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Evaluation of nutrition, aroma components and antioxidant activity of

mulberry fruits from nine varieties

JIA Manli"?, LI Na"?, WANG Binbin"?, FAN Wei"?, XIA Aihua', LI Jisheng"*
('Hebei Universities R & D Centre for Sericulture and Specialty Enabling Technologies, Chengde 067000, Hebei, China; “Institute of
Sericulture, Chengde Medical University, Chengde 067000, Hebei, China)

Abstract: [Objective]l Mulberry fruit (Fructus Mori) is one of the first batch of medicinal and edible
homologous agricultural products approved by the Ministry of Health. It has high nutritional value and
has extremely significant effect on improving memory, reducing blood lipids, regulating intestinal flora,
and relieving fatigue. In recent years, the production and consumption of fruit mulberries have in-
creased rapidly, and its processed products have also increased apparentally. Therefore, selection of
high-yield and high-quality fruit mulberry varieties is very important for the development of the fruit
mulberry industry by accurate evaluating the fruit properties, nutrition, aroma components and antioxi-
dant capacity of the existing fruit mulberry varieties. [Methods] The 9 fruit mulberry varieties named
Anshen, Qusang, Mengsang, 8632, Wu45, Luyou 7, Guihua, Baiyuwang, and Dongguang Dabai in He-
bei Province were used as experimental materials, ultraviolet spectrophotometry, solid-phase microex-
traction combined with gas chromatography-mass spectrometry and enzyme-labeled method were em-
ployed to detect the nutrition, aroma components and antioxidant capacity of the each variety, and SPSS

23.0 software was used to perform difference analysis and principal component analysis of the measure-
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ment results (principal component analysis, PCA). [Results] The juice yield of the white mulberries
was generally higher than that of the black or red mulberries. The juice yield of Guihua was the highest
(76.75%), and the juice yield of Anshen was the lowest (49.970%). There was no significant difference
in the water content among the 9 varieties (p > 0.05). The soluble solid substance (TSS) content of all
verieties distributed in 13%-20%, the veriety Mengsang had the highest content in the contents of the
soluble solid substance (20.383%). the ascorbic acid (89.488 mg-g"), the total acid (21.365 mg-g") and
reducing sugar ¢ (68.844 mg-g"). The hardness (4.503 N-cm™), the total flavonoid content (26.468 mg-g™),
the total polyphenol content (23.097 mg - g''), the DPPH removal capacity (25.202 mg - g"' V¢ equiva-
lent) and the ABTS removal capacity ( 51.778 mg - g"' Ve equivalent) of Anshenare were significantly
higher than those of the other varieties. The active ingredient content and antioxidant activity of the
white varieties Guihua, Baiyuwang and Dongguang Dabai were significantly lower than those of the
purple-black varieties. A total of 59 aroma compounds were identified from various mulberry varieties,
and the aroma components were basically the same in big category, mainly including esters, ketones, al-
dehydes, and alcoholsand acids. The types and contents of the components were significantly different
(p < 0.05). The relative contents of esters, aldehydes, acids, alcohols, and ketones in descending order
were 35.71%, 28.57%, 14.29%, 7.14% and 7.14%, respectively. The variety with hiest content of aroma
substances was Dongguang Dabai (36 kinds), followed by Guihua (34 kinds), Baiyuwang (33 kinds),
Anshen (28 kinds), and Qusang (27 kinds). The contents of aroma substances of the remaining 4 variet-
ies were very low. The PCA results showed that the cumulative variance contribution rate of the 7 prin-
cipal components reached 97.187%, and the larger contribution rates were PC1 and PC2. The character-
istic value of PC1 was 10.976, and its contribution rate was 37.847%. The characteristic value of PC2
was 6.592, and its contribution rate was 22.730%. The comprehensive principal component value F
showed that Mengsang had the highest score, 1.611 points, followed by Baiyuwang and Anshen. [Con-
clusion] There were significant differences in nutrition, aroma components and antioxidant capacity of
the different varieties of mulberry (p < 0.05). Mengsang, Baiyuwang and Anshen had the best compre-
hensive quality Baiyuwang had large fruit shape and high yield, low acidity and sweet taste; Mongolian
mulberry was sweet and sour, but the fruit shape was small and the yield was low; Anshen was a new
variety with significantly higher active substances content and antioxidant capacity than other varieties.
These three varieties could be used as excellent germplasm resources for in-depth development for dif-
ferent perspectives. Follow-up research should further explore the related factors affecting mulberry
quality, and post-harvest treatment and quality control as well.
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Table 1 Main characteristics of 9 varieties of mulberry
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l%jl fﬁ;:” ﬂ]variet iﬁ%’%ﬂ in E)I ﬁ?ﬂ]s cies Fruit Fruit shape Fruit amount of ~ Weight per
Ty y g 1Ty sp color index individual bud fruit/g

