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1 MRE5FE
1.1 BE#Ri5iH

AEBCIRA Gy 8 A RS 2012002) R4l )7 P 8
M X — > B Al A Pl (108°40”E 23°26'N) , SR 5
BRI %5 (20 + 1) C HXILE 85% + 5%
Ik T R TRl 22 e AR AR SR MR (100
mg/L) X RS HEAT WV, A AR T 5 g HE B B
AR R/N—BCH TP A R SR SE AT T
— i,

B-1% MR MER HURIMER LN B
USRI b BRI ERHA R ) 4l B £
Tk 2 s — W5 R IR (Adenosine triphosphate , ATP) |
T B R I 1 (Adenosine diphosphate , ADP) | 51
I it 1 (Adenosine monophosphate , AMP) , _I ¥ it
WAz MR A BR S A 4R R 3 5 iR AT — BRI
M) & (YX-W-AT700, YX-W-A701) 4 (4
C % L (Cytochrome C oxidase,CCO) 43 A1 it 5
& (YX-W-C304) BEFI2 I ZU i (Succinate dehy-
drogenase , SDH) 73 #1 i 7l & (YX-W-B102) , 5 IE
HIRAEY R A BRA W] He i R & R 23 B
afigy,

1.2 UHFE5EE

FJ200-S ¥ v U or Wy L, bR A
BT TG16-W Rt i 0o BIL 380 e I A A AT
FRA W\ TR, Bk 5 5 A R AW
Agilent 1260 = %0 AH 415 1X  (High performance
liquid chromatography , HPLC), 3 [H Agilent #}4¢
A RN A ;SpectraMax 190 4= K B bR AL, & H
MD 73 FAXAR A F
1.3 A&

1.3.1 SRSEAREE [ AR TS AR AT SR SERE AL 43
J2 A, B 120 AR, KRBT 2% RAE
W (m/v, ] 1% SRR &, 1240 BV B 28 7 56 40
EARAF )R 2 min, 75 —HIRM R LTE 1% LR
VALV P I TR ) P T 4 Sy of B Ak B2 XS B2
REARE TG, B4 DRI 1D RLE

SR (JEEE.0.01 mm, K FEHLAE .30 em x 20
em), A RSE T (25+1) C AHIIEE 85% +
5% %A T 20 d, FEECGE 0,5,10,15,20 K
3 S 5 Ak B A OGS AL A R R R A
SR Al ¥ 7 & (Soluble solid content,
SSC)FT TTA, Lk I F8 b B 4> Ak B iy A 00 2 1sF [i]
S 3AAEYEEE, BN EYFEE N 4R
SE(148), S ICEIE X Ak A R IR A SR S i AT
SRR VR A R VRT3 0 VA T-80 CrkAS
H DA FE 22 A AR AR 5

1.3.2 JCOBES A AT R S B ) G IR A
RACHATRRE , R EFARPE LT A, RE
R= (WA F ST (0 d)— 0 A 1) o5 55 52 o 4 )/
)46 52 F (0 d)x 1009% , SSCF1) FH T3 64X
HEATINZE B 10 g HT7E 8 000 x g 51 F &L 15
min , B L35 W0 T R roB AL, i H SSC,
AN °Brix, TTA WA B AR FIEW 2 mL, 28
MK BEZE 20 mL, 28 )5 0.01 mol/L. NaOH & i
W22 pH 8.1, TTA DIAr & IR it & 43 HOH A, &
7N R R AT R W 4 B i (%), [ R LR R
g SSC &5 TTA & & HAE,

1.3.3 BIRmBiotr K FERM AsA & &
R 4 TR A2 e i A ST 9 HPLC 7 3 R A7 0 2 2,
TP & 2 f Fan SR b A1, &1
TR s o VR AR e h 2% TP & 5 LIS & TR IR
IYBOT R R S RS I8 L SRR ik kA
TE o T Sl br o il 26 2 B B ik DL T A
SYBOTRE L DL L AE bR A ¥ RN glke i
(Fresh wight,FW),

1.3.4  WBUEME AT 20 0B I M AR A R A 4
ZUR A AT L SR AT AR T B A 4 AR 12
AR AL, HZEBK R0 T4, B S W SR 5
£ 300 mL ZR K I HEE P, 7E 25 CHMAF R
FiE 20 min i, FH A SR AU R0 B SR (P) .
SR 5K AR B VA VB R 20 min, U A1 & 25
CIH- T2 R SR R K 3 (P) X
(%) AN AT L3R = PYP, x 100%
MDA & &R HE Zhang S5EBI0) J7 Wk 3E 4700 € | S 7
A wmol/kg FW

