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ABSTRACT

The objective of this study was to develop a synbiotic beverage using green coconut water (GCW)
and agave inulin. The supplementation of 0.5% (w/v) agave inulin and incubation at 32 °C provided
the optimal conditions for viable cell counts of Lactobacillus plantarum BG 112, reaching 8.85 log
CFU/mL, according to the factorial experimental design with face-centered star points (a = +1). The
probiotic count in GCW was 8.81 + 0.94 log CFU/mL, and did not present significant difference
during shelf life of 30 days, which is a satisfactory result for fermented products regarding viability.
The increase of lactic acid (3.88 + 0.61 % to 13.00 + 1.48 %) caused a decrease in the pH of the
beverage, reaching 3.66 = 0.01 at the end of storage. In the sensory evaluation, all the parameters
obtained average scores higher than 8.0, indicating a good acceptance of the product. Therefore, the
synbiotic beverage developed presents a non-dairy alternative to deliver L. plantarum, with high
acceptability and health-promoting properties to consumers.

Keywords: Agave inulin; Cocos nucifera L.; Optimization; Sensory evaluation.

RESUMO

O objetivo deste estudo foi desenvolver uma bebida simbidtica utilizando 4gua de coco verde (GCW)
e inulina de agave. A suplementacdo de inulina de agave a 0,5% (p/v) e a incubagdo a 32 ° C
proporcionaram as condi¢des ideais para contagens viaveis de células de Lactobacillus plantarum
BG 112, atingindo 8,85 log UFC/mL, de acordo com o delineamento experimental fatorial com
estrela centrada na face pontos (a = + 1). A contagem de probidticos no GCW foi de 8,81 + 0,94 log
UFC/mL, e ndo apresentou diferenca significativa durante o prazo de validade de 30 dias, resultado
satisfatorio para os produtos fermentados quanto a viabilidade. O aumento do &cido latico (3,88 +
0,61% para 13,00 + 1,48%) causou uma diminuic¢do no pH da bebida, atingindo 3,66 = 0,01 no final
do armazenamento. Na avalia¢do sensorial, todos 0s pardmetros obtiveram escores médios superiores
a 8,0, indicando boa aceitacdo do produto. Portanto, a bebida simbiotica desenvolvida apresenta uma
alternativa ndo lactea para entregar L. plantarum, com alta aceitabilidade e propriedades promotoras
de salde para os consumidores.

Keywords: Inulina de agave; Cocos nucifera L.; Otimizacdo; Avaliacao sensorial

1 INTRODUCTION

Probiotics are live microbial food supplements that benefit consumer health by maintaining
or improving their intestinal microbial balance, when administered in adequate amounts (1). Among
functional foods, probiotics stand out for being well accepted and widely consumed in several
countries. Probiotic microorganisms can act in the promotion of health due to various beneficial
effects they exert in the host. These effects are usually due to the following mechanisms of action:
resistance to pathogen colonization, regulation of intestinal transit, acid production, among others (2).
Most of the microorganisms identified as probiotics are Gram-positive bacteria and belong to the
genera Bifidobacterium and Lactobacillus spp. These bacteria genera have been used for food
fermentation since the ancient times, and can serve a dual function by acting as a food fermenting
agent and potentially health benefits provider (3).

Despite the growing demand for new products, the inclusion of probiotics in food matrices is

Braz. J. of Develop., Curitiba, v. 6, n. 7, p. 42324-42337, jul. 2020. ISSN 2525-8761



JRrazilian Journal of Development

still a challenging area of research in food technology (4). Dairy products, mainly fermented milks
and yoghurt, are still the majority of probiotic products available in the market. However, a great part
of the world population is affected by lactose-intolerance or milk allergies. In addition, there are
people who choose not to consume milk products because of health conditions, like people with
hypercholesterolemia, or personal preferences, such as strict vegetarians and vegans (5). In this
context, it is necessary to develop and study nondairy fermented products to be introduced in the
market.

In the last decade, several types of non-dairy food matrices have been successfully used to
produce probiotic beverages (6-11). Many fruits and vegetables juices are considered suitable for the
addition of probiotics as they are consumed regularly by people of all ages, and have carbohydrates,
minerals, vitamins, dietary fibers, and antioxidants that could make them ideal substrates for probiotic
growth (12).

Green coconut water (GCW) obtained from the endosperm of coconuts (Cocos nucifera L.) is
colorless, sweet, naturally flavored and slightly acidic and is largely consumed in tropical countries
(13). GCW is an isotonic drink rich in sugars, vitamins B and C, sodium, potassium, magnesium and
calcium, minerals that can replenish the electrolytes in body dehydration (14). For this reason, GCW
is highly consumed around the world and, consequently, represents one of the fastest growing
beverage categories due to its natural hydrating qualities, enjoyable taste, functional health properties
and nutritional benefits (15).

