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a b s t r a c t 

A bioactive grape pomace extract (GPE) rich in polyphenols was encapsulated into alginate (GPE-Alg) or chitosan 

(GPE-CS) microparticles, later incorporated into coconut water. Biological and sensory properties were evaluated. 

Storage was performed at 4 ̊C followed by quality assessment. 

Evaluation of coconut water after gastrointestinal digestion on the growth pathogens and probiotic bacteria 

showed that the fortification with GPE-Alg and GPE-CS decreased the growth rate of pathogens when compared 

to non-fortified water, while promoted the growth of different bifidobacteria and lactobacilli strains. Sensory 

analysis allowed to conclude that the incorporation of GPE-Alg and GPE-CS did not promote significant differences 

in most of evaluated attributes, including aroma and flavor. The storage at 4 ̊C allowed a reduced degradation 

rate of total phenolics and anthocyanins for GPE-Alg and GPE-CS fortified beverage, with the half-life time of 

phenolic acids higher for GPE-Alg beverage and the half-life time of anthocyanins higher for GPE-CS fortified 

water. 

This study opens the opportunity in the application of food by-products in the development of novel efficient 

functional foods and beverages. 
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. Introduction 

In the last decade, the increasing consciousness that diet and health

re closely related and nutrition can have benefits in the mitigation of

ome diseases, has led to an increased demand for new healthier foods

nd beverages ( Corbo et al., 2014 ; Nazir et al., 2019 ). Although, there

s no a sole consensual definition of functional food, it is accepted that

hey should have some properties, including the enhance of a biologi-

al property or help in the prevention of disease, which means that it

hould have benefits beyond the nutritional function, and finally should

e in the form of a common food or beverage, meaning that it can be

onsumed as part of the daily diet and routine ( Nazir et al., 2019 ). Bev-

rages are the most common category of functional foods as they are

onvenient to consume within the modern busy lifestyle, highly stable

t shelf or refrigerated storage, and the incorporation of the bioactive

ngredient is usually easier ( Corbo et al., 2014 ; Nazir et al., 2019 ). 
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Together with the functional foods trend, consumers are also de-

anding for more sustainable food products, as it is even more evi-

ent the negative impact of the food production systems, including the

griculture and food industries, in the climate changes, mainly caused

y the accumulation of by-products ( Asioli et al., 2017 ). Currently, by-

roducts applications include their use as fertilizers, compost, fuel or

nimal feed, and in the worst-case scenario, as wastes are incinerated or

andfilled, which constitute a high environmental impact, without gen-

rating value and thus, leading to high management costs ( Martin et al.,

016 ). These agroindustrial by-products are also a considerable source

f bioactive compounds, such as carotenoids, phenolic compounds, di-

tary fibers and proteins, which can be applied as ingredients in func-

ional foods, increasing their nutritional value and providing beneficial

roperties to the consumer. The development of new ingredients from

gro-food by-products allows us to simultaneously address two imper-

tive issues in food processing, namely to increase the sustainability of

rocesses and supply new raw materials of interest. 
ber 2021 

ticle under the CC BY-NC-ND license 
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Coconut water is largely consumed in tropical countries, appreci-

ted for its sweetness and freshness, rich in sugars and minerals, and

t is taken directly from the inner part of the fruit ( Walter et al., 2014 ;

rades et al., 2012 ). The World Health Organization highly recommends

his drink for rehydration in the cases of cholera and diarrhea due to

ts high content in potassium, which makes it also a natural isotonic

rink for athletes ( Walter et al., 2014 ). Coconut water is also a major

y-product in coconut processing plants, such in the processing of ready-

o-eat coconut, namely fresh minimally processed or desiccated coconut

 Prades et al., 2012 ). Nevertheless, due to its low pH (5.8) and high wa-

er activity, in addition to high sugar content, this product allows a fast

icrobial growth, which requires an extra care when using this product

 Prades et al., 2012 ; Walter et al., 2014 ). 

