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Abstract

In the recent decades, the demand for healthy, sustainable and nourishing foods are constantly rising.
Food analogues are manufactured food products designed to imitate a given food, possessing
characteristics equal or superior to that of traditional food. These analogues can be formulated by using
various ingredients such as plants, microorganisms and cell culture. Based on this formulations, it is
categorised as meat, diary, sugar and fat analogues. These foods are highly palatable, convenient and
also it is a safe alternative for an individuals with allergies or food intolerances. Consumption of these
analogues helps to improve gastrointestinal health, maintaining lifestyle disorders, modifying dietary
restrictions, ensuring environmental sustainability and providing better palatability to the foods.
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1. Introduction

The world population is increasing exponentially and with this increase, the demand for food
is also rising significantly. According to the United Nations (UN) 2050 estimates, the world
population is expected to reach approximately 10 billion people. This rapid population
growth puts significant pressure on food production and natural resource. The high demands
for protein and micronutrient rich diets by populations with increasing incomes, governments
around the world would be hard pressed to meet the demand. As a result, there is a
significantly increasing interest in food analogues, which are alternatives that imitate the
properties of products that humans have traditionally produced and consumed since their
existence. This growing importance is due to consumers increasing health awareness and
environmental concerns. Factors affecting this transformation include changing nutritional
preferences, decreasing fat and calorie intake, reducing greenhouse gas emissions and
protecting natural resources. Food analogues are defined as natural or synthetic substances
used in place of traditional food products or ingredients. These alternatives go by a variety of
names, such as food alternatives, substitutes, imitations or even fake food.

Definition of food analogues

Food analogues represents a rapidly evolving class of food products, formulated to replicate
the sensory, textural and functional properties of conventional foods (Riaz, 2011) M. The
defining characteristic of an analogue is its intentional design to mimic a specific food, such
as meat, dairy or seafood, through the strategic use of alternative ingredients and processing
technologies (Sadler, 2004) 1,

Unlike traditional substitutes that may only replace one component modern food analogues
are engineered to provide a comprehensive and satisfying consumer experience that is highly
comparable to the target food. Food analogues act as not merely as replacements but as
innovative products in their own right, capable of addressing multifaceted challenges within
the global food system.

2. Classification of food analogues

Food analogues can be systematically classified based on their primary source material.
These food materials are now gaining popularity commercially and are available in the
market. The category comprises meat analogues, dairy analogues, sugar analogues and fat
analogues.
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2.1 Meat analogues

Meat analogue or meat substitute is a food product made
from vegetarian or vegan ingredients, eaten as a replacement
for meat. Novel alternatives, including novel meat proxies
(cultured meat and plant based meat alternatives), insects
and novel protein sources (Like algae) receive increasing
attention (Van der weele et al., 2019) Bl The meat
alternatives differ widely in their origins. Depending on
their origin and processing method, new protein sources
including bacteria and fungus are becoming available and
offers distinct nutritional values, flavours, and technical and
functional characteristics for producing new and superior
meat (Wild et al., 2014) 1,

2.1.1 Plant based meat analogues

The consumption of vegetable proteins in food products has
been increasing over the years due to animal diseases, strong
demand for wholesome and healthier foods, economic
reasons. Plant based meat analogues are defined as products
that use plant derived ingredients which has attributes
exactly to animal derived meat and is indistinguishable from
their animal based equivalents (Ismail et al., 2020) Bl Food
analogues have a significantly lower carbon footprint and
require less land and water resources.

Traditionally, soy protein was used as a popular ingredient
in food analogues such as tofu and tempeh (fermented
soybean cake). These products have been processed either
by simple processing/fermentation techniques, and they
have been consumed for centuries as the traditional dishes in
many South East Asian countries (Asgar et al., 2010) [,
Some of the examples: textured vegetable protein, tofu,
tempeh and seitan.

2.1.1.1 Textured vegetable protein (TVP)

The introduction of textured vegetable protein (TVP) as
meat alternatives emerged in the mid to late 20th century.
TVP is a fabricated protein composed of wheat gluten and
other vegetable proteins that have an elastic and spongy
texture which can be used as replacement for meat. It was
made mostly from defatted soy flour, which was invented by
Archer Daniels Midland company in 1960. The TVP name
is a registered trademark of this particular company.

Nisha (2008) [ developed a green gram based meat
analogue formulated with 60% green gram, 30% wheat and
10% soybean. Organoleptic evaluation indicated high
acceptability, with respect to taste, texture and flavour.
Further, the developed meat analogue had a protein content
of (26.00 g), fat (1.23 g), dietary fibre (1.82 g), calcium
(0.276 g), potassium (0.072 g) and iron (0.0018 g) per 100

g.

