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ABSTRACT

Mango leaves (Mangifera indica), used in Ayurvedic, Siddha, and other traditional systems of medicines, are a prolific source of
biologically active compounds such as phenolic, flavonoids, and Mangifera. They exhibit antioxidant, anti-inflammatory,
antimicrobial properties, hence making it a potential candidate for the development of functional foods/nutraceuticals. The shelf
life of such phytochemicals is, however, dependent mostly on post-processing, especially drying, which is a neglected area of
study. The aim and objective of this study are, therefore, to investigate the influence of different drying processes on the
physical, functional, and physico-chemical characteristics of mango leaf powder. The leaves were processed using conventional
methods—air drying, sun drying—and contemporary—microwave drying. The dried samples were then converted into powder. The
proximate composition was analyzed, while the functional properties - water absorption capacity, oil absorption capacity, swelling
index, solubility - were also determined. The physico-chemical - pH, Total Phenolics, Antioxidant Activity - were also evaluated.
Biological analysis was carried out by GC-MS, while ANOVA, an analysis of variance, was used for comparison between
treatments for establishing differences of significance. By the comparative study, methodology is presented, explaining the
processes required for optimal processing conditions for the preservation of phytochemicals inherently present in the mango
leaves. This study addresses the potential utilization of Mango leaf powder as value-added, healthy, new, or specialty ingredient
discoveries towards naturally useful, healthy, new, or specialty foods/nutraceuticals.
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INTRODUCTION nutra.ceutical signifi'cance, largely because of their

massive phytochemical potential. The presence of

The mango tree, Mangifera indica, is a tropical mangiferin, a new xanthone glycoside, flavonoids, tannins,
evergreen perennial plant belonging to the Anacardiaceae  and phenolic acids has been reported in mango leaves,
family, with immense social, dietary, and economic thereby making them of therapeutic potential (Ahmed et
significance world over. This plant is native to the Indo- 47 2002), The above-mentioned phytoconstituents exhibit
Burmese region, specifically to India and Myanmar,and  jptense antioxidant, anti-inflammatory, antimicrobial, and
has been distributed to tropical and subtropical regions, antihyperglycemic activity, thereby validating their
thereby making them one of the largely cultivated fruit  potential therapeutic application in “Ayurveda, Siddha,
trees world over (Akther et al., 2023), While the fruitis  and Traditional Chinese Medicines for managing diabetic,
largely popular for its perceptional, texture, and dietary  hypertensive, and gastrointestinal disorders” (Dereje and
significance, mango leaves are lately gaining immense  Abera, 2020), Scientific evidence will further justify how
attention with regard to their pharmacologic and  mango leaf phytoconstituents act by scavenging free
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radicals, modulating inflammatory mediators, interacting
with microbial cell membranes, and regulating glucose
metabolism, lowering risks for chronic conditions such
as cardiovascular disease, cancer, and diabetes
(Lawrence et al.,2025), Apart from their social
significance, mango leaves also assume significant social
importance in South Asian culture, largely because of its
application in social ceremonies like “rituals, functions,
and festivities, largely acting as a portrayal for cleanliness
and riches” (Lekjing et al., 2024), Notably, its potential
for agricultural by-product application is a sustainable
option to convert a low market commodity into a value-
added one, based on circular economy principles (Isik ez
al., 2025), Despite its significance, functional application
of mango leaves is largely dependent on post-processing,
specifically drying approaches. Drying is largely done
not only for enhancing shelf life but also because “itis a
direct contributing factor to preserving biologically active
components. Air drying and oven drying are more
economical and rapid, however, prone to degradation of
heat-labile components like flavonoids and phenolic
compounds” (Lawrence et al., 2025), Freeze drying is
another method, although economical, is largely a
sublimation process done in a vacuum, thereby retaining
the phytoconstituents at its best. On the other hand, solar
drying is largely economical and environment-friendly,
although susceptible to complete loss of components due
to lengthy exposures to UV. Hence, the need to optimize
drying methods cannot be overemphasized in ensuring
the effectiveness and medicinal qualities of mango leaf
powders. This paper discusses the effects of drying
methods on the physical properties, functionalities, and
phytochemical qualities of Mangifera indica leaves to
develop optimized methods for the preparation of
nutraceutical and functional foods.