Grape pomace is also another major industrial by-product that has

een described as bioactives source, due to the presence of polyphenols,

ligosaccharides, minerals that provide its aqueous extract with antiox-

dant, antimicrobial and prebiotic potentials ( Costa et al., 2019a ). GP

s a source of phenols and fiber has been applied in the formulation

f a wide variety of functional foods, including fermented milks, yo-

urt, ice-creams, salad dressing and cheeses ( Dos Santos et al., 2017 ;

arnopp et al., 2017 ; Hwang et al., 2009 ; Lucera et al., 2018 ; Tseng and

hao, 2013 ). Nonetheless, its application in the formulation of coconut

on-fermented beverages has never been exploit. Considering the nutri-

ional properties and convenience of coconut water, makes this an ideal

arrier to incorporate functional ingredients such as a bioactive grape

omace extract to develop a new functional beverage, which is able to

nhibit the pathogens responsible for diarrhea and modulate the intesti-

al microflora, at the same time it can restore the body hydration and

lectrolytes. 

Thus, the main objective of this study was to develop a new healthy

oconut beverage through the incorporation of a bioactive grape extract

ncapsulated into polymeric particles, alginate (GPE-Alg) or chitosan

GPE-CS) with proven antioxidant, antimicrobial and prebiotic activi-

ies. In addition, evaluation of their bioactive properties, product stabil-

ty and consumer acceptance were also studied. 

. Material and methods 

.1. Raw materials 

Water from mature coconuts was provided by Nuvi Fruits S. A. (Tor-

es Vedras, Portugal) as byproduct, vacuum-filtered and pasteurized at

0 ̊C for 5 min. Coconut water was characterized for brix degree, pH,

inerals, titratable acidity and sugars profile. Grape pomace was pro-

ided by Ouro Verde Winery (Bahia, Brazil), and was oven-dried at 45

C for 24 h, milled and sieved in a Bonina 0.25 df depulper (Itametal,

ahia, Brazil). 

.2. Production of coconut beverages with encapsulated grape pomace 

xtract 

.2.1. Production of encapsulated GPE 

GPE was obtained through enzymatic extraction of a GP flour, us-

ng an enzymatic cocktail with xylanase activity produced by Aspergillus

iger 3T5B8, as previously described ( Costa et al., 2019a ). GPE was then

ncapsulated into alginate or chitosan capsules, as previously described

 Costa et al., 2021 ). The sizes of alginate capsules were 523 nm and

f chitosan capsules were 853 nm, safe and suitable for gastrointestinal

elivery. 

.2.2. Production of functional coconut beverages 

Functional coconut beverages were then produced through the incor-

oration of freeze-dried GPE-loaded capsules into the coconut water, at

nal concentration of 2% (w/v). The beverages were stored at 4 ̊C for

tability studies. 
2 
.3. Assessment of functional properties of the coconut beverage 

.3.1. In vitro simulation of gastrointestinal digestion 

Simulation of the gastrointestinal digestion of the coconut

everages was performed following the method described by

adureira et al. (2011) with slight modifications. 

Mouth digestion : The pH value was adjusted to 6.9, using HCl 1 M.

rtificial saliva was simulated by using 𝛼-amylase at 100 U/ mL and

dded at a rate of 0.6 mL/ min of digestion. Incubation was made during

 min at 37 ̊C and 200 rpm. 

Stomach digestion : The pH value was adjusted to 2.0 using HCl 1 M.

astric juice was simulated by dissolving pepsin 25 mg/ mL, and added

t a ratio of 0.05 mL/ mL of sample. Incubation lasted 120 min (long

igestion), at 37 ̊C and 130 rpm. 

Gut digestion : Simulation of gut conditions was performed by ini-

ial adjustment of pH value to 6.0 using NaHCO 3 1 M. The intestinal

uice was simulated by dissolving 2 g/ L of pancreatin and 12 g/ L bile

alts. This solution was then added at a concentration of 0.25 mL/ mL

f sample. All samples were incubated during 1 h, at 37 ̊C and 45 rpm.

