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Abstract

Oilseed consumption in Morocco has seen enhanced relevance due to its nutrient and
functional value. This research paper was undertaken to establish the most consumed
oilseeds in the country and to compare their chemical profiles, nutritional contents and
health-promoting properties. Two-hundred and fifty people spread out in various regions
of Morocco were surveyed to obtain comprehensive information on the consumption
patterns of the participants. The findings revealed that the percentage who consumed
oilseeds was 91.2%, and the frequency of consumption was at a very low level, with the
overall majority consuming the food less than once a week. Flax, sesame, sunflower,
pumpkin, chia, anise, garden cress, black cumin, fennel, and fenugreek oilseeds were the
most frequently consumed. At the same time, it is possible to note that the analysis of
the available scientific evidence gave information about the chemical composition and the
nutritional qualities of these oilseeds, which make their use of great advantage in the case
of cardiovascular health, digestive system and skin health. Conclusively, although the
consumption of oilseeds is still inconsistent, the research indicates that more of them can
be consumed both nationally and internationally, especially with the help of nutritional
education, awareness, and availability of fortified product campaigns.

Keywords: oilseeds; consumption; nutritional profile; health benefits; Morocco; public
health

1. Introduction

Regardless of their comparatively small size, oilseeds are becoming known by their
outstanding nutritional value, which is considered crucial in the current culinary trends
worldwide [1]. These vital sources of essential fatty acids like omega-3 and omega-6 are
also important sources of plant-based proteins, dietary fiber, and a host of micronutrients,
including vitamins and minerals [2]. It is important to note that they are recognized to have
antioxidant and anti-inflammatory properties, which make a significant contribution to
cardiovascular health [3]. They are not only important in terms of their nutritional content
but also in terms of the positive effect they have on metabolism and the immune system
and the way they can be used in managing different chronic disorders, including type 2
diabetes and cardiovascular diseases [4,5]. As functional foods, their use in products that
are geared towards promoting healthier lifestyles is increasingly becoming instrumental in
preventing many diseases related to modern lifestyles [6].
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Nonetheless, the use of oilseeds, despite their high nutritional content, is poor in
certain parts of the world, one of them being Morocco [7]. Few oilseeds are used in
traditional food, and their systematic addition to daily meal plans is not common [8].
Oilseed consumption in Morocco is very patchy, and there is large regional dispersion,
as most of the population of consumers of oilseeds are occasional consumers. This low
consumption is related to several factors such as a lack of awareness about their nutritional
value, their comparatively high cost compared to other staple foods, and social and cultural
restrictions that affect dietary habits [9].

The inclusion of oilseeds in Moroccan food culture would have an influence on the
population’s health [10]. Like most other nations, Morocco is experiencing an increasing
rate of non-communicable diseases to a great extent caused by unbalanced diets. In this
regard, the consumption of oilseeds may offer a significant chance of health improvement
in the population and a reduction in the burden related to chronic illnesses (particularly
obesity, type 2 diabetes, and cardiovascular diseases). Nonetheless, in order to undertake
this, it is necessary to develop a thorough knowledge of the existing diet of Moroccans,
staying, at the same time, aware of what determines their oilseed consumption. Such
an insight would guide the establishment of efficient approaches in the enhancement of
oilseed intake and the optimization of their nutritional potential [11].

The main problem is that the level of consumption of oilseeds in Morocco is very poor,
even though the health benefits of oilseeds are very high [12]. This raises the issue of why
they have not been integrated well within the context of traditional diets and why they have
not been adopted by most people. Even though some oilseeds, like sesame and sunflower,
are eaten as part of traditional Moroccan food, they are not regarded as a constant part of
the everyday diet of most of the residents in this area [13,14]. That is why it is important to
investigate the perceptions of Moroccan consumers and their diets regarding oilseeds, with
the aim of finding possible levers to increase their consumption.

The purpose of this research is to attain superior comprehension of the oilseed con-
sumption situation in Morocco, with a view to examine the feeding habits of consumers,
reasons that propel them to make decisions, and reasons why their consumption frequency
is low. Through this research, the most preferred oilseeds by consumers in Morocco shall
be identified, their usage frequency will be evaluated along with their usage modes, and
a review will be given of their contribution to the foods that they consume on a daily
basis. Moreover, the research will aim at exploring the perceptions of the consumers of
the health benefits of such oilseeds and the barriers and opportunities to promote more
frequent consumption. At the same time, the research will examine the nutritional and
functional importance of oilseeds which are being used in Morocco. It will be determined
in the form of a detailed nutritional profile of these oilseeds, their chemical composition,
the presence of essential fatty acids, their protein and fiber composition and the presence of
micronutrients in them (vitamins and minerals). The bioactive properties of these oilseeds,
i.e., antioxidant and anti-inflammatory effects, and the possible effects on cardiovascular
health, metabolic processes, and prevention of chronic illnesses will be emphasized as
well. The analysis shall give critical details on the way oilseeds could be used in enhancing
public health outcomes in Morocco. In addition, the research will also seek to compare how
the Moroccan consumers perceive the consumption of oilseeds and establish the factors
that affect consumption. It is important to know how much the consumers are aware of
the nutritional value of these oilseeds and how accepted they would be as a part of their
food habits. The consumer perception analysis will be used to develop recommendations
to facilitate the adoption of oilseeds in Morocco considering the specific cultural, economic,
and social conditions of the country.
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This study illuminates the barriers to and facilitators of the adoption of oilseeds in the
Moroccan diet and offers reasons supporting the identified barriers through evidence-based
methods. In addition, it will provide information on the potential of including these oilseeds
in the diet to have a positive effect on the overall health of Moroccan people, minimize the
risk of chronic illnesses and enhance the living standards of the entire population of the
country. The end result is to further facilitate deeper learning about the role of oilseeds
in health improvement and to offer practical recommendations on how public health can
increase their intake and maximize their health benefits.

