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Abstract

Increased consciousness for health, well-being, and changes in eating habits, such as a shift towards veganism among the masses, has resulted in
rapid growth in the functional foods market. Functional beverages are one of the core areas of research and development among various
functional foods. However, ready to drink beverages have some limitations in terms of shelf life, storage, and transportation, so the future trends
in the beverage industry could be more towards powdered beverages and ready-to-reconstitute instant mixtures. Due to a sedentary lifestyle,
people are trying to follow a balanced diet for weight management, and weight loss programs are also gaining importance. One such category
that has come into focus is meal replacements. Nutritionally balanced beverage mixtures have the potential to be used as meal replacements.
This review is based mainly on recent and ongoing trends in beverages, such as functional beverages based on dairy sources, fruits and
vegetables, cereals-legumes, and millets-based beverages. It also focuses on the future aspects in the beverage industry with a brief about instant
beverage powders. Beverages as potential meal replacement products are the major future aspect in this area. This review also discusses the
optimization techniques used for the development of beverage mixes.

Citation: Kaur R, Shekhar S, Prasad K. 2024. Functional beverages: recent trends and prospects as potential meal replacers. Food Materials Research 4:

€006 https://doi.org/10.48130/fmr-0023-0041

Introduction

In recent years, it has been observed that people are adopt-
ing healthier diets and there is an increasing trend towards
veganism. A more sedentary lifestyle and physical inactivity is
the major cause of increasing public health issues such as
obesity, diabetes, and cardiovascular diseases. Nowadays,
people are becoming more conscious of their health, especially
after situations like COVID-19. Due to their busy schedules,
people are becoming more interested in innovative food prod-
ucts that are convenient in terms of preparation and consump-
tion and provide health benefits. This has led to a growth in the
functional food market because they contain nutritional and
bioactive compounds that provide health benefits!'l. Func-
tional foods can be defined as the natural or industrially
processed food products that have potentially positive effects
on health, beyond basic nutrition when regularly consumed
within a diverse diet at efficacious levels!Z. Among various
kinds of functional foods, functional beverages are gaining
high demand, and this industrial sector is substantially expand-
ing over time. This is because, beverages are more convenient
and can be easily fortified with various micronutrients and
bioactive compounds to impart health benefits34. Basically,
beverages can be classified into different categories as shown
in Fig. 1. These can be alcoholic and non-alcoholic and non-
alcoholic can be further divided into carbonated and non-
carbonated. In this article, the focus will be on non-alcoholic,
non-carbonated functional beverages. Functional beverages
can be dairy-based or non-dairy-based. Due to the increasing
trend toward veganism, the demand for non-dairy-based
beverages is rising, also they are beneficial for people suffering
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from lactose intolerancel>6l. Other than ready-to-serve bever-
ages, instant mix and ready-to-reconstitute beverage powders
have more potential as they are more convenient in terms of
handling, transportation, and shelf stability. Non-dairy-based
beverage powders include fruits and vegetable juices in dried
form, flours of cereals, legumes, or their combination. Instant
powdered beverages are those that rehydrate easily without
forming any lumps and disperse in water with minimal agita-
tionl78l, Beverage mixes are practical in terms of food prepara-
tion, occupy less space, and dried mixtures have greater micro-
biological stability.

Beverages in the form of meal replacements are one of the
growing industries. Low-calorie protein-rich beverage premixes
are widely consumed by diet-conscious people for weight
management®'%, Meal replacement encompasses food prod-
ucts that are designed to replace one or two regular meals and
can be used as a sole source of nutrients. It is a quick and easy
way to provide a balanced diet containing high-quality
proteins, carbohydrates, and other nutritional components. The
majority of the meal replacements are fortified with vitamins
and mineralsll. Meal replacement beverages are also advised
to overweight and obese patients by health care practitioners.
Meal replacements include shakes, bars, and beverages.
Powdered food items (ready to reconstitute beverages) can
also be useful for elderly people who are unable to eat solid
food due to illness or other conditions. Older people primarily
suffer from poor oral health, particularly high levels of tooth
loss, dental caries, and periodontal diseasel’®''l. Edentulous
people avoid food products that require chewing, so a meal
replacement beverage can be helpful for them. In such a situa-
tion there is a need to have an alternate balanced food
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replacement, which may be instantly prepared and be used by
the masses and meet the specific need of the subjects. Thus,
the present review article is focused mainly on various types of
functional beverages, instant beverage mixes, meal replace-
ment beverages, and mathematical approaches for developing
a beverage mix with balanced nutritional components.

Functional beverages

Over the last few years, there has been a rise in the produc-
tion and consumption of functional foods because of health
concerns. Among functional foods, the functional beverage
industry is growing at a fast ratel'2. This is mainly because
beverages can be a suitable vehicle for various bioactive and
nutritional compounds such as proteins, minerals, vitamins,
antioxidants, and dietary fiber. Functional beverages can be of
various types depending on the health concerns. This includes
probiotic beverages, energy drinks, high protein drinks, meal
replacement beverages, antioxidant-rich, fruit and vegetable
beverages etc.Bl. Functional beverages can also be classified as
dairy-based, non-dairy-based, fermented, fruit and vegetable-
based, herbal, and cereal and legume-based beverages. Figure
2 describes the classification, functional components, and
health benefits of functional beverages. Various approaches
can be used in development of functional beverages, such as
exploitation of micro-organisms, used of prebiotics, and utiliza-
tion of by-products from fruits and vegetable processing (Fig.
3). Sports beverages can also be regarded as functional bever-
ages that have been enriched with some micronutrients and
high protein beverages for the health and recovery of
athletes!'3l, Herbal beverages or teas, that can be prepared
from different plant parts such as leaves, flowers, stems, roots
etc,, are also categorized as functional beverages, as they are a
rich source of natural bioactive components including pheno-
lic compounds, flavonoids, carotenoids etc.['. Even the by-
products of fruits and vegetable processing industry can be
used in development of functional beverages. The outer skin of

Page20of 10

the plum peel obtained after extraction of plum juice or pulp
can be used for production of beverages with high polypheno-
lic content and antioxidant activity('>l. Some of the broad cate-
gories of functional beverages are discussed here.

Dairy-based beverages

Dairy-based beverages comprise of fresh milk, value-added
milk products such as low-fat milk, milk fortified with various
micronutrients and bioactive components, and fermented and
probiotic dairy beverages (Fig. 3). Whey-based beverages and
probiotic beverages are the major contributors to functional
dairy-based beverages. Fortification of milk with vitamins,
minerals, omega-3 fatty acids, and phytochemicals is the most
common method for the development of functional beverages.
Fresh milk already being a good source of calcium is a better
choice for calcium fortification in terms of solubility and stabil-
ity. Tribasic calcium phosphate salt is used for the fortification
of milk-based beverages. Some hydrocolloids and gums are
also incorporated to prevent the sedimentation of added
calcium saltl'6l, Omega-3 fatty acids are one of the most popu-
lar functional ingredients that have gained importance in
recent times. It is a precursor of Eicosapentaenoic acid (EPA)
and Docosahexaenoic acid (DHA), both of which are essential
for the development of the brain and cannot be synthesized in
the human body!'7). Since it is highly susceptible to oxidation
by heat and light, thus becomes difficult to incorporate into
formulations. Therefore, it is added to dairy-based beverages at
the time of bottling and requires packing material with low
transparency, antioxidants and sequestrants are also added to
prevent oxidation!'8l. 'Dairy farmers' of Australia was the first
company to launch omega-3 fortified dairy products under the
brand name Farmers Best. They used omega-3 and mono-
unsaturated fats to replace saturated milk fat'%,

Whey-based beverages are also gaining importance in the
market, as they are a source of various nutraceutical ingredi-
ents such as lactoferrin, growth factors, and
immunoglobulinsi29, Whey is the by-product obtained after the
production of cheese. Whey protein concentrates and isolates
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are the major products utilized in dairy-based whey beverages.
These can be fermented or non-fermented.

