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Abstract: [Objective]Mulberry(Morus alba Linn.) fruits has become popular due to its rich nutrition
and high medicinal value in recent years. Wild mulberry resources in Guizhou are widely distributed,
and have many ecological types. Some of them have good fruit- bearing properties, good taste and
strong disease resistance. In this study, the fruit quality of 15 wild mulberry germplasm resources was
evaluated comprehensively to provide reference for the selection of high-quality varieties. [ MethodsJA
total of 15 wild mulberry resources were collected from the mulberry germplasm collection of Guizhou
Sericulture Research Institute. Seven indexes of sensory and pH value, juice yield and soluble solids
were determined. The fruit quality of different resources was analyzed in the single factor analysis, prin-
cipal component analysis, cluster analysis and comprehensive grading were conducted using the tech-
nology of spss 23 and excel software. [Results] There were significant differences in fruit quality traits
among 15 germplasm resources, indicating great potential for selection. In principal component analy-
sis, 5 principal components were extracted, the cumulative contribution rate was 87.998%, which re-
flected most of the quality characteristics of mulberry fruits. The contribution rate of the first principal
component was 34.706%, including soluble solid, total acid, total sugar and longitudinal diameter. The
second principal component was highly correlated with Color L and Color b°, which could explain
20.009% of the character information. The third principal component explained 12.768% of the trait in-
formation highly related to juice yield. The fourth principal component was single fruit weight, the con-

tribution rate was 11.169%.The fifth principal component was mainly Color a’, and the contribution rate

%5 B #A:2021-08-06 E% HHER:2021-12-22

EGWE B RPN T IE 8 (201914) 5 [H ZAMRAT FH 7 ML A& RITH (CARS-18-Z1/SYZ21)

YRI5 77, 2o, BRI FE 01, WE 72 07 R W B R S HARHET . Tel: 0851-83817229, E-mail : 493462624@qq.com
*JB {513 Author for correspondence. Tel:0851-83817226 , E-mail : 3487198295@qq.com



594 3 i

S

5394

was 9.347%. According to the principal component analysis, the comprehensive scores of each resource
were obtained, and the order was as follows: Guo2 > Guoll > Guo24 > Guo 33 > Guol > Guo31 >
Guo5 > Guol9 > Guo6 > Guol6 > Guol2> Guo3 > Guo23 > Guo34 > Guo4. The results of data cluster
analysis showed that in the condition of European distance at 10, 15 mulberry germplasm resources
could be clustered into 2 categories, Guol2, Guo24, Guo33, Guo23, Guol, Guoll, Guol9, Guo3l,

Guo2 and Guo5 were classified as I; Guo34, Guo4, Guo3, Guo6 and Guol6 were classified as class II.

The results of classification were highly consistent with the principal component scores. [ Conclusion ]It

is reliable to use principal component analysis and data clustering to evaluate the quality of mulberry

fruits. The comprehensive quality evaluation model established in this experiment can be used to evalu-

ate the fruit quality of wild mulberry germplasm resources in Guizhou. Guo2, Guoll, Guo24, and

Guo33 can be used as excellent fruit mulberry germplasm resources in Guizhou.
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Table 1 Sensory evaluation of different wild mulberry resources

