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Abstract: This study aims to explore the characteristics of main trait indicators in Cudrania tricuspidata fruits and screen
new lines for specific applications. We use mature fruits from five superior Cudrania tricuspidata lines as materials, measure
44 main fruits indicators, and then perform analysis and evaluation using significance tests, correlation analysis, principal
component analysis (PCA) and cluster analysis. The results show that most indicators exhibit significant differences among
the superior Cudrania tricuspidata lines. CZ1 has large and bright-colored fruits, the highest sugar content, and the firmest
texture, but contains relatively low functional components. It shows high contents of Zn, Cu, and Se, and low contents of Mn
and Na. It meets the requirements of high sweetness and firmness and can serve as a cultivar for fresh consumption and
winemaking. CZ2 has small fruits, the fewest seeds, and low sugar content and firmness. It shows a high anthocyanin
content, but low contents of free amino acids, N, P, K, S, B, Mo, Na, and Fe. It meets the requirements of few seeds and high
anthocyanins and can serve as a fresh-eaten cultivar. CZ3 has medium-sized fruits, the most seeds, and the lowest SSC and
Se contents, but high contents of functional components, Al, Fe, and S. It meets the requirements of high protein, total
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phenols, and flavonoids and can serve as a cultivar for functional product development. CZ4 has large fruits and many seeds,
with a medium sugar content, and the highest contents of free amino acids and anthocyanins. It also shows high contents of
soluble protein, total phenols, N, K, P, S, and Mn. It meets the requirements of high total phenols, free amino acids, and
anthocyanins and can serve as a cultivar for functional product development. CZ5 has medium-sized fruit, with the lowest
thousand-kernel weight, firmness, VC, and anthocyanin content, but the highest contents of Ca, B Na and carotenoids, as
well as high contents of soluble pectin. It meets the requirements of high carotenoids and soluble pectin and can serve as a
cultivar for functional product development. Correlation analysis shows that there are associations among the indicators,
with 81 pairs showing significant correlations (P<0.05) and 127 pairs highly significant (P<0.01). PCA extracts seven
principal components with a cumulative variance contribution rate of 93.320%. The principal component evaluation results
show that CZ4 and CZ3 have good comprehensive quality, while CZ5, CZ1 and CZ2 are relatively poor. Cluster analysis
divides the five superior Cudrania tricuspidata lines into three clusters aligning with PCA results. In summary, the five
superior Cudrania tricuspidata lines each have distinctive fruit quality with certain differences among them. Under this
study's conditions, CZ4 and CZ3 show better comprehensive quality, while CZ5, CZ1 and CZ2 are relatively poor. CZ1 can
be used as a cultivar for fresh consumption and winemaking, CZ2 as a fresh-eating cultivar, and CZ3, CZ4 and CZ5 as
cultivars for functional product development. According to the average selenium content, Cudrania tricuspidata fruit can be
regarded as a fruit with high selenium content.

Keywords: Cudrania tricuspidata; Cudrania tricuspidata fruits; quality; element; PCA
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Table 1 Analysis of main physical traits of fruits

T H Item CcZ1 Ccz2 Cc73 Cz4 CZs5
T /g 26.52+3.36 a 20.9243.72 b 21.9743.46 ab 26.79+5.35 a 22.29+4.88 ab
B2 /mm 39.3143.15a 38.61=2.41 a 37.25+5.12 a 40.7243.22 a 39.58+1.82 a
YF2/mm 36.13+1.79 a 30.12+2.25b 33.73t1.75 a 34.9042.5a 30.8042.46 b
T4k 24.67+3.44 ¢ 9.67+2.88 d 39.17+3.49 a 33.33£10.37ab  27.50+7.42 be
T-hilfi/g 76.2046.03 a 47424382 b 50.52+6.89 b 50.3343.26 b 39.82+43.09 ¢
L 31.49+1.23 a 31.79+1.51 a 33.01£1.45a 3224238 a 31.1740.81 a
a 30.00+2.48 a 25.6342.51 b 29.0843.93 a 29.42+41.94 a 27.95+0.88ab
b 17.5+1.69 a 15.36+1.91 a 15.9642.12 a 17.5742.03 a 16.49+0.63 a
c 3433+291 a 29.8742.76 b 33.16+4.59 ab 34.2742.67 a 32.46+0.88ab
ne 30.18+1.02 a 30.9742.87 a 28.91+1.66 a 30.77+1.46 a 30.55+1.13 a