METHODOLOGY

Powder Preparation and Raw Material Procurement

Young and older leaves from Mangifira indica
were collected from the nearby gardens in Mohali, Punjab,
Chandigarh, during the time when the harvesting is
practiced to get maximum phytochemicals. Leaves were
collected from clean areas to prevent the presence of
heavy metals and dust contaminants (Akther et al.,
2023), Young and older leaves that were collected were
thoroughly washed with distilled water to eliminate the
surface contaminants and the microbials to prepare the
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powder (Masibo and He, 2008). The leaves were next
treated or dried through various drying methods: sun
drying, shade drying, and oven drying according to the
availability and feasibility of the resources after the
thorough washing process of the leaves. This was
conducted to determine the effect of drying methods on
the retention of phenolics, flavonoids, and the activity as
an antioxidant (Isik et a/., 2025). The dried leaves were
next ground through a laboratory grinder to produce a
fine powder and was next filtered to get a uniform fine
powder. This was next packaged in an air-tight moisture-
proof container and stored in room temperature to prevent
oxidation, microbials, and any losses of quality (Patil et
al., 2004). The fine powdered extracts were next ready
for analysis and formulation (Fig. 1).

[Collection of Fresh Mango Leavesj

Cleaning and Washing
(Remowval of Dust & Microbes)

Drying Treatments
(Sun, Shade, Oven)

Grinding and Sieving
(Uniform Powder Preparation)

C.Storage in Airtight Containers)

Further Analysis
(Formulation & Testing)

Fig.1: Mango leaf powder flowchart with drying methods

Cleaning and Draining

Leaves were also washed utilizing running tap water,
followed by distillation to remove dirt, dust, and microbes.
After the washing process, the leaves were drained to
remove excess distillation fluid. They were dried in air
for a short while to remove desorb surface moisture
before drying. Mineral profiling was estimated based on
ash content (Akther et al., 2023). Protein content
measurement relied on the Kjeldahl or Dumas technique
(Sferrazzo et al., 2022). Lipid measurement applied the
Soxhlet technique (Lawrence et al., 2025). There were
three drying methods applied to analyze the impact of
drying procedures on the physico-chemical and functional
values of mango leaf powder. Proximate composition
analysis of moisture content, ash, protein, fat, and
carbohydrates applied the AOAC recommended

Internat. J. Appl. Home Sci. |July & Aug., 2026| 13 (7&38)|



EFFECTS OF DIFFERENT DRYING TECHNIQUES ON THE COMPOSITION OF MANGO LEAVES POWDER & THEIR UTILIZATION AS NUTRITIVE FOOD COLOR

procedures of 2019. Moisture content helped to determine
stability, storability, and textural values (Liaotrakoon et
al., 2022). Mineral profiling estimated ash content
(Sferrazzo et al., 2022). Protein content measured
according to the Kjeldahl or Dumas technique. Lipid
content analyzed by Soxhlet extraction. However, the
values for the total carbohydrates were estimated by
difference. Mango leaf powder pH analyzed by digital
pH meter (Phuong et al., 2024).

Physical and Functional Properties

The functional characteristics, Water Absorption
Capacity (WAC), Oil Absorption Capacity (OAC),
solubility index, and swelling index, were evaluated by
standard methods. The WAC and OAC were measured
by their hydration, binding, and possibly their role in satiety
or lipid binding capacity of the powder (Singleton et al.,
1999). The solubility index was measured, and it is used
to check the dispersibility characteristics in liquids (You
et al., 2024). The gelation index was evaluated for its
possible functions in satiety or its roles in the functions of
dietary fiber (Singleton ef al., 1999).