A trend in food technology is to combine probiotics and prebiotics. Products containing these
both components are generically termed synbiotics (16). Prebiotic is defined as “a selectively
fermented ingredient that results in specific changes, in the composition and/or activity of the
gastrointestinal microbiota, thus conferring benefit(s) upon host health” (17). Prebiotics may exert a
protective effect in probiotic food products, improving the survival and activity of probiotic bacteria
during refrigerated storage, as well as during the passage through the gastrointestinal tract (18). The
prebiotic inulin is a polysaccharide that can be extracted from plants of the families Liliaceae,
Amaryllidaceae, Gramineae, Compositae, Nolinaceae and Agavaceae, although its main source is
chicory (Cichorium intybus) (19). The addition of inulin to the GCW is an approach to improve the
probiotic survival in the beverage, mainly because viability is an important parameter for developing
probiotic foods to ensure their benefits for human health (4).

Therefore, due to the importance of providing products aimed at individuals with restriction
on the consumption of lactose or who do not appreciate foods of animal origin, the objective of this

study was to develop a synbiotic beverage, using coconut water and agave inulin.
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2 MATERIAL AND METHODS
2.1 EXTRACTION AND PREPARATION OF COCONUT WATER

Green coconuts (Cocos nucifera L.) were purchased in the local market of Londrina, Parana
— Brazil. The GCW used in this work was extracted by perforation with a manual, stainless-steel
punch after the primary epicarp had been brushed and washed with water containing 100 ppm of
active chlorine. The extracted GCW was maintained in plastic bags at - 20 °C. To prevent any
microbial or enzymatic activity prior to its use in the fermentation, GCW was pasteurized at 90 °C
for 5 min (20).

2.2 MICROBIAL CULTURE STOCK PREPARATION

The strain Lactobacillus plantarum BG 112 was donated by Sacco (Sacco®, Brazil). The
culture was activated (0.1% w/v) in pasteurized GCW containing 20 % (v/v) glycerol (Synth, Brazil)
and divided into portions of 10 mL, which were kept frozen at - 20 °C. At the moment of use, the pre-
inoculum were obtained through two activations in GCW at 37 °C for 24 hours under aerobiosis to

promote culture adaptation.

2.3 OPTIMIZATION OF FERMENTATION

The optimum fermentation conditions were studied through a face-centered star points
experimental design. The probiotic culture fermentation was performed in 100 mL of GCW in sterile
250 mL flasks, adding 0 - 5 g/100 mL of agave inulin (Preventy-Mexico) (x1) at an incubation
temperature (x2) of 25 - 45 °C (Table 1), according to the proposed experimental design, at an initial
inoculum of 1% v/v. The time of 16 h for the end of the fermentation was established according to
preliminary tests, in which L. plantarum had already reached the stationary phase of bacterial growth.
The experimental design used was a 22 factorial design with face-centered star points (a = +1) and
two repetitions of central points (total of 12 experiments). This design was chosen because the axial
points are at the center of each face of the factorial space, requiring only three levels for each factor
(21). The levels of factors used are shown in Table 1, where (-1), (0), and (+1) indicate the low level
of each factor, mid-level, and the high level, respectively. The experimental data were designed using
Statistica® software version 10.0. A complete quadratic polynomial regression model was used to

correlate the experimental data using Eq. 1:
Yiavitity = Po + PB1X1+ BoX2 + P1Xa? + Pax2? + BrzXiXe Q)

Where, Y viaviliy = response variable to cell viability (log CFU/mL),
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X1 and X2 = coded independent variables (temperature and concentration of inulin), f = estimated
coefficients of each term of the response surface model. The impact and meaning of each term (linear,
quadratic, and interactions) in the regression equation was evaluated by analysis of variance
(ANOVA).

Validation of Optimized conditions and predictive models were tested using the ideal
conditions provided. Results of experiments performed under optimal conditions of each substrate
and the average experimental values were compared with the expected values to determine the

validity of the models.

2.4 PRODUCTION AND STORAGE OF THE FERMENTED GCW BEVERAGE

The fermentation was performed in 250 mL sterile glass flasks containing 100 mL of GCW
that were inoculated with 1% (v/v) pre-inoculum with approximately 9 log CFU/mL, according to
Optimized conditions, until pH 4.5. After that period, it was added 3% (m/v) of sucrose and 0.05%
(v/v) of artificial coconut essence. Fermented GCW containing inulin and probiotics was dispensed
into sterile glass flasks and stored at 4 °C. The aliquots were removed for analysis at the time intervals
0, 7, 15 and 30 days of shelf-life, for the viability of L. plantarum BG 112, pH, lactic acid, total
soluble solids and color.

