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Abstract: A soy protein isolate (SPI) coating agent, whey protein isolate (WPI) coating agent, and SPI-WPI composite
coating agent were used to preserve the Citrus reticulata variety “Hong Mei Ren.” In addition, a control group (CK) with no
treatment was established for comparison and evaluation of preservation performance. The microscopic morphology of the
peel was observed, and the storage quality of the fruit was measured. The results showed that the decay indices and weight
loss rates of the three treatment groups were lower than those of the CK group. After 14 days of storage, the decay index of
the CK group was 6.66%, and that of the SPI group was 3.33%. There was no decay in the WPI and SPI-WPI groups. After
storage for more than 35 days, the decay index of the CK group exceeded 20%, and the mass loss rate reached 16.15%.
These values were significantly higher than those of the treatment groups. Changes in the total soluble solid (TSS) value

g%

AR XIHE, VR T, A5 AT Bk 2R R BRAE “ 203 N7 AR ERfe e 1) B2 0] B A i ARH2,2025,41(2):175-182.

YU Xiaomei, LIU Yan, CHEN Yan, et al. Application of edible protein coating agents in the preservation of Citrus
reticulata “Hong Mei Ren” [J]. Modern Food Science and Technology, 2025, 41(2): 175-182.

Yrks B ER: 2024-01-08
fEE®EN: RELHE (19912, &, ik, T]IM, MRAE: ERKEERE, E-mail: 18768177035@163.com

175



MK ESBHL

Modern Food Science and Technology

2025, Vol.41, No.2

and titratable acid (TA) content in the treatment groups lagged behind those in the CK group by 1~2 weeks. After 14 days

of storage, the TSS values in the treatment groups increased by 0.77%~1.70%, whereas the TSS value of the CK group no

longer increased. After storage for 21 days, the TA content of the CK group reached a minimum of 6.29 g/L, whereas the TA

values of the treatment groups were 8.48, 8.03, and 8.79 g/L, respectively, significantly higher than those in the CK group.

Changes in the vitamin C, total phenolic, and flavonoid contents in the treatment groups were lower than those in the CK

group. Scanning electron microscopy imaging revealed that the protein coating agents formed smooth and dense films on the

fruit surface, covering the pores on the cuticle, and thereby enhancing gloss while slowing metabolism. The storage period of

the C. reticulata variety “Hong Mei Ren” can be prolonged by protein coating agents to enhance the storage tolerance of the

fruit. WPI and SPI show good preservation effects in early and late storage stages, respectively, whereas the performance of

SPI-WPI was intermediate.
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Ren” during storage

MR G 5 KAERK B IR iE B SR,
B AR SR s e s e e A e AT B AT,
“UEN” MREAETEARIRERGE S, FLE
OISR, WP 2R SPI-WPI 411 3R B Y6 73 4
U, FLUUE SPI 4, CK 4GP fEfds. W 14 d,
CK HRBEIF B IMEBE, R¥ KL, R
BRI SR K 454 s = IR AN TE I A8 Ak, SR STy
WA, RFCEBG, W 28 d, CK AR
R FeRE, Rt —D0dn; IR R R

178

JEREAEHL: 16.67%

E, {
v f
= 4

B 1 MgERHAE ‘AN RSN UL

Fig.1 Appearance change of Citrus reticulata “Hong Mei Ren” during storage

JEREAEHL: 26.67% TR T H: 46.67%

20.00%

v}
=

e % 10.00%

p g %
i B 1

23.33%

JEIETEE: 6.67% 20.00%

At AN IR AR o T 42 d, CK 413 B2 2 K 452,
TR IR AT A, RS R, ARG TN
5| 77; SPI 40 A1 SPI-WPI £ 45 40 {448 i, WPI 21
DUREAEPE, — AR R B B aidh,
sz Hagrk . iR 56 d, SPI 41A1 SPI-WPI 411
SR AR T WPL 4.

