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The establishment of Arrhenius prediction model for tomato quality

under extreme meteorological temperatures
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Abstract :

Objective: A coupled model for predicting tomato

quality during short-term storage and transportation under

extreme temperatures, utilizing the Arrhenius equation in
conjunction with meteorological temperature data, to forecast the
quality changes in tomatoes during the short-term storage and
transportation processes under extreme weather conditions.
Methods: Analyzing the meteorological temperature data for the
year 2020 in Weifang, Baoding, and Daxing, 7 temperature
points were selected to simulate the range of temperature
variations for short-term storage and transportation of tomatoes.
By utilizing the Arrhenius equation and integrating temperature
with weight loss rate, hardness, color difference (AE), and
sensory evaluation scores (SE). a coupled model was developed
for predicting tomato quality. The model was validated by using

temperatures of —10 ‘C and 12 ‘C. Results: Within 48 hours of
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storage and transportation, Loss rate and AE of tomatoes
gradually increased, while evaluation scores (SE) and hardness
decreased gradually. The quality prediction coupling model based
on the Arrhenius equation combined with meteorological
temperature data was constructed. Under storage conditions from
0 to 36 ‘C. changes in loss rate and SE were fitted with zero-
order reactions, while changes in hardness and AE were fitted
with first-order and half-order reactions, respectively. For
storage conditions from — 15 to 0 °C. zero-order reaction fits
were applied to model the changes in SE, AE, weight loss rate,
and hardness. Validation of the predictive model revealed that,
under 12 ‘C storage conditions, the relative errors for tomato
weight loss rate, hardness, and SE were within 15% , except for
the 48 hour prediction. Under — 10 “C storage conditions. the
relative errors for tomato hardness and SE were within 15%,
excluding the 48 hour prediction. Conclusion: The coupled model
for tomato quality prediction, constructed by integrating the
Arrhenius equation with extreme meteorological temperature
data, proves to be effective in forecasting the quality of tomatoes
under extreme temperature conditions.

Keywords: tomato; extreme temperatures; temperature-coupled;

Arrhenius; quality change
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Table 4 The relative error of the quality index predicted and experiment value of tomato at 12 °C (285 K)

T 5 KR SE
[ /h W/ % WA/ % MExTRzE/ % F¥MERE/ % WEE TAE  AHX R 2E /Y SRR/ %
0 0 0 0 0 18 18 0 0
12 0.16 0.17 —6.25 —0.52 17.17 16.95 1.28 0.11
24 0.31 0.35 —12.90 —1.08 16.33 15.90 2.63 0.22
36 0.48 0.52 —8.33 —0.69 14.63 14.84 —1.44 —0.12
48 0.83 0.70 15.66 1.31 13.17 13.79 —4.71 —0.39
T Tif 2 AE
f/h RIGME/N BN /N MR/ Y AR/ % R BN MR 2R/ Y% SEERIRTR 2 %
0 7.52 7.52 0 0 0 0 0 0
12 6.95 7.52 —8.12 —0.68 1.94 0.20 89.69 7.47
24 6.68 7.52 —12.47 —1.04 2.26 0.81 64.16 5.35
36 6.54 7.52 —14.92 —1.24 2.66 1.82 31.58 2.63
48 6.38 7.52 —17.72 —1.48 3.63 3.23 11.02 0.92
B TRES R B PRANLERR, WL, 7 20% L0 F AR 2ZEH K, 300 Arrhenius & 5 0 458
EFIREME FI’J Arrhenius i BT 000 BB BT DLARGE SO RUSEIR A 25, X VG L0 A AE B2 5 SE Y U AE X 1 25 7E

15% LAV (B 48 h #9151 FH VG 20 4 1) SE A JEE B 748
b3 T IR B HE G Arrhenius i 58 75000 A5, A] LB s 7500
—15~0 °C T Ay 75 2L H 5 5

0~36 C N VUL i SE. 2k f R ML,
MRS M. S EN, ETREMRAD
Arrhenius i 5 BN AR R XT AE 55 9¢ 8 R (1) 000 AR X 12 22

R5 BLAME—10 C(263 K) TRAIEHRMMEN N EEITIRE

Table 5 The relative error of the quality index predicted and experiment value of tomato at —10 ‘C (263 K)
I e iof ENLES SE
/b I/ Y BN/ Y AR 2/ Y SEIAMI IR E/ Y R BE  AEXPRZE/ % PHREXTR 2/ Y
0 0 0 0 0 18 18 0 0
12 0.18 0.22 —22.22 —1.85 14 15.30 —9.29 —0.77
24 0.42 0.44 —4.76 —0.40 11.33 12.61 —11.30 —0.94
36 0.61 0.65 —6.56 —0.55 10.17 9.91 2.56 0.21
48 0.74 0.87 —17.57 —1.46 9.17 7.22 21.26 1.77
&€:4in) T iz AE
[&]/h I (/N T /N AR 2E/ % PHMxTR2ZE/ % R TME  AHXRZE/ % PR XTR 22/ %
0 7.52 7.52 0 0 0 0 0 0
12 6.99 6.98 0.20 0.02 1.19 0.70 41.18 3.43
24 5.90 6.44 —9.23 —0.77 2.42 1.41 41.74 3.48
36 5.21 5.90 —13.24 —1.10 2.29 2.11 7.86 0.66
48 4.33 5.37 —23.86 —1.99 4.41 2.82 36.05 3.00
3 W Ak, # ST R T R R B 2 (R E T
BFI T B3R B 4% P 78 0 4T o B 0 75 A » 3 2 Arrhenius P8 £LA i T BN A AL, 12 °C (285 KD R, PH4L

RN N i A B A e O DR W A (RS RN i DS PN
ZEE 15 Y0 LA (R 48 h 19) 5 —10 “C (263 KO F » PHLLAN 1)
T o 5 R TT 43 1 6 {5 T A X R 25 7R 15 % LAY
(B 48 h iy o DR, 76 B o IR A5 18 T B9 J 3R s i 2

TG E T Arrhenius P8 £ A0 & BT 0000 AR A R RL, 2
SRR VL ME 48 h W =M%, 17F 36,24,12,0,
—5,—10,—15 ‘CF, VG £LAM Y 2 T 28 | (0 2= {H 3 W 484 Jm
JERE RSy R 2 7 AR . AR Al A R T e 4 S R
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g W s TG IR R B A A A PY 2 A R T
Arrhenius J5 FEAEA 858 B 2 JE AT A 9 8 JE 2% 5 T 74 21 Al
sty ST TCAR B B AT R 5 15 o S S FT HEAT £ 0 P 1 A R
AR A 50 B T 7Y £ A o5 X 75 2 A A R i SR R R
dity 5728 Ak T A el G 5 T A A
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