174 H2 W JEg I R Vol. 17 No.2
2026 41 Journal of Food Safety & Quality Jan. , 2026

DOI: 10.19812/j.cnki.jfsq11-5956/ts.20250814004

SIRME: EmEE, JEH, P, 55 R - IEERINIRSS S RIG Ag/ZSM-5 73T 4 K (i 218 Xk 7 ey e U 1 R
Je bt SR SEMA (D], £ k2 Az B AG I A7 4k, 2026, 17(2): 142-153.

XUAN XT, ZHOU Y, CHE HY, et al. Effects of preharvest 1-methylcyclopropene combined with post-harvest Ag/ZSM-5

zeolite nano-preservation paper on maturity and post-harvest quality of Myrica rubra cv. Dongkui [J]. Journal of Food Safety &
Quality, 2026, 17(2): 142—153. (in Chinese with English abstract).

Fal 1-HEERPIESS ARG Ag/ZSM-5 3 F-Tiiial
ARPRBEAN 4 A L B 5% e i a1 58 M)

peds |, B M2 R Mg ek kOB
(L T AR RERR G B S LHFIET, T 315100; 2. WRVLZGRMBUL K B0 B8, T 315500)

o

B E: BB RIORAT 1-H RN (1-methyleyclopropene, 1-MCP)AE 5 R J5 Ag/ZSM-5 43T 4l A AR fif
YU AR ek Mg OB B SR . 5 SR T RIARIIR SN . AR L AR . T R A
RS T TETPPAR SR AT 1-MCP Wit % A e 2R S B BE (52w, RIS DR LRSS Ag/ZSM-5 AOREREERE AR, 23 b I
XA IR I RR G T R F % | WERREE | ikl . 7 . Z By L (polyphenol oxidase, PPO). %k
YIMg(peroxidase, POD)IEPERIREIT, 4HR  RAT 1-MCP AP o] 4 54 AL L7 /R bin i F W s b A, HESR 6
JBEh 4 d, MR, BRI R 5 IR R R R BT — e EH, i T RS s e, 1%
e TRSE POD M, MIMAEZER I, [, RJGH— Ag/ZSM-5 AR LR ATRRAR T k7 2R 52 5 IR
KA, QEFPRIER | R AL A (a), TR AN o SRewiT R B I Ak 2H 5 ARG T AR
WEET it PPO BETE 86.31%, MERBENGS A iR, 4R RATWIIE 1-MCP Al ZE IR A7 LA, (Rl HR
BIRIG Ag/ZSM-5 YK ARk 20 1ok 4 45 A eb A M TR RIRR R Y SR 04 SR S i S B AR BT AR TS 1, AT B
5 R SR I I A R A S

SRR R, 1-F LR Ag/ZSM-5 43 T Il 9 K AR BEAT; T, o 5T

Effects of preharvest 1-methylcyclopropene combined with post-harvest
Ag/ZSM-S5 zeolite nano-preservation paper on maturity and post-harvest
quality of Myrica rubra cv. Dongkui

XUAN Xiao-Ting', ZHOU Yang®, CHE Hao-Yan’, SHANG Hai-Tao',
LIN Xu-Dong', ZHU Lin""

(1. Institute of Agricultural Products Processing, Ningbo Academy of Agricultural Sciences, Ningbo 315100, China;
2. College of Food Science and Technology, Zhejiang Pharmaceutical University, Ningbo 315500, China)

Wis BHA: 2025-08-14

ELWHE: T ATA IR TR H (20255009); i B A BHE B35 H (2025K107)

E—EE: EHEE(1991—), Zo, -k, BYERFSR, FEEBE 10 A I S JE AN T . E-mail: xuanxiaoting1 63@163.com
BIEEE: KBE(1984—), T, Wi, WFoEH, EBMI I A Gkt S S E LA H . E-mail: zhulin0822@163.com



