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Measuring texture quality of mulberry fruit using a texture analyser
WANG Binbin"?, LI Na"?, JIA Manli"?, CHEN Xiuling"?, FAN Wei"? XIA Aihua"?, GAO Yujun"?, LI
Jisheng"*

('Hebei Universities Technology R & D Center for Sericulture and Specialty Enabling Technologies, Chengde 067000, Hebei, Chi-
na; “The Sericultural Research Institute, Chengde Medical University, Chengde 067000, Hebei, China)

Abstract: [Objective]Mulberry fruits taste good, which is largely influenced by texture. Texture param-
eters including hardness, adhesiveness, cohesiveness, springiness, gumminess and chewiness, have
been recorded in many fruits by a texture analyser. However, the texture profile studies on mulberry
fruit are limited. By comparing with different probes, testing speed, maximum inductive element, mini-
mum inductive element and shape variables, a unified optimum method was established for detecting
the texture quality of mulberry fruit at different maturity. [Methods]For probe selection, the texture of
JiSang 501 (An Shen) fruits during ripening was detected with a TMS-Pro/Touch texture analyser. In
texture profile analysis (TPA) mode, three different probes, named P/2, P/5 and P/10 with 2, 5 and 10
mm in diameter, respectively, were used to evaluate the texture quality. The test speed, pretest speed,
post-test speed, deformation, maximum sensing element, minimum sensing element and data acquisi-
tion rate were 1 mm-s”, 0.5 mm-s”, 0.5 mm-s”, 40%, 500 N, 0.3 N and 9600, respectively. Fresh fruit
samples were placed at the appropriate position on the object stage. The surface at the middle part was
used as the test platform. [Results] (1) Among three probes, the stress area of P/2 probe and the index
of mulberry texture quality was the smallest, and the texture curve exhibited drastic changes. Hence, the
coincidence between them was not good. While the stress area of P/10 probe was large, and the error of
texture index tested among samples was too large. The indexes detected by the P/2 and P/10 probe

could not adequately evaluate the pericarp texture. On the contrary, the consistency of texture index
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measured by P/5 probe was better. Thus, the P/5 probe was more suitable for analyzing the texture quali-
ty of mulberry fruit than other two probes. (2) Correlation analysis among all texture parameters
showed that mulberry hardness was significantly (positively) correlated with springiness and chewiness.
Cohesiveness was very significantly (positively) correlated with springiness and chewiness, but the cor-
relation between adhensiveness and other parameters was not significant. It was suggested that the TPA
parameters (hardness, cohesiveness, springiness and chewiness) can be used to characterize the fruit
quality. (3) In the orthogonal test and range analysis, the deformation was the most important influenc-
ing factor. The optimal parameters of deformation, maximum sensing element, test speed, and minimum
sensing element were 50%, 400 N, 60 mm - min"' and 0.3 N, respectively. [Conclusion] The surface at
the middle part was used as the test platform. The obtained parameters including hardness, adhesive-

ness, springiness, cohesiveness, chewiness and gumminess can accurately reflect the texture quality of

fresh mulberry fruits.
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Fig. 2 Characteristic curve of mulberry texture determined by different probes in the TPA models
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Table 1  Analysis of the results of texture differences reflected by probe (P/2, P/5and P/10)

Tk T FiRE W S MHIg§ P

Probe Hardness/N Adhesiveness/mJ Cohesiveness Springiness/mm Chewiness/mJ
P/2 1.69+£0.27 a 0.07+0.01 a 0.24+0.04 a 1.68+0.36 a 0.51£0.24 a
P/5 4.40+0.20 b 0.09+0.01 b 0.28+0.01 b 2.60+0.16 b 3.30+0.51 b
P/10 11.09+2.16 ¢ 0.08+0.01 ab 0.26+0.04 ab 2.55+0.20 b 5.94+1.32 ¢

W A NG FRRIRER R (p < 0.05). T,

Note: Different small letters in same column mean significant difference at p << 0.05. The same below.
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Table 2 Correlation coefficients among textural

parameters of the TPA test on mulberry

Rt NERM

ZH i . . st MFL Mg
Adhesive- Cohesive- .. .

