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The global demand for aromatic plants is rising due to their antimicrobial, antiviral,
antioxidant, anticancer properties, and nutritional value. Ocimum basilicum L.
(basil), an aromatic herb from the Mediterranean and member of the Lamiaceae
family, is widely used for culinary and medicinal purposes. This study aimed to
optimize basil leaf drying conditions to preserve nutritional and functional
properties. Response Surface Methodology (RSM) with a centered composite
design (CCD) was used to evaluate drying at 60, 70, and 80 °C over different
durations. Moisture content, mineral levels, fiber, and phenolic compounds were
measured to improve the drying process. The results showed that moisture diffusion
increased with temperature (5.6 x 101° to 2.6 x 101 m2/s), with activation energy
ranging from 9 to 33.2 kJ/mol. The logarithmic model best described moisture
kinetics. The optimization model was highly significant, with R2? values
approaching 0.95. Moreover, optimal drying conditions were found to be 80 °C for
163 minutes, yielding the highest contents of minerals (6.82%), fiber (10.83%), and
polyphenols (1.85 mg gallic acid equivalent/100 g). These findings offer an
effective approach for basil drying that preserves its nutritional value and bioactive
compounds, supporting its use in food and health-related applications.

1. INTRODUCTION

Ocimum basilicum L., commonly known as basil, is a fragrant herb originating from the Mediterranean
region, encompassing both its northern and southern areas. Basil is highly valued not only for its culinary
applications but also for its notable health benefits. Rich in antioxidants, vitamins, and essential oils,
basil has been shown to possess anti-inflammatory, antimicrobial, and immune-boosting properties,
making it a key component in both traditional medicine and modern health-promoting diets (Kadam et
al., 2011; Menasra and Fahloul, 2018).
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Fresh medicinal plants, including basil, often contain high moisture levels, which make them susceptible
to eventual decomposition after harvesting. This natural degradation can compromise their quality and
functional properties (Akah et al., 2017; Shahi et al., 2014).

To mitigate these challenges, drying techniques are widely employed to reduce water content, thereby
preserving plant material and limiting the risk of spoilage or nutrient loss (Menasra et al., 2018; Menasra
and Fahloul, 2019)

This study aims to optimize the drying process for basil leaves and assess its effects on critical
parameters such as mass transfer kinetics, diffusion coefficients, activation energy, and the retention of
the herb’s nutritional and bioactive compounds.

2. DRYING PROCESS

Fresh basil leaves, harvested from the mountains of the Batna region in northeastern Algeria, were dried
at three temperatures (60, 70, and 80 °C) under a vacuum pressure of 0.3 + 0.1 bar using a vacuum oven
(VD 53 - Binder). The process continued until the leaves were fully desiccated, with samples monitored
and weighed at 5-minute intervals to ensure moisture equilibrium (Kadam et al., 2011).

Moisture movement during drying was primarily governed by internal diffusion, and Fick’s second law
of diffusion was applied to model the drying behavior, as is common for most herbal plants (1SO, 2000;
Menasra and Fahloul, 2015).
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The Moisture ratio (MR) of the leaves is calculated as follows:
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The diffusion rate of basil leaves is calculated using the following formula (Remache and Belhamri,
2008; Siew and Chin, 2014):

D= DO.e(Ea/RT) 3)

The activation energy is determined using this equation (Menasra and Fahloul, 2015):
LnD =LnD, —(E, —RT) 4)

The experimental drying curves obtained were fitted with mathematical models to represent the drying
kinetics and predict the water retention rate (Table 2). The most fitting model to describe the drying
kinetics of basil leaves was determined based on the highest correlation coefficient (R2), the lowest root
mean square error (RMSE), and the lowest reduced chi-square (y?) (Al-Sereiti et al., 1999).
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3. OPTIMIZATION OF THE NUTRITIONAL QUALITY OF DRIED BASIL LEAVES
THROUGH EXPERIMENTAL DESIGN

A Central Composite Design (CCD) with two factors was applied to assess the influence of two
variables, X, (Temperature) and X, (Drying time), on the nutritional quality of basil leaves (Table 1).

Response modeling is conducted using regression techniques to relate the responses "Y" to the factors
"X1" and "X2." The governing equation for the system is given as follows (Kau et al., 2014; Menasra
and Fahloul, 2015):

Where:
Y: Nutritive compounds concentration; represents the response being optimized, such as moisture, ash,
fibers and polyphenols in dried basilica leaves powder.

