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Abstract  Functional foods contain a specific ingredient that claims to improve health. Many studies have been 
done to prove the beneficial effects of these foods, which led to manufacturers’ increased focus on the concept of 
functional food. In this review, we will discuss the concept of functional foods and their effects on health and 
distinguish the functional components, such as prebiotics and probiotics, in terms of their uses and special benefits. 
Moreover, we will provide background information on the global market for functional foods focusing on the 
Middle East and Asia, including the latest studies on probiotics, prebiotics, and their prospects. 
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1. Introduction 

Changes in lifestyle, diet, and increased consumption of 
junk food may cause many health problems, such as 
obesity, diabetes, cancer, and osteoporosis, in addition to 
many other diseases related to nutritional deficiencies 
[1,2]. Consumers have shown great interest in the active 
role of food in prolonging life via disease prevention. 
Hence, the term ‘functional food’ was suggested to 
describe food that may provide health benefits and prevent 
chronic diseases affected by diet [3,4,5]. Functional foods 
are significant in maintaining a healthy lifestyle; a healthy 
diet and physical exercise can confer many metabolic 
heart-protective benefits [6]. As the primary role of food is 
to sustain life, provide nutrients for the body, and produce 
energy, functional foods such as food fortified with 
probiotics, omega-3 fatty acids, antioxidants, minerals, 
and vitamins have expanded on this role [3,4,5]. 
Functional foods encourage scientists to investigate more 
in-depth, not just the food necessary for living and well-
being but also the potential to prevent several chronic 
diseases and benefit human health [3,4,5].  

The history of functional food began in the 1980s when 
a Japanese company started focusing on preventing 
lifestyle-related diseases by producing foods such as 
yogurt and Lactobacillus acidophilus milk [7]. Following 
this awareness, many food sector companies in the United 
States began to pay closer attention to the concept of 
functional foods for their consumers. An important aspect 
that requires attention is the safety and quality of food 
during the food production process, which needs to follow 

international standards [8]. Prebiotics, probiotics, 
carotenoids, and flavonoids are some examples of 
functional food components that have various beneficial 
effects; these include effects on the immune system, 
gastrointestinal tract, and gut microbiota composition [9]. 
In addition, probiotics can enhance non-pathogenic 
facultative anaerobes and gram-positive bacteria growth 
by stimulating B-group vitamin production and inhibiting 
pathogenic bacteria production by producing fatty acids 
and hydrogen peroxide (H2O2) [10,11]. When used in 
agriculture, probiotics can improve plant growth through 
increased photosynthesis rates and the production of 
growth hormones with other active substances [12,13]. 
Many studies have also shown that probiotics can increase 
plant performance, induce immunity, and ensure plant 
health [14]. For example, plant probiotics such as B. 
animalis and L. acidophilus have been commercially 
developed to control plant diseases and fertilization of 
plants; they have shown positive effects on rice, corn, and 
wheat [14]. Studies show that pseudomonads can benefit 
plants by increasing water, salt, and heavy metal stress 
tolerance, improving growth and nutrition, and reducing 
systemic resistance by colonizing plant roots [15]. Another 
study on strawberry plants shows that Phyllobacterium 
species can produce biofilms, colonize the plant roots, and 
increase plant quality and yield. Moreover, strawberries 
from the plant inoculated with the microorganism had a 
higher vitamin C content than plants not inoculated [16]. A 
better understanding of plant probiotics may help sustain 
agriculture's productivity and quality [17]. 

This review aims to highlight the health benefits of 
different functional foods and their uses, document studies 
on probiotics and prebiotics in the Middle East and Asia, 
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and finally explore their prospects. The advantage of this 
review is that the beneficial effects of functional foods 
have been examined by type of food, highlighting the 
contribution of each food. The global market for 
functional foods is also included and can serve as a 
benchmark for the Middle Eastern and Asian markets, 
which can serve as an emerging source of revenue. Finally, 
we hope this review will provide collected information on 
aspects of functional foods from this region, as data is 
currently limited. 