Dairy beverages are also the potential vehicle for probiotics.
Probiotics can be defined as 'live microorganisms that confer a
health benefit to the host when administered in adequate
amounts'®l. Among Lactobacilli, L. acidophilus, L. rhamnosus,
and L. casei and B. bifidum among bifidobacterial are the most
used probiotic bacteria. Kefir is a traditional milk based
fermented beverage, that has probiotic properties. The intake
of probiotic-enriched beverages is beneficial in re-establishing
the intestinal microflora balance. Airag is the other fermented
beverage prepared from mare milk by natural fermentation. It
is popular in some regions of Russia and Asia. It is also recom-
mended for various health ailments like asthma, tuberculosis,
cardiovascular diseases, and pneumonitis(2'],

Fruit and vegetable based beverages

Consumption of fruits and vegetables is a part of a balanced
diet because they provide essential vitamins, minerals, and
phytonutrients to the body. Beverages made by combining
fruits and vegetables such as carrots, beetroots, spinach,
grapes, cherries, etc., help strengthen the immune system and
are beneficial in maintaining cardiovascular health[22, With
increasing awareness about diet and health, people are more
interested in natural and nutritious beverages instead of
processed and carbonated drinks. Fruit and vegetable juices
can also be incorporated with dietary fibers to increase the sati-
ety value. Studies have been conducted on the addition of
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pectin, alginates, and beta-glucan in beverages on the satiety
value in subjects. Dietary fiber consumption is associated with
improvement in a healthy gut microbiome. Insoluble dietary
fiber is fermented by the colonic bacteria and releases short-
chain fatty acids that play an important role in cardiovascular
health[23l. Various studies have been conducted on the devel-
opment of fruit and vegetable juice based functional bever-
ages with improved nutritional profile and associated health
benefits. Beverage formulated with blueberry, cranberry and
apple juice along with ginger, some vitamins, minerals and
amino acids was found to have cardioprotective effects and
was referred to as a 'heart healthy' beveragel?. Various combi-
nations of fruit juices have been tried by researchers in order to
improve the health benefits. Combination of elderberry, lemon
fruit and red grapes were prepared to check the stability of
ascorbic acid during storagel?s,

Cereals, millets, and legume-based beverages
Cereals are the staple food and a major source of energy
across the world, especially in Asian countries. Cereals along
with pulses are consumed as regular meals. Malted and
fermented beverages based on cereals have been consumed
for a long time in various developing countries. Food grains are
the potential substrate for fermentation because they are rich
in carbohydrates!29l, Cereals and millets are widely used in the
preparation of various alcoholic and non-alcoholic beverages.
Sprouted or germinated cereals and legumes are also used in
the development of probiotic beverages. 'Haria' is a traditional
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fermented beverage consumed mainly in West Bengal and is
prepared from rice. It is useful for various health ailments like
gastrointestinal problems, acidity, diarrhea, and dysentery[27,
Plant-based milks are also gaining importance and are replac-
ing the dairy market because people are shifting towards
veganism and are also beneficial for people suffering from
lactose intolerance. Oat milk and almond milk are widely used
nowadays.

Millets are also utilized in the preparation of various tradi-
tional beverages, ‘Masvusvu' prepared from malted finger millet
is consumed in many villages of Zimbabwe; ‘Kunu-zaki',
consumed in areas of Nigeria is a fermented beverage prepared
using a combination of millets; and 'Mangisi' prepared from
naturally fermented finger millet mash28l,

Among legumes, soy milk is one of the most famous plant-
based beverages. Chickpea is also being explored for develop-
ing beverages. 'Sattu' is a traditional beverage powder
prepared from roasted chickpea flour and is widely consumed
in various regions of India during the summer. Studies have
been conducted on the addition of chickpea extract in the
development of yogurt-type beverages?. Cereals and
legumes, when consumed alone, do not provide complete
protein, so multigrain beverages containing a combination of
cereals, legumes, millets, and nuts can be prepared to meet the
nutritional requirements. Also, cereals and legumes provide
complementary protein that improves the quality of protein in
the product.

Probiotic beverages

Probiotics play an important role in improving the function-
ality of food products. Dairy based products and fruit juices are
the most preferred carriers of beneficial micro-organisms for
use as probioticsB9-32], Probiotics are defined by FAO/WHO as
the 'living micro-organisms which when administered in
adequate amount confer health benefits to the host'. Yoghurt
and fermented milk products are widely used dairy based
probiotic carriers. Acidophilus milk containing Lactobacillus
acidophilus is a fermented milk that has a beneficial role in
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preventing various digestive disorders. Based on a similar
concept, the probiotic drink by Yakult consisting of Lactobacil-
lus casei, strain Shirota was launched commercially and is very
popularPl. Another example of dairy based fermented milk is
Bifidus milk, that is prepared by inoculating the heat-treated
milk with Bifidobacterium bifidum and carrying out the fermen-
tation at 37 °C. It has acidic taste and the lactic acid:acetic acid
ratio varies from 2 to 3, and is associated with various health
benefits3334, Evolus, is a fermented dairy-based product, that
has been found to be effective in reducing blood pressure.
Decomposition of milk protein Casein by Lactobacillus heliveti-
cus, leads to the formation of peptides, that are responsible for
this health benefit.

Due to the shift in trend towards veganism and problems
such as lactose intolerance, the potential of non-dairy
substrates as carriers of probiotics is gaining importance. Vari-
ous traditional fermented non-dairy based beverages are also
known in different regions across the world, such as boza,
Chhang, Togwa, Mahewu, Haria etc., that are prepared from
cereals or millets. Fruit and vegetable juices are also the poten-
tial substrates for development of probiotic beverages!?'l. Boza,
is a traditional fermented beverage made from a combination
of millets and cereals such as maize, wheat and rye, and is
consumed in Bulgaria, Romania, Albania and Turkey. It is mainly
comprised of yeast and LAB (lactic acid bacteria)3>. Germi-
nated sorghum and millet flour are used to prepare a
fermented beverage known as Bushera. The microflora used for
its fermentation include Lactococcus, Lactobacillus, Leuconostoc,
Streptococcus and Enterococcus. Another such beverage is
Togwa, consumed in Africa and prepared from finger millet
malt and maize flour. It is also used as a weaning food!3¢l. Oats
and soymilk can also be used as the substrate for probiotic
culturesB37:38],

Fruit and vegetable juices can also be used as probiotic carri-
ers and it is currently an area of research among industries that
are focusing to develop fruit and vegetable-based ready-to-
reconstitute probiotic beverage powders. Probiotic orange
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juice powder was developed using Lactobacillus casei3®) and
probiotic containing passion fruit juice powder was developed
using Lactobacillus plantarum“9, Green tea extracts being rich
in antioxidants that have oxygen scavenging properties can
also be incorporated in fruit juices to generate anaerobic condi-
tions for the growth of probiotic bacteria and also improve
their stability*'l.

