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Effects of sodium alginate and natural chemical composite coating on qual-
ity of fresh-cut lotus root during storage

ZHANG Chun-jie, BATA GOUDA Mohamed-hawali, WANG Jun-hao, PENG Si-jia, KONG Xiao-xue,
ZHANG Qiu-ting, LUO Hai-bo
(School of Food Science and Pharmaceutical Engineering, Nanjing Normal University, Nanjing 210023, China)

Abstract: The response surface method was used to optimize the compound coating antistaling agent of fresh-cut lo-
tus root. According to the functional characteristics of different preservatives, seven kinds of preservatives were selected to
investigate the effects of preservatives with different mass ratios on the color of fresh-cut lotus root. Based on the single fac-
tor test results, Design-Expert.V8.0.6.1 software was used to analyze the response surface test design. The results showed
that the seven preservatives could significantly (P<0.05) delay the surface browning of fresh-cut lotus root, and the opti-
mal combination of compound coating antistaling agent was 0. 50% sodium alginate, 0.27% L-cysteine, 0.76% citric acid.
Under these conditions, the color difference value and the total number of colonies were 1.86 and 2.69x10° CFU/g after 12
days of fresh-cut lotus root storage, which was similar to the predicted value of the regression equation. Sodium alginate
combined with L-cysteine and citric acid coating can effectively delay the surface browning and microbial spoilage of fresh-

cut lotus root and maintain the good quality of fresh-cut lotus root.
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Table 1 Factors and levels of response surface experiment
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Fig.1 Effects of different preservatives on appearance of fresh-

cut lotus root after 12 days of storage at 4 C
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Fig.2 Effect of single factor treatment with different preservatives on the color change of fresh-cut lotus root
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Table 2 The total chromatic aberration of the group treated with different concentrations of preservatives after 12 days of storage
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FrEEIR 10.30+1.67A 5.38+0.53Cc 7.24+1.28Bab 3.9421.43Dd 5.33£0.79Cc
FR 10.30£1.67A 5.90+0.73Che 5.2320.60Cc 7.77+0.64Ba 7.74£0.91Bab
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Table 3 Experimental design and results for response surface analysis

S A TR KT B L->P R K C ¥R Y: AE Y,:TVC fH(CFU/g)
1 0 -1 -1 6.31 1.21x10°
2 0 0 0 3.15 9.96x10°
3 0 0 0 3.15 9.96x10°
4 1 0 1 3.20 9.89x10°
5 -1 0 1 10.88 9.37x10°
6 1 0 -1 2.93 1.21x10°
7 0 0 0 3.15 9.96x10°
8 0 0 0 3.15 9.96x10°
9 -1 0 -1 12.44 1.81x10°

10 0 1 -1 5.31 1.56x10°
11 1 1 0 4.47 9.05x10°
12 0 1 1 1.45 1.46x10°
13 0 0 0 3.15 9.96x10°
14 1 -1 0 3.28 1.02x10°
15 -1 1 0 2.43 9.01x10°
16 -1 -1 0 8.51 1.00x10°
17 0 -1 1 5.57 9.46x10°
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Fig.3 Interactive effects of sodium alginate, L-cysteine and citric acid on the total color difference of fresh-cut lotus root
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Fig.4 Interactive effects of sodium alginate, L-cysteine and citric acid on TVC value of fresh-cut lotus root

TR T A AL S 5T I 8 2 bk R A
T 2B AL (PPO) , W] DL R A&l PPO 1%
PE BBV AL A i AN T, )57 2R
WAl g 2 Fp EEIE W PPO. I PPO FiE B
PPO ., VISR X I 38 8 B B PPO A5 AR 58 B 11
HIFEF, Perez-Gago %> 5T T HL &AL I Fh 2
At D) SRR R 52, 45 SR DAEL
THE WA (WPC) FHlEls (BW) S8 5, il &
TR EHEGUR, I AR iR F - b 2
15, HoH 1. 0% MIHTIR IR T 0. 5% F It 22 2 %o i 4]
SESL AR AR RO BT . RSO 0.5 ¢/ LY
2 RV AL B EE TSI R IS X LA L,
IR AE I S B RE R A A U0 S SR PPO TEPE 4
il MDA FOFR 82, b 25 0 il 6 U)SE R A48 A8 . A1

