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Fig. 1 Comparison of basic nutritional

composition and relative content of

different mulberry varieties (g/100g)

x1 AERMREEMEFHRISSETNH
Table 1 Analysis on the content of basic nutrients in different varieties of mulberry
K4 Y s il
. K9y id i B EL1R A %
hyail Moisture Ash . Total . Total .
Variety content content Total acid phenols Protein flavonoids Anthocyanin
k 100 100
(100g)  (2/100g) he) gy (#1000 (myrg)  (m/1008)
. .?‘jx 81.29 £0.95" 1.52+0.12" 43.13£0.73" 2.37+0.14™ 0.72+0.05¢ 67.52 +3.41° 359.74 +23.17°
Medicinal mulberry
BE : : 1 1 d
90.34 £0.51* 1.98 +0.17* 10.23 +0.33° 0.44 +0.03° 1.93 +0.04° 37.62 +2.79 5.67 +0.39°¢
Black mulberry
’{%\% b be e ¢ f f
. 80.10 £2. 19" 1.37+0.12 7.13 £0. 61 0.42 +0.05 1.22+0.08"  10.49 £1.15 ND
Pink mulberry
ﬁ*ﬁmﬂ.i 82.10 £2.57" 1.24 +£0.04°Y  6.96 +0.12°  0.57 +0.06°  1.17 £0.06" 19.69 +2.95°  0.30 0. 00°
Qiange Lisang
. H3 83.75£1.32" 1.38+0.06" 4.37+0.27"  0.47+0.04°  1.55+0.14° 18.90 +1.79° ND
White mulberry
IR
Shanxi black ~ 90.24 +0.47*  1.55+0. 11"  7.62+0.75° 1.98 £0.43"  2.68 +0.13" 111.02 £5.39" 111.22 £3.25°
mulberry
BISEFR
Taiwan black 81.18 £0.33>  1.19+0.05¢ 16.03 +0.68" 2.78 +0. 52° 2.38 £0.06° 148.59 +7.95* 307. 61 +16. 85"
mulberry
S 375 b . . a a b d
81.33 £0.42>  0.99 £0.09° 12.01 £1.07° 2.87 +0.76°  2.99 +0.09° 111.34 +2.73" 73.67 +4.34
Black pearl
Mean 83.79 +4. 12 1.40 £0.29 13.43 £11.98 1.49 £1.11 1.83+£0.77  65.68 +51.23 107.28 +140. 05
CV(%) 4.91 20.95 138.39 74.6 42.06 76.32 130. 55

T : RSN NG PR R i R[] 22 545 P <0. 05 K 135 ND R AR A

Note: Different small letters in the same column indicate significant differences among different cultivars at P <0. 05
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291. 14 ng/g, Fe/NAHY 3 57. 89 ng/ g Ml iz ZBRAy
FMARNPHERREDPHAE, GERRTER
KA1 110. 14 ng/g, H/N AR 137.99 ng/g;
M E IR SRAEATA% M S A 6508 R AETE, o
2 216. 75 .289. 46 ng/g; IT TR Z 4041 TR A
SR UmHERR 5 R 0 F R SME A TE T AT A% A 5
oo ORTRI SR R S i AR B IMR IR O 24 5
BIEREA INPERR AFRIR R AR RR,
RE, K2 K3

320000 = g Ferulicacid (SN /LA Epicatechin e
JLZF Catechin [ Wit B % Quercetin
P F 788 Erucicacid  [L_] MR Caffeic acid ” d10s0
I Rutin
Chlorogenic acid
% 216000 ] T Gallic acid H H 4 900
2
= - 750
2 48000 |
42
L 40000 600
g5 o |- al
g
=5
& E 32000 - 450
5
5 24000 |
- i 300
© 16000 | i
i
i 150
8000 | EI |
| i
) = ” ol i : I 0