Parameter Hardness Springiness Chewiness
ness ness

TRz 1

Hardness

FiRE -0.196 1

Adhesiveness

I 0.096  0.064 1

Cohesiveness

vk 0.530 ** 0.082 0369 ** 1

Springiness

M Mg 7t 0.929 **-0.178 0362 **  0.609 ** |

Chewiness

AR REREE (p <0.05); ERERMEE (P <0.0D .

Note: * and ** indicate significant difference at 0.05 and 0.01 level.
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Table 3 Results of orthogonal test for determination of texture properties of mulberry by TPA

% Factors

JFRE M fE Texture properties

WG Itk i /NN TG >IN

AR

T

ME g

Pk

Treatment No.  Testing speed/ Minimum sensing Maximum sensing Deformation/ ~ Hardness/ ~ Chewiness/  Springiness/ A %Ti
(mm-min")  element/N element/N % N mJ mm Cohesiveness

1 55 0.25 350 45 3.18 2.80 3.15 0.30
2 55 0.30 400 50 3.87 2.19 2.60 0.21
3 55 0.35 450 55 3.74 3.89 3.20 0.26
4 60 0.25 400 55 3.91 2.79 3.14 0.19
5 60 0.30 450 45 3.56 1.89 2.39 0.22
6 60 0.35 350 50 3.85 2.59 2.87 0.23
7 65 0.25 450 50 3.38 3.25 3.47 0.30
8 65 0.30 350 55 3.56 2.87 3.14 0.24
9 65 0.35 400 45 3.17 2.21 2.67 0.26
K ardness 3.60 3.49 3.53 3.30

Ko ardness 3.71 3.66 3.65 3.70

K ardness 3.37 3.59 3.56 3.74

R ttaraness 0.40 0.17 0.12 0.44

Kimumtt ceniness 2.96 2.95 2.75 2.30

Ko mumtt ceniness 2.42 232 2.40 2.68

Kt cheniness 2.78 2.90 3.01 3.36

R st cheniness 0.54 0.63 0.61 1.06

Kttt pringiness 2.98 3.25 3.05 2.74

Kot pringiness 2.80 2.71 2.80 2.98

K st pringiness 3.09 2.92 3.02 3.16

R st sprininess 0.29 0.54 0.25 0.42

K et coe 0.26 0.26 0.26 0.26

Ko st coesiveness 0.21 0.22 0.22 0.25

K et conesiveness 0.27 0.25 0.26 0.23

R et conesivencss 0.06 0.04 0.04 0.03




A5 1139

FMME, S8 o A ORI S L B i J5R (R TR T 2019

PE AL 2.85 mJ, #ME AL 2.96 mm, NN 0.28. M
IEAZ ARG b ] DA S H R B AE A A &1 1
HARAY , o AR e 1A B R B IR R R .
30w

SRS MR PR v L TR R R TRk
TFF 0 R AR 5 S0 b ot S5 10 2 50N T e e S 5 o J L
A B o i IR o A it o R T
1) T AR 2 R SR FH o A ASC KT, AR i
TE A B R RIS /N 5 RS AL DA R A3 T
A, A& N SF AT S H DL S A S 45
PRl LR TR 5 1 ) IR R R ARSI, 2 i
RSk i AR BN, HBREH T REME—1
/INTRAE I B B 30 SR S B SO A it JBT 5 A R AR I i s ok
BN LS ) R, I R A E A TERE
oS R o HA IR RS R Y B
BE PR Bk T 0E PO S 1 SR B A T S BRI SR AT
TPA MR, 177 v 2 il i U 1 i PE g 2 5, v]
PL— AR 2 AN S5 NGB IAI 45 & KN 241
S AL S5 AN [F) A R e it SR S BEAMEIR T, BRI U, TPA
WS A 75 S b o 4 e IR

