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Application of layer-by-layer edible coating on blueberry preservation at
room temperature
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ABSTRACT: Objective To optimize the construction process parameters of layer-by-layer edible coating to
extend the freshness period of blueberry at room temperature. Methods The blueberry named Emerald (Vaccinium
rhododendraceae) was used as raw materials, the weight loss rate and sugar/acid ratio were used as single factor
evaluation indexes for exploring the effects of the concentration of chitosan (CS), sodium carboxymethyl cellulose
(CMC-Na), glycerol and drying time on the preservation efficiency of the blueberry. Subsequently, the orthogonal
design was applied to obtain the optimal parameters of the edible coating on blueberry in room temperature. Results

The optimal coating parameters for layer-by-layer edible coating on blueberry preservation were: CS concentration
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was 6 mg/mL, CMC-Na concentration was 10 mg/mL, glycerol content was 0.06 mL/mL, drying time was 30 min.

Under the conditions, the freshness period of blueberries could reach 12 d, the weight loss rate of blueberry was

(23.97+2.64)%, which were significantly better than that of the control group [weight loss: (33.04+3.39)%] (P<0.05).

Conclusion The treated with the optimized layer-by-layer edible coating can significantly slow down the weight

loss rate and sugar/acid ratio of blueberries, which provides theoretical supports for the practical application of this

technology in fruit and vegetable preservation.

KEY WORDS: blueberry; preservation at room temperature; layer-by-layer; edible coating
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Fig.l Construction process flow chart of LBL edible coating
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Table 1

Single factor test table of layer construction process

A CS e i /(mg/mL) CMC-Na ¥ F/(mg/mL) i ¥ B /(mL/mL) B st [ /min
2. 4,6, 8,10 8 0.09 30
4 4.6, 8,10, 12 0.09 30
IR
4 8 0.05. 0.07. 0.09. 0.11. 0.13 30
4 8 0.09 10, 20, 30, 40. 50
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D), FEILE 2, AR 3K, ERE 3K

#2 EXRBEZRKFR
Table 2 Factor level of orthogonal test

KF LT BCSWKE  CCMCNa kg D HmwKE
/min /(mg/mL) /(mg/mL) /(mL/mL)
1 30 6 6 0.06
2 40 8 8 0.07
3 50 10 10 0.08
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S,

2 HER5SH

21 BEZRRAE
211 REBREMNBEEXETRABERILG YA
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#3 EXRKLHER
Table 3 Results of orthogonal test

RIS A BT HEE/min - B CS ¥ JE/(mg/mL) C CMC-Na ¥ JE/(mg/mL) D Hil#E/(mL/imL) RER% R/ %
1 1 1 1 1 17.06+1.22  31.19£0.72
2 1 2 2 2 17.97+0.65  39.70£0.00
3 1 3 3 3 17.19+0.23  41.37+0.17
4 2 1 2 3 18.78£3.39  28.31+0.34
5 2 2 3 1 16.68+1.82  26.62+0.31
6 2 3 1 2 19.36+0.47  37.80+0.64
7 3 1 3 2 17.25£3.24  28.44+0.00
8 3 2 1 3 17.49+3.75  40.43£0.74
9 3 3 2 1 16.42+0.77  31.14+0.14

k1 17.40 17.69 17.97 16.72

k2 18.27 17.38 17.72 18.19
— K3 17.05 17.66 17.04 17.82

W2 R 1.22 0.31 0.93 1.47

M I D>4>C>B

RILAE A3B,C3D,

Kl 37.42 2931 36.47 29.65

k2 30.91 35.58 33.05 35.31

K3 33.34 36.77 32.15 36.71
W2 L/

W2z R 6.51 7.46 4.32 7.06

A1) Y52 B>D>A>C

ﬁ:’i’ﬁtéﬂé AZBICBDI

®4 EXRBERFTENM

Table 4 Analysis of variance of orthogonal test results

K% -5 A A ¥y F e 23
T B[] 7.128 2 3.564 0.760 0.482
CS W 0.528 2 0.264 0.056 0.945
e CMC-Na ¥ i 4.224 2 2.112 0.450 0.644
R, Hrm s 10.627 2 5313 1.133 0.344
w2 84.443 18 4.691
Bt 106.95 26
T B [ 194.768 2 162.986 526.88 0.00%*
CS W 289.003 2 13.567 43.858 0.00%*
S CMC-Na ¥ i 93.681 2 61.957 200.288 0.00**
L, Hm s 251.349 2 239.514 774272 0.00%*
R 3.452 18 0.309
Bt 832.253 26

