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A B S T R A C T

Innovations in food biotechnology reflect the increasing demand for healthy food and the change in conventional
dietary patterns to plant-based diets, encouraging the development of functional products and opening new
perspectives for industry interests. In addition, the development of vegetable-based products is supported by
several studies that state that plant-based diets help reduce the risk of diseases, reduce stress, and even help
maintain healthy body weight, making this diet a promising development for the future. The industry mainly uses
fermentation techniques to obtain plant-based foodstuffs. However, fermentation is just one method that can
develop probiotic products. Other methods include high moisture extrusion cooking and applying shear cells, for
instance, for developing vegetable meats. This article summarizes trends and shifts in eating preferences, the
response of the respective industry, and the future potential of plant-based products.

1. Introduction

Functional foods can be natural foods or products with one or more
specific ingredients that are good for the health and wellbeing of cus-
tomers. These specific components can be added to food, enhanced, or
modified under special conditions. The term functional food was coined
in Japan in the mid-1980s, and the country was the first to develop a
specific regulatory approval process for functional foods. Functional
foods are classified into several categories, including probiotics, func-
tional drinks, dietary fiber, fruits, and vegetables (Rani et al., 2018; Tur
and Bibiloni, 2016; Aihara, 2014).

In recent years, food biotechnology innovation has increased by 28
percent per year to deliver new products with functional claims. The global
market for functional food is expanding, but modern consumer preferences
have also been a driving force in developing food products that improve
health and reduce disease risk. Several vegetables and fruits suitable as
basic ingredients for functional products open new perspectives with
commercial interest (Di Cagno et al., 2016). In the functional food market,
products targeting gut health have led research and development efforts,
focusing on probiotic foods. Despite the lack of research substantiating the
effect of fruit on the survival or activity of probiotics in the digestive sys-
tem; probiotic foods with basic ingredients such as fruit are very appealing
to consumers (Do Espírito Santo et al., 2011). In addition to being used as

ingredients in probiotic foods, can be processed into various other prod-
ucts, such as plant-based medicine, dietary supplements, and so on. Plants
have been used therapeutically or as food supplements in various cultures
for centuries. Plant includes a variety of secondary metabolites, mostly
known as phytochemicals, which occur naturally and offer medicinal and
nutritional advantages to the human body. Functional foods or nutra-
ceuticals include medical plants and frequently ingested plants or plant
products that have the extra advantage of boosting health or avoiding
illnesses and giving nutrients to the body (Ahmed, 2020; Chandra et al.,
2021; Marriott, 2000). Table 1 shows companies with great influence on
the plant-based food market.

Vegetarians and vegans constitute a minority of the population in
several nations, ranging from 1 to 3 percent in Australia and New Zealand
to 3–9 percent in North America and Europe and 8.5 percent in Israel (Qian
et al., 2019). In Indonesia, there are approximately 2million vegetarians or
vegans. Even though this is a small number for a country of 260 million
people, veganism has grown in popularity among health-conscious Indo-
nesians (The Jakarta Post, 2018). However, according to DuPont Nutrition
and Bioscience and IPSOS, demand for plant-based products is expected to
continuously increase over the next five years, especially in the Asia Pacific
market. In China and Thailand, demand for these products will increase by
200% over the next 5 years, driven by consumers who care about health,
taste, and sustainability. 36% of consumers in the Asia Pacific have
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changed to a low or no meat diet, while 78% of consumers believe that the
intake of plant-based meat will continue to grow in the future (Oei, 2020).
According to Putri et al. (2018), the demand for vegetables and fruits taken
as a supplement to staple meals will continue to fluctuate with Indonesia’s
population growth, which is increasing yearly. Vegetable consumption per
capita grew significantly in 2015 and 2016. Statistical data from 2015
show that the Indonesian population consumed 90.15 kg per capita of
vegetables, which increased to 92.13 kg per capita in 2016. Fruit con-
sumption fluctuated; according to national fruit consumption data each
year, there is a decrease in fruit consumption that is inversely connected to
population increase. However, when each product is analyzed individu-
ally, there is a large increase in produce consumption from 2015 to 2016.

2. Food trends

2.1. Diet tendency

Food preparation has always been a popular topic of discussion
among the general population. As the oldest medical text, the Abers

Papyrus, presents the recipe for wheat germ and okra as an anti-diabetic
diet, food preferences and remedies have an ancient historic origin
(Marcus, 2013). The desire to lose weight by a specific diet has been
documented since the nineteenth century, when arsenic pills claimed to
speed up metabolism, among other bizarre regimes such as consuming
tapeworms to prevent weight gain and Lord Byron’s Vinegar and Water
Diet (Mitrofanova, 2020). Over time, more types of diets became popular
among the public to reduce weight or keep the body in ideal shape.

In the modern era, people see the importance of improving health to
reduce the risk of health conditions related to diet, including chronic
diseases. Some countries, such as Australia and the United Kingdom,
published Dietary Guidelines for healthy eating based on available sci-
entific evidence. However, many people do not follow these standards
because they believe the available dietary advice is complicated (Ram-
achandran et al., 2018). This is further exacerbated by conflicting and
ever-changing nutritional information. Figure 1 depicts information on
online health data searches.