o5 2 W B R, 4R KRR 1-H SR NIE S ARG Ag/ZSM-5 43T 4N A AR 4 X A4S ek g A A A BE K SR R ot S P R

143

ABSTRACT: Objective To investigate the effects of preharvest 1-methylcyclopropene (1-MCP) treatment and
post-harvest Ag/ZSM-5 zeolite nano-preservation paper on the maturation process and storage quality of Myrica
rubra cv. Dongkui. Methods The effects of preharvest 1-MCP spraying on fruit maturity was evaluated based on
in-tree parameters including appearance, fruit diameter, soluble solids content, titratable acidity, color indices and so
on. Concurrently, the synergistic effects of post-harvest Ag/ZSM-5 zeolite nano-preservation technology were
analyzed under both ambient and low-temperature storage conditions, with assessments of weight loss, sugar-acid
profile, texture, color, polyphenol oxidase (PPO) and peroxidase (POD) enzyme activities. Results Preharvest
1-MCP treatment effectively delayed the in-tree maturation process, postponing color initiation by 4 days and
suppressing fruit expansion. It also reduced post-harvest weight loss during low-temperature storage, maintained
sugar-acid ratio balance and color stability, and enhanced POD enzyme activity, thereby delaying fruit senescence.
Meanwhile, standalone post-harvest Ag/ZSM-5 zeolite nano-preservation paper reduced weight loss under ambient
storage, maintained fruit firmness and cohesiveness, preserved red hue (a), and alleviated cell membrane damage.
Furthermore, the combined pre- and post-harvest treatments drastically reduced PPO enzyme activity by 86.31% and
mitigated membrane lipid peroxidation during low-temperature storage. Conclusion Preharvest 1-MCP application
delays bayberry maturation, while its integration with post-harvest Ag/ZSM-5 zeolite nano-preservation paper
significantly enhances storage tolerance and extends shelf life under room and low temperature by preserving fruit
quality and elevating antioxidant activity during storage.

KEY WORDS: Myrica rubra cv. Dongkui; 1-methylcyclopropene; Ag/ZSM-5 zeolite nano-preservation paper;

storage; quality
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Fig.l Effects of preharvest 1-MCP treatment on the appearance of
Mpyrica rubra cv. Dongkui during on-tree storage (n=3)
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Fig.5 Effects of Ag/ZSM-5 nano-preservation technology on weight loss rate of Myrica rubra cv. Dongkui during room temperature (a) and
low temperature (b) storage (n=3)

2.6 Ag/ZSM-5 ZKIREERA ST R BAFIEHEER E MY
A1)

TSS Hl TA R H R I R 25 bR, —H 1
{E(TSS/TA) W2 P F 5 MR- 20 sk 1
Bz, eI ROIE], A R SR TSS 3 T aA,
AR KM BRI &5 BTG, T TA {EIIK
TG HLB RS 3 dTA [EIK B RAR, X2 i Ty a)
TA B RSN TP RS AL AU, (B NM, 2415
CK, #H[8] TSS. TA M TSS/TA YT B %2 5(P>0.05), %
W] Ag/ZSM-5 G RAR G+ AR T B o 4y P RELIRa 0 19 B,
AN ZNS W G AR RS A

R Ag/ZSM-5 GURREERARTS R B E IR I REER R Y
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Table 1 Effects of Ag/ZSM-Sr;Jl(:n(i)preservation technology on

sugar-acid ratio of Myrica rubra cv. Dongkui during room
temperature storage (N=3)

3 K H/d 434l TSS TA TSS/TA

0 JRiE 8.25+0.96 1.42+0.23 6.03+1.59
CK, 10.57+0.55"  1.14£0.16""  9.45+1.48"

1 NM,  9.97+0.74**  1.12+0.35%*  9.55+2.63*
CK;, 10.74+1.33%  1.27+0.27*  8.86+2.62™

2 NM, 10.13£0.35%  1.19£0.34**  9.07+2.17*
CK, 10.11£0.87*  0.92+0.27*"  11.97+3.86™

’ NM, 10.74+0.624"  0.95£0.26**  12.09+3.774°

T ANAKE TR 3 R 21 A0 PR [F) KB 2H o i oA 5 k22
5 (P<0.05), ARI/ING FREAR AR KB A AL B B 8 di#e T
Krge T HA B P22 57(P<0.05). T3,