2. Functional Foods in Global vs Middle 
East Markets 

The functional food market is growing due to factors 
impacting the sector, such as health claims. Japan is the 
provider of the functional foods market, followed by the 
US and Europe [18]. The Middle East and other 
developing countries show lower attraction of growth 
because of the high risk of potential investment; this could 
be due to the expensive price of functional foods in this 
region [18,19]. In 2022, according to the report published 
by The Business Research Company, the global functional 
food market size reached $203.64 billion and is expected 
to reach $229.7 billion in 2023 with a compound annual 
growth rate (CAGR) of 12.8%. The report stated that in 
2027 the global functional foods market will grow from 
$354.96 at a CAGR of 11.5%, as shown in Figure 1. 
Demand for functional foods will increase, including 
carotenoids, dietary fibers, fatty acids, minerals, probiotics, 
prebiotics, and vitamins. The countries included in this 
report are Australia, Brazil, China, France, Germany, 
India, Indonesia, Japan, Russia, South Korea, the United 
Kingdom and the United States of America [20]. On the 
other hand, the growth of the functional foods market in 
the Middle East and Africa reached $12,148.25 million in 

2021, and the market growth is expected to increase to 
$20,921.97 million by 2028 with a CAGR of 1.8% from 
2021 to 2028. It is worth noting that in 2020, the 
functional food market in Saudi Arabia was the most 
growing [21].  

 
Figure 1. Global functional food market size 2022 and projected growth 
from 2023 - 2027 [20] 

3. Types of functional foods components 

Functional foods are rich in bioactive ingredients that 
help promote health and prevent disease. This is achieved 
when these foods are used in sufficient, specific, and non-
toxic quantities. Because of the variety of nutritional 
benefits of functional foods, they have been divided into 
two main groups: conventional foods and modified foods, 
as shown in Figure 2 [22].  

 
Figure 2. Classification of Functional Foods. This flow chart shows the two main classes of functional foods: conventional foods (Natural ingredients) 
and Modified Foods (Additional ingredients). Also, it shows examples of foods for each class 
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Conventional foods are unmodified foods with natural 
ingredients or complete biologically active ingredients 
with beneficial health effects [22,23]. Heart-healthy fats, 
antioxidants, minerals, and vitamins are all considered 
conventional foods. Modified foods are foods with added 
ingredients to increase the biological benefits and their 
positive effect. Additional ingredients may be minerals, 
vitamins, fiber, and probiotics. Fortified foods are 
examples of modified foods, such as fortified juices, dairy 
products, milk alternatives, fortified cereals, and fortified 
eggs, as shown in Figure 2. In addition, the development 
of genetic modification or genetic engineering technology 
has led to genetically modified functional foods that can 
achieve food security worldwide and reduce famine and 
malnutrition [22]. For example, agricultural plants benefit 
most from genetic modification, as it helps increase yield, 
lower the cost of production, reduce agricultural pesticides, 
and enhance disease resistance [24]. 

On the other hand, functional components in 
functional foods are classified based on several classes; 
these are prebiotics, probiotics, carotenoids, flavonoids, 
dietary fibers, fatty acids, minerals, vitamins, polyols, 
phenolic acids, plant stanols and sterols, phytoestrogens, 
soy protein, sulfides and isothiocyanates which will 
discuss below [25]. 

3.1. Prebiotics & Probiotics 
Prebiotics such as inulin, fructo-oligosaccharides (FOS), 

and polydextrose are found in many sources, such as 
whole grains, onion, honey, leeks, and bananas. Prebiotics 
help human health by supporting digestive health and 
calcium absorption and have been known to stimulate the 
growth of probiotics [5,25]. Probiotic or beneficial 
microbes such as yeast, lactobacilli, Bifidobacteria, and 
other organisms are shown in Table 1, and these can be 
found in yogurts and dairy and non-dairy applications [26]. 
So, bacteria that positively impact human health when 
administered appropriately are called probiotics or 
beneficial bacteria [27,28]. The beneficial effects of 
probiotics differ between strains. They can directly 
interact with intestinal microbiota and enzyme activities. 
Also, they interact with the intestinal epithelium and 
mucosal layer, thus affecting the mucosal immune system 
and the function of the intestinal barrier [29,30].  