2.5 PHYSICOCHEMICAL ANALYSIS AND PROBIOTIC VIABILITY

The pH was determined using a digital potentiometer (Hanna® instrument, Romania). The level
of total soluble solids (TSS), as °Brix, was assessed using a digital refractometer (Atago Co., Kyoto,
Japan). A colorimeter (Minolta®, model CR400, Osaka, Japan) was used for the assessment of color
parameters values, which were used to calculate AE (color loss), according to Eq. 2, where Aa, Ab ¢

and AL represent the difference between color during the shelf-life of the product (22).

AE = [[(AL %)2 + (Aa %)% + (Ab #)?] 2

Lactic acid determinations were performed at Shimadzu liquid chromatographic system,
Prominence LC-20A series HPLC (Shimadzu, Kyoto, Japan). The system consisted of a pump (LC-
20AT) with solvent organizer and degas module (DGU-20A5), auto sampler (SIL-20AC), column
oven (CTO-20A), refractive index (RID-10A) and a photodiode array detector (SPD-M20A), all
managed by LC Solution software. A chromatographic column Shiseido Capcell Pak C18 MG (4.6 x
250 mm, 5 p) was employed. The mobile phase consisted of 25.0 mmol/L of sodium phosphate buffer

solution, with pH adjusted to 2.4 at a flow rate of 1.0 mL/ min. The column temperature was
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maintained at 30 °C and a 20.0 pL volume was injected. Detection was performed simultaneously in
a Refractive Index detector (RID-10A) and a Photodiode array detector (SPD-M20A), programmed
at a fixed wavelength at 215 nm and in scan mode from 200 to 400 nm (23).

The viability of the probiotic in the fermented GCW was determined by the plate count method.
L. plantarum BG112 counts were performed in Man Rogosa and Sharpe (MRS) agar (Merck®) and
incubated under aerobic conditions at 37 °C for 48 h. The results were expressed as log of colony

forming units per mL (log CFU/mL).

2.6 SENSORY EVALUATION

The sensory panel was composed of 100 untrained individuals (52 women and 48 men). The
acceptance test of attributes (color, aroma, flavor, texture and overall acceptance) were made using a
9-point hedonic scale (1-disliked very much and 9-liked extremely) and was performed on day 1 of
product storage. The judges evaluated the formulation of potentially synbiotic GCW in an assessment
session. The formulation (25 mL) was coded with 3-digit numbers and served at a temperature of 4
°C in plastic cups. The tests were performed in individual cabins with fluorescent lamps. The
microbial evaluation of the coliforms and Salmonella sp. were carried out before sensory evaluation,

in accordance with Brazilian law to ensure safe consumption of the beverage (24).

3 RESULTS AND DISCUSSION
3.1 OPTIMIZATION OF FERMENTATION

The responses obtained from the experimental data for L. plantarum BG 112 cell viability
(Yviability) after GCW fermentation are shown in Table 1. The response variable showed values ranging
from 6.00 to 8.70 log CFU/mL of L. plantarum in fermented GCW with and without agave inulin
addition. The experimental data were used to develop a quadratic polynomial regression with linear

and quadratic terms.

Table 1 - Coded/real values and the observed/predicted responses obtained by the application of a central composite
design in GCW fermentation by Lactobacillus plantarum BG 112.

Assay Agave inulin/ Temperature/ Cell viability/Y viavitiy (log CFU/mL)
X1 (9/100mL) X2 (°C) Observed Predicted
1 0(-1) 25 (-1) 8.31 8.19
2 0(-1) 45 (+1) 7.32 7.16
3 5 (+1) 25 (-1) 8.40 8.53
4 5 (+1) 45 (+1) 6.00 6.09
5 0 (-1) 35 (0) 8.55 8.84
6 5 (+1) 35 (0) 8.69 8.47
7 2.5 (0) 25 (-1) 8.30 8.30
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2.5 (0) 45 (+1) 6.48 6.56
9 2.5 (0) 35 (0) 8.61 8.60
10 2.5(0) 35 (0) 8.70 8.60
11 2.5 (0) 35 (0) 8.48 8.60
12 2.5(0) 35 (0) 8.66 8.60

The ANOVA of the quadratic models and coefficient estimates for L. plantarum was
performed (Table 2). It was possible to observe that linear inulin concentration value (x1) and both

linear and quadratic temperature values (x2) were statistically significant (p < 0.05).