Data Analysis

The data were statistically analyzed with the help
of Analysis of Variance (ANOVA) to measure the
comparison of the effect of drying methods on the
properties of mango leaf powder (Montgomery, 2017).
Due to the significance observed (p < 0.05), the post-
hoc analysis evaluation of the differences employed by
the help of the HSD test given by the well-known
statistician Turkey (Field, 2018). Results were expressed
through mean with Standard Deviation for triple sets.
Statistical analysis had been done by the help of the
software SPSS (26.0) and programming by R (16).

RESULTS AND DISCUSSION

Drying kinetics at 40°C
Moisture content analysis at 40°C

Moisture content in mango leaves directly correlates
with drying efficiency, showing the move from free to
bound water evaporation (You et al., 2024). Initial at
40°C was taken as 100% (relative basis) and decreased
continuously to 45% after 240 minutes (Table 1). There
were two different drying stages. From 0 to 110 minutes,
moisture content decreased sharply from 100% to 60%,
which is the constant-rate stage where free surface water
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Table 1 : Moisture content and moisture ratio at 40°C

Time Initial Final  Moisture Moisture Moisture
(mins) Weight Weight Loss (%) Content Ratio
(g (2 (%) (MR)
0 20 20 0 100 1
10 20 19 5 95 0.95
20 20 18 10 90 0.9
30 20 17 15 85 0.85
40 20 16 20 80 0.8
50 20 15 25 75 0.75
60 20 14 30 70 0.7
70 20 13 35 65 0.65
80 20 13 35 65 0.65
90 20 13 35 65 0.65
100 20 12 40 60 0.6
110 20 12 40 60 0.6
120 20 12 40 60 0.6
130 20 12 40 60 0.6
140 20 12 40 60 0.6
150 20 11 45 55 0.55
160 20 11 45 55 0.55
170 20 11 45 55 0.55
180 20 11 45 55 0.55
190 20 11 45 55 0.55
200 20 10 50 50 0.5
210 20 10 50 50 0.5
220 20 10 50 50 0.5
230 20 9 55 45 0.45
240 20 9 55 45 0.45

evaporated with little resistance. After 110 minutes, the
falling-rate stage set in, characterized by gradual loss of
moisture with the prevalence of bound water (You et
al., 2024).

Moisture Ratio (MR) at 40°C

Moisture ratio (MR) was found by the short-cut
formula MR = M/Mo, as equilibrium moisture was not
significant. MR went down regularly from 1.0 to 0.45 in
240 minutes (Table 1). Anearly linear drop to 120 minutes
represented the constant-rate period, while after 130
minutes MR values leveled off, which depicted the falling-
rate period with diffusion of bound water as the rate-
limiting step (Raman and Sharma, 2022). The pattern is
typical for most plant materials under temperate heat
conditions.

Fitting of drying model at 40°C

To explain drying kinetics, five thin-layer models
(Lewis, Page, Henderson—Pabis, Logarithmic, and
Newton) were fitted to MR data. Performance of models
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was determined from R? and RMSE values. Of the
models, Page and Logarithmic generally represented the
best fit, validating their applicability for the prediction of
drying behavior of mango leaves during low-temperature
conditions (Kumar et al., 2021).

Moisture Ratio (MR) calculated as M/Mo
(neglecting Me) fell from 1.0 to 0.45 in 240 min at 40°C.
Linear reduction up to 120 min was the constant-rate
period, wherein free water evaporated freely due to
adequate heat transfer. Beyond 130 min, MR became
steady (~0.6), which is the falling-rate period, wherein
bound water prevailed and internal diffusion controlled
drying. The drying curve had a sharp initial slope followed
by a slow flattening, as typical of the drying
characteristics of vegetable materials. MR analysis hence
validated that 40°C drying is efficient for preliminary
moisture removal but inefficient for longer periods due
to elevated internal resistance and lower vapor pressure
gradients (Patil ez al., 2004).

