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Nowadays, the sector of isotonic beverages has developed its market based on fruit

juices that provide a sports drink with antioxidant and biological activities in addition

to their principal role of rehydration and replacement of minerals and carbohydrates

during physical exercise. Consumption of grape juice is increasing worldwide because

of its sensory characteristics and nutritional value. It contains mainly water, sugars,

organic acids, and phenolic compounds. Phenolic compounds play a major role in

prevention of various diseases through their biological activities linked to antioxidant,

anti-inflammation, anticancer, anti-aging, antimicrobial, and cardioprotective properties.

Several studies have demonstrated that grape juice is able to improve performances of

antioxidant activity, protect against oxidative damage, and reduce inflammation during

sports activities. Polyphenol content also provides a great sensory profile, mainly color

which is an important indicator for consumers when choosing beverage products. The

contribution of grape juice through its nutritional value and sensory properties makes it

an alternative for the development of a new isotonic drink that will be a novel and healthy

product in the field of healthy beverages.

Keywords: grape juice, sport, minerals, carbohydrates, polyphenols, isotonic

INTRODUCTION

Consumption of fruits and their juices plays an important role in a healthy diet (1) because they are
a source of free sugars and micronutrients (2). Even more, consumer tendencies to healthy eating
habits (3) and request for organic foods (4) led to the production of new drinks from fruit juices as a
source of nutrients and bioactive compounds (5). Nowadays, among the challenges facing the food
industry are expansion in the creation of new products and persuading consumers to buy them. In
this case, it is essential to recognize the needs and consumers’ demands while developing new and
innovative products (6).

Several studies focused on the development of functional and healthy beverages based
on fruit juice; among them is our previous study (7), where we elaborated on a natural
beverage based on red grape juice as a source of polyphenols and sugars, and has
interesting organoleptic properties without chemical additives. Another study by Shams
Najafabadi et al. (8) in which a beverage was developed based on jujube fruit which is
well known for its content in anthocyanins, organic acids, and phenolic compounds. A
mixed fruit beverage was developed through sensory analysis by Bhalerao et al. (9) using
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GRAPHICAL ABSTRACT |

pomegranate, amla and muskmelon juice (1). formulated
and studied the nutritional, organoleptic, physicochemical,
phytochemical, microbiological and shelf-life of a natural
beverage formulated from orange (citrus sinensis), lemon (citrus
limon), honey, and ginger (zingiber officinale). New beverages
were also created by the team (10) based on lemon juice with
elderberry and grape concentrates as a source of bioactive
compounds. Accordingly, the sector of isotonic beverage has
developed its market based on fruit juices (11, 12). Isotonic
drinks are a group of functional beverages defined as products
with beneficial effects on human health in addition to their
nutritional effect (6). Furthermore, from the available recent
studies related to isotonic drinks, researchers focused their
interest in the development of isotonic beverages using a fruit
juice with antioxidant and biological activities. An isotonic
beverage with functional attributes and as an innovative proposal
was developed by Porfírio et al. (12) based on extracts of peels
and pulp of Myrciaria jaboticaba, which is considered as a rich
source of anthocyanins. In another study by the group of (13),
the phenol extract of jabuticaba peels with whey ultrafiltration
permeate was used in the development of an isotonic beverage
(14) designed a new isotonic drink with high antioxidant
capacity by mixed berries (maqui, açai and blackthorn) and
lemon juices.

Given this context, the objective of this review is to provide
an overview of the various characteristics of isotonic beverages,
the importance of their mineral and carbohydrate contents, and
the contribution of fruit juices in improving nutritional value and
sensory profile concerning an isotonic beverage based on grape
juice with good organoleptic properties.

ISOTONIC BEVERAGE

Loss of water and electrolytes and diminution of glycogen
in the liver and muscles owing to increase in metabolic
rate and increased heat during physical activity may cause
dehydration, which influences physical performance (15) and can
lead to early tiredness, cognitive changes, sodium deficit, and
increases risk of heat-related diseases (16). Hydration improves
thermoregulation, assures the preservation of physiological
functions, and helps in suitable functioning of homeostatic
mechanisms needed when exercising (17). Generally, water is
the first option for hydration before, during, and after sport
activities (16). It has been documented that ingestion of water for
rehydration can provoke hyponatremia, and that its ingredients
are insufficient to provide energy (18). In addition, intake of a
high amount of water to replace fluid loss causes a feeling of
fullness, urination, decrease in plasma sodium, and early ending
of exercise (19). Accordingly, it was mentioned that the best-
attained hydration was with a mixture of water, carbohydrates,
and electrolytes (20). In addition, consumers consider sports
drinks more beneficial than water in terms of electrolytes,
minerals, and physical performance (21).

Sports drinks are beverages used before, during, and
after physical exercises to replace water, electrolytes, and
carbohydrates lost during exercise (22, 23) in order to keep
hydration and delay fatigue (24). They can be hypertonic
containing a higher concentration of sugar and salt than those
which are found in the human body, isotonic containing similar
concentrations of sugar and salt as in the human body, or
hypotonic containing lower concentrations of sugar and salt
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than those in the human body (23, 25). For adequate hydration,
drinks must be isotonic (26). Intake of isotonic drinks for
intensive physical training is recommended, while for extremely
intensive training, hypertonic drinks are recommended to speed
up the restoration of energy reserves by their easily digestible
carbohydrate content (27).Water, carbohydrates, and electrolytes
are the main components of isotonic drinks (14, 28). They may
also contain vitamins, colors, flavors, and natural juices that
improve the organoleptic characteristics (29), and have a pH
value close to 3 (30). Taste, acidity, sweetness, and beverage
temperature are features that made isotonic beverages more
consumable than water during sport activities (11).

Mineral Content
In current production, isotonic beverages consist of a natural or
artificial source of electrolyte salts (29), mainly ions of sodium,
potassium, magnesium, chloride, and calcium (31). Sodium is the
main cation in the extracellular space, and a large quantity of
this cation can be lost by sweating (32). Salt is added to sports
beverages in order to provide sufficient quantities of sodium and
keep up its concentration and the volume of plasma (33). Sodium
plays a major role in the adjustment of the balance of water in
the body and transport of carbohydrates and proteins to tissues
(34), increases the intestinal absorption of carbohydrates (19, 35),
aids the active working muscle to contract and relax (36), and
prevents hyponatraemia (28), which is the lack of sodium in the
body caused by loss of sodium due to sweating, diarrhea, and
vomiting (34).

Potassium creates and preserves constant muscle contraction
and nerve impulse, prevents clotting of blood and keeps its pH
level, helps in the storage of carbohydrates in the muscles (36),
and sets the intracellular water content by its intervention in the
synthetic processes of proteins and carbohydrates (26).

Chloride plays an important role in the safety of osmotic
pressure and acid-base balance of the body and is necessary for
the gastric juice (26, 36).