T RN .2, P<0.01.
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Fig.2 Quality changes of blueberries with different treatments during storage (n=12)

3 wgSiie

WRFAR B — FR & EH OIS, VTR AL
TR YRR U5 R M A K AR R TR DR 1 1
J&E, SR ARAE R FUBLHE ) I b i 2 Bk,
W T TE R SO A S R B vk . A RAESE AN
J2 2 A 2] BRI E A ACR R EERCR i AL B, KT
PR UR I T A e SR 0 OREF 1o S8 E SR X
22 B AR VIR R R B R LA S RO T IR R,
WFREREY, B LASHCN: CS #EZHR 6 mg/mL.,
CMC-Na ¥4 10 mg/mL., H il E # 0.06 mL/mL . B
THE] 50 min, SRICETER HILLF4E R AR, FHEST
BWEV W P R BT SR IBGX Fh )y 2UAb FR A LBL 7]
VR ZE— B BRI AN BT, X T R AR Y
TREEIIAH — & AR .

—RIEBLT, ERERIE S 2 BRI R Y, TR AE
PR, JEHRAE 20 °CAA ISR T, WARH I3 i
Baa, SRR T T R RE . 2R A A B

URIZE, SR T WA R PREEIT ], 225 UR)E Y WA T LATE 3
i IR 12 d 224 o FOR h T A e U 2 R b 2 o o
REP R A AT T, SO R IR0 39T 09 i S IR T e 22
R AR PR A, AHRAE IS Y, TR )R AT ARG M OR A
RS A IR R, SER RS, ik LBL A&tk
TR ARG DR EE DT T A T R R RS, Al DA — 2 p
FE)Z)7 A AR AT PR TR 2 S A R EE Dy 3 0I5 LU TR
AR

EEPES

(1] FWAR, Hld, INEBL. RBRER L& R BUR S R[], Ak
P K2E2ER, 2018, 40(4): 421-432.

LI YD, PEI JB, SUN HY. Status and prospect global blueberry industry [J].
J Jilin Agric Univ, 2018, 40(4): 421-432.

[2] WANG C, GAO Y, TAO Y, et al. Influence of p-irradiation on the
reactive-oxygen metabolism of blueberry fruit during cold storage [J].
Innov Food Sci Emerg, 2017. DOI: 10.1016/j.ifset.2017.04.007

[3] CELIKF, BOZHUYUK MR, ERCISLI S, et al. Physicochemical and

bioactive characteristics of wild grown bilberry (Vaccinium myrtillus L.)



55 21 4

s A, S 2R A AR AT R DR )R L A R DR A e A ]

[4]

(3]

(6]

(7]

[8]

(91

[10]

[11]

[12]

[13]

[14]

[15]

genotypes from northeastern Turkey [J]. Not Bot Horti Agrobo, 2018,
46(1): 128-133.

MIJOSE JP, ADELA S, BELEN G, et al. Comparative study of red berry
pomaces (blueberry, red raspberry, red currant and blackberry) as source of
antioxidants and pigments [J]. Eur Food Res Technol, 2019. DOI:
10.1007/s00217-018-3135-z

AR, Hemitd, BRON, 55, 2020 HpE AR RG] Mkl
KEEZAR, 2021, 43(1): 1-8.

LI'YD, PEI JB, CHEN L, ef al. China blueberry industry report 2020 [J]. J
Jilin Agric Univ, 2021, 43(1): 1-8.

LI, JAMES, HE, et al. Effect of hypobaric treatment on the quality and
reactive oxygen species metabolism of blueberry fruit at storage [J].
CyTA-J Food, 2019, 17(1): 937-948.

JIY, HU W, JIANG A, et al. Effect of ethanol treatment on the quality and
volatiles production of blueberries after harvest [J]. J Sci Food Agric, 2019,
99(14): 6296-6306.

TOTADM G, SHARMAR R, SETHI S, et al. Effect of edible coatings on
‘Misty” blueberry (Vaccinium corymbosum) fruits stored at low
temperature [J]. Acta Physiol Plant, 2019, 41(12): 1-7.