Over the past few years, food consumption patterns have drastically
changed because of an aging population, increased awareness to live

Table 1. Companies with major influence on the plant-based product market.

Company Name Description Product Company Website

Beyond Meat Offers innovative plant-based food products that are sold in over 65 countries
around the world.

Vegan burger meat,
meatballs, beef crumbles,
sausages, chicken
tenders, and jerky

https://www.beyondmeat.com/

Impossible Foods Developed plant-based burgers and sausages investing in research for
imitating meat and other animal products.

Impossible burger and
sausages

http://impossiblefoods.com/

Danone This company sells plant-based dairy, essential dairy, specialized nutrition,
and water. The company supplied its products in over 120 countries through a
network of 530 research and innovation personnel spread over 40 nations.

Plant-based yogurt and
cream, dessert and ice
cream, nut and soy-based
drink, coffee creamer,
and protein milk

https://www.danone.com/

Gardein The company provides dairy- and meat-free products made from soy, wheat,
and pea proteins, as well as vegetables and ancient grains in North America
and Europe.

Chicken (burger patty,
tender, and meat),
meatballs, pork, beef
(burger patty and
ground), fish filet, etc

https://www.gardein.com/

Hain Celestial The business provides various plant-based products, as well as meat
substitutes. These goods are sold in more than 70 countries under various
brands and distribution methods.

Alternatives to milk,
sauces, grain cakes, coffee
& tea, sweets, vegan
yogurt alternatives, and
meat (patty, sausage,
ground meat)

https://www.hain.com/

Amy’s Kitchen, Inc. More than 250 organic goods in 27 different categories are produced by the
business, all of which are organic, non-GMO convenience, and frozen meals.
Products are distributed throughout Latin America, South Asia, Australia,
China, the United States, Canada, and other nations in the United Kingdom.

Bowl, veggie burger,
pizza, burritos, warp,
chili, snacks, soup, and
candy

https://www.amys.com/

Daiya Foods Inc. The firm is involved in the production and distribution of plant-based food
items, such as dressings, cheese substitutes, yogurt substitutes, and desserts.
The firm is geographically present throughout North America, Latin America,
Europe, and the Asia-Pacific region.

Cheeze, gluten-free pizza,
vegetable crust pizza,
dessert, burritos, sauce,
etc.

https://daiyafoods.com/

Nestl�e S.A. Through twenty-nine of its brands, Nestl�e is involved in the production and
distribution of food, beverages, and nutritional items. In the plant-based food
industry, the business primarily provides plant-based meat, dairy alternatives,
seafood alternatives, egg replacers, and plant-based confectionary. The
product is sold all over the world, with the majority of sales occurring in North
America, Europe, Asia-Pacific, the Middle East, and Africa.

Milk alternative,
chocolate malt beverage,
plant-based product (egg,
tuna, shrimp, burger
patty, chicken, sausage,
hotdogs), coffee latte,
chocolate wafer, vegan
condensed milk, and non-
dairy creamer

https://www.nestle.com/

Unilever PLC The business’s Foods and Refreshment division sells items made from plant-
based ingredients. Some of the company’s subsidiaries, such as The Vegetarian
Butcher and 3F Bio Ltd, sell plant-based goods, such as plant-based meat, ice
cream, and other dishes. The business is geographically present throughout
Asia-Pacific, Europe, North America, Latin America, the Middle East, and
Africa.

Vegan dressings (mayo),
non-dairy and vegan ice
cream, vegan burger
patty, vegan sandwich
and pizza

https://www.unilever.com/

Other mentioned companies:
Plamil Foods Ltd. (U.K.), SanitariumHealth andWellbeing Company (Australia), Sahmyook Foods (South Korea), Axiom Foods (U.S.), Lightlife Foods, Inc. (U.S.), Earth’s Own Food Company
Inc. (Canada), Taifun –Tofu GmbH (Germany), Marlow Foods Ltd. (U.K.), VBIte Food Ltd (U.K.), Atlantic Natural Foods LLC (U.S.), and Nutrisoy Pty Ltd. (Australia).

(Modified from source: Meticulous Market Research, 2021.)
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healthier, and people’s desire to globally reduce meat consumption.
According to research by Pot et al. (2015), in the United Kingdom,
consumption of whole milk, white bread, meat oils, and fats, as well as
meat products, coffee, alcoholic beverages, sugar, sweets, and pre-
servatives decreased while consumption of whole wheat and bread, fish,
semi-skimmed milk, and fruit and vegetables increased significantly.
These changes reflect a shift towards healthier eating patterns caused by
the adherence to dietary recommendations or the awareness of an aging
population and are facilitated by the broader availability of healthier
foods (Pot et al., 2015).