K251 45858, 14 d, CKAME
14 48 N 6.66%, SPI ZH N 3.33%, 1 WPI 41 fll
SPI-WPI 4 K& R HLIE 12 % . CK A5 21 d Ji§ 4
FREGEIT 10% (13.33%), W7 35 d LLJG B K2 B
TR, 28 42 KRBT 50N 26.67%. SPLA 14 d
LR O 2B %, WPI 4L A SPI-WPI 40 21 d
DR WUE L%, (HAE 35 d WA KR, BT
AN . W 42 d Jo, = 4L L A0 5 R B
PR, I 4E B SPT 4H. WPI 4141 SPI-WPI 25 1) & 1=
FRBUK N 20.00%. 23.33%- 20.00%, i CK 4
ik 46.67%.

HOE A AL, RAACER 4038 N7 AAT I R
L 14 d, SUHBEBE. RBLHE. KK
MR AL, WG 35 d, FESZEEAAR N TR 4.
SRS R R TS BN MG 5] 1,
AI R 35 AE SR A . TR Y] I WPT 206 3 5
B, RGNS, (5 S BIRHE SO = T SPI 4,
SPI-WPI 4L ¥ 6 J5 i B 4 WPL AL, Ji ki 2
v+ WPI 4151 SP1 442 [H].

212 %F%
TS ), 7 AR 1R R LS K 40 R I R



MK ERBHL

Modern Food Science and Technology

2025, Vol.41, No.2

CLLENT MR R E R B B3 AT,
BN, CK ALK E RG24 T = 4IR
H, HAEW 05 BA o S R il 5k 14 d, CK 4.,
SPI 41.WPI 411 SPI-WPI £H () 5k R 73 5N 5.37%-
4.92%. 4.66% M1 5.13%, CK A AEREETT
WPI 4, i 5 SPI 4L A1 SPI-WPI 41 /) % F A B %,
5 42 d, SPI 4. WPI 41, SPI-WPI 41 () %k & %
SN 13.45%. 13.57%- 13.27%, 1fj CK 4125k HE
HIE 16.15%, SFEET ZHIRMEA . T
FR WS A AIEE AR A T 3 PR FE VR % A
(g E R, BRI 21 d, SPI-WPI 41 )%k H R 3%
T WPL 4L 4h, oAt s (] B = 2H 3R A 2H 2 [R] 1)

HILREMER.
240 ek
ool  WSPIAA
MWPI4H a
L - 4
o\\° 16 ESPI-WPIZH a b bby
5 121 Zaby 2 P
HEH a
K gl abb a
2apbab
4 aaaa
0
7 14 21 28 35 42
5N 8] / d

B 3 A “aEN” HBNAEREN
Fig.3 Changes of weight loss rate of Citrus reticulata “Hong
Mei Ren” during storage

Z: BYARAFHERTARAEAN £ %2 %
(P<<0.05). TF.

A, ARG AT RESE “ L3 N7 A ot
AR, WPLIRE RoK A A e 0T s Re A4 L,
1M SPI Al SPI-WPI i B A PR /K R AL, P97 )5
WO R . RECKREREZ SREZEA S HIKES
B FA 5, HEN WPT 57 £ 7K 28 BEL R 14 il 30
WAL T SPL UM, fEL it 45 T 8 A 8] £ S A T o
%, JEI=MREERZ R A K.

2.1.3 TSS#=TA

TSS 15 5L 92 R LR i 2 DDA DGR, TSS
B, BEMG N 4H M BB E K, AT Y B fR K
AP NE 4 F, “aEN” MG TSS 258 BTt
Ja T REES,  BEA N A R — P, TSS {H
WA R T X 2 TR T g R A — 80P, R A
FE T ST S 08 oK T PR A F BT AR R
FIYEVERERL 2R 91 TSS A LTk 5 oyl S e i A 1
THFERTHER AR, IER TSS &&= N Fs s,