ZZft Anshen HRIBER A B AT T H& e 1.767+0.154  8~11 1.430+0.158
Cultivated by Sericulture Institute Morus alba L. Purple black
of Chengde Medical University

il Jiequ R SES KEE 1.551+0.016  3~5 1.557+0.205
Tianjin Morus alba L. Purple black

3¢5 Mengsang AL AE P B ELAR Rt o eSS E AR 2.023£0.071  5~7 0.986+0.012
Varieties in Xinglong County, Morus mongolica Purplish red
Hebei Province Schneid.

8632 VEAEA AR R 20 B3 i) 2.238+0.163  4~5 5.466+0.246
Cultivation of Northwest University ~ Morus multicaulis Purple black
of Agriculture and Forestry Perr.
Science and Technology

)45 Wud5 FRABEE 22 B L T & KEE 1.551£0.016  4~6 1.557+0.205
Cultivated by Sericulture Institute Morus multicaulis Purple black
of Chengde Medical University Perr.

%75 Luyou7  WWRBRWHAPEE ®5 E AN 1.969£0.160  3~5 2.438+0.356
Cultivated by Shandong Sericulture  Morus multicaulis Purplish red
Research Institute Perr.

H:1E Guihua AL AL ELAR SR A SEA W 1.804£0.033  6~8 1.694+0.321
Varieties in Zunhua County, Morus alba L. Lavender
Hebei Province

[ EE Baiyawang  PUlbRMEHE K5 E SE LIRS REN 2.33240.063  5~7 4.267+0.407
Cultivation of Northwest Morus alba L. Milky white
University of Agriculture and
Forestry Science and Technology

PN AR AR B SR SE Ey=r) 1.979£0.169  5~6 1.690+0.141

Dongguangdabai Varieties in Dongguang Morus alba L. Jade white

County, Hebei Province
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Table 2 Nutrient contents of different mulberry varieties

Ak #% £ iz A JE Y 1 R
Rt pCUEEELA) WIE {0k Acdeonens  Redungsugnr Ascomicacd

content/% (mg-g" content/% content/(mg-100 g™)
2 Anshen 15.233+£1.138 ¢ 49.970+0.048 d  83.603+0.010 a  11.865+0.678 d 63.027+£1.260 bc  46.213+£5.553 ¢
il Jiequ 13.400+3.205 ¢ 55.964+4.882 ¢ 84.119+0.752a 13.173+£1.049 ¢ 54.987+2.431e 42.821+2.112 ¢
% %% Mengsang 20.383+0.611 a 58.338+£0.027 ¢ 79.081+£0.025a 21.365+0.439 a 68.844+2.878 a  89.488+5.231 a
8632 15.283+£0.703 bc ~ 55.633+4.705¢c  85.601+0.605a 14.074+0.742 ¢ 55.54942.118 de  42.788+5.864 ¢
)45 Wud5 14.517+0.605 ¢ 56.646+£1.928 ¢ 83.619+£0.622a 18.701+2.209 b 61.575+0.950 ¢ 48.634+4.881 ¢
#9575 Luyou7 14.617+0.854 ¢ 57.324+2.616 ¢ 74.174£0.946 a  18.698+0.346 b 54.130+£1.246 e  66.692+1.866 b
FELE Guihua 15.183+1.297 bc  76.754+0.028 a  85.105+0.019 a 6.059+0.697 £ 57.706+1.356 d  43.505+3.896 ¢
17 F Baiyuwang 14.733+0.931 b 69.473£0.019b  84.093+0.015 a 7.324+0.124 ¢ 53.825+3.239e  46.253+£2.711 ¢
%96 K 1 Dongguangdabai  18.367+1.558 ab  66.940+0.015b  78.050£0.013a  8.248+0.599 ¢  64.799+3.599b  32.208+3.670 d
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Fig. 1 Comparison of the contents of total flavonoids, total polyphenols and polysaccharides in different mulberry varieties
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Fig.2 Comparison of DPPH and total antioxidant capacity (T-AOC) of different mulberry varieties
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Fig. 5 Relative contents of different mulberry varieties
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Table 3 Variance contribution rate of first three principal

components
S0 % WIIRRFIEAA A R ETTIRE
Principal Initial Variance Cumulative variance
component  eigenvalue percentage/%  contribution rate/%
1 10.976 37.847 37.847
2 6.592 22.730 60.577
3 3.520 12.140 72.716
4 2.621 9.039 81.755
5 2.141 7.383 89.138
6 1.306 4.502 93.641
7 1.028 3.546 97.187

