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The world food crisis requires many countries to fo-
cus on  conserving and manufacturing locally avail-
able agricultural products and transforming them into 
consumer-friendly products to  achieve food security. 
The  date palms and their derivatives provide a  sig-
nificant economic asset for a substantial demographic 
engaged in the cultivation and trade of palm and date 
products, serving as a primary source of income.

Date palm is  a  produce that is  extensively grown 
in more than thirty countries. An estimated 150 million 

trees are under cultivation, representing 5 000  distinct 
cultivars. According to El Bakouri et al. (2021), date fruits 
are produced on a global scale annually in excess eight 
million tons. Approximately 1 008 105 tons of dates from 
date palm are produced annually in the Kingdom of Sau-
di Arabia (KSA). these trees are planted on more than 
156 023 ha, which equates to  24 378 594  trees in  KSA. 
Dates have the highest fruit production in the KSA, ac-
counting for approximately 55% of  the entire domestic 
produce production. 400 distinct varieties of dates, en-
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Abstract: Achieving the desired level of caramelisation in a date powder requires considerable effort. Consequently, an as-
sessment was conducted on efficacy of thin-layer infrared dehydration for date paste. Various parameters were considered, 
including airflow velocities of 0.5, 1.0, and 1.5 m·s–1, radiation intensities of 0.076, 0.1528, and 0.228 W·cm–2, and date paste 
layer thicknesses of 3 mm and 5 mm. The study's findings indicated a positive correlation between drying rate and lowering 
airflow velocity and a negative correlation between drying time and decreasing airflow velocity, the thickness of date paste, 
and rising intensity of infrared. The effective moisture diffusivity (Deff) was caculated by employing Fick's diffusion equation. 
For all situations under investigation, the mean values were within the range of 3.94 × 10–11 m2·s–1 to 6.01 × 10–10 m2·s–1. 
A relationship has been established between Deff and moisture content. Seven distinct mathematical models were subjected 
to  rigorous validation by  applying non-linear regression analysis, aiming to  accurately characterise the drying process 
of date paste. The modified two-term model provided the most accurate forecast of the drying process for date paste layers.
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compassing sixty prevalent varieties, are produced by ap-
proximately 24 million palm trees (Nasser et al. 2016).

The production of  secondary products that have 
added value, such as  date powder, contingent upon 
the efficient utilisation of date fruit losses, particularly 
low-quality (second grade) dates like Sukkari, which are 
not preferred by  consumers (Hobani et  al.  2003). Su-
kari is a date variety that is particularly prevalent in the 
Qassim region. It is approximately 30 mm in length and 
is either yellow or red (Elsharawy et al. 2019). Food loss 
reduction is critical in solving the issue of hunger since 
it entails converting these losses into alternative goods 
with nutritional value for human consumption. Further-
more, this decline improves the economy by creating job 
possibilities and improving income levels. Moreover, 
it assumes a significant role in enhancing food security.

Dates are known to possess significant amounts of vita-
min B and vitamin A. Additionally, they have a high sugar 
content, comprising up to 85% of their dry weight. Gh-
nimi et  al.  (2017) indicated that dates are among the 
most calorically dense fruits. Numerous enterprises have 
emerged in date cultivation, encompassing the produc-
tion of date fruits, date paste, packaged fruits, date jam, 
date honey (dibbs), vinegar, and medical alcohol.

The present study focuses on  producing date fruit 
powder as a potential alternative to cane sugar in various 
food methods, such as cookies (Alsenaien et al. 2015) 
and biscuits (Gamal et  al.  2012). Nevertheless, dry-
ing a hygroscopic fruit with a sugar content over 65%, 
such as dates (Elleuch et al. 2008), poses a considerable 
challenge. Therefore, the objective was to address the 
difficulty of desiccating dates in a manner that would 
produce a powdered substance exhibiting a controlled 
degree of caramelisation.

Several methods for drying dates, in  general, the 
literature has published a  variety of  drying methods, 
an example of sun drying (Seerangurayar et al. 2019), mi-
crowave dehydration (Benamara and Chekroune 2009), 
drying with heated air (Al-Awaadh et  al.  2015), and 
freeze-drying (Seerangurayar et  al.  2018). A  vacuum 
drier was employed to convert date from different date 
varieties, characterised by varying levels of sugar con-
tent (Sahari et al. 2008), into a powdered form. In ad-
dition, previous research has explored the utilisation 
of foam-mat freeze drying (Seerangurayar et al. 2018) 
and drying with spray (Dev et al. 2018) techniques for 
producing date fruit powder. However, no prior inves-
tigations have specifically examined the application 
of infrared radiation for drying date paste. In addition, 
infrared heating provides various benefits over conven-
tional drying procedures under identical settings.

