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Abstract
In recent years, increasing attention has focused on foods enriched with omega-3 fatty acids due to their positive effects on health..
Natural omega-3 fatty acid sources include aquaculture and plants such as walnut, flaxseed, and purslane. In view of the inadequate
intake of omega-3 fatty acids in modern diets, several enriched functional foods have been developed on a large scale to improve
nutrition. Several types of functional products have been progressively manufactured following the advent of novel food technologies.
In the current study, consumer attitudes, knowledge and preferences of functional foods enriched with omega-3 were assessed in a
survey including 819 participants in Istanbul, Turkey. The survey findings revealed that 72% of the participants consumed omega-3
fatty acids from natural sources, 17% used fish oil capsules, and only 11% preferred foods enriched with omega-3 fatty acids.
Keywords: Omega-3 fatty acids, Functional foods, Consumer, Attitude, Perception.

Tüketicilerin Omega-3 Yağ Asitleri ile Zenginleştirilmiş Fonksiyonel
Gıdalara Yönelik Tutum ve Tercihleri
Öz
Son yıllarda sağlık üzerindeki olumlu etkileri nedeniyle omega-3 yağ asitleri ile zenginleştirilmiş gıdalara ilgi artmaktadır. Doğal
omega-3 yağ asidi kaynakları arasında su ürünleri ile ceviz, keten tohumu ve semizotu gibi bitkiler bulunur. Modern diyetlerde
omega-3 yağ asitleri yeterince alınmadığından ötürü beslenmeyi iyileştirmek için çeşitli zenginleştirilmiş fonksiyonel gıdalar büyük
ölçekte geliştirilmiştir. Yeni gıda teknolojilerinin ortaya çıkmasının ardından aşamalı olarak çeşitli fonksiyonel ürünler üretilmiştir.
Bu çalışmada, omega-3 ile zenginleştirilmiş fonksiyonel gıdalara yönelik tüketici tutumu, bilgisi ve tercihleri İstanbul’daki 819
tüketicinin katıldığı bir anket ile değerlendirilmiştir. Araştırma bulgularına göre katılımcıların %72'sinin doğal kaynaklardan omega-3
yağ asitleri tükettiğini, % 17'sinin balık yağı kapsülleri kullandığını ve sadece % 11'inin omega-3 yağ asitleri ile zenginleştirilmiş
yiyecekleri tercih ettiği bulunmuştur.
Anahtar Kelimeler: Omega-3 yağ asitleri, Fonksiyonel gıdalar, Tüketici, Tutum, Algı
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1. Introduction
Lipids perform important functions in the body and are
necessary in the human diet (Jacobsen, 2010). Supportive but not
conclusive research shows that, omega-3 fatty acids may have
numerous benefits such as reducing the risk of cancer, heart
disease, inflammation, arthritis, diabetes and high cholesterol
(Mazza et al., 2007; Saini & Keum, 2018). Eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA) are omega-3 fatty
acids associated with prevention of Alzheimer’s disease, fetal
development and cardiovascular activities (Swanson et al.,
2012).
Oily fish contain a high amount of the long-chain omega-3
fatty acids EPA and DHA (Williams & Burdge, 2006). Scientific
authorities recommend consumption of fish twice a week to
benefit from omega-3 fatty acids. Omega- 3 fatty acids are also
ingested in the form of supplements. However, omega-3 fatty
acids are not adequately consumed by the majority of the
population (Lane & Derbyshire, 2018). According to the Turkey
Nutrition and Health Survey report (TBSA, 2019), the intake of
EPA+DHA is between 0.2 and 0.3 grams (±0.47-0.89 g) in men
and 0.2 grams (±0.39-0.64 g) in women in all age groups which
is less than recommended values. Omega-3 enriched functional
foods have been a significant recent trend. These novel
functional food products are launched by the way traditional
food markets. At present, consumers have increased dietary
choices, such as egg, milk and bread products enriched with
omega-3 fatty acids (Cox et al., 2008; Jacobsen, 2010).
A combination of social, psychological, and economic
factors exerts important effects on functional food intake (Patch
et al., 2005). Additionally, consumer acceptance plays a crucial
role in the development and marketing of functional foods (Siró
et al., 2008). In Turkey, limited consumer studies regarding
omega-3 enriched foods have been conducted. Accordingly, we
investigated omega-3 fatty acid consumption patterns, consumer
attitudes, and preferences of Turkish consumers towards
functional foods enriched with omega-3 fatty acids in this study.
To this end, a consumer survey was performed and the results
obtained from 819 participants were analyzed.