Other than probiotics, the functional beverages can also be
fortified with prebiotics. Prebiotics can be defined as the ingre-
dients that are not digested in the human gut, but they benefit
the host by promoting the growth of bacterial species that are
present in colon and thus beneficial for health, as they regulate
the gut microfloral?l. Fructooligosaccharides, lactulose, inulin,
beta- glucan etc are some of the compounds that can be used
as prebiotics. Incorporation of fructooligosaccharides have
been found to improve the human health by decreasing total
cholestrol, and providing relief from constipation. It also
promotes the growth of Bifidobacterium species in the diges-
tive tract*3], The combination of prebiotics and probiotics, that
are known as the synbiotics, can also be used for designing
functional beverages, as prebiotics improve the viability of
probiotics. The study has been conducted on functional bever-
ages prepared using fermented carrot juice supplemented with
fructooligosaccharides and inulin along with bacterial cultures
of L. rhamnosus and L. bulgaricus!**,

Instant beverage mix

Instant beverage powders or mixtures are those that have
ready to reconstitute characteristics and rehydrate easily when
mixed with water. Powdered beverages have high microbiolog-
ical stability due to low water activity and are more convenient
in terms of storage and transportation. Various kinds of
powdered drinks are available in the market, including
powdered milk, fruit, and vegetable juice powders. Spray
drying and freeze drying are the most used techniques for the
development of powdered drinks. Various factors that deter-
mine the quality of powdered beverages are wettability, flowa-
bility, dispersibility, and solubility®>l. The market for flavored
powdered drinks is increasing tremendously. Dairy-based spray
dried products such as whole milk or skimmed milk powder,
protein isolates, whey powders, and whey protein isolates are
widely consumeddl. Spray-dried milk powders can also be
incorporated with other ingredients like ginger and Di fructose
anhydride fortification to improve their health benefits“7l,
Researchers have also studied the characteristics of spray-dried
soy-milk powder, where maltodextrin was used as a binding
agent. Enrichment of soymilk powder with phytosterols helps
lower serum cholesterol levels“8l,

Fruit and vegetable juice powder is the major growing
segment in the beverage industry. As people are becoming
concerned about and more focused on incorporating fruits and
vegetables into their daily diet, but busy schedules have led to
the development of the easier solutions (in the form of juice
powders) and an area of research for industries. As reported in
the literature, studies have been conducted on the develop-
ment of mandarin juice powdert, grape syrup powder%,
pomegranate juice powderl®", and pineapple juice powder2,
Various examples of vegetable juice powders include spinach
juice powder53], amla juice powderl54, carrot juice powder(3],
and beetroot juice encapsulation with soy proteinl>6l, Recent
studies on the development of instant beverage mixtures are
discussed in Table 1.

Kaur et al. Food Materials Research 2024, 4: 006

Food Materials
Research

Fermented fruit and vegetable juice powders can also be
used as probiotic beverage powders. Probiotic passion fruit
juice and Sohiong fruit juice powder incorporated with Lacto-
bacillus plantarum!#%57), and probiotic orange juice powder
incorporated with Lactobacillus caseil3 are some examples.

Various plant-based milk alternatives such as soymilk,
almond milk, coconut milk, and oat milk are available in the
market that imitates dairy milk. Germinated cereals and pulses
can also be used to develop a powdered beverage mix. Germi-
nated barley, moth bean, and ragi were used to develop the
probiotic drink mixture that was reconstituted using water,
almond milk, and coconut milk and then incubated for 6 h after
adding probiotic culturel®8l. It was found that utilization of
germinated flour resulted in higher antioxidant properties in
comparison to non-germinated. A combination of cereals,
pulses, and millets can also be used to prepare beverage mixes,
as they have complementary amino acid compositions, that in
combination improves the quality of the protein. In a recent
study, sorghum, finger millet, sprouted green gram and soy
flour were used along with dairy whitener and desiccated
coconutl9, Malted beverage powders are also quite popular in
the market nowadays. Malted finger millet in combination with
pulses and skimmed milk powder was used to develop health
drink powder. Millets are rich in minerals and phytonutrients,
and their consumption is associated with several health bene-
fits, and are also known as 'Nutri-cereals'®. One of the most
popular beverage powders is roasted Bengal gram flour,
commonly known as 'Sattu'. It is widely consumed in various
parts of India during summer. It can also be prepared by
combining with roasted flours from other cereals, pulses, and
millets to improve its nutritional value. Fruit and vegetable
juice can also be used for the fortification of Sattu. Sattu
prepared in combination with 10% beetroot juice was found to
have increased antioxidant potential®'l, Cereal based carbon-
ated beverage mix with adequate nutritional content was
developed using roasted maize in combination with pulses
(Bengal gram) and millets (Finger millet) along with pea protein
isolate and sugar(®2, Multigrain mixtures prepared from malted,
and roasted food grains have been used since ages for the
development of weaning foods, infant formulas, and porridges
for older people.

Meal replacement beverage mix

Sedentary lifestyle has led to an increase in obesity among
the population and obesity is the major cause for various health
issues including type-2 diabetes. It is also considered that
'sitting’ is equivalent to 'smoking'. An increase in awareness
about health and weight management has resulted in
increased interest in commercial weight loss programs and
dietary supplements. Meal replacement products (MRP) are a
category of products that are consumed by people focusing on
weight loss. Apart from weight loss, MRPs in the form of drinks
can also be used by elderly patients that have a problem in
chewing food and as a weaning food. Also, there is a problem
of Protein-energy malnutrition (PEM) among infants that do
not get adequate nutrients during the weaning phase. So, a
combination of food grains can be used to develop protein-rich
meal replacement products. Meal replacements are used to
replace one or two regular meals and must contain a balance of
macro and micronutrients.
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Table 1. Recent studies on instant beverage mix based on dairy, fruits and vegetables and cereals, millets and legumes.
Beverage type Description Reference
Dairy-based
Whey protein-based beverage » Whey protein isolate was used for the preparation of the beverage mix. [50]
+ Additional antioxidant components (polyphenols from marjoram extract, astaxanthin, and
vitamins) were incorporated into the feed.
+ Spray drying was carried out to get instant beverage powder.
Kefir powder * Fermented milk product [51]
« Kefir grains are used for fermentation.
« Spray drying was carried out using skim milk powder/ whey permeate/ maltodextrin as
carrier agent.
Probiotic pineapple lassi powder * Freeze drying was used to develop the product. [52]
« Bifidobacterium bifidum was used as probiotic culture.
* Probiotic curd was blended with pasteurized pineapple juice along with addition of sugar,
maltodextrin and CMC (Carboxymethyl cellulose).
p-glucan fortified milk powder * f-glucan is a soluble dietary fibre. [53]
* f-glucan in liquid milk causes instability.
« Spray drying technique was used to formulate the beverage mix.
Fruits and vegetable-based
White dragon fruit juice powder « Dragon fruit is rich in antioxidants and helps lowering the blood cholesterol. [54]
+ Spray drying technique was employed using maltodextrin as wall material.
+ RSM was used for process optimization.
Sugarcane juice powder » Sugarcane juice is used for treatment of jaundice and health issues related to liver. [55]
+Vacuum evaporation of sugarcane juice was done to achieve 30°Brix.
* Maltodextrin was added to aid in spray drying.
Beetroot extract-based « Beetroot, quince fruit and cinnamon extracts were used (75:24:1). [56]
beverage powders » Foam-mat freeze drying (FMFD) and foam-mat hot air-drying (FMHD) methods were used.
* 3% albumin powder and 20% of maltodextrin were used for foam preparation.
* Beverage prepared with FMFD powders had more overall acceptability.
Mix fruit and vegetable instant drink * Red spinach, red bean, guava and beetroot were used. [57]
powder * Foam mat drying technique was used.
* Mix juice was rich in iron content.
Cereals-millets-legume based
Millets based instant health mix + Millets used: Ragi, sorghum, bajra [58]
(millets : legumes - 3:1) » Legumes used: green gram
+ Malting of all the grains followed by extrusion of malted flour and then grinding
* 1% probiotic culture of Lactobacillus rhamnosus
Quinoa based fermented probiotic * Raw and roasted quinoa grains were fermented for 6 h and 9 h respectively [59]
beverage mix « Fermentation using Lactobacillus plantarum
» Reduction in phytate content
« Fruit flavours were used to improve the acceptability
Pearl millet-based beverage powder - Two varieties of pearl millet were used [60]
» Raw and malted pearl millet flour followed by extrusion, were used individually and in
combinations also.
* Improved protein and starch digestibility
Black rice based instant beverage mix  + Burma black rice was combined with germinated lentil flour, sweet potato and mulberry [61]
flour.
« Black rice was soaked for 30 min and then steamed (50 min) and dried to prepare flour.
* Improved nutritional characteristics.
Chickpea based enzyme treated » Raw and extruded chickpea flours treated with alcalase and alpha-amylase sequentially. [62]
beverage powder * Thermo-extrusion followed by enzymatic catalysis improves the nutritional profile.
* Protein digestibility and protein digestibility corrected amino acid score (PDCAAS) was
improved.
Sattu mix (multigrain) « Canadian peas, maize, chickpea, wheat, barley and oats were used, to prepare two [63]

