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Abstract: To extend the post-harvest storage duration of peppermint and predict the post-harvest respiration rate of
peppermint, peppermint was subjected to modified atmosphere packaging conditions with different packaging materials
(PE, OPP1.8/PE3.5, OPP1.8/4.5, OPP2.3/PE4.5, HDPE), various O, concentrations (3%~7%), and different CO, concentra-
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tions (5%~15%). Parameters including weight loss rate, relative electrical conductivity, color difference, sensory evaluation,
vitamin C content, total chlorophyll content, and total colony count were measured. Response surface optimization
experiments were conducted with O,, CO,, and packaging materials as factors to determine the optimal gas ratios and
packaging materials for post-harvest preservation of peppermint. On this basis, the volatile compounds and surface fungal
diversity of peppermint were studied. The proportions of O, and CO, inside the optimal packaging materials for peppermint
were measured by using the closed space system. Based on this, a model equation was obtained using the permeation
system method and numerically simulated. Matlab software was used to calculate the respiration rate at equilibrium, and a
regression analysis was performed using a quadratic polynomial model. High-throughput sequencing was used to sequence
and analyze peppermint samples from the optimal, worst, and control treatment groups, comparing changes in the
proportion of dominant microbial communities. The results showed that the optimal gas composition and packaging
material were 3.5% 0,19.4% CO, and HDPE, which extended the freshness period of peppermint from 7~9 days to 10~12
days. It could inhibit the increase of linalool and other alcohols during peppermint storage, reduce the volatilization of D-
carvone and other ketones, and delay the senescence of peppermint. Based on these experiments, a more accurate quadratic
respiration rate model for peppermint under controlled atmosphere packaging was established, which effectively inhibited
the growth of decay-causing microorganisms such as Ascomycota and Mycetes in peppermint.

Key words: peppermint; modified atmosphere packaging; volatile components; respiration rate model; storage and
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Table 3 Technical parameters of different packaging materials

0, BARH COBARE

NES AR 0.1 MPaZk 78 <afid ¢

ek (cm¥/m?-24 h-0.1 MPa) (cm¥/m?-24 h-0.1 MPa) (cm¥/m?-24 h-0.1 MPa) (g/m*24 h) JEBE (mm)
PE 1573 314 565 0.556 0.03735
HDPE 143.8 316 626 0.607 0.05557
OPP1.8/PE3.5 245.8 489 336 0.732 0.03431
OPP1.8/PE4.5 182 2108 21 0.592 0.03709
OPP2.3/PE4.5 175 306 478 0.521 0.03689
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Fig.1 Effects of different packaging materials on weight loss (a), relative conductivity (b), color difference (c), sensory evaluation (d),
V. content (e), chlorophyll content (f) and total number of colonies (g) of peppermint during storage
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OPP1.8/PE3.5, HDPE —Fh A48, [FIAT45-&Rr]
TRSEHGAS Y AR SR B Z5 5, BV O, WS 2h 3%~
7%, CO, MBEHN 5%~15%. X = ADH T E =1
IR TS S5
2.2 SRELGIRTEf R B ARSI
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55y, NI EE b BH A s A S SR A3 A R B N e
ZZ PR AR ISET ARG SR FHAH RIS TR0
T, AL R R A E A R 2, AR G0 e A A} i
PESEZE A, DL L HTEH A A PR T IR 4 RS
M O, M A 3%~7%, CO, MR A 5%~15% I fiE
P Ay B 1 B L BT, I Box-Behnken 23T
7%, LA Design-ExpertV 8.0.6 {11 =R 2K =K
PRI 7 TAAES . PEZR BRI e it o, 4R B A
I EAE G ST S S M FE R AR, LSRR R ) v
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VR, PR AR 5 2 FH 4 22 1 ol i N AL,
38 T VT R T A AT B AR T 25, =T S
ZERINGR 4 PR, BAMSEESE(Y)S O, E
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Table 4 Experimental design and results of response surface
optimization for modified atmosphere packaging conditions of

peppermint
KIS OME (%) COMKEE(%)  fwlitthl M E & E(mg/g)
1 3 5 OPP1.8/PE3.5 0.636
2 7 5 OPP1.8/PE3.5 0.402
3 3 15 OPP1.8/PE3.5 0.524
4 7 15 OPP1.8/PE3.5 0.475
5 3 10 PE 0.674
6 7 10 PE 0.641
7 3 10 HDPE 0.624
8 7 10 HDPE 0.473
9 5 5 PE 0.553
10 5 15 PE 0.584
11 5 5 HDPE 0.486
12 5 15 HDPE 0.452
13 5 10 OPP1.8/PE3.5 0.668
14 5 10 OPP1.8/PE3.5 0.658
15 5 10 OPP1.8/PE3.5 0.641
16 5 10 OPP1.8/PE3.5 0.624
17 5 10 OPP1.8/PE3.5 0.658

F 5 MERFAEIY R B Z B [T 7 B4 2R
Table 5 Regression analysis results of chlorophyll model and
regression coefficient

HeUR BEFHM AmE ¥y P P WEMNE
x| 0.12 9 0.014 3633 <0.0001 ***
A-O M JE 0.027 1 0.027 7225 <0.0001  ***
B-COKE  221E-04 1 221E-04 058 0.4696
C-EHEE 0.022 1 0.022  57.61 0.0001  *#*
AB 8.56E-03 1 856E-03 22,68 0.0021  **
AC 3.48E-03 1 3.48E-03 923 0.0189 *
BC 1.06E-03 1 1O06E-03 28 0.1382
A? 3.34E-03 1 334E-03 8.84 0.0207 *
B’ 0.053 1 0.053  140.99 <0.0001  ***
c? 1.47E-03 1 1.47E-03 3.88 0.0895
B2 2.64E-03 7 3.7E-04
AT 1.43E-03 3 4.77E-04 1.58 0.3265 ns
aliR 2z 1.21E-03 4 3.02E-04
A 0.13 16

R*=0.9790 Radjz=0.9521

P P<0.00 KB LI, JIT*** 3 P<0.01 W HL I, JT**22r%; P<0.05
K53, H*2em; P>0.05H A i &, Hinsgerns.