3.2. Carotenoids 
The carotenoids are a widely dispersed pigment group 

now available as supplements [42]. The most studied 
carotenoids are beta-carotene, lutein, zeaxanthin, and 
lycopene [43]. These carotenoids can be found in carrots, 
pumpkins, eggs, spinach, tomatoes, watermelon, corn, and 
grapefruit [44,45]. Some of the benefits of carotenoids are to 
neutralize radicals that can cause damage to cells and to 
maintain eye health and prostate health [46]. In a randomized 
controlled trial of 233 participants, whole grain corn with a 
high content of carotenoids has been found to lower blood 
pressure, thus reducing cardiovascular disease risk [47].  

3.3. Flavonoids 
Flavonoids are compounds derived from plants and 

labeled as one of the functional components as they 
possess biochemical properties that positively impact 
human health. These active compounds work as 
antioxidants and anti-cancer agents [44]. They support 
maintenance for healthy brain, heart, and urinary tract 
function and neutralizing free radicals [44]. Flavonols, 
flavanones, isoflavonoids, flavones, chalcones, and 
anthocyanins are the six subgroups of flavonoids [48]. 
Various epidemiological studies have reported that high 
flavonoid consumption reduces the risk of diabetes, 
cancers, and cardiovascular diseases [47]. 

3.4. Dietary Fiber 
Dietary Fiber is a component of plants that can be 

found in the diet, and it is resistant to enzymatic digestion 
[49]. The two basic categories of dietary fiber are soluble 
and insoluble fibers, which can be found in wheat bran, 
corn bran, psyllium seed husk, peas, and beans [44,49]. 
Other types of dietary fiber are β-glucan and whole grains 
found in barley, oat bran, brown rice, and cereal grains. 
These dietary fibers are essential for maintaining digestive 
health, reducing the risk of coronary heart disease (CHD) 
and some types of cancer, and maintaining healthy 
glucose levels [50]. Another epidemiological study found 
a link between the incidence reduction of intestinal cancer 
and inflammatory diseases with consuming a rich diet in 
dietary fibers and refined carbohydrates [51]. 

Table 1. Examples of major probiotic species, the food source, and beneficial effects 

Genus Probiotic microorganism Type of food added to Probiotic effect References 

Lactobacillus 

L. acidophilus  
L. gasseri  
L. reuteri  

L. johnsonii  
L. rhamnosus 

Yogurt 
 
 

-Prevent colonic hyperplasia in mice. 
-Immune response modulation in 

chicken. 
[31,32,33,34] 

Bifidobacterium 
B. adolescentis  

B. animalis  
B. longum 

Pickles, yogurt -Antimicrobial substances production 
against pathogens in chicken. [32,35,36,37] 

Saccharomyces S. boulardii 
S. cerevisiae Bread 

-Stimulate immune response in 
agriculture. 

-Inhibit pathogens by producing 
inhibitory substances. 

[10,32,38] 

Bacillus B. subtilis 
B. coagulans Yogurt, sauerkraut 

-Bacteriocins production in 
agriculture. 

-Stimulate immune responses. 
[10,32,38] 

Streptococcus S. pneumoniae 
S. thermophilus Yogurt -Mortality reduction in layer chickens. [39,40] 

Enterococcus E. durans Cheeses, milk -Animal growth stimulation [32,41] 
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3.5. Fatty Acids 
The fatty acids include monounsaturated fatty acids, 

polyunsaturated fatty acids, omega-3 fatty acids, and 
conjugated linoleic acid [52]. These functional components 
are found in many sources, such as tree nuts, olive oil, 
walnuts, flaxseed oil, salmon, fish oils, beef and lamb 
[44,53]. Fatty acids significantly reduce the risk of CHD, 
helping maintain eye, heart, and mental health and support 
immunity [53]. In a study conducted to estimate the effect 
of fatty acids such as eicosapentaenoic and 
docosahexaenoic acid on CHD risk, the study results 
showed that intake of both fatty acids could affect the risk 
of CHD, especially amongst the higher-risk population [54].  