2.1.1.2 Tofu

Tofu, also known as bean curd, is a highly admired food of
plant origin with great nutritional and health benefits. It was
first discovered by a Chinese cook about 2000 years ago. In
Japan, tofu was introduced in the 18" century. Presently,
tofu has become a popular food in many countries of the
world, including America, Australia, Cambodia, China,
Europe and India. It is a nutritious and digestible product
with high quality protein. It has a subtle flavour and can also
be used in savoury and sweet dishes (Pal et al., 2019) 1,
Zelinska et al. developed probiotic enriched tofu by
inoculating with Lactobacillus casei, incubated at 37 °C for
2 hours, and coagulating using CaSQ.. The probiotic
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fortified tofu exhibited a higher protein content (48.2%)
compared to conventional tofu (45%).

2.1.1.3 Tempeh

Tempeh is a compact and sliceable mass of cooked particles
of raw materials covered, penetrated and held together by
dense non sporulated mycelium of Rhizopus spp. (Nout and
Kiers, 2005) 4, The origin of tempeh was in Indonesia and
the most isolated culture from tempeh is Rhizopus
oligosporus and the most commonly used raw material for
production of tempeh is yellow seeded soybean. Rhizopus
oryzae and Rhizopus stolonifer inoculants are also used. The
texture of tempeh was compact and not easily disintegrated
upon cutting with knife. The colour of tempeh was white
due to the growth of the mycelium of Rhizopus spp.,
limiting the degree of natural sporulation by the inoculant.
The flavour was meaty, mushroom like and nutty and the
odour of tempeh was fresh and without any odour of
ammonia. Tempeh had a protein content of 15% a moisture
content of 65%, a lipid content of 7%, and a crude fibre
content of 2.5% (FAO and WHO, 2017) 12,

2.1.1.4 Seitan

Seitan is made from gluten, the main protein of wheat. The
word was coined in 1961 by George Ohsawa. The dough for
the preparation of seitan is made by mixing wheat flour with
yeast and water which is knead and kept for 10-20 mins and
then the dough is rinsed to leach out soluble starch
components, leaving the mass of pure gluten protein that is
seitan. It can be flavoured and cooked to be used as a meat
substitute in a variety of plant based dishes.

2.1.2 Mycoprotein

Mycoprotein, derived from the fungus Fusarium venenatum,
is a protein source produced through fermentation and is
considered suitable for human consumption. It is currently
manufactured by Marlow Foods under the brand name
Quorn by culturing F. venenatum in a specific environment
and mixing it with egg white, colouring and flavouring
compounds to produce a meat like texture. The final product
is rich in fibres, comprising 2/3rd betaglucan and 1/3rd
chitin, with high quality protein 11% and low fats 2.9%
(Gastaldello et al., 2022) 4,

It contains a high net protein utilisation value comparable to
milk derived proteins and is high in essential amino acids
(EAAs). It is low in sodium, rich in zinc, selenium,
phosphorus and vitamin B (Whittaker et al., 2020) %, Its
consumption is linked to reduced energy intake, lower
cholesterol levels, prevention of obesity and diabetes, and
improved lipids profile (Coelho et al., 2021) [l
Additionally, it is beneficial for muscle protein production
in youngsters (Monteyne et al., 2020) 7],

2.1.3 Cultured meat

Cultured meat, also known as cultivated meat, cell based
meat or in vitro meat, is an innovative and interdisciplinary
field of cellular agriculture that seeks to produce animal
muscle tissue for human consumption directly from animal
cells. In 1950 a Dutch researcher, Willian Van Eelen
developed the idea of using tissue culture to develop
cultured meat. In 1995 the US Food and Drug
Administration approved the commercial production of in
vitro meat and in 1999 William Van Eelen received the first
patent. In 2013, Mark Post presented and sampled the first
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lab grown hamburger which received great appreciation and
critical evaluation. The primary motivation for the
development of cultured meat is to address the multifaceted
challenges associated with conventional animal agriculture,
including environmental degradation, resource inefficiency,
ethical concerns over animal welfare, and risks to public
health such as zoonotic diseases and antibiotic resistance
(Tuomisto, 2011) 191,

2.1.4 Microalgae

Microalgae is an autotrophic microorganisms which acts as
a promising ingredient for meat analogue because of the
nutrient content. One potential source of nonconventional
proteins is seaweed. Protein content represents between 19-
47% in dry weight in red algae, while green and brown
algae present lower protein amounts, around 10-20% in dry
weight. These values are comparable to or are even higher,
than those contained in other terrestrial plant sources such as
legumes, cereals, or nuts and even higher than those of some
traditional animal protein sources such as milk (Fu et al.,
2021) [201,

2.1.5 Insect based meat analogue

The edible insect market has been highlighted as an
important future food market due to the rapid increase in
population growth. People around the world have consumed
locusts, mealworms and slugs as shacks or side dishes and
they were fried, sautéed or cooked in dry form. These
recipes, which preserve the form of raw materials as they
are, can create disgust for some consumers, which can be a
factor that hinders their demand. Nevertheless, insects are
excellent meat analogues with high protein content of about
53.45 g per 100 g.