WA, WISCR, PR, 5. WEAERIS AR IR G (R EFEOR 1B
[7]. &k 5 EEET L, 2019, 45(18): 263-269.

JI YR, HU WZ, LIAO J, et al. Research progress on postharvest
physiology and pathology of blueberry and preservation technology [J].
Food Ferment Ind, 2019, 45(18): 263-269.

MARCOS C, JOSEBA I, TEODORO AG, et al. Layer-by-layer assembly
of polymersomes and polyelectrolytes on planar surfaces and microsized
colloidal particles [J]. J Colloid Interf Sci, 2014, 421(9): 132-140.
CRISTINA BS, CHIOU BS, PUNOTAI K, et al. Layer-by-layer alginate
and fungal chitosan based edible coatings applied to fruit bars [J]. J Food
Sci, 2018, 83(7): 1880-1887.

CHEN FY, ZHANG JL, CHEN CK, et al. Chitosan-based layer-by-layer
assembly: Towards application on quality maintenance of lemon fruits [J].
Adv Polym Technol, 2020, 1-10.

YAN JW, LUO ZS, BAN ZJ, et al. The effect of the layer-by-layer (LBL)
edible coating on strawberry quality and metabolites during storage [J].
Postharvest Biol Technol, 2019. DOI: 10.1016/j.postharvbio.2018.09.002
Wi F, BEELL, AT, AE. IR/ TRZEZE A AR E B
TOREEHCRBITED]. BCFENR, 2021, (2): 83-90.

YANG HY, TENG YH, LI XY, ef al. Study on the controllable preparation
of gelatin/chitosan Ibl film and its fresh-keeping property for cherry
persimmon [J]. Digit Print, 2021, (2): 83-90.

XV )2 A T i AR 2 i 2 S S FRTAE D). R At 7R
IR, 2017,

LIU XF. Fabrication and applications

of layer-by-layer edible

fresh-keeping coatings [D]. Nanjing: Southeast University, 2017.

[16] MAYRA ZTG, SANTOS G, NORMA H, et al. Layer-by-layer edible
coatings based on mucilages, pullulan and chitosan and its effect on
quality and preservation of fresh-cut pineapple (Ananas comosus) [J].
Postharvest Biol Technol, 2017. DOI: 10.1016/j.postharvbio.2017.01.007

[17] ARNON H, GRANIT R, PORAT R, et al
polysaccharides-based edible coatings for citrus fruits: A layer-by-layer
approach [J]. Food Chem, 2015. DOI: 10.1016/j.foodchem.2014.06.061

(18] TFEHE, k. DURD IR B R LT RGO OR B v 4 157 FATE S8 e 0]
AU TRE, 2020, 41(11): 64-71.
WEI SC, XIE J. Advances in application of four coating materials in
storage and preservation of mango [J]. Packag Eng, 2020, 41(11): 64-71.

(19 BARARAE. 38 H SRR/ 7 BB T £ 1 52 TG Ak o B Lo FH 9 (D).
HM: FRERAMRE, 2011,
CHEN PH. Study on the property and application of the edible membrane
of konjac glucomannan/chitosan blends [D]. Fuzhou: Fujian Agriculture
and Forestry University, 2011.

[20] BEBEAR. SRS ALIEXT I AL R SR B 09 FE T AR5 (D). TRFR: TEMH
K2, 2016.
HUANG X]J. Effect and mechanism of postharvest treatments on
senescence of blueberry fruits [D]. Shenyang: Shenyang Agricultural
University, 2016.

[21] v, SERMHEACR GRS i BT R (0], PREE ST, 2017,
17(3): 133-138.
SHEN TT. Application of chitosan in fruit preservation [J]. Storage

Process, 2017, 17(3): 133-138.
(s % m REE)

fEZ T

5 kW, MEMRE, TEMRAGE
A\ PN ERMI S
\‘ - E-mail: 1084854521@qq.com

A8, L, B, TEMRFEA
AYPEEmSmI.
E-mail: 1299625439@qq.com

ZRREY, BL, N, TERARFTEA
NERMITE 5.

E-mail: houjm@ccu.edu.cn

8529

Development  of