different formulations.

+ Chickpea based traditional sattu was used as control.

« Roasting was carried out as preliminary processing of grains.

+ Combination of cereals and legumes improved the nutritional quality of the product.

Meal replacement products include shakes, bars, and
powdered drinks. High protein powders and shakes are used by
individuals for bodybuilding. Various protein sources such as
soy protein isolates, whey protein isolates, or concentrate are
used to develop sports drinks[®3l. MRPs are also fortified with
vitamins and minerals to prevent micronutrient deficiencies
that are common in energy restriction diets®¥, Meal replace-
ments can also be used as a vehicle for substances that have
potential health benefits. Incorporation of inulin, which is a
non-digestible polysaccharide, is found to have a positive effect
on the metabolism of lipids65.66],

Locally available cereals and legumes can be used to develop
meal replacements for elderly people. A combination of brown
rice flour, bean starch along with soybean flour and black
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sesame seed, and rice bran oil were used as a source of carbo-
hydrate, protein, and fat to develop a balanced product, low in
sugars and saturated fatty acids!''l. Rice, wheat, ragi, whole
chickpea, whole green gram, puffed Bengal gram, defatted
soya powder, almond, cashew nut, sesame, and poppy seeds
were used to develop a composite mix with improved nutri-
tional characteristics. This composite mix can be further used to
develop various other food products, such as beverage mixes,
snacks and savory products(®’l. In another study, staple cereals
and legumes, namely wheat, sorghum, green gram, and Bengal
gram along with groundnut, spirula, sugar, and gooseberry
were used to develop a weaning mix[©8l, A combination of cere-
als and pulses was used to develop nutrient-dense 'poshan mix'
to combat malnutrition. It consisted of malted green gram,
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horse gram, and wheat along with skim milk powder and drum-
stick leaf powder(®9,

Optimization techniques for the
development of beverage mixes

The major purpose of optimization is to find a condition that
provides the best output for the system[7%), The optimization of
the ratio of ingredients in beverages and powdered beverage
mixtures is important to develop nutritionally adequate prod-
ucts that can be either used as complimentary food or meal
replacements. As per previous studies, the authors have used
several optimization techniques for product development,
namely response surface methodology (RSM), linear program-
ming, Fuzzy logic etc. RSM is the widely used multivariate
statistical technique for the optimization of food processing
conditions. It is a useful approach for designing, developing,
and optimization of the process where several variables affect
the responsel’l. A peanut-based beverage was developed by
optimizing the levels of barley malted milk powder and peanut
paste using a two-component mixture design and the overall
acceptability of the beverage was used as a response for opti-
mization. The optimum concentrations obtained were 60%
peanut paste and 40% malted milk powder and the quadratic
model effectively explained the variation in the overall accep-
tance of the samplesl’2, A powdered beverage having low
glycemic index and high dietary fiber was developed using
mango bagasse. Statistical optimization of the formulation was
carried out using response surface models, with minimum
viscosity and sedimentation index as the optimum responses.
The beverage powder also fulfilled the FAO requirement to be
considered a high-fiber beverage’3l.

Wheat germ-based beverage powder was developed, and
ingredient optimization was carried out using D-optimal
mixture design and a fuzzy mathematics approach was used for
sensory evaluation. The beverage mix consisted of 50% wheat
germ powder, 11.5% sugar, 37.89% maltodextrin, and the
remaining were gums and stabilizersl74,

Linear programming is a mathematical tool, used to mini-
mize or maximize a linear function of decision variables with
respect to multiple constraints. It can be effectively used to
formulate diet designs with required nutritional constraints
along with cost minimization[’%l, Grain-based beverage premix
was developed using linear programming and the formulation
obtained was roasted maize (30 g), roasted Bengal gram (30 g),
finger millet (10 g), sugar (20 g), pea protein isolate (10 g)©2,
Cereal-legume composite flour/blends can be formulated to
meet protein and energy requirements. Micronutrients or
amino acids premix can also be incorporated into the blends to
maintain the protein energy ratio. Linear programming was
effectively used to optimize the cereal-legume blends for the
development of complementary food. Lysine was added as a
supplement to improve the protein quality and palm oil was
used as a source of fat to meet the energy requirement. To
meet the micronutrient requirement, fortification of the blend
with vitamins and minerals would be required’sl. People
belonging to low strata cannot afford highly priced protein or
energy-dense foods. So, the development of a product that
fulfills nutritional requirements at a minimum cost is a chal-
lenge. Protein-rich infant food mixture with a low cost was
formulated using chickpea, rice, soya bean meal and

Kaur et al. Food Materials Research 2024, 4: 006

Food Materials
Research

methionine supplement. Bananas and sugar were used to
improve the flavor of the product. The major constraints used
for the formulation were: amino acid balance (mainly lysine and
sulphur-containing amino acids); material balance; the mini-
mum and maximum amount of ingredients; and cost minimiza-
tion. Three formulations were prepared from the above cereals
and legumes, out of which the formulation having maximum
protein content and low cost consisted of 70% chickpea,
29.78% rice, and 0.22% methioninel”’], Linear programming has
also been used to develop ready-to-use therapeutic foods
(RUTF), using fish, various cereals, millets, legumes, pumpkin
seeds, oil, and dairy powders to meet the UNICEF-RUTF require-
mentsl78l,

Health benefits of functional beverages

Consumption of functional foods has been rising recently
mainly due to the associated health benefits, and beverages are
the growing sector under functional food products. Beverages
can be the potential carriers for incorporating desirable func-
tional ingredients, antioxidants, dietary fibre, vitamins, and
minerals. Functional beverages play an important role in
improving the health and decreasing the risk of various chronic
diseasesBl. Improvement in cardiovascular health, digestive
health, immunity, obesity and cancer prevention are some of
the benefits of consuming functional beverages”98%, Health
benefits of fruit and vegetable juices are mainly associated with
the presence of bioactive compounds, vitamins and minerals.
Consumption of pomegranate juice has been found to reduce
serum lipid peroxides, blood sugar levels, and blood pressure.
Pomegranate juice is a rich source of ellagitannins, which are
mainly responsible for these health benefits®'.82, Atherosclero-
sis in the initial stages can be prevented by the consumption of
berry, pomegranate and black currant juices as they are rich in
polyphenols[22:83:84],