T« A —A7 P EE J5 AN R 958 /NS T RERORTE 0.05 K b2 7 35

Note: Lowercase letters behind data in a row indicate significance of differences at =0.05 level.

x2 RINERRDH

Table 2 Analysis of intrinsic quality of fruits
T H Item CZ1 CZ2 CZ3 Cz4 CZ5

SSC/% 20.48+1.04 a 15.20+1.85 b 12.80+1.09 ¢ 15.12+0.86 b 14.80+0.67 b

TA/% 0.84+0.20 ab 0.49+0.08 ¢ 0.720.24 be 1.02£0.13 a 0.60+0.25 ¢

15/ (kg/em?) 4.00+£0.76 a 1.73£0.21 b 1.38+0.67 be 1.33+0.48 be 0.94+0.24 ¢
TR % 81.29+0.55 ab 82.10+1.13 a 81.11+1.15 ab 80.15+1.20 b 81.91£0.71 a

AR/ (mg/g) 721021 b 6.79+0.33 b 7.96+0.30 a 8.22+0.33 a 5.97+0.27 ¢
PR (mg/g) 135.82+1.10 a 97.53+1.77b 72.37+3.08 d 88.5242.70 ¢ 89.52+1.21 ¢
AR (mg/g) 2.45+0.07 ¢ 4.08+0.22 a 3.1840.17 b 4.19+0.05 a 4.05+0.21 a
SR/ (mg/g) 1.16+0.02 b 0.98+0.04 ¢ 1.61+0.19 a 1.46+0.02 a 1.45+0.03 a

UiE A5 R/ (mg/g) 3.59+0.07 d 3.24+0.05 ¢ 4.51£0.09 ¢ 8.04+0.08 a 6.98+0.12 b

i/ (mg/g) 2.37+0.03 d 2.57+0.09 ¢ 3.86+0.08 a 3.38+0.02 b 3.3240.02 b
11/ (mg/kg) 124.17£13.59 b 156.80£1.175a  104.60+11.17 be 170.80+12.93 a 85.71x11.96 ¢
VC/(mg/kg) 793.40+8.12 a 738.23+9.28 b 802.87+29.75 a 708.47+2.72 be 678.57+2.33 ¢

FEE M (ng/g)

178.38+3.13 b

181.81+1.28 b

179.27+5.46 b

164.77+4.12 ¢

203.1844.57 a

7] AT A K S5 AN RIS NS T RERORTE 0.05 KT B2 R .

Note: Lowercase letters behind data in a row indicate significance of differences at =0.05 level.
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Table 3 Analysis of fruit elements contents

