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ABSTRACT: The work aims to explore the preservation performance of y-aminobutyric acid (GABA)-chitosan coating
on pepino fruits. The pepino fruits were stored at 12 °C for 28 d. The effects of 10 mmol/L GABA-chitosan coating
treatment on the nutritional quality and physiological and biochemical parameters of pepino fruits during storage were
investigated. Compared with the control group, GABA-chitosan coating treatment significantly improved the sensory
quality of pepino fruits, inhibited their respiration, reduced weight loss, PPO and POD enzyme activities, maintained
soluble solids and titratable acid contents, and slowed down MDA accumulation, while effectively maintaining high Vc
and total flavonoid contents, thus delaying fruit softening and quality deterioration. Two principal components were
extracted by principal component analysis (PCA), with a cumulative variance contribution of 86.86%, which could better
explain the quality changes of pepino fruits during storage. In addition, PCA analysis revealed that the 28 d treatment
group was closer to the 14-21 d control group, further confirming that the GABA-chitosan treatment contributed to the

stabilization of the storage quality of pepino fruits. In conclusion, GABA-chitosan coating treatment can delay the
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postharvest softening, browning and senescence of pepino fruits, thus improving the storage life of the fruits.

KEY WORDS: y-aminobutyric acid; coating; pepino fruit; principal component analysis
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Fig.1 Effect of GABA-chitosan coating on sensory evaluation of pepino fruits

5
A
. e bl
X
¥ 3
®
=
= 2 *ok
* *%
L *
0 7 14 21 28
I el /d

K2 GABA-7CRMHRIEX NS R i
el
Fig.2 Effect of GABA-chitosan coating on
weight loss of pepino fruits

W38 R, LAk B ) SO R AR R I IR T X R 4
(P<0.05), TENJCZE 28 d I, Ab 3 2H 50 1) i H 4t
RKFAN 2.36%, TEALTXFHRLLA 3.95%, AbFHL]HAL
() R 2 R i BT IR A, X — T T n] BE A S
FETH )50 MR 2] T BH R AN AR o3 1 2 355 1 B B AR
FH, BEAGT W50 BE AR 0%, DORIBZE T SRS
IKFNAEGENS S — I T RE GABA 15 A/ FiB 15
TEATYI I, REASREARAN IS5 I, 45 = A0 B PRk 1 R
YR SE R, T AR S A ARIRE PR, i R
RAS R FE R R, RHILT L, XA GABA-5¢
MR I AT S R Rk

2.3 GABA-ZRIERIZN NS RAEERIRIM

TESR LR AERAL TS AR v, LS00 B v ) 2R
MR ST, S B M RE A R B S SRR
SRS RE LA SR AL, SRS RERE TR R AL 3

ATLLE Y, 705800 () N2 5 A 0 B2 28 T B o b,
55Xt BRLL AR LE, AbFEZE A S SR B 2 T B AT
SERYRERE (P<0.05 ), FENHCE 28 d B, AbFHA RS
AR J3E LT R 2 SR S B 1 5 32.84%, UEH GABA-
F¢ B U AL T DA RCHE 92 NS 5 10 A0 R R A
A, R, WEEWKER GABA-7ERBHR AL
P AT DA IE 27 5 A PR ST A A b R, R R S Y
BERE , X HF— B UESE GABA-7T B R AE {5 S 52
i 85 5 T EL A A

2.0
! —— 3R
—e— ghFB4]
1.5 F
S 10l
2
05
0 7 14 21 28

T gk ] /d

K3 GABA-7CRWEIR X NS R AR R0
Fig.3 Effect of GABA-chitosan coating on
firmness of pepino fruits

2.4 GABA-EEMRMEI A5 RIERERE
LA

I 87 5, 2 TR B 6 R SR I it Jo MRS 2 A
FENEZ —, PR, REHEAE &,
4TTLIE Y, TEWGHE 7d W, b PR Y R IR A
BEMTX A (P<0.01). XA AESZ K 5 b
RIEJE B TR AL, 8 GABA /N1l



