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Abstract: Background: Moringa oleifera seed oil, renowned for its nutritional and
medicinal properties, is a potential alternative for edible oils due to its high oleic acid
content and bioactive compounds. Objective: This study aims to investigate the
biochemical properties, nutritional composition, and antioxidant activity of Moringa
oleifera seed oil from farmed and wild provenances in Bangladesh. Method: Moringa
oleifera seeds from farmed and wild sources were collected, dried, and processed. Oil
extraction was performed using a Soxhlet apparatus with hexane as the solvent.
Nutritional composition, fatty acid profile, antioxidant activity, and biochemical
parameters were analyzed using standard methods. Results: The oil yield from wild
Moringa seeds was 35.6%, while farmed seeds yielded 30.8%. The wild seed oil
exhibited a higher oleic acid content (73.22%) compared to farmed seed oil (65.00%).
The tocopherol content was higher in farmed oil (140.5 mg/kg) than in wild oil (128.7
mg/kg). Antioxidant activity measured through the total phenolic content was 160.00
ng/g for farmed oil and 145.00 pg/g for wild oil. The saponification value was 183.20
mg KOH/g for farmed oil and 181.4 mg KOH/g for wild oil, indicating high stability.
Conclusions: Moringa oleifera seed oil from both farmed and wild provenances shows
excellent potential as a commercial edible oil source due to its high nutritional value and
stability.
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Significance: This study highlights the potential of Moringa oleifera seed oil as a
sustainable, high-nutrient alternative for commercial use.

INTRODUCTION

Moringa oleifera, often referred to as the
"miracle tree" due to its versatile applications and
significant nutritional and medicinal properties,
has been utilized for centuries across different
cultures, particularly in Africa, Asia, and Latin
America [1]. Originally native to the foothills of the
Himalayas in northwestern India, Moringa oleifera
has been successfully cultivated in various tropical
and subtropical climates, adapting to a range of

environmental conditions from arid to semi-arid
regions. The plant has gained considerable global
attention for its leaves, pods, seeds, and oil, all of
which offer significant nutritional benefits. Among
its many components, the seeds are particularly
valuable due to their high oil content and favorable
fatty acid composition, making Moringa oleifera seed
oil a promising source of both edible and non-
edible oil [2]. The seeds of Moringa oleifera are
known to contain between 30% and 40% oil, which
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is characterized by a high concentration of
monounsaturated fatty acids (MUFAs), especially
oleic acid [3]. Oleic acid, which constitutes
approximately 70% of the oil, is a well-established
component of heart-healthy diets. Research has
consistently demonstrated that oils rich in oleic
acid, such as olive oil, help reduce the risk of
cardiovascular diseases by improving lipid profiles
and reducing inflammation [4]. Furthermore, the
oil is rich in bioactive compounds such as
tocopherols (vitamin E) and phytosterols, which
provide antioxidant benefits and enhance the oil's
stability against oxidative degradation. In many
developing countries, including Bangladesh, the
demand for edible oils far exceeds domestic
production, leading to high reliance on imports [5].
Bangladesh, with its tropical climate and
agricultural economy, presents an ideal
environment for the cultivation of Moringa oleifera.
However, despite the plant’s adaptability and the
growing global interest in its products, the potential
for commercial Moringa oleifera seed oil production
in Bangladesh has not been fully explored. This
represents a significant opportunity, as Moringa
oleifera oil not only has the potential to reduce the
country's dependence on imported oils but also
offers a sustainable agricultural practice that could
improve the livelihoods of farmers by introducing
a high-value crop [6].

Several studies have highlighted the
nutritional and biochemical properties of Moringa
oleifera oil, emphasizing its potential in the food
industry. The oil's high monounsaturated fat
content makes it ideal for cooking, particularly for
frying, as it demonstrates excellent thermal stability
and resistance to oxidative rancidity [7]. Moreover,
its composition of bioactive compounds such as
sterols and tocopherols contribute to its functional
food status. Sterols, particularly p-sitosterol, are
known for their cholesterol-lowering effects,
making Moringa oleifera oil beneficial for heart
health [8]. Additionally, tocopherols serve as
powerful antioxidants that protect the oil from
oxidative stress, thereby increasing its shelf life and
making it a viable option for commercial food
processing. Given its biochemical profile, Moringa
oleifera seed oil has not only attracted interest for its
use in the food industry but also for its potential in
cosmetics and pharmaceuticals. The oil’s emollient
properties make it a valuable ingredient in skincare