PC2 FIHFAEAE N 6.592, HTTHRZE N 22.730%.

PC1 = E DA S5 FVE FR 8 s o
Hh O 4B TR LB E R 2156 H 38U LB )
H-0.927.-0.900.-0.938, tH y1 % B FEi & 5 2 HE
¥ = DPPH FLEFL A A BE 71 (T-AOC) (1) % 41 AL EL
435 9-0.885.0.811.0.793.0.784.0.765. PC2 LA 2-
R - T R R 2 o 2 fr 3B 0.93752- 1
I 2- PG TS L 4 A2 2% C, 7 LK 90 9 4 0.865
0.816.0.718, HH4 & = B4 1) DT R 28, 15 B X SRt
i JOR 2 M B R I 32 1 4 A& PC L AT PC2, F A v

T4 INHIMBHERD BETERK

Table 4 Loading matrix of first three principal components

FEH5 Index PC1 PC2 PC3 PC4 PC5 PC6 PC7

CUF2 2.1 Hexanoic acid ethyl ester -0.927 -0.322 -0.052 0.115 -0.014 0.001 0.131
BE#% 2.1 Ethyl heptanoate 0.069 -0.486 -0.065 0.249 0.791 0.194  -0.070
T2 2.1 Butyric acid ethyl ester -0.900 -0.364 -0.067 0.095 0.046 0.183 0.070
W2 2.1 Etheyl Octanoat -0.938 -0.288 -0.059 0.058 -0.043 -0.038 0.113
2-F L% R PG 2-Methylvaleric acid methyl ester 0.018 0.937 -0.059 -0.063 0.024 0.222 0.231
1-3J#5-3-F% 1-Octen-3-ol 0.631 0.376 0.421 0.208 0.020  -0.130 0.471
6-H 3-5- )7 -2- i 6-methyl-5-heptene-2-one -0.310 0.729 0.171 0.070 -0.112 0.551  -0.148
-1 Pentanal 0.470 0.618 0.064 0.035 -0.557 0.176  —-0.211
LI Hexanal 0.635 0.587 0.135 0.429 0.113 0.069 0.064
/% Hexanal 0.496 -0.203 -0.291 -0.013 0.746  —0.245  —0.091
2 7.1 Benzeneacetaldehyde 0.722 -0.278 -0.302 -0.413 0.146 0.327  -0.096
2 H % Benzaldehyde 0.307 -0.132 0.844 0.262 0.091 -0.056 0.168
3-H 3L T 3-methyl butyraldehyde 0.710 -0.229 0.439 -0.210 -0.039  -0217  -0.395
2-HI3E-T % 2-Methylbutyraldehyde 0.664 -0.075 0.648 -0.056 -0.057  -0310 -0.162
2- CUJ#5 1 2-Hexenal 0.070 0.865 0.265 0.118 0.378 0.124 0.050
2-Bif# I , (2)-2-Heptenal, (Z)- 0.161 0.816 0.313 -0.299 0207  -0277 0.005
7% Butanoic acid -0.756 -0.182 0.075 0.264 -0.193  -0.334 0.178
4-H -3 J5E Octane, 4-methyl- 0.568 -0.029 -0.361 -0.661 -0.199  -0.181 0.189
SRR & 5 Total flavonoids content 0.811 -0.434 -0.206 0.244 -0.171 -0.042 0.136
S 2 ¥ i Total polyphenol content 0.730 -0.506 -0.132 0.345 -0.166 -0.051 0.209
£ §li & Polysaccharide content 0.793 -0.059 0.093 -0.238 0.339 0.260 0.293
DPPH 0.784 -0.451 -0.101 0.316 -0.190 0.159 0.067
MPTEALEE T (T-AOC) Total antioxidant capacity 0.765 -0.452 -0.110 0.312 -0.216 0214 0.054
¥ Tuice yield -0.885 0.142 0.143 -0.290 0.197  -0.033 0.128
% 7K Z Moisture content -0.095 -0.310 0.751 0.342 0.033 0.123  -0.220
T [ JE TSS content -0.279 0.674 -0.362 0.398 -0.011 -0.240  -0.198
M4 %07 & Total acid content 0.719 0.292 -0.540 0.086 0.083  -0.089  -0.210
IR FES 7 Reducing sugar content -0.139 0.299 -0.448 0.767 0.138 -0.128  -0.117
#E4: % C Vitamin C 0.376 0.718 -0.414 0.108 -0.041 -0.192 0.166