3.6. Minerals 
Minerals like calcium, magnesium, potassium, and iron 

benefit health when provided sufficiently [55]. They can 
be found in sardines, spinach, beans, almonds, potatoes, 
whole grain bread, bananas, fish, liver, and red meat 
[44,56]. Minerals support muscle and nerve functions, 
reduce osteoporosis, lower high blood pressure, minimize 
stroke risks, and maintain good immunity [57].  

3.7. Vitamins 
Vitamins are another class of functional components 

essential in supporting and improving human health [58]. 
These have antioxidant activity, so they prevent oxidation, 
which is linked to many conditions, such as cancer and 
arthritis [59]. Vitamins comprise many types, including 
vitamin A, thiamin (B1), riboflavin (B2), niacin (B3), 
pantothenic acid (B5), pyridoxine (B6), folic acid (B9), 
biotin, cobalamin (B12) and vitamin D [44,60]. A 
randomized controlled trial that reported the effect on 
schizophrenia symptoms by using vitamins and minerals 
revealed that some minerals and vitamins, such as vitamin 
B6, vitamin B8, and vitamin B12, may reduce the 
symptoms of schizophrenia [61]. 

3.8. Soy Protein and Sulfides 
Soy protein can be found in soybeans and milk, yogurt, 

and cheese produced from soy [44]. Soybeans are an 
essential part of the Southeast Asia diet and a source of 
phytochemicals; they also contain other functional 
compounds that benefit human and animal health. Soy 
proteins can reduce the risk of CHD and breast and 
prostate cancers and improve skin health [62,63]. A meta-
analysis that was done to evaluate the association between 
soy intake and type 2 diabetes reported that there might be 
an association of soy with type 2 diabetes mellitus, and 
further studies are needed to focus on the dose of intake 
and soy’s actual mechanism [64]. Meanwhile, sulfides 
such as diallyl sulfide, the allyl group, methyl trisulfide, 
and dithiolthiones are functional compounds that enhance 
the removal of unwanted compounds and support human 
immune, digestive, and cardiac health [65]. The common 
sources of these functional compounds are garlic, 
cruciferous vegetables, onions, and scallions [44,66]. 

3.9. Polyols and Phytoestrogens 
Polyols such as xylitol, sorbitol, mannitol, and lactitol 

are examples of sugar alcohols resulting from sugar 
reduction [67]. These can be found in fruits and vegetables 
like mushrooms [44]. Studies have shown that polyols can 
reduce dental caries risk [44,68]. On the other hand, 
phytoestrogens are compounds mainly found in soy and 
some vegetables [69]. Genistein and lignans are examples 
of phytoestrogens and have functional properties that 
enable them to protect bone and immune health and lower 
the risk of menopausal symptoms [70]. A meta-analysis 
performed showed that some phytoestrogens such as 
daidzein, genistein, and glycitein can reduce prostate 
cancer risk [71] 

3.10. Phenolic Acids 
Phenolic acids are compounds made by plants that have 

many functions and are essential for plant-microbe 
interactions [72]. Caffeic and ferulic acids are phenolic in 
all food groups but higher in cereals, oilseeds, herbs, fruits, 
vegetables, and legumes [73]. These compounds offer 
protection from CHD and stroke, reduce the risks of 
cancers, and support eye health [74].  

3.11. Plants' Stanols and Sterols 
Plants stanols and sterols are found naturally in food 

from plant sources and are cholesterol-like in structure [75]. 
Plant stanol and sterol compounds are called phytosterols 
and are found in seeds, wheat, nuts, vegetables, fruits, and 
legumes [44,75]. These compounds can be categorized into 
free stanols/sterols and stanol/sterol esters [76]. They are 
essential as they may reduce the risk of coronary heart 
disease [44,76]. Several studies have shown that plant 
sterols and stanols can lower the low-density lipoprotein 
cholesterol (LDL). For instance, an intake of 1.5 to 3 g/d 
successfully lowered the LDL by 7.5% - 12%, reducing the 
risk of coronary heart disease [77]. 

