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Table 1 Four commonly used mathematical models for drying

MR = (1)

agricultural products

AL 4 ik
Lewis model MR=exp(— ki)

Page model MR=exp(— k"
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Henderson and Pabis model MR=aexp(— kt)

Wang and Singh model MR=1+at+bt’
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Figure 1 Flow of calculating chrysanthemum shrinkage using

image processing
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Figure 2 Flow of obtaining color parameters of chrysanthemum

petals using image processing
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Figure 3 Flow of obtaining color parameters of chrysanthemum stamens using image processing
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Figure 4 Drying curves of chrysanthemums at different

drying temperatures
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Figure 5 Drying rate curves of chrysanthemums at different

6

drying temperatures
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Table 2 Experimental data of different drying temperatures and mathematical model fitting and correlation test results
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Figure 6 Chrysanthemum images collected during drying
2.3 TRIEREX 5 YR KN
2.3.1 WA AR Al i 22
A9 AEAEA TR BE R A i A b A Wi A< A i
LA 7 Fr s, w4 A6 A T S8R0 S A T 23X

S FH T A T b 2R R HAR P A BUR KRGk R 2
TS B, B TR 0 HEAT 38 46 1 I 4R R AR R %
Wi T, THIRE A 35°C .50 °C .65 CHE, 34T
f B 3K T MR 2 R W 4 4 i R 54, 1% . 58.5% .
52.6% . T 1R E N 65 CHf Y Uk 45 A% T 35 ‘CHI
50 °C, 3% AT {8 J2 PR A 4 i 1) %y Sk 5 020 1 ) T 2 46
Wt o T TR R B R 50 CH Y I 46 R HE 35 “CRi g
3T i A A Ay S s T A 3R R T S 4 2R 1 5 ) R T A
FF [ % 7 Wi 4 2 1) 52 1) o

X 0 28 B W T MR o B v 2 A WA R AR AL R
AR T N ] e [ e 1

60

5\340'

5

g |

=20}/ — T3S °C
— FARTHRS0 °C
— AT R6S °C

0 500 7000 1300

i [8]/min

E7 FREBHHLEHRNTN M
Figure 7 Variation curve of shrinkage rate of chrysanthemums
during drying
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Table 3 Fitting of zero-order and first-order models to

shrinkage rate values at different drying temperatures
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Figure 8 Fit of experimental and predicted values of shrinkage rate
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Table 4 Fitting of zore-order, first-order and first-order fraction models to L* values at different drying temperatures

TR/ C Al C, C; b4 R?
C=C,+k 58.31 — —0.000 8 0.91
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C— C,
C o exp(—kt) 58.31 168.31 0.000 003 6 0.908 3
<0 “f
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o)
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Figure 10 Fit of experimental and predicted values of L*
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Table 5 Fitting of zero-order, first-order and first-order fraction models to a* values at different drying temperatures

T e /C LT C, C, k R?
C=C,+ kt —0.14 — 0.000 1 0.716 9
. C=Coexp(—kt) —0.14 — 0.000 5 0.712 4
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= — = exp(—£At) —0.14 0.89 0.000 1 0.7118
Co - Cr
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Figure 13 Change curves of 6* values of petals during drying
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Table 6 Fitting of zero-order, first-order and first-order

fraction models to 6* values at different drying temperatures

AR |
il C C k R*
B /°C i 0 f
C=C,+ kt 240 — 0.0012 0.936 5
35 C= Coexp(—£#z) 246 — —0.0004 0.9435
C—C
L —exp(—&t) 247 0.07 —0.0004 0.9425
(J() - Cr
C=C,+ kt 3.30 — 0.0042 0.6329
50 C= Cyexp(—kt) 3.39  —  —0.0009 0.5856
C—C
o T ep( k) 232 461 00144 0.9892
-0 -1
C=C,+ kt 3.84  — 0.0097  0.699
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Table 7 Fitting of zero-order, first-order and first-order