Cereal based beverages like rice milk, oat milk, corn milk etc.
are also gaining popularity as they are beneficial for lactose
intolerant people. Rice milk is rich in thiamine, selenium and
magnesium, which helps in preventing viral and bacterial infec-
tions and improving the immune system®>), Oat milk is associ-
ated with reduction of blood cholesterol levels due to the pres-
ence of high amounts of S-glucan!él,

Utilization of cereals, legumes and millets for the develop-
ment of multigrain composite mixes can be used to prepare
beverage mixes having several health benefits. Food grains in
germinated or roasted form are generally used for developing
beverage mixes. Multigrain mixtures are known to possess
nutritional properties in terms of balanced amino acid compo-
sition, improved protein quality, high dietary fiber and are rich
in phytochemicalsl87], These multigrain beverages can be effec-
tively used as meal replacement products. Various beverage
premixes prepared from malted cereals or millets are commer-
cially available. Roasted Bengal gram flour (Sattu) is widely
consumed in India during summer that is beneficial for gastro-
intestinal health, and aids in weight loss.

Conclusions

Changing consumer attitudes towards health and wellness
have resulted in an increased demand for functional foods and
beverages. People are more focused on better food choices
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that provide improved nutrition. Beverages are potential prod-
ucts that can be used for improving health along with
economic development. They can be easily incorporated with
various health-promoting components and can also be useful
for various health ailments. In past years, dairy beverages have
occupied the market, but recent trends are shifting towards
plant-based beverages. This has resulted in the development of
several innovative products. Powdered beverages, ready to
reconstitute, or instant mixtures is the area that has started to
gain importance. Multigrain beverages have great potential as
functional beverages, as they provide a balance of amino acids,
improved protein quality, dietary fiber along with various
micronutrients. Fortification with vitamins and minerals may
also be done to fulfil daily requirements. Multigrain beverage
mixtures with balanced nutritional composition could be
potential meal replacement products.

Author contributions

The authors confirm contribution to the paper as follows:
conceptualization: Kaur R, Prasad K; resources: Kaur R, Shekhar
S; data curation: Kaur R; writing—original draft preparation:
Kaur R; writing—review and editing: Kaur R, Shekhar S, Prasad
K; visualization: Prasad K; supervision: Prasad K; project admin-
istration: Prasad K. All authors have read and agreed to the
published version of the manuscript.

Data availability

All data generated or analyzed during this study are included
in this published article.

Conflict of interest

The authors declare that they have no conflict of interest.

Dates

Received 9 September 2023; Revised 10 November 2023;
Accepted 7 December 2023; Published online 1 February 2024

References

1. Vicentini A, Liberatore L, Mastrocola D. 2016. Functional foods:
trends and development of the global market. Italian Journal of
Food Science 28:338-51

2. Granato D, Nunes DS, Barba FJ. 2017. An integrated strategy
between food chemistry, biology, nutrition, pharmacology, and
statistics in the development of functional foods: A proposal.
Trends in Food Science & Technology 62:13—22

3. Corbo MR, Bevilacqua A, Petruzzi L, Casanova FP, Sinigaglia M.
2014. Functional beverages: the emerging side of functional foods.
Comprehensive Reviews in Food Science and Food Safety
13:1192-206

4. Tolun A, Altintas Z. 2019. Medicinal properties and functional
components of beverages. In Functional and Medicinal Beverages,
eds. Grumezescu AM, Holban AM. Cambridge, United
States: Woodhead Publishing. pp. 235-84. https://doi.org/10.
1016/b978-0-12-816397-9.00007-8

5. Chaturvedi S, Khartad A, Chakraborty S. 2021. The potential of
non-dairy synbiotic instant beverage powder: review on a new
generation of healthy ready-to-reconstitute drinks. Food Bioscience
42:101195

Page 80f 10

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Meal replacement beverages

Childs JL, Yates MD, Drake MA. 2007. Sensory properties of meal
replacement bars and beverages made from whey and soy
proteins. Journal of Food Science 72:5425-5434

Haq RU, Prasad K. 2015. Nutritional and processing aspects of
carrot (Daucus carota)-a review. South Asian Journal of Food Tech-
nology and Environment 1:1-14

Prasad K, Singh Y. 2014. Rice based vegetable supplemented func-
tional instant soup mix: development and optimization. Germany:
Scholars' Press.

Kaur R, Prasad K. 2021. Nutritional characteristics and value-added
products of Chickpea (Cicer arietinum) - a review. Journal of
Postharvest Technology 9(2):1-13

Kaur R, Prasad K. 2021. Technological, processing and nutritional
aspects of chickpea (Cicer arietinum) - A review. Trends in Food
Science & Technology 109:448—-63

Satusap P, Chavasit V, Kriengsinyos W, Judprasong K. 2014. Deve-
lopment of cereal and legume based food products for the elderly.
SpringerPlus 3:451

Yumda. 2017. Functional Drinks: Global Industry Guide.
www.yumda.de/marktstudien/1035/functional-drinks-global-
industry-guide.html

Orru S, Imperlini E, Nigro E, Alfieri A, Cevenini A, et al. 2018. Role of
functional beverages on sport performance and recovery. Nutri-
ents 10:1470

Chandrasekara A, Shahidi F. 2018. Herbal beverages: Bioactive
compounds and their role in disease risk reduction - A review.
Journal of Traditional and Complementary Medicine 8:451-58

de Beer D, Steyn N, Joubert E, Muller N. 2012. Enhancing the
polyphenol content of a red-fleshed Japanese plum (Prunus salic-
ina Lindl.) nectar by incorporating a polyphenol-rich extract from
the skins. Journal of the Science of Food and Agriculture 92:2741-50

Deeth HC, Lewis MJ. 2015. Practical consequences of calcium addi-
tion to and removal from milk and milk products. International
Journal of Dairy Technology 68:1-10

Awaisheh SS, Haddadin MSY, Robinson RK. 2005. Incorporation of
selected nutraceuticals and probiotic bacteria into a fermented
milk. International Dairy Journal 15:1184—90

Bot A, Mellema M. 2009. Milk-based functional beverages. In Func-
tional and Specialty Beverage Technology, ed. Paquin P. UK: Wood-
head Publishing. pp. 232-58.  https://doi.org/10.1533/
9781845695569.2.232

Ozer BH, Kirmaci HA. 2010. Functional milks and dairy beverages.
International Journal of Dairy Technology 63:1-15

Jelen P. 2009. Whey-based functional beverages. In Functional and
Speciality Beverage Technology, ed. Paquin P. UK: Woodhead
Publishing. pp. 259-80. https://doi.org/10.1533/9781845695569.
2.259

Kandylis P, Pissaridi K, Bekatorou A, Kanellaki M, Koutinas AA. 2016.
Dairy and non-dairy probiotic beverages. Current Opinion in Food
Science 7:58—63

Zheng J, Zhou Y, Li S, Zhang P, Zhou T, et al. 2017. Effects and
mechanisms of fruit and vegetable juices on cardiovascular
diseases. International Journal of Molecular Sciences 18:555

Ho IHH, Matia-Merino L, Huffman LM. 2015. Use of viscous fibres in
beverages for appetite control: a review of studies. International
Journal of Food Sciences and Nutrition 66:479-90