R BR MR NBR (R 0ARE AR
2 AERMRBEPHBELEY
BERST
Fig. 2 Content and distribution of phenolic

acids in different varieties of mulberry
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Fig.3 Content and distribution of different

types of phenolic acids in mulberry
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IR R, & R IR 17 P R, H
H Asp il Glu 7EAN A SR SR 2Z 0] A28 b s R i B H A
Yoy R, AR iE Sk 347.82 ~ 54.6 mg/100g .,
278. 04 ~42. 74 mg/100g; Cys Fl Met & & fa &
HI6FH & B8 K, g R 1.41 ~5.07 mg/100g,
1.16 ~12. 10 mg/100g; X} 8 FhFEL VAT L, B
B A EE LV R MBR R
AR, A SR AR AR N, B KO LT R S
7. 81 ~347. 82 mg/100g, fr/N A ER 1. 44 ~67.91
mg/100g; FREER SIS B RMB R 3 FpRFE P QR
— AR S H R T 70 mg/100g 947 Asp \Glu
Ala FlI Arg; 255 M3 I RE/NT 30 mg/100g
M)A Thr Gly . Cys.Val Met Ile F1 His, 4

KA R 000 90.00 180.00 270.00 360.00

Amino acids content (mg-100g™)

R

i
bl

S

Asp Thr Ser Glu Gly Ala Cys Val Met Ile Leu Tyr Phe Lys His Arg Pro

T Asp: RITTAENR ; Thr: IR 8 R ; Ser: 22 R ; Clu: &R 5
Gly: T3 /R ; Ala: N Z 1R ; Cys: 2 PR ; Val: 4 2 R ; Met: T4
25 e s 552 R s Leu s 528 s Tyr: B 2R 5 Phe : RN &R s Lys -
AR s His : 2H 208 ; Avg : K5 2R 5 Pro: 2008 5 I I (APl 4T s &
B, R RN R R TR

Note: Asp: aspartic acid; Thr: threonine; Ser: serine; Glu:
glutamic acid; Gly: glycine; Ala; alanine; Cys: cysteine; Val;
valine; Met: methionine; Ile: isoleucine; Leu: leucine; Tyr: tyro-
sine; Phe: phenylalanine; Lys: lysine; His: histidine; Arg: argi-
nine; Pro: proline; The redder the color block , the hiher the content,
Conuersely the darker the blue,the less, the same as below

4 AR@MRERN 17 HE—
[ERSERE
Fig. 4 Heat map of 17 single amino acids in

different varieties of mulberry
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66.34% , AR BRI R MR 5 1
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M3 Ek 158.02 mg/100g, (7 % b Fh TAAs [y
10. 54% ; BCAAs Fll AAAs G35 A B 7R, i 5 &
S o R, & o 32,00 ~ 240. 66
17. 60 ~158. 71 mg/100g, 25 H1 11 3% , AT & fili 55
HRMIDPERR, R EZR AR E (P>
0.05) ; MAAs BB % 4k £§ ML 1A & F i, & & 7F
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BEUTERZMEEBER FCAAs 5RILFIK
FE AL 25 VIAE G, ¥{H hy 384. 76 mg/100g,
i TAAs 11 39. 78% , A A #5 3& 90. 91 mg/100g,
AR H 5% 242,09 mg/100g, 4% i f (] 45 24
FRLH A7 AR AN R R B 1 48 57, CEAAs A8 5 R U0
KN 67.25% FFAERERAE AR ; NEAAs 48 5 %
/N 45. 08% ,A[A) i Bl ] NEAAs A8 8500 F
78, HAM 28 ) S I PR A 45.86% ~ 55.21% , ik #F