Independent Variables (Factors):

- X;: Drying temperature (°C)
- Xz: Drying time (min)

Regression coefficients:

- bye: Intercept; Baseline response when all factors are at their central level;

- by, by Linear coefficients, Represent the effect of each independent variable (X; and X;) on
the response Y;;

- b1, by Quadratic coefficients, Represent the squared effect of X; and X;, showing how
responses change non-linearly;

- by,: Interaction coefficient, Represents the combined effect of temperature and time on Y.

Table 1. Levels and reference values applied in the Central Composite Design (CCD) model for
drying basil leaves.

Trial Coded Variables Real Variables
CCD
Temperature (°C) | Time (min) | Temperature (°C) [ Time (min)
1 -1 -1 60 163
2 -1 0 60 188
3 -1 +1 60 221
4 0 -1 70 163
5 0 0 70 188
6 0 +1 70 221
7 +1 -1 80 163
8 +1 0 80 188
9 +1 +1 80 221
10 0 0 70 188
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4. NUTRITIONAL QUALITY OF BASIL LEAVES

Moisture content is determined by oven drying at 105°C until a constant weight is reached. Ash is
measured by incinerating samples at 550°C to isolate inorganic residue (AOAC, 2000). Fibers is
analyzed using acid-detergent fiber (ADF) methods to separate structural carbohydrates (Van Soest and
Win, 1963). Polyphenols are quantified through the Folin-Ciocalteu assay, which measures total
phenolics via a blue colorimetric reaction (Singleton et al., 1999). These techniques provide essential
data on basil's nutritional and functional properties.

5. STATISTICAL ANALYSIS

Results were presented as mean + standard error. Statistical evaluation was done using Duncan's
multiple range test (o < 0.05) with SPSS software version 25.0 (SPSS Inc., Chicago, USA). Drying
kinetics modeling was performed using Origin 10 software, whereas optimization of drying conditions
was done with JMP 14 software (Menasra and Fahloul, 2019).

6. RESULTS AND DISCUSSION

6.1 Modeling the drying kinetics of basil leaves

The variation in basil leaves' Moisture ratio with drying time is illustrated in Figure 1. The initial
Moisture ratio was approximately 1+0.2% on a dry basis (moisture content: 85.67% wet basis),
decreasing to a final content of 0.1 = 0.05% on a dry basis (moisture content: 7.40% wet basis). Extended
drying time significantly lowers the moisture content. Table 2 presents R2, RMSE, and y2 values for the
applied models. Among them, the logarithmic model achieved the highest Rz (0.9994), the lowest 2
(0.0005), and a minimal RMSE (0.0017), confirming its suitability for modeling basil drying kinetics.
These findings align with those of Mghazli et al. (2017).
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Fig 1. Effect of drying temperature on the Moisture ratio (MR) of basil leaves.
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The effective moisture diffusion (Deff) in basil leaves increased with higher drying temperatures,
ranging from 5.6 x 107° m?/s to 2.6 x 10-1© m?/s. The activation energy (Ea) required for moisture
diffusion in basil was found to vary between 9 and 33.2 kJ/mol.

Table 2. Statistical analysis results of mathematical models applied to the moisture kinetics of dried

basil leaves.
Model Equation T (°C) R? RMSE X2
MR = oKD 60 0.9562 0.0115 0.0046
Newton 70 0.8904 0.0035 0.0076
80 0.9852 0.0542 0.0011
MR — o(kt™ 60 0.9869 0.0115 0.0014
Page 70 0.9978 0.0035 0.0001
80 0.4928 0.0542 0.0424
Logarithmic MR =a.ekD 1 ¢ 60 0.9965 0.0032 0.0015
70 0.9988 0.0022 0.0006
80 0.9994 0.0017 0.0005
MR =a.eCK™ 1 pt |60 0.9524 0.0219 0.0051
Midili Kucuk 70 0.8139 0.0327 0.0143
80 0.9830 0.0099 0.0014
MR = q . o(kD 60 0.9594 0.0202 0.0043
Handerson and 70 0.9128 0.0223 0.0067
babis 80 0.9877 0.0084 0.0010

6.2 Optimization of drying conditions for basil

The drying process plays a crucial role in altering the composition of basil leaves, especially concerning
moisture, ash, polyphenols, and fiber content (Remache and Belhamri, 2008; Shahi et al., 2014).