" = Mt Iz
R L8 g TgifEE . . . Lo
Material Single fruit mass/g Hardness/N L “ b T.ransverse L.O ngitudinal
diameter/mm diameter/mm
F1Guol 1.55+0.05 ¢ 16.57+0.35 cd 27.86+0.06 g 4.81£0.19 ¢ 0.76+0.06 i 9.84+0.26 ¢ 36.22+5.37 cde
22 Guo2 2.64+0.07 a 12.10£0.62 ef 35.20+0.02 a 3.84+0.01 £ 8.07+0.05 a 8.75+0.40 cd 43.36+3.64 bed
K3 Guo3 1.31+£0.08 g 18.50+0.96 be 28.33+0.03 f 5.01+0.16 d 0.82+0.03 1 7.71+0.32 de 52.80+2.79 b
R4 Guo4 1.58+0.05 ¢ 8.43+0.50 g 25.61+0.03 k 0.24+0.03 1 -0.30+0.04 k 13.30+£0.29 a 18.87+0.56
25 Guo 5 2.17+0.06 ¢ 18.87+2.30 be 29.30+0.03 d 5.57+£0.03 b 3.38+0.02 d 9.18+0.21 ¢ 44.76+3.41 be
H£6Guob6 2.51£0.04 a 15.27+0.83 d 33.71+£0.02 b 1.19+0.01 k 4.26+0.04 ¢ 9.04+0.62 ¢ 44.06+2.94 bed
R 11 Guo 11 1.94+0.15d 10.77+£0.76 b 30.92+0.051 6.58+0.07 a 3.06+0.03 ¢ 9.39+0.65 ¢ 41.404+4.73 bed
£12 Guo 12 1.60+0.02 e 17.73+0.65 ¢ 24.91+0.02 n 0.02+0.02 m -0.46+0.01 1 7.06+0.45 ef 65.92+2.80 a
16 Guo 16 1.62+0.04 ¢ 23.63+1.16 a 30.84+0.171c  2.34+0.07 i 4.75+0.19 b 7.79+0.24 de 68.04+5.58 a
219 Guo 19 1.47+0.05 ef 24.03+1.55 a 25.08+0.05m  3.22+0.07 g 0.35+0.02 j 9.10+0.58 ¢ 32.04+0.26 de
H23 Guo 23 1.35+0.10 fg 20.67+1.96 f 25.25+0.01¢  -0.03+0.01 m -0.49+0.03 1 7.04+0.26 ef 69.29+3.22 a
H24 Guo 24 2.53+0.10 a 12.4340.87 ef 27.49+0.03 g 2.67+0.04 h 1.21+0.02 g 7.09+0.63 ef 62.89+13.08 a
£ 31 Guo 31 1.84+0.04 d 14.70£1.66 de 27.35+0.02 i 5.40+0.05 Ic 1.03£0.03 h 8.75+0.29 cd 33.65+5.75 cde
33 Guo 33 2.48+0.09 a 14.70£1.08 de 28.94+0.01 ¢ 1.79+0.04 j 2.29+0.02 £ 6.42+0.80 ef 61.72+3.07 a
34 Guo 34 2.35+0.06 b 11.47+0.32 f 26.40+0.02j  -0.24+0.03 n -0.68+0.01 m 11.91+£0.67 b 26.11£2.19 ef

T S G NS FRROR Z R R (p < 0.05).

Note: Different small letters indicate significant difference in the same column (p << 0.05). The same below.

NI



596 3 i)

S

5394

o Horb, R4 MBRER K, N 13.30 mm, AL 5
/N, 18.87 mme ASIE] B R AT FE A 8.43~24.03 N 2
B], o SR 4 (0 ik . 7 LFE 24.91~35.20 2
6], SR 2 s g femn, R 12 B K. PR 3423 (1
Fa N-0.24.-0.03 b, HAR BRI N IEE , R H
REANT ORI, R34 023 R 12. 84100
F bR UE, R A, ORI RS, 2 B
]-'EU[ZOJO
22 TEBERZFEREEFMERILE

W2 B, 15 0 B AR SR A 8 AV
% fin AR AR I HEAT 20 A, 45 SRR A R R
RS TRPMEFTEREEZ R (p <005 . FH

HE RN 35.12%~58.13% . Horb B 23 1 VT R iy
R (35.12%) , 2 31 1) i % A =y (58.13%) . pH fH
IIAGAE 3.69~4.80 Z [8], F A 5K 5 (1) pHAE &/, R 6
(1 pHE K . ATV VR TP & 5T L 3 SR 1
DA B, SR 24 1 AT I M T ) e T A R
W15 18.37% , e 34 AT I M [E M & B Ak,
8.07%. F AT M58 (w, J5FRD e, 4>
HN0.76 mg g 1.04 mg-g'. H 34 (K HE & R
H,N240mg-gt. B33 EPES B, N 12598
mg-g', WA EES BRI, N2493mg-g's R
AR RIS ERIN, N1.53mg g, R4 SRS E
A 11.56 mg-g', /& R4 1) 7.56 1%

*2 TRABERFREFMR

Table 2 Nutritional qualities of different wild mulberry resources

24 24 o4 5
g pH{H ﬁﬁ“% wC B ) Xr(jffy%:n)in ¥(§tz:l %il)enolic ¥(§tz:l ?Slf\l?;noid WO r1"‘}(;2‘141 Pi‘gzi)d
Material pH value Jltuce Soluble solids content/ content/ content/ Total sugar .. content/
yield/% content/% (mg-g") (mg-g") (mg-g") content/(mg-g™) (mg-g")