2.2. Plant-based diet

A plant-based diet or plant-rich diet is a diet that uses plants as the
major component of its food, thus replacing foods derived from animals
or of synthetic origin. Although this diet avoids or minimizes animal
products, it does not fall into the vegan category. A plant-based diet is a
way of eating that emphasizes plant foods on your plate. This eating style
is not intended to be restrictive. People who eat plant-based diets pri-
marily may consume small amounts of meat, poultry, fish, seafood, and
dairy (also known as semi-vegetarian, flexitarian, or pescatarian). For
various reasons, some people who follow a plant-based diet may avoid
eating meat and animal products altogether. A vegan diet eliminates all
meat and animal products (dairy, eggs, fish, meat, poultry, and seafood),
whereas a vegetarian diet only eliminates fish, meat, poultry, and sea-
food. However, there are a few vegetarian diet variations depend on
whether particular items are eaten or avoided (Hemler and Hu, 2019;
Summerfield, 2012).

Plant-based products are not only sought after and consumed by
vegan or vegetarian consumers but also by consumers who want a
healthier diet or follow a flexible lifestyle. According to a 2020 Inter-
national Food Information Council (IFIC) survey, three out of every ten
respondents have never tasted plant-based meat and dairy alternatives.
However, the same survey discovered that the public view of animal
protein health has improved since 2019 (O'Donnell, 2020). Despite the
challenges associated with plant-based foodstuffs, these products have
prompted the development of a booming industry. The shift to
plant-based diets is spurring the aspirations of consumers with a different
ideology and an increasing vegan population (Meticulous Market
Research, 2021), as well as business investment in plant-based product
manufacturers (Chandra et al., 2021). Research and development fol-
lowed by the launch of new products by vegetable producers in devel-
oping countries such as Asia Pacific, Africa, Latin America, and the
Middle East provide many opportunities for producers in the global
vegetable product marketplace. However, certain meat replacements are
more expensive, and customer preferences for soy and gluten-free goods
have somewhat slowed industry growth (Meticulous Market Research,
2021).

In Indonesia, the interest in plant-based food is increasing quickly. As
revealed in The Global Vegetarian Index published by Oliver’s Travel,
Indonesia is considered one of the best countries to enjoy vegetarian
food; the country is ranked 16th out of the 20 highest countries in
Vegetarian-Friendly Countries (Oliver’s Travels, 2017). In the same article,
it stated that one of the comparison methods for this ranking is the

number of restaurants that are vegetarian friendly, which shows that
Indonesia has quite a lot of markets that can be entered by plant-based
product industries and can support people willing to switch to a
plant-based diet. The number of vegetarians registered with the
Indonesia Vegetarian Society (IVS) in 2007 was 60 thousand and
increased to 500 thousand in 2010. In addition, the survey showed that
90% of Indonesians began trying to consumemore healthy food menus to
increase body immunity (Meticulous Market Research, 2021; van der
Laarse, 2015). Indonesia’s rising number of vegetarians is partly attrib-
utable to the country’s growing Buddhist and Hindu populations.

Nonetheless, as incomes improve, Indonesians consume more meat,
causing meat the second-fastest-growing consumer food category from
2012 to 2017. Furthermore, due to easy access to health information
online, health consciousness is growing among Indonesian consumers. In
response to this trend, many vegetarian meat analog products have hit
the Indonesian market in recent years (Wan, 2018). According to the
Rakuten Insight study (Rakuten Insight, 2022), 86% of Indonesia re-
spondents used plant-based milk, 49% dairy product substitutes, 43%
plant-based meat alternatives, 27% plant-based sauces, 19% egg sub-
stitutes or vegan “eggs”, and 5% other goods.

Indonesia’s plant-based business is still in its early stages, with only a
few businesses in the country offering vegan items. Green Butcher, a
company that makes chicken and beef replacements, is a notable
exception. Meatless Kingdom, for example, is predicted to grow swiftly
due to high demand and limited competition. The plant-based food trend
inspired an Indonesian start-up business, Meatless Kingdom, formed in
2019 by Widya Putra to develop an alternative to imported plant-based
meat. Products include nuggets, sausages, Japanese dumplings
(steamed dumplings), and others. Their products have been sent to Hong
Kong, Taiwan, and Singapore, and a B2B (Business to Business) rela-
tionship is planned for 2022 (Vegconomist, 2022).

3. Processing of plant-based food

3.1. Minimally processed food

Vegetables and fruits are perishable commodities that incur signifi-
cant postharvest losses due to a lack of preservation methods, particularly
in low-income nations. Vegetables and fruits include a variety of vital
components such as vitamins, fibers, and micronutrients that provide
health advantages when ingested in sufficient quantities. Appearance,
freshness, and color are the most commonly used criteria to evaluate
“farm-to-fork” characteristics of fresh vegetables and fruits in order to
signal quality along the supply chain (Sucheta et al., 2020). Many sci-
entific and extension reports link the use of probiotic products to favor-
able effects on human health. Following this trend, minimally processed
goods such as fresh-cut vegetables and fruits could be a viable vector for
incorporating probiotics. Lactic acid bacteria can be found on fruit
matrices such as apples, carrot slices and cantaloupe melons
(D�avila-Avi~na et al., 2020).