SEF K FH TPA 7712, 0 S EE AT T Hb i T %558
RINFE I PE SRR Ly SR o L TH I
) RO AR S A 22 , il 5 1 P L P SR e < ML AR
B A, BRI LU A7 I FE TR A A SR S o A
Bl RIHG R B PRS00 R M o e
WP PRI A DG AN 22, 58 5 LAt 2 B0 D MR AR
72, M XFTEEPT AR O BEEAT TPA MR , §5 &
PSR T % TR I MR ) R R R O, B
SHAMSER MR . 8T 5 HE N 7R
PR R], FEE RA S

ZARES HP A7 AR AR — L8N A2, 48 4 el T N D Y
SRR, RS T — P S50 (0 o Re 1 VA AT R
L, 2 R it — P PR R A S8 P I o A R A

4 # B

PASEFEAE 50T B, SR AN [F) 4R Sk 2047 51 44
SIAT, RIWP/S BUER Skl A SE W BT A I . i
IEAZ SR 4341, K FH TPA J7 b A7 S 3850 o h & o A
DB, ¥ 58 TE AL 5 50% , 55 KUY TG 400 N, P E
£ 60 mm-min", /NMERLIG 0.3 N &S, e UR L
AR IR AT, i SR A5 A 2 | REL M\ P SR A N

SR RERC T S R S B AR R . A IR
LT B AR N E T, B T R
JRVEAT B PN 28 5 T DA 3 ST A RV P 8 8 o
S5 T ISR AR -

£ Hk References:

[1] PEL P,CHAS H S, NHOEK P,KIM Y M, CHIN Y W. Chemi-
cal constituents with proprotein convertase subtilisin/kexin type
9 mRNA expression inhibitory activity from dried immature
morus alba fruits[J]. Journal of Agricultural and Food Chemis-
try,2017,65(26):5316-5321.

[2] ADAM J, BILLING-MARCZAK K, JUSKIEWICZ J, KROT-
KIEWSKI M. Formulation of a mixture of plant extracts for at-
tenuating postprandial glycemia and diet- induced disorders in
rats[J]. Molecules,2019,24(20):3669-3680.

[3] YUANQ X, XIEY F, WANG W, YAN Y H, YE H, JABBAR
S, ZENG X X. Extraction optimization, characterization and an-
tioxidant activity in vitro of polysaccharides from mulberry
(Morus alba L.) leaves[J]. Carbohydrate Polymers, 2015, 128:
52-62.

[4]  Z&E, WRE . SRR LT RF O R,
[ A% 2389 , 2009, 25(24) :303-307.

LI Dongxiang, CHEN Qingxi. Study progress of functional in-
gredient and development in mulberry[J]. Chinese Agricultural
Science Bulletin, 2009,25(24) :303-307.

[S] SINGHAL B K, KHAN M A, DHAR A, BAQUAL F M,
BINDROO B B. Approaches to industrial exploitation of mul-
berry (Morus sp.) fruits[J]. Journal of Fruit & Ornamental Plant
Research. 2010, 18(1) :83-99.

[6] RE= AR AERE . RENEFRRMEIIES R
A R EEYSETE,2004(8) :22-24.

SONG Xiyun, REN Dawen, REN Shuqi. The nutrition and
healthy function of mulberry and its comprehensive utilization[J].
Food and Nutritionin China, 2004(8) :22-24.

[7] o, SRR FROUE , R BB RN, RS A

AR S FER 5 AL B SR S A LR D). o R
2016,16(10) :147-153.
HAN Qiang, GAO Haiyan, CHEN Hangjun, FANG Xiangjun,
MU Honglei, ZHOU Yongjun, WU Weijie. Effects and mecha-
nism of ozone treatment on mulberry postharvest physiological
quality[J]. Journal of Chinese Institute of Food Science and
Technology,2016,16(10) :147-153.