1.3.5 fie/K 4 ATP. ADP Fl AMP & #2
HE Liu 55 PY J7 35 647 00 5 | 38 3 HPLC #1743
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Br, B 4 23 H i ZORBAX Extend-C18 (4.6 mm x
250 mm, 5 wm), #EFEE 10 pL, 7 a0 A B R £h 2%
M (0.2 mol/L,pH 7.0) , Jit # & 1.2 mL/min, ¥ i
B[] 20 min,, 38 i3 AT AR 37 4 550 (UV) A6 0 25 76
254 nm P A AL DU A WY B L 5 b o G 0 TR
FIR BA B [ HEAT L3, TR AT R SRR Sl v ATP
ADP Fl AMP 9 &% &, 474 mg/kg FW, fEfiT
(Energy charge,EC) ##& LI F 2~ 20315 .EC =
([ATP] + 0.5 x [ADP])/([ATP] + [ADP] + [AMP]) .

1.3.6 Rt AH SCEENG M0 BT R b Ak i) 12
2 B Chumyam 851 T 2% | R4 b7 74 2 U &
T 4 CHRAE, LA 22 B8 5 A AR O Bl 75 v 5
LRI [ H'~ATPase , Ca>*~ATPase T 5l & #2 4
B = R B & (YX-W=A700,YX-W -
AT01) BEVEULBHIEAT . 1 ANEEE S 507 (U) 2 A
T h B g A4V % ATP 4 1 pmol JEHLBE .SDH
Wit SDH 23 Hrik 7 & (YX-W-B102) #1715 Pk )
L1 ANEEE 1 B (U ) SR TERE ¢ AU
& Z b4 min I FE 1 nmol 2, 6- %W &E % .
CCO TEPEMIE CCO 76 ML 2 il & (YX-W-
C304) BEAE VEBA HEAT , 1 A BN 1 B A7 (U) 8 LA
¢ A2V min P74 1 nmol L HLBE, H-ATPase,
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Fig.1 Effect of chitosan coating treatment on the sensory quality of postharvest fertile orange fruit
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Fig.2 Effect of chitosan coating treatment on the nutritional quality of postharvest fertile orange fruit
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Fig.3 Effect of chitosan coating treatment on the membrane permeability of postharvest fertile orange fruit
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Fig.4 Effect of chitosan coating treatment on the energy status of postharvest fertile orange fruit
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Fig.5 Effect of chitosan coating treatment on the energy metabolism-related enzyme activities

of postharvest fertile orange fruit

AR R A G HE R 4 o IR MR S E R /K P, AT
SEZEIRM R ITE L, P FLM 4k | X 5 72 A Ak
AT 308 5 {7 P SR S £ A VR I B SR S Y RE R AR
R AR DAY S I R A AT T 4 R — B

3 ik

2%q5¢ RME VR AL BE AT DUE i 4 2R S RE
IRV 25 5 R G 58 B | R T AE e TR AT SR 9L
A RO G IR SRS AE 25 CIC ] (8] ) 6 5T 45 72

2 % x #

ML, BRDUAE, JPERE, AF. AR R S B
ARG VEQ]. PR Ak AR, 2008, 8(5): 1-7.
YE X Q, XU G H, FANG Z X,

flavonoids and their physiological activity[J]. Journal

(1]

et al. Citrus

of Chinese Institute of Food Science and Technolo-
gy, 2008, 8(5): 1-7.

SHENG L, SHEN D D, LUO Y, et al. Exogenous
y —aminobutyric acid treatment affects citrate and
amino acid accumulation to improve fruit quality and
storage performance of postharvest citrus fruit [J].
Food Chemistry, 2017, 216(3), 138-145.

DING Y D, CHANG J W, MA Q L, et al. Net-
work analysis of postharvest senescence process in
by
Plant  Physiology,

and

2015,

citrus  fruits  revealed transcriptomic
metabolomic profiling [J].
168(1): 357-376.

B, A, KRE, AR TR S5 RO A A

S b B RZ )] S eE R, 2020, 20(11):

176-184.

LI T, LI Q L, ZHANG Q, et al. Effects of contin-
uous sterilization at low temperature on the quality
of canned citrus[J]. Journal of Chinese Institute of
Food Science and Technology, 2020, 20(11): 176-
184.

Z0U Z, XI W P, HU Y, et al. Antioxidant activity
of citrus fruits[J]. Food Chemistry, 2016, 196 (7).
885-896.

MUHAMMAD N S, TUSNEEM K, SAQIB J, et al.
Extraction and quantification of polyphenols from
kinnow  (Citrus reticulate 1.) peel using ultrasound
and maceration techniques[J]. Journal of Food and
Drug Analysis, 2017, 25(3): 488-500.

CHEN C Y, PENG X, CHEN J Y, et al. Mitigat-

ing effects of chitosan coating on postharvest senes-

[7]

cence and energy depletion of harvested pummelo
fruit response to granulation stress[J]. Food Chem-
istry, 2021, 348(15): e129113.