Fask B

ReW, F BRI p-EHE T RR-78 RN UR BN A SR A 5 10 52 ) - 169 -

TR A B, S B 0 5 B I AKX R
Mo FENEE 21~28 d I, ASHRAYIFNL R S22 -
Fh, HoAb FE A5 SR R 0 R T R
( P<0.05 ), X BEEH GABA-7¢ BM AL BRAE A% 7RI
JHCRI A RN E NS B EAE T, s AR P B 5
YIRS AE , S SRS e AR P AL B
W] DR HE NS IR G R AR B, 2 P i i
SR SR 5 A

IR S BE /(g kg hr)

1
0 7 14 21 28

T ) /d
Bl 4 GABA-57T R BEIRIENT N S SL0T0% 558 J 1Y 52 1)

Fig.4 Effect of GABA-chitosan coating on
respiratory intensity of pepino fruits

2.5 GABA-ZRHERIEX ASRAIAMEE
e EER S SR

AL [ T 4 0 A 35 A PR s SR I e R v
B b R RURFE B o — ek i, , S SEAE G R
T [ T W RO 5 e S BN, R R S R R R
AU & AR W Sa, b AT LAE H, 7EI
0~21 d i, FHAASRYEIEY & BB, H
b FH S S [ T P 3 e T IR (P<0.05 ),
TEW K 21~28 d I, #5450 B 90 5 2 T U sk
TR NS TN E R S W R R, HAREEA
S U 1) Ak L 2] SR ST ) i S TR 7 R 34 v N R AE
MRk 21~28 d I, JIT A AR i 1 T 35 5 TR 2 1 T RS
BEA ., HAMERA WS X RA (P<0.05), BFFE
K, TERJGIEGE RS, SME GABA AbEinf{fiR
S HEFFR R 1) [T 0 R RT E R  hE, CE SR S I
S T, X UL GABA-5T BOBEIA AL B AT D) A A%
PO E I ACHS, InEK IR R LR, R A B
PRI FETR %, AEZR IR 1Y T, PR3e SR S 1% o 2 A
AR

2.6 GABA-ZEIEREMASRVcHMEHE
AR & 2 B 00
Ve il e R ARG HH E A SR B R P

10
—=— XA
* *
. ol e AL
o~
= .
S s
=S
iz
fosal
o1t
=4
0 7 14 21 28
T ) /d
0.6
—a— XF IR
05 —eo— Jb3EILH
°\° il *k
R 04+
ﬁ *
e 03 |
&
02}
ig
T o1t
0 7 14 21 28
gl /d

K5  GABA-7CRBHRRX AS A ] #i1E
Y & (a) MATHER SR (b) 15
Fig.5 Effect of GABA-chitosan coating on soluble
solid content (a) and titratable acid
content (b) of pepino fruits

JBi, B LAS A TR R AR, H A T AR R R A S
FLR TR ALY B 6a TTLAE Y, H AN N
ANSHRF Ve SR ETHE PR a7
27 dBF, XPREAREH Ve ik ElgE (BE S
FALFRYL ), TSP TR B IR fR] Y A
A BRLH SRS Ve S8 T 7E 21 d Bk E)IE(E
T J5 ek TR, 7EM i 14~28 d B, AbBRZ SR ST
Ve &t 5 TR (P<0.05), GABA-7T R MG
AR N2 B T B S R AN 6b BT R o FEIY R
EEH, NSRRI R TR TR
H AR SRS Y R 7 i b 2R TR B A ( P<0.05 ).
L L RTIR, GABA-FERMHR AN FRE (R AN S SR i
Y Ve FLEEER &, AR TR SRS T, b
AT, IESEER LGS AR

2.7 GABA-ZEBHEALRAEXIAZREMDASE
kA

MDA A2 )38 52 U1k 3 i 4T S 5k 5+t 484k

(7=, W T AR S o 4 | i SR S 8 Ak 37

R 7 ATRAE B, FE RO & 4L A S50 P ) MDA

BB TR 22 L AR TR P L o BR 4 SR 52 (1 MDA



- 170 - f1 %% T 72

2024 4E 1 A

SRR E R TAE (P<0.01), HAEN R
MRS MDA & AR PR 36.36% . il it
GABA-7T RBIR B 4e 45 A S R EALH MDA 5 &,
X fiES GABA-5TRIERES S HU A LIS PE A E B
YA R INA . BRILrT L, R GABA-7¢
SOWE VR ] A 5 R AT AR Ao S A X 20 L ) 45, A 2%
RALR LN, FITRERASEARG .

