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Abstract: To investigate the effects of different coating treatments on the quality of betel nut fresh fruits during storage,
three groups of coating agents, aseptic distilled water (CK), chitosan (T;), and chitosan-chitosan-thymol (T,), were used
to coat the surface of betel nut fresh fruits and then packed in PE bags with perforations to determine the quality changes
of fresh fruits stored at 13°C and 65% relative humidity for 40 days. The results showed that the T, and T, film treat-
ments effectively delayed and inhibited fruit decay and softening, kernel browning, yellowing, water loss and shrinkage,
and extended the shelf life from 5 days to 35 days. Compared with the CK group, the T, treatment effectively inhibited
fruit yellowing, but the T, treatment had the best overall preservation effect, which not only enhanced the initial anti-
oxidant capacity of fresh fruits, but also significantly inhibited the increase of weight loss and decay rate, and the decay
rate was only 8% at the 35th day. At the same time, the color of fresh fruits was more stable and the browning of kernels
was not obvious in T, treatment. In addition, the changes of respiratory intensity, hardness, cellulose and lignin content
had showed that the T, coating treatment could maintain the physiological and metabolic capacity of fresh fruits during
the storage period after 25 days, and the freshness preservation effect was significantly better than that of the CK group, so
the T, coating treatment can be used as a green, safe, economic and effective method to preserve fresh fruits of betel nut.
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HHP (Areca catechu L.) ZiF A I EEL
TAEY, RGRZARH . P hX 200 277
PR EE R 2B ARIEN R TR KR 2
Z—, THEW . B2, gAY T
Wy, HAIE . ik, brE L. U . b
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FFPE 1.82£0.1 &£ 45 T B R4 7818 7K . 1 mmol/L
BWBRINE RS, 5—XR& e AT hiE AR

CRUT ZEXT R =1 ) H AL,

TG S BRE . REW (EMHE ), =
AfsE, DG (18) 3Rkt PDA Hifefkk. ¥
RBR . EFUMERERR . MR a YT 22 sa pkial
ARATR, WETIR. M7 #EG T Biotech
sharp 1 Sangan Biotech A F], K&K . 4% .
TR W T B T AE AR R PR A 7] 5 1,1- R A
-2- i BE AR U T W T VAR B 5 By A BR Al

WA EZY AR K,

FEAYA - pH 1T pHS-3C5 B AL A=) 2 134
5% S8APO; JiFefl DGZL-1000; (2318 35
CM-700d; /= P2 ML IKA ALL; @85 TAE R
SW-CJ-1CU; N TS AMEFENTIN A B R A BR
oL BRI FTC/TMS-PR; ¥ 14 L L
HERMLEZ32HK; 4 [ 8%t 43 4% Thermo
Sci-Var-Flash; LED %T4f, —40°CRiR# 7Rk
1.2 A&
12,1 SERFRAE ML A KK VIR
1 mmol/L Na,S,0s &M i, 3 Fiab#. CK( &%
0.5142 g/L HCI, 2.367 g/L & 100). T, ( &
0.5142 g/L HCI, 11.83 g/L 5¢ % H#, 2.367 g/L ik
100). T, (7 0.5142 g/L HCI, 11.83 g/L 75548,
3.56 /L XXZ W, 1.75 ¢/L & &N, 2.367 g/L it
i 100), FrAEEARRAE 13°C. 100 r/min #EHL
JR¥% 2 h, HFABLR 30 min S5 . R SRR
AlE T CK. Ty, T, IREEACEERH, )R
10 s J HuERIWI L, BT ARG BT 13°Ci X
WEOEIFREE TR 12 h, DL PE A7 fLAREEAS (B
FF 0.01 mm, L7 8 mmx8 mm TLH IE4LES L)
PEATERE, FASL R 10 DAL, WK iR, T
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FEL
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IB 2y PE fu2%4%, 1A HUE4UESIL.
IB is the PE bag and IA is the air permeation holes made
of filter paper.
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Fig. 1 Pretreated and packed fresh betel nut
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1.2.3 M agAan g Lk FRABRE, W E R
PSR S HEE bR

(1) RERMME , KER= (HIIHE &
AR n RIGEE ) AIIHE Ex100%.

