+0.30 a 166.00+7.09 d 9.60+0.46 de 7.54+0.26 cd
8 94.61+1.44 abc 30.93+1.74 h 3.06+0.22 de 258.02+18.28 a 7.26+0.13 g 4.80+0.28 gh
9 94.84+0.44 ab 34.83+1.57 fg 3.1940.13 cd 201.60+11.44 ¢ 8.67+0.25 f 7.70+0.29 be
10 95.41+0.53 a 39.88+0.93 de  3.16+0.19 cd 191.64+11.50 ¢ 10.55+0.64 ¢ 9.19£0.14 a
11 93.64+1.25bcde  34.98+0.83 fg 3.2240.06 cd 186.27+13.10 ¢ 7.06+0.48 g 3.91+0.15 i
12 94.25+0.99 abcde  51.30+1.24 a 3.49+0.23 be 229.11+11.36 b 10.3940.73 cd 7.10£0.37 d
13 92.89+0.18 ¢ 35.8142.80 f 3.05+0.17 de 245.7711.54ab  9.3740.32 ef 4.40+0.28 h
14 93.59+0.38 bede  32.27+1.64 gh  3.72+0.20 b 203.95+6.91 ¢ 7.05£0.26 g 4.77+0.34 gh
15 93.92+0.68 bede  39.62+0.75de  2.7240.08 ef 159.43+5.60 d 7.46+0.10 g 3.43£0.17 j
“FY{H Mean 93.92 38.97 3.18 199.55 9.22 5.90
A5 B ELCVI% 16.66 7.56 10.54 13.70 31.58 13.82

T AT GAFNG FREORAE 0.05 KPR RFH. TH.

Note: Different lowercase letters in the same column indicate significant differences at 0.05 level. The same below.

e 74 -



a4 BRI A BT R T A BRI T AN [R] it ol A8 R B R A VRN

X BE R 5T

HI R B R EAHR. 15 SMAHERETE
% (159.43 mg- g, BH B LD 1 8 T HILE
YRGB R (258.02mg-g):7 SRR & Bk
(440 mg-g"),5 FEHERIKQ48mg g). FHH
JR B AR A R R 2 RN, A R R BN 7.56%
Ho 12 518 EA MRS & &M (51.30 mg-g'),8
SEERMKG0.93 mg g . 7 15 AN, 4 7
S(WB-21DAH 12 55 2 S A mMEE R
JREIER R R C e S E LI M.
212 M5 RAESESH MK 3 ATHL &
g Mg & =P IE N 247.37 mg- 100 g, 42
Fra e mfateh S ER S, K 12 55 &
B (303.73 mg- 100 g o AP Ca &
e, PN 119.08 mg- 100 g, Hd 12 55 &

B (158.27 mg- 100 g o AXT T 5 » Mn.Zn Al Fe
TE & FR S EE A, CEE S AR
2.31.9.92.14.02 mg-100 g'x e, 12 5 1) Fe il
Mn & B EE &R Zn SRR RBER, N
28.71%, 11 ‘5H) Zn FEfm=(13.49mg- 100 gD . %
AR S Se A BN 8.38~24.94 ng- 100 g, B F &
HOKRR) T 23.64%, H Se i fx i AR 70 2
9 FHM S5 F. FE 15 ANaAt 2 A 12 5K N
F{E CasMg.Fe.Mn.Zn.Se IX 6 F'i Jli L& & &
A

213 et Rs oA HE 1A, 7R & A
R, R R Ty B R G A v, L R S
TERWEAMK. A mF R SRS E R ER SN E
10 5.7 5 5 #1(29.93.28.71 mg-g"), 1fj 13 5 & Ff