Table 2 - Analysis of Variance (ANOVA) of the Quadratic Models and Coefficient Estimates for the Response (cell
viability of L. plantarum) of fermented GCW.

Source model Sum of squares df Mean square F value P

Inulin (L) 0.201667 1 0.201667 23.3927  0.016856*
Inulin (Q) 0.010045 1 0.010045 1.1652 0.359440
Temperature (L) 4.525753 1 4525753 524.9736 0.000182*
Temperature (Q) 3.632482 1 3.632482 421.3568 0.000253*
Inulin x Temp. 0.495616 1 0.495616 57.4899  0.004759*
Lack of fit 0.203754 3 0.067918 7.8783 0.061959
Pure error 0.025863 3 0.008621

Total SS 9.407232 11

L: linear, Q: quadratic. R?= 0.976, Ragi= 0.955, * Significant terms.

The mathematical statistical model represents the response function equivalent to Eq. 3. The
significant terms at 5% are shown with an asterisk (*). The linear value of x> presented a p = 0.000182
and the quadratic value of x2, p = 0.000253. This means that there has been Optimization of cell
counts, which can be achieved when optimum temperature levels are employed. The interactions of
inulin (x1) and temperature (x2) were significant (p = 0.004759), indicating that the main effects (x1

and x2) cannot be evaluated separately.

Y viavility = 8.595 - 0.3667*x; + 1.227x? - 1.737*x, — 2.334*x% - 0.704*x, x, 3)

All significant terms had negative coefficients. The negative coefficient showed that with a
lower concentration of inulin and a lower incubation temperature, L. plantarum cell production
increased. The signal and the value of the quantitative effect represent the trend and magnitude of the
influence on the response, respectively (25).

To verify the prediction and fit of the developed regression equations, ANOVA was
performed. The non-significant terms were maintained in the model, because when they were
removed, there was a reduction in the value of R2. The regression model were able to explain 97.6%

the values observed for the production of L. plantarum cells. Lack of fit was not significant (p =
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0.061959), suggesting that the model does accurately fit to the data, confirming the validity of the

predictive analytic model.

The response surfaces were generated in order to Optimize the process. Figure 1 shows the
interactive effect of inulin and temperature on the cell viability (Yviabiiity) Of L. plantarum after GCW
fermentation. The regions with high cell concentrations were near 0 or 5 g of agave inulin/100mL
and 30 °C. The highest (optimum) viability of L. plantarum BG 112 in the GCW was obtained at a
0.5% (w/v) of inulin concentration and fermentation temperature of 32 °C, reaching 8.85 log CFU/mL

(critical point of Equation 3, according to Statistic program).

Figure 1 - Response surface 3D contour plot for L. plantarum BG 112 cell viability (log CFU/mL) in coconut water.
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Other authors found probiotic cell viability in GCW similar to that found in this study.
Kantachote et al. (26), while studying mature GCW for fermentation, obtained a beverage with L.
plantarum DW12 viability of 8.4 log CFU/mL after 48 h of fermentation at 35 °C.

In rice extract, the concentration of 2% (w/w) of chicory root inulin (Orafti®) as a prebiotic

was the optimum observed to support the growth of probiotic L. plantarum TISTR 2075. After
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fermentation at 37 °C for 24 h, the viable cell number was above 8.94 log CFU/mL. The results
indicated that the extract supplemented with 2 % (w/w) inulin exhibited a higher specific growth rate
(0.157/h) compared to the samples without inulin addition. However, the addition of 3% inulin was
not significantly different compared with 1% inulin (27). In the present study, the agave inulin
concentration necessary to promote optimal growth of L. plantarum BG 112 was lower compared to
the work cited.

On the other hand, in blended carrot and orange juices, the growth of L. plantarum CECT 220
was not affected by the presence of inulin in the substrate. The viability of L. plantarum was
investigated in the juices after the addition of artichoke inulin in concentrations of 0, 1% and 2%
(w/w), and after 24 h of fermentation at 37 °C, the growth of L. plantarum was about 9.13 log
CFU/mL in all juices, regardless of the addition of inulin. The results showed that inulin was not the
main carbon energy source for L. plantarum fermentation, and the prebiotic is fermented more slowly

compared to glucose and fructose (28).

3.2 PHYSICOCHEMICAL ANALYSIS AND PROBIOTIC VIABILITY

The physicochemical analysis and cell viability of L. plantarum BG 112 in the fermented
GCW during storage are presented in Table 3.