(2) BB ME . TR R=[TCER R L 1w
FEOT R B 402 RS0 1/ 88~ $< 100%

(3) B ZEME . A2 (EH E2ETTH7E LED AT
FNIE, RALEFRNL, "a. ‘b, AE fHAY
B, HEARE: AE=\(L? +(Cay’ +(b)
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(4) BEREERIIE . FIF & S5 A0 e
FES, AR B SR AR B TR AR r=
40 mm PR BRGNS AR AR R i A
B A 5, 5k 8 AR 75 mm A RSB R IR 3k
S8, |ARf& J1 250 N, BN 50 mm, £
JFEIEAE & 10%, WK 2 mm/s, $E 2 1K,

(5) WP om B f A o AR B IVF 5 8 2
IR R TR, ABFRAE CO, B WIS L F
Ve, FE N E RN, KA 0.4 L. K4
r=(5.0£0.1)mm %) PPE XUSE 1 Z8RHH A 251 7 I
S REE A o E BEORHI b O A B A A AR A
B, FAMA 4mL 0.1 mol/L NaOH HrifEE K - i€

Q C Ve

BB RS —E T 13°C . AHXHEE 65% 45 T
N, 30 min J5H 2 mL 25 CO, ZR B /KB BR Tk 2
R, %0 1 mL AT NayCOs ¥ Al
20 uL EYEKTE <570, F 0.04 mol/L BRI &, IR &
AR AR R A H. 30 s PN B R PR EROAS A E X
A, HEAR K Neo,=2x(V1x0.04-V,%0.1); I
”&EEEZNCOZX‘MXVWIXVI; A, NER CO, ¥y
i, BN mol; Vi FRINTHE 24 S BT H
0.04 mol/L B AR, Fifi Jly L; Vo %K 0.1 mol/L
NaOH HRifEF WA AR, BACh Ly m #oR
GRS, TN kgs t FORNIHE], BN
min; PR EE Y B0 2 mg/(kg min).,

(6) RABERENNE ., RNV, 7
BIZEAT46 M L)L HUAWEL YAL-AL #E479) 1 RGB
BUR IR, WA MCEIE 1.4, BG [
1/180 s, K- E /3PS 96 dpi, KR4
HEFR N 3000 pxiel x 4000 pxiel, JRIG KRG RESE
W, KRG T AL B a] F TR A 2
Ph Image J 2.4 FAF#EATACER 38T, BIMGEHELR
sRGB stack, > F Interactive 3D surface plot X} K4E
MG HE T 3D Ab3, DU X-Z #5210 b Z g 5,
() 537 R S s SR A AR R BE o DURA J5 & AE AR AR
(R fE SRR ], Ab PR AL IR LR 2.

A: JRiaMifh; B: sRGB F;IXALHE; C: BMRGBCMYW 4b#; D: Z =4 MEAE; E: X-Y-Z 4.
A: Original colour; B: sSRGB stacks processing; C: BMRGBCMYW processing; D: Interactive 3D surface plot; E: X-Y-Z surface projection.
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Fig.2 Steps of nuts browning degree treatment
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1.2.4 BEiEHan .z
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(1) R ZEA LE (PPO) T M AINE .
S (BUCHIY LB sc e dem ) MY, FF1EE Y
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—ANEEEPERAALL, DL U SRER

(2) M&t &R (CLH) ISHERE . SR
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(2) CHAHEZEMARTE S RN E, L35
21 Y 25 B R A S BESCHR[17], UK BRI 2011
R eT 4, JHZEMK R ik BV A5, 65°C
HETF 5 0.1 g SR AP e+ 2 H T, B T 2 mL
BELEY, A 1 mL 0.1% (m/V) i (0.50 g
BF+50 g BRK+500 mL 72%65H2 ) 1§, 80°C/K¥
10 min, RHERHEHELFHE 20 min, 4000 r/min
B0 2 ming B 50 pL FEWINAZE 620 nm ZbIE G
B, A bniEth e y=0.0033x+0.036, R=0.9802, K
MR Z TR, REESEOINE S B
[18]FFVEME M e B 0.1 g S e 4P 4Epit T fe
BT 2mL E.O089, A 200 uL 25% (V/V) 3
ZBE-VKEERR , 70°CHN# 30 min 5, HIA 500 pL
2 mol/L NaOH #RUEA I . 500 uL 1 mol/L FHRF2
Je . 500 uL PKLFR, R¥% 39215 10 000 r/min Z5.00
10 min, HU 30 f% BiEFMBH 50 uL T UV Al
FE 280 nm AEWOGIE . ArvETZR y=0.7254%-0.0032,
R=0.997, RIGARFER &,

(3) REESEMNE . R AICI;-NaNO,
U SR SR B AR P A R R R, L
PR RN, REIZA y=1.6416%+0.0766,
R’=0.9924.