2. Materials and Methods
2.1. Survey on Oilseed Consumption in Morocco

The research protocol used a survey on oilseed consumption in Morocco, which was
conducted to identify the influence of the national context on the consumption rates of different
varieties of oilseeds produced in Morocco (Supplementary Materials: Table S1). The survey
used in conducting this study was to determine the most consumed oilseeds in Morocco,
to analyze the dietary habits of the people, and to determine their perceptions towards the
nutritional values of these foods (committee’s name: L3BIO; approval code: 2025-0303-0002;
date: 3 March 2025). The study was also aimed at delving into the rationale behind the
choice of oilseeds based on the perceived health benefits and how they are being included
in day-to-day diets. The structured questionnaire was used as a structured data collection
method and was distributed online using Google Forms and it consisted of two languages
(French and Arabic). In this way, it was possible to cover a large population and cover the
various regions of Morocco, representative of all of Morocco regarding the consumption
patterns of oilseeds. The survey was done on 250 participants who were spread in different
geographical locations, both in urban areas and rural areas, and had a wide range of different
age groups, levels of education and socio-economic statuses. The questionnaire was split
into a number of major sections. The first part involved collection of socio-demographic
features of the respondents, including age, sex, place of residence, educational level and
income level. The second part was concerned with the consumption habits of the participants,
their frequency of consumption, the types of oilseeds that they consume and the ways in
which they consume them (raw, roasted, in dishes, oil, etc.) and the reason that prompted
them to use oilseeds [15]. Another part of the questionnaire dealt with the perception of
the nutritional value of oilseeds held by the participants, and the last part dealt with their
intentions to consume oilseed-based products and their recommendations regarding ways of
making these products more accessible at the national level [16].

2.2. Data on Selected Oilseeds

The top ten oilseeds that are mostly consumed in Morocco were identified on the basis
of the survey conducted with the participants. Sesame (Sesamum indicum), flax (Linum usi-
tatissimum), sunflower (Helianthus annuus), pumpkin (Cucurbita pepo), chia (Salvia hispanica),
anise (Pimpinella anisum), garden cress (Lepidium sativum), black cumin (Nigella sativa), fennel
(Foeniculum vulgare), and fenugreek (Trigonella foenum-graecum) are the oilseeds which were
chosen for an in-depth analysis. These oilseeds were selected due to their high frequency
of consumption and based on availability of good scientific information on the nutritional
and bioactive efficacy of these oilseeds. A literature review was performed with the help of
recent scientific publications, most of which were published from 2015-2025, found in such
reputable databases as Scopus, PubMed, ScienceDirect, and Google Scholar (Figure 1) [17-20].
These publications were very informative on the chemical compositions, bioactivity, and
reported physiological outcomes of the chosen oilseeds. More data was obtained based on
good nutritional databases that include ANSES-CIQUAL and LaNutrition.fr, and the data
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used in the analysis of the nutritional properties of the investigated oilseeds were of good
quality and accuracy. The properties of the selected oilseeds were analyzed in three major
areas. The first was focused on the establishment of the chemical composition of each seed,
with special emphasis on the identification of bioactive substances (polyphenols, flavonoids,
lignans, and saponins). The second area covered the creation of the nutritional profile of
each seed and the assessment of macronutrients (proteins, lipids, carbohydrates), essential
fatty acids (omega-3, omega-6), dietary fibers, as well as important vitamins and minerals.
The third one studied the physiological impacts and health benefits of oilseeds, especially
their effects on cardiovascular health, metabolic regulation, immune function, and digestive
health. This analytical scheme allowed the development of a comprehensive description of
the functional qualities of the oilseeds and their possible impact on human health.

| Scopus |L__PubMed || Google Scholar || ScienceDirect |
| ] ] ]
— Initial list of studies found n=4200
I Identification : Addit P $ " .
ition of complementary __n=210
publications via reference lists
[ 2
T Removal of duplicates n=2790
[ Screening — y
~ Reading of titles and abstracts
— —-n=2250
for relevance _
v
| Eligibility assessment —— Reading of titles and abstracts for relevance N=540
v
Publications included for
i i f—— —-=420
I Final sclection comparative analysis

Figure 1. Simplified PRISMA flowchart for the selection process of publications.

2.3. Statistical Analysis Process

The data generated in the survey was subjected to Microsoft Excel (version 2021) and
SPSS software (version 29). Descriptive analysis was done to reflect the main features of
the respondents, their age, location and their consumption behaviors. The relationships
between socio-demographic characteristics (age, region of residence, education level, etc.)
and identified consumption behaviors were investigated by use of cross-tabulations. This
discussion contributed to the process of determining the important trends and patterns in
terms of the regularity of oilseed intake and the reasons that cause one to choose oilseeds.

Descriptive statistics were calculated to gain a general overview of the data on oilseed
consumption. Statistical analysis was also done to investigate the relationship between dif-
ferent variables and determine which relationships among dietary behavior and participant
traits are significant. As an example, the potential interrelations between age, region and
frequency of oilseed consumption were studied with chi-square tests. Data was analyzed
using the latest version of SPSS software and descriptive values and graphs were calculated
using Microsoft Excel software [21,22].

The entire data analysis facilitated an in-depth study of the variables that affect the
consumption of oilseeds in Morocco, and the results provided new insights into consumer
behavior and the factors behind the choice of a particular seed. The results of this analysis
will be critical in informing future approaches that could be used to encourage people

https:/ /doi.org/10.3390 /nutraceuticals6020028


https://doi.org/10.3390/nutraceuticals6020028

Nutraceuticals 2026, 6, 28

5of 20

to consume oilseeds and derive the full benefits for their health through specific public
health campaigns. This study, relying on a strict survey methodology and strong statistical
analysis, offers a strong basis for comprehending the place of oilseeds in Moroccan diets
and the opportunity of enhancing the health outcomes of the population.