The L. plantarum viability in GCW after 16 h fermentation at 32 °C was 8.81 + 0.94 log
CFU/mL and did not present significant difference during 30 days of storage. The result obtained in
our study was superior to that found by Dharmasena et al. (29), who reported a L. plantarum Lp 115-
400B viability of 6.99 £ 0.27 log CFU/mL after fermentation of oatmeal and GCW with addition of
inulin. Our viability results were also superior to that found in coconut water without prebiotic
supplementation in the beverage developed by Kantachote et al. (26), which presented L. plantarum
DW12 viability of 8.50 log CFU/mL in fermented mature GCW.

Table 3 - Cell viability and physicochemical analysis of GCW during shelf life of 30 days.

Storage L. plantarum BG112 0 . .
day (log CFU/mL) % lactic acid pH AE Brix
0 8.812+ 0.94 3.88°+0.61 4.64% + 0,00 - 11.252+ 0.04
7 8.792+0.20 8.02° +1.70 3.99°+0,03 10.60% £ 0.98 11.10*£0.10
15 8.77%+ 0.06 9.16° +1.37 3.89° + 0,01 10.042 +1.50 10.60° + 0.09
30 8.792+0.03 13.00%+1.48 3.66°+ 0,01 10.302 +£1.20 10.55° + 0.04

Different letters in the same column indicate significant differences between treatments (P<0.05).

The probiotic viability is an important factor to be considered in functional foods development
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because these microorganisms must survive in the food matrix during shelf life, and then resist to the
stressing gastrointestinal conditions after ingestion (4). It has been suggested that probiotics should
be present in food to a minimum concentration of 6 log CFU/mL at the expiry date (30). In this
context, the viability of L. plantarum BG 112 throughout the shelf life of GCW was adequate for a
drink with probiotic properties.

The amount of lactic acid and pH values underwent statistically significant changes during
the storage period, as shown in Table 3. The quantification of lactic acid in the sample increased from
3.88 + 0.61% after fermentation to 13.00 + 1.48% at the end of 30 days. During the shelf life of a
fermented product, the organic acids are important indicators of the biochemical metabolic processes
that may occur (10, 31).

The increase of lactic acid caused a decrease in the pH of GCW, reaching 3.66 + 0.01 at the
end of storage. Shahabbaspour et al. (32) and Santos Filho et al. (33) also observed a decrease in the
pH of probiotic beverages during the storage period and attributed this decline to post-fermentation
of the lactic acid bacteria. The addition of glucose and presence of residual glucose and fructose in
GCW can support continuous metabolic activity of the strain and generate, as observed, a post-
acidification in the beverage (10)

The level of TSS (Table 3) showed a significant decrease from day 15 until day 30, possibly
due to the consumption of the sugars by the strain used in this work. The color results (AE) did not
show significant difference in 30 days of storage, which guarantees a stability in the product
appearance during the period tested. This is a good result because the aesthetic and sensorial
parameters are examples of the main requirements taken into consideration by consumers when

evaluating the safety of food (34).

3.3 SENSORY EVALUATION

The average sensory evaluation scores for the synbiotic beverage are shown in Table 4. All
the parameters obtained an average score higher than 8.0, which corresponds to “liked very much”.
The parameters aroma and flavor obtained the higher acceptance scores, with 8.53 + 0.29 and 8.34 +
0.36, respectively. The lowest score reached was for the color parameter, with an average of 8.27 +
0.26.

Table 4 - Sensory evaluation scores

Overall
Acceptance

Score 8.27+0.26 853+0.29 834%036 833+033 83+0.37

Parameter Color Aroma Flavor Texture
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Prado et al (10) developed a functional product of GCW fermented by L. plantarum in the
presence of yeast extract, soy protein hydrolysate and sucrose. The sensory acceptance scores ranged
from 4.0 to 5.5 (hedonic rating scale from 1 to 7) for the parameters color, aroma, texture, flavor and
overall acceptance, showing a lower acceptance score compared to that obtained in this work.
Kantachote et al. (26) reported that their GCW beverage formulations fermented by L. plantarum
were only moderately acceptable, according to the sensory evaluation of their panelists. Comparing
the acceptance of the products developed by the other authors with the beverage elaborated in this
work, the synbiotic GCW generally presented higher acceptance values, which demonstrates its
potential use as a functional food.

The beverage developed in the present work had a high percentage of acidity, as mentioned
previously. In this way, sucrose and artificial coconut flavor were added in order to enhance the
beverage liking and promote a higher acceptance of the product. According to Hoffman et al. (35), in
a review study of the flavour preferences among young and adults, papers described sweet taste
preference among adults and rated sour as significantly less pleasant than sweet. Thus, the sensory
evaluation scores obtained for our drink demonstrates the commercial potential of fermented GCW
beverages with inulin addition. We conclude that the sensory evaluation scores obtained for our drink
demonstrates the commercial potential of fermented GCW beverages with inulin addition.