2 MRIG Ag/ZSM-5 K AREEF AR XS AR I ARG IR
T Fe S0 (B MR IR B AR S . F 6 2 AT, Bl R TR st ]

FYIER, CKL 11 TSS IR 24 B 5 T CKy FINM; 4, H.CK,
I NM; 417) 22 %A 8.3 (P>0.05), MAMSIREGZH TA {EA
TSS/TA {HJC .35 2% 5 (P>0.05), PiWIRAT 1-MCP A3t
Ao M SR S AV UL U 98 1 R B A e B AR, SR A
Ag/ZSM-5 YK AR it b BN T ICHH 5 520

T2 Ag/IZSM-5 PURREERARTS R B BIRIRICHAERL E 5
FAE(n=3)
Table 2 Effects of Ag/ZSM-5 nano-preservation technology on
sugar-acid ratio of Myricarubra cv. Dongkui during low
temperature storage (N=3)

88 %S4

py vaxiil TSS TA TSS/TA
0 R s 8.25+0.96 1.4240.23 6.03+1.59
CK, 10.68+0.50"°  0.97+0.224*  11.40+2.33A°
3 CK; 8.55+0.465*  0.88+0.10%  9.80+1.214*
NM; 8.26+0.59""  0.78+0.13  10.77+1.72*°
CK,  11.02£1.02**  0.82+0.21%*  13.92+2.52%°
6 CK; 7.21£0.51%  0.76+£0.22%*  10.16+2.96**
NM; 7.80£0.92%  0.92+0.19%*  8.914+2.67*°
CK,  10.27+0.78%"  0.85+0.26"*  12.84+3.10%°
9 CK; 7.65£0.40°%"  0.94+0.174"  8.39+1.597
NM; 7.92+0.80"  0.82+0.15"  9.81+1.697%
CK,  10.70£0.47%°  1.10+0.40%*  10.94+£4.07%*
12 CKj; 8.47+0.215%  0.79+0.20%  11.28+2.75%
NM; 7.75£1.00%  0.83+0.14%  9.77+3.38*
CK,  10.47+0.88%°  0.90+0.23%  12.53+4.30"*
15 CK;  8.00£1.07*B*  0.85+0.32**  10.66+4.52"
NM; 7.80+£0.68%  0.80+0.18%*  10.37+3.31**
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SR 2 O A e RS T R R bR 2 —, Hp
RBSEHUARTERE ), PHIBPE AL 2 & ), #i%
PERIAZUNTEE G T o XS HAE R e R gk, R
A5 2 B R TS P OSSR R AR AR S B UG . Tk 3

FiiR, XTSRS 2 d NM, d1REE
(77.70+19.92)% T CK, £H(70.13+13.78); 245 3 d, NM; 416
B (97.41£30.29) K B 1 (39.13+19.76) £ 2 7 T W1 4h {1 &
CK, £H(86.63+22.60 F1 28.37+13.10), %H] Ag/ZSM-5 4K A5
it 5 AGE AT M K AR, A7 R 47 PR 4 e A0 20 i
REGE R TRk . X TFBEIRME, 5 2 d NM, HERM
(0.38+0.20) 15 T CK, £H(0.2620.04), J WL P 402 4 v 266
5 IR R AT, WRE S A0 R ST P YRR G . I,
Ag/ZSM-5 HAKAREELT G ok HRZH (] Ik R PR 2 T 22 Je AR
BEP>0.05), AN, £ 4ERG AgZSM-5 PRRIREER AT
AREAAMHICTE T e . & 4 AT, SR IG A R
B RCRE . TENEE . WS A TE B2 R(P>0.05),
X NM; ZHAEERPETESE 3 d A 38 FI(P<0.05), £ 15 d
AR FCHA R 7R S A ) AL S HOE B2 Ak

T3 Ag/IZSM-5 HURREERARTT R B EIRICE RSN (n=3)

Table 3 Effects of Ag/ZSM-5 nano-preservation technology on texture profile analysis of Myrica rubra cv. Dongkui during room

temperature storage (N=3)