According to (28), isotonic drinks should contain 0.5–0.7 g/L
of sodium and 6–9% carbohydrates, and the concentration of
sodium should be increased to 0.7–1.2 g/L during an exercise in
the heat and for more than 1 h. However, (34) obtained a level
of 342 mg/L sodium in isotonic drinks. In another study by (25),
the results of the mineral analysis of a commercial isotonic drink
showed a sodium concentration of 45.753 mg/100ml, potassium
7.526 mg/100ml, calcium 0.327 mg/100ml, and magnesium
0.326 mg/100 ml.

Carbohydrate Content
During intense exercise, muscle glycogen stores and blood
glucose decrease which requires a continuous source of
carbohydrates to provide energy and avoid fatigue. Isotonic
drinks are composed of carbohydrates as a source of energy in
the form of mono- and polysaccharides (glucose, fructose, and
maltodextrin) (29) with a recommended concentration of 6–9
% (28). According to (37), the intake of carbohydrates before
exercise slows down and prevents homeostatic disturbances,
gives an adequate plasmatic volume from the start of the

exercise, and contributes to offset the loss of carbohydrate stores,
enhancing performances during exercises (35).

We have given in Table 1 the main composition of some
isotonic, energy, and fruit juices available in the market in
order to give information on the composition of isotonic drinks
and compare their compositions with other types of beverages.
It is clearly observed that there is a difference between the
three groups of beverages. The concentration of carbohydrates
and salt differs among the six isotonic drinks. carbohydrate
concentrations in isotonic drinks (4.4± 0.78 g/100ml) are lower
than the concentrations present in energy drinks and fruit juices.
They are ranging from 2.9 to 5 g/100ml in isotonic drinks, from
9.9 to 17 g/100ml in fruit juices, and from 11 to 16 g/100ml in
energy drinks. Caloric values are also higher in energy drinks
and fruit juices compared to isotonic drinks. Organic grape
juice has high carbohydrate concentration among fruit juices (17
g/100ml). Thus, in our previous study (7), to obtain a healthy
beverage from grape juice, we diluted the sugar content to 40–50
g/L with mineral water, because it cannot be considered a healthy
beverage if it contains a high concentration of sugars. Therefore,
a significant way to improve the impact of grape isotonic juices
on health is dilution of sugars to 40–50 g/L with mineral water,
which also improves the glycemic index. On the other hand,
research shows that simple carbohydrates (sucrose, glucose, and
fructose) are most effective in stimulating fast absorption and
promoting carbohydrate oxidation. Thus, the amount and type
of carbohydrates used in a sports drink are important to optimize
the potential of the drink and improve performance (37). In
addition, it was mentioned that consumption of carbohydrates
with a low glycemic index (GI) before physical exercises has a
beneficial effect, because they perform a slow release of glucose
into the blood after digestion, providing a sustained source of
energy to contracting muscles, maintaining muscle glycogen,
and improving performances. They also promote a low insulin
response that is beneficial for substrate metabolism, because a
high level of insulin inhibits fat lipolysis and oxidation (38).
Also, a comparison of sugar, salt, and calorie values in the
same group (isotonic, energy, or fruit beverages) demonstrates
that there is not a large difference between isotonic beverages
composition unlike in the group of energy drinks and fruit
juices. However, salt concentrations are higher in isotonic drinks
(0.08 ± 0.02 g/100ml) and absent in fruit juices. Proteins, fats,
and fibers are missing in both isotonic and energy drinks, and
they are present in fruit juices with a mean value 0.5 ± 0.16
g/100ml. Stimulants (caffeine and guarana) are found only in
energy drinks.

Accordingly, optimization of carbohydrates and salt
concentration for performance is an interest of sport nutritionists
and drink manufacturers (39). Higher concentration provides
more carbohydrate and salt but minimizes the rate of gastric
emptying and can consequently delay the rate of delivery of
fluids (19, 35). The needed osmolality value (270–330 mOsm/kg
of water) (29) defined by the European Food Safety Authority
(EFSA) for isotonic drinks (6) which is the same osmolality
found in the human body, leads to prevention of tiredness
and increase performances after ingestion of the beverage (12)
because of fast absorption of water and ions, which is the main
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TABLE 1 | Composition of isotonic drinks, energy drinks, and fruit juices collected from the label, and available in 100 ml.

Beverage name Beverage type Carbohydrates

(g)

Salts

(g)

Calories

(KJ)

Proteins

(g)

Fat

(g)

Fibers

(g)

Stimulants

Aquarius Isotonic drinks 4.4 0.05 80 – – – –

Powerade 5 0.13 93 – – – –

Isofresh 4.9 0.08 83 – – – –

Raw 2.9 0.105 54 – – – –

Iso on 4.8 0.07 85 – – – –

Isodrink 4.4 0.06 81 – – – –

Mean values 4.4 ± 0.78 0.08 ± 0.02 79.33 ±13.25 – – – –

Red bull Energy drinks 11 0.1 195 – – – Caffeine

Coca-cola energy 10.4 0 177 – – – Caffeine

Guarana

Burn 16 0.05 263 – – – Caffeine

Guarana

Mean values 12.47 ± 3.07 0.05 ± 0.05 211.67 ± 45.36 – – – –

Organic grape juice Fruits juice 17 – 298 < 0.5 – – –

Peach juice 10.7 – 187 0.3 – – –

Natural orange juice 9.9 – 187 0.7 0.1 0.6

Grape and peach juice 12.8 – 234 0.5 0.2 – –

Mean values 12.6 ± 3.18 – 226.5 ± 52.56 0.5 ± 0.16 0.075 ± 0.10 0.6 –

Bold values indicate main values are the average ± deviation standard.

purpose of isotonic drink consumption, to replenish the fluids
lost during physical exercises (31).

CONTRIBUTION OF GRAPE JUICE TO
ISOTONIC DRINKS

Composition of Grape Juice
New dietary guidelines and health professionals are interested in
developing foods with lower sugar content or with alternative
sweetener sources due to the multiple diseases associated with
sugar intake such as obesity, diabetes, cardiovascular disorders,
and cholesterol (40). Zhang et al. (33) mentioned that grape juice
sports drinks do not need to use sweeteners and acidulants. Grape
juice was chosen for designing an isotonic beverage according to
its known bioactivity and nutritional composition. Grape juice
is a beverage extracted from different grape varieties, mainly
the Vitis vinifera, Vitis labrusca, and Vitis rotundifolia species
(41), by different technological processes (hot press, cold press,
and hot break) (42). Its consumption is increasing worldwide,
because of its sensory characteristics and nutritional value (43).
The United States, Spain, China, Italy, France, Turkey, and
Chile are the top producers of grape juice (41). Grape juice
contains water, high concentration of sugars and organic acids
(42, 44, 45), and minerals, phenolic compounds, and other
nutrients such as vitamins, proteins, fatty acids, and amino
acids (46, 47). Carbohydrates are found in the form of fructose
and glucose (48). The main organic acids in grape juice are
tartaric, malic, and citric acids (41), In addition, these acids are
used as indicators of microbiological alterations in the beverage
because of their impact on its stability (49). Phenolic compounds
are the most abundant compounds followed by sugars and