3. Results

3.1. Results of the Survey
3.1.1. Consumer Profile

This study sample included 250 individuals from different regions in Morocco. The
age distribution (Figure 2a) revealed that the respondents in the age range of 18 to 30 years
constituted the majority, at 59.2% of the total respondents, the second group represented 24%,
and the youngest group was 9.6%. The respondents between the ages of 46 and 60 years (4.8%)
and above 60 years old (2.4%) were underrepresented; hence, the population was mainly
young. This feature may affect the preferences regarding nutrition and understanding the
advantages of oilseeds because young adults tend to be more receptive to any new approaches
to nutrition and are especially concerned with the health effects of natural and functional diets.
In terms of geographic distribution (Figure 2b), the largest share of respondents (28%) was
registered in the region of Beni Mellal-Khenifra, then the Draa-Tafilalet region (16.4%) followed
by the Oriental region (12.8%). A significant contribution was made by Casablanca-Settat
(9.6%) and Tangier-Tetouan-Al Hoceima (8.8%), and other regions such as Rabat-Sale-Kenitra
and Fes-Meknes (7.6% each), Marrakech-Safi (3.2%), Souss-Massa (2.4%), Laayoune-Sakia El
Hamra (2%), and Guelmim-Oued Noun (0.8%) were underrepresented. The predominance of
interior regions is emphasized by this geographic distribution and can determine the local
cultural and dining particularities that can affect consumption patterns [23]. The aggregate
analysis of age and geographical distribution shows that the study population is mainly
young and the interior regions of Morocco were the key contributors to it. Such a population
pattern can contribute to the establishment of trends in the observed eating habits and the
attitude to the advantages of oilseeds. This should therefore be understood as influencing
the consumption trends observed here, in the light of the overrepresentation of the young
respondents as well as selected regions, which can make the generalization of the findings to
the entire Moroccan population questionable [24].

Beni Mellal - Khenifra
Draa - Tafilalet
Casablanca - Settat
Tangier - Tetouan - Al...
Rabat - Sale - Kenitra
Fez - Meknes
Marrakesh - Safi n
Souss - Massa n
= 18-30 years = 31-45 years
= Under 18 years = 46-60 years Laayoune - Sakia El Hamra
Over 60 years Guelmim - Oued Noun E
(a) Age distribution (b) Region distribution

Figure 2. Distribution of Respondents by Age Group and Region of Residence.
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228

Yes = No

(a) Consumption of oilseeds

3.1.2. Consumption Habits

The results of the surveys show that most participants (91.2%) are oilseed consumers
and only a small proportion among the participants (8.8%) are not (Figure 3a). This is a
high percentage, which highlights the high level of contribution of oilseeds in the diets
of the sample group. When it comes to the frequency of consumption (Figure 3b), almost
half of the oilseed consumers (57.9%) indicated that they consume them less than once
per week. Only a small fraction of respondents (3.5%) use these oilseeds every day, while
38.6% consume them once a week, or less frequently, with an average consumption of
one to three times per week among the 216 participants. These results indicate that the
consumption of oilseeds is still not frequent, but it is acknowledged. This is largely an
occasional type of consumption that might be cultural, economically determined or even
due to the availability of the product. Regarding their mode of consumption (Figure 3c),
oilseeds are mostly used in their natural state, either uncooked or roasted (38.6%), or used
as ingredients of some traditional foods, including pastries, bread, or tagines (38.6%). A
lower percentage of them eat them in powdered form or flour (13.3%) or as oil (8.9%),
and soaking oilseeds in water is rare (0.5%). The distribution shows that there is a strong
inclination towards natural forms and traditional culinary applications, which relates to
the firmly situated local habits and incentives that are associated with the naturalness and
perceived health qualities of oilseeds [25].

u Less than once a week = Natural (raw or roasted)
= One to three times a week = Powder or flour
Every day = Oil form

Incorporated into dishes

In water

b) Oilseed consumption amon .
®) P 8 (c) Modes of consumption
consumers

Figure 3. Distribution and Consumption Patterns of Oilseeds Among Participants.

3.1.3. Types of Oilseeds Consumed

Figure 4 shows the manner in which the types of oilseeds that were consumed are
analyzed. According to the results of the survey, the most commonly consumed were
sesame oilseeds (79.4%), sunflower (64.5%), and flax (45.2%). Fenugreek (34.2%), pumpkin
(33.8%), anise (33.8%), and chia (31.6%), among others, are also popular. On the other
hand, such oilseeds as garden cress (20.6%), fennel (14.9%), and black cumin (13.6%), as
well as the intake of walnuts, which is extremely minimal (0.4%), are less often used. This
increase indicates that some of the oilseeds, and especially sesame, sunflower and flax,
are highly incorporated into the daily food of the respondents. The results show that the
most commonly consumed oilseeds, such as sesame, sunflower, and flax, are present in
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respondents’ diets due to their availability, sensory qualities, and established presence in
Moroccan cuisine [26]. Oilseeds such as garden cress, fennel, black cumin, and walnuts,
on the contrary, are consumed less often, which may imply that they are not adopted
prevalently as they are less known, are not easily available or are less appreciated in taste.
On the whole, consumption tendencies appear to be influenced by cultural, sensory, and
practical determinants, which is why it is important to pay attention to these parameters
when investigating local eating patterns [27].

Walnuts

Black cumin 13.60%

Fennel 14.90%
Cress 20.60%
Chia 31.60%

Anise 33.80%
Pumpkin 33.80%
Fenugreek 34.20%

Flax

Sunflower

45.20%

Sesame 79.40%

0% 100%
Figure 4. Most Frequently Consumed Oilseeds and Nuts Among Respondents.

3.1.4. Motivations, Perceptions, and Suggestions for Promoting Oilseed Consumption

Examination of the answers showed that the perceived health benefits are the major
reason why people consume oilseeds, with 85.96 percent of the participants (196 people)
referring to this reason (Figure 5a). The sense of taste was also one of the significant aspects,
as reported by 48.24% of the participants (110 people). Family habits or traditions were
among the first mentioned by 37.71% of the respondents (86 people), and 19.29% (44 people)
said that they were doing that because of a particular diet plan. These findings suggest
that health considerations mostly drive the eating habits of the participants although taste,
cultural beliefs and dietary objectives also contribute significantly. The scale of motivations
identified indicates that practical or functional products are becoming more preferred and,
simultaneously, the role of gustatory pleasure and the proven food habits is also significant.
Therefore, the consumption of oilseeds represents a multifaceted combination of nutritional,
hedonic and socio-cultural factors that conditionalize the local eating patterns.