[8] %y, @ BRAL RS . RERGMENEKI 1%

TS R 4G 2 5 i BT PR AN [J]. 2k R, 2018, 44(1) < 137-
142.
CAI Chong, JIANG lJianzhong, CUI Xuhong, QIAN Jiaying.
Construction and quality evaluation of postharvest microbial
growth kinetic prediction model of mulberry[J]. Acta Sericologi-
ca Sinica,2018,44(1) :137-142.

[9] . 1-MCP X FER S5 A HL AN IR [T]. £3 R
2011,32(2) :310-313.

HUO Xiangi. Effect of 1- methylcyclo- propene treatment on
post-harvest physiology of mulberry[J]. Food Science, 2011, 32



2020 xrOW

4

{4 #38%

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

(2) :310-313.

INEEE, HZAE, TRAKEE . TPA T 0 BT C7E & d i 7 i 1)
RHI[I]. SEEeAL 2 H4R ,2007,2(5) < 1-4.

SUN Cailing, TIAN Jichun, ZHANG Yongxiang. Application of
TPA test mode in the study of food[J]. Experiment Science and
Technology,2007,2(5) : 1-4.

Fhn, EHEIS . TPA B 73 M K Nt 2 AR %0 39 2R TPA i ¥ 7
BrIsEmaI]. & fRFE,2004,25(12) :68-71.

JIANG Song, WANG Haiou. TPA and effect of experimental
conditions on TPA test of apple slices[J]. Food Science,2004,25
(12) :68-71.

AR, BRI TS , EK R, (R, DA, R R, AR RS, 5
G TR B T 5K SE 5 4 8 5 £ 77 VB [0, SR 2
#%,2018,35(5) :113-123.

ZHAO Ailing, XUE Xiaofang, WANG Yongkang, REN Haiyan,
GONG Guihua, JIAO Jinhua, SUI Chuanling, LI Dengke.
Measuring texture quality of fresh jujube fruit using texture
analyser[J]. Journal of Fruit Science,2018,35(5) :113-123.
Wi¥s, Bk, 5, SRR, MR, IS . BT HL 22 T 43 T (TPA)
ISR A U VEL]. S 2441, 2014, 31(5) £977-985.
YANG Ling, XIAO Long, WANG Qiang, ZHANG Caixia,
CONG Peihua, TIAN Yi. Study on texture properties of apple
flesh by using texture profile analysis[J]. Journal of Fruit Sci-
ence,2014,31(5) :977-985.

TR, B RE . DU U5 M 25 1 23T (TPA) 7% 3 BER Ja Ji
AL AT I]. Ak T2 %4, 2005, 21(3) :166-170.

PAN Xiujuan, TU Kang. Comparison of texture properties of
post-harvested apples using texture profile analysis[J]. Transac-
tions of the Chinese Society of Agricultural Engineering, 2005,
21(3) :166-170.

T2 LW, KA IREF T kS T, B, AR
S e A AL IR S o A ep ST R IR AR A (0], SR R,
2016,33(8) :950-958.

WANG Pei, JIANG Shuling, OU Chunging, ZHANG Wenjiang,
HAO Ningning, MA Li, LI Lianwen. Changes in fruit texture of
crisp- flesh pear during fruit ripening[J]. Journal of Fruit Sci-
ence,2016,33(8) :950-958.

WK, A BN, W, SR, BRI ARG BTl A R S
WPk BRI FEAIARI]. TR A A, 2012, 3(2): 77.

WU Yuehui, LI Zhijian, XIAO Ke, ZHANG Qun, XIE Xinhua.
Preliminary report on storage property of orange fruit from two
new orange varieties[J]. Hunan Agricultural Sciences, 2012, 3
(2):77.

FEFANE , 5k BB, 223600, R, 7K-F . 5t 22 1H 2> #T(TPA)
P A T I ) R PA) BT 2 H ). i R,
2011,32(7):375-378.

REN Zhaohui, ZHANG Kunming, LI Zhiwen, NONG Shao-
zhuang, ZHANG Ping. Study on the evaluation of texture param-
eters of grape berry during storage by using texture profile analy-
sis[J]. Science and Technology of Food Industry, 2011, 32(7):
375-378.