acids (41). They play a major role in prevention of various
diseases caused by oxidative stress (50). The phenolic compounds
found in grape juice are those extracted from grape skins and
seeds (42). They are classified into flavonoids such as flavanols,
flavonols, and anthocyanins, and non-flavonoidsmainly phenolic
acids and stilbene (49, 51). Numerous studies have identified
and quantified the phenolic content of different varieties and
cultivars of grape juice (46, 49, 52–55). The phenolic content
differed among various grape juices. Thus, researchers have
indicated that the content and profile of phenolic compounds
are dependent on grape varieties, species, (43) technology of
juice preparation (49), geographical origin, ripeness, type of soil,
sunlight exposure, method used for quantification (41), farming
system of grapes (organic, conventional, and biodynamic) (56),
and culture conditions. Grape tissues in the pulp are rich in
phenolic acids, and the skin is rich in flavonoids (57). However,
anthocyanins are the main phenolic compounds in red grape
juices, while flavan-3-ols are more abundant in white grape juices
(42). It is mentioned that most phenolic compounds in white
grapes belong to the non-flavonoid group, including mainly
phenolic acids such as gallic, vanillic, syringic, protocatechuic,
and ellagic acids, flavonoids such as flavanols mainly catechin,
epicatechin, procyanidins, and flavonols mainly quercetin and
other aglycones (44).

Health Benefit of Grape Juice
The interest of consumers and the food industry in polyphenols
has been growing, because there is a relationship between their
intake and prevention of various diseases (50, 54). Accordingly
biological activities of polyphenols in grape juice are linked
to their antioxidant, anti-inflammation, anticancer, anti-aging,
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TABLE 2 | Different studies that demonstrate the impact of grape juice on performances during physical exercises.

Grape juice Experiment Studied properties Results References

Organic grape juice

Bordeaux variety (Vitis

labrusca)

10 adult male triathletesreceived

organic grape juice (300 ml/day) for 20

days.

Glucose homeostasis

Antioxidant status Cutaneous

microcirculatory function

The results blood sample that was drawn

before (baseline) and after 20 days showed

that intake of grape juice improved

glucose homeostasis, antioxidant

capacity, and microvascular function.

(70)

Red grape juice

khoshnam variety Vitis

vinifera

30 male Wistar rats of Parkinson’s

disease were divided in groups and

treated with grape juice, exercise, or

grape juice associated with exercise for

30 days.

Neurodegenerative effect

Parkinson’s disease.

Rotations test demonstrated a reduction in

the number of rotations in Parkinson’s rats

treated with grape juice and grape juice

associated with exercise.

(71)

Organic purple grape

juice

Bordo variety

Vitis labrusca

12 male Wistar rats were divided into 2

groups (nonexercised and exercised).

Rats treated with organic purple grape

juice were submitted to an exhaustive

exercise bout.

Parameters of oxidative stress

Protective impact

Evaluation of oxidative stress parameters

showed that organic grape juice had

capacity to protect different rat tissues

against oxidative damage.

(72)

Purple grape juice

Isabel, Bordeaux, and

Concord varieties

Vitis labrusca

28 recreational runners of both sexes

were divided into 2 groups and

received either grape juice or control

beverage for 28 days.

Ergogenic impact

Oxidative stress

Inflammation

Immune response

Muscle injury

Results of time-to-exhaustion exercise,

anaerobic threshold, and aerobic capacity

test showed the ergogenic effect of grape

juice in recreational runners by increasing

performances, time-to-exhaustion, and

antioxidant activity, and reducing

inflammatory markers.

(66)

Purple grape juice,

Isabel, Bordeaux and

Concord varieties Vitis

labrusca

2 groups of 28 healthy adults were

assigned and received either grape

juice or control beverage during intense

and continuous physical exercise for 28

days.

Antioxidant activity,

Lipid and glycemic profiles

Evaluation of the nutritional status, blood

pressure, and blood collection upon

receiving supplementation indicated that

grape juice was a source of antioxidants

improving antioxidant status and

cardiometabolic profile.

(52)

Whole red grape juice

American burgundy

and Isabella grapes

A study was performed with 26

individuals with hypertension distributed

into experimental group

(supplementation with a daily dose of

juice) and control groups

(supplementation with a control drink)

performed 2 sessions of aerobic

exercise on a treadmill, separated by a

28-day period of supplementation with

daily dose of grape juice or a control

drink.

Impact on blood pressure of

individuals with hypertension.

Measurement of blood pressure before,

during, and after each exercise session

showed that grape juice has a capacity to

decrease blood pressure at rest and

improve post-exercise hypotension in

individuals with hypertension.

(73)

Purple grape juice

Isabel, Bordeaux, and

Concord varieties (Vitis

labrusca)

14 recreational male runners performed

two running tests to exhaustion after

ingesting grape juice or a placebo drink

(10 ml/kg/day).

Physical performance Oxidative

stress Inflammation, and muscle

damage

Ergogenic effect of grape juice by

increasing time of run and improving of

antioxidant activityin recreational runners.

(74)

Purple grape juice

Bordeaux variety

(Vitis labrusca)

12 male volleyball players participated

in three different moments with match

simulation: without beverage, grape

juice, and placebo beverag for 14 days

in a cross-over model.

Oxidative stress

Inflammation

Muscle damage

Grape juice promoted a reduction in

protein oxidation, lipid peroxidation, and

DNA damage.

(64)

Grape juice was

Bordeaux variety (Vitis

labrusca)

20 judo athletes wererandomized into 2

groups, and they consumed grape juice

or placebo for 14 days in a crossover

model

Oxidative stress

Muscle fatigue parameters

Grape juice improved parameters of

oxidative stress by reducing lipid and DNA

damage.

(75)

antimicrobial, and cardioprotective properties (58). They can
prevent platelet aggregation, LDL, DNA (59), lipid, protein
(53), and membrane damage oxidation (57), reduce adhesion
molecule expression and limit inflammations (60), which block
cellular events predisposing atherosclerosis (61), enhance the
regulation of blood pressure and vascular reactivity, reduce
serum cholesterol and triglycerides (60), and improve memory

function in older adults (62). They also help to prevent obesity
and diabetes by inhibiting specific enzymes (52). Phenolic
compounds improve antioxidant activity by scavenging reactive
oxygen and nitrogen molecules, chelating redox-active transition
minerals, collaborating with other antioxidants, stimulating
antioxidant enzymes and proteins, inhibiting pro-oxidant
enzymes, and modulating transcription factors redox-sensitive
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(60). In Moreno-Montoro et al. (57), it was mentioned that
catechin and gallic acid act as free radical scavengers, and
that epicatechin has an antibacterial activity. In addition to
their antioxidant capacity, gallic, caffeic, and chlorogenic acids
act as venous dilators (49). Resveratrol plays a beneficial role
in protection against various neoplasias, cardiovascular and
neurodegenerative disorders, and viral infections as well as helps
to retard body aging and reduces the incidence of heart and
muscle diseases (56). Quercetin and its derivatives have shown
anti-inflammation and anticarcinogenic properties when used in
the treatment of some types of cancer (44).