Concerning the perceptions of foods (Figure 5b), most participants (82.4%, or 206 of
the participants) mentioned the significance of oilseeds to a balanced diet. Nevertheless,
14.4% of the interviewees (36 individuals) did not give an answer to this question, showing
that they did not know or were unaware of the nutritional value of these oilseeds. Very few
(3.2 percent, or eight individuals) thought that these oilseeds played no important part in
the diet. Comprehensively, the opinions on the advantages of oilseeds were mixed, and
the majority of benefits were often discussed. Such advantages were cardiovascular health,
provision of nutrients, digestion, prevention of diseases, skin and hair, hormonal balance
and energy. The perceived richness in healthy fats (both omega-3 and omega-6) was the
most frequently cited benefit of the nutritional value associated with organically produced
foodstuffs and is thought to provide protection against cholesterol and heart complications.
Oilseeds were considered as a great source of vitamins (especially vitamin E), minerals like
magnesium, zinc and calcium, and plant-based proteins. Their fiber content was considered
useful in digestive processes and to help in satiety but their use in the prevention of disease,
particularly diabetes, cardiovascular diseases, and inflammation, was also noted. Moreover,
oilseeds were considered to have positive effects on skin and hair condition as they contain
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100%

0%

lipids and antioxidants, and some of them were supposed to stabilize hormones and
act as sources of energy. Other benefits were their value in a balanced diet, aiding in
bone and mental health, and good actions in stipulated dietary plans or traditional food
settings. These images portray oilseeds as multifunctional, working as functional foods
and high in nutrients and helpful in overall health. The survey was also characterized
by a distinct level of consumption of oilseed-enriched organic products (Figure 5¢). In
fact, 90.4% of the respondents were interested in such products as opposed to 6.4% who
were not sure and 3.2% who were not interested. These findings are indicative of a trend
towards increased receptiveness towards functional products and an understanding of
natural foods in Moroccan foods.

3.20%

85.96%

48.24%

37.71%
I 19.29% = Yes = Don't know No

For health benefits

(a) Consumption Motivations

t

(b) Importance in Diet

1e

6.40% 3-20%

For taste

Out of habit or family
tradition
To follow a specific d

= Yes, certainly = Don'tknow = No
(c) Willingness to Consume

Figure 5. Motivations for Oilseed Consumption, Their Importance in a Balanced Diet, and Willingness
to Consume Organic Oilseed-Enriched Products.

Some recommendations were also offered by the participants to increase the availabil-
ity and the popularity of oilseeds in Morocco (Table 1). The key recommendations were
categorized into four groups. The first was to find a solution to introducing oilseeds into
food commodities. Oilseeds were proposed to be added to conventional Moroccan dishes
like tagines, bread, pastries and salads. They also suggested creation of ready-to-use or
enriched items, e.g., biscuits, snacks, flours, concentrates, and mixes. The second theme was
the area of awareness and education. Some of the activities proposed by respondents were
mass media, social networks, schools, and culinary workshops that would help organize
information campaigns about the health benefits of oilseeds. An improved insight into the
nutritional and therapeutic values of such oilseeds might prompt people to use them in
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their daily food culture. Production and distribution were the third theme. Participants
suggested for local growers and cooperatives to cultivate these oilseeds. It was also pro-
posed to make oilseeds more readily available in supermarkets and open markets with
convenient packaging that is made to fit everyday use. By decreasing the price of oilseeds,
these products will be made more affordable to a greater percentage of the Moroccan
population. A fourth theme was that of valorization and innovation. The respondents said
that they wanted to experience the emergence of innovative products, including modern
snacks, cosmetic products, and enriched mixes with oilseeds. Another proposal they made
is to develop market plans that would promote the nutritional and culinary benefits of
oilseeds, in order to make them more acceptable to the popular masses. These recommen-
dations show a great passion for introducing oilseeds into the everyday life of Moroccans.
They highlight the necessity to implement nutritional education, better access to oilseeds,
assistance to local production, and innovation to promote their consumption on a large
scale. Integrating these oilseeds into a more diverse range of foodstuffs and increasing
awareness of the population on the health benefits of these oilseeds would help in changing
the dietary patterns and lead to healthier diets among the Moroccan population [28,29].

Table 1. Categorization of oilseed-related benefits and proposed strategies to promote their consump-
tion. Approximate frequency denotes the relative prominence of mentions across all responses and
does not represent an exact count.

Category Examples/Details Approximate Frequency *
Health Benefits
- Cardiovascular Health Cholesterol reduction, heart protection, healthy Very frequent
fats (omega-3/6).
- Essential Nutritional Contributions Vltam ins (E, B), minerals (magnesmm, Zne Very frequent
calcium), plant-based proteins.
- Digestion and Intestinal Transit High in fiber, satiety effect, regulation of bowel Frequent
movements.
) . Diabetes, inflammation, chronic diseases,
- Disease Prevention Frequent

anticancer effects.

- Beauty and Body Care

Skin and hair health, nourishing oils,

antioxidant effects. Moderate to frequent

- Hormonal Regulation and Energy

Hormonal balance, immune support, energy

Moderate
supply.

- Cultural and Culinary Habits

Family tradition, incorporation in dishes, taste. Moderate

- Other Benefits

Bone health, mental health, weight
management, support during specific periods ~ Occasional
(pregnancy, breastfeeding).

Proposed Strategies for Consumption

- Integration into Food Products

Incorporation into traditional dishes (tagines,
breads, pastries, salads), ready-to-eat products, Very frequent
snacks, flours.