As an end consequence, the current research was ex-
ecuted to assess the influence of various infrared (IR) 
radiation intensity, airflow  velocity levels, and thick-
ness of  slices on  the drying properties of  date paste 
in  a  thin-layer setting. Furthermore, this objective 
of this study is to investigate the effective moisture dif-
fusivity (Deff) of date paste and evaluate the suitability 
of seven distinct models of drying in characterising and 
predicting the drying procedure of date paste.

MATERIAL AND METHODS

Sample preparation. The  study utilised a  cultivar 
of  low-quality dates, namely Sukkari (Suk), classified 
as  second-grade (Phoenix dactylifera). In  June 2021, 
the date samples were acquired from the markets 
of Hail and Al-Qassim.

Production of  date paste. The  kernels were ex-
tracted after the dates were washed and superfluous 
water was wiped away. Freshly harvested dates have 
20–23.5% w.b. (wet basis) moisture. A lab-scale minc-
er shredded date flesh (Al Halees Centre in  Jeddah, 
KSA). The goal of mincing was to make a homogenous, 
smooth paste. The paste of date was shaped into two 
thicknesses (3 mm and 5 mm, accuracy ±  0.5 mm) 
while preserving a  20 mm width and 80 mm length 
(accuracy ±  2 mm). After freezing in  hermetically 
sealed plastic containers, the paste samples were stored 
at room temperature for two hours before drying.

Experimental set-up and drying procedure. 
The drying procedure involved using an  infrared (IR) 
dryer (Figure 1), which was made from a 1.5 mm galva-
nised metal sheet with a drying channel of 350 × 350 mm 
and 2 340 mm. The dryer was powered by electric heat-
ers with a 0–3 kW range, and a 0.033 kW fan for airflow 
over the samples. A  balance with the capacity range 
is 0–4 kg was included in the apparatus and 12 IR halo-
gen lamps (0.5 kW) for emitting infrared radiation dur-
ing drying. The samples of date paste were positioned 
on a tray in a chamber and exposed to infrared lamps. 
Radiation intensity was calibrated by employing a volt-
age regulator (0.076, 0.152, and 0.228 W·cm–2). The in-
vestigations were implemented at temperature of 40 °C 
for inlet air (Abe and Afzal  1997), and three airflow 
velocity of  (0.5, 1.0, and 1.5 m·s–1). Mass monitoring 
was conducted on the samples until moisture content 
reached 2.2–2.5% on  a  wet basis, ensuring accurate 
measurements of radiation intensity.

Models for simulation of drying. The study aimed 
to  identify the most suitable drying model for date 
paste, examining seven models to  predict drying be-
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Figure 1. Diagram of the infrared drying system

1 – sensor of air velocity; 2 – measuring point for temperature and humidity; 3 – bracket for drying plates; 4 – digital 
balance; 5 – transparent door; 6 – measuring point with temperature and humidity sensor; 7 – drying channel; 8 – switch 
cabinet with digital displays; 9 – fan; 10 – drying plates; 11 – temperature sensor of the controller

haviour data (Table  1). The  moisture ratio (MR) was 
used, which is commonly represented as:
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where: Mt – moisture content at time t (g water per g dry 
matter); Me – equilibrium moisture content (g water per 
g  dry matter); M0  –  initial moisture content (g  water 
per g dry matter).

Ertekin and Yaldiz (2001) suggest that the notation 
Mt/M0 can be simplified due to the consistent changes 
in relative humidity in drying air. Additionally, this sim-
plification is  justified by  the comparatively low value 
of Me comparison to Mt and M0 (Doymaz 2004). The re-
gression analysis was conducted using a statistical pro-

cess. The results were evaluated based on their goodness 
of  fit using various statistical measures, including the 
sum of squared absolute error (SSE), root mean square 
error (RMSE), and coefficient of determination (R2).