During extended and intense exercises such as marathon
and ultramarathon races, athletes exhibit severe physiological
stress that appears as muscle microtrauma, oxidative stress,
gastrointestinal dysfunction, or inflammation (63). According to
(64), during long and extenuating physical exercises, oxidative
stress is caused owing to a considerable increase of reactive
oxygen species (ROS) promoting an imbalance in antioxidant
capacity in the body, which leads to protein modification, lipid
oxidation, DNA damage (65), inflammation (66), and chronic
diseases including cancer and neurological and cardiovascular
diseases (67). Grape and grape derivative products are a source
of polyphenols (63) which are known of high antioxidant
activities (68) and can be beneficial against oxidative damage
(69). In addition, the carbohydrate content is useful for glycogen
deposition and improvements of practice during long term
exercises (64). Therefore, many researchers have studied the
beneficial effect of grape juice related to improve performances
during physical exercises. Table 2 shows some experimental
studies carried out and their consequences, which have
demonstrated that grape juice was able to improve performances
and antioxidant activity, protect against oxidative damage, and
reduce inflammation. The figure in the graphical abstract shows
the contribution of grape juice in the development of an effective
isotonic drink and its impact on athletes’ performances.

Sensory Characteristics of Grape Juice
Another interesting characteristic of grape juice is its great
sensory characteristic. The phenolic compounds in grape juice
are responsible for its sensory properties (color, flavor, and taste)
(42). The phenolic acids affect the organoleptic properties of
grape juice (49) and ensure a low pH value, which provides
equilibrium between sweet and sour tastes (42). Accordingly,
organoleptic properties are an important factor when choosing
food products. Color is the most important characteristic used
when choosing beverages (76). In addition, color is used
by consumers as an indicator of juice quality (77), because
there is a strong relationship between color and flavor, as
consumers can be able to expect the flavor through the
color of food products (78–80). Nowadays, replacement of

synthetic dyes with natural colorant is a challenge for the food
industry (76). The attractive orange, red, and purple colors
and water solubility of anthocyanins allow their integration
into aqueous food systems and use as natural colorants (81,
82). They also participate in multiple chemical reactions such
as copigmentation and formation of polymeric pigments that
contribute to color changes (77). For grape juice, cyanidin,
peonidin, delphinidin, petunidin, and malvidin are the main
anthocyanins responsible for the red color (83). Their stability
is influenced by pH, temperature, oxygen, light, presence of
ascorbic acid and metal ions, and high concentration of sugar
(42, 82, 84). On the other hand, consumption of anthocyanins
promotes health benefits by reducing the risk of cancer,
inflammation, neuronal and cardiovascular diseases, diabetes,
obesity, and cognitive function disorders (85) owing to their
antioxidant anti-cardiovascular, anticancer, anti-inflammatory,
anti-thrombotic, anti-ulcer, anti-allergenic, and anti-coagulant
activities as well their immunomodulatory, vasodilatory, and
analgesic activities (86).

CONCLUSION

Since creation of new, natural, functional, and healthy products
based on fruit juices is a challenge for the food industry, grape
juice represents a suitable alternative for the development of
a new isotonic drink. An isotonic beverage that is designed
to rehydrate, replenish electrolytes, and promote energy could
be more effective when enriched with grape juice by diluting
the sugar content of grape juice to 40–50 g/L to obtain a
beverage with beneficial health properties. Besides rehydration,
isotonic drinks have more benefits in terms of antioxidant
activity because of the phenolic content, which acts against
oxidative stress related to intense sports activities. In addition,
grape juice is a natural source of sugars, which leads to
avoidance of adding sweeteners, and plays an important
role in glycogen compensation. Moreover, attractive sensory
characteristics, mainly color which is provided by anthocyanin
content, have a great contribution tomake the drinkmore natural
and help to dispense the use of synthetic dyes. Finally, developing
new and natural isotonic beverages based on grape juice with
antioxidant capacity and interesting sensory properties will be a
novel product in the field of healthy beverages.

AUTHOR CONTRIBUTIONS

YB: investigation. YB, CV, CG, and AM: writing—original draft
and review and editing. AM and CV: visualization. YB, CV, and
AM: validation. AM and CG: conceptualization. All authors have
read and agreed to the published version of the manuscript.

REFERENCES

1. Tiencheu B, Nji DN, Achidi AU, Egbe AC, Tenyang N, Tiepma Ngongang EF,
et al. Nutritional, sensory, physico-chemical, phytochemical, microbiological
and shelf-life studies of natural fruit juice formulated from orange (Citrus

sinensis), lemon (Citrus limon), Honey and Ginger (Zingiber officinale).
Heliyon. (2021) 7:e07177. doi: 10.1016/j.heliyon.2021.E07177

2. Ruxton CHS, Myers M. Fruit juices: Are they helpful or harmful?
an evidence review. Nutrients. (2021) 13:1–14. doi: 10.3390/
nu13061815

Frontiers in Nutrition | www.frontiersin.org 6 June 2022 | Volume 9 | Article 890640

https://doi.org/10.1016/j.heliyon.2021.E07177
https://doi.org/10.3390/nu13061815
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


Bendaali et al. Isotonic Drinks With Grape Juice

3. Chew SK, Maizura M, Hazwani AY, Tan TC. The effect of
formulated natural sport drink containing sugarcane juice, calamansi
juice, and fructooligosaccharide (FOS) on athletic gastrointestinal
tolerance. Sport Sci. Health. (2020) 16:523–30. doi: 10.1007/
s11332-020-00642-6

4. Dyab AS, Ali AM, Matuk HI. Enhancement and evaluation of peppermint
(mentha piperita L.) beverage. Int J Life Sci Res. (2015) 3:175–85. Available
online at: www.researchpublish.com

5. Gironés-Vilaplana A, Huertas JP, Moreno DA, Periago PM, García-
Viguera C. Quality and microbial safety evaluation of new isotonic
beverages upon thermal treatments. Food Chemistr. (2016) 194:455–62.
doi: 10.1016/j.foodchem.2015.08.011

6. Switalski M, Rybowska A. Product innovation in isotonic drinks-
expectations of tri-city university students. Scientific J Gdynia Maritime