4 CONCLUSIONS

The temperature of incubation and agave inulin addition to the GCW beverage fermented by
Lactobacillus plantarum BG 112 had a positive effect in the growth of the probiotic bacteria. After
30 days of shelf life, the beverage had L. plantarum BG 112 cell viability according to the
recommended daily ingestion of probiotic foods. Futhermore, the fermented GCW showed potentially

synbiotic properties and a high acceptability by consumers in the sensory evaluation test.

ACKNOWLEDGEMENTS

This research was developed with the support of the Londrina State University, which
provided the infrastructure and facilities. This study was supported by a scholarship from the National
Council of Technological and Scientific Development (CNPq) and Coordination for the Improvement
of Higher Education Personnel (CAPES).

CONFLICT OF INTEREST

The authors declare that they have no conflict of interest.

Braz. J. of Develop., Curitiba, v. 6, n. 7, p. 42324-42337, jul. 2020. ISSN 2525-8761



JRrazilian Journal of Development

REFERENCES

FAO/WHO - Food and Agriculture Organization of the United Nations and World Health
Organization. (2002). Report on Drafting Guidelines for the Evaluation of Probiotics in Food.
London (Ontario, Canada), 1-11.

Hill C, Guarner F, Reid G, Gibson GR, Merenstein DJ, Pot B, Morelli L, et al. Expert consensus
document: The international scientific association for probiotics and prebiotics consensus
statement on the scope and appropriate use of the term probiotic. Nat. Rev. Gastro. Hepat.
2014;11(8):506-514. https://doi.org/ 10.1038/nrgastro.2014.66

Song D, Ibrahim S, Hayek S. Recent Application of Probiotics in Food and Agricultural Science.
Probiotics, Everlon Cid Rigobelo, IntechOpen, 2012:3-36. http://
http://dx.doi.org/10.5772/50121.

Soccol CR, Vandenberghe LPS, Spier MR, Medeiros ABP, Yamaguishi CT, Lindner JDD, et al.
The Potential of Probiotics: The Review. Food Technol. Biot. 2010;48(4) 413-434.

Shori AB. Influence of food matrix on the viability of probiotic bacteria: A review based on dairy
and non-dairy beverages. Food Biosci. 2016;13:1-8. https://doi.org/10.1016/j.fbio.2015.11.001

Yuliana N, Rangga A, Rakhmiati. Manufacture of fermented coco milk-drink containing lactic
acid bacteria cultures. Afr. J. Food Sci. 2010;4(9):558 — 562.

Pereira ALF, Maciel TC, Rodrigues S. Probiotic beverage from cashew apple juice fermented
with Lactobacillus casel. Food Res. Int. 2011;44:1276-1283.
https://doi.org/10.1016/j.foodres.2010.11.035

Zheng X, Yu Y, Xiao G, Xu Y, Wu J, Tang D, et al. Comparing product stability of probiotic
beverages using litchi juice treated by high hydrostatic pressure and heat as substrates. Innov.
Food Sci. Emerg. Technol. 2014;3:61-67. https://doi.org/10.1016/j.ifset.2014.01.013

Mridula D, Sharma M. Development of non-dairy probiotic drink utilizing sprouted cereals,
legume and  soymilk. LWT - Food Sci. Technol. 2015;62:482-487.
https://doi.org/10.1016/j.Iwt.2014.07.011

Prado FC, Lindner JD, Inaba J, Thomaz-Soccol V, Brar SK, Soccol CR. Development and
evaluation of a fermented coconut water beverage with potential health benefits. J. Funct. Foods.
2015;12:489-497. https://doi.org/10.1016/j.jff.2014.12.020

Guimardes SCN, Alves DTV, Souza RBM, da Costa CEF, Melo KC, Oliveira IS, Soares SD, dos
Santos OV. Development of mixed probiotic fermented formulations enriched with amazonic
fruit oils. Braz. J. Development. 2020, vol. 6, n.3:10882-10901.
https://doi.org/10.34117/bjdv6n3-093

Yoon KY, Woodams EE, Hang YD. Probiotication of tomato juice by lactic acid bacteria. J.
Microbiol. 2004;42:315-318.