A good model is considered good when its R2 is high-
er and its RMSE and SSE are lower. Formulas for 
moisture ratio prediction were developed through re-
gression analysis. Various criteria were used to assess 
the adequacy of the models, which were computed us-
ing Equations 1–3:
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MR MR
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Table 1. The mathematical models employed to describe the dehydrating process of date paste

Model name Equation Reference
Approximation of diffusion MR = a exp(–kt) + (1 – a) exp(–kbt) Kassem 1998
Lewis MR = a exp(–kt) Lewis 1921

Two-term MR = a exp(–k1t) + b exp(–k2t) Henderson 1974

Modified Page MR = a exp[(–kt)y] White et al. 1981

Wang and Singh MR = 1 + at + bt2 Wang and Singh 1978

Logarithmic MR = a exp(–kt) + c Toğrul and Pehlivan 2002
Page MR = a exp(–kty) Page 1949

MR – moisture ratio (dimensionless); a, b, c, y – empirical constants (drying model constants); k, k1, k2 – drying rate 
constants; t – drying time
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Statistical analysis. SPSS (version 26) was em-
ployed to conduct a unidirectional analysis of variance 
(ANOVA) for the analysis. Researchers implemented 
the Duncan Multiple Range Test to evaluate the means, 
with a  significance level of  P  <  0.05. The  varied con-
stants in the evaluated models were determined using 
a non-linear regression procedure.

RESULTS AND DISCUSSION

Drying characteristics. Figure 2 depicts relationship 
between drying rate  and the drying duration, as  well 
as the variances in moisture ratio over-drying duration 
under different conditions. These conditions include var-
ying of air velocity (0.5, 1.0, and 1.5 m·s–1 ), IR intensity 
(0.076, 0.152, and 0.228 W·cm–2), and thickness (3 mm 
and 5 mm) of date paste layers. The drying process be-
gins quickly and gradually slows down throughout the 
subsequent phase. The entire phase is marked by a pro-
gressive decrease in the drying rate without any discern-
ible period of consistent drying rate. The leading cause 
of this issue is the progressive reduction in moisture con-
tent of date samples through the drying experimental, 
which leads to not enough and irregular water supply. 
The primary physical mechanism that is accountable for 
the transport of water to the surface of date pastes after 
dehydrate is diffusion (Chen et al. 2019). Doymaz and 
Kocayigit (2012) and Ju et al. (2016) reported compara-
ble findings in their investigation on sweet potatoes and 
yam, respectively. Based on the findings shown in Fig-
ure  2, it  is  clear that the moisture content of  the date 
paste was greatly impacted by the radiation intensity, air 
velocity, and thickness, as anticipated. The drying time 
was depicted to  decline from 245 min to  70 min and 
from 325 min to  110 min when the intensity of  radia-
tion increase from 0.076 W·cm–2 to 0.228 W·cm–2 while 
maintaining an airflow velocity of 0.5 m·s–1, as illustrat-
ed in Figure 3. The results of this study were obtained for 
samples with 3 mm and 5 mm of  thicknesses, respec-
tively. Furthermore, the drying time was declined from 
670 min to 265 min and 1 600 min to 650 min when the 
velocity of  air was risen to  1.5 m·s–1 for samples with 
3 mm and 5 mm of  thicknesses, respectively. The  ac-
celerated augmentation of the rate at which the drying 
process occurs, thereby diminishing the overall period 

where: RMSE – root mean square error; N  – number 
of  observations; MRExp  – experimental moisture ratio 
(dimensionless); MRPre – predicted moisture ratio (dimen-
sionless); SSE – sum of squared absolute error; R2 – coef-
ficient of determination.

Effective moisture diffusivity (Deff). Wang and 
Brennan (1992) found that the dehydration of  food 
occurs during the falling rate period, and Deff can 
be calculated by utilising (Crank 1979) method, as the 
following equation:

2
eff

2 2
  8 exp
4
D t

MR
L

 π
= −  π  

	 (4)

where: MR – moisture ratio (dimensionless); Deff – effec-
tive moisture diffusivity (m2·s–1); t  –  drying time; 
L – thickness of the sample (slab) (mm).

The resulting equation was derived by implementing 
the natural logarithm to Equation 4 to obtain the fol-
lowing equation:
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2

eff2 2
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The estimation of Equation 5 is performed using arith-
metic calculations, where

eff
2

 D t
L

 
 
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is  substituted with F0, which represents the Fourier 
number for diffusion.
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The value of  Deff was derived from the subsequent 
equation:

2
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D
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= 	 (8)
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of drying and achieving the desired temperature within 
layers of date paste, can be ascribed to  the infiltration 
of  infrared radiation into the outermost layer, result-
ing in  supplementary heat generation (Jeevarathinam 
et  al.  2021). Doymaz (2012) has demonstrated a  rela-
tionship between a reduction in thickness and an aug-
mentation in drying rate for root and tuber crops.