3.12. Isothiocyanates 
The bioactive products of glucosinolate degradation are 

called isothiocyanates. This is a group of chemicals that 
have health-beneficial effects [78]. Sulforaphane is a type 
of dietary isothiocyanate that can be found in cruciferous 
vegetables (from the Brassica genus) such as broccoli, 
cauliflower, broccoli, sprouts, and cabbage [79]. 
Isothiocyanates also have an anti-bacterial effect and 
function as an insect deterrent. They also possess 
antibiotic properties, described first with Helicobacter 
pylori in humans. Isothiocyanates positively affect health 
by enhancing antioxidant defenses in cells and removing 
undesirable components by increasing detoxification [80]. 
It has been suggested that isothiocyanates show their 
effect via different signaling pathways to inhibit 
carcinogenesis by stimulating inflammation, apoptosis, 
and cell cycle arrest [80,81]. Moreover, a study showed 
that some isothiocyanates are effective against resistant 
and non-resistant pathogens [82].  
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4. Impact of Probiotics and Prebiotics on 
Human Health 

Many studies have shown that functional food 
components such as probiotics, prebiotics, and single 
micronutrients enhance immunocompetence and 
positively impact gut microbiota composition and human 
health [5]. Due to their positive impact on health and 
many other factors, the probiotic market demand is 
increasing; this is also contributed to by the demand for 
non-diary probiotics due to vegetarianism amongst 
consumers [3]. Many of these consumers are becoming 
vegetarians due to increased cholesterol levels and lactose 
intolerance attributed to milk consumption [3].  

Probiotic use for these consumers is good because it 
can help in affecting the composition of gut microbiota 
and health [3]. Changes in microbiota composition are 
associated with health problems, contributing to 
physiological processes such as obesity, blood pressure 
control, and glucose homeostasis [83]. A study was 
conducted to compare the gut microbiome between 
obese/healthy people from both Saudi Arabia and France 
in 2015 [84]. It showed a difference in the microbial 
biodiversity between French obese and normal cohorts, 
with Bacteroidetes higher in the obese cohort. Still, there 
was little difference between obese and normal Saudi 
people in terms of biodiversity of microbes, with no 
difference in Bacteroidetes but greater Firmicutes in the 
obese cohort [84]. This study showed that different eating 
habits will affect the fecal microbiota, as the Saudis’ 
eating habits are other compared to European eating habits; 
the information from this study will be helpful to 
determine and study which foods can be more beneficial 
to having a healthy gut microbiota composition [84,85].  

Another study that aimed to examine the Japanese 
population's gut microbiota composition and its 
relationship to obesity showed that non-obese people had 
lower ratios between Firmicutes to Bacteroidetes than the 
ratio found in obese people; moreover, the bacterial 
diversity was lower in non-obese people compared with 
obese people, these results indicated that changes in the 
gut microbiota composition are associated with obesity 
[86]. This study showed that obese people had different 
intestinal microbes profiles than non-obese people [86]. 
Additionally, a study on 8-week-old mice treated with 
Lactobacillus and Bifidobacterium probiotics has shown 
decreased Firmicutes, Actinobacteria, and Bacteroides 
compositions [87]. Meanwhile, other studies have reported 
that Bacteroidetes’ proportion was increased while 
Firmicutes and Proteobacteria abundance was decreased 
when treated with S. cerevisiae and S. boulardii probiotics 
[88]. Hence, probiotic production and development are 
given priority in food design. However, the probiotics 
must be studied appropriately before reaching the market 
[3,89]. For instance, toxicity testing and survivability tests 
on probiotics during processing and storage, in addition to 
the overall costs for producing the probiotics, are required 
in advance [3,89]. 

In 2019, a study done in Pakistan revealed that most 
respondents lacked awareness of functional foods and 
their benefits to health [90]. In addition, the same study 
also showed the levels of awareness in people who live in 

rural areas are lower than those who live in urban areas; 
education levels and gender have an essential role in 
functional food acceptance in Pakistan [90]. The more 
educated participants were more willing and open to 
consuming functional foods and willing to bear the cost. 
At the same time, males were less prepared to accept 
functional foods than females [90]. Another study done in 
Canada in 2014, which aimed to identify the need for 
functional foods amongst people above 60 years old, 
showed that 85.5% of respondents agreed that awareness 
and knowledge are the most critical factors in promoting 
functional foods in the market and 63.5% stated that more 
information is needed in newspapers, magazines and food 
labeling [91]. 