I H Item CZ1 Cz2 Cz3 Cz4 CZ5

N/(g/kg) 2.76+0.08 ¢ 2.2240.10d 3.49+0.14 ab 3.57+0.18 a 3.2440.19 b

P/(g/kg) 0.64+0.02 b 0.49+0.01 ¢ 0.74+0.04 a 0.72+0.01 a 0.69+0.03 a

K/(g/kg) 3.80+0.22 ¢ 3.32+0.03 d 4.26£0.07 b 4.55+0.13 a 4.38+0.16 ab

S/(g/kg) 0.16+0 ¢ 0.13+0d 0.21£0.01 a 0.18+0.01 b 0.17+0.01 be

Ca/(g/kg) 0.10£0.01 b 0.11£0.01 b 0.10+0b 0.11£0.01 b 0.13+0.01 a
Mg/(g/kg) 0.19+0.01 ¢ 0.19+0.01 ¢ 0.27+0.01 a 0.25£0.01 a 0.2240.01 b
Na/(g/kg) 0.037 0£0.005 b 0.022 3+0.002 1 ¢ 0.024 3+0.002 9 ¢ 0.042 0+0.002 7 b 0.049 0+0.003 a
Fe/(mg/kg) 4.293 7+0.600 5 a 3.163£0.170 3 b 4.0823+0.111 6 a 3.379 740.177 5 b 3.017+0.134 6 b
Cu/(mg/kg) 1.207 0£0.070 1 a 0.895 0+0.021 7 b 0.998 7+0.037 2 b 1.309 7+0.208 a 0.930 3+0.061 2 b
Zn/(mg/kg) 3.108 3+0.081 1 a 1.817 0+0.121 5 be 2.009 3£0.1319b 1.561 7+0.131 6 d 1.696 0+0.181 1 cd
B/(mg/kg) 3.052 0+0.2155 b 2.283 0+0.018 d 2.763 0+0.027 2 be 2.680 7+0.238 5 ¢ 4223 7£0.208 1 a
Mn/(mg/kg) 1.959 3+0.121 2 d 2321 3+0.067 4 ¢ 2.995 0+0.0350 b 4.3823+0.1290a 4348 0+0.2153 a
Al/(mg/kg) 1.300 0+0.088 8 b 1.184 0+£0.148 1 b 2.877 0+0.190 8 a 1.374 0£0.109 0 b 1.291 0+£0.081 7 b
Mo/(mg/kg) 0.034 7+0.002 5 a 0.015 7+0.002 5 ¢ 0.013 7+0.000 6 ¢ 0.027 3+0.001 5 b 0.036 0+0.003 6 a
Se/(mg/kg) 0.017 0+0.002 6 a 0.012 7+0.002 1 b 0.008 7+0.002 1 ¢ 0.009 7+0.001 5bc  0.012 0+0.001 7 be
Ni/(mg/kg) 0.192 7+0.014 5 b 0.189 3+0.013 6 b 0.267 3+0.008 5 a 0.248 7+0.026 7 a 0.131 7+0.002 5 ¢
Cr/(mg/kg) 0.021 7+0.003 5 a 0.025 3+0.003 5 a 0.016 0+0.003 5 b 0.009 3+0.001 5 ¢ 0.011 7+0.002 5 be
As/(mg/kg) 0.005 7+0.002 1 a 0.005 7+0.001 5 a 0.006 7+0.002 1 a 0.005 0+0.002 6 a 0.006 7+0.001 5 a
Pb/(mg/kg) 0.011 3+0.001 5 ab 0.008 3+0.001 5 b 0.013 7+0.002 5 a 0.014 7+0.002 9 a 0.012 7+0.002 1 a
Cd/(mg/kg) 0.001 3+0.000 6 a 0.001 040 a 0.001 3+0.000 6 a 0.001 3+0.000 6 a 0.001 7+0.000 6 a
Hg/(mg/kg) 0.001 3+0.000 6 & 0.006 0+0 b 0.005 00 ¢ 0.008 3+0.000 6 a 0.002 0+0 d

T = [E A7 A B 5 A R SR /NG P RERORAE 0.05 KT B R .

Note: Lowercase letters behind data in a row indicate significance of differences at =0.05 level.
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Fig. 1 Correlation analysis among indicators
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Note: " and " indicate statistically significant correlation and significant correlation at the 0.01 level and 0.05 level, respectively.

MR SRR VAR VC M Ca &5 45 b5, Hirh Fe 3R
fr{E 5K, 9 0.901 5 55 3 s H AL & Mo Na il
B &4 A5, Horh Mo B A 8 5 K, 9 0.940; 56 4
F R L TR 0 A AL SR b, Ha e
AN 0.840 F1-0.6265 25 5 T/ EEAE L'
a’ b M CEEFRPR , BT EIAE 0.68 LA |1 55 6
TR AL As MR EEFE bR, LA 4
AH-0.633.0.620; 25 7 F= i o Hh A BAL S Cd 5%
fabn , A E 4 0.694,

PA 7 A5 o3 AR 7 22 DT 2 B, 1
O OB &V R F=0.317F,+0.228F,+

0.175F,+0.106F,+0.093F,+0.051F,+0.031F,,
FAE B U B L B ki . B 6 AT, S /M
AR R R LR LA s EMRAR KR CZ4
CZ3.CZ5.CZ1 M1 Cz2, KU CZ2 35 /N T
Fo LR ERTER, E R 53 M B AT AN R R AR AR
R E R X T
2.6 BESH