AB—0.03AC—0.016BC—0.028A>—0.11B>-0.019C>,
2.2.2 ABCARY i 2B PEAG I8 K N 2 AR T i
LAY K [0 U ZR A [T S B g5 51 an . 5 B,
FEAIR BB i /K- (P<0.0001), il i) FiREHR AT L
& B, AR A SRR BE Ry, RS I YA R A AR
[l S EIEA 7 TR0, 45 2 HASAY 0] 5 2248 R=0.9790,
VAT IR B R?=0.9521, KUL AT 5 95.21% BT
Al FH AR AT AR, HZr R nl fetEses . aEad
XA FAEI T M S5 2 2880 R R
A>C>B, Hl} O, WREE>tIEEABI>CO, MR)E .

PRI AL B 1 C = [ AE T 2250 M i HL sl
L E e EKSE L, RARF SR S BV i FE R,
A5 H AP A PN 258 BAE SR, JEAR AR R 2
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Fig.3 Three dimensional spectra of changes of volatile compounds of peppermint in modified atmosphere packaging group A (A),

modified atmosphere packaging group B (B) and control group (C)
F: AR HDPE 26 & 3.5% 0,+9.4% CO,+87.1% N, ‘I ALHL A i HE 4% ; B2RHT PE A1 & 7% 0,+5% CO,+86% N, ‘T AL
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Table 6 Qualitative results of main volatile compounds of peppermint at the 12th day of storage

L ST b = LA RN
AL 43 Fa {RERFEEL b ﬁjsﬂ)\J " ﬁ?iiglﬂ Sof A2 = MTA(M) B

T -M C,oH,,0 1209.5 1084.706 130265 73576.29 73576.29 62846.37

T H-D C,oH,,0 1215.8 1105.638 1.8285 86959.57 40791.75 38212.56

AL ST R E-M C,H,,0, 1170 961.437 1.34505 6733.138 4333.111 6965.068
AL SR -D CyH,,0, 1169.5 960.113 1.82365 1522.695 3003.115 1503.144
J5 A A A - - M C,oH,50, 1080.9 732.387 1.23826 5381.059 1508.73 2555.493
Ty A AL ) -IE g L -D C,oH;50, 1080.6 731.774 1.81852 203.7417 81.38253 89.11821
T R C,oH,;40 1099.3 774.679 1.21883 1457.527 862.0315 862.0315
FHEE-M C,,H;s0 1047 660.473 1.29002 22481.51 19929.143 14789.95
Fe-HE-D CoH,4O 1045.3 657.1 1.7231 164.4184 175.8521 151.1879
FrigEHE-M CyoHyg 1036.9 640.372 1.2161 1026.723 1091.97 1209.589
Frigds-D CoHq 1038.4 643.222 1.65602 411.3655 458.7343 409.2599

(i8] FH R H i -M CgH,O 988.7 549.205 1.15868 1965.696 2016.391 1013.426
[i8) FEEA R -D CgH,,0 990.1 552.185 1.59871 1912.211 1863.387 2345.851

KM CyoHq 998.8 570.07 1.21658 1928.11 1827.98 1726.77

KT H-D CoHq 997.3 567.515 1.66433 1818.19 1827.76 1625.87
RHEE-M C,H,0 966 502.789 1.15096 2258.782 2155.612 1597.012
HREE-D C,H,0 965.3 501.512 1.4649 397.5129 381.1454 206.3629
alpha-jJiKff-M CyoH6 937.4 449.986 1.21658 2154.831 1238.133 1408.354
alpha-Jig/#-D CyoH6 937.8 450.838 1.66304 4224393 1150.204 1707.925
- TR OH-M C,H,,0, 937.8 324334 1.24043 5723.459 6916.189 7183.018
2-HIE TR L E6-D C,H,,0, 846.5 323.201 1.65299 5799.68 11805.35 10598.29
2-C - 1-FE LR TIR-M C¢H,,0 857.9 336.04 1.17782 1998.895 2296.392 2364.927
2-C - 1-BEL R TR-D C¢H,,0 856.6 334.471 1.51874 2729.915 3627.649 3649.018
FEm-M C H,,0 795.7 271.852 1.2595 1998.895 2296.392 2364.927
IECEE-D CH,,0 792 268.451 1.56222 2729.915 3627.649 3649.013

2-MEE TR H E-M CeH,,0, 773.1 251.024 1.19256 2531.172 1719.42 2092.513
2-EE TR A ES-D C¢H,,0, 769.4 247.655 1.53709 7538.243 1362.109 2092.543
R -2- A E-M C,H,0 747.6 228.805 1.10509 1459.838 1610.025 1687.7115
S22 -2- IR -D C,H,0 745.8 227.306 136063 1661.541 1684.874 1762.533
S THR4EE-M C¢H,,0, 751.8 227.306 1.19418 643.053 271.8936 402.1033

S TR ZEE-D C¢H,,0, 750.2 230.97 1.5633 454.7061 119.4699 172.2989
3-HIFE-2 T E-M CsH0 737.7 220.703 1.09192 562.5893 841.5749 936.3124
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Table 7 Parameter estimation of peppermint quadratic
polynomial model
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Fig.7 Comparison of respiration rate model and measured
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