Media campaigns, cooking workshops, school

- Awareness and Education . . . : . . Very frequent
information sessions, influencers, social media.
Encourage local cultivation and cooperatives,

- Production and Distribution availability in supermarkets, convenient Frequent

packaging, affordable prices.
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Table 1. Cont.

Category

Examples/Details

Approximate Frequency *

- Valorization and Innovation

Innovative products (snacks, cosmetics,
fortified mixes), targeted marketing and
communication.

Moderate

Guidance on dosage, monitoring usage for

- Other Suggestions safety, promotion of specific benefits according  Occasional
to seed types.
(*) Frequency is a qualitative estimate based on how often each category is mentioned in the analyzed sources.
3.2. Nutritional and Therapeutic Profiles of Selected Oilseeds
3.2.1. General Characteristics of Studied Oilseeds
According to the survey results, the most popular oilseeds consumed in Morocco
were flax, sesame, sunflower, pumpkin, chia, anise, garden cress, black cumin, fennel and
fenugreek. The literature review enabled a summary of their primary chemical, nutritional,
and functional properties (Table 2).
Table 2. Chemical constituents, nutritional profile, and functional characteristics of the ten
oilseeds examined.
P . . Origin/Main Dominant Key Bioactive Com- Food and Functional
Seed Scientific Name Botanical Family Cultivation Area  Constituents pounds/Nutrients Uses References
) Lipids (40-45%), . o )
Flax Linum Linaceae Europe, Canada,  piioing (20%), Fibers & Linolenic Acid Oil, Flour, Bread, [30,31]
usitatissimum Morocco (25-30%) (ALA), Lignans Lipid Regulation
Lo . India, North Lipids (50%), Proteins Sesamol, Sesamin, Pastries, Cooking Oils, Y
Sesame Sesamum indicum Pedaliaceae Africa (20%) Vitamin E Natural Antioxidant [32-34]
E Ukrai Lipids (50%), Protei Linoleic Acid Cooking Oils, Roasted
Sunflower  Helianthus annuus ~ Asteraceae urope, Lkraine, 1p01 s o), IoteIns (omega-6), 00 KIng LIS, Roaste [35-37]
Morocco (21%) Seeds, Cosmetics
Tocopherols
. . . Americas, Lipids (45%), Proteins Zinc, Magnesium, Roasted Seeds, Oil, )
Pumpkin Cucurbita pepo Cucurbitaceae Morocco (28%) Tocopherols Dietary Supplements [38-40]
Fibers (30-35%), «-Linolenic acid, Beverages, Powders,
Chia Salvia hispanica Lamiaceae Latin America Proteins (22%), Lipids Polvphenol ’ F N iF d ’ [41-43]
(30%) olyphenols unctional Foods
. Lo . . . Lipids (15%), . Infusions, Flavoring, h A=
Anise Pimpinella anisum Apiaceae Mediterranean Carbohydrates (30%) Anethole, Flavonoids Digestion Aid [44,45]
Garden Lepidium satioum Brassi North Africa, Proteins (22%), Fibers Glucosinolates, gprm:ted S%:ids, " [34,37]
Cress P assicaceae India (20%) Vitamin C o 6 IBESIVE o
. L . Supplements,
10/
Nigella Nigella sativa Ranunculaceae South Asia, L1p1d§ (35_400 o) Thymoqumone, Functional Foods, [46,47]
Maghreb Proteins (20%) Nigellone C .
osmetics
Foeniculum . . Fibers (15%), Essential . Infusions, Seasonings, Yy
Fennel vulgare Apiaceae Mediterranean Oils (5%) Anethole, Flavonoids Digestion Aid [48,49]
Trigonella North Africa, Proteins (25%), Fibers Saponins, Flour, Supplements, -
Fenugreek foenum-graecum Fabaceae India (25%) 4-Hydroxyisoleucine Hormonal Stimulation (50511

These oilseeds are of a number of botanical families, e.g., Apiaceae, Lamiaceae and

Fabaceae, that are highly metabolically diverse and have lots of nutritional value. The

chemical analysis of these oilseeds shows that the lipid density is high and is mainly made

up of unsaturated fatty acids and mainly omega-3 (a-linolenic acid, ALA) and omega-6

(linoleic acid). Moreover, these oilseeds can also have significant levels of vegetable proteins
(about 20-35%) and dietary fiber (15-40%), which add to a positive nutritional equation.
The oilseeds contain different quantities of fatty acids and bioactive constituents. As an

example, the amounts of the essential omega-3 fatty acid, also named a-linolenic acid

(ALA), are unusually high in flax and chia [52]. Sesame and sunflower oilseeds, on the

other hand, are considered absolute sources of polyunsaturated fatty acids and vitamin E,
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which play an important antioxidant role [53]. Fennel and pumpkin are unique because
of their established functional values, such as hypoglycemic and antioxidant effects and
hormone-modulating effects. The volatile bioactive compounds of black cumin and anise
(i.e., thymoquinone and anethole) are well characterized in terms of their therapeutic
potential [54,55]. Culinarily, one can eat these oilseeds in many ways: whole, roasted,
ground, or as oils. They are usually integrated into traditional dishes like bread, tagines,
pastries, and even in practical or diet preparations [56]. Their all-purpose quality when it
comes to the kitchen and nutritional richness contributes to their gradual integration into
contemporary diets. This discussion shows the variations in chemical properties, bioactive
properties, and different culinary and therapeutic applications of each seed. These aspects
offer a very good basis in determining their agro-food suitability and their possible uses in
the development of functional products.

3.2.2. Nutritional Composition

The nutritional, lipid and vitamin compositions of the oilseeds studied were analyzed
in detail and compared. The given comparison showed significant differences in the
contents of macro and fatty acids, vitamins, and minerals, giving a review of the nutritional
diversity of the studied oilseeds (Table 3).

Table 3. Nutritional composition of the oilseeds studied (per 100 g) [57,58].