During drying, moisture content decreases, leading to enhanced concentration of soluble nutrients and
phytochemicals. As moisture is lost, the levels of ash, which represents the mineral content, can also
change, reflecting the residual inorganic materials left in the dried leaves. Furthermore, polyphenols,
known for their antioxidant properties, may become more concentrated due to the reduction in water
content; however, excessive heat during drying can also lead to degradation of these sensitive
compounds. The fiber composition, which is crucial for digestive health, is typically preserved through
appropriate drying methods, maintaining its structural integrity and health benefits. Understanding these
changes is essential for maximizing the nutritional value of dried leaves (Remache and Belhamri, 2008;
Menasra and Fahloul, 2019).
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Table 3. Optimization of basil leaves drying process.

Composition | T (°C) | Time | Predicted | Calculated | Desirability Experimental optimization R?
(min) value value model
Moisture 80 221 7.46 7.40 0.14 Y=8.83-0.22X3+0.78 X+ 0.95
(%) 0.025X1X2-0.015X1X1-.37X2X>
Ash (%) 80 221 6.85 6.82 0.98 Y=6.65+0.14X:-0.11X>- 1
0.07X1Xz -0.05X1X1-0.018X,X>
Fibers (%) | 70 163 10.82 10.83 0.93 Y=10.60+0.09X;+0.09X,+0.002 | 0.99
X1 X5+0.016 X1 X1+ 0.016 XX
Polyphenols | 80 188 1.86 1.85 0.89 Y=1.71+0.08X;-0.10X,+ 0.95
content (mg 0.009X1X2-0.016X1 X1~
GAE/100g) 0.016X2X>
Temperature (”_O Time (min)
% 8 =|,-§
e 8
! 1 "e“\pe
A

Fig 2. Response surface illustrating the combined effect of drying time and temperature on the
nutritional composition of basil leaves (A: Moisture, B: Ash, C: Polyphenol content and D: Fiber.
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Optimizing the drying process is vital for preserving the nutritional quality of leaves, specifically their
fibers, polyphenols, and mineral compositions. Effective drying methods ensure that the beneficial
compounds are retained while minimizing nutrient loss. By carefully controlling temperature and drying
time, the degradation of sensitive polyphenols can be minimized, thereby maintaining their antioxidant
properties. Additionally, optimal drying techniques help in retaining the essential fibers that contribute
to dietary health, as well as the vital minerals that support various physiological functions. Ultimately,
a well-optimized drying process not only enhances the shelf life of the leaves but also ensures that their
health benefits are fully realized, making them a valuable addition to the diet (Menasra and Fahloul,
2018).

7. CONCLUSION

Mass transfer control facilitates the generation of "drying kinetics" curves, which represent the distinct
phases of the drying process. This research determined that the logarithmic model provided the most
accurate description of the drying kinetics for basil leaves. Evaluating mass diffusivity, activation
energy, and nutritional composition is essential for optimizing the drying conditions of basil.

Drying basil leaves at 80 °C for 163 minutes resulted in the highest retention of minerals (6.82%), fiber
(10.83%), and polyphenols (1.85 mg GAE/100 g). This optimized process provides a reliable method
for preserving the plant's nutritional and functional qualities, enhancing its potential for use in both food
and health-related applications

The inclusion of dried basil leaf powder in culinary applications could result in products with enhanced
nutritional value and superior organoleptic qualities.

Consuming foods fortified with medicinal plants may play a key role in alleviating nutritional
deficiencies and improving overall public health.
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NOMENCLATURE

Ea  Activation Energy (J/mol or kd/mol) T Temperature [°C]

Deww Effective moisture diffusivity (m2/s) t Time (min)

L Thickness or characteristic length of the R Universal gas constant
sample (m) (8.314J/mol.K)

M Moisture content (kg water/kg dry matter or Y Response (Nutritive compounds
%) concentration)

M;  Initial moisture content (kg water/kg dry X1 Drying temperature (°C)
matter or %)

Me  Equilibrium moisture content (kg water/kg dry Xz Drying time (min)
matter or %)

n Exponent in drying models Do, b1, b2, Regression Coefficients

b111 b221 b12
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