ARl SRR A —E 2 ek, 3R 2
2.4 AEREKMEFEMIBIRERXMNE

W R, & T b A AE7E AN TR R B2 A OGPk
HEREREA 16 4 L BERA 11 4,

K5I SR B 0 ARG, 5 H AT
ﬁlﬂﬂ%ﬁ%*ﬁa@@,uﬁa K5 EAR S

PR St 1R G, S5 AR T FOFILE ) A k2 TE ARG ;
li%ﬂ(ﬁﬁn AR AL, B 5 H AR AR Y 0 2 A
%, Hirh 5 SRR A6 2R R A 2 R O
AHSE s BT R LB 70 51 5 B R B A
ARG s B IR 5K 43 K A3 R ARG, 5 H A,
T bR 34 SR IE A OGP, Hor 5 R R | A
LT 2R B A 25 A0 G SV SR 5 2 848 b 1)
EIAFRRENT M, BS
2.5 AEARESMBE—SEBRIETL

o B, fE AN IR 257. 63 BT, K 8 %
%nu?‘rﬂh%ﬁ4 B, Hrp 2 Ry — 26, I 7E R
FOAWEBRNE R MR, ﬁ*ﬁﬂm%%ﬂaiﬁ
%*% FBBHONBIE, B2k S
k1 KFC BECS ,ECS . TA a%ﬁ%%ﬂﬁj%?ﬁﬁt
Fo 5 5 TR RS R i — R 2 55 A
7,5 TP Pr TF HPS JZS B IEAH M 58 =28 1
ATLAGT R 2 AN R 5ol — 28 A4 i =&
FFRN I — I, HA f 48 T AR 2R I X 35

28, EFREBA ; 258 VUSRI TE T 5 HABSE B AR
o — B R S . 16

on"
VOO
[ 4

020 041 050 TP ' ,

0.034 -0.32 0.24 0.88 0.71

\ W\
\\ W\

V 4JRE
-0.26 -0.11 0.83 0.72 -0.059 0.64 An
-0.27 -0.13 0.66 0.66 0.0055 0.67 094 TPA

0.50 0.13 -0.18 0.33 0.76 0.50 -0.067  0.018 TAA

W 7 P<0.05;“ %", P<0.01;MC: /K5 ; AC: JK 435 TA
SR ;TP . By 5 Pr: EE)\,TF B ; An: AETF 2 TPA . B R ;
TAA ; SRR ; PRI 2068 g TE AR OC , 3 68 S A G, 1 B i 520
IRICIFEA KA (P >0.05) , f 7 FRox . ML (0.01 < P <
0.05) , fR 40 A . FAHSE (P <0.01) , T[]

Note; " *" . P<0.05; "**". P<0.0l; MC: moisture con-
tent; AC: ash content; TA: total acid; TP: total phenolics; Pr: pro-
tein; TF: total flavonoids; An: anthocyanins; TPA. total phenolic
acids; TAA: total amino acids; Red is positive correlation, Blue is
negative correlation, Elliptical deviation indicates no significant corre-
lation( P > 0. 05) , Narrow indicates significant correlation (0.01 < P
<0.05) ,Relatively fine is extremely significant( P <0. 01 ) ,the same

as below
5 AEMMBENI NEFMR
FEtRtE R M E

Fig. 5 Correlation heat map of 9 nutritional

quality indexes of different mulberry varieties

T MSZS : B £ 12 s KFS: I HERR ; AWS : T8I 5 JZ8 : 3F 1
Ji%; BECS : LA EK S ECS: LA R s HPS At B K LYS 45 ; LD
FTL R

Note: MSZS:. Gallic acid; KFS: caffeic acid; AWS: ferulic
acid; JZS. erucic acid; BECS; epicatechin; ECS; catechin; HPS;

quercetiny LYS: chlorogenic acid; LD: rutin,the same as below
6 AEMMBERNI17 ME—SFERSENRE
Fig. 6 Heat map of 17 single amino acids in

different varieties of mulberry
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Fig. 7 OPLS - DA analysis of nutritional quality of different mulberry fruits
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Table 3