Crude
Seed Ig)ater {’gr)otein Fl:loieiet.lzs) (Cg;;rbohydrates Sugars (g)  Starch (g)  Fiber (g) Ash (g) Lipids (g) gl)cohol 25?;::;)
(g)
Sesame 3.48 17.6 20.8 12.8 0.3 0.4 11.8 4.48 49.7 0 0
Flax 6.1 19 224 6.49 1.64 0.23 244 3.31 40.3 0 0.42
Chia 5.8 16.5 19.5 7.72 - - 344 4.8 30.7 0 0
Fennel 8.81 15.8 15.8 12.5 12.5 - 39.8 8.22 14.9 0 Traces
Sunflower  3.38 21.3 25.1 10.1 2.62 3.8 6.4 3.39 55.5 0 0
Fenugreek  7.72 27.1 27.1 33.8 8.7 - 24.6 3.4 6.41 0 Traces
g:er;isen 89.4 2.6 26 1.22 1.22 0 11 18 0.7 0 -
Anise 9.54 17.6 - 50.02 - - 14.6 6.95 15.9 0 -
Pumpkin 2.03 29.84 - 14.71 14 - 6.5 4.37 49.05 0 -
Nigella 6.4 20.2 20.2 374 - - 6.6 4.0 32.0 - -

Regarding lipids, all the oilseeds under consideration are usually very fatty, bearing
in mind that polyunsaturated fatty acids are predominant. These oilseeds are noted to be
especially high in omega-3 (ALA), such as flax and chia, whereas sunflower and sesame are
higher in omega-6 and vitamin E which are powerful antioxidants. Due to the abundance of
saponins and bioactive compounds, fennel and fenugreek oilseeds contain definite profiles
of fatty acids and also have specific functional properties. Concerning protein, flax, chia
and fenugreek oilseeds provide especially high contents of plant-based proteins, which
are of interest for vegetarian and vegan diets. Pumpkin, sunflower, and sesame seeds are
also good sources of protein but in lower quantities. Regarding dietary fibers, flax, chia,
and pumpkin oilseeds are characterized as a rich source of soluble and insoluble fibers,
which could help control intestinal movement and aid in the maintenance of weight. There
is also a variation in the level of minerals and vitamins contained in the various oilseeds.
As a case in point, sesame oilseeds contain especially more calcium, magnesium and zinc,
whereas the sunflower oilseeds are a good source of vitamin E which is vital in effecting the
proper functioning of the heart and muscles. Chia, as well as flax, on top of the omega-3
composition, also contains much potassium and magnesium which are vital to the proper
functioning of the heart and muscular tissue [59-62].
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3.2.3. Fatty Acid Profiles

Analysis of fatty acids of the examined oilseeds indicates an interesting diversity in
their constituting structure (Table 4). Flax and chia oilseeds especially contain a-linolenic
acid (ALA) which is the essential omega-3 fatty acid; it is essential for cardiovascular
health as well as for decreasing inflammation in the body. Sesame and sunflower oilseeds,
however, are rich in polyunsaturated fatty acids, especially linoleic acid (omega-6) which is
good against heart diseases when taken in moderation alongside omega-3. Unsaturated
fatty acids can also be found in fennel and black cumin oilseeds, but the main effect
is the activity of certain bioactive compounds, i.e., flavonoids and lignans, which have
antioxidant and anti-inflammatory effects. These oilseeds have fatty acids that are used
to control lipid metabolism and hence prevent cardiovascular diseases and diabetes. The
variation of the fatty acid composition of the analyzed oilseeds justifies the need to diversify
the fat sources in the diet to attain an optimal balance between omega-3 and omega-6 fatty
acids. This variation is one of the reasons that renders oilseeds effective especially in
terms of controlling blood lipid profiles and decreasing the chances of cardiovascular
diseases [63,64].

Table 4. Fatty acid profile of the oilseeds studied (g/100 g) [57,58].

Seed Saturated Monounsaturated Polyunsaturated Oleic Acid Linoleic Acid Alpha-linolenic Acid
FA FA FA (C18:1 n-9) (C18:2 n-6) (C18:3 n-3)

Sesame 6.96 18.8 21.8 18.7 21.2 0.26

Flax 4.26 8.19 26.1 7.82 6.49 19.6

Chia 3.33 2.31 23.7 - 5.84 17.8

Fennel 0.48 9.91 1.69 9.91 1.69 0

Sunflower 6.23 10.9 35.6 - 27.8 0.16

Fenugreek 1.46 - - - - -

Garden

Cross 0.023 0.24 0.23 0.03 0.057 0.17

Anise 0.586 9.78 3.15 9.78 3.15 0

Pumpkin 8.66 15.61 219 15.61 21.239 0.111

Nigella ~15.5 21.9 62.5 219 60.8 -

3.2.4. Mineral and Vitamin Profiles

There is a difference in the profiles of the oilseeds under study with respect to minerals
and vitamins (Table 5) which contributes to their nutritional value. Sesame oilseeds contain
a large amount of calcium which is relevant to bone and tooth health and magnesium which
is essential in muscle and nerve function. Sunflower oilseeds contain vitamin E, a potent
antioxidant that is helpful in protecting cells against oxidative damage and in the immune
system. On top of omega-3, flax and chia oilseeds contain high amounts of potassium that
helps to ensure normal blood pressure and magnesium which is required to ensure proper
functioning of the muscles and heart. These oilseeds contain important levels of zinc which
helps in enhancing the immune system as well as enabling tissues to heal. Fennel and black
cumin oilseeds are also products containing vitamins A and C and have a role in the state
of the skin and mucous membranes and have significant antioxidant effects. The profile
analysis highlights the diversity of the possible benefits of each kind of oilseed, which may
be included in the diet to cover the possible daily nutritional requirements and may help to
enhance overall health [65].
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Table 5. Mineral and vitamin composition of the oilseeds studied (per 100 g) [57,58].

