Agricultural Engineering (Scientific Journal of Agriculture), 49 (1), Spring, 2026

[ Research Article I
Agricultural Engineering., 49(1) (2026) 19- 44 ISSN (P): 2588-526X

DOI: 10.22055/agen.2026.51625.1797 ISSN (E): 2588-5944

Use of electronic nose and image processing in drying type detecting
of some herbal medicine

H.R Janjan?!, R. Amiri Chayjan*"and H. Bagherpour®

1. MSc Student, Department of Biosystems Engineering, Faculty of Agriculture, Bu-Ali Sina University,
Hamedan, Iran

2. Professor, Department of Biosystems Engineering, Faculty of Agriculture, Bu-Ali Sina University,
Hamedan, Iran

3. Associate Professor, Department of Biosystems Engineering, Faculty of Agriculture, Bu-Ali Sina
University, Hamedan, Iran

Received: 21 January 2026... Accepted: 17 May 2026 “Corresponding Author: amirireza@basu.ac.ir

Abstract

Introduction Basil, Thymus and Rosemarinus are members of the mint family, which have
antibacterial, anti-inflammatory, antifungal, and antioxidant properties. Agricultural products are
dried to prevent physical and chemical changes. Drying agricultural products and medicinal
plants changes their aroma and color. The aim of this study was to determine the drying type of
basil, thyme, and rosemary plants in three drying methods: infrared controlled atmosphere,
infrared conventional atmosphere, and shade drying using electronic nose and image processing
systems.

Materials and Methods After purchasing, all samples were stored in a refrigerator (4°C) until
the experiments were performed. Three methods of controlled atmosphere infrared, normal
atmosphere infrared and shade mathodes were used to dry the samples. Dehumidification time,
moisture content, dehumidification rate, and effective diffusion coefficient were evaluated in
three drying methods. An electronic nose system consisting of 15 sensors was used to detect
odors of fresh and dried samples, and two PCA and SVM methods were used to analyze the data.
A machine vision system equipped with a mobile phone camera and light source was used to
capture images of fresh and dried plant leaves. The images were recorded in RGB color space
format, which was converted to LAB color space using equations.

Results and Discussion According to the results obtained, the longest moisture removal time for
Basil, Thymus and Rosemarinus samples in the shade drying method was 2700, 900, and 5520
minutes, respectively, and the shortest time in the infrared atmosphere control method was 550,
385, and 1300 minutes, respectively.The reason for this is that in the shade drying method, due to
high relative humidity and ambient temperature, the rate of moisture removal from the samples is
slow, while in the infrared controlled atmosphere dryer, the dehumidification process was
accelerated due to the presence of a vacuum in the chamber and the use of infrared lamps due to
the depth of penetration into the sample. The results showed that the highest dehumidification
rates were for Basil and Rosemarinus samples in the infrared controlled atmosphere dryer and for
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Thymus samples in the infrared normal atmosphere dryer. The results showed that the first (PC-
1) and second (PC-2) principal components were able to cover 53% and 25% of the variance of
the input data variable, respectively, and distinguish all three samples well. The MQ2, TGS822,
and TGS2610 sensors had the greatest impact on this component. In the discussion of
differentiating the type of dryers according to the second main component as well as the loading
diagram, the differentiating the type of dryers was done well and the sensors MQ4, MQ2,
TGS813, TGS822 and TGS2610 had the highest performance respectively. Based on the results,
in the support vector machine method, the training accuracy and classification accuracy for
distinguishing samples were 100 and 75 percent, respectively, and based on the type of dryers,
they were 41.67 percent and zero, respectively; Therefore, this method was used separately to
classify the different drying methods of all three samples, and the training accuracy and
classification accuracy were 100% and zero, respectively. The amount of color index G in the dry
shade method is closer to fresh Basil and Thymus plants, which could be due to the ambient
temperature. The amount of color index B in the normal atmospheric drying method is closer to
fresh Basil and rosemarinus, which can be due to the use of infrared lamps, the duration of
dehumidification and the pressure inside the chamber. On the other hand, the amount of index B
in the dry shade method is closer to the fresh Thymus plant, which is probably due to the ambient
temperature. The amount of R index in the normal atmospheric drying method is closer to fresh
Rosemarinus plant, which can be due to the use of infrared lamp, the pressure inside the chamber
and the time of dehumidification. In the controlled atmosphere dryer, the color index L* is closer
to fresh Basil and Thymus plants, which may be due to the use of nitrogen gas, the duration of
dehumidification, and infrared lamps. The amount of color index b* in the normal atmospheric
drying method is closer to the fresh Basil plant than the dry shade method, which can be due to
the use of an infrared lamp, the pressure inside the chamber and the duration of dehumidification.
The a* color index in the normal atmosphere drying method is closer to that of fresh
Rosemarinus than in the shade drying method.