Gunathilake KDPP, Rupasinghe HPV, Pitts NL. 2013. Formulation
and characterization of a bioactive-enriched fruit beverage
designed for cardio-protection. Food Research International
52:535-41

Gonzélez-Molina E, Gironés-Vilaplana A, Mena P, Moreno DA,
Garcia-Viguera C. 2012. New beverages of lemon juice with elder-
berry and grape concentrates as a source of bioactive compounds.
Journal of Food Science 77:C727—C733

Ignat MV, Salanta LC, Pop OL, Pop CR, Tofana M, et al. 2020.
Current functionality and potential improvements of non-alco-
holic fermented cereal beverages. Foods 9:1031

Kaur et al. Food Materials Research 2024, 4: e006


https://doi.org/10.1016/j.tifs.2016.12.010
https://doi.org/10.1111/1541-4337.12109
https://doi.org/10.1016/b978-0-12-816397-9.00007-8
https://doi.org/10.1016/b978-0-12-816397-9.00007-8
https://doi.org/10.1016/j.fbio.2021.101195
https://doi.org/10.1111/j.1750-3841.2007.00429.x
https://doi.org/10.46370/sajfte.2015.v01i01.01
https://doi.org/10.46370/sajfte.2015.v01i01.01
https://doi.org/10.46370/sajfte.2015.v01i01.01
https://doi.org/10.1016/j.tifs.2021.01.044
https://doi.org/10.1016/j.tifs.2021.01.044
https://doi.org/10.1186/2193-1801-3-451
http://www.yumda.de/marktstudien/1035/functional-drinks-global-industry-guide.html
http://www.yumda.de/marktstudien/1035/functional-drinks-global-industry-guide.html
https://doi.org/10.3390/nu10101470
https://doi.org/10.3390/nu10101470
https://doi.org/10.1016/j.jtcme.2017.08.006
https://doi.org/10.1002/jsfa.5704
https://doi.org/10.1111/1471-0307.12188
https://doi.org/10.1111/1471-0307.12188
https://doi.org/10.1016/j.idairyj.2004.11.003
https://doi.org/10.1533/9781845695569.2.232
https://doi.org/10.1533/9781845695569.2.232
https://doi.org/10.1111/j.1471-0307.2009.00547.x
https://doi.org/10.1533/9781845695569.2.259
https://doi.org/10.1533/9781845695569.2.259
https://doi.org/10.1016/j.cofs.2015.11.012
https://doi.org/10.1016/j.cofs.2015.11.012
https://doi.org/10.3390/ijms18030555
https://doi.org/10.3109/09637486.2015.1034252
https://doi.org/10.3109/09637486.2015.1034252
https://doi.org/10.1016/j.foodres.2013.02.051
https://doi.org/10.1111/j.1750-3841.2012.02715.x
https://doi.org/10.3390/foods9081031

Meal replacement beverages

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Ghosh K, Ray M, Adak A, Halder SK, Das A, et al. 2015. Role of probi-
otic Lactobacillus fermentum KKL1 in the preparation of a rice
based fermented beverage. Bioresource Technology 188:161-68
Amadou |, Gbadamosi OS, Le GW. 2011. Millet-based traditional
processed foods and beverages—a review. Cereal Foods World
56(3):115-21

Aguilar-Raymundo VG, Vélez-Ruiz JF. 2019. Yoghurt-type bever-
age with partial substitution of milk by a chickpea extract: effect
on physicochemical and flow properties. International Journal of
Dairy Technology 72:266—74

Zhu W, Lyu F, Naumovski N, Ajlouni S, Ranadheera C. 2020. Func-
tional efficacy of probiotic Lactobacillus sanfranciscensis in apple,
orange and tomato juices with special reference to storage stabil-
ity and in vitro gastrointestinal survival. Beverages 6:13

Guimaraes JT, Silva EK, Ranadheera CS, Moraes J, Raices RSL, et al.
2019. Effect of high-intensity ultrasound on the nutritional profile
and volatile compounds of a prebiotic soursop whey beverage.
Ultrasonics Sonochemistry 55:157—64

Chaturvedi S, Chakraborty S. 2021. Review on potential non-dairy
synbiotic beverages: a preliminary approach using legumes. Inter-
national Journal of Food Science & Technology 56:2068—77

Giirakan GC, Cebeci A, Ozer B. 2010. Probiotic dairy beverages:
Microbiology and technology. Development and manufacture of
yogurt and other functional dairy products ed. Yildiz F. 15t Edition.
Boca Raton, Florida, United States: CRC press, Taylor & Francis
Group. pp. 165-95. https://doi.org/10.1201/9781420082081-11
Yerlikaya O. 2014. Starter cultures used in probiotic dairy product
preparation and popular probiotic dairy drinks. Food Science and
Technology 34:221-29

Blandino A, Al-Aseeri ME, Pandiella SS, Cantero D, Webb C. 2003.
Cereal-based fermented foods and beverages. Food Research Inter-
national 36:527-43

Prado FC, Parada JL, Pandey A, Soccol CR. 2008. Trends in non-
dairy probiotic beverages. Food Research International 41:111-23
Angelov A, Gotcheva V, Kuncheva R, Hristozova T. 2006. Develop-
ment of a new oat-based probiotic drink. International Journal of
Food Microbiology 112:75-80

Chou CC, Hou JW. 2000. Growth of bifidobacteria in soymilk and
their survival in the fermented soymilk drink during storage. Inter-
national Journal of Food Microbiology 56:113—-21

Alves NN, Messaoud GB, Desobry S, Costa JMC, Rodrigues S. 2016.
Effect of drying technique and feed flow rate on bacterial survival
and physicochemical properties of a non-dairy fermented probi-
otic juice powder. Journal of Food Engineering 189:45-54

Lascano RA, Gan MGLD, Sulabo ASL, Santiago DMO, Ancheta LB, et
al. 2019. Physico-chemical properties, probiotic stability and
sensory characteristics of Lactobacillus plantarum S20-supple-
mented passion fruit (Passiflora edulis f. flavicarpa Deg.) juice
powder. Food Research 4:320-26

Shah NP, Ding WK, Fallourd MJ, Leyer G. 2010. Improving the
stability of probiotic bacteria in model fruit juices using vitamins
and antioxidants. Journal of Food Science 75:M278—-M282

Pravst I. 2012. Functional foods in Europe: a focus on health claims.
In Scientific, Health and Social Aspects of the Food Industry, ed.
Valdez B, Schorr M, Zlatev R. Janeza Trdine, Croatia: InTechOpen.
pp. 165-208. https://doi.org/10.5772/31057

Renuka B, Kulkarni SG, Vijayanand P, Prapulla SG. 2009. Fruc-
tooligosaccharide fortification of selected fruit juice beverages:
effect on the quality characteristics. LWT - Food Science and Tech-
nology 42:1031-33

Nazzaro F, Fratianni F, Sada A, Orlando P. 2008. Synbiotic potential
of carrot juice supplemented with Lactobacillus spp. and inulin or
fructooligosaccharides. Journal of the Science of Food and Agricul-
ture 88:2271-76

Copur OU, incedayi B, Karabacak AQ. 2019. Technology and nutri-
tional value of powdered drinks. In Production and Management of
Beverages, eds. Grumezescu AM, Holban AM. UK: Woodhead

Kaur et al. Food Materials Research 2024, 4: 006

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Food Materials
Research

Publishing. pp. 47-83. https://doi.org/10.1016/b978-0-12-815260-
7.00002-x

Lagrange V, Clark DC. 2019. Nutritive and therapeutic aspects of
whey proteins. In Whey Proteins, eds. Deeth HC, Bansal N. London,
UK: Academic Press. pp. 549-77. https://doi.org/10.1016/b978-0-
12-812124-5.00016-3