Univ. (2021) 118:23. doi: 10.26408/118.05
7. Bendaali Y, Vaquero C, González C, Morata A. Elaboration of an organic

beverage based on grape juice with positive nutritional properties. Food Sci

Nutri. (2022) 21:1–12. doi: 10.1002/fsn3.2795
8. Shams Najafabadi N, Sahari MA, Barzegar M, Hamidi Esfahani Z. Quality

characteristics, nutraceutical profile, and storage stability of functional
beverage prepared from jujube (Ziziphus jujuba var vulgaris) fruit. J Food
Process Preserv. (2021) 45:1–9. doi: 10.1111/jfpp.15201

9. Bhalerao PP, Mahale SA, Dhar R, Chakraborty S. Optimizing the formulation
for a pomegranate-amla-muskmelon based mixed fruit beverage using
sensory analysis and evaluating its thermal stability. Lwt. (2020) 133:109907.
doi: 10.1016/j.lwt.2020.109907

10. González-Molina E, Gironés-Vilaplana A, Mena P, Moreno DA, García-
Viguera C. New beverages of lemon juice with elderberry and grape
concentrates as a source of bioactive compounds. J Food Sci. (2012) 77:727–33.
doi: 10.1111/j.1750-3841.2012.02715.x

11. Galvão LMV, Sousa M, de M, Nascimento AM, do Souza CB, et al. Evaluation
of shelf life of isotonic beverage enriched with cajuína. Food Sci Technol.

(2020) 2061:1–6. doi: 10.1590/fst.25520
12. Porfírio MCP, Gonçalves MS, Borges MV, Leite, CXD, Santos MRC, et al.

Development of isotonic beverage with functional attributes based on extract
of myrciaria jabuticaba (Vell) berg. Food Sci Technol. (2020) 40:614–20.
doi: 10.1590/fst.14319

13. Ferreira PR, Marins JCB, de Oliveira LL, Bastos DSS, Soares Júnior DT,
da Silva CD, et al. Beverage based on whey permeate with phenolic
extract of jabuticaba peel: a pilot study on effects on muscle and
oxidative stress in trained individuals. J Funct Foods. (2020) 65, 103749.
doi: 10.1016/j.jff.2019.103749

14. Gironés-Vilaplana A, Villaño D, Moreno DA, García-Viguera C. New isotonic
drinks with antioxidant and biological capacities from berries (maqui, açaí
and blackthorn) and lemon juice. Int J Food Sci Nutri. (2013) 64:897–906.
doi: 10.3109/09637486.2013.809406

15. Moreno IL, Pastre CM, Ferreira C, de Abreu LC, Valenti VE, Vanderlei LCM.
Effects of an isotonic beverage on autonomic regulation during and after
exercise. J Int Soc Sports Nutr. (2013) 10. doi: 10.1186/1550-2783-10-2

16. Care RP. Clinical Report – Sports Drinks and Energy Drinks for Children and

Adolescents : Are They Appropriate? abstract of sports drinks versus energy

drinks and their. (2021).
17. Vanderlei FM, Moreno IL, Vanderlei LCM, Pastre CM, De Abreu LC, Ferreira

C. Comparison of the effects of hydration with water or isotonic solution on
the recovery of cardiac autonomic modulation. Int J Sport Nutri Exer Metabol.

(2015) 25:145–53. doi: 10.1123/ijsnem.2014-0004
18. Sadowska A, Swiderski F, Rakowska R, Waszkiewicz-robak B. Beverage

osmolality as a marker for maintaining. Rocz Panstw Zakl Hig. (2017) 68:167–
73. Available online at: http://wydawnictwa.pzh.gov.pl/roczniki_pzh/

19. Del Coso J, Estevez E, Baquero RA, Mora-Rodriguez R. Anaerobic
performance when rehydrating with water or commercially available sports
drinks during prolonged exercise in the heat. Appl Physiol Nutri Metabol.

(2008) 33:290–8. doi: 10.1139/H07-188
20. Geraldini S, Cruz I, Romero A, Fonseca FLA, Campos MP. Isotonic

sports drink promotes rehydration and decreases proteinuria following
karate training. Jornal Brasileiro de Nefrologia : ’orgao Oficial de

Sociedades Brasileira e Latino-Americana de Nefrologia. (2017) 39:362–9.
doi: 10.5935/0101-2800.20170067

21. van Esch P, Gadsby CL. Marketing the healthiness of sports drinks: from
physiological to cognitive based benefits. Austral Market J. (2019) 27:179–86.
doi: 10.1016/j.ausmj.2019.04.001

22. Presta V, Ambrosini L, Carubbi C, Masselli E, Mirandola P, Arcari ML,
et al. Different waters for different performances: can we imagine sport-
related natural mineral spring waters? Water (Switzerland). (2021) 13:1–16.
doi: 10.3390/w13020166

23. Galaz GA. “An overview on the history of sports nutrition beverages,” in
Nutrition and Enhanced Sports Performance: Muscle Building, Endurance, and

Strength (London: Elsevier Inc) (2014).
24. Marapana R, Chandrasekara C, Aponso M. Nutrient fortified king coconut

water as an isotonic thirst quenching beverage for sports men and women.
Int J Chemic Stud. (2017) 5:1494–8. Available online at: http://dr.lib.sjp.ac.lk/
handle/123456789/7778

25. Adoga JO, Oluwole OB, Akinwale TE, Alagbe O, Oke, V O, et al. Muscular
activities of locally developed isotonic sports drink from blends of date palm
and watermelon fruits on toad (anura : bufonidae) skeletal muscle. Int J Trend
Res Develop. (2020) 7:5. Available online at: Online@www.ijtrd.com

26. Urdampilleta A, Gómez-zorita S. From dehydration to hyperhidration
isotonic and diuretic drinks and hyperhydratant aids in sport. Nutr Hosp.

(2014) 29:21–5. doi: 10.5672/FC.2173-9218.(2014/Vol6)0.001.06
27. Diel F, Khanferyan RA. Sports and energy drinks. Foods Raw Mater. (2018)

6:379–91. doi: 10.21603/2308-4057-2018-2-379-391
28. AbuMoh’d MF. Influence of an isotonic sports drink during exercise and

recovery on subsequent endurance capacity and aldosterone response in
the heat in well-trained endurance athletes. Sport Mont. (2020) 18:25–31.
doi: 10.26773/smj.200617

29. Pivnenko TN, Esipenko RV, Kovalev AN. Functional isotonic drinks based on
the tissue fluid of rhopilema jellyfish. Proceed Univ Appl Chemistr Biotechnol.

(2018) 8:141–9. doi: 10.21285/2227-2925-2018-8-4-141-149
30. Cerezal Mezquita P, Espinosa Álvarez C, Palma Ramírez J, Bugueño Muñoz

W, Salinas Fuentes F, Ruiz-Domínguez MDC. Isotonic beverage pigmented
with water-dispersible emulsion from astaxanthin oleoresin.Molecules. (2020)
25:1–16. doi: 10.3390/molecules25040841

31. Stasiuk E, Przybyłowski P. Osmolality of isotonic drinks in the aspect of their
authenticity. Polish J Nat Sci. (2017) 32:161–8.