Pk 2 H A S R R e Tz R R R, TR A R 1
LA S R R AR A T I Y Y
TRTRI fi 550 2 A Ak B f 7 1 SRR O B Y R
Wi, 25 SR 7R 10 o/ LAY BRI & iU LR — M 5+
LR MLR ML 55 52 e kb BEBE AR PPO T 1, 7T
JE BAAN G POD 35V A R0 i )2 A AR IR
Fea g, ARgar, rit 7 FhOR &R A — 2 B 4E
G teE )RS AR ROR , FLRR 1 K/ NIUT S 0. 75%
FrEE BR> 0. 25% ifg ¥ 1R 44> 0. 50% -2 bt & 1R >
0.50% B 8> 0. 25% 7¢ 5K B> 0. 50% . K A7 B >
1. 00%L-A5 2R ,

FHOCHFSESE RR I 52 PR 6k SR AR T 0 —
R85, Rojas-Graue %5V #8487 N- 2t F b
GATRFNAT e H RS o 280 Vg 88 PR 4 RN 452 e B o



TRAFT S IR N & KAL) B JE 0 U] S R O 6 R A S ) 183

T 78 HoAr S U S Sy T A ROR 25 R, 5ok
INTAE AR 70 (0 % BEAE EL , A8 0 1 4% 5 4% 201 1 A
BhR A AR AL, HTHE S 1E R AU, Xt
PISERA B AR BE AR . Robles-Sanchez 2570 f
PUI AIL R RIS T 8196 95 1 A o Ak L £ ) 2
AR S0 IR L, 5 A BT LR v A )
TR IPU AT M, PRI D) P SR A T T, R
5P FH 0. 02% V. +0. 15% CA (F7HERR ) +0. 20%
NaHSO, & & i fif 57 ib PR EF ) 8, 7F 10 CF,8 d
DY e DA T AR AR e, ARG i B R
Bl A% R 0. 50% ¥ 35 R £ + 0. 27% L-Y: it & i +
0. 76% ¥R , Z ARG AYSEHE 12 d NA34ERs R
GF IR F I LT 4 ik MBS O i 710) ] 40E 2 i 1) 32 75
(R A5 A B B

Bl e K B S i ) S R O R Y 55—
FEHEE, ERAE L D)oy b AT R b 41204
52 BN 5, — 7 T2 2200 AR, 55— T
s SR T AU R T N A W iR e it T
BLE, B A 4L 208 R S B 4368 32 2 il
FUBE H R S EEEEOR Y WA X R
I A T S M A T R D) ERE L E A
X HWEAEZ P EEY) P ST PR A 25 SRR )
BRoR TR 5 BRI IR, 25 F) 1 x10° ~ 1 x 10°
CFU/g, FIHT, BN ANRIE 510 6 U185 32 3k 4
Pl 5 AR E A B L RIB . Ansorena 45 Tiff
FELERFW 2% 75 BB 0. 75% F2 W FL LT 4 & b 3
BEYIPE 22 A6 FE S C RV 18 d, B VE B T %
% 31.62 CFU/gH17.94 CFU/g, Pushkala %" fif
FEAERFEW T 0. 2% 5 R0 0. 2% 52 R AR
b FEE YIS N 22 R TS N 22K R,
Pl AE AR | AT T I R A W75 g%, AT AE 10
CALIR M IERK R4 2/ 3 d, Sarengaowa L8t
GEh RN T EL A T 010 VA U8 TR A R U4 IR Ak B T
DASER RPN 16 d AR ELH], ARG, &80
TEFEZS 0. 50% 7 BERR AN +0. 27 % L-E I B2 +0. 76%
PG AEE A TR IO EE R b B 4 CIVHE 12 d
IHH: TVC {8 ]2, 69x10° CFU/ g, 35 W 2 45 U IR A5 6
FR A BT B 1) S B 1) B A R A R R
4 45

T AT U0 U 6 1 T B D) SR AT (SR AP 1 3
FiOREES] 72 LAk b S o 7 AR A | 345 6 )

TR R E R B TR BRI 4158 0. 50% 1 3 iR
BH+0. 27% L-F IR IR +0. 76%F R . B0 E iR 40 4%
RER, 4 CTIH 12 d e EBEGOEER
1. 86, VI Ifii i (1, #8548 2 BEAIK, TVC {E 4 2.69% 10°
CFU/g, IREFICR R AT, RGERNE & L-F M
TR FIRTAGE TR 1% IS Ak 3L M A 3050 i 2% o1 57 8 460 70 A
TR B W, 24 LA v I

S E Wk
(1] . & 20 M. A5 AR U i, 1996
56.