For more than 100 years, the function of gut bacteria 
was unknown until a scientist named Tissier discovered 
that probiotics helped to maintain health [27,92]. Tissier 
discovered that when Bifidobacteria were found in the 
stools of breast-fed infants, these infants were healthier 
than infants for whom the same bacteria were absent in the 
stool and suffered diarrhea despite being breast-fed 
[27,92]. Probiotics have become more popular lately due 
to their proven positive impact on human health; they can 
improve immunity, increase calcium uptake, reduce 
cholesterol levels, prevent intestinal infections, enhance 
vitamin synthesis, avoid food-borne pathogens effects, and 
enhance lactose metabolism [27,93]. As a result, the food 
industry has promoted and studied these bacteria to 
incorporate them mainly in fermented dairy foods such as 
yogurt [27]. There are some challenges for probiotic 
production at the industry level, such as the selection of 
the probiotic organism and its percentage composition, 
probiotic safety and toxicity, the sensory criteria, and the 
ability of probiotics to survive in storage and processing 
conditions; these factors will affect the distribution and 
acceptability of the functional foods [32,94]. For 
probiotics to be beneficial, they must be able to survive 
and be effective until they reach the human gut and 
proliferate, as summarized in Figure 3. 

 
Figure 3. Criteria for developing food containing probiotics [27,28,92,93,95]. 

Probiotics act by certain mechanisms to provide health 
benefits: 1) by competing with pathogens in binding to a 
receptor or consuming a nutrient or colonizing the area, 2) 
by adhering to the intestinal interface, 3) through 
functional enhancement of the mucosal barrier, 4) to 
enhance immune responses, 5) to develop bacteriocins, 
and 6) to modify cell kinetics [95]. Some of the main 
probiotic groups are listed in Table 1. 
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Prebiotics stimulate the growth and metabolic activity of 
one or more colonic beneficial bacteria; prebiotics and 
probiotics help improve health [96]. Prebiotics can replace 
or give additional support for probiotics [97]. Studies have 
shown that prebiotics affect health positively by increasing 
resistance to gastrointestinal infections [9], modulating 
immune system activities [98], and causing significant 
changes in the composition of gut microbiota [99]. 

Most prebiotics identified are carbohydrates; their 
physiological properties determine their health benefits 
[100]. To consider the non-digestible carbohydrate as a 
prebiotic, it should be resistant to gastric acidity 
processing, stable during the shelf-life of food, resistant to 
mammalian enzymes, and be able to be fermented by the 
gut bacteria to enhance activity and the viability of 
probiotics further [5]. The difference between probiotics 
and prebiotics is that probiotics are beneficial living 
organisms, while prebiotics are an indigestible food 
ingredient, as shown in Table 2. 

Table 2. Differences between prebiotics and probiotics 

 Prebiotics Probiotics References 

Definition: 

Indigestible 
food ingredients 

like trans-
galacto-

oligosaccharides 
(TOS) and 

inulin. 

Living organism 
that is good for 
health, such as 

Bifidobacterium 
and 

Lactobacillus 
spp. 

[101,102] 

Advantages: 

i) Provide food 
for probiotics 
ii) Enhance 
immunity. 

i) Balance gut 
microbiota 

composition 
ii) Reduce 
pathogenic 

bacteria 
iii) Prevent 

colon cancer. 

[101,103,104] 

Disadvantages: 

iii) A high 
intake amount 
will increase 
fermentation, 

producing more 
gas and causing 

bloating. 

i) Have short 
shelf-life in 

products 
ii) Instability to 

processing 
iii) Damaged by 
stomach acidity 

[101,103] 

 
The most common prebiotics are trans-galacto-

oligosaccharides (TOS), fructo-oligosaccharides (FOS), 
and galacto-oligosaccharides (GOS), which have been 
shown to change gut microbiota composition in volunteer 
trials in Europe [101,105]. The FOS are most commonly 
used worldwide as they have no calories and are a soluble 
dietary fiber with various health benefits [34,106]. Some 
prebiotics are naturally found in specific foods like 
artichokes, onion, wheat, and asparagus [107,108]. 
Although these foods contain small amounts of prebiotics, 
with recent developments, it has been possible to isolate 
the active ingredients from these foods and add those to 
the most frequently consumed products, such as cereals, 
infant feeds, and yogurts [106].  