Component Sesame  Flax Chia Fennel Sunflower Fenugreek Garden Cress Anise Pumpkin  Nigella
Calcium (mg) 962 223 631 1200 78 176 81 646 46 188
Magnesium (mg) 324 336 335 385 364 191 38 170 550 -
Potassium (mg) 468 840 407 1690 645 770 606 1441 809 1180
Iron (mg) 14.6 6 7.72 18.5 4.9 335 13 36.96 8.07 57.5
Copper (mg) 1.58 1.5 0.92 1.07 1.5 1.11 0.17 091 1.343 -
Manganese (mg) 1.24 24 2.72 6.53 1.95 1.23 0.55 2.3 4.543 -
Selenium (pug) 26.5 6.7 - - 8.41 - - 5 5.2 -
Sodium (mg) 2.31 40 16 88 9 67 14 16 7 85.3
Zinc (mg) 5.74 6.1 4.85 37 3.8 25 0.23 53 7.81 -
Xl/t?;‘lglo fene (ug) <30 0 81 30 0 346 16 0 -
Vitamin E (mg) 0.25 7.2 0.5 272 35.2 - 0.7 - 2.18 -
Vitamin K1 (pug) 0 8.1 - 0 0 - 542 - 7.3 -
Vitamin C (mg) 0 <2 1.6 21 traces - 69 21 1.9 -
Vitamin B1 (mg) 0.79 0.19 0.62 0.41 14 3 0.08 0.34 0.273 0.831
Vitamin B2 (mg) 0.25 0.06 0.17 0.35 1.98 0.32 0.26 0.29 0.153 0.063
Vitamin B3 (mg) 4.52 0.83 8.83 6.05 0.16 0.37 1 6.29 4.52 6.31
Vitamin B5 (mg) 0.05 0.54 - - 4.8 1.64 0.24 0.797 0.75 -
Vitamin B6 (mg) 0.79 0.31 - 0.47 0.83 - 0.25 0.65 0.143 0.789
Vitamin B9 (ug) 97 239 49 0 1.24 0.6 80 10 57 42
Vitamin B12 (ug) 0 0 0 0 254 57 0 0 0 -

3.2.5. Therapeutic Applications: Health Benefits

The medicinal value of the investigated oilseeds has found extensive coverage in
the scientific literature (Table 6). Oilseeds are beneficial to cardiovascular health because
of the high levels of polyunsaturated fatty acids, fibers, and bioactive compounds [66].
In particular, it has been acknowledged that the consumption of omega-3-rich oilseeds,
including flax and chia, correlates with a decreased risk of heart diseases, maintenance of
blood cholesterol, and prevention of inflammation [67]. Another good role of oilseeds is
in the regulation of metabolism. As a case in point, fennel and fenugreek are particularly
famous due to their hypoglycemic activity that could help to control the level of sugar in the
bloodstream and prevent type 2 diabetes [68]. Moreover, oilseeds have anti-inflammatory
properties that would also be useful in treating different chronic diseases, including arthritis
and digestive disorders. Other therapeutic uses of oilseeds like black cumin, anise and
fennel are due to their antimicrobial and antioxidant effects [69-71]. These oilseeds have
also been employed in other forms of traditional medicine to enhance digestion, build
immunity and cure skin diseases. Moreover, they can be used in cosmetic products as
they have advantages for skin and hair. Therefore, it can be concluded that the researched
oilseeds have significant therapeutic potential, and they can be utilized to create functional
food products and dietary supplements that will help to maintain health and prevent the
impact of chronic diseases. These oilseeds have bioactive properties, which justify their
consumption in a balanced diet, especially for people at risk of cardiovascular diseases and
diabetes, besides those at risk of chronic inflammation [72].
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Table 6. Physiological and functional effects of oilseeds according to the scientific literature.

Seed

Health Benefits

Sesame (Sesamum indicum L.

Antioxidant, anti-inflammatory, hypolipidemic, antidiabetic,
cardioprotective, and anticancer potential.

)

Flaxseed (Linum usitatissimum L.)

Reduces blood pressure, regulates body weight, prevents cancer, and
exhibits antioxidant and anti-inflammatory properties.

Chia (Salvia hispanica L.)

Regulates lipid metabolism, improves glycemic profile, has antiobesity,
antioxidant, and cardioprotective effects.

Fennel (Foeniculum vulgare Mill.)

Antioxidant and anti-inflammatory activity, digestive, galactagogue,
cardiovascular, and weight-regulating effects.

Black Cumin (Nigella sativa L.)

Anti-inflammatory, antioxidant, antimicrobial, hypoglycemic,
cardioprotective, dermatological, and metabolic effects.

Garden Cress (Lepidium sativum L.)

Antioxidant, antidiabetic, anticancer, antimicrobial, and immunostimulant
properties.

Fenugreek (Trigonella foenum-graecum L.)

Antidiabetic, hypocholesterolemic, antioxidant, anti-inflammatory,
anticancer, digestive, and functional effects.

Anise (Pimpinella anisum L.)

Antimicrobial, antifungal, anti-inflammatory, digestive, expectorant, and
hormonal (estrogenic) activities.

Sunflower (Helianthus annuus L.)

Rich in vitamins E, B1, B5, folate, copper, magnesium, and selenium;
promotes cardiovascular and skin health; has antioxidant,
anti-inflammatory, and antimicrobial properties; reduces the risk of
chronic diseases.

Pumpkin (Cucurbita pepo L.)

Rich in proteins, omega-3 and -6 fatty acids, magnesium, zinc, and
vitamins E and K; antioxidant, cardioprotective, and anticancer effects,
and beneficial for prostate health.