RITKG RS T & & B, 115 TSS Bk
Tt BARSKE, iR 7 d, CK 4100 TSS {8 _E Tk,
N 16.50%, & 3 = T SPI 41 f1 SPI-WPI 41, WPI
M) TSSEEHM =HEFAEE. T 14 d,
CK 41/ TSS 8 M 16.60%, AFEBHE FFF, 1 SPI
21, WPI 20 F1 SPI-WPI 41 (1) TSS {EAH# T 58 7 K,
33 BT 1.13%- 0.77%- 1.70%, SZHIAE _E T
ik 21 d, CK ZH1 TSS EAA 13.87%, &E(KT
WA, BALT I KT (14.43%), BEJETE
JREIRFE N2 D T, = BRI 5 el B[R]
B 0T CK 2He AL, = ZHIRMEZH 1K TSS {H 3
AR T CK HZE A IEIR—F DL b, BRI
AR FRADE] T FSCHREIRAE F,  BRAR T AT VA PR RE
Feid R,

a 19- = CK41
15l -o-SPI41
a
X - WPIAH
® 17t 3
ﬁ\ 16 + a
B b
= I5g b
# et b
= 13F
12+
11 '
0 7 14 21 28 35 42
iFA) / d
bt = CK%4
-»-SPI4l
10~ -+ WPIZL
% 9l -+ SPI-WPI4
a
-~ a
g i
7+
=
= 6
5 L
4 I
0 7 14 21 28 35 42

I 1E / d
B 4 IGHAE “4IEN” HHAER) TSS #1 TA
Fig.4 Changes of TSS and TA of Citrus reticulata

“Hong Mei Ren” during storage

TA e TRSEPAENRI & &, AR
AR A, B ARSI T R A
A KU PR SR U 22— — fBCRE o SR S A 5 3 2 0L
ErEEMET N W 4 FiR, “aR N7 RGN
TA & B AR A s S B T+ S R B, AR
TG, TSP TA SRS
5 G 0 5 b iy A WERI I, BRI R
AR AAIIER, TAE LT, BEERKA A

179



MK ESBHL

Modern Food Science and Technology

2025, Vol.41, No.2

TR, PERMTIR T HE RS, AR
— AR, TAE TP, B8 7 d. CK 4 TA
TEANTI8 gL, WFHEAT WPLAH (8.96 g/L),
5 SPI 41 (817 glL) F1 SPI-WPI 4 (829 glL) # &
A, W5 21 d, CK 1) TA & E2IAFNKIE 6.29 gL,
TEET 20% LLE, BEET CK 2 5 P b R 5 XU
VIR A B, UK AR 22, T [A] — B S %) SPI
ZH. WPI 4 fi1 SPI-WPI 21 (] TA {H % %] N 8.48.
8.03. 8.79 g/L, B mT CK 4. BRI
Jil, CK 41 TA & BIEMRACHIREFR 1 )5 X IalFs
SPI 21 A1l SPI-WPI 4 TA i % & Jc & 35 1t %2 57, A%
TR ZRARL, TEZE 14 KB BTHEZA21R17: WPI
H 7~14 d BE T BT E IR T RS, BN 2.
SPI 41. WPI #H. SPI-WPI 4 ] TA & & 4 1k &
FE SR F/NT CK 4, TA & & R R TF i fE o
T CK AW AL, HARMEAK KA 7.95.7.39.
7.16 g/L, ¥t CK 4, nfULER (iR b # A B
TEAGHRRED R, RE “AEN HiFER
TR I FRE -
2.14 Vc

WE S fis, &4 “aEN” MK Ve & &
BN T E BRI sh AR b, = IR Ve & &
FEXE T R AR FE B N, HZE R FARE . 1)
AE T H 9z Ve & B AR KO R s A7 K )
AMEZESR, TREIARZEH. B, Koik%gEL
PR = sgmd, SSREERA BN, FHH Ve
TRARE,

55¢
~ 50+
)
g usl ,
> a
a
§ 40;: a
g 357 = CK4
< 30} --SPIZH
= - WPIAH
25t -~ SPI-WPI4L
20 1 Il 1 Il 1 Il
0 7 14 21 28 35 42

Iy 1E) / d
B 5 iiAE ‘€N R Ve S BT
Fig.5 Changes of Vc content of Citrus reticulata “Hong Mei

Ren” during storage
215 EEAKEH
MG Sy P on . ST I S A 4 o A AR
PR S RS EERE ST RRTE B A
LR, AR SAE DA . WK 6 F,