12
—=— X HAH
e b4l
/ 10 [ %k Aok
B
g
:, 8 L ok Fok
&0
B
o
Lt
>3
0 7 14 21 28

[lae 7RI

0 7 14 21 28
TSI e /d
Kl 6 GABA-FERBHERI ASH Ve
(a) FLEEE S H (b) BIRZM
Fig.6 Effect of GABA-chitosan coating on Vc

content (a) and total flavonoid content
(b) of pepino fruits

10

e

[=)}

N

MDA &/(nmol - mL)

[\
T

Il 1 1 1

0 7 14 21 28
T 1A /d

K7 GABA-ZERBRAMENT AZHR MDA #5200
Fig.7 Effect of GABA-chitosan coating on
MDA of pepino fruits

2.8 GABA-ZREREXASRE PPO #n
POD &R &0

PPO & fili Bk 7 ik 7 v & A Tl 4 45 S i
OEETEEE, HIH] PPO T2 46 A8 (R e g 28
H Kl 8a B, FEREANEGNE, ANS5M PPO RS
ST R R ERER S, FEAR 14 d i B
. SXFHRAIMIE, AbBRZSSIAY PPO G M i 2K
FXFHELH( P<0.01 ), ZEN 738 28 d A, X BEZH 521 PPO
T A FRLH 4 1.77 4%, Shekari 2% 1] GABA-7E5
WAL PEOUE B g, Tl LM PPO 161, MM ZEZE 4
R, X530 45iE—3. POD fil PPO 7E(E46
iR EFEIER- . HE 8b B, TEEEAIE
W], AbFRZH RS POD TGP X BE4H, H 5%t
MEZHAH L 22 S B 2 ( P<0.01 ), FEME 28 d B, XIHg
USRS POD IR ALFRLL Y 1.61 %5, msknl i,
GABA-7T MR AL PR A 2 4M % PPO A1 POD i
P, IEGZRGE A AR R

100
—=— X HR4H
g0 | —o—abmal
5
&
_l?n 60 L
=
A o4t
e
)
[=%
~ 0¥
0 7 14 21 28

T gaR st ) /d

M O (51

PODEH:/(U-g ' -min)
~

0 7 14 21 28
T3t al/d

K8 GABA-ZRMRES AS R

PPO (a) 1 POD i (b) MM

Fig.8 Effect of GABA-chitosan coating on
PPO (a) and POD activities (b) of pepino fruits

29 MHEXMHESWEERD S
291 EWHoonth
K PCA PEA GABA-78 B IS R A S SR i 15



Fask B

ReW, F BRI p-EHE T RR-78 RN UR BN A SR A 5 10 52 )

<171 -

BERR, UL 1. PCA ¥ 10 AN RIS PRt T 278 &
WA Ab TR, SRR IEE =1, ¥ Bt iRk
AR AR N BNy W BRI E RS, B 1 ERS
(PC1) FI%f 2 EM4T (PC2) B 2 TTHCR 5
58.97%. 27.89%, Rit T ZETTHEA 86.86%, VLM
FEMAR R A 2 D FRST, GELE G LA 8 AR
BARAAAE DL . ARIEESLIE PCA [ g,
BRSSO IT, 5 R U 9 FR o FEIY T,
P RE A T2 3 GBI, Bl I et (] () JE 4, A
BTG £ RS 5, U7 7 d IR B2 116 5 S5 7 I 503