Therefore, most insect materials have been added in powder
form and used for cooking and in this process, removing the
peculiar odour of insects is one of the important
pretreatments. Insect flours are produced by dehydrating or
roasting whole insects followed by grinding them into a fine
powder form referred to as flour. Some of the insects flour
produced in the market are cricket flour, mealworm flour,
grasshopper flour, black soldier fly (BSF) flour etc.
(Liceaga, 2021) 24,

2.2 Dairy analogues

Dairy analogues are products from non-dairy sources
designed to mimic or offered as an alternative to milk or
milk products by partial or full substitution with other
components. These analogues are not simply raw plant
based ingredients; they are highly formulated and processed
foods. The production involves a series of steps, including
protein extraction, emulsification, homogenisation, and
sometimes fermentation, to achieve the desired properties.
These production process distinguishes a simple beverage
from a true milk analogue. Many are fortified with key
nutrients like calcium, vitamin D and Bi, to mimic the
nutritional value of their dairy counterparts. These can be
further classified as milk analogue and cheese analogue. The
most common dairy analogues are milk substitutes made
from soy, oats, rice, almond and coconut.

2.2.1 Milk analogues

There is a rapid increase in the consumption pattern of milk
and milk products around the globe. Though milk is
considered to be a complete food yet limited availability or
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near absence of certain minerals such as iron, and vitamins
like folate and some other biomolecules (amino acids)
restricts its recommendation as a complete food for infants
older than 12 months. Studies showed that milk substitutes
have an appropriate 6% rise than conventional milk and
milk products (Vanga and Raghavan, 2018) [??1,

2.2.1.1 Plant based milk analogues

Plant based milk analogues are water soluble extracts of
legumes, oilseeds, cereals or pseudo cereals that resemble
bovine milk in appearance and act as an alternative to cow's
milk. The preparation procedure of plant milk begins with
soaking plant materials in water, followed by wet milling
and residues are filtered out. The formulated milk is
homogenised, heat treated and packed. The nutritional
composition compared to cow’s milk shows the plant based
milk are low in fat content.

2.2.1.1.1 Soy bean milk

Soy and soy products succeeded to take up its position
among vegetarians due to its high protein content (soy
chunks 54 ¢g/100 g and soybeans 40 ¢g/100 g). Soy milk
contains essential monounsaturated and polyunsaturated
fatty acids in very high amount which are correlated with
cardiovascular health. It is an inexpensive, refreshing and
nutritional beverage with different functionally active
component responsible for its beneficial interactions inside
the body (Rizzo and Baroni, 2018) 2,

2.2.1.1.2 Almond milk

Almonds are considered as one of the brain foods as they
ensure a healthy brain by promoting mental alertness,
concentration, recall skills, memory and helps to get good
sleep. They are rich source of antiinflammatory,
antihyperlipidemic, antitumoral and antioxidant substances
(Barreira et al., 2008) 4. Using mechanical treatments and
fermentation treatments allergen in the almond can be
removed easily. Almond milks might be a better option than
soy based products for patients with lactose intolerance or
milk allergies.

2.2.1.1.3 Oat milk

Oat milk occupies an important position and is competing
really hard among various substitute and with dairy milk.
Nutritional components including the presence of phenolic
compounds, avenanthramides, saponins (avenacoside and
avenacoside), phytic acid, sterols, and many others make
oats and its products a good antioxidant.

Oats are rich in antioxidants and polyphenols with
macromolecules in different proportions i.e. highest
proportion of starch (60%) with a relatively balanced protein
content (11-15%) and lipids (5%) besides, oats are also a
good source of dietary fibres (2.3-8.5%) and calcium
(0.54%). The recommended dose of PBglucans for a single
food is 0.75 g/serving (Rasane et al., 2015) %%,

2.2.1.1.4 Coconut milk

Coconut is considered as a nutritious fruit and every part is
used for different purposes and is grown in 92 countries
mainly Indonesia, Philippines, South Asia, East Africa and
the Caribbean, etc. Milk obtained from coconut is used
worldwide for confectionaries, bakeries, biscuits, ice
creams, etc. Unlike other milk analogues containing long
chain fatty acids, coconut contains medium chain fatty acids
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(MCFAs) that can be easily absorbed and metabolized by
the liver to convert into ketone compounds, which are useful
in brain functioning and to relief from memory impairment
like Alzheimer.