180

DU 2H 58 AL Ty RN 26 3 i 5 B AR A AL, 2% bk
FHE FRERIEE . CKAE 7 K0 A 2B &
HAN (118, 0.75), R T = iRA, W
i 14~21 d, CK ZH 1) ek By A1 S 2 i 2 & b o R ik
% Wk 28 d J5, DUZH RSB AR R & =46
TR, BRI, CKOZH R ey RS A B R
WA, TR AT, CK 4R A b A LB 34k i
B, AN TR BEL BRI, T = AR
W T AR Ko BRGNS, A
A2 B A & T CK A 2218 i ] CK
MK R e BRI EE s 5 AE K 7 28
REHW R EMRKTZW T, CK AN & mfHE
B & BT =HEEA. oI, EEKEER
Aab 3 AE 15 = 2H IR A AR K P IR R /N, ] BLES
NEETE M YERE Sy A T 5 & . W 7 d, WP
AR ATy AR TR & o (1104 0.71), BT
W& =5 T SPI 41 (1.00. 0.65) H1 SPI-WPI 41 (0.95.
0.64); WK 14~28d, = ERAEE. W 35d,
SPI 41 (1) &5 Ty A1 2K 3 & & 9 (1.55. 093), 5
WPI 44 (1.44. 0.85) #1 SPI-WPI (1.41. 0.81) 4
A2 R . ] W, SPI-WPL LA RTIA S SPT AL,
Je I 5 WPT 214230
ald8r  gckal
-o-SPIZH

- WPIZ.
-v SPI-WPI4L

B / (OD280/g FW)
S

1.0F
¥
0.8F
0'60 7 14 21 28 35 42
e/ d
12r e K4
-o-SPIH
1ol - WPI4
-* SPI-WPI4L

JEH4HH / (OD325/g FW) o
o o
N o]

N

~
o
-

14 21 28 35 42
i/ d
B 6 IjEiAE “aOE AN HBHN S MK EREL
Fig.6 Changes of total phenolics and flavonoid content of

Citrus reticulata “Hong Mei Ren” during storage



MK ERBHL

Modern Food Science and Technology

2025, Vol.41, No.2

22 AR “oE AN HEREAEEH
2 Ao A

B7%0X ZI%A” mﬁ%ﬁﬁﬁﬁ%’l&ﬁ’%ﬁ
Fig.7 Microscopic morphology of the surface of Citrus

reticulata “Hong Mei Ren” peels on 0 day
7 a~d R K # CK 48, SPI#0L. WPI 41, SPI-WPI 48
AR 100 4Z 89T 3R, e~h ARAK F CK 28, SPI 41, WPI 41,
SPI-WPI 287X K 200 42 49 ML 52..

MHGR B AR — R R IR BRRR, A
AN 57 2L, AT BELRS SR SEOK 3K < PR R TV
MR AR . RATR SN A B, H b
A RS, RIS SN TR REAT AR A 3%
R AR R S T T A VAR I A B R TE R 2
RIE ORI, A 2R SER T RlOK 2 A B L
ReviEs. NE7E, @ =FEiRER AL
J5, ARG B KR B R B, R R B
RS L REIT R AR RO
BUAME AR, BERRER BRI, SO %A
FUZREAR, WA BB AR e 147 RSk
A RYIEI2GZ JR B R GEY, TRT LR
RSB, CK HAFL BRI, SRR

S5 A0 TR BT SRS He DA S SR 2 28 I A FH R 4
i, AR S B R SR T =R
ML AR B AT 2, S R I FPIRE,
FERAK O, & RIEAKMERIIREE, H0] 7 S
VERAZEREAE B bos 5t ol B 4 28 03 R FLIR e R

2 DR AE P S R E T . NS AL TSR,
S AR YRON « SPI 4H. > SPI-WPI 41 >WPI 41,
HAME RN, BT CAKE R AR e P, (E R 1)E
SEREE R, X EAMABL . IR R s Ss R—