F1Guol  3.82+0.16ab 56.02+1.83ab 15.37+0.70 ¢ 0.03£0.00d  0.33+0.02d 1.09+0.24 def 80.96+5.41 d 8.83+0.31 ¢
H2Guo2 3.71£0.24b  46.76+2.16cd  13.57+0.76 ef 0.09+0.01 cd  0.41+0.07 d 0.40+0.05 g 104.09+3.90 b 4.71+0.16 f
HK3Guo3  4.78+0.13a 59.64+1.16a 12.70+0.61 f 0.15+0.02¢c  0.5940.09 ¢ 0.96+0.08 def 40.03+7.11 g 5.49+0.49 ef
R4Guod 3.74+0.23b  42.69+£0.36de  9.07+0.15 ¢ 0.76£0.03a  1.04+0.02 a 1.2440.19 de 24.93+2.48 a 1.53+0.06 g
HK5Guo5  3.69+0.32b  40.65£3.09 ab  14.90+0.95cde  0.07+0.00 cd  0.62+0.01 ¢ 0.8440.09 ef 70.33+1.16 ¢ 7.94+0.26 d
HK6Guo6  4.80+£0.13a 49.32+0.34 ¢ 8.30+0.35 ¢ 0.06+0.01 cd  0.32+0.01 d 0.75+0.08 fg 41.26+1.74 f 5.02+0.17 £
11 Guo 11 3.94£0.49 ab  48.69£1.95 ¢ 14.77+0.55 cde  0.07+0.00 cd  0.36+0.06 d 0.86+0.07 ef 89.18+4.50 ¢ 7.63+0.30 d
H12Guo 12 3.75£0.36b  40.97+1.23 ef  13.80+1.01 def  0.02+0.00d  0.59+0.01 ¢ 0.71£0.07 fg 119.72£1.51a  9.34+0.35 bc
K16 Guo 16 3.85+£0.32ab 38.08+1.15ef  17.10+0.26 b 0.09£0.01 cd  0.80+0.01 b 1.12+0.19 def 38.25+4.91 f 5.83+0.50 ¢
H19Guo 19 3.85£0.31ab 47.29+1.91cd 15.27+0.70 ¢ 0.03£0.01d  0.23+0.03 ¢ 1.77£0.26 ¢ 95.39+4.15bc  9.88+0.13 b
23 Guo23 4.01+0.77 ab 35.12+2.18 15.1740.45 cd 0.03£0.00d  0.56+0.05 ¢ 1.02+0.15 def 95.66+3.41 bc  6.01+0.87 ¢
24 Guo 24 3.80+£0.40 ab 35.96+4.10 f 18.37+0.35 a 0.02+0.00d  0.38+0.04 d 2.07+0.33 b 119.1449.32 a 11.56+0.14 a
K31 Guo31l 3.9240.18 ab 58.13+4.59 a 14.90+0.40 cde  0.08+0.01 cd  0.54+0.03 ¢ 1.32+0.20 d 96.01£3.53 bc  9.03+0.14 ¢
K33 Guo33 4.34+0.36ab 51.08+3.98bc  16.83+0.25b 0.03£0.00d  0.32+0.03 d 0.76+0.09 fg 125.98+2.98 a 8.69+0.77 ¢
K34 Guo34 4.20+0.39ab 54.59+£329ab  8.07+£0.25¢g 0.45£0.14b  0.54+0.05 ¢ 2.40+0.11 a 28.90+0.89 g 2.01+0.07 g

23 FEFEREFRRERRERS D0

15 0 B AR S IR 15 A 5 R AR E A
SPSS 23.0 AR b AT B3 43 # , DURFAEAE R T 1 33k
ITHRE, PRI B S A F RS HRIFALHE 1 F
5T FFIEAE A 5,206, TTRRZE N 34.706% s 55 2 F 53
FEAEME M 3.001, TTRR R A 20.009% 5 26 3 = il 4 FF1E
RN 1.915, TTHRFE N 12.768% ; 55 4 £/ FHEAE N
1.675, D1k % N 11.169% 5 55 5 3 il o FrfE N
1.402, TR %M 9.347%. 5 F A Tk % 2t
{EIL F1] 87.998% , AT URRR 26 3B 7 SRt (5 2.2,

F R TR B, B REE R, X% 3 B
() 5 ik 2 B2 g 4 A L, R 1 B R

BRI K ) AT PR T & &, AT 80 0.845, 3L
RELREE . LRESE IZ, AHES N
0.833.0.787.0.725, 44 & 1 & & 1 152 X4 H 57 ik A%
N, BT B I -0.939.-0.899., K5 2 A o
R f K00 2 B e (B L (R b, g B iR
0.934.0.816. 553 F s LS R it R ok
F, e v A v R O A B &4 R 0.716
0.421 5 K Ty 5 56 H TR 5 /), A far B O -0.58 1.
FAEMA VR R T EN TR N, A E R
0.430 ; pH 1E. - B8 S5 0 & o1 ik 5 /N, B Aar 52 49 0l
N -0.794 . -0.510. 255 ER o LAAFE G OB &&=
RIDTER A 3, 1A B0 0.663.0.316



