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ABSTRACT: The work aims to study the respiration rates of cherry tomatoes at different temperature and characterize
the rates with model parameters. Under aerobic conditions, a closed system was adopted and the time-dependent gas con-
centrations of cherry tomatoes in the closed system were determined over the temperature range of 0-30 °C to calculate
the O, consumption rate and CO, generation rate. The respiration process of cherry tomatoes was mathematically corre-
lated with enzymatic Michaelis-Menten model. The best packaging material of cherry tomatoes was selected by respira-
tion rate model at 25 °C. The results indicated that the respiration rate of cherry tomatoes was consistent with the Michae-
lis-Menten model. The determination coefficient R, was greater than 0.9, and the regression was good. The temperature
dependence of respiratory dynamics of cherry tomatoes could be characterized by Arrhenius equation and the determina-
tion coefficient was R,>0.99. At the same time, the Michaelis-Menten model was used to verify PE; and PE,, and it was
concluded that PE1 bag was more suitable for packaging cherry tomato. Michaelis-Menten model is important for cherry
tomato preservation.
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Tab.1 Respiration rate and its model of various fruits and vegetables studied by Chinese and foreign scholars
- S 17.57 18.03 Michaelis-Menten 75 BHRGR 5]

30.61 31.53 BiERS
HH 21 53.80 81.95 Michaelis-Menten F5%1 ARG (9]
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Fig.1 Schematic diagram of the experimental setup used for
measuring gas concentrations of cherry tomato
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Tab.2 Basic data for calculating respiration rate of cherry

tomato
W EEPC MR Bit/kg A RABY/mL
0 0.097 9+0.002 0 630.5£2.0
5 0.126 5+0.001 6 620.7+£2.2
10 0.147 1£0.002 2 576.7£1.5
15 0.090 3+0.001 9 632.3£1.8
20 0.118 3+£0.002 0 597.0+2.1
25 0.118 2+0.001 5 606.342.5
30 0.103 1+0.001 7 626.3£1.9
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Tab.3 Parameters of PE packaging materials
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Fig.3 O, and CO, concentrations in closed systems at different temperature
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Fig.4 Respiration rates of cherry tomato at different temperature
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Tab.4 Parameters of Michaelis-Menten model
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1R /°C J%E (mLkg b Kn K R
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° Reo, 4.51 931 236 09205
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R, 12.15 -11.16 3.58 0.9467
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20 Reo, 24.70 -10.40 591 09119
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» Reo, 31.57 ~7.53 9.42 0.9027
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Tab.5 Calculation results based on Arrhenius relation
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- 56 - 1% TR 2023 4 9 A
24 15 % 7.9%. CO, AL EN 13.2%. PE, 4571 PE, 45
20]E\ 12 P BE 2 i 450 o HE B RS B WRAE , 11T %% T 2R B8 PO ARk

L 6k N T i AT RS (R PR GE . U B R G R AR B R O A
# > ¥ 25 “CTFIPHE 48 h 5 42 T HAIFL, Tl PE, 4671 PE,
g B PR TR A IR T 1 S AT S
o 8 + g PR T i F 3 A B SRR AT - O, (R 0k
4 13 2% ~ 5% . COL MR HH 3% ~ 5% FEIF 738 24 h ),
O, BB CO, KRR BRIP4, LR PE, 48
0 s 16 24 32 40 a8 ) Oy KRN 9.4% ~ 10.7%, CO, IRFR /%R
i El/h 8.1% ~9.1%, PE, 2y O, B/ ECH 14.6% ~
a MRS 16.0%, CO, RV HH 2.8% ~3.3%, WA (7)
24 . I (8) SMAIAE O WHERA CO, e BUARHEA I,
SR 7, vTLLE W, RfEE BRI, O, BITHFE
N S WA CO, M A BLH I R MK 2 /NHESF R PE, | PE, .
f;f {% B RS 45 W] Michaelis-Menten #5274 B i& H T
& g MHRGE, WETBERG, M5 BB T 3
) g ARG AT PR A M AE - . I, PE,
4G 1L PE, 4S TG G AR ARk T i ) B e ML, A D fief
e 1) 4 G Pt A 2R LA AF AT
45
At [E]/h
b PE4Y T
24 4 T&D 35 | H\—I\H——I
” —a— 0, —=—CO, 1 é 30 |
. 3 ¥ 5 a5
% 20 ?\; § ol E\E\E—E\Hi
§ 18 2% 8—“ 15 ¢ —=a—PE, —+—PE, —e—FH RS
o' 16 8 10 . ! s ! . .
[ 1 0 8 16 24 32 40 48
14 - i B[] /h
12 . ! ) ) | 0 a O,JHFEHFR
0 8 16 24 32 40 48 45
FHE/ Z 40 3 7 < T -
c PEzﬁ ; 35 | k2 x x 2
6 R4 B 0, fl CO, E 30| e
NG G A 5
Fig.6 Vajigz}tio]jﬁrve OEEOfand CO, % 2 E\E\E———E\E——E
concentrations of cherry tomatoes in T 20§
different bags o)
O I5r —a—PE, —&—PE, —e—HHES

PR BEAR SRR 3 AN RBE) Oy RT3 5045 IR PE, 10 . . . . . .