Satheesh N, Prasad N. Production of fermented coconut water beverages. As. J. Food Ag-Ind.
2013;6(5):281-289. https://doi.org/10.1016/j.jff.2014.12.020

Braz. J. of Develop., Curitiba, v. 6, n. 7, p. 42324-42337, jul. 2020. ISSN 2525-8761


https://www.ncbi.nlm.nih.gov/pubmed/?term=Morelli%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24912386
http://dx.doi.org/10.5772/50121
http://dx.doi.org/10.5772/50121
https://doi.org/10.1016/j.fbio.2015.11.001
https://doi.org/10.1016/j.foodres.2010.11.035
https://doi.org/10.1016/j.ifset.2014.01.013
https://doi.org/10.1016/j.lwt.2014.07.011
https://doi.org/10.1016/j.jff.2014.12.020
https://doi.org/10.34117/bjdv6n3-093
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.jff.2014.12.020

JRrazilian Journal of Development

Yong JWH, Ge L, Ng YF, Tan SN. The chemical composition and biological properties of
coconut (Cocos nucifera L.) water. Molecules. 2009;14(12):5144-5164.
https://doi.org/10.3390/molecules14125144

Prades A, Dornier M, Diop N, Pain J-P. Coconut water preservation and processing: a review.
Fruits. 2012;67(3):157-171. https://doi.org/10.1051/fruits/2012009

Holzapfel WH, Schillinger U. Introduction to pre- and probiotics. Food Res. Int. 2002;35:109-
116. https://doi.org/10.1016/S0963-9969(01)00171-5

Gibson GR, Scott KP, Rastall RA, Tuohy KM, Hotchkiss A, Dubert-Ferrandon A, et al. Dietary
prebiotics: current status and new definition. Food Sci Tech Bull Funct Foods. 2010;7:1-19.
https://doi.org/10.1616/1476-2137.15880

Hernandez-Hernandez O, Muthaiyan A, Moreno FJ, Montilla A, Sanz ML, Ricke SC. Effect of
prebiotic carbohydrates on the growth and tolerance of Lactobacillus. Food Microbiol.
2012;30:355-361. https://doi.org/10.1016/j.fm.2011.12.022

Franco-Robles E, Lopez MG. Implication of fructans in health: Immunomodulatory and
antioxidant mechanisms. Sci. World J. 2015:1-15. https://doi.org/10.1155/2015/289267

Tan TC, Cheng LH, Bhat R, Rusul G, Easa AM. Composition, physicochemical properties and
thermal inactivation Kkinetics of polyphenol oxidase and peroxidase from coconut (Cocos
nucifera) water obtained from immature, mature and overly-mature coconut. Food Chem.
2014,;142:121-128. https://doi.org/10.1016/j.foodchem.2013.07.040

Rezazadeh M, Yamini Y, Seidi S, Esrafili A. One-way and two-way pulsed electromembrane
extraction for trace analysis of amino acids in foods and biological samples. Anal. Chim. Acta.
2013;773:52-59. https://doi.org/ 10.1016/j.aca.2013.02.030

Gennadios A, Weller CL, Hanna MA, Froning GW. Mechanical and barrier properties of egg
aloumen films. J. Food Sci. 1996; 61(3):585-589. https://doi.org/10.1111/j.1365-
2621.1996.tb13164.x

Reuter WM. Analysis of Organic Acids in Fruit Juices by HPLC and UV Detection. Perkin Elmer.
2015. Available from https://mwww.perkinelmer.com/CMSResources/Images/44-
75518APP_Analysis-of-Organic-Acids-in-Fruit-Juices-by-HPLC-and-UV-Detection-

012299 _01.pdf.

BRAZIL. Ministério da Agricultura, Pecuaria e Abastecimento. Normativa n° 27, de 22 de julho
de 2009. Estabelece os procedimentos minimos de controle higiénico-sanitario, padres de
identidade e caracteristicas minimas de qualidade gerais; 2009 (in Portuguese).

Zhang W, Lin Y, Zhang Q, Wang X, Wu D, Kong H. Optimization of simultaneous
saccharification and fermentation of wheat straw for ethanol production. Fuel. 2013;112:331—
337. https://doi.org/10.1016/j.fuel.2013.05.064

Kantachote D, Ratanaburee A, Hayisama-ae W, Sukhoom A, Nunkaew T. The use of potential
probiotic Lactobacillus plantarum DW12 for producing a novel functional beverage from mature

Braz. J. of Develop., Curitiba, v. 6, n. 7, p. 42324-42337, jul. 2020. ISSN 2525-8761


https://dx.doi.org/10.3390%2Fmolecules14125144
https://doi.org/10.1016/S0963-9969(01)00171-5
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hernandez-Hernandez%20O%5BAuthor%5D&cauthor=true&cauthor_uid=22365348
https://www.ncbi.nlm.nih.gov/pubmed/?term=Muthaiyan%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22365348
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moreno%20FJ%5BAuthor%5D&cauthor=true&cauthor_uid=22365348
https://www.ncbi.nlm.nih.gov/pubmed/?term=Montilla%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22365348
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sanz%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=22365348
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ricke%20SC%5BAuthor%5D&cauthor=true&cauthor_uid=22365348
https://doi.org/10.1016/j.foodchem.2013.07.040
https://doi.org/10.1111/j.1365-2621.1996.tb13164.x
https://doi.org/10.1111/j.1365-2621.1996.tb13164.x
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.fuel.2013.05.064