fractional models to L* values at different drying temperatures

Ry ,
bi Al C C k R*
B C 1 o f
C=C,+ kt 36.63 0.005 0.974 7
35 C= Cyexp(—kt) 36.78 0.0002 0.9824
C—C
C_cC =exp(—A) 37.26 25.46 0.0007 0.9939
-0 of
C=Cy+ kt 34.26 0.033 0.8719
- C=Coexp(—£kt)  35.01 0.0013 0.9132
C—C
C_C =exp(—A) 37.19 21.40 0.0062 0.983
0 Ut
C=C,+ kt 35.29 0.0599 0.834 1
65 C= Coexp(—kt) 36.18 0.002 3 0.884 3
C—C
—=exp(—ks) 38.34 21.72 0.0102 0.958 9
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Table 8 Fitting of Oth-order, first-order and first-order fractional models to a* values at different drying temperatures

TR S /C Al G o k R
C=Cy+ kt —3.39 — 0.000 7 0.971
a5 C= Cexp(—£zt) —3.42 — 0.000 2 0.967 6
C—C
c—C = exp(—4t) —3.39 149.03 0.000 004 4 0.970 4
C=C,+ kt —3.43 — 0.012 4 0.9356
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C—C
o = exp(—kt) 5.03 3.61 0.002 8 0.9619
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65 C= Ciexp(—kzt) —4.26 — 0.0149 0.783 1
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o = exp(—kt) 4.74 2.87 0.005 8 0.906 4
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Figure 19 Change curves of 6* values of stamens during drying
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Table 9 Fitting of zero-order, first-order and first-order
fractional models to 6* values at different drying temperatures

T
il Hom G Gk I3
/C
C=C,+ kt 11.03 — —0.0014 0.9517
35 C=Cyexp(—#z) 11.07  — 0.0001 0.958 3
C—C
———— —exp(—A) 838 8.09 0.0008 0.9705
Co— C
C=Cy+ kt 10.55 — —0.016 1 0.8977
50 C= Cyexp(—#2) 11.15  — 0.0024 0.9515
C—C
= —=exp(—As) 419 3.47 0.0046 0.966 2
C,—C
C=Cy+ kt 10.66  — 0.0303 0.889 3
65 C= Cyexp(—kr) 11.37  — 0.0045 0.9429
C— ¢
C_C =exp(—As) 3.87 2.21 0.0065 0.9435
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Study on the Kkinetics of shrinkage and color changes of

chrysanthemum based on image processing

XU Huihuang™ ?, WU Min"?", WANG Menglu' ?

(1. College of Engineering, China Agricultural University, Beijing 100083, China;

2. Mechanisation Functional Research Laboratory of National Traditional Chinese Medicine Industry Technology

System, Beijing 100083, China)

Abstract: Appearance quality is an important indicator in assessing the quality of dried chrysanthemums. To achieve rapid and
non-destructive detection of the appearance quality of chrysanthemums during drying, this study applied computer vision
technology in the infrared-assisted hot air drying of chrysanthemums and developed a Python-based image processing
algorithm to acquire information on the changes in the shrinkage and color of petals and stamens of chrysanthemums at
different temperatures (35 ‘C, 50 “C, and 65 °C). These parameters serve as evaluation indices for the appearance quality and
facilitat precise control of the drying process. The kinetic analysis showed that the drying of chrysanthemums had a
consistently decreasing drying rate. High drying temperatures significantly reduced drying time and increased drying rates (p<<
0.05). Evaluation of the fit of mathematical models for thin-layer drying, including the Henderson and Pabis model, the Page
model, and the Lewis model, showed that these models were in better agreement with the experimental data and thus more
accurately described the drying process of chrysanthemums. Furthermore, changes in shrinkage rate and lightness (L*), red/
green (a*) , and yellow/blue (6*) values during drying showed that the morphological and color of chrysanthemums
depended on drying temperature and time. Lower temperatures and shorter drying times were favorable for maintaining the
appearance quality of the chrysanthemums. Linear regression analysis using zero-order, first-order, and first-order fractional
models showed that the first-order fractional model provided more accurate predictions of shrinkage and color changes during
the drying process of chrysanthemums.

Keywords: chrysanthemum ; image processing; drying kinetics; shrinkage; color; prediction model