PE,. B RGEHIUFREAL, 1M CO, A5 221k 0 8 1624 3240 &

WA, 3 3 /R Hl, PE,4SEA I PE, 48T R

9 0, 8B, JFHL 2 4 PE WS LI HI R A5 Bk b CO: LR

PE 48N O, AR TR R G O, IR 44K, 7 ARG R I H

Ifii PE 4408 CO, AR FR S8 0T L Z W AT, ARE &, Fig.7 Comparison of respiration rates of

LM T T LS B BT R 5% . WL, cherry tomato in different systerms

TERAAIN], 20 0, B A, FNEZA CO,2 3 gim

=A A

By, 7K 48 h B, PE, 4% O, R4 50H 9.4% . CO,
TRFUECHR 9.1%; PE, 481 O (RBM B 14.6% .
CO, KRB HUN 3.3%; BH ARG, O, KB

ARSI TR A NS G, UG T P IGE R
B, fif ke T AR A R 43 rh S RO R TR AL



a4k BT

FN, A AN R T A AR IR R I S B HE R 57 -

1) ARG, 40, 5. 10, 15, 20,

25 130 °CFMAPEBE R O, il COL AT,
TP R, IR AT AR LR [T 5 AR5 Michaelis-
Menten S T AR ZS i A IP IR AR R S8, peE
AHRHKTF 0.9, [FIEHKL

2) AR T i ) 8 Bl g e R AR A T A

Arrhenius 7 FEFEATRAE, 416 R*>0.99,

3) 25°CT, ¥ Michaelis-Menten &/ Fi] T34

HREFEAMN B B RS, 45 RRVRBEN PE, 48
AR i Y O R AR T R B & I PE, AR PR
AR A PE) ARSI A 1 B A il Y Lk
R

S E k-

(1]

TILAHUN S, LEE Y M, CHOI H R, et al. Modified

Atmosphere Packaging Combined with CO, and

1-Methylcyclopropene Prolong the Storability and
Maintain Antioxidant Properties of Cherry Tomato[J].
Scientia Horticulturae, 2011, 288: 110401.

DOWAN K, SARINTHIP T, KAEUN L, et al. Smart
Packaging with Temperature-Dependent Gas Permeabil-
ity Maintains the Quality of Cherry Tomatoes[J]. Food
Bioscience, 2021, 41: 100997.
MUSTAPHA A, ZHOU Cun-shan.

sisted/Unassisted Ultrasound Treatment: Effect on Res-

Novel As-
piration Rate, Ethylene Production, Enzymes Activity,
Volatile Composition, and Odor of Cherry Tomato[J].
LWT, 2021, 149: 111779.

JOUNG M, SHIN Y. Physicochemical Quality, Antioxi-
dant Compounds, and Activity of 'Beta Tiny' and 'TY
Nonari' Cherry Tomatoes during Storage[J]. Korean So-
ciety Food Science Technology. 2021, 53(1): 63-71.
RAPISARDA M, PATANE C, PELLEGRINO A, et al.
Compostable Polylactide and Cellulose Based Packag-
ing for Fresh-Cut Cherry Tomatoes: Performance Eval-
uation and Influence of Sterilization Treatment[J]. Ma-
terials, 2020, 13(15): 3432.

oAz, F0r, =AM, S5 I p ARkl A 7
AR KIS HT[I]. EBESE, 2018(5): 98-100.
WU Zhuang-sheng, LI Xue-jiao, WU Yue-yan, et al.
Production Status and Development Bottleneck Analysis
of Cherry Tomato in Hainan[J].
2018(5): 98-100.

PAN X L, KOU W Q, SONG L R. Effects of Different
Preservatives Treatments on Cherry Tomatoes Preserva-
tion [J]. Storage and Process, 2021, 21(11): 34-42.

China Vegetables,

(8]

[10]

[11]

[12]

[14]

[16]

[17]

FISLHT, FIBE. T B I AR A E 5 A T R Ak
D], &S AEYE AR R, 2006, 25(2): 33-36.

LU Li-xin, TAO Ying. Respiration Rate Measurement
and Mathematical Modelling for Pea[J]. Journal of Food
Science and Biotechnology, 2006, 25(2): 33-36.
HEYDARI A, SHAYESTEH K, EGHBALIFAM N, et
al. Studies on the Respiration Rate of Banana Fruit
Based on Enzyme Kinetics[J]. International Journal of
Agriculture and Biology, 2010, 12(1): 1560-8530.
MANGARAJ S, GOSWAMI T K. Measurement and
Modeling of Respiration Rate of Guava (CV. Baruipur)
for Modified Atmosphere Packaging[J]. International
Journal of Food Properties, 2011, 14(3): 609-628.
W4, Ed#, £3£2%. 3T Michaelis-Menten %l
LUy A IR I AR TR A 7 (0], B SRR EL, 2015, 40(8):
330-333.