‘Freshly cut’ refers to any fruit or vegetable that has been physically
manipulated from its original form to produce an edible product that is
then packed and kept refrigerated. On average, minimally processed
(MP) fruits and veggies decay faster than their fresh/intact counterparts.
Understanding the physiological and microbiological changes that may
occur during and after handling, processing, and storage is critical to
selecting the appropriate procedures (Alzamora et al., 2016).

The temperature during storage, for example, is a crucial aspect to
consider. Probiotics must be stored at 4–5 �C without compromising the
product’s sensory qualities through gradual fermentation. This criterion
appears to be met in the case of fresh-cut fruit and vegetables (FCFVs).
The possibility of microbial contamination on FCFVs cannot be excluded
due to the processes involved in their manufacture. The surface of the
fruit or vegetable itself may have a raised moisture content and nutri-
tional availability, which is compatible with microbiota growth and fa-
vors its establishment. Customers are increasingly seeking natural food

Figure 1. Access health information online (Pot et al., 2015; Ramachandran
et al., 2018).
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products that are not processed and free of synthetic antibacterial agents,
due to concerns that such compounds may harm human health
(D�avila-Avi~na et al., 2020).

MP foods are unquestionably a rising sector of the retail food market.
Widespread commercial utilization will necessitate a better understanding
of microbial behavior at the physiological and molecular levels, the
accessibility of systematic kinetic information on the impact on quality
characteristics (with a focus on dosages and the influence of critical process
factors), and technology optimization (Alzamora et al., 2016).

3.2. Fermented products

Fermenting is usually carried out by a consortium of microbes, which
can bring about significant changes to the properties of the original food.
Changes in food ingredients can consist of compounds that help improve
general health, provide biogenic effects, or change the bioavailability of
certain food elements. Fermentation can cause an increase in the con-
centration of amino acids or vitamins, induce bioavailability of phyto-
chemicals and minerals, and improve the nutritional quality of food by
easing the absorption of nutrients in the body (Di Cagno et al., 2016).

Fermented vegetables and fruits are associated with several social and
cultural aspects in different communities and countries. The high nutri-
tional value of fermented food makes it a common fare consumed
worldwide. Traditional fermented foods such as Kimchi from Korea,
Natto from Japan, and Sauerkraut from Germany are widely enjoyed in
European countries and the United States (Di Cagno et al., 2016).

Vegetables and fruits are commonly used as ingredients in the
fermentation process to bring about several types of products such as
milk that can be used to develop further into other products such as
yogurt and other fermented products. Soybeans, cereals, and nuts are
some of the ingredients that are commonly used, but flax, sunflower
seeds, and tubers can also be used. The processing is similar to making
yogurt and encompasses conditioning milk for optimal growth of starter,
inoculation, and incubation procedures, followed by cooling to 4 �C (Di
Cagno et al., 2016).

The most popular vegetable milk is obtained from soybeans. It has
great potential as a national food because it plays an important role in
preventing several chronic degenerative diseases, is low in cholesterol
and saturated fat, and contains a high content of dietary fiber, protein
and amino acids, vitamin K, riboflavin, thiamine, magnesium, phos-
phorus, folic acid, isoflavone, and flavonoids. The low concentration of
carbohydrates in soy milk can limit the growth and acidification by lactic

acid bacteria; thus, the addition of glucose or fructose is needed
(O'Donnell, 2020).

Besides popular yogurt-like products, traditional fermented food
components from other nations are commonly accessible, such as Kimchi
(from Korea), a classic Korean side dish of salted and fermented vege-
tables, such as napa cabbage and Korean radish. Natto, a traditional
Japanese meal prepared from whole soybeans fermented with Bacillus
subtilis var. natto, is frequently eaten for breakfast and frequently
accompanied by rice; A traditional Indonesian food called Tempe is
created from fermented soybeans through a regulated natural fermen-
tation process that binds the beans into a cake form; as well as Stinky
Tofu and Zha Cai from China (see Table 2). The public favors a wide
variety of fermented products, not only due to their nutritional value but
also the reason of their taste when processed by fermentation (Di Cagno
et al., 2016; Gao et al., 2021).

3.3. Plant-based meat substitutes

Plant-based meat is a product that mimics animal meat in its organ-
oleptic properties; however, it is created by one or a combination of
alternative proteinic ingredients. Alternative proteins are defined as in-
gredients derived from non-animal sources, although not all non-animal
sources are plant-related or all of their composition consists of protein. In
terms of production, infrastructure, and cost, natural sources of raw
materials that can be exploited are divided into three: plants, microbial
cells (included when used as hosts for the production of recombinant
proteins), and animal cell cultures. In the case of formulating plant-based
meat, animal sources of raw materials are excluded (Kinney et al., 2019).

Over the past few decades, sales of plant-based meat as a food
ingredient have increased, as 44% of North American consumers prior-
itize reducing their overall meat consumption and adding more plant-
based foods to their diet. One way to achieve the protein transition
from animal to plant is by offering consumers a plant-based meat alter-
native. Consumers who favor meat will prefer products that are very
similar in taste and texture to the real meat, thus encouraging the
development of plant-based meat substitutes and the respective pro-
duction technology. Technologies currently known to produce fibrous
structures such as in meat are electro-spinning, high-moisture extrusion
cooking (HMEC), and shear cell technology with the extrusion method,
as shown in Figure 2 (Cornet et al., 2021).