32. Evans GH, Miller J, Whiteley S, James LJ. A sodium drink enhances
fluid retention during 3 hours of post-exercise recovery when ingested
with a standard meal. Int J Sport Nutri Exer Metabol. (2017) 27:344–50.
doi: 10.1123/ijsnem.2016-0196

33. Zhang Z, Lyu J, Lou H, Tang C, Zheng H, Chen S, et al. Effects of elevated
sodium chloride on shelf-life and antioxidant ability of grape juice sports
drink. J Food Process Preserv. (2021) 45:49. doi: 10.1111/jfpp.15049

34. Styburski D, Dec K, Baranowska-Bosiacka I, Goschorska M, Hołowko J
Zwierełło W, Skórka-Majewicz M, et al. Can functional beverages serve
as a substantial source of macroelements and microelements in human
nutrition?—analysis of selected minerals in energy and isotonic drinks.
Biologic Trace Elem Res. (2020) 197:341–8. doi: 10.1007/s12011-019-01973-3

35. Bonetti D, HopkinsW, Jeukendrup A. Effects of hypotonic and isotonic sports
drinks on endurance performance and physiology. Sportscience. (2010) 14:63–
70. Available online at: sportsci.org/2010/dlbwgh.htm

36. Halder S, Daw S, Bengal W, Bengal W. Importance of sports drinks as a
performance. Jama. (2020) 5:9–19. doi: 10.36110/sjms.2020.05.02.002

37. Singh A, Chaudhary S, Sandhu JS. Efficacy of pre exercise carbohydrate drink
(gatorade) on the recovery heart rate, blood lactate and glucose levels in short
term intensive exercise. Serbian J Sports Sci. (2011) 5:29–34.

38. Kaviani M, Chilibeck PD, Jochim J, Gordon J, Zello GA. The glycemic
index of sport nutrition bars affects performance and metabolism
during cycling and next-day recovery. J Hum Kinetics. (2019) 66:69–79.
doi: 10.2478/hukin-2018-0050

39. Demirhan B, Cengiz A, Gunay M, Türkmen M, Geri S. The effect of drinking
water and isotonic sports drinks in elite wrestlers. Anthropologist. (2015)
21:213–18. doi: 10.1080/09720073.2015.11891810

40. Moldovan B, David L. Influence of different sweeteners on the stability
of anthocyanins from cornelian cherry juice. Foods. (2020) 9:1266.
doi: 10.3390/foods9091266

41. Granato D, de Magalhães Carrapeiro M, Fogliano V, van Ruth SM. Effects of
geographical origin, varietal and farming system on the chemical composition

Frontiers in Nutrition | www.frontiersin.org 7 June 2022 | Volume 9 | Article 890640

https://doi.org/10.1007/s11332-020-00642-6
www.researchpublish.com
https://doi.org/10.1016/j.foodchem.2015.08.011
https://doi.org/10.26408/118.05
https://doi.org/10.1002/fsn3.2795
https://doi.org/10.1111/jfpp.15201
https://doi.org/10.1016/j.lwt.2020.109907
https://doi.org/10.1111/j.1750-3841.2012.02715.x
https://doi.org/10.1590/fst.25520
https://doi.org/10.1590/fst.14319
https://doi.org/10.1016/j.jff.2019.103749
https://doi.org/10.3109/09637486.2013.809406
https://doi.org/10.1186/1550-2783-10-2
https://doi.org/10.1123/ijsnem.2014-0004
http://wydawnictwa.pzh.gov.pl/roczniki_pzh/
https://doi.org/10.1139/H07-188
https://doi.org/10.5935/0101-2800.20170067
https://doi.org/10.1016/j.ausmj.2019.04.001
https://doi.org/10.3390/w13020166
http://dr.lib.sjp.ac.lk/handle/123456789/7778
http://dr.lib.sjp.ac.lk/handle/123456789/7778
Online@www.ijtrd.com
https://doi.org/10.5672/FC.2173-9218.(2014/Vol6)0.001.06
https://doi.org/10.21603/2308-4057-2018-2-379-391
https://doi.org/10.26773/smj.200617
https://doi.org/10.21285/2227-2925-2018-8-4-141-149
https://doi.org/10.3390/molecules25040841
https://doi.org/10.1123/ijsnem.2016-0196
https://doi.org/10.1111/jfpp.15049
https://doi.org/10.1007/s12011-019-01973-3
sportsci.org/2010/dlbwgh.htm
https://doi.org/10.36110/sjms.2020.05.02.002
https://doi.org/10.2478/hukin-2018-0050
https://doi.org/10.1080/09720073.2015.11891810
https://doi.org/10.3390/foods9091266
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


Bendaali et al. Isotonic Drinks With Grape Juice

and functional properties of purple grape juices: a review. Trends Food Sci

Technol. (2016) 52:31–48. doi: 10.1016/j.tifs.2016.03.013
42. Cosme F, Pinto T, Vilela A. Phenolic compounds and antioxidant activity

in grape juices: a chemical and sensory view. Beverages. (2018) 4:22.
doi: 10.3390/beverages4010022

43. Toaldo IM, Fogolari O, Pimentel GC, de Gois JS, Borges DLG, Caliari V,
et al. Effect of grape seeds on the polyphenol bioactive content and elemental
composition by ICP-MS of grape juices from Vitis labrusca L. LWT - Food Sci

Technol. (2013) 53:1–8. doi: 10.1016/j.lwt.2013.02.028
44. García-Martínez DJ, Arroyo-Hernández M, Posada-Ayala M, Santos C.

The high content of quercetin and catechin in airen grape juice supports
its application in functional food production. Foods. (2021) 10:1532.
doi: 10.3390/foods10071532

45. Chiusano L, Cravero MC, Borsa D, Tsolakis C, Zeppa G, Gerbi V. Effect of the
addition of fruit juices on grape must for natural beverage production. Italian
J Food Sci. (2015) 27:375–384. doi: 10.14674/1120-1770/ijfs.v281

46. Dutra M, da CP, Viana AC, Pereira GE, Nassur R, de CMR, et al. Whole,
concentrated and reconstituted grape juice: Impact of processes on phenolic
composition, “foxy” aromas, organic acids, sugars and antioxidant capacity.
Food Chemistr. (2021) 21:343. doi: 10.1016/j.foodchem.2020.128399

47. Gutiérrez-Gamboa G, Garde-Cerdán T, Moreno-Simunovic Y, Pérez-Álvarez
EP. Amino acid composition of grape juice and wine: principal factors that
determine its content and contribution to the human diet. Nutr Bever. (2019)
12:1. doi: 10.1016/B978-0-12-816842-4.00010-1