4. Discussion

The oilseed consumption research in Morocco offered an extensive description of
the consumer behavior and attitude towards such products. The observable patterns
were significant regarding the consumer demographics, eating patterns and the factors that
motivated them to consume these oilseeds. A large percentage of the participants, especially
young adults, indicated a strong interest in oilseeds, being exposed to natural food products
and perceiving them to be healthier. The interest can be compared to the worldwide trends
in the younger adult population that, following preventive and sustainable diets, is more
likely to introduce functional foods into their lifestyle. Also, the geographic factor, such as
the location of the respondents, pointed to the impact of local culinary traditions, especially
in the rural territories of Morocco, where oilseeds play a major role in traditional food
culture. Whereas the consumption of oilseeds was relatively high, their inclusion in
everyday meals was at a moderate frequency. Such an intermediate rate can be explained
by cultural, financial and product availability parameters. These findings corroborate
past research showing that oilseeds are viewed positively due to their good effects on the
human body yet their regular intake is not yet ideal when it comes to daily meals. The
consuming behavior mostly included natural oilseeds or their incorporation into traditional
meals, including bread and pastries. This implies that there is great importance in ensuring
that there is sustainability of traditional culinary practices that help in preserving the
nutritional as well as the functional value of oilseeds. Sesame (79.4%), sunflower (64.5%),
and flax (45.2%) were among the commonest oilseeds eaten by the sample under study
here, followed by fenugreek (34.2%), pumpkin (33.8%), anise (33.8%), and chia (31.6%).
These oilseeds are extensively incorporated into traditional Moroccan food, and due to
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their nutritional properties, they are in demand with consumers. Conversely, such oilseeds
as garden cress (20.6%), fennel (14.9%), and black cumin (13.6%) were less commonly eaten,
which can be explained by the taste preferences or the unawareness about the particular
benefits of the items in question.

Health benefits of oilseeds were seen as the major reason why they should be included
in diets. Oilseeds were viewed as functional foods that can arbitrarily prevent such chronic
illnesses as cardiovascular disorders, digestive problems, as well as hormonal imbalance.
Nevertheless, although the positive impact of oilseeds was well acknowledged by the
general opinion of the respondents, a good percentage of the respondents reported that
they were not aware of some of the specific benefits and so more nutritional education
was required. Through awareness campaigns, particularly in rural and peri-urban regions,
closing these knowledge gaps is therefore a must in order to make the population better
understand the importance of oilseeds in ensuring balance in the diet [73].

Various recommendations on the marketing of oilseeds were also made. Introduction
of oilseeds into food products that are common, like bread, pastries, and traditional dishes,
was largely encouraged. The respondents also suggested the need to elevate education
campaigns via media, social networks and schools to create more awareness among citizens
regarding the nutritional value of oilseeds. Simultaneously, the development of local
production and enhancing the accessibility of these products in stores, as well as the
reduction of their price, were recognized as the key measures that could help to make
these products more accessible to a larger population. In addition, new products, including
functional snacks or blends, enriched with oilseeds, might respond to the demand for
increasingly popular convenient foods rich in nutrients and promoting health [74].

Nutritionally, the oilseeds under study have a high level of diversity in their structure.
They especially contain unsaturated fats, vegetable proteins, and fibers in abundance. The
unique properties of flax, chia, and fenugreek oilseeds are high densities of omega-3 fatty
acids and soluble fibers that help in the regulation of lipid metabolism and weight control.
Oilseeds containing high levels of vitamin E, which is a powerful antioxidant, include
sesame and sunflower. The combination of these nutritional characteristics with the func-
tional nature of the oilseeds makes them instrumental in the prevention of cardiovascular
diseases as well as diabetes and inflammatory diseases. Vegetarian and vegan diets will also
include the vegetable proteins present in these oilseeds which are a healthy and sustainable
substitute for animal proteins [75].

Oilseeds also show a lot of therapeutic potential. Scientific literature supports their anti-
inflammatory, antioxidant and hypoglycemic properties, due to their richness in bioactive
compounds (flavonoids, lignans and saponins) [76]. Fenugreek and fennel oilseeds are
more effective in type 2 diabetes management because they are hypoglycemic in nature,
and black cumin and fennel are used in traditional medicine for digestion, immunity, and
skin. These biological functions enhance the case for the inclusion of oilseeds in functional
food products and dietary supplements that promote health and prevent chronic illnesses.
This paper highlights the increased significance of oilseeds in the Moroccan diet. Such
oilseeds are currently playing a key role in modern food habits due to their high nutrient
content and known functional properties. Nevertheless, they have to be considered in
the whole aspect of everyday food consumption, and improving nutritional education,
promotion of domestic production, and food innovation should be taken into consideration.
Additionally, more studies are required to assess their effect on health more accurately
and how they can benefit preventive and sustainable nutrition. The selection of oilseeds
featured in this research, such as sesame, sunflower, flax, chia, fenugreek, fennel, black
cumin, garden cress, and pumpkin, shows a high diversity of nutritional contents and
therapeutic qualities, which prove their importance in the field of functional nutrition.
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5. Conclusions

This study explored the preferences of Moroccan consumers regarding oilseeds, ana-
lyzing their profile, motivations, and consumption habits. It also identified the nutritional
and functional value of the most commonly consumed oilseeds in the country, such as
flax, sesame, pumpkin, sunflower, chia, anise, cress, black cumin, fennel, and fenugreek.
Although these seeds are frequently consumed, their integration into the daily diet remains
relatively limited, despite their proven nutritional benefits. They are distinguished by
their richness in unsaturated fatty acids and bioactive compounds, which are particularly
beneficial for cardiovascular health and have anti-inflammatory properties. Also, this
research highlights the lack of available information regarding the specific benefits of these
seeds, underscoring the importance of strengthening nutritional education, particularly
in rural areas where access to information is limited. The study also demonstrates the
therapeutic potential of oilseeds, particularly for the prevention of cardiovascular disease,
diabetes, and inflammatory disorders. This contribution paves the way for the integration
of oilseeds into preventive dietary practices in Morocco. The impact of this research lies
in highlighting the importance of these seeds for public health and preventive nutrition.
To optimize their contribution, programs focused on food innovation, the promotion of
local production, and nutritional education are necessary. Furthermore, complementary
clinical and technological studies will be essential to precisely evaluate the effect of these
oilseeds on health and their bioavailability, thus facilitating their integration into functional
products designed to improve the health of the entire Moroccan population.
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