Processing raw materials into vegetable meat uses extrusion tech-
nology which converts the original material into a continuous semi-solid

Table 2. Some examples of plant-based fermented products.

Fermentation Products Basic Ingredients Microorganisms Playing a Role

Yogurt Vegetable milk Lactobacillus sp.

Kimchi Green onion, Chinese cabbage, red paper powder, radish, garlic,
fermented seafood (jeotgal), and ginger

Lactobacillus sakei, Leuconostoc mesenteroides, Lactobacillus plantarum,
Leuconostoc citreum, and other types of microbes.

Natto Soybeans Bacillus subtilis var. natto

Fermented fruits or vegetables Pineapple Lactobacillus plantarum and Lactobacillus rossiae

Marrows, French beans, or Carrots Lactobacillus plantarum, Pediococcus pentosaceus, and Leuconostoc
mesenteroides

Sauerkraut White cabbage In the first phase, Leuconostoc spp. and Weissella spp. were present,
followed by Lactococcus lactis and Pediococcus spp. in subsequent
phase, and Lactobacillus plantarum in the last phase.

Fermented seeds Citrullus vulgaris seeds, Parkia biglobosa seeds, soybeans, Prosopis
africana seeds

Bacillus spp.

Pickled Lemon Candida parapsilosis and Saccharomycetales

Shalgam Bulgur flour, sourdough, water, salt, turnip, purple carrot, and
sometimes red beet are used.

Lactobacillus paracasei subsp. paracasei, Lactobacillus plantarum,
Lactobacillus brevis, Lactobacillus fermentum, and Saccharomyces
cerevisiae which play a role in forming the taste

Stinky tofu Vegetables such as spiny amaranth, bamboo shoot, and winter melon Enterococcus sp., Bacillus sp., Streptococcus sp., and Lactobacillus sp.

Zha cai or Chinese pickled vegetable Knobby, fist-sized, swollen green steam from Brassica juncea
subspecies tatsai.

Lactobacillus plantarum

(Source: Di Cagno et al., 2016; Patra et al., 2016; Chang et al., 2001; Gao et al., 2021.)
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using heat, pressure, and moisture. This technology is also commonly
employed in producing cereals, snacks, pasta, and other types of food. In
products, this type of meat can be divided into two categories: whole
muscle plant-based meat and restructured meat (Kinney et al., 2019).

The creation of entire muscle plant-based meat that resembles animal
meat has a fibrous texture similar to striated muscle. The goal of this
product’s creation is to mimic the organoleptic properties of muscle, like
those found in cuts of beef or pork, steak, and chicken breast, by utilizing
Textured Vegetable Protein (TVP) in dry or wet form. The form is chosen
based on the requirements of the company producing the product. In
general, whole muscle plant-based meat production consists of six pha-
ses, as illustrated in Figure 3.

Besides whole muscle plant-based meat, the development of
restructured plant-based meat products also gained importance. Special
interest in products similar to animal meat that is ground, grated, or tied,
and usually shaped into patties, balls, nuggets, and sausages. For these
products, the processing is similar to whole muscle plant-based meat,
where the TVP is used in dry form Kinney et al. (2019).

Shear cells were initially employed as an off-line approach to examine
the influence of extrusion conditions on biopolymers, but with the pro-
cessing of potassium caseinate in fibrillar form, this method became a
new technology. Unlike HMEC, this technique employs good shear flow
during heating. This process uses the same procedures as HMEC: mixing
and hydration, thermo-mechanical treatment, and chilling. However,
there is a significant difference between these two methods: HMEC is a
continuous operation, whereas using shear cells is a batch process
(Cornet et al., 2021).

4. Impact of plant-based foods consumption on health and well-
being

Vegetarianism has long been connected with faiths that preach
respect for all living beings and adhere to nonviolent values. Several
health benefits related to a reduction in meat-eating have been docu-
mented by research in the twentieth and twenty-first centuries.
Worldwide, attracting an increasing number of adherents. Adopting a
vegetarian diet might be motivated by a variety of factors. The major
reasons are ethical considerations, which are based on the concept that
slaughtering animals for human use is ethically wrong. Another
compelling reason is health and the possible benefits of vegetarianism.
Vegetarian diets, as long as they are adequately planned, are nutri-
tionally adequate for all phases of life, according to the Academy of
Nutrition and Dietetics (Hargreaves et al., 2021; Becoming a vege-
tarian, 2022).

The interest in plant-based diets, such as vegetarianism and
veganism, will continue to increase, given that the trend of healthy plant-
based foods is growing exponentially and is expected to persist for the
years to come. In their research, Medawar et al. (2019) revealed that
plant-based diets demonstrated short-to-moderately favorable effects on
body weight, energy metabolism, and systemic inflammation in healthy,
obese, and type 2 diabetes people compared to conventional diets. The
study found that plant-based diets might alter the gut microbiome,
resulting in a broad array of beneficial bacterial species. However, this
research has not addressed the effects of this diet on brain health and
cognitive function and the underlying mechanisms.