After gut digestion, samples were dialyzed using a 3kDa cut-off dial-

sis membrane and freeze-dried. 

.3.2. Antimicrobial activity 

Antimicrobial activity of coconut beverages after digestion was

etermined upon Staphylococcus aureus (MSSA) ATCC 25923, Listeria

onocytogenes (food isolate from ESB collection) and Candida albicans ,

s these microorganisms are representative of Gram-positive and Gram-

egative pathogens, and yeasts. 

For determination of growth inhibition curves, inocula were pre-

ared by suspending each bacterial colony into Mueller-Hinton Broth

MHB), with a final concentration of ca. 10 8 CFU/ mL. Two microliters

f each inoculum were transferred to a 96-well microplate, every well

as filled (to final volume of 200 μL) with the coconut beverages dis-

olved in MHB, at final concentration of 2% (w/v). Microplate was in-

ubated in a microplate reader (Multiskan GO, Thermo Scientific) at

7°C for 24 h, with absorbance measurements at 620 nm registered ev-

ry hour. Three controls were also performed: the first one containing

noculum and MHB (positive control), the second one containing the

oconut beverages (negative control) and the third one containing only

HB. 

.3.3. Impact on probiotic bacteria 

Impact on probiotic bacteria of coconut beverages after digestion

as determined for Bifidobacterium animalis Bo (CSK, Ede, Netherlands),

ifidobacterium longum BG3 (Cell Biotech, Hellerup, Denmark), Bifi-

obacterium animalis spp. lactis Bb12, Lactobacillus casei 01 (Chr. Hansen,

ørsholm, Denmark), Lactobacills rhamnosus R11 (Lallemand, Montreal,

anada), and Lactobacillus plantarum 299v (Probi AB, Lund, Sweden).

trains were stored at − 80°C in de Man–Rogosa–Sharpe (MRS) broth

Biokar Diagnostics, Beauvais, France) with 30% (v/v) glycerol. 

L. casei, L. rhamnosus, and L. plantarum inocula were prepared by

uspending each bacterial colony into MRS broth, achieving a concen-

ration of 10 7 CFU/ mL. The microplate wells were filled with 245 μL

yringe-filtered (0.22 μm) coconut beverages diluted in basal MRS broth

ithout glucose, at concentration of 2% (w/v), and 5 μL of the inoculum.

icroplate was incubated (Multiskan GO, Thermo Scientific) at 37°C for

4 h with agitation, and cellular growth was monitored by measuring

he Optical Density (OD) at 620 nm. 

B. animalis Bo and B. lactis BB12 inocula were prepared under anaer-

bic atmosphere, by suspending each bacterial colony into MRS broth

upplemented with 0.05% (v/v) L-cysteine-HCl, achieving a concentra-

ion of 10 7 CFU/ mL). The microplate wells were fulfilled with 245

L syringe-filtered (0.22 μm) coconut beverages diluted in basal MRS

roth without glucose, at concentration of 2% (w/v), 5 μL of the inocu-

um, and 50 μL of paraffin. Microplate was incubated (Multiskan GO,
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hermo Scientific) at 37°C for 48 h with agitation and cellular growth

as monitored by measuring the OD at 620 nm. 

For the evaluation of the prebiotic effect of the coconut beverages,

rowth rates of the bacteria tested were calculated in order to compare

ith the growth obtained with MRS basal media. This calculation was

ade by determination of the slope of the trend line of the OD620 over

og phase of the growth curves ( Sousa et al., 2015 ). 

.4. Sensory evaluation 

Sensory evaluation was performed only at day zero, by a group of

ine semi-trained panelists. Participants were informed about the gen-

ral aim of the work and test procedure. 