Drying curves modeling. Seven distinct models 
of  drying have been employed to  characterise drying 
curves. Table 2 presents the model equations, RMSE, 
SSE, and R2, for the models utilised to  characterise 
the time-varying fluctuations of  the moisture ratio. 
The seven models had high values of R2, ranging from 
0.8911  to  1.0000. According to  the obtained results, 

Figure 2. The predicted and experimented moisture ratios by the model that fits the best with drying time at varying 
air velocity and radiation intensity for (A–C) 3 mm and (D–F) 5 mm thickness
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it  can be  concluded that all of  the examined models 
could effectively represent the behaviour of  drying 
of  date paste using the infrared method. However, 
the two-term model (Henderson  1974) exhibited the 
greatest average R2 value (0.9998), the lowest SSE val-
ue (0.00097), and the lowest RMSE value (0.00276). 

Therefore, this model performs better than the other 
examined models in  precisely representing the thin-
layer drying traits of the date paste layer for the inves-
tigated conditions. The variables related to the optimal 
model (two-term) for characterising the drying curves 
of thin-layer date paste are displayed in Table 3.

Figure 3. The influence of moisture content on the date paste drying rate under varying velocity of air and radiation 
intensity conditions for (A–C) 3 mm and (D–F) 5 mm thickness

w.b. – wet basis
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Table 2. Statistical variables were acquired utilising various thin-layer drying equations

Assess-
ment 
criteria

Thickness 
of layers 

(mm)

Airflow 
(m·s–1)

IR 
radiation 
intensity 
(W·cm–2)

Model name

approximation 
of diffusion Lewis logarithmic modified 

Page Page two-term Wang  
and Singh

RMSE

3

0.5
0.076 0.00083 0.01055 0.00216 0.01074 0.00446 0.00082 0.99130
0.152 0.00302 0.00363 0.00343 0.00371 0.01346 0.00230 0.99540
0.228 0.02198 0.02207 0.02248 0.02280 0.01346 0.00130 0.99930

1.0
0.076 0.03117 0.03031 0.01074 0.03074 0.00535 0.00108 0.97590
0.152 0.00076 0.01724 0.00317 0.01753 0.00663 0.00077 0.98720
0.228 0.00139 0.00242 0.00181 0.00247 0.10940 0.00143 0.99590

1.5
0.076 0.00310 0.02864 0.00959 0.02893 0.02918 0.00412 0.97990
0.152 0.00142 0.03387 0.01179 0.03430 0.00852 0.00130 0.97350
0.228 0.00062 0.01374 0.00531 0.01397 0.00213 0.00062 0.98960

5

0.5
0.076 0.00258 0.01834 0.00980 0.01862 0.00430 0.00261 0.98580
0.152 0.00095 0.00992 0.00273 0.01010 0.00261 0.00093 0.99260
0.228 0.00148 0.00343 0.00157 0.00352 0.00243 0.00143 0.99600

1.0
0.076 0.00320 0.03332 0.01743 0.03369 0.00839 0.00323 0.97360
0.152 0.00140 0.03498 0.01249 0.03547 0.00764 0.00141 0.97110
0.228 0.00649 0.00937 0.00811 0.00955 0.00727 0.00660 0.99250

1.5
0.076 0.01129 0.03758 0.01056 0.03778 0.01053 0.00979 0.97300
0.152 0.00387 0.03252 0.01309 0.03273 0.00447 0.00381 0.97660
0.228 0.00628 0.03789 0.02090 0.03828 0.01137 0.00622 0.96780

SSE

3

0.5
0.076 0.00002 0.00323 0.00013 0.00323 0.00054 0.00002 0.02730
0.152 0.00019 0.00030 0.00024 0.00030 0.00272 0.00011 0.01987
0.228 0.00676 0.00780 0.00657 0.00780 0.00272 0.00277 0.00800

1.0
0.076 0.03303 0.03308 0.00392 0.03308 0.00100 0.00004 0.04531
0.152 0.00002 0.00892 0.00029 0.00892 0.00123 0.00002 0.03259
0.228 0.00004 0.00013 0.00007 0.00013 0.20330 0.00004 0.01876