2. Material and Method
2.1. Data Collection and Analysis
An internet survey was conducted from December 2, 2015,
to January 1, 2016, incorporating 819 participants. In accordance
with the purpose of the survey, the respondents were selected
from young and middle-aged adults who are responsible for
grocery shopping and are living in Istanbul, the most densely
populated city of Turkey. The “VETİ” (“Data Collection and
Statistics System”) program developed by Istanbul Technical
University was used to prepare and distribute the questionnaire
and evaluate the survey results. SPSS (Statistical Package for
Social Sciences, Version 22) was used for statistical analysis of
the responses. Non-parametric tests, such as Mann-Whitney U
and Kruskal-Wallis, were conducted to determine the differences
between independent factors (gender, education, income level),
since the data were not normally distributed according to the
Shapiro-Wilk test. Additionally, Tamhane’s T2 post-hoc test was
used to evaluate differences within the groups. Moreover,
Descriptive statistics were used to describe continuous variables
(mean, standard deviation, minimum, median, maximum).
frequency and percentage values were calculated for the
e-ISSN: 2148-2683

descriptive statistics of categorical variables for consumption
frequency. Chi-Square (or Fisher Exact test, where appropriate)
was used to examine the relationship between categorical
variables. Statistical significance level was determined as 0.05.
Analysis were performed using MedCalc Statistical Software
version 12.7.7 (MedCalc Software bvba, Ostend, Belgium;
2013).

2.2. Questionnaire Design
To assess consumer attitudes, perception and knowledge
with regard to functional foods enriched with omega-3,
dichotomous questions (yes/no), multiple choice questions and
the five-point Likert-type scale were used. The survey comprised
three main sections including a total of 18 questions. The first
seven questions involved demographic information on
participants, the next five questions assessed omega-3
consumption, and the final six questions evaluated the functional
foods enriched with omega-3 consumed in Turkey.

3. Results and Discussion
3.1. Results
3.1.1 Sample Demographics
The socio-demographic profiles of the respondents are
presented in Table 1. According to the responses, female
participants accounted for more than half of the study group.
Overall, 53% participants were female and 47% were male.
Table 1. Socio-demographic characteristics of the sample (n =
819)
(n)
(%)
Gender
Female
435
53
Male
384
47
Age (years)
18-30
500
61
31-40
156
19
41-50
106
13
>50
57
7
Marital status
Single
541
66
Married
278
34
Presence of children
Yes
238
29
No
581
71
Education
Primary School
8
1
High School
229
28
Bachelor’s Degree
459
56
Higher Degree
123
15
Job status
Civil Servant
360
44
Freelancer
74
9
Retired
25
3
Private Sector
49
6
Student
295
36
Other
16
2
Income (per month)
<1000 TRY (<345 $)
213
26
1000-2000 TRY (345-690 $)
180
22
2000-3000 TRY (690-1035$)
254
31
3000-5000 TRY (1035-1725$)
115
14
>5000 TRY (>1725$)
57
7
486

European Journal of Science and Technology
The age range of more than half of the participants was 1830 years. Specifically, 61% were 18-30 years, 19% were 31-40
years, 13% were 41-50 years, and 7% were older than 50 years
(Table 1).
Overall, 66% respondents were single and 44% were
married (Table 1). Additionally, 29% consumers had children
and 71% had no children. More than half the consumers had a
bachelor’s degree (56% were university graduates), 15% had a
master’s or higher degree, 28% had graduated from high school,
and 1% were educated to primary school level.
As presented in Table 1, 44% participants worked in a
public institution, 6% were in the private sector, 9% were
freelance, 36% were students and 3% were retired. In terms of
total monthly income, 26% participants earned less than 1000

TRY, 22% earned 1000–2000 TRY, 31% earned 2000–3000
TRY, 14% earned 3000–5000 TRY and 7% earned over 5000
TRY.