products, where it is used for moisturizing and skin
repair [9]. Ancient Egyptians were among the first
to recognize the cosmetic value of Moringa oleifera
oil, using it in preparations for skin and hair care
[10]. This historical use continues to be relevant
today as the global market for natural and organic
cosmetics grows, with Moringa oleifera oil
positioned as a premium ingredient due to its
natural moisturizing properties and its rich
antioxidant content, which combats skin aging and
damage caused by environmental factors. Despite
these promising features, there remains a
significant gap in research, particularly concerning
the differences in the nutritional and biochemical
properties of Moringa oleifera seed oil sourced from
different provenances. Environmental factors such
as soil quality, climate, and agricultural practices
can significantly impact the yield and composition
of the oil. For instance, wild-sourced Moringa
oleifera seeds may offer a different fatty acid profile
and antioxidant content compared to farmed seeds,
potentially making wild seeds a superior source for
certain applications [11]. This variability presents a
unique opportunity for researchers to explore how
cultivation practices and provenance affect the
quality and yield of Moringa oleifera seed oil, which
could have significant implications for optimizing
oil production for commercial use.

Bangladesh, with its diverse agro-climatic
zones, offers an ideal case study for examining
these variations. The wild-growing Moringa oleifera
trees found in different regions of Bangladesh may
exhibit differences in oil yield and quality
compared to farmed trees due to natural adaptation
to local environmental conditions. Understanding
these differences could help establish best practices
for cultivating Moringa oleifera on a larger,
commercial scale, enabling farmers to optimize oil
production while maintaining the plant’s
nutritional and biochemical integrity [12]. This
study aims to investigate the biochemical
properties and nutritional composition of Moringa
oleifera seed oil from both farmed and wild
provenances in Bangladesh. By comparing the oil
extracted from these different sources, the research
seeks to identify key differences in oil quality and
composition, particularly in terms of fatty acid
profiles, tocopherol and sterol content, and
antioxidant activity. Furthermore, the study aims to
assess the potential of Moringa oleifera seed oil for
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commercial production in Bangladesh, exploring
its viability as a high-value agricultural product
that could benefit both local communities and the
national economy. Ultimately, this research hopes
to inspire further studies into the commercial
applications of Moringa oleifera oil, promoting its
use as a sustainable, health-promoting alternative
to conventional vegetable oils.

Aims and Objective

The aim of this study is to analyze the
biochemical properties, nutritional composition,
and antioxidant activity of Moringa oleifera seed oil
from both farmed and wild provenances in
Bangladesh. The study seeks to compare these
sources and determine the oil's potential for
commercial production and broader applications in
various industries.

MATERIALS AND METHODS

Study Design

This study was designed as a comparative
analysis of the biochemical properties, nutritional
composition, and antioxidant activity of Moringa
oleifera seed oil from both farmed and wild
provenances in Bangladesh. The seeds were
collected from three different regions and
processed under the same controlled laboratory
conditions. Standardized methods were used for oil
extraction and analysis, including Soxhlet
extraction, proximate composition testing, and
biochemical property assessments to ensure
consistency and reliability across all measurements.

Inclusion Criteria

The inclusion criteria for this study focused
on mature Moringa oleifera seeds from both farmed
and wild trees in Bangladesh. Seeds were selected
based on their maturity, determined by visual
inspection, and harvested only from healthy trees
that had undergone no chemical treatments. Both
farmed seeds from agricultural fields and wild
seeds from uncultivated areas were included to
provide a comprehensive comparison of oil
properties across different provenances within the
country.

Exclusion Criteria

Seeds that were immature, damaged, or
affected by pests were excluded from this study to
ensure the integrity of the oil analysis.

Additionally, any Moringa oleifera seeds from trees
that had been exposed to chemical fertilizers or
pesticides were omitted, as these treatments could
alter the natural biochemical composition of the oil.
Seeds that were collected outside the specified
regions or not dried within the standard timeframe
were also excluded to maintain consistency in the
study design.

Plant Material Collection

Moringa oleifera seeds were collected from
two sources: farmed seeds from Kushtia, located in
the southwestern region of Bangladesh, and wild
seeds from mature fruits harvested from three
distinct locations across Bangladesh. All seeds were
air-dried at room temperature (25°C) for one week
to reduce moisture content before processing.