Coconut beverages were evaluated using Attribute difference-from-

ontrol tests ( Meilgaard et al., 2007 ). Each panelist received a portion

f plain coconut water labeled as “control sample ” and three coded sam-

les: a second portion of plain coconut water (blind control sample) plus

he GPE-CS and GPE-Alg test samples. The blind control and test sam-

les were coded with three-digit random numbers and were presented

o panelists in a balanced order. Panelist were asked to compare and

ate the samples for general appearance, color, aroma, flavor and tex-

ure using a continuous line scale (0 = similar to the control sample,

0 = very different from the control sample), apparent viscosity and co-

onut odor intensity using a continuous bipolar line scale (-5 = much

eaker than to the control sample, 0 = similar to the control sample,

 = much stronger than the control sample). 

.5. Assessment of coconut beverages stability 

Stability of coconut water functionalized with GPE-Alg and GPE-CS

as evaluated through microbiological control and stability of phenolic

ompound. Measurements were performed in triplicate at 0, 2, 7, 14, 30

nd 60 days. Plain coconut water was used as control. 

.5.1. Microbiological control 

Microbiological stability was assessed through direct plating into

late Count Agar (PCA) for quantification of total viable cells, Potato

extrose Agar (PDA) for quantification of molds and yeasts, De Man,

ogosa and Sharpe Agar (MRS) for quantification of lactic acid bacteria

LAB), MacConkey Agar for quantification Gram-negative enteric bacte-

ia, and Mannitol Salt Agar (MSA) for quantification of Staphylococcus

ureus . Microorganisms enumeration was performed by decimal dilu-

ions in 0.1% (w/v) peptone water, and plated 100 𝜇L in the different

edia through spread plate technique. PCA, MacConkey Agar and MSA

lates were incubated for 24 h at 37°C, MRS plates were incubated for

8 h at 37°C and PDA plates were incubated for 5 days at 30°C. 

.5.2. Total phenolic compounds 

Total phenolic compounds in coconut beverages was determined by

olin–Ciocalteu method ( Singleton and Rossi, 1965 ). Quantification was

one at 750 nm (UV mini 1240, Shimadzu, Tokyo, Japan) with gallic

cid as standard in the range of 0.015–1.00 mg/ mL. 

The degradation of coconut beverages was monitored by phenolic

nd anthocyanins degradation kinetics using first-order models, as de-

cribed by Chung et al. (2016) . The first order reaction was expressed

y Eq. (2) , where C t is the phenolics content at t days of storage, C 0 is

he initial phenolic content, k is the reaction rate constant, and t is the

ays of storage. 

n 
( 

𝐶 𝑡 

𝐶 0 

) 

= − 𝑘𝑡 (2)

The half-life time (t 1 
2 
) for a first order reaction can be calculated

sing Eq. (3) . 

 = 

ln ( 2 ) 
(3)
1∕2 

𝑘 
s  

3 
.6. Statistical analysis 

Statistical analysis was performed with IBM SPSS Statistic Program

 23.0 (Illinois, USA), using analysis of variance (ANOVA) with Tukey

ost-hoc test, and Wilcoxon test for non-parametric data. All assays were

erformed in triplicate. Differences were considered significant at a level

f p < 0.05. 

. Results 

Coconut water obtained from mature coconuts from dried fruits in-

ustry presented 9.0 ± 0.1 ̊Bx of total soluble solids, pH value of 5.79

 0.13 and titratable acidity of 0.14 ± 0.01 g/ 100 mL, expressed as

itric acid. These values are slightly higher than the values described

y Nambiar and co-workers, which were 6.5 ̊Bx, pH 4.5 and titratable

cidity of 0.09 g citric acid/ 100 mL, although these values are regard-

ng tender coconuts and the increase of soluble solids, pH and acidity

ncreases with aging ( Nambiar et al., 2017 ). Regarding the pH value,

t is in accordance with Prades and co-workers, who studied the pH of

ifferent coconut waters from mature coconuts and determined pH val-

es ranged between 5.1 and 6.1, and with the results obtained by Halim

nd colleagues, who determined pH values in the range of 5.3 to 6.3

or mature coconuts ( Prades et al., 2012 ; Halim et al., 2018 ). The ratio

etween total soluble solids and acidity is 64.3 is in accordance with

ther values reported for coconut water (between 60 and 70), indicat-

ng the beverage quality as low pH values and high sugar concentration

romote the development of yeasts ( Nambiar et al., 2017 ; Costa et al.,

015 ). 