x1 EMSFEEMRRATETHKE

Tab.1 Eigenvalues and cumulative contribution rates of
the principal variances

6
Ve
ar 55 1]
e 74
= ol *|| 14d
= 74 = word AR
& E
a
S0
Q 0d e JEHR R
. 14d 521 PPO
2F
POD
_4 -
-8 -4 0 4 8

PC1 (58.97%)
B9 EWMSsH

EMSr ORHEE FETTRER% BT TURE% . . L
Fig.9 Principal component analysis diagram
1 5.90 58.97 58.97
) 279 27 89 £6.86 14~21 d AL BRLH R RS2 BT i, T 14~21 d
3 0.59 504 92.80 X HRZE A6 28 d AL ERZA A, T2 4 PR, HAHh
4 0.35 3.5 96.32 L. BRI 28 d X FRALG T4 4 SR8, {H 0k
5 0.19 1.90 98.21 A FEAL, R GABA-STRBERIERERLE S A SR
6 0.09 0.90 99.11 .
2.9.2 XXMM
7 0.04 0.39 99.50 N o ‘
8 0.02 021 9971 T ARSI [R] N 2 2R 4% B AR AR 2 ] e IR
9 0.00 0.18 99,89 %, R Pearson AHRME T, LRI 10 Fros. I
10 0'01 0'“ 100' 00 JECI [H) 55 B ER AR R 46 WA TR DR S B . MDA &
: : : . PPO B PERMEIEASE (P<0.01), SHEE .
— 0.9
¢ - Ainy ] *ok \ ‘ *k \ . * sk *% ‘
407
JREHEER | 087 \ \ *k \ . * *k sk ‘
R |0.95 —0.94 = \ - . ‘ \\ a | 06
IR |-0.62 074 0.71 \ . ‘ \ “ = g 04
ATHHEETEY | 084 | 061 076 —0.65 ‘ . o O \ 02
TEM |-0.77 085 080 040 —0.41 - . \\‘ 001
Ve [-0.14 -0.15 0.069 -0.41 022 048 a* ‘-‘ 02
B | 039 | 044 046 -0.90 0.58 -0.038 0.69 . \ 04
MDA | 085 091 -0.88 -0.52 051 —0.85 -039 0.18 s . Iy
PPO | 073 084 -0.77 —0.61 043 -0.68 -026 033 092
oN.
POD [-0.55 —0.56 0.61 083 -0.68 025 -0.59 —0.87 -026 -023
-1.0
iy g e = < O a
£ £ & 5§ § 8 7 B & & ¢
' =B 2 = E m
HOE oo
: :

B 10 A5 FRAR ] AH OGP [ A&

Fig.10 Heat map of correlation matrix between indicators




<172 - f1 %% T 72

2024 4E 1 A

WP SR . niEE R & i . POD Jf M S MR i 3 A
K (P<0.01), UhBHAEI 6 )2 H 0 BT d 43 25 %
MRMEEEY) &5 . MDA & &, PPO Gk, R
MEIZ SR . PR ERR & & . POD IS TEEEFE AR AE 1k
AE SR PREERSCR . SR PR Ve 5 RS A% i 35 B A
X (P<0.01), 5 POD 2 EEFAHC (P<0.01), B
IR ) A A, A A E SR BT 5 B AN [R) R
P, BN AR N, X SRR .
FHEAT UL, GABA-7ERBHIR I AT 4E4E NS B 0 i
JER P

3 #it

NS BAER )G I ACIRE S, S WA, It
WA . PR, i GABA-FERBHA AL
FEAT AR K SRR Y AP B, B8 5T SRR AR
AS RN TR E, TR NS TN TR,
5 BEEET . Ve, TSS. TA %88, B ASREE
T2t BT O RER, Bar AR A S R E
B AL, GABA-7E RO R IR T LA i A 5% G
(PPO. POD), ZEZANS RN EMZE LI, 7
AN A A P DR SR S A i P AT, PR
SIRERIE AR, R ASRNRGH . #id
PCA #HUH 2 ANFEM S, HBIFrZ5HE N
86.86%, REHLUTHb A B A5 B o BLoT FIAH G 1
SIRTEE SR GABA-5E RN AL B2 5 %) HR AL A HUAF
R E LR, AN, GABA-7E R AL GE
W E W ENS RS RE AR, 2L,
GABA-5¢ SR AL HAT Bl T /K S A I it 72 v 2
FEEF ST, TR SR — b PR A dig 1) 0 i R A28 4 5
W, (B GABA-7E RBEAL B (4 AILEE7E I F F 75
B — 5T

S 23k

(11 B8z, BEE, KEF, % amASRPERN

oI5 5 T RN FRIR D], & a5 5 0 %, 2000,
21(6): 32-33.
ZHAO HY, YIN G J, ZHANG Q F, et al. Study on Nu-
tritional Components in Yunnan Ginseng Fruit and Pre-
liminary Exploration on Its Development and Applica-
tion[J]. Food Research and Development, 2000, 21(6):
32-33.

