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Abstract This study evaluated the pH, acidity, soluble

solids, color, dietary fiber, sensory acceptance and the

viability of Lactobacillus rhamnosus, Lactobacillus plan-

tarum and Lactobacillus acidophilus in mango and carrot

mixed juices. In addition, this study verified the resistance

of L. plantarum that presented greater viability to the

gastrointestinal tract simulated in vitro. Three formulations

were elaborated (varying the pulps concentration) and the

products were stored at 8 �C for 35 days. No difference

was found in the total soluble solids and color of the

products during storage time at 8 �C. A reduction in pH

and an increase in acidity were observed in all samples

during storage, probably due to the fermentative action of

probiotics, which negatively influenced acceptance after

35 days of storage. On the other hand, juices with a higher

concentration of mango pulp were more accepted and may

be a strategy to improve the acceptance of fermented jui-

ces. Microorganisms showed greater viability in juices that

had higher amount of carrot pulp, probably due to the

higher fiber content in these samples. During the 35-day

shelf life, all juices with L. plantarum maintained counts

above 7 log CFU mL-1 after gastrointestinal conditions

simulation. Therefore, mango and carrot mixed juice

showed to be as a good vehicle for probiotic bacteria and

meets the needs of consumers looking for functional,

healthy, non-dairy and low-sugar foods.
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Introduction

Interest in the development of novel functional foods and

their incorporation into a healthy diet has been growing in

recent years. Among these products, those containing

probiotic microorganisms have gained importance, since

these bacteria promote a beneficial effect on host health

and have potential for prevention of various diseases

(Kandylis et al. 2016). Probiotics help maintain balance

and stability of the gut microbiota, contributing to digestive

functions, such as constipation control, nutritional

bioavailability and modulation of digestive and immune

system activity. These microorganisms have beneficial

health effects related to cancer, antibiotic-associated diar-

rhea, traveler diarrhea, allergies, high blood pressure and

cholesterol, immune system function, and vitamin pro-

duction (Rostami et al. 2018).

The demand for new food matrices as a vehicle for

probiotics in alternative to dairy products is increasing due

to intolerance and allergy to milk derivatives from part of

the population, increase of individuals who adhere to

vegetarianism, cholesterol-restricted diets, among other

factors (Martins et al. 2013). Thus, the use of the veg-

etable matrix has been widely discussed as an alternative

for the incorporation of probiotic bacteria in the diet, since

fruits and vegetables contain nutrients for the growth of
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these microorganisms without offering consumers the

inconveniences related to dairy products (Martins et al.

2016; Shori 2016).

Many studies were carried out using the vegetable ma-

trix as carrier of probiotic bacteria, such as carrot juice

fermented by L. plantarum (Li et al. 2016), minimally

processed melon enriched with L. acidophilus (Oliveira

et al. 2017), orange juice enriched with Lactobacillus casei

(Costa et al. 2017), rice extract fermented by L. plantarum

(Savedboworn et al. 2017), soybean extract fermented by

L. acidophilus La-5, Bifidobacterium animalis subsp. lactis

Bb-12 and Streptococcus thermophilus (Battistini et al.

2018), among others. In general, the viability of probiotic

bacteria in vegetable products depends on several intrinsic

and extrinsic factors, such as the species and bacterial

strain used, pH, the dissolved oxygen, the chemical com-

position of the food, as well as storage temperature, the

nature of the ingredients added and the food matrix (Shori

2016).

In this context, the production of mixed juice may be a

promising alternative to increase the viability of probiotic

microorganisms and the sensory acceptance of the product,

besides being an alternative to conventional dairy products

(Antunes et al. 2013). Among the fruits and vegetables that

have high production and industrial processing, mango and

carrot stand out due to the low cost, high availability of

nutrients and palatable flavor (Kaur and Aggarwal 2016).

Mango (Mangifera indica) is the second most impor-

tant tropical fruit in the world, and is largely consumed

due to its attractive color, exotic flavor, sweet taste and

succulence (Guan et al. 2016). In addition, mango juice has

a high nutritive value with high contents of ascorbic acid,

phenols and carotenoids (Guan et al. 2016). The carrot

(Daucus carota L.), besides being one of the most com-

monly used and well-known vegetables in the everyday

kitchen (Riganakos et al. 2017), originates the carrot juice,

which is considered one of the most popular veg-

etable juices (Li et al. 2016). Mango and carrot are veg-

etables rich in functional components such as carotenoids,

ascorbic acid, phenolic compounds, vitamins (A, D, B, E,

C and K), fiber and minerals (calcium, potassium, phos-

phorus, sodium and iron) (Cadena et al. 2013). Mixed juice

of mango and carrot is a product with high nutritional

value, because these vegetables are important dietary

source of carotenoids such as alpha- and beta-

carotene, lutein and lycopene. Beta-carotene, one of the

most biologically active carotenoids, is a precursor of

vitamin A (Riganakos et al 2017), essential for vision and

growth of children. Thermal processes such as pasteuriza-

tion are generally used to conserve these products, to

guarantee the quality and food safety of the juices (Kaur

and Aggarwal 2016). Although this technology may result

in changes in sensory characteristics and reduced

bioavailability of some nutrients, these losses are low and

in some cases are imperceptible. Furthermore, considering

microbiological safety, production scale and process cost,

heat treatment is still the most advantageous and safest

method applied by the food industry (Kaur and Aggarwal

2016). Therefore, the combination of mango and carrot

with the incorporation of probiotic microorganisms aims to

offer the consumer a nutritionally rich product with great

sales potential.