®3 FEMMAETRTRSE

Table 3 Mineral element content of different asparagus varieties

g w(Ca) w(Mg) w(Fe) w(Mn) w(Zn) w(Se)
Variety No. Ca content/_ Mg content_/ Fe content/ _ Mn content_/ Zn content/- Se content/_
(mg-100 g™ (mg-100 g™ (mg-100 g™ (mg-100 g™ (mg-100 g") (pg-100 g™
1 110.62+2.62 g 217.72+£5.16 g 13.60+0.23 d 2.03+0.05 i 9.61£0.28 ef 22.65+0.96 b
2 112.17+0.77 g 226.66+5.10 g 13.35£0.19 d 2.34+0.05 fg 9.27+0.21 g 19.06+0.41 ed
3 100.20+1.63 h 245.64+4.30 ef 12.61+£0.33 ¢ 1.98+0.09 i 9.7840.19 ¢ 12.86+0.44 h
4 101.31+2.59 h 221.95+3.52 g 10.47+0.12 g 1.41+0.02 k 8.72+0.05 h 9.18+0.18 j
5 116.07+2.05 f 267.16£3.96 ¢ 11.62+0.10 £ 1.80+0.06 j 9.37+0.05 fg 8.384+0.13 k
6 120.32+1.56 de 267.72+2.83 ¢ 15.97+0.17 b 2.42+0.05 ef 10.38+0.17d 16.25£0.49 ¢
7 126.54+3.27 b 244.56+7.15 ef 14.71+£0.36 ¢ 2.05+0.08 i 11.41+0.27 ¢ 16.97£0.35 ¢
8 124.98+4.12 be 248.33+7.48 ¢ 13.66+0.13 d 2.47+0.10 e 9.69+0.16 ¢ 18.20+0.26
9 117.10+1.89 ef 237.05+7.55 f 14.62+0.32 ¢ 2.53+0.07 de 9.37+0.20 fg 24.94+0.55 a
10 118.08+1.53 def 201.36+4.26 h 13.42+0.14 d 2.25+0.05 h 8.85+0.03 h 19.85+0.43 d
11 120.09+1.06 de 257.84+5.15d 15.59+0.11 b 2.21+0.05 h 13.49£0.07 a 20.73+0.56 ¢
12 158.27+£2.26 a 303.73+4.98 a 16.60+0.12 a 3.16£0.05 a 11.90+0.07 b 19.54+0.44 ed
13 117.87+1.33 def 238.33+2.42 f 13.48+0.15d 2.62+0.08 cd 8.27+0.16 1 18.78+0.23 ef
14 120.65+0.54 de 284274521 b 14.68+0.21 ¢ 2.75+0.07 b 9.32+0.14 fg 10.49+0.34 i
15 121.86+2.02 cd 248.26+6.52 ¢ 15.86+0.30 b 2.65+0.07 be 9.32+0.16 fg 9.52+0.42 j
*F#4{H Mean 119.08 247.37 14.02 231 9.92 16.49
BRAZABCVI% 1844 11.97 10.66 11.10 28.71 23.64
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Fig. 1 Comparison of the contents of total sugars, total phenols, total saponins, and flavonoids