3 Zig

ASEEG R A SPLIRMESF. WPL iR 77 F1 SPI-WPI
BEWRER AR “2r3e N7 MikG. i EA%
TR TS5 Ak 3 PR A7 SR S B D B S, SR R AR
T SR B 2R 7K 408 406 R0 A8 BT 25 25 A0 B 5 0 T 5 4 1
B B] = 2R AL R = R 4 R BRI 2T
CK 41, Wit e kit 35 d, CK 4108 1248 Hok it
20%, KREFIK 16.15%, BEEHTZHiEKA. =
YR TSS B TA & &0 R B[ i 72 0 2
WET CKA, BMEWET CKH; SEAZkE
fif & ) BT LR T CK 41, 5 AR bR R
/Ny Ve SR T CK AR /N, (B2 55
ANEE. EHEEENR, EERBEFCEMES <4
FEN” AR WK 1~2 A, 3 T RS A
ik FENRUAG ), WPI 4L, BT
(PR IR T 4% 0 XU ) Jold 43 2 56 R R s T D
s JE B, WP ZH B A8 #2 B2 80K, SPI 4 B e
SE 2L HF 52 AL 5T 98042 UK ) i R AR A,
SPI-WPI AN/~ T- P Z 1]

SEAOMTES,  HR ISR MR A B A AR A7 2 T
T RO SUR R DB, KBRS R TR, M
T CEE; ARE LML E AT E G,
SIEPRE, BARR L EKE S, — 7T By
IR R NR, PRFF R SRR E R PE, 5 — 7T
ARG AT, BARKER, BB, W
MEETEY). WTRER. SIS R, i “a3%
N7 MG R AR E . = AR S AR R
PR ZE S, T RS TR TSR ) RS 5 PR I R 1 A O
Tt — DX e g, RLFIET AT ARAE <4038 N7 A
(e ek BRI B A & IR ). EAT, MR R LR
B FUEE TP TE TR R ME . R4 R . IR
L2 PERUR LR EE TR, AHIF TN B 2RI R AE A
A PR H (0 N FH B 3R TR AR

181



MK ESBHL

Modern Food Science and Technology

2025, Vol.41, No.2

(1]

(2]

[4]

(5]

(]

(10]

[11]

[12]

[14]

[15]

[16]

182

BRI [ R S R DI RE R . ORAERAE T
FIF R A A ]85 5H1%,2020,36(5):231-236.

VR S PR s 0 A SR 2R ERR AR
PRIEAE R 5 S SR AR o 1 F S0t i (0] DR 6 55 n T,
2022,22(3):97-103.

X R, KKK AR LIS B A U AR S L R [0].
o A R, 2021,21(1):172-179.

PRI, 3 R P S T R VR R A S KR R 6
JS2 PRI i FEE 0] PR 6 50 T,2022,22(1):110-120.
WANG H, GONG X, MIAO Y, et al. Preparation and
characterization of multilayer films composed of chitosan,
sodium alginate and carboxymethyl chitosan-ZnO
nanoparticles [J]. Food Chemistry, 2019, 283: 397-403.
NOORBAKHSH-SOLTANI S M, ZERAFAT M M,
SABBAGHI S. A comparative study of gelatin and
starch-based nano-composite films modified by nano-
cellulose and chitosan for food packaging applications [J].
Carbohydrate Polymers, 2018, 189: 48-55.

WU K, ZHU Q, QIAN H, et al. Controllable
hydrophilicity-hydrophobicity and related properties
of konjac glucomannan and ethyl cellulose composite
films [J]. Food Hydrocolloids, 2018, 79(7): 301-309.
JaARME, R W R WRIGE 4, 55 A 5] R 6 77 3N i 1) 9 2
(1 i o B A (0] BAR B RH,2023,39(6):93-100.

R NI, 5% 75 3 B0 o e AEL ) B 19 I A N D R I A
JE[J.BUC & S RHE,2007,23(8):86-89.

LAN C H, GREGOIRE L, CHAINE A, et al. Importance
and efficiency of in-depth antimicrobial activity for the
control of listeria development with nisin-incorporated
sodium caseinate films [J]. Food Control, 2010, 21(9):
1227-1233.

K < R, EHE S T E % S ORI ZE A f s A T
P BT AALHIE FE[T]. & i S HLI,2022,38(5):94-100.
b v B v FLIE R R L2 R 2 A AR 0T 5L [D].
T BH TR R K 52,2000:1-3,

ALVES M M, GONALVES M P, ROCHA C M R. Effect
of ferulic acid on the performance of soy protein isolate-
based edible coatings applied to fresh-cut apples [J]. LWT-
Food Science and Technology, 2017, 80: 409-415.
PEREIRA R C, CARNEIROJD D S, BORGES SV, et al.
Preparation and characterization of nanocomposites from
whey protein concentrate activated with lycopene [J].
Journal of Food Science, 2016, 81(3): 637-642.