DI 44 TUFE b N SRR AE , X5 S AN MR &
HATRE (B 2) . MFEEIEE 108, il RN
32K, $1KEFCZ3IMCZ4, TR &5
HEEE 1.2, SR B BRI B2 KA A CZ5, &
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Table 4 Principal component analysis results
s B TR RRUIEIE
Component Eigenvalue Variance contribution rate Cumula.tlve. varianee
contribution rate
1 12.995 29.534 29.534
2 9.375 21.308 50.841
3 7.169 16.293 67.134
4 4.357 9.902 77.037
5 3.802 8.641 85.677
6 2.085 4.740 90.417
7 1.277 2.903 93.320

B SR 3, R E R A5, 5 3
FH CZIMCZ2, E LA 15755 4.5, 457
AIRERIZE . DL g5 RGeS 5 AN b
& T R s i 2 e, B b
#ﬁo
3 Wit

TSR TR PR AL AR 2 FR AR , AR R
ST b P RN 2R RN R 1 B R TR S AR A VPN R
R AR CE SRR, AR E T S A
M SRR Z I 44 TR bR, B 90 KK 2 B3R bR AE 5
MR R Z AR EEZE R R R
KB T A S, B SR R R
HR A Je I o S DR T R A — B T e
B HE GRS R . CEMRENH, R
SRR FR AR R 57 JE RS20 A, B 57 R PR 8 L+
AR G R R, RS o szt
SR RIHE MR EEE SRR, BRI,
MiROESHL D W RIFEE  Ha I CH—
EFEIEZE 5, RIS A FFR R ARt A % b
R ZER, X BRI E R R
B REARR R REEEAAEES S
JE B R AR, o] DUHIX TS ik B 2
T BT A

X L R AL S 8 S R mT DUR B, R sk
ATV PERE R eSS E R T B K
10, SSC. TA. VC Fl 3% i 55 & & & T B i K
1089 Hak U NS R 1S B AR R
(140 o Ty 0 55 I B K % B 1 SSC VC A8 (8 AT
AT BE AR T M0 3R s K Na Mn.Ni.Cu.Zn %
YJm T £ 58, Mg, Ca. Fe. Se. Mo %5 #{k T 5%
B, S LU [RI R R A S S mT LR, Rl

NI L R =N Sy I TR P R A U S i
g% LRI RN, MR SR S E A ) TR A VC LA K
LSRR A Ry . AR R B R AR
FEI 2 s RS B A AU 4E
FFE B A K R B R A S A B T HO6 A
IR B BR80T R B b 2L A B B4R
FHE - ARIG T TR B, AR b a i & 1.33
mg/g. il & & 3.10 mg/g MAE (015 5 & 128.41
mg/kg, HEMNIX L6 R A AR 546 A E N 24
MERIERITIERA — KR, TTABEFERN, Hh
SR b o B A R 2 A A 2 TR 2 A A U
YRS, B P B R SR AR e B
L, A S AT DA — A LA T R I AT SR R
I8 ) BT AR 7K SR YR B R 2 M TR . (RS
MARSAS [ 28 S3U40 25 1 53 1R 2 5 % o 2 B4R v
FR S ZEEEIRALTT, N2 A 0 EEGE R W 2 5y
PAJ A0 R T RS SRS A
HE— AR B b SR 0 25 A T 5 8 B

W ROCRIE R A KR E H MRS &R
T& 5 FR 7= 1 2 v 55 7 THT R ¥ 36 AN AT Bk (1 4R
JHE2, 4 2 RN A P 3 B RT3 S5 TS
R A3 )2 T WD, o R N AR DR AR G B B
e R ERERS, KRB R K
04 I = i e S [ =TT Rl 7 B I
Fulsld 2 5 Na HUAE Y 116.33, 42 3078 (1) s A1
KR, BE AR, s AR R B B B A A
T B AR v A R0 IR 9 S 25 0 1 X
R, iR AR AERKRELTRRIGRZ — A
FHAR 35N EL AT HUAEAL T 0 ) 5 3 BRI
Jegs XU 25 4 059, B 5k =2 B0t 22 J N ) A 1A fi
RS AR, (h EfE REEERRSERBA
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Table 5 Loading matrix