Drying kinetics were simulated at 40°C with Lewis,
Page, Henderson-Pabis, and Logarithmic models,
compared with R? and RMSE. Of these, the best fit (R?
=0.9698; RMSE = 0.026) was given by the Page model,
which successfully modeled both constant- and falling-
rate phases because of its versatile exponent term. The
Henderson-Pabis model also provided satisfactory
performance (R? = 0.9204; RMSE = 0.0422) but less
effectively described curvature transitions. On the other
hand, the Lewis model (R? = —5.738) and Logarithmic
model (R?=0.2391) underperformed, unable to describe
real drying dynamics (Table 2). The Page model’s high
predictive ability supports its applicability in modeling food
drying under low-temperature, long-duration drying
(Sharma et al., 2020) (Fig. 2).

Drying Curve and Mathematical Models

re Hatio {MR}

Mosstu

Fig.2: Drying curve and mathematical models for
drying at 40°C

Table 2 : Mathematical models for drying kinetics at 40°C

Model Equation Parameters RMSE R?

Lewis MR = k=3.3307e- 03879 -5.738
exp(-k-t) 16

Page MR = k =0.02240, 0.026  0.9698
exp(-k-t")  n=0.64781

Henderson MR = a=0.91593, 0.0422  0.9204

and Pabis aexp(-k't) k=0.00319

Logarithmic MR = a=0.37292, 0.1304 0.2391
acexp(-k't) k=4.48317,
+c ¢=0.62708

Drying kinetics at 50°C
Moisture Content Analysis at 50°C

Drying at 50°C was also faster and more efficient
than 40°C, where moisture levels decreased from 70%
to 14.29% within 240 minutes (Table 3). The primary
phase (70%-45.45%) also took 90 minutes, suggesting a
greater vapor pressure potential and, consequently, a
higher rate of evaporation. However, irregular periods
of plateaus (40-60 and 100-140 minutes) indicated a
possible case hardening/rate of water transfer limitations.
(You et al,, 2024). Drying also proceeded with a decrease

Table 3 : Moisture content and moisture ratio at 50°C

Time  Initial Final  Moisture = Moisture  Moisture
(min) Wt (g) Wt Loss (%) Content Ratio
(€3] %)
0 20 20 0 70 1
10 18 16 11.11 62.5 0.75
20 16 15 6.25 60 0.6875
30 15 14 6.67 57.14 0.625
40 14 14 0 57.14 0.625
50 14 13 7.14 53.85 0.5625
60 13 13 0 53.85 0.5625
70 13 12 7.69 50 0.5
80 12 12 0 50 0.5
90 12 11 8.33 45.45 0.4375
100 11 11 0 4545 0.4375
110 11 11 0 4545 0.4375
120 11 10 9.09 40 0.375
130 10 10 0 40 0.375
140 10 10 0 40 0.375
150 10 9 10 33.33 0.3125
160 9 9 0 33.33 0.3125
170 9 9 0 33.33 0.3125
180 9 8 11.11 25 0.25
190 8 8 0 25 0.25
200 8 8 0 25 0.25
210 8 8 0 25 0.25
220 8 7 12.5 14.29 0.1875
230 7 7 0 14.29 0.1875
240 7 7 0 14.29 0.1875
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in rate beyond 150 minutes and nearly stagnant values
between 190-240 minutes, suggesting a point of attaining
equilibrium moisture content (Phuong et al., 2024).
Overall, the drying curve was typical of models that
incorporated a constant-rate and a falling-rate phase,
justifying the heat transfer response that a higher
temperature enhances efficiency but can be subject to
product characteristics and heat transfer limitations.
Hence, 50°C was indeed more efficient than 40°C, but
the importance of a proper time-temperature relationship
was also underscored.