3.1.2 Consumer Knowledge and Awareness
In the survey, participants were asked if they had any
knowledge of omega-3 fatty acids and their main source of
information. Only 2% of the participants had never encountered
the term 'omega-3 fatty acids' before (Figure 1). Among the 819
respondents, 43% had obtained information from television,
22% from school, 12% from the internet, 7% from doctors, and
4% from newspapers. The remaining participants had received
information from food engineers, dieticians or other sources,
such as family members, friends, and books.

Figure 1. Distribution of participants according to information sources.
The following question focused on knowledge on the health
benefits of omega-3 fatty acids (Figure 2). The most common
response was decreasing heart attack risk (31%). Overall, 24%
of the participants were aware of the health benefits of omega-3
fatty acids on the immune system and 20% were familiar with
health benefits during pregnancy and brain and eye development
of infants. Furthermore, 13% participants were aware of the
effect of omega-3 fatty acids on prevention of hypertension and
12% on their use in the treatment of depression and behavioral
disorders.

survey were natural omega-3 sources, fish was the most wellknown source. Walnut was selected as another natural omega-3
fatty acid source according to 25% participants whereas 13%
considered flaxseed a natural source. In addition, 8% of the
respondents selected purslane, 6% selected canola oil, 7%
selected soybean oil, and 3% identified krill oil as natural
omega-3 fatty acid sources.

Figure 3. Distribution of participants according to
knowledge on natural omega-3 fatty acid sources.

Figure 2. Distribution of participants according to
knowledge on health benefits of omega-3 fatty acids.
Participants were required to select foods containing natural
omega-3 fatty acids to assess their knowledge on natural
sources. According to Figure 3, although all options in the
e-ISSN: 2148-2683

In another question of the survey, information on awareness
of the presence of omega-3 fatty acid enriched foods in Turkey
market was obtained. According to the data, more than half the
participants (57%) had never encountered omega-3 enriched
foods whereas 43% knew about foods enriched with omega-3
fatty acids within the market. According to statistical data, no
significant differences were observed between gender, marital
status, age, education, and income level groups (P>0.05).
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In subsequent question, participants were asked to select
listed foods declared or labeled as containing omega-3 fatty
acids in order to assess consumer knowledge on the presence of
enriched foods. Margarine was the most popular response by
31% participants. Infant formulae and eggs were known foods
enriched with omega-3 fatty acids by only 19% participants and
vegetable oil identified as an omega-3-rich food by 27%
participants. A small proportion (3%) of participants selected
other options, such as fish cans, chocolates and bread.

3.1.3 Consumer Knowledge and Awareness
In the survey, a question aimed to obtain information on
ways through which omega-3 fatty acids are consumed. The
results showed that the vast majority of the participants obtained
omega-3 fatty acids by consuming natural foods. Overall, 72%
participants preferred natural foods containing omega-3 fatty
acids, 17% preferred fish oil capsules, and 11% preferred foods
enriched with omega-3 fatty acids.
In a question of the survey, the consumption frequency of
specific foods containing omega-3 fatty acids was established.
According to data collected from the responses, 33% participants
consumed fish once a week (the highest frequency of
consumption) while 11% participants consumed fish less than
once a month (the lowest frequency of consumption).
The majority (81%) of participants consumed flaxseed less
than once a month whereas 42% consumed walnuts more than
twice a week. In addition, purslane was consumed less than once
a month by 42% respondents, whereas 91% participants
consumed canola oil, 87% consumed soybean oil, and 95%
consumed krill oil less than once a month.
Purchasing attitudes towards foods enriched with omega-3
fatty acids were determined in the survey. As shown in Figure 4,
margarine (33%) was the most popular response. Other foods
purchased by participants were infant formula (6%), vegetable
oil (27%), and eggs (25%). Moreover, 9% of the consumers
selected other choices, such as fish cans, chocolates and none of
them.