Prebiotics can be used in various food products due to 
their helpful effect on health, either as an alternative to 
probiotics or by stimulating probiotic growth. They 
enhance human health (gastrointestinal, immunity), 
increase calcium (Ca) and magnesium (Mg) uptake, 
regulate enzymatic actions, modulate the production of 
mucin, and maintain body glucose levels [5]. Therefore, it 
is crucial to evaluate the prebiotic benefit in humans via 

long-term clinical trials to determine the optimum uptake 
levels of functional foods; more efforts must be directed 
toward achieving the functional diet goal [5]. 

5. Middle Eastern and Asian Studies  
on Probiotics & Prebiotics 

5.1. Middle Eastern Studies on Probiotics  
and Prebiotics 

Asia Pacific is the major functional food market 
worldwide. The increasing market trend indicates countries 
such as Malaysia, South Korea, and China; statistics show 
that their revenue accounts for approximately 34% of the 
global revenue of functional foods. The Middle East, Africa, 
and Eastern Europe account for around 6% of the whole 
revenue of functional food [18].  

A paper published in 2015 showed that organic food 
consumption is increasing in the United Arab Emirates 
(UAE) [109]. Of 300 respondents, most responded "yes" 
in willingness to pay for healthy foods; this could result 
from increased awareness of healthy foods in addition to 
the diverse population and the relatively high income per 
capita [109]. Moreover, the study also showed the factors 
that affected the consumer’s ability to pay for these 
higher-priced foods are family size, income, age, and 
education; this information is significant for the food 
industry to promote the marketing of healthy foods in the 
United Arab Emirates [109,110]. However, in Arabian 
Gulf countries such as the UAE, there has been a lack of 
data on probiotics and functional foods and no guidelines 
on their labeling [12,111]. A study conducted in the UAE 
found that the non-dairy product labels contained all the 
information about the probiotic inside (strain and number). 
Still, only one dairy product provided the same label 
information [12,111]. The most common strain identified 
was L. acidophilus, but Enterococcus faecalis has also 
been used as one component in one of the probiotic 
products [111]. This study showed that the Arabian Gulf 
countries have various probiotic products and should 
address health claims in all products [111]. Design and 
packaging would also need to be considered since there is 
an increase in the level of health awareness, indicating that 
the functional food market has expanded [111].  

A cross-sectional study in Oman 2020 investigated 
diary and non-diary probiotics in three different Middle 
Eastern countries; the results showed that multistrain 
probiotics were 61.8% as opposed to single strain, and 
32.1% of probiotics were from dairy sources [112]. 
Moreover, the probiotics market is continuously 
developing in the Middle East, and the quality of the 
products should always be inspected to ensure consumer 
satisfaction and safety [112]. Functional food companies 
should understand the unique market characteristics of 
each country. For example, in 2015, the UAE had 
approximately 8.6 million expatriate workers, mostly 
classified under the low-income laborer group. In contrast, 
a smaller group of professionals were classified under the 
high-income laborer group [113]. In 2015, the sales values 
of functional packaged foods were around 284.6 million 
U.S. dollars; the dairy functional foods were the category 
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that attracted the high-income laborer group [113]. 
Consumers’ purchasing decisions are based on the design 
and packaging modernity and are not limited to health 
benefits [113]. Functional packaged foods sales increased 
more than functional foods beverages by 4.2%, possibly 
due to increased awareness of healthy foods and busy 
lifestyles in young adults [113].   

The probiotic market in India achieved 12 million U.S. 
dollars in 2011, increasing to 448.456 million U.S. dollars 
in 2019; it is expected to increase further by 13.56% in 
2025 and reach a market size of 961.856 million U.S. 
dollars [114,115,116]. It accounts for ˃1% of the global 
functional foods market under the probiotic segment. 
Moreover, the most common probiotic products in India is 
the Indian yogurt (dahi) and fermented milk [114,115]. 