Moisture Ratio (MR) analysis at 50°C

For a temperature of 50°C, the Moisture Ratio (MR)
decreased from 1.0 to 0.1875 in a period of 240 min,
indicating a preferred rate of drying, unlike at a
temperature of 40°C (MR = 0.45). The MR decreased
sharply during the first 30 min (1.0 to 0.625), followed by
plateaus at points 40-60 and then 80-140 min, representing
points of critical moisture content, then transition from
surface evaporation to internal diffusion processes
(Raman and Sharma, 2022). After 150 min, there was a
slow decline in the MR, consistent with the falling-rate
period, where the clot of the material limited the
movement of moisture. The drying rate, hence, started
sharply downwards followed by an extended slowdown,
typical for fibrous materials where the tightly bound
moisture is difficult to remove. Though there was an
improved rate of drying at 50°C, the final decline in MR
shows that higher temperatures or processing conditions
are required if the material is to be completley dehydrated.

Mathematical modeling of Drying at 50°C

The drying behaviour at 50°C was evaluated based
on the Newton, Page, Henderson-Pabis, and Logarithmic
models (Table 4 and Fig. 3). Indeed, the best fit was
found through application of the **Henderson-Pabis
model** since it gave an R? 0 0.9543, and a root mean
square error of 0.0421, because it could represent both
the free and bound moisture phases. On the other hand,
the **Newton-Lewis model was reasonably fitted**. Its
performance showed a regression coefficient of 0.8622
and a root mean square error of 0.0732. It is because it
describes the constant rate phase but fails to describe
the falling rate phase (Ercan, 2025). PAGE: The
performance of the **Page model was not very sound*¥*.
This was due to various reasons, one of which is mis-
specified parameters. It resulted in a regression coefficient
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of -3.7297. While the Logarithmic model also gave a
weak predictive power with a regression coefficient of
0.3466 and a root mean square error of 0.1593,
presumably because of its high sensitivity to the irregular
fluctuations in MRs (Lopez-Quiroga, 2020).

Table 4 : Drying kinetics and mathematical modeling at

50°C
Model Equation Parameters R? RMSE
Newton MR = exp k=0.00812 0.8622 0.0732
(k)
Page MR = exp k=0.5, - 0.4287
k-t n=25 3.7297
Henderson- MR =aexp a=0.8352, 0.9543  0.0421
Pabis (k) k=0.00642
Lewis MR = exp k=0.00812 0.8622 0.0732
(-k-t) (same as
Newton)
Logarithmic MR =a-exp a=0.6025, 0.3466 0.1593
(kt)+c k=32.15,
c=0.3975

Drying Kinetics Model Fit Comparison

Moisture Ratio (MR)

150 200 250

Time {min

Fig.3: Drying kinetic model fitting comparison at 50°C

Moisture Content Analysis at 60°C

60°C drying demonstrated dehydrating rapidly as
opposed to the lower temperatures (Table 5). The initial
moisture content was ~300% (db) that dehydrated sharply
to 180% in 40 min, capturing the constant-rate period
fueled by effective surface evaporation. At 80 min, the
moisture content reduced to 60%, indicating the onset of
the falling-rate period when bound water evaporation was
predominant. Complete dryness (0% MC, MR = 0) was
obtained in 100 min, a sign that high temperature
efficiently overcame surface and internal resistances to
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diffusion. This quicker drying shows the effectiveness
of 60°C in saving drying time and establishing equilibrium
moisture content. But these conditions can pose thermal
danger to heat-sensitive products (Lekjing et al., 2024).

Table 5 : Moisture content analysis and moisture ratio at

60°C
Time Initial Final = Moisture = Moisture  Moisture
(min) Wt (g) Wt Loss (%) Content Ratio
€3] (%)
0 20 20 0 300 1
10 20 18.5 7.5 270 0.9
20 20 17 15 240 0.8
30 20 15.5 22.5 210 0.7
40 20 14 30 180 0.6
50 20 12.5 375 150 0.5
60 20 11 45 120 04
70 20 9.5 52.5 90 0.3
80 20 8 60 60 0.2
90 20 6.5 67.5 30 0.1
100 20 5 75 0 0