ZHANG J H, JIANG L, YANG J, et al. Effect of
calcium chloride on heat-induced Mesona chinensis
polysaccharide-whey protein isolation gels: Gel properties
and interactions [J]. LWT-Food Science and Technology,
2022, 155: 112907.

Wik, JE AR 70 SR - PR 2 5 TR BN B A7 R B 2
SRR [ 40256 ToF8,2020,41(9):36-43.

[17]

(18]

[19]

(20]

(21]

[22]

(23]

[24]

[25]

[26]

(27]

[28]

(29]

[30]

[33]

[34]

ZWEE R FT 5 Te B A R I B oW 3 A 1 K
HL0RE AR B CR [T]. 8 5 R B Tlk,2018,44(2):
233-239.

R, 22 OB B M IR R OR i A B A AL S5 R
S MDA E R Tl R, 2007.

DING Y, CHANG J, MA Q, et al. Network analysis of
postharvest senescence process in citrus fruits revealed
by transcriptomic and metabolomic profiling [J]. Plant
Physiology, 2015, 168(1): 357-376.

W W A, ST A S R R - AE E O A
A BEAE TR BN B S (0] 8 B R 22 41R,2017,
35(1):76-81.

SRE, 5K R AR, S BE T Vis/NIR G U S5 A 1 R
% B FA Y[R SSC UM 7¢ [7]. 06 3% 2% 55 5 3 43 17,2021,
41(1):229-235.

AR 7 e s 2 v MY, 55 DR B0 AN [R) AL 5 % e 11
AR A ) 5 0 [J]. B 2R L FE,2020,41(1):11-16.
S0, T3S B A S A B A R RO ST A i IR T
68 VA DR B £ 52 M) [ 80 B AR Mk K 2 2R (B SRR
}2),2017,43(1):26-30.

PETRICCIONE M, SANCTIS F D, PASQUARIELLO
M S, et al. The effect of chitosan coating on the quality
and nutraceutical traits of sweet cherry during postharvest
life [J]. Food Bioprocess Technology, 2015, 8(2): 394-408.
TR, MR GE, TR T 5 AT ORI 2 A R B RE AR S
il T RS [T] 4248 2741,2020,34(12):2725-2733.

R GRS AEFE S DKL YR e RN G IR AR AL
Rt PR v 1 82 P (0] 8l 5 R % 1011,2020,46(2):135-141.
AL T, G Y, B MG, & AR AR i A S0 26 2 R R
PREE R 2 [J]. O/ B 50 12,2017,17(3):11-15.

g i B, KL, X R, A 7 R/ CMC & & TR ik Ak 2R
X M AR SR SR S5 O R [J]. AR & R, 2019,
35(10):50-57.

TR R e, B G U B R B XS W A D 5 5 ) 5
Wi [J]. 2 oAb RH2,2010,38(22):12002-12004.
AMODIO M L, DEROSSI A, COLELLI G. Modeling
phenolic content during storage of cut fruit and vegetables:
A consecutive reaction mechanism [J]. Journal of Food
Engineering, 2014, 142: 1-8.

W ERAy, E RN, AR, S5 MG SR B AR R SRR A I
SR DREE S (R RIT FC0E (1] 20 R 27,2020,41(7):234-244.
RYDER L S, TALBOT N J. Regulation of appressorium
development in pathogenic fungi [J]. Current Opinion in
Plant Biology, 2015, 26: 8-13.

ARAGON W, REINA-PINTO J J, SERRANO M. The
intimate talk between plants and microorganisms at the
leaf surface [J]. Journal of Experimental Botany, 2017,
68(19): 5339-5350.

BEORKE, R T A0, 55 T TR M- oK 2T 4 2K 2 S TR xS
U0 R A7 D D 6 20 R PR 2 0 [T 8 i B 22,20211,42(13):
185-192.