1.5
0.076 0.00047 0.04102 0.00442 0.04102 0.04088 0.00080 0.04312
0.152 0.00008 0.04589 0.00529 0.04589 0.00283 0.00006 0.04823
0.228 0.00001 0.00566 0.00079 0.00566 0.00013 0.00001 0.02975

5

0.5
0.076 0.00021 0.01110 0.00298 0.01110 0.00059 0.00021 0.03470
0.152 0.00002 0.00275 0.00019 0.00275 0.00018 0.00002 0.02512
0.228 0.00004 0.00022 0.00004 0.00022 0.00011 0.00004 0.01870

1.0
0.076 0.00045 0.05108 0.01336 0.05108 0.00316 0.00045 0.04713
0.152 0.00007 0.04405 0.00530 0.04405 0.00204 0.00007 0.04927
0.228 0.00105 0.00237 0.00164 0.00237 0.00137 0.00104 0.02405

1.5
0.076 0.01199 0.13560 0.01049 0.13560 0.01053 0.00891 0.04902
0.152 0.00111 0.08036 0.01268 0.08036 0.00291 0.00106 0.04547
0.228 0.00182 0.07035 0.02052 0.07035 0.00621 0.00182 0.05166

R2 3 0.5
0.076 1.0000 0.9987 0.9999 0.9987 0.9998 1.0000 0.9916
0.152 0.9999 0.9998 0.9999 0.9998 0.9981 0.9999 0.9956
0.228 0.9952 0.9945 0.9954 0.9945 0.9981 0.9997 0.9993
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Table 2. To be continued

Assess-
ment 
criteria

Thickness 
of layers 

(mm)

Airflow 
(m·s–1)

IR 
radiation 
intensity 
(W·cm–2)

Model name

approximation 
of diffusion Lewis logarithmic modified 

Page Page two-term Wang  
and Singh

R2

3

1.0
0.076 0.9892 0.9892 0.9987 0.9892 0.9997 1.0000 0.9766
0.152 1.0000 0.9964 0.9999 0.9964 0.9995 1.0000 0.9876
0.228 1.0000 0.9999 1.0000 0.9999 0.8911 1.0000 0.9960

1.5
0.076 0.9999 0.9911 0.9990 0.9911 0.9912 0.9998 0.9803
0.152 1.0000 0.9869 0.9985 0.9869 0.9992 1.0000 0.9742
0.228 1.0000 0.9978 0.9997 0.9978 0.9999 1.0000 0.9900

5

0.5
0.076 0.9999 0.9960 0.9989 0.9960 0.9998 0.9999 0.9862
0.152 1.0000 0.9988 0.9999 0.9988 0.9999 1.0000 0.9928
0.228 1.0000 0.9999 1.0000 0.9999 0.9999 1.0000 0.9962

1.0
0.076 0.9999 0.9868 0.9966 0.9868 0.9992 0.9999 0.9742
0.152 1.0000 0.9854 0.9982 0.9854 0.9993 1.0000 0.9719
0.228 0.9995 0.9989 0.9992 0.9989 0.9993 0.9995 0.9928

1.5
0.076 0.9986 0.9841 0.9988 0.9841 0.9988 0.9990 0.9733
0.152 0.9998 0.9880 0.9981 0.9880 0.9997 0.9998 0.9769
0.228 0.9996 0.9827 0.9950 0.9827 0.9985 0.9996 0.9685

RMSE – root mean square error; SSE – sum of squared absolute error; R2 – coefficient of determination; IR – infrared

Table 3. The statistical results of two-term model equation [MR = a exp(–k1t) + b exp(–k2t)] and its constants and 
coefficients for various dehydration methods

Coefficients

Air velocity (m·s–1)
0.5 1.0 1.5

radiation intensity (W·cm–2)
0.076 0.152 0.228 0.076 0.152 0.228 0.076 0.152 0.228

Thickness 3 mm
k1 0.00829 0.01513 0.02693 0.01922 0.02616 0.01550 0.01261 0.01541 0.02704
k2 0.02917 0.01506 0.02597 0.00459 0.00697 0.09630 0.00293 0.00364 0.00751
a 0.89860 –0.43290 2.58000 0.25630 0.15980 0.99010 0.21000 0.31120 0.12810
b 0.10200 1.43200 –1.56100 0.74150 0.84050 0.00940 0.78410 0.69050 0.87160
R2 1.00000 0.99990 0.99970 1.00000 1.00000 1.00000 0.99980 1.00000 1.00000
SSE 0.00002 0.00011 0.00277 0.00004 0.00002 0.00004 0.00080 0.00006 0.00001
RMSE 0.00082 0.00230 0.00130 0.00108 0.00077 0.00143 0.00412 0.00130 0.00062