RAN Ling-xing, WANG Zhi-chao, WANG Mei-lan, et
al. Hawthorn Respiration Model on Michaelis-Menten
Type[J]. Food Science and Technology, 2015, 40(8):
330-333.

XA, =8, EWFr, 55 2T Michelis-Menten %
I % 3 4 A5 TR 4 S 6 BF 5 (0], b TR S R o A
2004, 38(7): 1170-1173.

LIU Ying, LI Yun-fei, WANG Ru-zhu, et al. Experi-
mental Study on Michaelis-Menten Type Respiration
Model[J]. Journal of Shanghai Jiao Tong University,
2004, 38(7): 1170-1173.

BEN S, CHIUMENTI M, SEPULCRE F, et al. Modeling
the Effect of Storage Temperature on the Respiration
Rate and Texture of Fresh-Cut Pineapple[J]. Journal of
Food Engineering, 2012, 113(4): 527-533.

RAHMAN E, A TALIB R, AZIZ M, et al. Modelling the
Effect of Temperature on Respiration Rate of Fresh Cut
Papaya (Carica Papaya L.) Fruits[J]. Food Science and
Biotechnology, 2013, 22(6): 1581-1588.

GHOSH T, DASH K. Modeling on Respiration Kinetics
and Modified Atmospheric Packaging of Fig Fruit[J].
Journal of Food Measurement and Characterization,
2020, 14(2): 1092-1104.

HAN S H, JANG H D, LEE S J. Modeling Respiration
Rates of Ipomoea Batatas (Sweet Potato) under Her-
metic Storage System[J]. Food Science and Biotech-
nology, 2020, 29(2): 227-234.

MANGARAIJ S, GOSWAMI T K. Modeling of Respi-
ration Rate of Litchi
tions[J]. Food and Bioprocess Technology, 2011, 4(2):
272-281.

Fruit under Aerobic Condi-



- 58 - % T & 2023 49 A
[18] DASH K K, RAVINDRA M R, GOSWAMI T K. Mod- Journal of Agricultural Engineering Research,
eling of Respiration Rate of Sapota Fruit Under Aerobic 2001, 79(4): 399-406.
Conditions[J]. Journal of Food Process Engineering, [23] BHANDE S D, RAVINDRA M R, GOSWAMI T K.
2009, 32(4): 528-543. Respiration Rate of Banana Fruit under Aerobic Condi-
[19] B &5, BEHdr, BRR, . RREITERE T 2 8 tions at Different Storage Temperatures[J]. Journal of
WP o A AL ) E S IR [T]. ARlk T #2254, 2018, Food Engineering, 2008, 87(1): 116-123.
34(10): 267-273. [24] ROVIRA D, ALFARO C, MARTINEZ V, et al. Respira-
XIA Jing-jing, YU Xin-xin, LYU En-li, et al. Compari- tion Rate and Shelf-Life Study of Crotalaria Longiro-
son and Verification of Respiratory Rate Models of Lit- strata (Chipilin)[J]. Journal of Food Measurement and
chi under Different Storage Temperatures[J]. Transac- Characterization, 2019, 13: 3025-3032.
tions of the Chinese Society of Agricultural Engineer- [25] LEE D S, HAGGAR P E, LEE J, et al. Model for Fresh
ing, 2018, 34(10): 267-273. Produce Respiration in Modified Atmosphere Based on
[20] RAVINDRA M, GOSWAMI T K. Modelling the Respi- Principles of Enzyme Kinetics[J]. Journal of Food
ration Rate of Green Mature Mango under Aerobic Science, 2006, 56(6): 1580-1585.
Conditions[J]. Biosystems Engineering, 2008, 99(2): [26] FF/hdh. B IR/ SE AL T 87 IS 10 i 4% B /e AR Bk
239-248. A KA T RN [D]. MR R S K
(211 Sefegh, fisrHr, Wwe, . TR AL R R A 7 1k KA, 2017,
W o 0 SRR AR [J]. & Tk B, 2019, QI Xiao-jing. Preparation of Poly (g-caprolactone)/SiOy
40(16): 223-228. Film and Application of the Film on Equilibrium Mod-
NIE Heng-wei, LU Li-xin, PAN Liao, et al. Respiration ified Atmosphere Packaging of Cherry Tomato[D]. Hu-
Rate Measurement and Mathematical Modelling of hehaote: Inner Mongolia Agricultural Unversity, 2017.
Shiitake on Different Storage Temperature and Relative [27] BRI, =Fp e8RS BT [D]. AW 1
Humidity[J]. Science and Technology of Food Industry, AR, 2015.
2019, 40(16): 223-228. LIU Jun-chao. Modified Atmosphere Packaging Design
[22] MAHAJAN P V, GOSWAMI T K. Enzyme Kinetics of Three Kinds of Fresh-Cut Vegetables[D]. Shihezi:

Based Modelling of Respiration Rate for Apple[J].

Shihezi University, 2015.

SRS R