PRI i Bt HEE e B M Wiz
0 J iR 92.16+27.97 0.88+0.11 0.29+0.07 25.65+6.79 23.12+8.41 0.03+0.01
CK, 82.40+13.744 0.83+0.10* 0.28+0.06"* 23.65+6.94" 19.8446.934% 0.040.01%*
: NM, 84.28+20.674 0.88+0.09* 0.29+0.074° 23.07+3.30% 20.36+4.24% 0.03+0.01%*
CK, 70.13£13.78% 0.95+0.074¢ 0.26+0.04" 17.7743.66" 17.00+4.44% 0.04:£0.01*
2 NM, 77.70£19.92% 0.91+0.13" 0.38+0.20% 27.88+10.91 25.54+10.67* 0.03+0.01*°
CK, 86.63+22.60*" 0.94+0.03** 0.32+0.10%° 28.37+13.10* 26.76x12.70 0.02+0.014*
. NM, 97.41£30.294 0.98+0.02%* 0.39+0.08" 39.13£19.76™ 38.16+18.774 0.04:£0.05"

F 4  Ag/ZSM-5 PRIREERAR I R BAFERIR I B R A8 F0E(n=3)
Table 4 Effects of Ag/ZSM-5 nano-preservation technology on texture profile analysis of Myrica rubra cv. Dongkui during low
temperature storage (N=3)
66BN . N .

d gl fifi ks i JREF MEL IEG1: /&-¥l]

0 s 92.16+27.97 0.88+0.11 0.29+0.07 25.65+6.79 23.12+8.41 0.03+0.01
CK, 90.26+10.994* 0.95+0.05*° 0.33+0.04"® 30.01+5.69% 28.58+6.66™ 0.02+0.00*
3 CK; 65.31+33.26™ 0.93£0.05* 0.43+0.11"° 25.91+12.10% 23.87+11.314 0.01:£0.00
NM; 88.70+8.66 0.92+0.07* 0.29+0.05% 25.20+4.22M 23.33+4.89M 0.02:£0.00
CK, 112.41£35.08"° 0.94+0.04 0.34+0.04 38.56+12.95" 36.14+12.35% 0.03£0.02%
6 CK; 81.80+11.234 0.94+0.08** 0.35+0.09*° 27.82+5.924¢ 26.43+6.25 0.02+0.00*
NM; 82.81+£26.16™ 0.95+0.04" 0.45£0.24 33.78+9.874 32.36+10.84* 0.02:£0.00
CK, 81.85+£45.20™ 0.92+0.10% 0.35+0.12% 26.39+16.59** 24.83+16.45M 0.02:£0.00
9 CK; 73.04+7.26™ 0.96+0.03" 0.37£0.11%¢ 26.61+7.75% 25.49+7.63M 0.01£0.01%
NM; 70.95+13.43% 0.92+0.04 0.38+0.06" 26.87+4.08"° 24.83+4.12"° 0.010.00
CK, 70.92+42.274 0.99+0.09* 0.33+0.06"" 23.13+12.88* 22.72+12.30% 0.02+0.01*
12 CK; 77.32+13.394 0.93+0.06™ 0.3120.11% 24.08+10.714* 22.41£10.70% 0.01:£0.00
NM; 62.46+32.08" 0.94+0.05" 0.37+0.08" 23.06£10.914 21.71£10.20 0.02:£0.00
CK, 83.50+12.70" 0.890.117 0.26+0.10* 22.53+11.07* 20.65+11.35% 0.02+0.01
15 CK; 95.07+23.914* 0.88+0.10*" 0.32+0.10* 31.74+17.28% 28.90+18.024° 0.02+0.00*
NM; 64.15+32.95% 0.94+0.05" 0.40+0.12%¢ 22.63£10.83% 21.08+9.88%° 0.01£0.01%
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2.8 Ag/ZSM-5 PAAKAREER AR R B AAHE & F A E

PR B M AR . W03k S TR,
F a, BB IR KIEK, CK, A0 o B TFHESE, m
NM, 411 a 22 574 B3 (P>0.05), Pil CK ZLigHay 41 (%
LN, $ER Ag/ZSM-5 G F A Al GE AR 41
GEOFEME, T AE {8, CK ZHF1 NM H 5 R H
B 22 5(P>0.05),