in different asparagus varieties
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Table 5 Total variance explained o ab
VAR e
5% Initial eigenvalue Eﬂ 3r
Component g} Ji 7 L W ;ji 5L
Total Variance/%  Cumulative variance/% E
1 4513 28207 28.207 & 1
2 2.976 18.599 46.807 ot
3 2.369 14.807 61.613 i ‘2 l3 Ai 5‘ é % ?li l9 IIO 1‘1 1|2 ll3 1‘4 1|5 1‘6
4 1.482 9.264 70.877 %43 %1 Component number
5 1.439 8.993 79.871 2 ERSDERAE
6 1.321 8.258 88.129 Fig. 2 Scree plot of principal component analysis
F 6 ROIERERIRL D A BIERE
Table 6 Component matrix and component coefficient matrix
=0 53 4K Component matrix ) Z U BE Component coefficient matrix
Indicator 1 2 3 4 5 6 1 2 3 4 5 6
7K 43 i Moisture content 0.059 0.323 0.696 -0.335 0.305 -0.331 0.028 0.187 0.452 -0.275 0.254 -0.288
£ [ 7% & Protein content 0.227 -0.338 0.457 0.661 -0.147 -0.088 0.107 -0.196 0.297 0.543 -0.123 -0.077
ZHRER % & Amino acid content 0.477 -0.539 0.086 -0.221 -0.289 0.321 0.225 -0.312 0.056 -0.182 -0.241 0.279
-4k 3K & Cellulose content 0.139 0.466 0.016 -0.059 0.469 0.716  0.065 0.270  0.010 -0.048 0.391 0.623
Y43 C & & Vitamin C content  -0.629  -0.410  0.080  0.405 0236 0299 -0.296 -0.238 0.052 0333 0.197 0.260
1e 8 75 & Anthocyanin content -0.236 -0.524 0.652 0.049 0.287 0.105 -0.111 -0.304 0.424 0.040 0.239 0.091
Ca ¥ & Ca content 0.817 -0.067 0.306 0.334  0.251 0.130 0385 -0.039 0.199 0.274 0.209 0.113
Mg % & Mg content 0.744 -0.157 -0.374 0.337  0.210 0.120 0350 -0.091 -0.243 0.277 0.175 0.104
Fe ¥ & Fe contetn 0.920 0.117 0.123 0.006 -0.162 -0.269  0.433 0.068 0.080 0.005 -0.135 -0.234
Mn £ & Mn content 0.798 0.395 0.113 0.061 0.278 -0.053 0.376 0.229  0.073 0.050 0.232 -0.046
Zn % & Zn content 0.629 -0.229 0.103 0.099 -0.495 0.085 0.296 -0.133  0.067 0.081 -0.413 0.074
Se & & Se content 0.260 0.398 0.725 -0.253 -0.285 0.213 0.122 0.231 0471 -0.208 -0.238  0.185
S BE4 & Total sugars content -0.452  -0.540 0.584 -0.058  0.034 -0.107 -0.213 -0.313 0379 -0.048 0.028 -0.093
S5y & Total phenols content -0.307 0.778 0.296 0.180 -0.219 0.284 -0.145 0.451 0.192 0.148 -0.183  0.247
&1 & Flavonoids content -0.470 0.415 0.094 0.342 -0.522  0.201 -0.221 0.241  0.061 0.281 -0.435 0.175
BT & Total saponins content  —0.268 0.573 0.048 0.510  0.156 -0.442 -0.126 0.332  0.031 0.419 0.130 -0.385
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Table 7 Comprehensive scores and rank of different asparagus varieties
W el g F %5434 Principal component score JEx =Y HEF
Variety No. 1 2 3 4 5 6 Total score Rank
1 -1.323 1.481 1.484 0.766 -1.273 -0.390 0.745 6
2 -1.466 1.804 0.877 -0.262 -0.126 -0.600 0.227 7
3 -1.652 -0.583 -1.419 -0.510 -0.852 0.574 —4.442 14
4 -3.789 -1.529 -1.602 0.331 0.941 0.833 -4.815 15
5 -2.332 -1.712 -0.415 1.846 0.982 -0.296 -1.927 11
6 2.032 -0.345 -0.901 -0.307 -0.399 -0.844 -0.764 9
7 1.120 -4.294 0.936 -0.578 -1.731 0.767 -3.780 13
8 1.045 0.971 -0.220 -2.254 1.476 1.407 2.425 3
9 0.503 0.251 1.471 -1.769 0.867 -0.092 1.231 5
10 -1.967 -0.207 3.284 -0.474 1.668 -1.034 1.270 4
11 1.630 1.055 -0.397 -0.149 -2.441 -0.059 -0.361 8
12 4.285 -0.272 1.515 2.426 0.344 1.014 9.312 1
13 -0.865 3.061 -0.774 1.010 -0.118 1.903 4217 2
14 1.836 -0.146 -2.206 -0.546 0.463 -0.443 -1.042 10
15 0.943 0.464 -1.634 0.471 0.199 -2.740 -2.297 12
25 20 15 12 10 5 0
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Fig. 3 Dendrogram of cluster analysis for different asparagus varieties
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