Moisture Ratio (MR) Analysis at 60°C

The MR curve at 60°C fell sharply from 1.0 to 0.1
in 90 min and fell to zero at 100 min, ascertaining effective
moisture removal (Table 5). The fall from 1.0 to 0.7 over
the initial 30 min indicated rapid evaporation of surface
water, whereas the uniform drop from 0.7 to 0.1
represented the falling-rate period controlled by internal
diffusion. In contrast to lower temperatures, plateau
phases were not seen, indicating minimum case hardening
and unbroken drying. The smooth exponential decline of
MR indicates that increased thermal energy at 60°C
overcomes resistance internally and facilitates quicker,
more consistent dehydration, which is desirable for
industrial use (Gomez and Lopez, 2021).

Mathematical Modelling of Drying at 60°C

The drying kinetics at 60°C were investigated using
Newton, Page, Henderson—Pabis, and Logarithmic
models. The Logarithmic model was the best fit with R?
= 0.9996 and RMSE = 0.0039 (Table 6; Fig. 4). Its
adaptability, with parameters a=0.9767, k = 0.0306, and
¢=0.0076, accurately represented both exponential decay
and residue moisture behavior. Therefore, it is the best
predictive model under high-temperature drying
conditions (Rodriguez et al., 2025).

In comparison, the Page model (MR = exp(—k-t"))
produced R?=0.9994 and RMSE =0.0047, resulting in a
strong fit due in large part to it’s flexible exponent “n =

(362)

1.5284”, producing a shape curve during both constant-
and falling-rate segments. Since the Page model is flexible
with smaller number of parameters than the Logarithmic
model, it is the favoured model where non-linearity is
pronounced.

Table 6 : Mathematical model fitting at 60°C

Model Parameters R2 RMSE

Newton k=0.0230 0.9945 0.0172

Page k=0.0036k, 0.9994 0.0047
n=1.5284

Henderson-Pabis a=1.0265, 0.9938 0.0186
k=0.0241

Lewis k=0.0230 (same 0.9945 0.0172
as Newton)

Logarithmic a=0.9767, 0.9996 0.0039
k=0.0306,
¢=0.0076

» Experimental
Newton
Page
rrrrr Henderson-Pabis
.6 — Logarithmic

0 20 40 60 80 20 100
Time (min)

Fig. 4 : Drying model fitting for drying at 60°C

At 60°C, Newton (Lewis) model (R* = 0.9945,
RMSE = 0.0172, k = 0.0230) suggested drying occurs
with near-ideal first-order kinetics. The Henderson—
Pabis model (R>=10.9938, RMSE =0.0186, a=1.0265)
also described well but was slightly poorer because there
was no residual term. The Page model offered excellent
flexibility, while the Logarithmic model gave the optimum
fit (R = 0.9996, RMSE = 0.0039) capturing the two
effects of exponential decay and equilibrium. In general,
the Logarithmic model was found to be most appropriate
for high-temperature drying, with the Page model being
the next best option (Arunachalam et al., 2019).

Physicochemical properties

Drying methods also had significant effects on the
proximate composition of leaves. Hot Air Oven drying
produced the lowest moisture content (5.34%), with
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Table 7 : Time vs. Moisture Content vs. Moisture Ratio
Tinospora cordifolia leaves under the three

different drying conditions—shade drying, hot
air drying at 60°C, and microwave drying

Time Drying Method Moisture Moisture
(mins) Content (Mt)  Ratio (MR)
0 Shade Drying 19.00 1.000
308.57 Shade Drying 16.50 0.857
617.14 Shade Drying 14.35 0.734
925.71 Shade Drying 12.52 0.629
1234.29 Shade Drying 10.94 0.539
1542.86 Shade Drying 9.59 0.462
0 60°C Drying 19.15 1.000
10 60°C Drying 1591 0.831
20 60°C Drying 12.54 0.655
30 60°C Drying 9.53 0.498
40 60°C Drying 6.58 0.343
50 60°C Drying 4.20 0.219
0 Microwave 19.00 1.000
0.56 Microwave 6.25 0.270
1.11 Microwave 3.80 0.121
1.67 Microwave 2.44 0.056
2.22 Microwave 1.87 0.027
3.33 Microwave 1.61 0.010