SSAEMER 72 R E

Analysis of rotation factor load matrix,

eigenvalue and variance contribution rate

of different mulberry varieties

x4 TRAmMMBBEEFmBAENR

[ RYER

Table 4 Principal component score

o

coefficient matrix of nutritional quality

of different mulberry varieties

F {43 Principal component

43 Principal component

LD Mtk
Index 1 2 3 4 5 Character 1 2 3 4 5
MC 0.38 -0.23 0.11 0.76  -0.33 MC -0.019 -0.024 0.074  0.240 -0.167
AC 0.15 016 -0.28 090 -0.26 AC 0.005  0.056 -0.062 0.289  —0.092
TA -0.05 0.98 0.13 -0.05 -0.08
TA 0.026 0.162 -0.005 -0.019 —0.092
TP 0.22 0.40 0.80 -0.37 -0.01
TPh -0.013 0.031  0.208 -0.125 -0.129
Pr 0.52 -0.48 0.68 -0.10 -0.13
TF 028 014 095 —0.11 013 TPr -0.026 =-0.099 0.220 -0.043 -0.137
An ~0.10 0.78 0.57 ~0.01 0.20 TF -0.029 -0.023 0.242 -0.035 -0.056
LD -0.04 0.61 0.58 0.05 0.47 An -0.010 0.091  0.109  0.006  0.006
LYSPA -0.13 0.85 -0.06 0.06 0.42 D Z0.002  0.056 0.078  0.030  0.170
HPS -0l 045075 0.220.36 LYSPA  0.045  0.134 -0.121 0.027  0.220
ECS -0.19 0.96 -0.05 -0.03 -0.21
HPS  -0.037 0.017 0.164 0.087  0.086
BECS -0.19 0.96 -0.05 =-0.03 -0.21
ECS 0.018  0.165 -0.028 -0.011 -0.146
178 0.40 -0.13 0.44 0.76  0.20
AWS 0.3 —0.09 017 -0.66 -0.30 BECS 0.018 0.165 =-0.028 -0.011 -0.146
KFS ~0.25 0.85 0.28  0.03  0.27 178 -0.014 -0.038 0.093  0.250  0.082
MSZs -0.02 -0.01 022 -0.09 0.9 AWS 0.010  -0.007 0.079 -0.231 -0.195
Pro 0.7% 057 017 000 0.0 KFS  0.004 0.112  0.015 0.021  0.084
Arg 0.92 -0.17 0.29 0.0l -0.01
MSZS  0.025 -0.041 -0.067 -0.013 0.511
His 0.98 -0.02 0.09 0.05 =-0.15
Pro 0.086 0.119 -0.046 -0.022 0.022
Lys 0.98 0.00 0.03 0.17 -0.03
. 0.97  —0.20 0.04 —0.04 —0.08 Arg 0.055 -0.008 0.035 -0.020 -0.005
Tyr 0.91 ~0.32 -0.08 0.18 ~0.08 His 0.074 0. 036 -0.022 -0.014 -0.053
Leu 0.98 -0.07 0.09 0.08 -0.07 Lys 0.082  0.040 -0.058 0.029  0.025
Tle 0.98 -0.06 0.04 0.06 -0.11 Phe 0.075  0.007 -0.038 —0.040 —0.004
Met .96 0.05  0.24 0.06  0.00 Tyr 0.068 -0.010 -0.060 0.035  0.018
Val 0.98 -0.09 0.05 0.12  0.00
Leu 0.075  0.026 -0.031 -0.001 —0.009
Cys 0.79 -0.40 0.15 0.23  0.12
Aa 076 _0.42 0.0l  -0.39 o 14 Tle 0.078  0.032  -0.042 -0.009 -0.023
Gly 0.99  —0.07 006 003  0.00 Met 0.070  0.034  0.001 -0.006 0.006
Glu 0.87 -0.04 0.49 0.02  0.00 Val 0.079  0.022 -0.050 0.013  0.038
Ser 0.96 -0.21 0.07 -0.05 0.09 Cys 0.044  -0.048 -0.004 0.058  0.094
Thr 0.99 -0.15 0.04 005 -0.05 Ala 0.068 —0.043 -0.053 —0.148 0.116
Asp 0.55 -0.35 0.63 0.41 -0.08
Gly 0.083 0.027 -0.051 -0.018 0.036
Ev 15.08 6.98  4.53  3.09  2.09
Glu 0.041  0.000 0.090 -0.013 -0.030
CR(%) 45.70  21.15 13.72  9.36  6.33
CCR(%) 45.70  66.85 80.57 89.93 0626 Ser 0.080 -0.002 -0.050 -0.042 0.088
e Ev: FRAE(E ; CR: BTRRSE ; CCR : BT TR Thr 0.078  0.015 -0.045 -0.011 0.012
Note: Ev: eigenvalue; CR: contribution rate; CCR: cumulative
contribution rate Asp -0.026 -0.074 0.190  0.128  -0.094
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Comprehensive evaluation score and ranking of