(4) B RIIE . AR
FE SRR R S P R B B, A5 R LA

2oyt 1.2.2 AT, I 5E A

BTIRYEER, brifEllZh y=0.0146x+0.0066,
Re=0.991,
1.2.6 #wAMAEAeME (1) DPPH ( 1,1-K
F-2-9 LM A 3R ) TEBR RGN E . 2 BOCHR[21]
FFVEIE M0k, B 0.1 mmol/L DPPH Z BEAR1EIR
WA 384 fLtkt, BALIEHIIMA 20 uL J5& T
20 CWR R MERTECE , F 13 C#E 5 min
R, MIRE 492 nm ZAWIEEENPIGME (A),
SRJG 1) LN 20 pL HEIERETR, T 25 CHREAL X
L7 20 min J5 FRRIAE 492 nm A SEAE( Asamples o
DPPH {5 BRI AN
DPPH 15 & =(As—Asample) Ao

X, Ag HFEARTE 492 nm A 9T BE WA , Aample
I RE SR AE 492 nm &b A OGAE

(2) FSRJFERE S MM E . Fe’ 30 JRUAE 1]
YENRE S BUEALRE T I TEM A5, 5 ik S i
SCRR[22], Fe’ i JEBE it AR N

Fe’ "1 J5LBE 1 =(Asampie—Abtank) Miample

K, Acmple WFEATE 700 nm AL I SEAE, Aptank
RZEEIK (KRR ) 7E 700 nm ARSI EIE, Mimple
RS TR, B0 h mg.
1.3 HiEAE

R A RIS Y5k A 3 WOPATIREGIE, I
g R LU 45 ME W 22 KR . R A Excel
2019, Image J 2.4, SPSS 26.0 #4347 50850 Hr
FEMR AL HE

2 HERERQH

2.1 AESRRASET RS R IBIEFRAI %M
21,1 kFFE MERE 10d 5, NEREL K E
ZIF BRI R (P<0.05), 7ERT 10 d CK 4%
AN 0, BEGKEECRE RN K R E 8 LT,
%540 REFiE R, BE ST Ti. T, (P<0.05),
FEUAREAR e AR RS (>35d), SeRME . TR b
KW - E BHEBIR AR L TR LA
THIVER, Ty AL A GI/E & B, 565 40 KA
RN 3% (] 3A ). X Al REJE i T Fifi 5 £ 2R
WP AR, B 78 e R 10 19 50 SROME AR X PR
HIK A —E WIVE R, AMK 51 A3
e, M —E B AR TR s
JITAFE 0 o i, MR B AE 2 5 R 0 FH I i
2,12 JBxF AEMPEE S AH G R AR R
SNRAE YRR A SRR, B 25d N, BT
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AR ARG AL PR AT B BB T 40%,
BRI, T, T, 8HRAE 35 d BHAYJE L
BORFFEAS, BRI T 30%, 1M T, LAY
B A FAR T Ty AR B, 35 d B RS RAUN 8%,
BB R R R ETTE 65%, BAVEAEHNE
R LR 8 ORI, T L Bt f B o ] ) S K 3% 1T
PR PO A A, SRS Y e R, Ak
FAtE i {a (& 3B ),
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Different lowercase letters indicate significant difference (P<0.05).
E3 AELSEMEMHERIER, BEENHI
Fig. 3 Effect of weight loss rate and rotting rate in nuts
under different treatments
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S W RE S IR XK BE A, e (R I 3 [X 4T 45
EECE, "o (E 5 I3 X W . AE /0] R e
MR X @R ErE, B AE K, @Rk
PEAR2E AT AN 5]