48. Naderi A, Rezaei S, Moussa A, Levers K, Earnest CP. Fruit for sport. Trends
Food Sci Technol. (2018) 74:85–98. doi: 10.1016/j.tifs.2018.02.013

49. Lima MDS, Silani I, Ian DS, Toaldo IM, Corrêa LC, Biasoto ACT,
et al. Phenolic compounds, organic acids and antioxidant activity
of grape juices produced from new Brazilian varieties planted in
the Northeast Region of Brazil. Food Chemistr. (2014) 161:94–103.
doi: 10.1016/j.foodchem.2014.03.109

50. Mazrou S, Messaoudi M, Begaa S, Innocent C, Akretche D. Clarification of
the algerian grape juice and their effects on the juice quality. Bull Chemic Soc

Ethiopia. (2020) 34:1–11. doi: 10.4314/bcse.v34i1.1
51. Ribeiro CCD, Silva RM, Campanholo VM, de LP, Ribeiro DA, Paiotti APR,

et al. Effects of grape juice in superoxide dismutase and catalase in colorectal
cancer carcinogenesis induced by azoxymethane. Asian Pacific J Cancer

Prevent. (2018) 19:2839–44. doi: 10.22034/APJCP.2018.19.10.2839
52. Toscano LT, Silva AS, Toscano LT, Tavares RL, Biasoto ACT, de

Camargo AC, et al. da Phenolics from purple grape juice increase serum
antioxidant status and improve lipid profile and blood pressure in healthy
adults under intense physical training. J Funct Foods. (2017) 33:419–24.
doi: 10.1016/j.jff.2017.03.063

53. Rodrigues AD, Scheffel TB, Scola G, Santos Dos MT, Fank B, et al.
Neuroprotective and anticonvulsant effects of organic and conventional
purple grape juices on seizures in Wistar rats induced by pentylenetetrazole.
Neurochemistry Int. (2012) 60:799–805. doi: 10.1016/j.neuint.2012.01.009

54. da Silva JK, Cazarin CBB, Correa LC, Batista ÂG, Furlan CPB, Biasoto ACT,
et al. Bioactive compounds of juices from two Brazilian grape cultivars. J Sci
Food Agricult. (2016) 96:1990–6. doi: 10.1002/jsfa.7309

55. Natividade MMP, Corrêa LC, Souza de SVC, Pereira GE, Lima LC.
Simultaneous analysis of 25 phenolic compounds in grape juice for HPLC:
Method validation and characterization of São Francisco Valley samples.
Microchemical J. (2013) 110:665–74. doi: 10.1016/j.microc.2013.08.010

56. Butu M, Rodino S. Fruit and vegetable-based beverages—nutritional
properties and health benefits. Nat Beverages. (2019) 19:11.
doi: 10.1016/B978-0-12-816689-5.00011-0

57. Moreno-Montoro M, Olalla-Herrera M, Gimenez-Martinez R, Navarro-
Alarcon M, Rufián-Henares JA. Phenolic compounds and antioxidant activity
of Spanish commercial grape juices. J Food Compos Anal. (2015) 38:19–26.
doi: 10.1016/j.jfca.2014.10.001

58. Xia EQ, Deng GF, Guo YJ, Li, H. Bin. Biological activities of polyphenols from
grapes. Int J Mol Sci. (2010) 11:622–46. doi: 10.3390/ijms11020622

59. Dani C, Oliboni LS, Vanderlinde R, Bonatto D, Salvador M, Henriques
JAP. Phenolic content and antioxidant activities of white and purple
juices manufactured with organically- or conventionally-produced
grapes. Food Chemic Toxicol. (2007) 45:2574–80. doi: 10.1016/j.fct.
2007.06.022

60. Blumberg JB, Vita JA, Oliver Chen CY. Concord grape juice polyphenols
and cardiovascular risk factors: dose-response relationships.Nutrients. (2015)
7:10032–52. doi: 10.3390/nu7125519

61. Capanoglu E, De Vos RCH, Hall RD, Boyacioglu D, Beekwilder J. Changes
in polyphenol content during production of grape juice concentrate. Food
Chemistr. (2013) 139:521–26. doi: 10.1016/j.foodchem.2013.01.023

62. Krikorian R, Nash TA, Shidler MD, Shukitt-Hale B, Joseph JA. Concord
grape juice supplementation improves memory function in older
adults with mild cognitive impairment. Br J Nutr. (2010) 103:730–4.
doi: 10.1017/S0007114509992364

63. Elejalde E, Villarán MC, Alonso RM. Grape polyphenols supplementation
for exercise-induced oxidative stress. J Int Soc Sports Nutri. (2021) 18:15.
doi: 10.1186/s12970-020-00395-0

64. Martins NC, Dorneles GP, Blembeel AS, Marinho JP, Proença ICT, da Cunha
Goulart MJV, et al. Effects of grape juice consumption on oxidative stress
and inflammation in male volleyball players: A randomized, double-blind,
placebo-controlled clinical trial. Complement Therap Med. (2020) 54:70.
doi: 10.1016/j.ctim.2020.102570

65. Canedo-Reis NAP, Guerra CC, da Silva LF, Wetzstein LC, Junges CH, Ferrão
MF, et al. Fast quantitative determination of phenolic compounds in grape
juice byUPLC-MS:method validation and characterization of juices produced
with different grape varieties. J Food Measure Characteriz. (2021) 15:1044–56.
doi: 10.1007/s11694-020-00706-8

66. Toscano LT, Tavares RL, Toscano LT, da Silva CSO, de Almeida AEM, Biasoto
ACT, et al. Potential ergogenic activity of grape juice in runners. Appl Physiol
Nutri Metabol. (2015) 40:899–906. doi: 10.1139/apnm-2015-0152

67. Zeng Z, Centner C, Gollhofer A, König D. Effects of dietary strategies
on exercise-induced oxidative stress: a narrative review of human studies.
Antioxidants. (2021) 10:1–16. doi: 10.3390/antiox10040542

68. Zhang L, ZhuM, Shi T, GuoC,Huang Y, Chen Y, et al. Recovery of dietary fiber
and polyphenol from grape juice pomace and evaluation of their functional
properties and polyphenol compositions. Food and Function. (2017) 8:341–51.
doi: 10.1039/C6FO01423B

69. De Oliveira GS, Pinheiro GS, Proença ICT, Blembeel A, Casal MZ, Pochmann
D, et al. Aquatic exercise associated or not with grape juice consumption-
modulated oxidative parameters in Parkinson disease patients: a randomized
intervention study.Heliyon. (2021) 7:1850. doi: 10.1016/j.heliyon.2021.e06185

70. Gonçalves MC, Bezerra FF, de Araujo Eleutherio EC, Bouskela E, Koury
J. Organic grape juice intake improves functional capillary density and
postocclusive reactive hyperemia in triathletes. Clinics. (2011) 66:1537–41.
doi: 10.1590/S1807-59322011000900005

71. Eshraghi-Jazi F, Alaei H, Azizi-Malekabadi H, Gharavi-Naini M, Pilehvarian
A, Ciahmard Z. The effect of red grape juice and exercise, and their
combination on parkinson(’)s disease in rats. Avicenna J Phytomed.