Thickness 5 mm
k1 0.03891 0.01835 0.03619 0.03313 0.01932 0.09352 0.00304 0.00165 0.03081
k2 0.00617 0.00804 0.02134 0.00321 0.00436 0.00876 0.00080 0.01014 0.00284
a 0.09180 0.24590 –0.00760 0.12480 0.29430 0.02860 0.61250 0.81400 0.13750
b 0.90830 0.75340 1.00200 0.87630 0.70520 0.97350 0.36780 0.18320 0.86290
R2 0.99990 1.00000 1.00000 0.99990 1.00000 0.99950 0.99900 0.99980 0.99960
SSE 0.00021 0.00002 0.00004 0.00045 0.00007 0.00104 0.00891 0.00106 0.00182
RMSE 0.00261 0.00093 0.00143 0.00323 0.00141 0.00660 0.00979 0.00381 0.00622

MR – moisture ratio (dimensionless); a, b – empirical constants (drying model constants); k1, k2 – drying rate constants;  
t – drying time; R2 – coefficient of determination; SSE – sum of squared absolute error; RMSE – root mean square error
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Effective moisture diffusivity (Deff). The  moisture 
diffusivity is contingent upon the system and context and 
is impacted by the moisture content. The (Deff) of a food 
material refers to its inherent ability to move moisture, 
encompassing several mechanisms such as  molecule 
diffusion, vapor diffusion, hydrodynamic movement 
liquid diffusion, and other means (Sharma et al. 2005).

Data in Figure 4 indicates that the plots have exhib-
ited a  modest departure from linearity for all investi-
gated drying settings. The  observed discrepancy can 
be  attributed to  several factors, such reflects the un-
equal starting moisture content distribution, product 
shrinkage, variations in moisture diffusivity as a  func-
tion of  moisture content, and fluctuations in  product 

Figure 4. The impact of temperature and air velocity on the effective diffusivity of date paste at varying thickness 
levels: (A–C) 3 mm and (D–F) 5 mm

w.b. – wet basis; Deff – effective moisture diffusivity
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temperature throught the dehydration process (Adu 
and Otten  1996). In  general, an  increase in  the date 
paste thickness (3–5 mm), a  decrease in  air veloc-
ity (1.5–0.5 m·s–1), and an  increase in radiation inten-
sity  (0.076–228 W·m–2) resulted in  a  commensurate 
increase in Deff. The Deff varied from 3.94 × 10–11 m·s–1 
to  6.01  ×  10–10 m2·s–1, with the lowest and greatest 
values observed, respectively. According to  Sharifian 
et al. (2023), the increased rate of water molecule evap-
oration in date paste this may be the result of the height-
ened intensity of  infrared radiation, which facilitates 
the diffusion of water within the samples of date paste. 
Moreover, the fluctuations in Deff values can be ascribed 
to a multitude of factors, including the utilisation of dif-
ferent drying methods, variations in the types of culti-
vars employed, discrepancies in  cellular composition, 
discrepancies in the drying equipment utilised, dispari-
ties in the employed drying technique, different in the 
samples' sizes and shapes, and differences in the initial 
and final moisture content (Miraei et al. 2018).

CONCLUSION

The effect of  numerous dehydrating variables were 
examined in this study, including radiation intensities 
(0.076, 0.152, and 228 W·cm–2), layer thickness (3 mm 
and 5 mm), and airflow velocities (0.5, 1, and 1.5 m·s–1), 
on  the combined convection-IR  drying of  date 
paste in thin layers. The study's findings revealed a rise 
in drying rate, a reduction in drying time as IR inten-
sity increased, and a drop in airflow velocity and date 
paste layer thickness. The  performance of  date paste 
drying may be effectively described, and the variations 
in date paste's moisture content layers can be accurate-
ly predicted using the two-term model. The Deff posi-
tively correlated with air temperature, air velocity, and 
thickness, resulting in a range of values spanning from 
3.94 × 10–11 m2·s–1 to 6.01 × 10–10 m2·s–1.
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