G R, VR . W A SR A IS i ARG RL R K TPA
RAE[D). B wETE 59 % 5,2009,30(2) : 114-117.

XU Zhibin, LI Jianrong, CHEN Qing. Study on textural proper-
ties of post- harvested chinese red bayberry by using TPA[J].

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Food Research and Development,2009,30(2) :114-117.
KA, RALTS W F A, T T, BRI, X E A BT 2 T T
S BT = ARl R S SRS B AR AL [T]. AE TR, 2016(4):
141-145.

LI Yonghong, ZHANG Lisha, CHANG Ruifeng, WANG Zhao-
yuan, CHEN Hu, LIU Guojian. Change of texture properties of
three peach varieties during postharvest storage by texture pro-
file analysis[J]. Northern Horticulture,2016(4): 141-145.

R AR, A, B, Koo, REKE L KT
VR SIS TR SR BT RTURSEI]. TAR AR ALY,
2017,44(11):129-137.

LI Fengting, ZOU Bo, XU Yujuan, XIAO Gengsheng, TANG
Daobang, YU Yuanshan, WU Jijun. Effect of freeze-hot air dry-
ing on the quality of dried mulberry[J]. Guangdong Agricultural
Sciences,2017,44(11) :129-137.

RERG, A6, TR, FRZE | DI A% 1 A A8 A0 0] B A o 3t
FITH A3 A 25 SR A R2 I [T, bR, 2011,32(13) 15-18.
SONG Yuxing, SHAO Xingfeng, ZHANG Chundan, CHENG
Sai. Effects of different test conditions on texture profile analy-
sis parameters of strawberry fruits[J]. Food Science, 2011, 32
(13) :15-18.

B R A T R AL O VLV . B AR R
B i VT SE RS B S R (D], BT FE 5 T, 2019, 40
(5) :209-213.

LUO Bin, ZHAO Youbin, YIN Xueqing, ZHAO Donglin, DU
Zhilong, HE Jiangtao. Application progress of texture analyzer
in the research of fruit and vegetable quality evaluation[J]. Food
Research and Development,2019,40(5):209-213.

VR DR . Wi SR S A A A A o St AR A LA O IT 9
[J7. AR 5 2R, 2009, 9(1):66-71.

CHEN Qing, LI Jianrong. Research on texture change regularity
of the chinese bayberry during storage[J]. Journal of Chinese In-
stitute of Food Science and Technology,2009,9(1):66-71.
JACKMAN R L,GIBSON H J,STANLEY D W. Effects of chill-
ing on tomato fruit texture[J]. Physiologia Plantarum, 2010, 86
(4):600-608.

GUNNESS P, KRAVCHUK O, NOTTINGHAM S M, D’ AR-
CY B R,GIDLEY M J. Sensory analysis of individual strawber-
ry fruit and comparison with instrumental analysis[J]. Posthar-
vest Biology and Technology,2009,52(2):164-172.

H Bk S0 YR, SRR WS, B2 RSME T
H 4 R B2 55 1 4 2 of PP 7 5 TPA Joit M R 1% 5 B ) 52
W[T]. & f AR, 2014,39(4):257-263.

XIAO Lu, GUO Fengjun, FAN Xinguang, ZHANG Zhenfu,
ZHOU Zhicai, WANG Meilan. Influence of deformation rate
and degree of compression on textural characteristic parameters
of cherry tomato in texture profile analysis[J]. Food Science and
Technology,2014,39(4):257-263.

XUHT, &R, A, X H, B KR, B =R R A
[ PR T RS D00 7 330 i TR AL ST PRI DAY [T, RBER 2754
2016,49(8):875-881.

LIU Li, GAO Xing, HUA Deping, LIU Xiang, LI Zhiwen,
ZHANG Ping, LI Sanpei, ZHANG Shaohui. Evaluation of the
textural properties of melon flesh by different texture test meth-
ods[J]. Journal of Tianjin University,2016,49(8):875-881.