Figure 5. Distribution of participants according to buying
preferences.
The factors affecting consumption levels and preferences of
consumers were further investigated. Different situations were
provided and respondents expected to evaluate the extent of
consumption and preferences towards foods enriched with
omega-3 fatty acids. According to the results (Figure 6), 43%
participants readily consumed enriched products that were
cheaper than normal products (statement 1) whereas 39%
remained neutral in cases where enriched products were more
expensive (statement 2). Moreover, 45% respondents were
consumers of enriched products that were more nutritional than
normal products (statement 3) and 38% consumed enriched
products with labels including health benefits (statement 4). In
addition, 46% participants consumed enriched products with a
similar taste to non-enriched counterpart products (statement 5).
Overall, 50% participants readily consumed enriched products
recommended by their doctors (statement 6). Statistical analysis
revealed no significant differences in consumption preferences
based on gender (P>0.05). On the other hand, marital status was
associated with significant differences for statements 2 (P=0.01),
4 (P=0.02) and 6 (P=0.025). The 18–30 and 41–50 year age
groups showed significant differences (P<0.05), except in the
case of statement 1 (P>0.05). Moreover, among the education
level categories examined, high school and higher degree level
groups showed significant differences for statements 1
(P=0.036) and 4 (P=0.014). Statements 2 (P = 0.001) and 5
(P=0.038) were markedly different for specific income level
groups (<1000 TRY and 2000-3000 TRY).

3.1.4. Examining the relationship between categorical
variables
Comparisons about omega-3 containing food consumption
frequency were made according to gender, age, education,
income, occupation and marital status.

Figure 4. Distribution of participants according to
purchasing attitudes to foods enriched with omega-3 fatty acids
in the marketplace.
In a question, willingness to purchase listed foods enriched
with omega-3 fatty acids was established. The results are
presented in Figure 5. Yoghurt enriched with omega-3 fatty acids
was preferred by 17%, cereal and cheese by 15%, milk and
bread by 14%, chocolate by 12%, and biscuits by 11%
respondents.

e-ISSN: 2148-2683

According to statistical analysis results (Table 2), a
significant difference between flaxseed, walnut, purslane
consumption frequency and gender was observed (p<0.05).
Moreover, significant difference was also observed between fish,
flaxseed, walnut, purslane, soybean oil consumption frequency
and age (p<0.05). Fish consumption frequency was related with
education and income levels (p<0.05). There was a statistically
significant difference between fish, purslane, soybean oil and
occupation (p<0.05), whereas significant difference was
observed between fish, walnut, purslane and marital status
(p<0.05).
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Figure 6. Distribution of participants according to situations affecting buying decisions.

3.1.5 Reliable Information Source
In the last question of the survey, participants were asked
about the three most reliable sources of information on foods
enriched with omega-3 fatty acids. Overall, doctors (29%),
universities/research institutions (29%) and non-governmental
organizations (19%) were considered the three most reliable
information sources while 6% participants found media reliable.
In addition, 15% respondents found official institutions reliable.

3.2. Discussion
Development and marketing of new functional food
products are partly depending on the acceptance of consumers
(Siró et al., 2008). Unfortunately, there is a lack of consumer
studies relating to omega-3 enriched foods in Turkey. This study
will fill the research gap in order to reveal the omega-3 fatty acid
consumption patterns, consumer attitudes, and preferences
towards functional foods enriched with omega-3 fatty acids.
Diets including omega-3 fatty acids have a crucial role for
human health and diseases. Consumer knowledge is a significant
factor to benefit from these dietary lipids’ health effects and to
contribute public health. Additionally, from a marketing
perspective, it is important to know what extent the consumers’
knowledge about omega-3 fatty acids. According to current
survey results, nearly all the participants (98%) knew the term
“omega-3 fatty acids”. Data gathered from the consumer survey
studies conducted in Turkey unraveled that different information
sources such as internet, television, newspapers may contribute
to increase society’s knowledge level of functional foods. In this
study, among the given alternative information sources,
television had the highest score (43%). Similarly, Gezginç and
Gök (2016) found that most of the participants learned the
functional foods concept from television (47%), whereas internet
was the most selected information source (25%) according to
another consumer survey about functional foods (Öncebe &
Demircan, 2019).
Fishes, especially marine fishes supply more omega-3 fatty
acids (EPA and DHA) (Williams & Burdge, 2006). In the survey,
fish had the highest consumption frequency among the given
specific foods containing omega-3 fatty acids. 33% of the
respondents stated that they consumed fish once a week and 11%
participants consumed fish less than once a month (the lowest
e-ISSN: 2148-2683