nutritional quality of different mulberry varieties

=]
””.ﬁ] F, F, Fy F, Fs D, ;HH?
Variety - Sorting
. ?j;é -0.46 2.37 -0.11 -0.07 -0.52 0.24 4
Medicinal mulberry
e
Black mulberry 1.56 -0.06 -0.85 1.59 -0.14 0.75 1
A =
. e -1.50 -0.70 -0.57 -0.14 -0.44 -0.99 8
Pink mulberry
R -0.09 -0.19 101 -0.53 1.23 -0.20 6
Qiange Lisang
H&
White mulberry -0.42 -0.63 -0.77 -0.06 -0.15 -0.46 7
Py RS
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£ 2 L 25
[EREESES
Taiwan black mulberry 0.00 0.11 1.40 0.13 1.82 0.36 3
oy
ALK 1.33 -0.30 0.46 -1.82 -0.79 0.40 2
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Analysis and Comprehensive Evaluation of Nutritional

Quality of Different Mulberry Varieties
DOU Ziwei' ,YANG Lu*>,CHENG Ping’, ZHANG Zhigang’ , LI Hong’

(1. College of Foresiry and Horticulture, Xinjiang Agricultural University , Urumqi 830052 , China ; 2. Key
Laboratory of Fruit Tree Species Breeding and Cultivation in Xinjiang, Key Laboratory of Forest Resources and
Utilization in Xinjiang of National Forestry and Grassland Administration, Urumgi 830052, China)

Abstract ; [ Objective] To select the dominant varieties suitable for popularization in Xinjiang by analy-
zing the differences of nutritional composition, composition characteristics and comprehensive evaluation re-
sults based on quality of different varieties of mulberry so as to provide reference for variety optimization, new
variety cultivation and multiple utilization of fruit mulberry resources. [ Methods] 6 farm varieties and 2 intro-
duced varieties in Xinjiang were taken as experimental materials to determine 33 quality indexes, respective-
ly. Correlation analysis, cluster analysis, principal component analysis and orthogonal partial least square —
discriminant analysis were used to distinguish the differences of nutritional quality and key characteristic inde-
xes of mulberry. Finally, the varieties with the best quality were selected according to the score of comprehen-
sive evaluation. [ Results] The basic nutritional components of different mulberries had certain differences and
strong correlation, and there were variations in different degrees; all mulberries contained higher rutin and
chlorogenic acid, among which the total phenolic acid contents of medicinal mulberry and Taiwan black were
higher, 17 single amino acids were detected in 8 kinds of mulberries, and the changes of Asp and Glu were
the most drastic and the average content was high. The highest content of TAAs was black mulberry, NEAAs
was the main component of mulberry amino acid, followed by MAAs, and the lowest was CEAAs. Different
mulberry varieties were divided into 4 groups by cluster analysis, and 11 different quality indexes were ob-
tained by OPLS — DA analysis. The first five principal components were extracted by principal component anal-
=0.474,8F, +0.219,7F,
+0.142 ,6F, +0.097 ,2F, +0. 065,8F, and the final comprehensive evaluation score of mulberry could be

ysis, and a comprehensive evaluation mathematical model was constructed; D . ..
obtained by calculation. [ Conclusion] According to the comprehensive evaluation, the top three are black
mulberry, black pearl and Taiwan black mulberry, which can be used as the dominant fruit mulberry varieties
suitable for popularization in Xinjiang.

Key words : mulberry; nutritional quality; orthogonal partial least square — discriminant analysis; com-

prehensive evaluation; good quality screening
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