Coconut water presented high concentration of minerals, 4.78 ± 0.04

/ 100 mL, and sugars: 1.26 ± 0.07 g/ 100 mL of glucose, 1.20 ± 0.05

/ 100 mL of fructose, 0.96 ± 0.11 g/ 100 mL of sucrose, 0.15 ± 0.01

/ 100 mL of xylose and 1.08 ± 0.01 mg/ mL of cellobiose, which con-

ribute to the high sweetness of the coconut water. The concentration of

otal sugars, 4.65 g/ 100 mL, is slightly higher than the average of to-

al sugars present in the different coconut varieties analyzed by Prades

nd co-workers, which ranged from 1.9 to 4.4 g/ 100 mL ( Prades et al.,

012 ). Nevertheless, the concentrations of glucose and fructose are in

ccordance with the values described for these sugars, which ranges 1.5

o 1.7 g/ 100 mL for glucose and around 1.4 g/ 100 mL for fructose

 Prades et al., 2012 ; Vigliar et al., 2006 ). 

Raw coconut water presented some microbial contaminations, in the

ange of 10 2 cfu/ mL, and specifically, 10 1 cfu/ mL for Gram-negative

acilli (MacConkey Agar medium) and 10 2 cfu/ mL for yeasts and molds

PDA). The European Regulation on microbiological quality in foods and

rinks (WHO, 2016) demands that the presence of thermotolerant co-

iforms, determined through MacConkey medium, can not be present,

hus the coconut water was pasteurized before further use. After pas-

eurization, no viable cells were found in the different media. 

.1. Bioactive properties 

.1.1. Antimicrobial activity 

Growth inhibition curves of GPE-Alg and GPE-CS coconut beverages

ere performed for MSSA, Listeria monocytogenes , and Candida albicans .

rowth inhibition curves for selected microorganisms, in the presence

f the digested coconut water control and coconut beverages with GPE-

lg or GPE-CS, at concentration of 2.5% (w/v), as measured by turbidity

t 630 nm, are presented in Fig. 1 . 

As previously described, the GPE has inhibitory effect upon differ-

nt microorganisms, due to the presence of different polyphenols, in-

luding anthocyanins, minerals and organic acids ( Costa et al., 2019b ).

ntimicrobial properties of chitosan are also well described and the en-

apsulation within this polymer may enhance its antimicrobial activ-

ty ( Zheng and Zhu, 2003 ; Qin et al., 2006 ; Du et al., 2009 ). As ob-

erved in Fig. 1 , digested coconut beverages with GPE-Alg and GPE-CS
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Fig. 1. Growth inhibition curves of coconut water ( □), GPE-Alg coconut beverage (-) and GPE-CS coconut beverage ( △ ) against Staphylococcus aureus (A), Listeria 

monocytogenes (B) and Candida albicans (C) growth curves. 
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ad similar antimicrobial behavior upon C. albicans and L. monocyto-

enes , but the activity of digested beverage with GPE-CS upon S. aureus

as higher than GPE-Alg beverage. Using a concentration of only 2.5%

w/v), both functional coconut beverages decreased the growth of S.

ureus after 24 h of incubation and the growth of C. albicans and L.

onocytogenes after 12 h of incubation. Although GPE-Alg and GPE-CS

everages could not inhibit the growth of L. monocytogenes and C. al-

icans , they were able to retard the microbial growth. For L. monocyto-

enes , the growth rate decreased from 0.238 h − 1 to 0.077 h − 1 and 0.107

 

− 1 in the presence of GPE-Alg and GPE-CS, respectively. Regarding C.

lbicans , the growth rate decreased from 0.176 h − 1 to 0.095 and 0.090

ith the incorporation of GPE-Alg h − 1 and GPE-CS h − 1 , respectively.
4 
evertheless, it is possible to observe that the control coconut water

lso had effect on the growth of C. albicans , even without the incorpo-

ation of GPE. This inhibition could be explained by the high diversity

nd concentration of flavonoids present in coconut, including epicate-

hin, epigallocatechin, catechin, apigenin, rutin, kaempferol, quercetin

nd myricetin, which specifically showed antifungal activity against C.

lbicans ( Shahzad et al. , 2014 ; Arivalagan et al., 2018 ). 