frequency of fish consumption). Our data are consistent with an
earlier survey conducted in Istanbul by Erdoğan et al. (2011)
which showed that nearly 35% participants consumed seafood
once a week and ~5% consumed seafood less than once a month.
Supplementation of n-3 PUFA in feed formulations resulted
with increased growth performance and environmental effects.
This is considered to be an obvious potential application for
intensive hatcheries (Yılmaz, 2020).
Consumers’ needs and preferences must be taken into
account in food industry especially during the development of
new food products (Moors & Donders, 2009). Our study showed
that the majority of participants (72%) preferred to consume
omega-3 fatty acids from their own sources while only 11%
preferred omega-3 enriched foods. The respondents in the survey
purchased predominantly margarine (33%), vegetable oil (27%)
and eggs (25%) as functional foods enriched with omega-3 fatty
acids. Likewise, Öncebe and Demircan (2019) conducted a
consumer survey on 384 participants in Isparta, Turkey, to
investigate the factors affecting consumer behavior towards
functional foods. According to the responses, ~15% consumers
purchased eggs enriched with omega-3 fatty acids. Another
survey performed in Adana, Turkey, revealed that omega-3
enriched fats and oils were consumed by 60% of the participants
(Gezginç & Gök, 2016). Moreover, according to a survey with
306 academic correspondents in İzmir, Turkey, it was observed
that, 38% consumed omega-3/selenium enriched eggs, 42%
knew about the product but did not use it and 20% did not know
about the product (Hacıoğlu & Kurt, 2012). In contrast, another
consumer survey (n= 222) from Greece has revealed that only 2
participants consumed omega-3 enriched eggs, while 7
participants recognized but have not tested omega-3 eggs and
omega-3 enriched milk (Karelakis et al., 2020). Furthermore,
according to the results of an online survey (n= 307) conducted
in Brazil, the consumers had positive attitude towards
frankfurters enriched with omega-3 fatty acids (Polizer Rocha et
al., 2019).
Consumer knowledge and awareness are closely related to
buying behavior according to results of our study. Margarine,
vegetable oil and eggs had higher scores among the listed foods
declared or labeled as “containing omega-3 fatty acids” in the
survey.
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Krill Oil

Soybean Oil

Canola Oil

Purslane

Walnut

Flaxseed

Fish

Table 2. Comparison of omega-3 containing food consumption frequency according to age (n = 819)

Frequency
*
1.

N
51

2.

18-30
%

21-40
N

%

N

10.3%

20

13.2%

28

133

26.8%

71

46.7%

3.

117

23.6%

28

4.

120

24.2%

5.

75

1.

41-50
%

>51
N

%

p

27.7%

9

17.3%

<0.001

39

38.6%

18

34.6%

18.4%

16

15.8%

9

17.3%

23

15.1%

14

13.9%

13

25.0%

15.1%

10

6.6%

4

4.0%

3

5.8%

12

2.9%

4

4.0%

5

8.6%

4

13.3%

2.

18

4.3%

2

2.0%

3

5.2%

3

10.0%

3.

17

4.1%

4

4.0%

0

0.0%

0

0.0%

4.

27

6.5%

9

8.9%

5

8.6%

4

13.3%

5.

342

82.2%

82

81.2%

45

77.6%

19

63.3%

1.

161

33.6%

69

47.9%

62

64.6%

33

67.3%

2.

85

17.7%

24

16.7%

11

11.5%

4

8.2%

3.

76

15.9%

17

11.8%

13

13.5%

2

4.1%

4.

90

18.8%

15

10.4%

5

5.2%

5

10.2%

5.

67

14.0%

19

13.2%

5

5.2%

5

10.2%

1.

26

6.0%

8

6.6%

4

5.0%

6

13.0%

2.

29

6.7%

16

13.1%

12

15.0%

7

15.2%

3.

61

14.0%

13

10.7%

22

27.5%

7

15.2%

4.

122

28.0%

35

28.7%

18

22.5%

10

21.7%

5.

197

45.3%

50

41.0%

24

30.0%

16

34.8%

1.

4

1.0%

1

1.0%

0

0.0%

2

8.0%

2.

6

1.5%

1

1.0%

0

0.0%

0

0.0%

3.