Bzt By 1 B4y 2 533 T4 5y 5 Y6 W5y 7

Index Component I Component2 Component 3 Component4 Component5 Component 6 Component 7
AL -0.091 0.510 0.441 0.238 -0.335 -0.325 0.243
i g 0.094 0.072 0.577 0.296 -0.009 -0.573 0.075
Ptz 0.128 0.769 0.250 0.061 -0.403 0.109 0.256
SSC -0.538 0.486 0.554 0.218 -0.115 0.171 -0.071
TA 0.452 0.514 0.203 0.249 -0.468 0.109 0.092
T -0.644 0.699 0.186 -0.044 0.158 -0.080 0.019
i 0.741 0.411 0.112 -0.343 0.064 -0.047 0.197
TR -0.398 0.833 0.254 -0.036 -0.091 0.152 -0.022
K -0.678 -0.504 -0.056 -0.291 0.201 0.237 0.222
L 0.289 0.270 -0.304 0.031 0.785 0.151 0.052
a 0.210 0.494 0.255 0.039 0.681 -0.365 0.048
b 0.126 0.460 0.138 0.133 0.822 -0.082 0.166
0.181 0.492 0.233 0.070 0.727 -0.321 0.072
0 -0.145 -0.016 -0.313 0.143 0.499 0.622 0.340
AR A 0.413 0.634 -0.465 0.290 -0.140 0.000 0.121
ALV -0.730 0.412 0.487 0.203 -0.050 0.050 -0.061
PRI 0.323 -0.777 -0.183 0.425 0.097 -0.168 0.041
S 0.915 0.100 0.083 -0.281 0.075 -0.032 -0.082
Ui 25 AR 0.772 -0.271 0.376 0.394 0.020 0.021 0.011
T 0.917 -0.097 -0.210 -0.296 -0.005 0.084 0.054
iAuRES -0.159 0.090 -0.427 0.840 -0.094 0.107 0.092
vC -0.243 0.756 -0.341 -0.407 -0.088 -0.063 0.107
FAE N R -0.166 -0.622 0.419 -0.600 0.108 0.089 0.034
N 0.924 0.172 0.163 -0.075 -0.062 -0.043 -0.079
P 0.851 0.322 0314 -0.167 -0.072 0.133 -0.037
K 0.902 0.078 0.354 0.051 0.017 0.125 -0.043
S 0.799 0.361 0.041 -0.411 -0.084 0.152 0.000
Ca 0.126 -0.715 0.517 0.022 0218 0.177 0.043
Mg 0916 0.182 -0.274 -0.070 0.028 0.139 0.025
Na 0.341 -0.166 0.869 0.246 0.034 0.102 -0.043
Fe -0.065 0.901 -0.035 -0.275 0.154 0.088 -0.103
Cu 0.257 0.626 0.247 0.592 0.060 0.168 -0.073
Zn -0.562 0.690 0.297 -0.235 -0.040 0.118 -0.154
B 0.236 -0.302 0.804 -0.354 0.223 0.102 -0.055
Mn 0.794 -0.443 0.286 0.247 0.091 0.061 -0.004
Al 0.500 0.352 -0.472 -0.626 -0.017 0.008 -0.021
Mo -0.055 0.017 0.940 0.169 0.136 0.153 0.039
Se -0.749 0.171 0.418 0.009 -0.098 0.226 -0.044
Ni 0.451 0.604 -0.623 0.149 0.027 0.101 -0.027
Cr -0.856 0.119 -0.352 -0.171 0.052 0.032 -0.060
As 0.040 -0.105 0.091 -0.435 -0.345 -0.633 0.308
Pb 0.702 0.158 0.171 0.011 -0.376 0.161 -0.429
cd 0.157 -0.134 0.379 -0.164 -0.402 0.310 0.694
Hg 0.393 -0.104 -0.655 0.602 -0.116 -0.063 0.123
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Table 6 Comprehensive score results