CK MWL e 5 KikF e 5 B i
TR (& 4A ), T, 20" (E7ERT 25 d BEhFE
SE, MRS 40 KL (% 5 FRE (P<0.001 ),
FERPERME . SRR - LW - B A IR AL
FERERCES 1 KIS, BIVAT dg 2 438 o SR S 3 1 A0 5
(P<0.05), fifZE 25d 5By EN B EST
CK 4, FIHNHR LR MR R N AR SR
X A A ff SR 3 A — 2 P A E T IS SR -
K22 W LA T A T U AR D0 A b A ) TSR

SCRMSEEN TR, FITEER LA,

“a {H /NS AR KRR, e fE R AT X
AR, T, A0 a (R THE RS ([
4B), HHZEA'L M. b HBBIRE, XIRL
b 7 ke HH i SR G o €0 15 PR YR SR AR Ry S T ) A
TGOS, T, A FA RN H 75 afl
ETEL S 40 KA, B R XA S A A R A A
TS, (HILA SRR E KT T, 4. CK 4
TE 13°C. 65%RH R8BI N, Ha (H1E—&E
JE LRz TE, CRB T AR T X
WEFEARRIG, (AR EBEEOAAAK, 3
ENENTIE 2K (e

" (KRR 7 (0 DX R, T R
JINBE B E A KA G O, 2547, Tal b
ERFE, CK AR b EES 5 Kithes (A
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AbER, T 4AERT 25 d BF, b HIEARFEELE 30.0
fidi, FEESS 40 Kb TR (P<0.05), X
FEUH T U MSEAL G e SR AR B | W T 1 R e R
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SRR (AR SR, TEMER R 25
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AE BUE I /INE TR 3 s R i i B (0 A8 fL AR
B, CK 41 AE ML 5 H L " (EAE b
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FHRaE M T, 41 AE{HAERT 25 d B9 IF A I 2,
HES 40 REF AEEA HBL TR KB K 4D ),
X 2 I 570 SROH VA FE Ak B M A 200 A % fef SR O 7 (0
Atk FIF R

H (M) nlh CIE Asbrfkifmk,
H=arc(tanh)=arc[tan(b/a)]. h {3 [ 124 % . h<10°
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fit[A] Time/d

50~ D e Mck [OT, HT,
40 - b c :
30- NI N

< L § > s 5
20r N \E
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0.100
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Different uppercase and lowercase letters indicate significant differences at the 0.001 and 0.05 levels, respectively.
B4 TELEXEHERL, "a. b AE. H B
Fig. 4 Effect of different treatments on 'L, ‘a. ‘b, AE. H values of fresh betel nut

2.1.4 ARE PG A SRR R B (R Y B
TEE 25 K (K 5), Hir, Ty 4I7E4b8 1d
fXF CK. T, 4, Mm% 25 Kgh & s T Hma
(P<0.001). ZEHKAE, Bl F S50 4 H AT
BT W, 8 22 50 40 RN, T 2H A8 B [ 2 e MK
MUEE T, AR EREEST T, 4 (P<
0.001 ), H T, 8 B Je I B 0 A8 Ak b 5l B
160

ok RCK OT1T, BT, G .

120
100
80
60
40
20 L

% BF Hardness/N

1 5 25 40

18] Time/d
TR 1 ORE R 2 BOAACk 2 IRBF R I E(E . ARIREF
BEFR 25 B3 (P<0.001),
Hardness 1 and hardness 2 are the measured values of the texture

tester probe after two times of extrusion. Different uppercase letters
indicate extremely significant difference (P<0.001).

B 5 [ AhIE R B REE RS
Fig. 5 Effect of different treatments on hardness of fresh
betel nut
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PR ZE S Z<40 W AB i/, KPR
ETRE (E 6). i Ty AR B2 TR I AL T
CK 4, XRUAMFEMBAIT, K 12 d N5T
RME VR ] A Ok g7 B R R AR AR &, Bl
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Fig. 6 Effect of treatments on browning degree of
fresh betel nut
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Fig. 7 Effect of different treatment methods on respiration
intensity of fresh betel nut
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FECI PN B SR B AL, PR TR B 2k R il
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Different uppercase letters indicate extremely significant
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cellulose and lignin content of fresh betel nut
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