Ratnaningrum D, Budiwati TA, Kosasih W, Pudjiraharti S. 2015.
Sensory and physicochemical evaluation of instant ginger drinks
fortified with DFA Ill. Procedia Chemistry 16:177—83

Dong S, Zhang R, Ji YC, Hao JY, Ma WW, et al. 2016. Soy milk
powder supplemented with phytosterol esters reduced serum
cholesterol level in hypercholesterolemia independently of
lipoprotein E genotype: a random clinical placebo-controlled trial.
Nutrition Research 36:879—-84

Lee KC, Yoon YS, Li FZ, Eun JB. 2017. Effects of inlet air tempera-
ture and concentration of carrier agents on physicochemical prop-
erties, sensory evaluation of spray-dried mandarin (Citrus unshiu)
beverage powder. Applied Biological Chemistry 60:33—40

Sarabandi K, Peighambardoust SH, Shirmohammadi M. 2014.
Physical properties of spray dried grape syrup as affected by
drying temperature and drying aids. International Journal of Agri-
culture and Crop Sciences 7:928

Watson MA, Lea JM, Bett-Garber KL. 2017. Spray drying of
pomegranate juice using maltodextrin/cyclodextrin blends as the
wall material. Food Science & Nutrition 5:820—-26

Bello AA, Ahmad A, Ripin A. 2015. Process simulation of pineapple
juice spray drying. Jurnal Teknologi 75:27-34

Kog GG, Dirim SN. 2018. Spray dried spinach juice: powder proper-
ties. Journal of Food Measurement and Characterization 12:1654—68
Rose K, Wan C, Thomas A, Seeram NP, Ma H. 2018. Phenolic
compounds isolated and identified from amla (Phyllanthus
emblica) juice powder and their antioxidant and neuroprotective
activities. Natural Product Communications 13:1309-11
Janiszewska-Turak E, Witrowa-Rajchert D. 2021. The influence of
carrot pretreatment, type of carrier and disc speed on the physical
and chemical properties of spray-dried carrot juice microcapsules.
Drying Technology 39:439—49

Tumbas Saponjac V, Canadanovié-Brunet J, Cetkovié G, Jakisié¢ M,
Vuli¢ J, et al. 2020. Optimisation of beetroot juice encapsulation by
freeze-drying. Polish Journal of Food and Nutrition Sciences
70:25-34

Vivek K, Mishra S, Pradhan RC. 2020. Characterization of spray
dried probiotic Sohiong fruit powder with Lactobacillus plantarum.
LWT 117:108699

Chavan M, Gat Y, Harmalkar M, Waghmare R. 2018. Development
of non-dairy fermented probiotic drink based on germinated and
ungerminated cereals and legume. LWT 91:339-44
Agrahar-Murugkar D, Bajpai-Dixit P, Kotwaliwale N. 2020. Rheolog-
ical, nutritional, functional and sensory properties of millets and
sprouted legume based beverages. Journal of Food Science and
Technology 57:1671-79

Kumar A, Goel BK, Karthikeyan S, Asgar S, Gedda AK, et al. 2013.
Protein and calcium rich malted health drink power. Journal of
Food Processing & Technology 4:1000214

Sharma A, Mazumdar B, Keshav A. 2020. Formulation, standardiza-
tion and characterization of novel sattu beverage enriched with
beetroot juice. Journal of Food Science and Technology 57:1936—-43
Thakur A, Pandey P, Dalbhagat CG, Mishra HN. 2022. Develop-
ment of grain-based carbonated beverage premix using maize
(Zea Mays), Bengal gram (Cicer Arietinum), and finger millet (Eleu-
sine Coracana). Journal of Food Science and Technology 59:1637—-48
Hazen C. 2003. Formulating function into beverages. Food Product
Design 12:36—-70

Ashley JM, Herzog H, Clodfelter S, Bovee V, Schrage J, et al. 2007.
Nutrient adequacy during weight loss interventions: a random-
ized study in women comparing the dietary intake in a meal
replacement group with a traditional food group. Nutrition Jour-
nal 6:12

Page 90f 10


https://doi.org/10.1016/j.biortech.2015.01.130
https://doi.org/10.1094/cfw-56-3-0115
https://doi.org/10.1111/1471-0307.12581
https://doi.org/10.1111/1471-0307.12581
https://doi.org/10.3390/beverages6010013
https://doi.org/10.1016/j.ultsonch.2019.02.025
https://doi.org/10.1111/ijfs.14779
https://doi.org/10.1111/ijfs.14779
https://doi.org/10.1201/9781420082081-11
https://doi.org/10.1590/fst.2014.0050
https://doi.org/10.1590/fst.2014.0050
https://doi.org/10.1016/S0963-9969(03)00009-7
https://doi.org/10.1016/S0963-9969(03)00009-7
https://doi.org/10.1016/S0963-9969(03)00009-7
https://doi.org/10.1016/j.foodres.2007.10.010
https://doi.org/10.1016/j.ijfoodmicro.2006.05.015
https://doi.org/10.1016/j.ijfoodmicro.2006.05.015
https://doi.org/10.1016/S0168-1605(99)00201-9
https://doi.org/10.1016/S0168-1605(99)00201-9
https://doi.org/10.1016/j.jfoodeng.2016.05.023
https://doi.org/10.26656/fr.2017.4(2).295
https://doi.org/10.1111/j.1750-3841.2010.01628.x
https://doi.org/10.5772/31057
https://doi.org/10.1016/j.lwt.2008.11.004
https://doi.org/10.1016/j.lwt.2008.11.004
https://doi.org/10.1016/j.lwt.2008.11.004
https://doi.org/10.1002/jsfa.3343
https://doi.org/10.1002/jsfa.3343
https://doi.org/10.1002/jsfa.3343
https://doi.org/10.1016/b978-0-12-815260-7.00002-x
https://doi.org/10.1016/b978-0-12-815260-7.00002-x
https://doi.org/10.1016/b978-0-12-812124-5.00016-3
https://doi.org/10.1016/b978-0-12-812124-5.00016-3
https://doi.org/10.1016/j.proche.2015.12.033
https://doi.org/10.1016/j.nutres.2016.05.006
https://doi.org/10.1007/s13765-016-0246-8
https://doi.org/10.1002/fsn3.467
https://doi.org/10.11113/jt.v75.5159
https://doi.org/10.1007/s11694-018-9781-9
https://doi.org/10.1177/1934578x1801301019
https://doi.org/10.1080/07373937.2019.1705850
https://doi.org/10.31883/pjfns/115153
https://doi.org/10.1016/j.lwt.2019.108699
https://doi.org/10.1016/j.lwt.2018.01.070
https://doi.org/10.1007/s13197-019-04200-y
https://doi.org/10.1007/s13197-019-04200-y
https://doi.org/10.4172/2157-7110.1000214
https://doi.org/10.4172/2157-7110.1000214
https://doi.org/10.1007/s13197-019-04229-z
https://doi.org/10.1007/s13197-021-05175-5
https://doi.org/10.1186/1475-2891-6-12
https://doi.org/10.1186/1475-2891-6-12
https://doi.org/10.1186/1475-2891-6-12