Unlike the potential described for other coconut components, such as

il, control coconut water did not have antimicrobial potential, mostly

ue to the high content in water, it is severely prone to contamina-

ions ( Oliveira et al., 2018 ). Nevertheless, these results are somehow

n accordance with the antimicrobial properties of a fermented coconut
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Fig. 2. Growth curves of Lactobacillus plantarum (A), Lactobacillus rhamnosus R11 (B), Lactobacillus casei 01 (C), Bifidobacterium animalis subsp. lactis BB-12 (D) and 

Bifidobacterium animalis Bo (E) with FOS ( ), coconut water ( ), GPE-Alg coconut beverage (-) and GPE-CS coconut beverage ( ) 
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everage developed by Kantachote et al. (2017) that successfully in-

ibited Staphylococcus aureus, Bacillus cereus and Listeria monocytogenes ,

lthough the characteristic low pH of fermented beverages could addi-

ionally increase this effect. Furthermore, Prado and co-workers isolated

actic acid bacteria from coconut water and tested for antimicrobial ca-

acity against different intestinal pathogens, observing high inhibitory

apacity against Staphylococcus aureus but no significant effect against

isteria monocytogenes ( Prado et al., 2015 ). 

The potential of functional GPE-Alg and GPE-CS coconut bever-

ges to inhibit the growth of S. aureus and hold back the growth of

ther microorganisms responsible for the proliferation of intestinal in-

ections, possibly reducing its severe symptoms such as diarrhea and

onsequently, dehydration. 

.1.2. Impact on probiotic bacteria 

The impact of the coconut beverages on probiotic bacteria was stud-

ed using five strains in basal MRS medium without glucose, at con-

entrations of 2% (w/v) of each pre-digested coconut beverage. Fig. 2
5 
resents the growth of evaluated bifidobacteria and lactobacilli strains,

s measured by turbidity at 660 nm. Frutooligosaccharides (FOS) at the

ame concentration were also used as positive control at 2% (w/v). All

he probiotic microorganisms grew in the presence of both coconut bev-

rages, increasing their growth (OD at 660 nm) along the fermentation

eriod. FOS proved to be the most efficient prebiotic component, ex-

ept for Lactobacillus plantarum , in which digested beverage with GPE-

lg and GPE-CS promoted a higher OD. In the case of L. rhamnosus and

. casei growth, coconut water control and incorporating GPE-Alg and

PE-CS differences between themselves neither from FOS. In the case

f BB-12, both functional beverages presented a prebiotic potential sim-

lar to FOS, while the growth in presence of coconut water control was

ower. At last, for B. animalis Bo, it was verified a decrease of growth af-

er 20 h, in the presence of FOS, which was not observe in the presence

f functional beverages incorporating GPE-Alg and GPE-CS. Although

oconut water is rich in sugars that are able to stimulate the growth of

robiotic microorganisms, the incorporation of the GPE-Alg and GPE-CS

romoted an enhanced prebiotic potential effect, due to the presence of
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Fig. 3. Comparison of sensory attributes between con- 

trol beverage and the blind control, GPE-Alg and GPE- 

CS coconut beverages evaluated using a (A) continuous 

line scale from 0 to 10 or (B) continuous bipolar line 

scale. Differences considered significantly at p < 0.05. ∗ 

means differences at p < 0.05 and ∗ ∗ p < 0.01 attribute 

differences from the control evaluated. 
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ylooligosaccharides that are able to change the composition of short

hain fatty acids, increased faecal weight and mineral absorption, and

ecreased colonic pH values ( Costa et al., 2019b ). 