5.2. Asian Studies on Probiotics  
and Prebiotics 

Asians commonly consume a large amount of 
functional food, which has increased over the past five 
years [117]. A healthy plant-based diet with no meat 
products is the current trend, but this may have a negative 
effect because people with this diet will have a greater risk 
of developing vitamin B12 deficiency, which can lead to 
hematological and neurological consequences [117]. In 
2015, a pilot study was carried out to examine the 
willingness to buy functional foods in both Germany 
(n=502) and China (n=443). It showed that German 
consumers were less willing to buy these functional foods, 
and Chinese consumers were more willing to [118]. 
Statistics show that the functional food market in the Asia 
Pacific region is predicted to reach 5.04 billion U.S. 
dollars by 2026, and the probiotic segment accounts for 
23.5% of the total Asia Pacific functional food market 
[119]. As noticed in many studies, probiotics and 
prebiotics have a beneficial effect on health. In 2010, a 
study investigated the effect of B. lactis HN019 and 
fortified milk containing prebiotics on Asian children’s 
growth, iron status, and anemia [120]. The baseline 
parameters (hematological, height, and weight) were 
measured at the beginning (very similar results), at the 
middle of the study period, and the end of the year; results 
showed that children who consume B. lactis HN019 and 
prebiotic-fortified milk have a lower risk of developing 
iron deficiency by 45% and gained more weight by 0.13 
kg/year [120]. Another randomized, double-blind, 
placebo-controlled study done in Indonesia in 2011 
explored the effect of Enterococcus faecium IS-27526 in 
milk on humoral immunity and children's body weight; 
sandwich ELISA results showed that the salivary IgA and 
body weight increased in the probiotic group whereas in 
the other group, no significant increase happened [121]. 
Salivary IgA increased more in underweight children, and 
body weight increased more in normal children [121]. 
This result showed that E. faecium IS-27526 positively 
affects immunity, especially in underweight children, and 
body weight gain in normal body weight children [121].  

 

6. Future Prospects of Functional Foods 

As functional foods gain interest in the food health and 
technological innovations field, some factors influence the 
future of the functional food market, as shown in Figure 4. 
Consumer acceptance is the most important factor in the 
rise of the functional food market in the last decade. Many 
studies have investigated the factors influencing consumer 
acceptance of functional foods [122,123,124]. Product 
characteristics, social and democratic characteristics, 
psychological characteristics, physical characteristics, and 
behavioral characteristics have been identified as potential 
determinants of consumer acceptance of functional foods. 
Therefore, these determinants must be considered to 
develop successful functional foods [122]. Consumer 
acceptance of functional foods was expressed by 
measuring overall acceptance, willingness to pay, 
willingness to purchase, perceptions of functional foods, 
and functional food choices [122]. In addition, it would be 
desirable for the development of a functional food if there 
were clear guidelines for labeling, and production costs 
could be reduced. This would allow consumers to use the 
products more frequently, increase market share, and reap 
the benefits [125]. 

While research on functional foods has increased over 
the past decade, a few studies have addressed functional 
foods' clinical effects and outcomes on the host [126]. It is 
worth noting that the 2019 meeting of the International 
Scientific Association for Probiotics and Prebiotics-
Student and Fellows Association (ISAPP-SFA) discussed 
future insights and new techniques for collecting and 
analyzing data on how probiotics and prebiotics affect 
microorganisms and their interactions with the host. 
Proposed strategies included genetic characterization, 
strain modification, and modern techniques in vitro, in 
vivo, and in silico to detect the effect of probiotics and 
prebiotics on microorganisms. In addition, metabolomic 
tools were used to identify molecules of interest and 
benefit to the host. The outcomes from correlating 
between the determination of microbial structure and co-
dependencies at body sites and discovering the effect of 
probiotic strains and prebiotic substances on the host can 
then be applied [127].  

 

Figure 4. Factors influencing the future of the functional food market [122] 
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