4 w97, BN B AR SR S TR B ) R B MR R M 597
F3 BNEMSHFFHEEMREKE
Table 3 The characteristic roots and contribution rate of main components
g YIUEHFIEAY Initial eigen value PRBCE 5 138\ Extract square sum loading
Principal B AEAY TR %%ﬂﬁrﬁki LA Tk ;%*/E{'JI\'WK}:
component  Ejoen values  Contribution rates/% Cumulative N Eigen values Contribution rates/% Cumulative o
contribution rates/% contribution rates%
1 5.206 34.706 34.706 5.206 34.706 34.706
2 3.001 20.009 54.715 3.001 20.009 54.715
3 1.915 12.768 67.482 1.915 12.768 67.482
4 1.675 11.169 78.651 1.675 11.169 78.651
5 1.402 9.347 87.998 1.402 9.347 87.998
6 0.742 4.944 92.942
7 0.498 3.321 96.263
8 0.210 1.402 97.665
9 0.142 0.947 98.612
10 0.088 0.586 99.198
11 0.064 0.427 99.624
12 0.045 0.301 99.926
13 0.011 0.073 99.998
14 0.000 0.002 100.000
15 0.000 0.000 100.000
x4 IS ESmEIERLEFEREER
Table 4 Rotated component matrix of the principle component analysis
ks %1 Iﬁk% %5‘2 Iﬁk% %3 Iﬁk% ﬁ%giﬁ%f ,’%5 }:)3263\
Index Principal Principal Principal Principal Principal
component 1 component 2 component 3 component 4 component 5
PR i Single fruit mass(X;) 0.081 0.661 -0.003 0.430 -0.543
il Hardness(X) 0.481 -0.383 -0.147 -0.510 0.265
L (X)) 0.166 0.934 -0.247 -0.008 0.074
a (Xp 0.343 0.380 0.439 0.070 0.663
b (X 0.288 0.816 -0.364 0.138 0.191
1% Transverse diameter(X,) -0.899 0.063 0.156 0.270 0.202
#\1% Longitudinal diameter(X;) 0.725 -0.180 -0.496 -0.246 -0.243
pH i pH value(X,) -0.127 0.338 0.159 -0.794 -0.383
HYT 2 Juice yield (X)) -0.249 0.363 0.716 -0.379 0.127
A PELE T4 5 i Soluble solids content/(XG,)  0.845 -0.249 0.008 0.225 0.216
1644 ¥ & Anthocyanin content(X),) -0.939 -0.111 -0.127 0.180 0.013
&% 7 & Total phenolic content(X;,) -0.562 -0.315 -0.581 0.039 0.316
KPR & & Total flavonoid content(X,,) -0.324 -0.456 0.421 0.208 -0.327
S8 B 1 Total sugar content content(X;,) 0.787 -0.109 0.178 0.373 -0.196
KR i Total acid content(X)s) 0.833 -0.242 0.370 0.179 0.020

24 TRFERFFERERRMEEITN

5 P 3 A2 23 A AR T4 R4 18 A
T3 I TIEREATBUCE TS R e 13 9 R EOERE”
ST o RIVBIE ST 2 TR ) 6 3R S 0

¥=0.015 X;+0.092 X,+0.032 X;+0.066 X+0.055
X0.173 X;+0.139 X;-0.024 X;~0.048 X,+0.162 X,
0.180.,-0.108 X;,~0.062 X,+0.151 X,,+0.160 X;s:

Y:=0.220 X;~0.128 X,+0.311 X;+0.127 X,+0.272
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MR 3 o S HDTRR A 48 PP A



598 3 i) = H $39%

N:Y=0.394 Y,+0.227 Y,+0.145 Y;+0.127 Y,+0.106 Y;. x5 HAEIRHF

FIFZ R B 15 00 @ P S B L R 22 & 154y B % Table 5 Principal component scores and ordering

VRS T ST SRV B aean

Ui BZ IR AR DN 1 2 N R bn TR 25 Bt o Material hensive ~ Ranking
Y, Y, Y; Y, Ys score, Y

RS AL IS RBHERBE PR 2R 1T HRE
B . . , L . %) 0.331 2.078 -0.854 1.151 0.269 0.653 1
i BT A B 22 B o 2R B A3 9 i 93 AN 0,653 Guo 2

0.553, oS 24 33 - 1.8 31 8 5.8 19, 1X E 0251 0.873 0.635 0.621 0.800 0.553 2
Guo 11

JU BEIRER 6 4390 B » BN IE A SRR SRS H24 1.031 -0.583 0.251 1.594 -1.451 0.359 3
MR R 6 R 16 F 12 3 23 B 34, 4, Guo 24

= N - N » 33 0.975 0.451 0.181 -0.178 -1.305 0.352 4
B JUB IR G A G, BN S B R R R

Ay =] T,
nnnﬁfﬁiﬁo Rl 0.185 -0.112 1.298 0.004 1.014 0.344 5
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Fig. 1 Cluster analysis based on fruit quality indexes of 15 wild mulberry
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