Based on maximum specific growth rates ( 𝜇max ) achieved, lacto-

acilli exhibited higher capacity to growth and specifically, Lactobacillus

lantarum exhibited the best capacity to growth, achieving the fastest

rowth in the presence of coconut water supplemented with GPE-Alg

0.408 h − 1 ). GPE-CS presented a slightly lower 𝜇max value of 0.404 h − 1 , 
ut without statistical differences (p > 0.05), and both functional bev-

rages presented significant higher (p < 0.05) 𝜇max than FOS. L. rhamo-

us was grew faster in the presence of GPE-CS ( 𝜇max 0.383) than with

PE-Alg ( 𝜇max 0.336), but both presented better results than FOS, which

max was 0.324. La01 and Bb12 grew faster with FOS than with the func-

ional beverages. Finally, for Bifidobacterium B0 the growth rates in the

resence of GPE-Alg (0.153 h − 1 ) and FOS (0.148 h − 1 ) were similar and

ignificantly higher than the 𝜇max with GPE-CS (0.112 h − 1 ). Coconut fer-

ented beverages are a novel alternative to fermented dairy beverages,

oconut functional beverages incorporating GPE-Alg and GPE-CS can be

 potential alternative to these fermented drinks, as they can also play a

elevant role in the modulation of intestinal microflora (promoting gut

ealthy bacteria and inhibiting gut pathogens), avoiding the inherent
 w  

6 
ifficulties associated to the stabilization of probiotic strains on food

atrices. 

.2. Sensory evaluation 

In order to evaluate the sensorial differences in coconut water bev-

rage triggered by the introduction of GPE-Alg or GPE-CS, a sensory

valuation test was performed by nine semi-trained panelists. Fig. 3 dis-

lays the averages of differences at day 0 between evaluation of coconut

ater control and coconut water beverage with GPE-Alg or GPE-CS. 

No significant differences ( p > 0.05) in texture, coconut aroma in-

ensity, sweetness and saltiness, were observed between the (blind) the

oconut water control and the coconut water beverage with GPE-Alg or

PE-CS. Significant differences ( p < 0.05) were found for general ap-

earance and aroma for both the coconut water beverage with GPE-Alg

nd GPE-CS and for flavor of beverage with GPE-Alg. Differences be-

ween the flavor of beverage with GPE-CS and the control were also

onsidered significant ( p < 0.01), which could be related with the slight

itter flavor of chitosan and with its inability to mask the bitterness of

PE provided by some phytochemicals. The major difference ( p < 0.01)

as regarding the color of the beverage, which was somehow expected
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Fig. 4. Stability of (A) anthocyanins as absorbance at 

523 nm and (B) total phenolic compounds present in 

coconut water control, and GPE-Alg and GPE-CS co- 

conut beverages along 60 days of storage. 
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Table 1 

Kinetic reaction parameters for phenolic compounds stability in all 

coconut beverages. 

Formulation Rate constant k R 2 t 1 
2 

(days) 

Coconut Water 0.0272 0.72 25.5 

GPE-Alg coconut beverage 0.0272 0.99 25.5 

GPE-CS coconut beverage 0.0379 0.60 20.3 

c  

t  

s  

s  

h  

a

 

a  

s  

i  

p  

d  
ue to the GPE content in anthocyanins, which are able to provide a

inkish color and corroborates the results for color evaluation. 

These results allow to conclude that the incorporation GPE-Alg or

PE-CS into coconut water did not affect most of the coconut water sen-

ory attributes, although some optimization process could be performed

o decrease the differences in flavor. A consumer study should also be

erformed in future to analyze the acceptance of this type of functional

everages. 

.3. Stability studies 

Microbiological control performed during the storage showed that

he beverages were stable along the 60 days of storage as no viable cells

ere detected in all culture media used. 