(2012) 2:90–6.
72. Dalla Corte CL, de Carvalho NR, Amaral GP, Puntel GO, Silva LFA,

Retamoso LT, et al. Antioxidant effect of organic purple grape juice
on exhaustive exercise. Appl Physiol Nutri Metabol. (2013) 38:558–65.
doi: 10.1139/apnm-2012-0230

73. Neto MM, da Silva TF, de Lima FF, Siqueira TMQ, Toscano LT, de
Moura, et al. Whole red grape juice reduces blood pressure at rest and
increases post-exercise hypotension. J Am Coll Nutr. (2017) 36:533–40.
doi: 10.1080/07315724.2017.1331385

74. de Lima Tavares Toscano L, Silva AS, de França ACL, de Sousa BRV, de
Almeida Filho EJB, da Silveira Costa M, et al. A single dose of purple grape
juice improves physical performance and antioxidant activity in runners:
a randomized, crossover, double-blind, placebo study. Euro J Nutri. (2020)
59:2997–3007. doi: 10.1007/s00394-019-02139-6

75. Goulart MJV, da Pisamiglio DS, Möller GB, Dani C, Alves FD. Effects of grape
juice consumption on muscle fatigue and oxidative stress in judo athletes:
A randomized clinical trial. Anais Da Academia Brasileira de Ciencias. (2020)
92:1–14. doi: 10.1590/0001-3765202020191551

76. Gérard V, Ay E, Morlet-Savary F, Graff B, Galopin C, Ogren T, et al. Thermal
and photochemical stability of anthocyanins from black carrot, grape juice,
and purple sweet potato in model beverages in the presence of ascorbic acid. J
Agricult Food Chemistr. (2019) 67:5647–60. doi: 10.1021/acs.jafc.9b01672

77. Burin VM, Falcão LD, Gonzaga LV, Fett R, Rosier JP, Bordignon-
Luiz MT. Colour, phenolic content and antioxidant activity of

Frontiers in Nutrition | www.frontiersin.org 8 June 2022 | Volume 9 | Article 890640

https://doi.org/10.1016/j.tifs.2016.03.013
https://doi.org/10.3390/beverages4010022
https://doi.org/10.1016/j.lwt.2013.02.028
https://doi.org/10.3390/foods10071532
https://doi.org/10.14674/1120-1770/ijfs.v281
https://doi.org/10.1016/j.foodchem.2020.128399
https://doi.org/10.1016/B978-0-12-816842-4.00010-1
https://doi.org/10.1016/j.tifs.2018.02.013
https://doi.org/10.1016/j.foodchem.2014.03.109
https://doi.org/10.4314/bcse.v34i1.1
https://doi.org/10.22034/APJCP.2018.19.10.2839
https://doi.org/10.1016/j.jff.2017.03.063
https://doi.org/10.1016/j.neuint.2012.01.009
https://doi.org/10.1002/jsfa.7309
https://doi.org/10.1016/j.microc.2013.08.010
https://doi.org/10.1016/B978-0-12-816689-5.00011-0
https://doi.org/10.1016/j.jfca.2014.10.001
https://doi.org/10.3390/ijms11020622
https://doi.org/10.1016/j.fct.2007.06.022
https://doi.org/10.3390/nu7125519
https://doi.org/10.1016/j.foodchem.2013.01.023
https://doi.org/10.1017/S0007114509992364
https://doi.org/10.1186/s12970-020-00395-0
https://doi.org/10.1016/j.ctim.2020.102570
https://doi.org/10.1007/s11694-020-00706-8
https://doi.org/10.1139/apnm-2015-0152
https://doi.org/10.3390/antiox10040542
https://doi.org/10.1039/C6FO01423B
https://doi.org/10.1016/j.heliyon.2021.e06185
https://doi.org/10.1590/S1807-59322011000900005
https://doi.org/10.1139/apnm-2012-0230
https://doi.org/10.1080/07315724.2017.1331385
https://doi.org/10.1007/s00394-019-02139-6
https://doi.org/10.1590/0001-3765202020191551
https://doi.org/10.1021/acs.jafc.9b01672
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


Bendaali et al. Isotonic Drinks With Grape Juice

grape juice. Ciência e Tecnologia de Alimentos. (2010) 30:1027–32.
doi: 10.1590/S0101-20612010000400030

78. Dwi Chandra R, Nur Utami Prihastyanti M, Mustika Lukitasari D. Effects
of pH, High Pressure Processing, and Ultraviolet Light on Carotenoids,

Chlorophylls, and Anthocyanins of Fresh Fruit and Vegetable Juices. (2021).
79. Bordim J, Lise CC, Marques C, Oldoni TC, Varela P, Mitterer-Daltoé ML.

Potential use of naturally colored antioxidants in the food industry—a study
of consumers’ perception and acceptance. J Sensory Stud. (2021) 21:12657.
doi: 10.1111/joss.12657

80. Pinto T, Vilela A. Healthy drinks with lovely colors: phenolic compounds
as constituents of functional beverages. Beverages. (2021) 7:1–21.
doi: 10.3390/beverages7010012

81. Morata A, López C, TesfayeW,González C, Escott C. (2019) “Anthocyanins as
natural pigments in beverages,” in Value-Added Ingredients and Enrichments

of Beverages. (London: Elsevier Inc).
82. Vidana Gamage GC, Lim YY, Choo WS. Sources and relative

stabilities of acylated and non-acylated anthocyanins in beverage
systems. J Food Sci Technol. (2021) 21:54. doi: 10.1007/s13197-
021-05054-z

83. Tiwari BK, O’Donnell CP, Patras A, Brunton N, Cullen PJ. Anthocyanins
and color degradation in ozonated grape juice. Food Chemic Toxicol. (2009)
47:2824–9. doi: 10.1016/j.fct.2009.09.001

84. Ren S, Giusti MM. The effect of whey protein concentration and
preheating temperature on the color and stability of purple corn,
grape and black carrot anthocyanins in the presence of ascorbic
acid. Food Res Int. (2021) 144:963–969. doi: 10.1016/j.foodres.
2021.110350

85. Tan C, Dadmohammadi Y, Lee MC, Abbaspourrad A. Combination of
copigmentation and encapsulation strategies for the synergistic stabilization
of anthocyanins. Comprehen Rev Food Sci Food Safety. (2021) 21:12772.
doi: 10.1111/1541-4337.12772

86. Serea D, Condurache NN, Aprodu I, Constantin OE, Bahrim GE, Stănciuc N,
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