9

2.2%

0

0.0%

2

4.7%

0

0.0%

4.

18

4.5%

5

4.9%

1

2.3%

1

4.0%

5.

367

90.8%

95

93.1%

40

93.0%

22

88.0%

1.

4

1.0%

0

0.0%

0

0.0%

2

8.0%

2.

13

3.2%

3

3.0%

1

2.4%

0

0.0%

3.

13

3.2%

0

0.0%

1

2.4%

1

4.0%

4.

29

7.1%

2

2.0%

2

4.9%

2

8.0%

5.

348

85.5%

94

94.9%

37

90.2%

20

80.0%

1.

2

0.5%

1

1.0%

0

0.0%

2

8.7%

2.

1

0.2%

0

0.0%

0

0.0%

0

0.0%

3.

6

1.5%

1

1.0%

1

2.4%

0

0.0%

4.

9

2.2%

2

2.0%

0

0.0%

1

4.3%

5.

386

95.5%

94

95.9%

40

97.6%

20

87.0%

0.045

<0.001

0.004

0.183

0.040

0.072

*1: Two or more times per week; 2: Once a week ; 3: two to one; 4: once a month ; 5: Less
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In addition, the participants mostly preferred buying these
three omega-3 enriched food items. Additionally, market
potential of functional cookies containing flaxseed that is rich in
omega-3 fatty acids were investigated via an online
questionnaire (n=1035) in Croatian by Cukelj et al. (2016). It
was found that the consumers with higher nutrition knowledge
and consciousness were more interested in the functional
cookies with omega-3 fatty acids. So, increased consumer
awareness and knowledge towards omega-3 enriched foods may
provide a variety of successful new functional foods (Moors &
Donders, 2009).
Price and health effects are important factors influencing
willingness to buy (Urala & Lähteenmäki, 2007). Most of the
participants stated that they consume readily enriched products
when they have some health benefits and have higher nutrition
values or are cheaper than normal products. Besides, doctor
recommendation affected purchase intent of half of the
participants. Our findings are parallel to the consumer studies
conducted in Turkey by Sevilmiş et al. (2017) and Öncebe and
Demircan (2019) as the results of the surveys indicated that the
participants preferred to purchase functional food products
having beneficial health effects.
In the current study, 58% of the respondents declared that
the most reliable information sources were doctors and
universities/research institutions. Based on these results, public
service announcements can be created within the framework of
the cooperation of universities, research institutes, producers and
government in order to increase consumer knowledge and to
improve public health.

4. Conclusions and Recommendations
Here, we evaluated consumer knowledge, attitudes and
preferences with regard to omega-3 fatty acids and omega-3
enriched foods in Istanbul via a consumer survey. Among the
819 participants, only 2% had no prior knowledge of omega-3
fatty acids whereas 43% had been made aware of the term on
television for the first time. Moreover, 43% participants had
encountered foods enriched with omega-3 fatty acids. Overall,
72% participants consumed omega-3 fatty acids from natural
sources, 17% consumed fish oil capsules, and only 11%
preferred foods enriched with omega-3 fatty acids. In addition,
participants preferred enriched foods with more nutritional
value, labels with health benefits, and similar taste to nonenriched foods.
In addition, fish consumption frequency was found to be
related with education and income levels. Therefore, it can be a
solution to the insufficient intake of the society by adding
omega-3 fatty acids to the foods widely consumed by the
Turkish society.
Blood levels of EPA+DHA are variable across the globe,
with most of the countries and regions of the world having levels
that are considered low to very low (Stark et al., 2016; Stanton
et. al, 2020). Very low bloods levels observed for Turkey might
associate with an increased risk in cardiovascular related
mortality. Therefore, efforts are needed to increase the
consumption of omega-3 fatty acids either by natural
sources/supplements or foods enriched with omega-3 fatty acids
(Stanton et. al, 2020).
e-ISSN: 2148-2683

This study was conducted to evaluate consumer attitudes
and preferences regarding omega-3 enriched functional foods,
since consumer studies are limited in this field. Further up to
date studies with increased sample sizes are essential for
improving understanding of consumer attitudes, awareness and
preferences towards omega-3 fatty acid-enriched functional
foods.
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