Figure 2. A systematic illustration of an extruder and a conical shear cell (modified from Cornet et al., 2021).
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A plant-based diet can potentially prevent or manage several chronic
diseases such as type 2 diabetes, cardiovascular disease, and cancer.
Clinical trials and observational studies have shown potential mecha-
nisms that explain the association of this diet with type 2 diabetes, in
which plant foods, individually or together, could improve insulin
sensitivity and blood pressure, reduce long-term weight gain, and
diminish inflammation in the pathway. Furthermore, plant-based diets
have been linked to greater mental and physical health, a lower risk of
depression, a higher quality of life, and overall health (Qian et al., 2019).

Kimchi is Korea’s most popular traditional fermented meal and is also
popular in other East Asian nations such as Japan and China. Kimchi is a
group of probiotic lactic acid bacteria (LAB) fermented vegetable foods.
The health benefits and quality of kimchi can be increased by manipu-
lating the kinds and amounts of ingredients and fermentation conditions.
Kimchi LAB is said to have anti-obesity, antimutagenic and anticancer
effects, anti-atherosclerotic, and immunity-potentiating functions. It has
been established that the fermentation process and the use of various
salts may reduce or eliminate the detrimental effects of salt. Kimchi is a
low-calorie meal with high quantities of vitamins (vitamin B complex,
vitamin C, b-carotene, and more), minerals (Ca, K, Na, Fe, and P), and
dietary fiber (24 percent on a dry basis). The major active components
present in kimchi include phytochemicals such as b-sitosterol, benzyl
isothiocyanate, indole compounds, and thiocyanate, which have been
shown to have different therapeutic potential effects such as anti-obesity,
anti-cancer, antioxidant, and anti-atherosclerotic activities. Kimchi-iso-
lated LAB contains probiotic bacteria with a variety of health properties.
Bacteria can be termed probiotic if they have one or more functional
characteristics that benefit the gastrointestinal system. It has been
demonstrated that probiotic microorganisms can survive the transit
through the human GI tract and colonize the human large intestine. They
can also boost the host’s immune system and reduce inflammatory or
allergic responses. LAB may generate beneficial organic acids during
vegetable fermentation. They also generate ethanol, diacetyl, CO2, H2O2,
and bacteriocins, all of which have antibacterial properties (Patra et al.,
2016; Park et al., 2014).

Natto is an acquired taste, owing to its distinct aroma and texture. It
has a strong, bitter flavor, and the ammonia odor may remind some
people of old socks and cheese. The feel is similar to that of a mushy,
stringy, and sticky tiny bean, which contributes to its unpleasant char-
acter. Natto contains vitamin K, which promotes bone health and has
been linked to a decreased risk of heart disease and arterial calcification.
It also contains nattokinase, which treats cancer, heart disease, high
blood pressure, chronic rhinosinusitis, stroke, fibromyalgia, and other
diseases. Natto improves intestinal health and aids in the treatment of
diarrhea and lowers cholesterol (Chen et al., 2018; Link, 2018). In Natto,
Sumi et al. (1987) discovered a strong fibrinolytic enzyme (nattokinase).
This research investigated the possibility of employing nattokinase as a
natural drug for oral fibrinolytic therapy. Numerous studies have found
that natto inhibits intimal thickening and that a natto diet improves the
fibrinolytic system and lessens thrombolytic effects. Recent research by
Kim et al. (2008) adds to the body of data supporting the use of natto-
kinase supplements to prevent and treat hypertension.

Sauerkraut is one of the most popular and oldest types of preserved
cabbage. It is created through malolactic fermentation and may be traced
back to the 4th century BC as a dietary source. Sauerkraut is high in lactic
acid, vitamins A, B, C, and K, and minerals, yet low in calories (approx-
imately 80 kJ/100g). Sauerkraut includes a high concentration of
chemicals that have been demonstrated to lower DNA damage and cell
mutation rate in cancer patients. The concentration of these chemicals is
highly dependent on the cabbage’s fermentation conditions. The level of
ascorbic acid was found to be greater in cabbage grown in the summer,
with fermentation lowering the quantity. Inhibiting enzymatic markers
in the liver may not be considered a sign of anticarcinogenic efficacy.

In comparison to indole-3-carbinol (I3C) and 3,30-diindolylmethane,
sauerkraut juice had a significant influence on the expression profile of
essential enzymes on the estrogen metabolism in human breast cell lines
(DIM). Sauerkraut has a lot of tyramine and glucosinolates, but it also
includes a lot of histamines. Food histamine has been considered a key
cause of food intolerance. Allergy responses are associated with hista-
mine release; high consumption may lead to allergic symptoms. The

Figure 3. Steps for developing whole muscle plant-based meat (modified from Kinney et al., 2019).
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increased histamine load must be considered, especially during the peak
season for persons suffering from hay fever. A dermatological study
conducted in 1968 discovered false-positive scratch test findings owing
to urticarial responses of some brands of sauerkraut because of their high
histamine level (Shahbazi et al., 2021; Raak et al., 2014).