(2] REM,ZI0K. EME RN TICR S &R &&H TR
$7, 2002, 23(8) :99-100.

[3] WANG D, CHEN L, MA Y, et al.Effect of UV-C treatment on the
quality of fresh-cut lotus ( Nelumbo nucifera Gaertn.) root [J].
Food Chemistry, 2019, 278(4) :659-664.

[4] TOIVONEN P M A, BRUMMELL D A. Biochemical bases of ap-
pearance and texture changes in fresh-cut fruit and vegetables[ J].
Postharvest Biology and Technology, 2008, 48(1) :1-14.

[5] A7 Wi, E FF5 85 RIS DAL B 65 88 R
WBAE R T] SRR, 2014, 35(18) ;214-218.

[6] DING Y,YUN J,LI X, et al. Evaluation of nano-packing on the
shelf life of fresh-cut lotus root ( Nelumbo nucifera Gaerth) [J].
Advances in Intelligent and Soft Computing, 2012, 165:775-780.

(71 F ¥, KEkNI BRI 45, Cory i HE AL 3 fif DI ERE R IS
Uit BT 2 [ 7] & Tl R, 2016, 37(3) :334-338.

[8] ZHANG S, YU Y, XIAO C, et al. Effect of carbon monoxide on
browning of fresh-cut lotus root slice in relation to phenolic metabo-
lism[ J]. LWT-Food Science and Technology, 2013, 53(2) :555-
559.

[9] DAI L, ZHANG J, CHENG F. Cross-linked starch-based edible
coating reinforced by starch nanocrystals and its preservation effect
on graded Huangguan pears[ J]. Food Chemistry, 2020, 311(3) :
125891.

[10] APHgz, X0 B s, 7eSRops/ R A 20 il e A 5
K LDPE HRXTIL 7Y AL I 68 bt JBT 5% 0 [0 o ) £ i 2 4,
2013, 13(4) :131-137.

(1] ZERkMe, MHBA, it 5. 50 RO VR REOGT fiF 1) 3 b 4 ) (R i
TERILI] B AN, 2012, 28(1) : 14-17.

[12] BRASIL I M, GOMES C, PUERTA-GOMEZ A, et al. Polysac-
charide-based multilayered antimicrobial edible coating enhances
quality of fresh-cut papaya[J]. Food Science and Technology,
2012, 47(1) :39-45.

[13] LI X, LI W, JIANG Y, et al. Effect of nano-ZnO-coated active
packaging on quality of fresh-cut ‘ Fuji’ apple[ J]. International
Journal of Food Science & Technology, 2011, 46(9) :1947-1955.

[14] ZHOU D, HUANG Y, TU K. Effect of konjac glucomannan coat-

ing on antioxidant capacity and phenolic metabolism in fresh-cut



184

AN NI A

2021 4F & 37 % 1M

[15]

[16]

[17]

[18]

[19]

[20]

[21]

(23]

[24]

[25]

lotus roots[ J ]. Journal of Food Processing & Preservation, 2018,
42(9) :el3759.

A, KRR AF L B H SO A 5 IR IR X ) 3
FEOREEACRAGSEIA [T BB, 2016, 37(8) :266-271.
MEZ, SEEG, B AR, 5. SERMEIT A IR IR G ff 1) 35 7 A
WFIE[ ] &S HIBK, 2010, 26(1) ;145-147.

THME, 2 B EEAE, 5. TR KR A IR T i )
SERE PR EEROCR AT [T ] B RS2, 2012, 12(3) - 131-
136.

ERTAERRIET R A 2, BRI EHA)R. &
Al R A B BV B - GB 4789.2-2016[ 8] L5t i
[ bRife i ik, 2016.

JIAJ, MA H, ZHAO W, et al. The use of ultrasound for enzymat-
ic preparation of ACE-inhibitory peptides from wheat germ protein
[J]. Food Chemistry, 2010, 119(1) :336-342.