(2] AN, wmels, Fby, % ASREFRWIY KRG
A 3R O sy SR ST R (D], 7 b R 2
2020, 29(10): 1447-1456.

YANG S P, JIANG X T, XU P P, et al. Advance of Nu-
trient Composition, Postharvest Physiology and Storage

Methods of Pepino (Solanum Muricatum)[J]. Acta

[11]

[12]

[13]

Agriculturae Boreali-occidentalis Sinica, 2020, 29(10):
1447-1456.

ZHAO Y Q, ZUO J H, YUAN S Z, et al. UV-C Treat-
ment Maintains the Sensory Quality, Antioxidant Activ-
ity and Flavor of Pepino Fruit during Postharvest Sto-
rage[J]. Foods, 2021, 10(12): 2964.

WANG Y C, GU W R, MENG Y, et al. y-Aminobutyric
Acid Imparts Partial Protection from Salt Stress Injury
to Maize Seedlings by Improving Photosynthesis and
Upregulating Osmoprotectants
Scientific Reports, 2017, 7: 43609.

LI L, DOU N, ZHANG H, et al. The Versatile GABA in
Plants[J]. Plant Signaling & Behavior, 2021, 16(3):
1862565.

GAO HY, WU S Y, ZENG Q, et al. Effects of Exogen-
ous y-Aminobutyric Acid Treatment on Browning and

Post-

and Antioxidants[J].

Food-Borne Pathogens in Fresh-Cut Apples[J].
harvest Biology and Technology, 2018, 146: 1-8.
FAN Z Q, LIN B, LIN H T, et al. y-Aminobutyric Acid
Treatment Reduces Chilling Injury and Improves Qual-
ity Maintenance of Cold-Stored Chinese Olive Fruit[J].
Food Chemistry: X, 2022, 13: 100208.

CHENG P D, YUE Q Y, ZHANG Y T, et al. Application
of y-Aminobutyric Acid (GABA) Improves Fruit Quali-
ty and Rootstock Drought Tolerance in Apple[J]. Journal
of Plant Physiology, 2023, 280: 153890.

SHEKARI A, NAGHSHIBAND HASSANI R,
SOLEIMANI AGHDAM M. Exogenous Application of
GABA Retards Cap Browning in Agaricus Bisporus and
Its Possible Mechanism[J]. Postharvest Biology and
Technology, 2021, 174: 111434.

XIN Y, CHEN F S, LAI S J, et al. Influence of Chito-
san-Based Coatings on the Physicochemical Properties
and Pectin Nanostructure of Chinese Cherry[J]. Post-
harvest Biology and Technology, 2017, 133: 64-71.
WANG LY, PENG H H, LIU C Y, et al. Effect of Chi-
tosan-Ascorbic Acid Composite Coating on Postharvest
Quality of Custard Apple (Annona Squamosa)[J].
Process Biochemistry, 2023, 129: 76-85.

XING Y G, YANG S, XU Q L, et al. Effect of Chito-
san/Nano-TiO, Composite Coating on the Postharvest
Quality of Blueberry Fruit[J]. Coatings, 2021, 11(5):
512.

CHI H, SONG S X, LUO M, et al. Effect of PLA Na-
nocomposite Films Containing Bergamot Essential Oil,
TiO, Nanoparticles, and Ag Nanoparticles on Shelf Life
2019, 249:

of Mangoes[J]. Scientia Horticulturae,

192-198.



Fask B

ReW, F BRI p-EHE T RR-78 RN UR BN A SR A 5 10 52 )

© 173 -

[14]

[15]

[16]

[18]

[19]

CHEN W, XU Y, ZHANG L X, et al. Blackberry Sub-
jected to in Vitro Gastrointestinal Digestion Affords
Protection Against Ethyl Carbamate-Induced Cytotoxic-
ity[J]. Food Chemistry, 2016, 212: 620-627.