2.2.2 Cheese analogue

Cheese analogues are usually defined as products made by
blending individual constituents, including non-dairy fats or
proteins, to produce a cheese like product to meet specific
requirements. They are being used increasingly due to their
cost effectiveness, attributable to the simplicity of their
manufacture and the replacement of selected milk
ingredients by cheaper vegetable products. The cost of
producing cheese analogues can be considerably less than
that of their natural counterparts. Savings in the
manufacturing process, raw materials are considerably also
cheaper than milk (Shaw, 1984) [26],

2.3 Sugar analogues

Sugar analogues are in high demand worldwide due to
health problems linked to excessive sugar intake, such as
obesity, type 2 diabetes and dental cavities (WHO, 2015)
(281 This has led to the development of a diverse class of
substances known as sugar analogues. Sugar analogues are a
food additive that duplicates the effect of sugar in taste, but
usually has less food energy. Sugar analogues can be
classified into three primary categories based on their origin,
structure, and metabolic fate. They are high intensity
sweeteners, sugar alcohols and novel analogues.

2.3.1.1 High intensity sweeteners

These are compounds that provide sweetness many times
greater than sucrose, often requiring only a minute amount
to achieve the desired effect. They are typically non caloric
or have negligible caloric content because they are not
metabolised by the body for energy.

Avrtificial sweeteners: These are synthetically produced
compounds that are non-nutritive Examples include
aspartame, saccharin, sucralose. Aspartame is a
dipeptide that is broken down into its constituent amino
acids (Butchko et al., 2002) 9,

Natural high intensity sweeteners: These are
compounds isolated from plants or other natural
sources. Steviolglycosides, derived from the Stevia
rebaudiana. These compounds are a preferred choice for
their natural label, despite often undergoing significant
purification and processing.

2.3.1.2 Sugar alcohols (Polyols)

Sugar alcohols are a class of carbohydrates that are partially
digested and absorbed, offering fewer calories than sucrose.
They are often found naturally in fruits and vegetables but
are also produced commercially. Polyols like xylitol and
erythritol are only partially absorbed in the small intestine.
The unabsorbed portion is fermented by gut bacteria, which
can lead to a laxative effect if consumed in large quantities.

2.3.1.3 Novel analogues

This category includes new substances and technologies that
challenge traditional classifications.

Rare sugars: Monosaccharides like allulose and
tagatose exist in nature but are present in very small
quantities. Allulose that is minimally metabolized by
the body, providing a sweet taste almost no calories and
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a minimal impact on blood glucose (Zhang et al., 2023)
[30]

Sweet tasting proteins and peptides: A more recent
frontier in food science involves isolating proteins that
bind to sweet taste receptors.

2.4 Fat analogues

Fat analogues, also known as fat replacers, are food
ingredients engineered to mimic the sensory and functional
properties of traditional fats while contributing significantly
fewer calories (Sandrou and Arvanitoyannis, 2000) [34,
Functionally, fats provide crucial characteristics to food
products, including flavour, a smooth mouth feel, moisture,
and textural properties like creaminess and spreadability. Fat
analogues are broadly classified into three categories based
on their primary component: carbohydrate based, protein
based and fat based.

2.4.1 Carbohydrate based fat analogue

Carbohydrate based fat analogues are derived from plant
sources like cereals, grains, and various fibres. They
primarily function as fat mimetics by imitating the textural
and mouthfeel properties of fat through their ability to bind
water. These ingredients are used to provide bulk, viscosity,
and a creamy texture.

Modified starches: These are starches that have been
chemically or physically altered to increase their water
holding capacity. Maltodextrins are common examples.
They are partially hydrolysed starches that form
smooth, gelatinous textures, effectively mimicking the
lubricity of fat.

Fibre and gums: This category includes ingredients
like cellulose, pectin, and hydrocolloid gums. These
compounds form gels and highly viscous solutions that
impart a feeling of richness.

2.4.2 Protein based fat analogues - use proteins to create a
fat like texture. These are often produced by modifying
proteins to form microparticulated particles or microgels
that function as fat mimetics.

Microparticulated proteins: A product made from
microparticulated whey or egg white proteins. The
particles are so small that they are perceived as a fluid
rather than as individual solids, which gives a smooth,
creamy sensation akin to fat. This process effectively
lowers the caloric value while maintaining a desirable
mouthfeel.