XUERT, B2 B, HE 45, VS R A 1 57 R MR o S R 2
SRBHBSEA L) ] P EBERE, 2013(8) 161-65.

XK FRIAG A3 A A I/ R AR A o B L) S
EAERWETELT]. A AR, 2016(12) ; 164-168.
CABEZAS-SERRANO A B, AMODIO M L, COLELLI G. Effect of
solution pH of cysteine-based pre-treatments to prevent browning of
fresh-cut artichokes[ J]. Postharvest Biology & Technology, 2013,
75:17-23.

ALL S, KHAN A S, MALIK A U. Postharvest L-cysteine applica-
tion delayed pericarp browning, suppressed lipid peroxidation and
maintained antioxidative activities of litchi fruit[ J]. Postharvest
Biology and Technology, 2016, 121.135-142.

LIU F, ZHAO J H, GAN Z L, et al. Comparison of membrane-
bound and soluble polyphenol oxidase in Fuji apple ( Malus domes-
tica Borkh. cv. Red Fuji) [ J]. Food Chemistry, 2015, 173(15) ;
86-91.
PEREZ-GAGO M B, SERRA M, DEL RIO M A. Color change of
fresh-cut apples coated with whey protein concentrate-based edible
coatings[ J ]. Postharvest Biology & Technology, 2006, 39(1) .
84-92.

PR R SO R, A A IR A ] 6 DS SR A AR A A
FEHLEHIL ] &M, 2018, 39(3) :282-288.

ERON, B JF B A AT BRI U RO 4 T A 5

[28]

[29]

[30]

[32]

[33]

[34]

[35]

[36]

[37]

WG] SR, 2016(8) :166-171.

w07 BN AR WL AR O R 52 A T G ) 2 2R
PRSI A0 GE M R AR RS2 e [ ] B R, 2020, 41
(3):218-223.

ROJAS-GRAUE M A, TAPIA M S, RODRIGUEZ F J, et al. Alg-
inate and gellan-based edible coatings as carriers of antibrowning
agents applied on fresh-cut Fuji apples[ J]. Food Hydrocolloids,
2007, 21(1) .118-127.

ROBLES-SANCHEZ R M, ROJAS-GRAU M A, ODRIOZOLA-
SERRANO I, et al. Influence of alginate-based edible coating as
carrier of antibrowning agents on bioactive compounds and antioxi-
dant activity in fresh-cut Kent mangoes[ J]. LWT-Food Science
and Technology, 2013, 50( 1) :240-246.

= BN N LA A AR I SR AR Y
WIS T]. MBI 5 %, 2015, 36(12) ;114-116.

XUGEFHE, Ml &) Wl 4. S e 6 D) SR 22 4 4
FEHEREL )] Sr FHEPIE, 2018, 16(2) :607-613.

YARON S, ROMLING U. Biofilm formation by enteric pathogens

e

=N

and its role in plant colonization and persistence[ J ]. Microbial Bi-
otechnology, 2014, 7(6) :496-516.

ABADIAS M, ALEGRE I, OLIVEIRA M, et al. Growth potential
of Escherichia coli 0157 ;H7 on fresh-cut fruits ( melon and pine-
apple) and vegetables ( carrot and escarole) stored under different
conditions[ J]. Food Control, 2012, 27(1) ;37-44.

O ARRRDS. SEUTER SR L I R M RS S A
TFHATA[ D). FE A B SRR, 2016.

ANSORENA M R, MARCOVICH N E, ROURA S I. Impact of
edible coatings and mild heat shocks on quality of minimally pro-
cessed broccoli ( Brassica oleracea 1..) during refrigerated storage
[J]. Postharvest Biology & Technology, 2011, 59(1) ;:53-63.
PUSHKALA R, RAGHURAM P K, SRIVIDYA N. Chitosan based
powder coating technique to enhance phytochemicals and shelf life
quality of radish shreds[ J]. Postharvest Biology & Technology,
2013, 86:402-408.

SARENGAOWA, HU W, FENG K, et al. Thyme oil alginate-
based edible coatings inhibit growth of pathogenic microorganisms
spoiling fresh-cut cantaloupe [ J ]. 2019, 32
100467.

Food Bioscience,

(T2 4% TR EAK)