T3 H Item F, F, F, F, F, F, F
CZ1 -1.633 6.647 4.360 -0.006 0.899 1.472 1.552 1.9678
Cz2 -2.115 0.310 -0.673 1.126 0.834 0.557 1.757 -0.4364
Cz3 5.259 4.420 -0.408 -2.496 0.641 0.648 1.653 24811
Cz4 5.924 3.612 2.103 3.476 0.764 1.018 2219 3.6271
Czs 3.602 -1.213 5.316 -0.951 1.751 1.414 1.426 1.9684
CZ3° R Y 12 2 2 Ser. A IR LA M A RN 4-7F S A 2
SRS S AN & R AG R 1A, TR A DO
J ARBHE SR B RE &, B2 A BT A5 & )
cz4 SRS, HASY P SRR K 2 W 45 G i R A
2, W2 AERESY . T BL, AT LSS I 2R s rh A R
czs or i 2 R, AT BE U 1) B T g
12, PSR I A R, HE T PRI & . O
on WEFCR YL, B Al LS 3 2 RO e T RN &
JRE O TR 7R A T A R AR, AN BE (R I
36 SR R R e SR A ) 0B 7 SRS o Zn FEAEA AR
cz2 Z 565 1F M a0 > 2 A0 IR AR e AN A KRR

2 AR RN AR ERRE
Fig. 2 Dendrogram of different superior Cudrania
tricuspidata lines

LR, 5 R R Pl & 7 8.6~17.1 pglkg
Z 6], B CZ3 R CZ4 Z Ak, HoEr S 357E 10.0 pg/kg
PLE, BH R CZ1 &5 miL 17.0 pgkg, Z U EH R
T3 1 5 b o R A AR 7= 5 ) (DBS0/T705-2016)
o 5 Al K B AR e , CZ1.CZ2 M1 CZ5 =M &
AT DL ) & A 7K s IS MR 2P S50 5
BORE , Hom T A R A& Bk Rk BN S R A
A i R DL KCERAT A B0, BT DA SR — Pl &
BEREFKER,

FHIME TR B, K& ICE NLP.K.S Al Mg
TR A AR 2 2 EA 22 (P<0.01), H'Ef1H 5 3
IR Ty B AN R A A R TR AR DG (P<
0.0, 55 /K& £ 2 (P<0.05) 8 & 3% f M
KP<0.01) . XBHIFHR T NP.K.SFI Mg K
BIUR BAETE R RIS, 35 [F) 2 5 55 0 iR
B, HS5 28 RS iE S R R G R .
JiT CATE AR e AR B I v, 0 R R A 45
TR A P4, e i —nRm i B S EUE L. T
RS TR B AR 2 U DG (P<0.01) , FLAH SR
FAEN-0.872, 3X W] e S B T B R AE ) AR A
CRE AR 20O AR A AR G A 0D 2 18] 4 i

R A IR, AR R IR I S5 22 Pl (X 4L
J oy BB TN Zn SRS AT b
TR SRR AR R IEAR SR (P<0.0D) , B TR
BT, B T T Il MR S T AL CO, /K AT i f
B2, B G A K R A6 R s ol B I
e/ Re S NER R WA RE DA &S
BESRAEYDOE G R AT LAHEWTAG A N Zn @it
P L S A L SR T & R BE I R 42 2R
e AR R o ESEPRAE S b, BGHE S Y
JIES 9 2 SR S o s AT 23 AR R BE 1T B T SR SR
P

4 g

SRR AEARRIS KT .S M RIE R
B A7 7E 22 5 %A R 6, AT 2 A R R H A
. #& CZ4.CZ3 ZiA i & L hf , CZ5.CZ1 F1 CZ2
AEX 22 s Horp CZ1 AT DA N B R 55 2 H
& bR, CZ2 v DR 6 £ i Fh, CZ3..CZ4
CZ5 ] UIMAE NI RE BT K it o [RIESS, 0 5 HH g
HEEE.
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