Pre-treatment of Seeds

The collected seeds were cleaned by
removing impurities such as chaffs and debris.
After thorough cleaning, the seeds were dried in an
electric oven at 60°C to further reduce moisture
content, enhancing oil extraction efficiency. The
dried seeds were then milled into a fine paste using
a thermal Willey mill, which breaks the seed’s cell
walls, enabling better interaction with the
extraction solvent.

Oil Extraction Procedure

The oil was extracted using the Soxhlet
apparatus. 10.0g of the milled seed paste was
placed on a filter paper, folded, and inserted into
the extraction chamber. 200ml of hexane was used
as the solvent, which was added to a 500ml round-
bottom flask. The extraction process was carried
out by heating the solvent at 60°C for 5 hours,
allowing the hexane to circulate and extract the oil
from the seeds. The hexane was later evaporated,
leaving behind the extracted oil.

Nutritional Composition Analysis

The proximate composition of the oil,
including moisture, crude protein, crude fat, crude
fiber, and ash content, was determined using
standard methods of analysis. The total
carbohydrate content was estimated by subtracting
the sum of moisture, fat, protein, and ash from 100.

Biochemical Properties
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The biochemical parameters of the
extracted oil, such as iodine value, saponification
value, refractive index, and unsaponifiable matter,
were analyzed according to standard procedures.
The acidity was determined as oleic acid
percentage, while peroxide and p-anisidine values
were assessed to determine the oxidative stability
of the oil.

Antioxidant Activity

The total phenolic content was measured to
evaluate the antioxidant activity of the oil
Additionally, tocopherol (a, v, and 0) content was
quantified  using  high-performance liquid
chromatography (HPLC).

Fatty Acid Composition

The fatty acid profile of the oil was
analyzed using gas chromatography (GC), which
provided detailed information about the
concentration of oleic, palmitic, stearic, and linoleic
acids, among others.

Data Analysis

All analyses were performed in triplicate,
and the results were expressed as means + standard
deviation. The statistical significance of differences

between farmed and wild oil samples was
determined using analysis of variance (ANOVA).

Ethical Considerations

This study adhered to ethical guidelines for
environmental conservation and sustainable
harvesting. Moringa seeds were collected without
causing harm to the environment or depleting
natural resources. No endangered or protected
species were involved in the research, and all
harvesting was done in compliance with local
regulations. Ethical approval was not required, as
the research involved non-animal, plant-based
samples. The study also ensured transparency in
data collection, analysis, and reporting to maintain
scientific integrity and objectivity.

RESULTS

The results of this study present the
biochemical properties, nutritional composition,
and antioxidant activity of Moringa oleifera seed oil
from both farmed and wild provenances in
Bangladesh. The data were analyzed to compare
the oil yield, nutritional content, and antioxidant
levels between the two sources.
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Figure 1: Oil Yield from Moringa oleifera Seeds

The oil yield from wild Moringa oleifera
seeds (35.6%) was notably higher than from farmed
seeds (30.8%). This suggests that wild seeds may

offer more oil extraction potential, possibly due to
environmental factors or genetic variation.
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Table 1: Proximate Composition of Moringa oleifera Seed Oil

Composition | Farmed Seeds (%) | Wild Seeds (%)

Moisture 7.9 +1.00 7.5+1.10

Crude Protein | 38.3 +1.03 37.5+1.20

Crude Fat 30.8+2.19 35.6 +2.45

Crude Fiber 45+0.38 5.2+0.50

Ash 6.5 +0.15 6.8 +0.20

The proximate composition of Moringa Moisture, crude protein, and ash content were

oleifera seed oil shows that wild seeds had higher similar between both sources, with minor
crude fat (35.6%) and crude fiber (5.2%) compared variations observed.

to farmed seeds (30.8% and 4.5%, respectively).
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Figure 2: Biochemical Properties of Moringa oleifera Seed Oil
The biochemical properties of Moringa exhibited slightly higher acidity (0.81%) compared
oleifera seed oil from both farmed and wild sources to wild seed 0il (0.60%). This difference could affect

were largely similar. However, farmed seed oil the oil’s oxidative stability and shelf life.