Protein isolates and concentrates: These ingredients,
often sourced from soy, whey, or pea, can be used to
form gels or emulsions that mimic fat's function. High
water binding capacity and ability to form stable

networks contribute to texture and viscosity,
particularly in products like low fat yogurts and frozen
desserts.

2.4.3 Fat based fat analogue

This category consists of compounds that are structurally
similar to natural fats but have been modified to be less
digestible and, therefore, provide fewer calories. They are
considered fat substitutes because they can often replace
conventional fats on a gram for gram basis and are stable at
high temperatures, making them suitable for frying.

Altered triglycerides: These are fats with modified
fatty acid chains to resist enzymatic digestion.
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Caprenin, is a low calorie fat substitute composed of
capric, caprylic, and behenic fatty acids. Its modified
structure leads to poor absorption in the digestive tract,
resulting in a lower caloric contribution.

Synthetic esters: The most well-known example is
Olestra, a synthetic compound made from sucrose and
fatty acids. Its large, complex structure prevents it from
being hydrolysed and absorbed by the body's digestive
enzymes (Nourmohammadi et al., 2023) (32,

3. Health benefits of food analogues

Food analogues are often formulated to address the well
documented health drawbacks of their conventional
counterparts. The primary health benefits can be
summarised as follows:

Improved macronutrient profile: Many plant based
food analogues, particularly meat and dairy alternatives,
are designed to have a lower content of saturated fat
and a higher content of dietary fibre compared to
animal products. This shift in  macronutrient
composition is associated with a reduced risk of
cardiovascular diseases and improved gut health.
Reduced caloric density: Fat analogues, in particular,
are engineered to provide a sense of satiety and
mouthfeel with significantly fewer calories. By
replacing a portion of high calorie lipids with water
binding carbohydrates or microparticulated proteins,
manufacturers can create low calorie versions of classic
foods like dressings, sauces, and spreads (Sandrou and
Arvanitoyannis, 2000) 34,

4. Food analogue as gastronomic delight

The success of a food analogue hinges on its ability to
provide a compelling gastronomic experience that is
comparable to, or even surpasses, that of its traditional
counterpart. Consumers are often unwilling to compromise
on taste, texture, and appearance, regardless of the health or
environmental benefits.

Mimicking texture and mouth feel: Food scientists
employ a range of techniques to replicate the complex
textures of animal products. In dairy analogues, the use
of stabilizers and emulsifiers creates a creamy mouth
feel and viscosity that mimics milk or yogurt.

Flavour and aroma replication: Creating a delicious
flavour profile for food analogues is a significant
challenge. Plant based proteins can have off flavours or
beany notes that must be masked or integrated into the
final product. The umami flavour, a hallmark of meat,
is often replicated using ingredients like yeast extract,
mushrooms, and soy sauce.

Visual appeal: The visual characteristics of a food
analogue are critical to its acceptance. Companies
utilise natural colorants, such as beetroot extract, to
create the bloody appearance of a rare burger patty,
careful processing ensures that products achieve a
golden, crispy exterior upon cooking.

5. Limitations of food analogues

Food analogues, especially those derived from plants, can
eliminate certain health risks associated with conventional
animal products. These products are often formulated with
dietary fibre, which is largely absent in meat and dairy
products, contributing to enhanced gut health and satiety.
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For individuals with dietary restrictions, such as lactose
intolerance or specific allergies, dairy analogues provide a
safe and nutritionally viable alternative. A key disadvantage
lies in the potential for nutrient deficiencies. While many
food analogues are fortified with essential vitamins and
minerals like By, iron and calcium, the bioavailability of
these nutrients can be lower than in animal products. Many
food analogues are classified as ultra-processed foods. Their
production involves extensive processing, including the use
of emulsifiers, stabilisers, flavour enhancers, and various
additives to mimic the sensory properties of traditional
foods. This high degree of processing can raise concerns
among consumers and nutritionists about the long term
health implications.

6. Conclusion

Food analogues are emerging foods with delicious content
and excel in taste. The food ingredients in these analogues
will offer a good substitute for conventional foods in terms
of environment, health and ethical issues. It represents a
promising shift in the way of producing and consuming
food. The suitable improvements in the field of these
analogues have already overcome many challenges of
nutritional quality, shelf life, taste and flavour. The readily
available foods have reshaped the food supply in terms of
nutrition and functional consciousness, by imitating
conventional foods. Thus, food analogues are poised to play
a central role in creating a more sustainable ethical and
inclusive system for future generations
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