Conclusion Compared to the other two methods, the use of infrared atmosphere control dryer has
the shortest dehumidification time, the highest coefficient of explanation for Thymus and
Rosemarinus samples, and the lowest for Basil samples, and also the highest effective diffusion
coefficient. The accuracy of the PCA method for differentiating plants and dryers was 78%,
while the training accuracy and classification accuracy of the SVM method for differentiating
plants were 100% and 75%, respectively, and 100% and zero for the type of dryers of each plant,
respectively. The indices of the two color spaces RGB and Lab depend on the drying conditions
in dryers, such as temperature, dehumidification time, air pressure, and heat source. In the RGB
color space, the color index R for Rosemarinus plants in the normal atmosphere drying method
has less changes than the fresh plant. Also, the color index G for Basil and Thymus plants dried
in the shade drying method has less changes than the fresh plant. On the other hand, the color
index B for Basil and Rosemarinus plants dried in the normal atmosphere drying method has less
changes than the fresh plant. In the Lab color space, the L* color index for Basil and Thymus
plants in the controlled atmosphere drying method has less changes than the fresh plant, and the
a* and b* color indices for Basil and Rosemarinus plants in the normal atmosphere drying
method, respectively, have less changes than the fresh plant.
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Figure (1) A. Exterior view of infrared vacuum dryer: 1- Vacuum chamber, 2- Electric valve, 3-
Barometer, 4- Hand valve, 5- Nitrogen cylinder, 6- Manometer, 7- Cooling chamber
containing water and ice, 8- Hose connected to the pump and vacuum chamber, 9- Signal
light, 10- Dimmer.
Figure (1) B. Interior view of infrared vacuum dryer: 1- Sample chamber, 2- Infrared lamp, 3-
Temperature sensor
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Figure (2) Electronic nose system used: 1- Sensors and sensors chamber, 2- Sample chamber outlet
hose to sensor chamber, 3- The inlet hose of the sample chamber from the side of the carbon filters,
4- Head space, 5- Sample chamber 6- Display

Table (1) Specifications of sensors

Standard conditions Detection range(PPM) Diagnostic gases Name of the sensor
65% + 5 « 20+2°C 10-1000 Ozone MQ131
65% + 5 « 20£2°C 10-300 Benzene, Alcohol, MQ135

Smoke
65% + 5 « 20+2°C 10-100 Hydrogen sulfide MQ136
65% + 5 « 20+2°C 5-500 Benzene, Hydrogen, MQ138
Toluene, Alcohol
65% + 5 « 20=2°C 200-1000 Methane, Butane, Smoke MQ2
65% + 5 « 20=2°C 500-5000 Ethanol, Carbon TGS822
monoxide
65% + 5 « 20+2°C 500-10000 Carbon monoxide, MQ9
Flammable gases
65% + 5 « 20+2°C 25-500 Alcohol, Ethanol MQ3
65% + 5 « 20+2°C 180-300 Propane, Butane TGS2610
65% + 5 « 20+2°C 500-10000 Methane, Propane, TGS813
Butane
65% + 5 « 20+2°C 20-2000 Carbon monoxide MQ7
65% £ 5 « 20+2°C 200-10000 Isobutane, Propane MQ6
65% £ 5 « 20+2°C 500-1000 Hydrogen, MQ8
Carbonmonoxide
65% + 5 « 20+2°C 200-10000 Isobutane MQ5
65% + 5 « 20+2°C 200-10000 Methane, Propane, MQ4
Butane