enhanced shelf life, whereas Microwave (7.16%) and
Shade drying (6.01%) showed poor efficacy (Table 8).
Highest total ash, an indicator of mineral retention,
occurred in shade drying (1.85%), followed by microwave
(1.79%), and lowest in oven drying (1.65%) due to losses
caused by heat. Carbohydrates were highest in oven
drying (81.07%) by efficient removal of moisture, while
there were marginal decreases in microwave (80.52%)
and shade drying (79.55%) due to localized heating and
enzymatic oxidation. Fibre was retained highest in
microwave drying (3.70%) because of high heating rate,
followed by oven (3.22%) and shade drying (3.12%).
Protein retention was highest in microwave drying
(4.43%) due to enzyme inactivation with little
denaturation, followed by shade (4.01%) and oven drying
(3.61%). Hot Air Oven drying was generally the best for
moisture and carbohydrate retention, while microwave

Table 8 : Physicochemical analysis of mango leaf powder

with different drying techniques

Proximate analysis Hot air Microwave Shade
(per 100gm) oven oven drying
Moisture 5.34% 7.16% 6.01%
Total ash 1.65% 1.79% 1.85%
Carbohydrates 81.07 g 80.52 g 7955 ¢
Fibre 322 ¢ 370 g 312¢g
Protein 36lg 443 g 401 g
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drying was best for protein and fibre retention, which
indicates trade-offs in drying methods.

Phytochemical analysis and DPPH activity

Phytochemical retention in mango leaves differed
dramatically with drying processes (Table 9). The highest
retention of alkaloids (57 mg/100g), flavonoids (61.02 pg/
g), and total phenols (1352.7 ug/g) was recorded by
microwave drying due to rapid volumetric heating, minimal
exposure to oxygen, and limited enzymatic breakdown.
Hot air oven drying held back saponins optimally (17.01
mg/100g) as a result of heat disruption of the cell walls
facilitating extractability, but extended heat led to partial
degradation of thermolabile constituents like alkaloids,
flavonoids, and phenols. Shade drying had the highest
retention of tannins (15.30 mg/100g) by preventing
excessive heat polymerization, but extended exposure to
air and light resulted in slow oxidative losses. In general,
Microwave drying provides best retention of heat- and
oxidation-sensitive phytochemicals, Hot Air Oven is
preferable for saponin extractability, while Shade drying
is best for tannins.

Table 9 : Phytochemical analysis and DPPH activity under

different drying treatments

Phytochemicals  Hotairoven = Microwave Shade
Properties oven drying
(per 100g)

Alkaloids 47 mg 57 mg 43 mg
Flavnoids 55.01 pg/g 61.02 pg/g 49.88 ug/g
Tannins 11.60 mg 14.40 mg 15.30 mg
Total Phenols 1141.30 ng/g  1352.7 pg/g  1260.10 pg/g
Saponins 17.01 mg 16.90 mg 15.97 mg
DPPH assay 843.0 umol 925.0 umol  877.0 pumol

DPPH (2,2-diphenyl-1-picrylhydrazyl) assay

The DPPH assay indicated Microwave drying had
the greatest antioxidant activity (925.0 umol Trolox/g),
followed by Shade Drying (877.0 umol/g) and Hot Air
Oven drying (843.0 umol/g). Microwave drying ensures
antioxidants by using fast, oxygen-starved heating that
inactivates degradative enzymes and shields heat-sensitive
phenolics and flavonoids. Shade drying, while gentle,
entails extended exposure that can permit some
enzymatic degradation and oxidation, whereas Hot Air
Oven drying causes more loss of antioxidants by virtue
of extended heat exposure, thermal drying is generally
the best technique for preserving antioxidant potential in
plant materials.
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Functional properties of dried leaf powder