JRrazilian Journal of Development

coconut water. J. Funct. Foods, 2017;32: 401-408. https://doi.org/10.1016/j.jff.2017.03.018
Savedboworn W, Niyomrat S, Naknovn J, Phattayakorn K. Impact of inulin on viability and
storage stability of probiotic Lactobacillus plantarum TISTR 2075 in fermented rice extract.
Agric. Nat. Resour. 2017;51(6):463-469. https://doi.org/10.1016/j.anres.2018.03.008

Valero-Cases E, Frutos M J. Effect of inulin on the viability of L. plantarum during storage and
in vitro digestion and on composition parameters of vegetable fermented juices. Plant Food. Hum.
Nutr. 2017;72(2):161-167. https://doi.org/ 10.1007/s11130-017-0601-x

Dharmasena M, Barron F, Fraser A, Jiang X. Refrigerated Shelf Life of a Coconut Water-Oatmeal
Mix and the Viability of Lactobacillus plantarum Lp 115-400B. Foods. 2015; 4, 328-337.
https://doi.org/ 10.3390/foods4030328

Tamime AY, Saarela M, Wszolek M, Ghoddousi H, Linares DM, Shah NP. Production and
Maintaining Viability of Probiotic Micro-organisms in Dairy Products: Probiotic Dairy Products
(2nd ed.). John Wiley & Sons Ltd. 2017.

Lindner JDD, Bernini V, De Lorentiis A, Pecorari A, Neviani E, Gatti M. Parmigiano—Reggiano
cheese: Evolution of cultivable and total lactic microflora and peptidase activities during
manufacture and ripening. Dairy Sci Technol. 2008; 88, 511-523.

Shahabbaspour Z, Mortazavian AM, Pourahmad R, Moghimi A, Sohrabvandi S. The effects of
ratio of cow's milk to soymilk, probiotic strain and fruit concentrate on qualitative aspects of
probiotic flavoured fermented drinks. Int. J. Dairy. 2013; 66(1), 135-144. https://doi.org/
10.1111/5.1471-0307.2012.00883.x

Santos Filho AL, Freitas HV, Rodrigues S, Abreu VKG, Lemos TO, Gomes WF, et al. Production
and stability of probiotic cocoa juice with sucralose as sugar substitute during refrigerated storage.
LWT — Food Sci Technol. 2019; 99, 371-378. https://doi.org/10.1016/j.lwt.2018.10.007

Vedovato GM, Trude AC, Kharmats AY, Martins PA. Degree of food processing of household
acquisition patterns in a Brazilian urban area is related to food buying preferences and perceived
food environment. Appetite. 2015; 87, 296-302. https://doi.org/10.1016/j.appet.2014.12.229

Hoffman AC, Salgado EV, Dresler C, Faller RW, Bartlett C. Flavour preferences in youth versus
adults: a review. Tob. Control. 2016;25(2):32-39. https://doi.org/10.1136/tobaccocontrol-2016-
053192

Braz. J. of Develop., Curitiba, v. 6, n. 7, p. 42324-42337, jul. 2020. ISSN 2525-8761


https://doi.org/10.1016/j.jff.2017.03.018
https://doi.org/10.1016/j.anres.2018.03.008
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1007%2Fs11130-017-0601-x
https://dx.doi.org/10.3390%2Ffoods4030328
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Tamime%2C+AY
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Saarela%2C+M
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Wszolek%2C+M
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Ghoddousi%2C+H
https://doi.org/10.1016/j.lwt.2018.10.007
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hoffman%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=27633764
https://www.ncbi.nlm.nih.gov/pubmed/?term=Salgado%20RV%5BAuthor%5D&cauthor=true&cauthor_uid=27633764
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dresler%20C%5BAuthor%5D&cauthor=true&cauthor_uid=27633764
https://www.ncbi.nlm.nih.gov/pubmed/?term=Faller%20RW%5BAuthor%5D&cauthor=true&cauthor_uid=27633764
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bartlett%20C%5BAuthor%5D&cauthor=true&cauthor_uid=27633764
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=27633764
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1136%2Ftobaccocontrol-2016-053192
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1136%2Ftobaccocontrol-2016-053192