1- Metal Oxide Semiconductors
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= (3)

Figure (3) View from the machine vision compartment: 1- Camera lens location, 2- LED lamps and
3- Sample chamber

Figure (4) View of image preprocessing and noise removal in basil, thymus and rosmarinus plants

L RGB slaadl 3o Jsl al> 10 53 .Conl (:J'Y a0 9> L*a*b* US}) «las 4 RGB L;J) slas fus sl
ks gl s s VFLEY) Ll abZ Y X U e (s ) eds duy poli o
L o3lizal (V) gty b b5 0l sea M jIL*a*b* wRGB K sl

X R
[Y = (M) |G %)
Z B
0.4124 0.3575 0.1804
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0.0193 0.1191 0.9504

Y = 0.2126R + 0.7151G + 0.0721B ®)

{X = 0.4124R + 0.3575G + 0.18048B
Z =0.0193R + 0.1191G + 0.9504B
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L* :116><f(%)—1 (")

Y
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Z

b* = 200x [f (%) —f (E)] ay)
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(Homayounfar et al., 2020) =t 5 B3 ) 334 Camd 30 3093k SN S eSCis
RIS S S Iy 1<
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Table (2) Time duration (minutes) of dehumidification of samples

Dryers Samples
Dry shade Normal infrared Infrared atmosphere
atmosphere control
2700 1030 550 Basil
900 400 385 Thymus

5520 1390 1300 Rosmarinus
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Figure (5) Changes in the moisture content of Basil, Thymus and Rosmarinus plants according to
time during the dehumidification process in dryers
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Figure (6) Changes in the dehumidification rate of basil, thymus and rosmarinus plants in dryers
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Figure (7) Logarithmic diagram of moisture ratio over time for Basil, Thymus and Rosmarinus

plants in dryers

Table (3) Effective moisture diffusion coefficient Basil Thymus and Rosmarinus leaves in dryers

Effective moisture diffusion coefficient

Infrared atmosphere normal Infrared atmosphere control Dry shadow Plant
4.84x10°° 9.29x10°° 1.91x10° Basil
9.17x10°° 9.68x10°° 4.33x10° Thymus
2.42x10°° 2.54x108 6.36x1010 Rosmarinus
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Figure (8) Radar plot response of sensors for fresh Basil, Thymus and Rosmarinus leaves and

different drying m

ethods
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Figure (9) PCA scores diagram for basil, thymus and rosmarinus leaves in dryers
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Figure (10) PCA loading diagram for basil, thymus and rosmarinus leaves in dryers

SVM Ol 510 ¢ cmiolo gm b
oslizal oS ja S 5 oS eSist ¢ o $SCis WS G131 (saih sl gy ol 51 (F) s Gullan
be ol 5 4 oslinel C-SVM (unais 51 0T sl syl 5 i 9 ol > Shas & ob s )shies s
S8 5 sl S35 LT 4 s g s by ot liel 55 (baib S35 0l Bl 4 Gy b 5ly 5 C
PV (5 4 o SeSs g ool 5 5 o3 VO 5 V0 55 & OLLE B3l ol el 53 guaids
gt (ha) ol S e am a0 56l Gla s, BIBl gl 6l ol teT s 4 i 5 Ao