Mango leaf powder functional properties differed
with the drying method (Table 10). Swelling capacity was
highest in Shade Drying (5.5%), followed by Microwave
(5.3%) and Hot Air Oven (5.2%) as a result of improved
retention of cell wall polysaccharides. Water absorption
capacity was highest in Microwave drying (312.4%) as
a result of increased porosity and breakdown of starch
to some extent, while Hot Air Oven (284%) and Shade
Drying (277.4%) were lower. Highest oil absorption was
recorded in Hot Air Oven samples (188%) because of
protein unfolding and exposure of hydrophobic sites, with
Microwave (173.4%) and Shade Drying (173.2%)
following closely behind. Emulsification capacity was
maximum in Shade Drying (83.54%) since protein
structures were intact to a great extent, followed by
Microwave (82.35%) and Hot Air Oven (78.4%).

Table 10 : Functional properties of dried leaf

Functional Hot air Microwave Shade
properties oven oven drying
Swelling capacity 5.2 53 5.5
Oil absorption 188.00% 173.40% 173.20%
Capacity

Water absorption 284.00% 312.40% 277.40%
Capacity

Emulsification 78.40% 82.35% 83.54%
Gelatinization 71.2 74.5 733
(degree celcius)

Effect of drying treatments on the microstructure
of Tinospora cordifolia powder

Microstructural observation showed that Microwave
drying produced porous, broken particles, which are
beneficial for the access of solvent and the recovery of
bioactive; Hot Air Oven drying generated denser,
moderately collapsed particles that optimize stability-
function properties; Shade Drying maintained fibrous,
intact morphology but lowered porosity, which could cap
the extraction efficacy. Overall, Microwave drying
maximizes hydration and extraction characteristics, Hot
Air Oven facilitate oil-binding, and Shade Drying
maximizes native structure retention and emulsification
capacity. The oven-dried hot air sample had more dense
and compact particles with less cracking and relatively
intact cell walls (Fig. 5). During oven drying, uniform
airflow and constant heat transfer hinder extensive
rupturing of cell walls, hence only moderate shrinkage
and roughness appeared on the surface without severe
collapse of the plant matrix. This morphology represents
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Fig.5: Microstructure dried of mango leaves powder
under diffrenet magnification (a) microwave, (b)
shade drying, (c) oven drying

a compromise between physical stability and functional
quality. In general, microwave drying gives a porous
structure favorable for quick extraction, hot air oven
drying is equilibrium between porosity and strength, and
shade drying retains morphology but compromises
porosity, which could decrease extraction yield.

Conclusion

This study proves that the drying methods affect
the physicochemical properties, phytochemicals,
antioxidant activity, and functionality of Mangifera
indica leaves. For the study, we employed three other
methods of drying food: the microwave method, the shade
method, and the hot oven method. The microwave
method is the most effective of the three. It is known to
quickly extract the water content while retaining the most
essential components such as phenols, flavonoids,
alkaloids, and calcium. The microporosity of the samples
is enhanced by the microwave treatment, making it easy
for the solvent to penetrate. This enhances the
extractability of the bioactivity of the samples, which
indicates that the sample possesses high functional
properties. On the other hand, the slow drying process
involved in shade drying prevents the loss of heat-sensitive
compounds such as proteins and tannins. Hot air oven
drying enhances the absorption of the oil as well as the
diffusion of the saponin. However, it also aids in the loss
of high amounts of heat-sensitive compounds because
of the longer exposure to high temperatures. The
microwave drying method may be the best method for
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drying foods since it retains and dries nutrient and
antioxidant compounds in the foods. This indicates that
using this method could be ideal for making high-quality
mango leaf powders, which could be used in functional
foods and nutraceutical products. The microwave drying
method, however, increases the porosity of foods, which
makes them readily decompose, reducing their shelf life.
The next level of research should, therefore, examine
and investigate optimal conditions for using microwave
drying in industrial scale processes, energetics, and
economic viabilities, in addition to nutrient bioavailability
in the food substance.
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