Shalgam is a probiotic food that is also high in nutrients. It aids in the
regulation of the digestive system’s pH. The calcium, potassium, and iron
in shalgam help to build bones and teeth. Turnip contains cancer-fighting
glucosinolates. Vitamin C has been shown to improve bone health and
increase iron absorption in the body. The potassium level in turnips is
high (1.91 g/kg). Potassium is extremely beneficial for cardiovascular
health. Black carrots have more antioxidant vitamins, carotenoids, and
phenolics than white carrots. Anthocyanins have antioxidant and anti-
cancer capabilities in addition to their coloring characteristics. They
soothe the nerves and stomach and improve liver function since they
include group B vitamins (Baschali et al., 2017; Coskun, 2017).

Stinky tofu is a well-known and popular Taiwanese or Chinese fer-
mented food. It is made by soaking tofu in a stinking brine that has been
developed by combining several natural raw components. Stinky tofu is a
food that includes the aglycon type of equol, which was discovered in
adequate quantities for the first time in food. The process of equol for-
mation in stinky tofu is unknown. However, certain live bacteria from
additions or the fermentation environment may be responsible for equol
formation. S-equol (40,7-dihydroxy-isoflavandiol) is an isoflavone daid-
zein gut bacterial metabolite. S-equol at 10 mg/day has provided
considerable health benefits, including relief of menopausal symptoms
and bone resorption. Women who excreted more than 1.2 mg equol daily
had lower menopausal symptom ratings. In urine, 67% of the consumed
stinky tofu was retrieved, indicating quick and substantial absorption
(Jou et al., 2013; Abiru et al., 2012).

The benefits of a plant-based diet have also been demonstrated in the
study of Dinu et al. (2017), which showed that vegetarians and vegans
had a significantly lower level of relevant risk factors for chronic disease
compared to non-vegans and non-vegetarians. In vegetarians, a marked
reduction in the risk of ischemic heart events (lowered by 25%) and total
cancer incidence (lowered by 8%) was observed. In his examination of
the vegetarian diet, Garbett et al. (2016) pointed out that a vegetarian
diet was related to a considerable reduction in blood pressure compared
to a non-vegetarian diet. They developed various rationalizations that
may be associated with a vegetarian diet and hypertension, such as a
lower rate of cigarette use, a tendency to drink less alcohol, a lower mean
BMI, and a higher preference for exercise compared to non-vegetarians.

5. Conclusion

Changes in society’s dietary trends occur rapidly like tendencies in
fashion and are driven by various variables including awareness of a
healthy, sustainable lifestyle and a desire for a better diet. This paper
explores the enormous potential of plant-based alternative foods and
their successful rise in consumer preferences. With the understanding
that vegetarians and vegans seem to dwell in health, the trend towards a
plant-based diet is rapidly growing. This increase in plant consumption
offers businesses in the food sector fresh opportunities to develop inno-
vative plant-based products that are unique and have the potential to
meet customer expectations. In addition, small business ventures, such as
family restaurant chains focusing on serving vegetarian-friendly meals
and fledgling start-up companies, might be supported in their endeavors.
Although originally plant-based foods were mainly consumed by vegans
and vegetarians, many people are now starting to develop a preference
for these types of foods. This is driven by their nutritional content and
unique concepts adopted by the respective manufacturing industry. Well-
established fermented products are quite popular with the public, not
only due to the advantageous fermentation process but also because of
their health benefits and great taste. Novel processing methods, such as
shear cell or high-moisture extrusion technologies, add flexibility and
breadth, especially to the product range in the alternative meat sector.

Plant-based ingredients can now be the foundation of foods that resemble
processed meats such as sausages or burgers in taste and texture. Protein
replacement in dairy products opens up a venue for a large selection of
highly nutritious choices. Adaptation of plant-based processed foods
stimulates public curiosity about new food models, where these foods are
designed to have organoleptic properties similar to well-known con-
ventional products. Thus, it is unsurprising that plant-based alternatives
have gained such importance in recent years.
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Nundloll et al.

Published online: October 3, 2022

• Research article Open Access

Nomogram reliability for predicting potential
risk in postgraduate medical students with
anxiety symptoms
Huang et al.

Published online: October 3, 2022

•

Research article Open Access

Evolution of innovation networks in
industrial clusters and multidimensional
proximity: A case of Chinese cultural clusters
Liu et al.
Published online: October 4, 2022

• Research article Open Access

Design and experimental evaluation of a
Venturi and Venturi-Vortex microbubble
aeration system
De Oro Ochoa et al.
Published online: October 1, 2022
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Research article Open Access

Serum metabolomic abnormalities in
survivors of non-severe COVID-19
Li et al.

Published online: August 31, 2022

• Research article Open Access

Impact of illegal mining activities on forest
ecosystem services: local communities’
attitudes and willingness to participate in
restoration activities in Ghana
Obeng et al.