Table 2: Tocopherol Content of Moringa oleifera Seed Oil

Tocopherol Type | Farmed Seeds (mg/kg) | Wild Seeds (mg/kg)
a-Tocopherol 140.5 + 5.30 128.7 +4.90
v-Tocopherol 63.18 + 3.50 60.10 + 3.20
0-Tocopherol 61.70 + 2.90 59.45 +2.75
The tocopherol analysis shows that farmed This suggests that farmed oil may offer better
Moringa oleifera seed oil had higher levels of all antioxidant protection, enhancing its stability and
tocopherol types, especially a-tocopherol (140.5 potential health benefits.

mg/kg), compared to wild seed oil (128.7 mg/kg).
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Table 3: Fatty Acid Composition of Moringa oleifera Seed Oil

Fatty Acid Farmed Seeds (%) | Wild Seeds (%)
Oleic Acid 65.00 + 1.50 73.22+1.70
Palmitic Acid 12.31 +£0.90 6.45 = 0.60
Linoleic Acid 16.00 + 1.20 10.80 +1.10
Stearic Acid 5.10 £ 0.40 5.50 + 0.55
Palmitoleic Acid | 2.10+0.35 1.60 £ 0.30

The fatty acid composition analysis reveals
that wild Moringa oleifera seed oil contains a
higher proportion of oleic acid (73.22%) compared
to farmed oil (65.00%), making it more desirable for
heart-healthy applications. Farmed oil, however,

shows higher levels of palmitic acid (12.31%) and
linoleic acid (16.00%), indicating differences in the
fatty acid profiles between the two sources. Both
oils have similar stearic and palmitoleic acid
content.

Table 4: Antioxidant Activity of Moringa oleifera Seed Oil

Provenance

Total Phenolic Content (ug/g)

Farmed Seeds | 160.00 + 5.40

Wild Seeds

145.00 +4.90

The total phenolic content analysis shows
that farmed Moringa oleifera seed oil had a higher
phenolic content (160.00 pg/g) compared to wild
seed oil (145.00 pug/g). This suggests that farmed oil
possesses stronger antioxidant activity, which
could enhance its shelf life and health-promoting
properties.

DISCUSSION

The results of this study reveal a detailed
comparison of the biochemical properties,
nutritional composition, and antioxidant activity of
Moringa oleifera seed oil from farmed and wild
provenances in Bangladesh [13,14]. The findings
underscore the potential of Moringa oleifera seed oil
as a valuable resource for both edible and non-
edible applications, particularly within the contexts
of the food, cosmetic, and pharmaceutical
industries. In this section, we will discuss the
significance of the results, compare them with
existing literature, and explore their broader
implications for the commercial viability of Moringa
oleifera seed oil.

Oil Yield

One of the most critical parameters for
evaluating the economic viability of Moringa oleifera
seed oil production is the oil yield. In this study, the
oil yield from wild seeds was found to be 35.6%,
while farmed seeds yielded 30.8%. This difference
in oil yield is notable, as it suggests that wild

Moringa oleifera seeds may have a higher potential
for oil extraction. The variation in oil yield can be
attributed  to
environmental conditions, soil quality, and the

several factors, including
genetic diversity of the trees. Studies have shown
that environmental stress can increase oil yield in
wild plants, potentially due to the plant's
adaptation mechanisms to survive in harsher
conditions [15]. The results of this study align with
previous findings that indicate variability in oil
yield depending on the source of the seeds [16]. The
higher oil yield from wild seeds presents an
opportunity for further research into the cultivation
of wild varieties, as they could provide a more
efficient source of oil for commercial purposes.

Proximate Composition

The proximate composition of Moringa
oleifera seed oil includes moisture, crude protein,
crude fat, crude fiber, and ash content. In this study,
wild Moringa oleifera seed oil exhibited slightly
higher crude fat (35.6%) compared to farmed seed
oil (30.8%), which correlates with the higher oil
yield from wild seeds. Crude fat is an essential
parameter for determining the caloric content and
overall energy value of the oil, making the wild
seeds more attractive from a nutritional standpoint.
The moisture content in both farmed and wild seed
oils was comparable (7.9% and 7.5%, respectively),
which is important for the shelf life and storage
stability of the oil, as lower moisture content
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generally correlates with longer shelf life [17]. The
crude protein content was slightly higher in farmed
seed oil (38.3%) than in wild seed oil (37.5%),
although the difference is not statistically
significant. Protein content in oils is a measure of
the residual proteins after oil extraction, and while
it is not a primary indicator of oil quality, it
provides insight into the nutritional profile of the
seed itself. Crude fiber and ash content were also
similar between the two sources, with wild seeds
showing slightly higher crude fiber (5.2%) and ash
content (6.8%) compared to farmed seeds. These
results are consistent with previous studies on
Moringa oleifera seed oil, which have reported
similar proximate compositions across different
provenances [18].