F 6 NG Ag/ZSM-5 HRPREFH AN A B MR
IR, AT CK, 4H, CK, il NM, kg0 L

M oa IRZE R, BT CK 418 & . 3RS NM;,
AR, X A[RESE M T RAT 1-MCP 4bH Al LIYE iR T
W— 2 AW, RN R A E A ] N R IR R, B
RN A I RN S 2% 2 2 HEARLS) (H 25 M SR S 3 0 ) A8
K, WIRZIEHREORNBIRRERL, SRl 1-MCP /ERIBEZ T
R, RJi Ag/ZSM-5 GRARE PR FIAER 56 fo 3 AR B R o
Zx b, SRHT 1-MCP ALIEA | T et R 5 IR et i
A, FRJG Ag/ZSM-5 4K St Xt T 5 10 A € 5 4
5 —E A

5 AYZSM-5 PRRERARN Z B 718 EIRINE & FMNF2I(n=3)

Table 5 Effects of Ag/ZSM-5 nano-preservation technology on color of Myricarubra cv. Dongkui during room temperature storage (N=3)

Ik K%/ d Vaxiil L a b AE
0 oy 21.18+2.13 19.89+4.86 11.19+3.03 /
CK, 19.19+1.974 14.12+4.15% 6.55+2.83% 7.75+5.25%
1
NM, 19.15+1.78* 13.63+4.26" 5.61£2.224 8.76+4.854°
CK, 18.42+2.94% 13.67+4.38" 6.59+3.204° 8.85+4.104°
2
NM, 21.1242.45% 15.90+2.68** 8.06+2.96"° 6.25+2 444
CK, 20.42+2.03% 13.7242.71% 7.98+4.74%% 8.59+2.074¢
3
NM, 19.10+1.73%¢ 14.37+3.65™ 6.74+2.16"° 7.5544.25%

TE: A JE I, R

F 6  AgZSM-5 PRRER AR Z BAE KR & FNFI(=3)

Table 6 Effects of Ag/ZSM-5 nano-preservation technology on color of Myrica rubra cv. Dongkui during low temperature storage (n=3)

T3 R A/ d paxcl L a b AE

0 Jith 21.03+1.52 19.86+2.70 10.51£2.19 /
CK» 18.21+1.62% 14.46+1.74% 6.28+0.88"" 7.50+£2.214°

3 CK; 20.37+2.50"° 16.3442.354 7.98+1.574® 5.0242.654%
NM; 19.11+£1.38"P2 17.54+2.64" 9.31+1.40"° 3.934+2.204°
CK, 17.82+2.30% 13.75+2.68" 8.16+2.484° 7.854+2.8942

6 CK; 20.96+2.30"° 16.16+1.824% 9.61+2.98" 5.08+1.98"¢
NM; 18.04+1.494%® 14.60+1.70%* 6.49+1.34" 7.50+1.65"
CK, 17.89+2.574¢ 13.7042.95% 5.29+1.31% 8.84+3.64"

9 CK; 21.67+2.54"° 15.59+1.99% 8.50+2.59° 5.81+1.93%
NM; 18.95+1.68"B® 14.55+2.40" 7.07+2.41° 6.98+3.05"
CK, 17.09+2.524 13.15+3.98% 5.1242.46™ 9.71+4.74*

12 CKj; 18.58+2.93% 14.45+3.15% 6.66+2.90* 8.04+3.15%
NM; 20.05+2.00452 15.89+3.00% 9.40+2.58"° 5.01+£3.33%
CK» 19.43+1.25% 15.33+2.76™ 6.02+1.434 6.78+2.81%°

15 CK; 20.33+1.95%° 16.56+2.80"° 8.07+1.614° 4.88+2.574°
NM; 21.29+1.425 15.52+1.80%° 7.67+2.194° 5.71+1.814¢
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Fig.6 Effects of Ag/ZSM-5 nano-preservation technology on relative conductivity of Myrica rubra cv. Dongkui during room temperature (a)
and low temperature (b) storage (n=3)
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Fig.7 Effects of Ag/ZSM-5 nano-preservation technology on PPO enzymatic activity of Myrica rubra cv. Dongkui during room temperature (a)
and low temperature (b) storage (n=3)
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Fig.8 Effects of Ag/ZSM-5 nano-preservation technology on POD enzymatic activity of Myrica rubra cv. Dongkui during room temperature (a)
and low temperature (b) storage (n=3)
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