Food Materials
Research

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Tovar AR, Caamano MdC, Garcia-Padilla S, Garcia OP, Duarte MA, et
al. 2012. The inclusion of a partial meal replacement with or with-
out inulin to a calorie restricted diet contributes to reach recom-
mended intakes of micronutrients and decrease plasma triglyc-
erides: a randomized clinical trial in obese Mexican women. Nutri-
tion Journal 11:44

Williams CM. 1999. Effects of inulin on lipid parameters in Humans.
The Journal of Nutrition 129:14715-1473S

Banu H, Itagi N, Jayadeep A, Singh V. 2012. Nutrients, nutraceuti-
cals and bioactive properties of multi-whole grain mix for drink
and porridge. Journal of Nutritional Therapeutics 1:161-71
Chakravarthi S, Kapoor R. 2003. Development of a nutritious low
viscosity weaning mix using natural ingredients and microbial
amylases. International Journal of Food Sciences and Nutrition
54:341-47

Naik D. 2021. Standardization and organoleptic evaluation of
Nutri-dense Poshan mix. The Pharma Innovation Journal
10(7):912-16. www.thepharmajournal.com/archives/2021/vol10
issue7/PartL/10-7-47-192.pdf

Bas D, Boyaci iH. 2007. Modeling and optimization I: Usability of
response surface methodology. Journal of Food Engineering
78:836-45

Yolmeh M, Jafari SM. 2017. Applications of response surface
methodology in the food industry processes. Food and Bioprocess
Technology 10:413-33

Gama AP, Adhikari K. 2022. Development and optimization of
peanut-based beverages: a Malawian consumer-driven approach.
Foods 11:267

Burgos-Araiza AK, Gaytan-Martinez M, Ramirez-Jiménez AK, de la
Luz Reyes-Vega M. 2022. Sensory and process optimization of a
mango bagasse-based beverage with high fiber content and low
glycemic index. Journal of Food Science and Technology 59:606—14
Hou T, Zhang M, Liu R, Zhao Y, Sun C. 2021. Formula optimization
of wheat germ solid beverage. Agricultural Biotechnology
10(3):134-36

Briend A, Darmon N, Ferguson E, Erhardt JG. 2003. Linear program-
ming: a mathematical tool for analyzing and optimizing children's
diets during the complementary feeding period. Journal of Pedi-
atric Gastroenterology and Nutrition 36:12—22

Suri DJ, Tano-Debrah K, Ghosh SA. 2014. Optimization of the nutri-
ent content and protein quality of cereal—legume blends for use
as complementary foods in Ghana. Food and Nutrition Bulletin
35:372-81

Page 100f 10

77.

78.

79.

80.

81.
82.

83.

84.
85.

86.

Meal replacement beverages

Valencia ME, Troncoso R, Higuera I. 1988. Linear programming
formulation and biological evaluation of chickpea-based infant
foods'. Cereal Chem 65:101-4

Ryan KN, Adams KP, Vosti SA, Ordiz MI, Cimo ED, et al. 2014. A
comprehensive linear programming tool to optimize formulations
of ready-to-use therapeutic foods: an application to Ethiopia. The
American Journal of Clinical Nutrition 100:1551-58

Franke AA, Cooney RV, Henning SM, Custer LJ. 2005. Bioavailabil-
ity and antioxidant effects of orange juice components in humans.
Journal of Agricultural and Food Chemistry 53:5170—-78

Islam J, Kabir Y. 2019. Effects and mechanisms of antioxidant-rich
functional beverages on disease prevention. In Functional and
Medicinal Beverages, eds. Grumezescu AM, Holban AM. Cambridge,
MA, United States: Woodhead Publishing. pp. 157-98.
https://doi.org/10.1016/b978-0-12-816397-9.00005-4

Rosenblat M, Hayek T, Aviram M. 2006. Anti-oxidative effects of
pomegranate juice (PJ) consumption by diabetic patients on
serum and on macrophages. Atherosclerosis 187:363—71
Sreekumar S, Sithul H, Muraleedharan P, Azeez JM, Sreeharshan S.
2014. Pomegranate fruit as a rich source of biologically active
compounds. BioMed Research International 2014:686921

Huebbe P, Giller K, de Pascual-Teresa S, Arkenau A, Adolphi B, et al.
2012. Effects of blackcurrant-based juice on atherosclerosis-
related biomarkers in cultured macrophages and in human
subjects after consumption of a high-energy meal. The British Jour-
nal of Nutrition 108:234—44

Rouanet JM, Décordé K, Del Rio D, Auger C, Borges G, et al. 2010.
Berry juices, teas, antioxidants and the prevention of atherosclero-
sis in hamsters. Food Chemistry 118:266—71

Babu PD, Subhasree RS, Bhakyaraj R, Vidhyalakshmi R. 2009. Brown
rice-beyond the color reviving a lost health food - A review. Ameri-
can-Eurasian Journal of Agronomy 2(2):67-72

Ahmad M, Zaffar G, Dar ZA, Habib M. 2014. A review on Oat (Avena
sativa L.) as a dual-purpose crop. Scientific Research and Essays
9:52-59

. Kumari PV, Sangeetha N. 2017. Nutritional significance of cereals

and legumes based food mix - A review. International Journal of
Agricultural and Life Sciences 3:115-22

Copyright: © 2024 by the author(s). Published by
Maximum Academic Press on behalf of Nanjing

Agricultural University. This article is an open access article
distributed under Creative Commons Attribution License (CC BY
4.0), visit https://creativecommons.org/licenses/by/4.0/.

Kaur et al. Food Materials Research 2024, 4: e006


https://doi.org/10.1186/1475-2891-11-44
https://doi.org/10.1186/1475-2891-11-44
https://doi.org/10.1093/jn/129.7.1471S
https://doi.org/10.6000/1929-5634.2012.01.02.8
https://doi.org/10.1080/09637480120092044
https://www.thepharmajournal.com/archives/2021/vol10issue7/PartL/10-7-47-192.pdf
https://www.thepharmajournal.com/archives/2021/vol10issue7/PartL/10-7-47-192.pdf
https://doi.org/10.1016/j.jfoodeng.2005.11.024
https://doi.org/10.1007/s11947-016-1855-2
https://doi.org/10.1007/s11947-016-1855-2
https://doi.org/10.3390/foods11030267
https://doi.org/10.1007/s13197-021-05048-x
https://doi.org/10.1097/00005176-200301000-00006
https://doi.org/10.1097/00005176-200301000-00006
https://doi.org/10.1097/00005176-200301000-00006
https://doi.org/10.1177/156482651403500309
https://doi.org/10.3945/ajcn.114.090670
https://doi.org/10.3945/ajcn.114.090670
https://doi.org/10.1021/jf050054y
https://doi.org/10.1016/b978-0-12-816397-9.00005-4
https://doi.org/10.1016/j.atherosclerosis.2005.09.006
https://doi.org/10.1155/2014/686921
https://doi.org/10.1017/S0007114511005642
https://doi.org/10.1017/S0007114511005642
https://doi.org/10.1017/S0007114511005642
https://doi.org/10.1016/j.foodchem.2009.04.116
https://doi.org/10.5897/sre2014.5820
https://doi.org/10.22573/spg.ijals.017.s12200075
https://doi.org/10.22573/spg.ijals.017.s12200075
https://creativecommons.org/licenses/by/4.0/

	Introduction
	Functional beverages
	Dairy-based beverages
	Fruit and vegetable based beverages
	Cereals, millets, and legume-based beverages
	Probiotic beverages
	Instant beverage mix

	Meal replacement beverage mix
	Optimization techniques for the development of beverage mixes
	Health benefits of functional beverages
	Conclusions
	Author contributions
	Data availability
	References