R ODEN S 2 MY 2 . DPPHIE R S PE b
e 11(T-AOC) .

242 HZAHIASME RIELGE FRSHERS
ARG TFE O N M E AR5 (Y1.Y2. Y3,
Y4.Y5.Y6. YD LG EMAEF, &S, HEEKS
AL EPCLEEA YL W, S EH A A3 T
1611490, R AR FM 2, L E E R E AR
SR L R 5 B 5 e D PR 5, 9 A SRR HE R I T

5 HAET  ZH.8632. 8% 7 5 W45, 17l &
DIV NEN eI

3 %W w

FFTESE R, 4T (505 T 0 5 b L R AE A R
B A 2B ERURGELRE N EREETA
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Table 5 Scores of comprehensive principal components of mulberry of 9 varieties

£S5 INTRHMREMNEESENSF

o

HZ Bl Mulberry varieties Y1 Y2 Y3 Y4 Y5 Y6 Y7 F{d Fvalue #J7 Rank
41 Anshen 0.977 -0.567 0.104 0.251 -0.076 -0.029 0.049 0.709 3
F1 il Jiequ 0.547 -0.212 0.020 -0.024 -0.106 0.130 -0.010 0.345 7
5% %% Mengsang 0.300 1.369 -0.194 0.171 -0.017 -0.008 -0.009 1.611 1
8632 0.750 -0.114 0.265 -0.066 -0.097 -0.059 -0.071 0.608 4
M) 45 Wud5 0.903 -0.594 -0.138 0.068 0.239 0.003 -0.024 0.456 6
&7 Luyou? 1.169 -0.029 -0.318 -0.275 -0.046 -0.035 0.036 0.501 5
HE Guihua -2.528 -0.342 0.007 0.004 -0.049 -0.028 0.018 2917 9
(4 Baiyuwang -0.214 0.578 0.439 -0.123 0.127 0.014 0.036 0.857 2
ZJ6 K A Dongguangdabai ~ —~1.905 -0.090 -0.186 -0.006 0.026 0.013 -0.025 -2.173 8
SRR MR 2 B A v » T 22 ML L S I e By S 7 4 2 B
i

YR SR EARE N B s T M. ©F
TR, AWtk B B3t 2 & 5] R AR A1,
N 5| A 240 L R AH 2R A3 4 R SR T I AN Ty 24
EPRe S I R B S R N PR R St
SRV S A SR, % T8 FR A S S5 T
(R R AR o 235 7E A8 >R FHf DPPH
ABTS Ve , RIS EA — @ Myt ig v, 2
AS[E] ] 22 57 B2 (p < 0.05) , 55 I 7T 48
e S A ANS FR DPPH H L RE I EE KT A
SRMMRSE R

B SRS ORI 5 1) SRR £ /0 0 T 7 T
A w2 FY AT 707, 6 e H AR
T S B SRREA EE R L. BRIBZEI 3
KEOR2 5 AR 1555w B R M
s, R el O TR Ol RS Tk
BB A AEREG 2 A= AFEMFZEK
RRSAR | B Y U § i i e S
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JE W R A 3=, AT AE 0 L ) ok R v TR K B T A 1
By o T AHE TN 9 AN b B 4 4y 88 % 5 59
S B ES, WL ERFESIRLS B, A
5 1 107 1 g 07 I g 7 R T 5 5 2 S0 o A R o
AFEMEREZER(p <005 . AJREREWmMZER
MO IR 5 7 7 BT 3 SO TR [ BRI SORR
WA FTZE R AU E et il R
RIEKAMAEEEHHRKENEREY R B A&
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P 215 R A5 R IR AR B AN o, (EUN AR
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