Biochemical Properties

The biochemical properties of Moringa
oleifera seed oil, such as iodine value, saponification
value, refractive index, and unsaponifiable matter,
provide crucial information about the oil's
suitability for different applications, including
food, cosmetics, and pharmaceuticals. In this study,
the iodine value, which measures the degree of
unsaturation in the oil, was slightly higher in
farmed seed oil (69.01 gl/100g) compared to wild
seed oil (68.63 gI/100g). This suggests that both oils
are rich in unsaturated fatty acids, particularly oleic
acid, making them suitable for use in heart-healthy
diets [19]. The iodine values reported in this study
are comparable to those found in olive oil, which is
known for its high content of monounsaturated fats
and health benefits [20]. The saponification value,
which indicates the average molecular weight of
fatty acids in the oil, was slightly higher in farmed
seed oil (183.20 mg KOH/g) than in wild seed oil
(181.40 mg KOH/g). This suggests that the fatty
acids in farmed seed oil are slightly shorter in chain
length compared to those in wild seed oil. The
refractive index, a measure of the oil's light-
bending properties and a key indicator of its purity,
was nearly identical in both farmed and wild seed
oils (1.4570 and 1.4571, respectively). These values
fall within the typical range for edible oils,
indicating that both oils have similar purity and
consistency. The unsaponifiable matter, which
includes sterols, tocopherols, and other bioactive
compounds, was also comparable between farmed
(0.72%) and wild (0.74%) seed oils, highlighting the

presence of valuable bioactive components that
contribute to the oil's health benefits and stability.

Acidity, measured as the percentage of
oleic acid, is a critical parameter for determining the
oil's edibility and shelf life. Lower acidity levels are
preferred for edible applications, as they indicate
fewer free fatty acids, which can degrade and
produce off-flavors. In this study, the acidity of
wild seed oil (0.60%) was lower than that of farmed
seed oil (0.81%), making wild oil more suitable for
edible applications. These results suggest that wild
Moringa oleifera oil may have a longer shelf life and
better oxidative stability compared to farmed oil.

Tocopherol Content

Tocopherols, particularly a-tocopherol
(vitamin E), play a crucial role in the antioxidant
activity of vegetable oils. In this study, farmed
Moringa oleifera seed oil exhibited higher levels of a-
tocopherol (140.5 mg/kg) compared to wild seed oil
(128.7 mg/kg). Tocopherols not only contribute to
the nutritional value of the oil but also enhance its
oxidative stability, making it more resistant to
rancidity during storage and cooking [21]. The
higher tocopherol content in farmed seed oil may
be attributed to the controlled agricultural
conditions under which the plants were grown, as
environmental factors can influence the
accumulation of tocopherols in plant tissues.
Although wild seed oil had slightly lower
tocopherol content, it still contained significant
amounts of y-tocopherol (60.10 mg/kg) and ©-
tocopherol (59.45 mg/kg), both of which contribute
to the overall antioxidant activity of the oil. The
tocopherol content in both farmed and wild seed
oils is comparable to other high-quality vegetable
oils, such as sunflower and soybean oil, making
Moringa oleifera oil a viable option for consumers
seeking health-promoting oils with strong
antioxidant properties [22].