T Sz i 5 doy3 Vot O 5 il 53 (Gduaids S35 5 50T S8 &S s el w81



\nd

e 9 (S 2SI g 3l eslizal L0 e 5 Olasil-

Sl by s ol oSist plin oS ey ctnaib ¢l SVM s 3 S gl e sdeT s 4 il
molzel 5 Lo )3 AV i eeT Cis Lo g jols g, ool (R@SEKNh et al., 2023) s, 05 57eSast Calises
o3litul (il g Lins il (o sl am )3 et 6l SVM g, 1 s a8 oSS 1 b sa s 55 AF/Y
(Samadi et al., 2022) s, a3 Vo S L i gl P a3 &S 4 436 gy cpl s S
By i 58 b i § 036 L BT » &l (AE) &5y Of yui 9 b oLy b
RGB Sy slad s ol

Sl e ls Jpdor ilas .ol 0s 03,57 (0) Jsior 53 g 61, B 5 G R (K (sl ol iyl 4 o8 il
»R (K pals J5 syl s o s T 5 o> G e )3 5 4 e sT 5 Olowy ) laigei 61, B 5 G S5
S5 gma SNl (gl yls Mﬁ&“c@ﬁB}R‘ﬁ) Glaasla (glesy ol 45 5,0 (g )ls sme (oD 4 ged 9
2 s gme N G Ky Lastls i it

53 K8 Gllas as oo OLE (ylajy 5 ot sT Oy 0l $SCtst 5 030 (glawisad (gl 1) L Kol duwlian (V) K2
03 SeSas gy 5 WoA 036 olS (gl 5 a0 b Latli ol Olise o b Oy ol 61, B 5 G K glaasls
53 T s 4 YY/YY 36 ol 5 SV/FF anasl Jlo s 05 S et gy 53 o5 4 OT iS5 PO Linadl J 25
3Lt olE B Ky jastla 5o J5 sl o ()l san Mt gyl 03 S8t gy e plojelE G Ky el
o3 gne M il Jlo i 03 S S o5 b 5 ol ime Ml (glls Ui b 5 hadl 587 05 S eSS B
5,08

eSast (gl i) 53 5 4 ety ol Ol o i T oS 3B 5 G (K, slaasls o S 4 a5
4 FYAZ oL olE 5 WV it ale pay53 o5 4 LOT o S s VY/FA Jasl J 287 s A/F auest Jlo 5 05 S
B;S;'Juap'-l.&):W:)LULg)b&:m&))’k:ﬁ-\;):;d{iﬁ-g}))wjal{ajl]al:f(;bﬁ)u@;‘-h’zﬁ..&ﬁw:
B g ls e Mt s gy 53k g ols cme S (glls el J 1S 05 S 6Kt gy Lot olE

Table (4) Accuracy values of SVM classification based on separation plants, types of dryers and
drying of each plant

Separation
Each plant Dryers Plants
Rosmarinus Thymus Basil
%100 %100 %100 %41.67 %100 Training accuracy
0 0 0 0 %75 Classification accuracy

in validation

Table (5) Analysis of variance of R, G and B color indices for fresh and dried Basil, Thymus and
Rosmarinus leaves in dryers

Indices Plant
B G R
0.001™ 0.001™ 0.313™ Basil
0.029" 0.036" 0.165"™ Thymus
0.001™ 0.224™ 0.40™ Rosmarinus

*: Significant difference at the probability level 5%, **: Significant difference at the probability level
1%, ™: No Significant difference.
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Figure (11) Comparison of averages for color indices R, G and B of fresh Basil, Thymus,

Rosmarinus leaves and different drying methods.
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Table (6) Analysis of variance of color indices L*, a* and b* and color changes for fresh and dried
Basil, Thymus and Rosmarinus leaves in dryers.

Indices Plant
AE b* ax L*
0.843™ 1.562°* 0.495™ 3.761% Basil
0.53™ 0.373™ 0.455" 0.887¢ Thymus
1.281™ 0.221™ 0.948¢ 5.394* Rosmarinus

*: Significant difference at the probability level 5%, **: Significant difference at the probability level
1%, ™: No Significant difference.
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Figure (12) Comparison of averages for color indices L, a* and b* of fresh Basil, Thymus,
Rosmarinus leaves and different drying methods.
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