Published online: October 22, 2019
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Review article Open Access

An overview on possible management
strategies for coffee white stem borer
Xylotrechus quadripes Chevrolat (Coleoptera:
Cerambycidae) in Nepal
Pandey et al.
Published online: August 28, 2022

• Research article Open Access

Meta-analysis reveals inhibition of the
inflammatory cytokine IL-6 affords limited
protection post-myocardial
ischemia/infarction
Duddu et al.
Published online: August 26, 2022
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Research article Open Access

Carbon emission quota allocation of high
energy consumption industries in
undeveloped areas-a case study of Inner
Mongolia Autonomous Region
Zhang et al.
Published online: October 27, 2022

• Review article Open Access

State of microalgae-based swine manure
digestate treatment: An overview
Sichel-Crespo et al.
Published online: October 27, 2022

•

Research article Open Access

Effect of temperature on evaporation
dynamics of sheep's blood droplets and
topographic analysis of induced patterns
Jaber et al.

Published online: October 27, 2022

• Research article Open Access

Equivalent orthotropic model for corrugated
plates based on simplified constitutive
relation
Lang et al.

Published online: October 27, 2022
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Food Science and Nutrition

Heliyon Food Science and Nutrition is a section of Heliyon, a broad scope, open access journal, that is fully dedicated to publishing accurate and valuable research in the
field of food science. Heliyon Food Science and Nutrition joins key Elsevier food science titles Food Research International and LWT - Food Science and Technology to
provide a streamlined publishing option for your food science research, and is committed to offering the same excellent editorial service that you have come to enjoy from
Elsevier’s other food science journals.

Read the food science and nutrition research published in Heliyon.

Section Editor

Dr. Lilian Mariutti, PhD
School of Food Engineering, University of Campinas, Campinas, São Paulo, Brazil

Dr. Lilian R. B. Mariutti received her Master and Doctorate degrees in Food Science from the School of Food Engineering - University of Campinas, Brazil, where she
currently has a position as Assistant Professor. She was a Researcher Fellow in the Laboratory of Veterinary Drug Residues of the Brazilian Ministry of Agriculture, Livestock
and Food Supply. Her research focuses on the identification and bioaccessibility of bioactive compounds and lipids and design of food ingredients from non-conventional
sources.

Associate Editors

Dr. Cínthia Baú Betim Cazarin, PhD
Nutrition
University of Campinas, Campinas, Brazil

Prof. Nour Eddine Es-Safi, PhD
Food Composition & Analysis
Mohammed V University in Rabat, Rabat,
Morocco

Assoc. Prof. Ana Luisa Fernando, PhD
Food Packaging & Safety
Universidade NOVA de Lisboa, Caparica,
Portugal
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Dr. Juliana Gamboa-Santos
Food Drying
Centro de Investigación y Desarrollo en
Criotecnología de Alimentos (CONICET-UNLP-
CIC), Buenos Aires, Argentina

Assoc. Prof. Efstathios Giaouris, PhD
Food Microbiology
University of the Aegean, Lemnos, Greece

Prof. Ana Rita Henriques, PhD
Food Safety and Hygiene
Faculty of Veterinary Medicine, University of
Lisbon, Lisbon, Portugal

Dr. Wing-Fu Lai
Food Materials Science, Food
Microencapsulation, Food Packaging
The Hong Kong Polytechnic University, Hong
Kong

Prof. Jun Lu, PhD
Nutraceuticals
Auckland University of Technology, Auckland,
New Zealand

Prof. Maria Angela Meireles, PhD
Food Engineering
University of Campinas, Campinas, São Paulo,
Brazil

Prof. Donatella Restuccia, PhD
Food Safety
University of Calabria, Arcavacata di Rende, Italy

Prof. Juscelino Tovar, PhD
Applied Nutrition
Department of Food Technology, Engineering &
Nutrition, Lund University, Sweden

Prof. Apollinaire Tsopmo, PhD
Food Chemistry
Carleton University, Ottawa, Canada

Advisory Board

Dr. Jasim Ahmed
Food Processing
Kuwait Institute for Scientific Research, Kuwait

Prof. Jose Alvarez-Ramirez
Food Technology
Universidad Autónoma Metropolitana - Iztapalapa,
Mexico

Prof. Donato Angelino
Food Composition & Analysis
University of Teramo, Italy

Prof. Keizo Arihara
Food Microbiology
Kitasato University, Japan

Assoc. Prof. Marija Banovic
Consumer Behaviour
MAPP Centre, Aarhus University, Denmark

Dr. Mirko Betti
Food Chemistry
University of Alberta, Canada

Dr. Oluwafemi James Caleb
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Agricultural Research Council (ARC) Infruitec-
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Dr. Susana Casal
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Oporto University, Portugal
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Federal University of Pará (UFPA), Brazil
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Universiti Malaysia Sabah, Malaysia
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Sensory Science
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Texas A&M University, USA
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Ávila
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Autonomous University of Nuevo Leon, Mexico
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Technische Universität Berlin, Germany
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