WANG S P, ZHOU Y H, LUO W, et al. Primary

metabolites analysis of induced citrus fruit disease

(8]
resistance upon treatment with oligochitosan, sali-

cylic acid and Pichia membranaefaciens|J]. Biological

Control, 2020, 148(9): e104289.

PORAT R, WEISS B, COHEN L, et al. Reduction

of postharvest rind disorders in citrus fruit by modi-

fied atmosphere packaging[]J]. Postharvest Biology and

Technology, 2004, 33(1): 35-43.

[10] PORAT R, DAUS A, WEISS B, et al. Reduction of
postharvest decay in organic citrus fruit by a short

hot water brushing treatment[J]. Postharvest Biology



55023 % #1 AR ERARE IR MREAMBEERERES T

257

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

and Technology, 2000, 18(2): 151-157.

DENG L L, ZENG K F, ZHOU Y H, et al. Ef-
fects of postharvest oligochitosan treatment on an-
(Citrus sinensis L. Os-
beck) fruit[J]. European Food Research and Tech-
nology, 2015, 240(4):. 795-804.

TERAO D, KATIA D L N, PONTE M S, et al

Physical postharvest treatments combined with antag-

thracnose disease in citrus

onistic yeast on the control of orange green mold[]].
Scientia Horticulturae, 2017, 224(11). 317-323.
HAO W N, ZHONG G H, HU M Y, et al. Con-
trol of citrus postharvest green and blue mold and
sour rot by tea saponin combined with imazalil and
prochloraz [J]. Postharvest Biology and Technology,
2009, 56(1): 39-43.

NAIR M S, TOMAR M, PUNIA S, et al. Enhanc-
ing the functionality of chitosan— and alginate—based
active edible coatings/films for the preservation of
International

2020, 164

fruits and vegetables: A review [J].
Journal of Biological Macromolecules,
(23): 304-320.

ALl A, MUHAMMAD M T M, SIJAM K,

Effect of chitosan coatings on the physicochemical

et al.

characteristics of Eksotika II papaya (Carica papaya
L.) fruit during cold storage [J]. Food Chemistry,
2011, 124(2): 620-626.

RO, WP, ARFE, & GORFHEFEAREE S
e AN S e SR A El ) M S TSI WY A
2020, 46(2): 135-141.

YU Y L, XU D, REN D, et al. Effects of
nanocrystal cellulose/chitosan composite coatings on
red tangerine preservation[J]. Food and Fermentation
Industries, 2020, 46(2). 135-141.

ZHANG W L, ZHAO H D, ZHANG J, et al. Dif-
ferent molecular weights chitosan coatings delay the
senescence of postharvest nectarine fruit in relation
to changes of redox state and respiratory pathway
metabolism [J]. 2019, 289 (11):
160-168.

JIANG X J, LIN H T, SHI J, et al. Effects of a

novel chitosan formulation treatment on quality at-

Food Chemistry,

tributes and storage behavior of harvested litchi fruit
[J]. Food Chemistry, 2018, 252(17): 134-141.
g, I sE, WO, . BEAER R - R
A5 VR B XT LT 447 B R IE 96 & BT 1) 52 AT, AL i
TokFHE, 2019, 40(8): 241-246.

[20]

(21]

(22]

(23]

[24]

[25]

[26]

(27]

(28]

LI T, LI D L, HUANG W, et al. Effect of konjac
glucomannan combined chitosan coating on storage
quality of Beibei 447[J]. Science and Technology of
Food Industry, 2019, 40(8).: 241-246.

XN RS, SRR, X0, SR AR ISR R AR Ab B
S0 R B RS R[], B Rk, 2020, 41
(21): 160-166.

LIU S M, HU K Q, LIU G S, et al. Effect of ex-
ogenous melatonin treatment on storage quality of
fresh—cut mango|[J]. Food Science, 2020, 41(21):
160-166.

FAN P H, HUBER D J, SU Z H, et al. Effect of
postharvest spray of apple polyphenols on the quality
of fresh—cut red pitaya fruit during shelf life[J]. Food
Chemistry, 2018, 243(6): 19-25.

LI W D, LI O, ZHANG A R, et al. Genotypic di-
versity of phenolic compounds and antioxidant ca-
pacity of Chinese dwarf cherry (Cerasus humilis
(Bge.) Sok.) in China [J].
2014, 175(11): 208-213.

ZHANG Y Y, HUBER D J, HU M J, et al. Delay

of postharvest browning in litchi fruit by melatonin

Scientia Horticulturae,

via the enhancing of antioxidative processes and ox-
idation repair[J]. Journal of Agricultural and Food
Chemistry, 2018, 66(28): 7475-7484.