Fatty Acid Composition

The fatty acid composition of Moringa
oleifera seed oil is one of its most defining
characteristics, particularly its high oleic acid
content. In this study, wild seed oil had a higher
oleic acid content (73.22%) compared to farmed
seed oil (65.00%). This places wild Moringa oleifera
oil in the category of high-oleic oils, which are
known for their health benefits, particularly in
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reducing the risk of cardiovascular diseases [23].
The high oleic acid content also makes the oil more
stable during cooking, especially in high-
temperature applications such as deep-frying, as
oleic acid is less prone to oxidation compared to
polyunsaturated fatty acids. In addition to oleic
acid, the fatty acid profile of Moringa oleifera seed oil
includes palmitic acid, stearic acid, and linoleic
acid. Palmitic acid, a saturated fatty acid, was found
in higher concentrations in farmed seed oil (12.31%)
compared to wild seed oil (6.45%). While saturated
fats have been linked to negative health effects
when consumed in excess, the overall fatty acid
composition of Moringa oleifera oil, with its high
proportion of monounsaturated fats, still makes it a
healthier option compared to oils rich in saturated
fats. Linoleic acid, a polyunsaturated fatty acid, was
also present in both farmed (16.00%) and wild
(10.80%) seed oils. Linoleic acid is an essential fatty
acid that the human body cannot synthesize,
making it an important component of the diet.
However, oils with high oleic acid content and
moderate linoleic acid content, like Moringa oleifera
oil, are preferred for cooking due to their balance of
health benefits and oxidative stability [24]. The
presence of stearic acid, a saturated fat that has been
shown to have a neutral impact on blood
cholesterol levels, further enhances the health
profile of Moringa oleifera seed oil.

Antioxidant Activity

The antioxidant activity of Moringa oleifera
seed oil was assessed through the total phenolic
content, which is a measure of the oil’s ability to
neutralize free radicals and prevent oxidative
damage. Farmed seed oil exhibited higher total
phenolic content (160.00 pg/g) compared to wild
seed oil (145.00 pg/g). Phenolic compounds are
well-known for their antioxidant properties, and
higher levels of these compounds are associated
with increased protection against oxidative stress,
which can lead to chronic diseases such as cancer
and heart disease [25]. The higher phenolic content
in farmed seed oil may be a result of controlled
growing conditions, which can enhance the
accumulation of bioactive compounds in plants.
Despite the slightly lower antioxidant activity in
wild seed oil, it still exhibited significant levels of
phenolic compounds, making it a valuable source
of antioxidants. The combination of tocopherols
and phenolic compounds in Moringa oleifera oil

contributes to its overall stability and health
benefits, positioning it as a functional food
ingredient with potential applications in both the
food and pharmaceutical industries.

Commercial Implications

The results of this study suggest that
Moringa oleifera seed oil, from both farmed and wild
provenances, has significant potential for
commercial production in Bangladesh. The higher
oil yield and oleic acid content of wild seed oil make
it an attractive option for the edible oil industry,
particularly in the production of high-oleic oils,
which are gaining popularity due to their health
benefits and stability during cooking. The high
tocopherol and phenolic content in farmed seed oil
also positions it as a premium oil for both edible
and cosmetic applications, where antioxidant
properties are highly valued. The slight differences
in nutritional composition, biochemical properties,
and antioxidant activity between farmed and wild
seed oils highlight the importance of provenance in
determining the quality of Moringa oleifera oil.
Further research into optimizing cultivation
practices, particularly for wild varieties, could
enhance oil yield and quality, making Moringa
oleifera a sustainable and economically viable crop
for Bangladesh. Given the global demand for
functional foods and natural ingredients, Moringa
oleifera oil has the potential to become a significant
export product for the country, contributing to both
economic development and public health.

In this study demonstrates that Moringa
oleifera seed oil, from both farmed and wild sources,
exhibits excellent nutritional and biochemical
properties, making it a valuable resource for
various industries. Wild Moringa oleifera seed oil,
with its higher oleic acid content and lower acidity,
is particularly suited for edible applications, while
farmed seed oil, with its higher tocopherol and
phenolic content, offers enhanced antioxidant
activity for both food and cosmetic uses. The results
highlight the potential for commercial production
of Moringa oleifera oil in Bangladesh, paving the
way for further research and development in this
promising field.

CONCLUSION

This study demonstrated that Moringa
oleifera seed oil from both farmed and wild sources
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has excellent nutritional and biochemical
properties, making it a valuable resource for edible
and non-edible applications. The high oleic acid
content and antioxidant activity highlight its
potential for health benefits, commercial viability,

and sustainability in Bangladesh.

Recommendations

Promote commercial cultivation of wild Moringa
oleifera varieties for higher oil yield.

Further research on optimizing oil extraction
techniques for enhanced quality.

Explore large-scale applications in the food,
cosmetic, and pharmaceutical industries.
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