WU Z H, DONG C H, WEI J, et al. A Transcriptional
Study of the Effects of Nitric Oxide on Rachis Browning
in Table Grapes Cv Thompson Seedless[J]. Postharvest
Biology and Technology, 2021, 175: 111471.

AKBAR A, ALI S, AHMAD M A, et al. Understanding
the Antecedents of Organic Food Consumption in Pa-
kistan: Moderating Role of Food Neophobia[J]. Interna-
tional Journal of Environmental Research and Public
Health, 2019, 16(20): 4043.

BHAN C, ASREY R, MEENA N K, et al. Guar Gum and
Chitosan-Based Composite Edible Coating Extends the
Shelf Life and Preserves the Bioactive Compounds in
Stored Kinnow Fruits[J]. International Journal of Bio-
logical Macromolecules, 2022, 222: 2922-2935.

BIRR, EAEM, PRI, 5. E oot U1 R e
F A2 07 K i B [I]. MRS AR, 2022, 35(12):
97-103.

BAO C, WANG C Y, CHEN H C, et al. Principal Com-
ponent Analysis of Quality of Fresh-Cut Cauliflower in
Different Packaging Methods[J]. Cereals & Oils, 2022,
35(12): 97-103.

JIANG YL, YUL, HU Y W, et al. The Preservation
Performance of Chitosan Coating with Different Mole-
cular Weight on Strawberry Using Electrostatic Spray-
ing Technique[J].
Macromolecules, 2020, 151: 278-285.

SOLEIMANI AGHDAM M, NADERI R, ALT ASKARI
SARCHESHMEH M, et al. Amelioration of Postharvest
Chilling
yv-Aminobutyric Acid (GABA) Treatments[J]. Postharv-
est Biology and Technology, 2015, 110: 70-76.

XU M, ZHOU W Q, GENG W J, et al. Transcriptome
Analysis Insight into Ethylene Metabolism and Pecti-

International Journal of Biological

Injury in Anthurium Cut Flowers by

[23]

[24]

[26]

[28]

nase Activity of Apricot (Prunus Armeniaca L) Devel-
opment and Ripening[J]. Scientific Reports, 2021, 11:
13569.

FEMERT, E Y. 7o RO S A R BT i IR ot Bt
VAL RG], dLJrEZE, 2020(24): 97-106.
QI Z J, XIA X Y. Effects of Chitosan Composite Coating
on Storage Quality and Antioxidant System of Blueber-
ry[J]. Northern Horticulture, 2020(24): 97-106.

SINHA A, JAWANDHA S K, GILL P P S, et al. Influ-
ence of Pre-Harvest Sprays of Calcium Nitrate on Stora-
bility and Quality Attributes of Plum Fruits[J]. Journal of
Food Science and Technology, 2019, 56(3): 1427-1437.
YANG H, KIM Y J, SHIN Y. Influence of Ripening
Stage and Cultivar on Physicochemical Properties and
Antioxidant Compositions of Aronia Grown in South
Korea[J]. Foods, 2019, 8(12): 598.

SHANG H T, CAO S F, YANG Z F, et al. Effect of Ex-
ogenous y-Aminobutyric Acid Treatment on Proline
Accumulation and Chilling Injury in Peach Fruit after
Long-Term Cold Storage[J]. Journal of Agricultural and
Food Chemistry, 2011, 59(4): 1264-1268.

NASIRI M, BARZEGAR M, SAHARI M A, et al. Ap-
plication of Tragacanth Gum Impregnated with Satureja
Khuzistanica Essential Oil as a Natural Coating for En-
hancement of Postharvest Quality and Shelf Life of
Button Mushroom (Agaricus Bisporus)[J]. International
Journal of Biological Macromolecules, 2018, 106:
218-226.

TSIKAS D. Assessment of Lipid Peroxidation by Mea-
suring Malondialdehyde (MDA) and Relatives in Bio-
logical Chal-
lenges[J]. Analytical Biochemistry, 2017, 524: 13-30.
XIONG Z Q, LIU W, ZHOU L, et al. Mushroom (4ga-
ricus Bisporus) Polyphenoloxidase Inhibited by Apige-

Samples: Analytical and Biological

nin: Multi-Spectroscopic Analyses and Computational
Docking Simulation[J]. Food Chemistry, 2016, 203:

430-439.