LIU H, SONG L L, YOU Y L, et al. Cold storage
duration affects litchi fruit quality, membrane per-
meability, enzyme activities and energy charge dur-
ing shelf time at ambient temperature[J]. Postharvest
Biology and Technology, 2011, 60(1): 24-30.
CHUMYAM A, SHANK L, UTHAIBUTRA J, et al.
Effects of chlorine dioxide on mitochondrial energy
levels and redox status of ‘Daw” longan pericarp
during storage[J]. Postharvest Biology and Technolo-
gy, 2016, 116(6): 26-35.

LAFUENTE M T, ZACARIAS L. Postharvest physi-
ological disorders in citrus fruit[J]. Stewart Posthar-
vest Review, 2006, 2(1): 1-9.

LEE S K, KADER A A. Preharvest and postharvest
factors influencing vitamin C content of horticultural
crops|J]. Postharvest Biology and Technology, 2000,
20(3): 207-220.

MATSUMOTO H, TKOMA Y, KATO M, et al. Ef-
fect of postharvest temperature and ethylene on
carotenoid accumulation in the Flavedo and juice
sacs of Satsuma Mandarin

(Citrus unshiu Marc.)



258 hoE N % R 2023 455 1 ]

fruit[J]. Journal of Agricultural and Food Chemistry, Insights into the regulation of molecular mechanisms
2009, 57(11). 4724-4732. involved in energy shortage in detached citrus fruit
[29] HONG K Q, XIE J H, ZHANG L B, et al. Effects [J]. Scientific Reports, 2020, 10(1): el109.
of chitosan coating on postharvest life and quality of [33] WANG T, HU M J, YUAN D B, et al. Melatonin
guava (Psidium guagjava L.) fruit during cold storage alleviates pericarp browning in litchi fruit by regu-
[J]. Scientia Horticulturae, 2012, 144(12). 172-178. lating membrane lipid and energy metabolisms [J].
[30] LIN Y Z, GUO C, LIN H T, et al. Chitosan Postharvest Biology and Technology, 2020, 160(2):
postharvest treatment suppresses the pulp breakdown el11066.
development of longan fruit through regulating ROS [34] ZHANG W L, ZHAO H D, JIANG H T, et al
metabolism [J]. International Journal of Biological Multiple 1-MCP treatment more effectively alleviated
Macromolecules, 2020, 165(24): 601-608. postharvest nectarine chilling injury than convention-
[31] AGHDAM M S, JANNATIZADEH A, LUO Z, et al one —time 1-MCP treatment by regulating ROS
al. Ensuring sufficient intracellular ATP supplying and energy metabolism|[J]. Food Chemistry, 2020,
and friendly extracellular ATP signaling attenuates 330(21): el127256.
stresses, delays senescence and maintains quality in [35] YANG W J, SHI C, HU Q H, et al. Nanocompos-
horticultural crops during postharvest life[J]. Trends ite packaging regulate  respiration and  energy
in Food Science and Technology, 2018, 76 (6): metabolism in Flammulina velutipes|J]. Postharvest
67-81. Biology and Technology, 2019, 151(5): 119-126.

[32] ROMERO P, ALFEREZ F, ESTABLES O B, et al.

Chitosan Alleviates Postharvest Quality Deterioration in Fertile Orange Fruit
by Regulating Membrane Permeability and Energy Metabolism

Liu Shuaimin', Wang Linliang', Feng Chunmei”, Li Xinrong', Liu Gangshuai®,
Huang Yanting', Chen Ruirui’, Tan Yewei'
(‘Guangxi Subtropical Crops Research Institute, Nanning 530001, Guangxi
*College of Food Science & Nutritional Engineering, China Agricultural University, Beijing 100083)

Abstract Chitosan is a natural polysaccharide with multiple biological activities, which can participate in various physio-
logical processes in organisms. The present study investigated the effects of 2% chitosan coating on the storage and nutri-
tional quality, membrane permeability, energy metabolism in fertile orange fruit during storage at 25 °C. The results re-
vealed that chitosan effectively delayed the decrease of soluble solids and total titratable acid and the increase of weight
loss and ratio of soluble solids to acidity, and inhibited the decrease of carotenoids, ascorbic acid, total phenol and
flavonoid contents in fertile orange fruit. Further investigation presented that chitosan significantly inhibit the increase of
membrane permeability, which is reflected in the lower relative electrical conductivity and malondialdehyde content in
fruit tissues. In addition, chitosan maintained a higher energy status, as demonstrated by enhancing adenosine triphos-
phate content and energy charge, which could be attributed to improve the activities of H*~ATPase, Ca*-ATPase, succi-
nate dehydrogenase, cytochrome C oxidase during storage. In summary, chitosan can effectively maintain the storage and
nutritional quality and delay senescence of postharvest fertile orange fruit by regulating membrane permeability and energy
metabolism.

Keywords chitosan; fertile orange fruit; postharvest quality; membrane permeability; energy metabolism