The degradation profile of phenolic compounds is presented in

ig. 4 a and the parameters of the kinetic reaction are provided in

able 1 . Coconut water and coconut water beverage with GPE-Alg fol-

owed a similar profile of TPC degradation, with a slight increase of

PC after 7 days of storage, under both conditions, followed by an ac-

entuate degradation until 14 days and a slight decrease until the end

f the storage period. Coconut water beverage with GPE-CS presented a
7 
ontinuous degradation of TPC, presenting the main reduction between

he 0 and 7 days of storage. Coconut water beverage with GPE-Alg pre-

ented the higher concentration of TPC during the first seven days of

toring, but after 14 days the beverages stored at 4 ˚C presented the

ighest concentration of those compounds. After the 60 days of storage,

ll the systems presented similar concentrations. 

The kinetic reaction order of TPC degradation was calculated using

 first-order model (0.46 < R 

2 < 0.99) for all the formulations, as de-

cribed by Chung et al. (2016) . The degradation profile of anthocyanins

s presented in Fig. 4 b and the parameters of the kinetic reaction are

rovided in Table 2 . The kinetic reaction order of anthocyanins degra-

ation was calculated using a first-order model (R 

2 = 0.99) for all the
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Table 2 

Kinetic reaction for anthocyanins stability in coconut beverages contain- 

ing GPE-Alg or GPE-CS 

Formulation Rate constant k R 2 t 1 
2 

(days) 

GPE-Alg coconut beverage (4 ̊C) 0.0286 0.99 24.3 

GPE-CS coconut beverage (4 ̊C) 0.0078 0.99 89.3 
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ormulations, as described by Chung et al. (2016) . The coconut water

everage with GPE-Alg presented higher half-life time, 25 days, than

he coconut water beverage with GPE-CS that presented a half-life of

0 days. Regarding anthocyanins, coconut water beverage with GPE-

S presented higher half-life time of anthocyanins than coconut water

everage with GPE-Alg. When in solution media, like liquid beverages,

nthocyanins may undergo different degradative reactions due to the

igh water activity, gradually reducing with other phenolic compounds

nto polymeric pigments ( Monteiro et al., 2017 ). Furthermore, the origin

nd type of anthocyanin as well as the matrix where they are included

an influence the stability of the anthocyanin, although there are scarce

tudies on the stability of polyphenols in fruit-derived beverages nei-

her the potential of their encapsulation. Nonetheless, the degradation

f anthocyanins occurred at a similar rate than the other polyphenols,

hen encapsulated into alginate particles, and at a slower rate when

ncapsulated into chitosan, confirming that, under the optimal storage

onditions, the anthocyanin content in fruits and fruit-extracts remains

nchanged or eventually increase during the storage ( Beer et al., 2012 ).

. Conclusions 

Coconut water as a relevant by-product from ready to eat or pro-

essed fruit industry, may act as a sustainable beverage matrix for the

ncorporation of encapsulated bioactive grape pomace extract to pro-

uce a functional coconut beverage. The incorporation of GPE encapsu-

ated into alginate or chitosan microparticles to produce for the first time

unctional coconut beverages, allowing the bioactive molecules to reach

he intestine with minimal losses during the gastrointestinal digestion

ithout affecting most sensory attributes of coconut water. The poten-

ial antimicrobial activity of digested functional coconut water bever-

ges against intestinal pathogens was validated and related to the high

evel of total phenolics and total anthocyanins. 

This work allows to demonstrate the potential of a coconut-based

unctional beverage to modulate the intestinal microflora, which in ad-

ition to the hydrating capacity and high mineral content of the coconut

ater, can be used as a co-adjuvant in the treatment of severe diarrheas,

rotecting the intestine and restoring hydration. As non-dairy functional

everages, coconut beverages incorporating grape pomace extract en-

apsulated into alginate or chitosan nanoparticles can also be consumed

y vegetarians and lactose-intolerant consumers. 
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