However, no study evaluated the development of the

probiotic microorganisms in mixed juice of mango and

carrot, as well as the characteristics of the product and the

impact of the different concentrations of each vegetable.

Thus, this study evaluated the viability of probiotic bacteria

(L. rhamnosus GG, L. plantarum LP299V� and L. aci-

dophilus LA-14) and the physicochemical and sensory

characteristics of different formulations of mango and

carrot mixed juice during 35 days at 8 �C. In addition, the

resistance of the probiotic strain possessing the greater

viability in the different formulations of mixed juice to

in vitro simulated gastrointestinal conditions was

evaluated.

Material and methods

Preparation of mango and carrot pulps

The mango pulp (Mangifera indica L. Ubá variety) was

obtained from the company Bela Ischia Ltda (Astolfo

Dutra, MG, Brazil) and kept frozen at - 18 8C until

preparation of mixed juices.

For obtaining carrot pulp (Daucus carota L.), fresh roots

were obtained from the local market of the city of Rio

Pomba (Minas Gerais, Brasil), washed in running water

and sanitized in organic chlorine solution at 200 mg L-1 of

active chlorine for 15 min at 5 8C. After the sanitization,

the vegetables were rinsed in chlorinated solution at 20 mg

L-1 for 5 min and then peeled and chopped with the aid of

knives. The carrot pulp was obtained by milling the roots

with water, in the proportion of 1:1, in a domestic blender.

Immediately after obtaining the carrot pulp, the mixed

juice was formulated as described in Sect. 2.2.

Preparation and processing of mango and carrot

mixed juices

To prepare the formulations, three different formulations of

mango and carrot mixed juice were tested: formulation 1

(F1): 5 parts mango pulp and 1 part carrot pulp; formula-

tion 2 (F2): 2 parts mango pulp and 1 part carrot pulp; and

formulation 3 (F3): 1 part mango pulp and 1 part carrot

pulp. The proportions of vegetable pulps were defined as
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equidistant concentrations, in which the amount of carrot

never exceeded the mango quantity due to the mango being

highly appreciated by the consumers, for its pleasant taste

and high production. After mixing the pulps, mineral water

was added until the final concentration of the pulps reached

60% (w/v). Subsequently, the total soluble solids (TSS)

was adjusted to 8�Brix with the addition of commercial

sucrose in all formulations to standardize the content of

soluble solids in mixed juices. The sugar content added to

the formulations was approximately 1.5%. These values

were selected according to Brazilian legislation to classify

it as ready-to-drink sweetened tropical juice (Brazil 2018).

Aliquots of 100 mL of the mixed juices were filled into

sterilized glass bottles with metal caps and pasteurized at

90 8C/1 min for further analysis (Faraoni et al. 2013). This

pasteurization binomial was chosen based on food safety

and minimal impacts on the composition of juices (Faraoni

et al. 2013; Moreira et al. 2017). Pasteurization was carried

out in a water bath and a thermocouple was added in the

lower heating point on a control bottle containing juice to

monitor the temperature. After pasteurization, the product

was cooled to 10 8C with ice water and stored at 8 8C
(Moreira et al. 2017).

Preparation and addition of probiotics in mixed

juice

In this study, the probiotic cultures of L. rhamnosus GG

(Culturelle�, lyophilized capsules) (LGG), L. plantarum

LP299V� (JamiesonTM Natural Sources, lyophilized

capsules) (LP) and L. acidophilus LA-14 (Nature’s

Bounty�, lyophilized capsules) (LA) were used. The

preparation of probiotic cultures and its addition to the

mixed juice was carried out as described by Moreira et al.

(2017), where, the pre-inoculum was prepared for each

microorganism (LGG, LP and LA) in each formulation (F1,

F2, and F3), totaling 9 treatments (F1LGG; F2LGG;

F3LGG; F1LP; F2LP; F3LP; F1LA; F2LA; F3LA). For

this, after pasteurization, one L. rhamnosus and one

L. plantarum capsule, containing 1010 cells each, and five

L. acidophilus capsules, containing 2 9 109 cells each

(totaling * 1010 cells), were added aseptically and indi-

vidually to 100 mL of each juice formulation. Then, the

juices were manually stirred and incubated at 37 �C/24 h

(Moreira et al. 2017). This product was called the pre-

inoculum (PI). After 24 h, 10 mL of PI was added to

90 mL of pasteurized mixed juice in sterile glass bottles

with metal caps (Moreira et al. 2017). The products

obtained were stored at 8 �C for 35 days.

As control treatments, the three formulations of mango

and carrot mixed juice (F1, F2, and F3) were obtained

without the addition of probiotic cultures and samples were

stored for 35 days at 8 �C. This binomial of storage time

and temperature was chosen based on the conditions

commonly used for commercialization and consumption of

pasteurized juice (Oliveira et al. 2017).

pH, titratable acidity, total soluble solids and color

of the mango and carrot mixed juices

Mango and carrot mixed juices were evaluated at times 0,

7, 14, 21, 28 and 35 days of storage at 8 �C. Analysis of

pH, titratable acidity and TSS of mixed juices were carried

out according to the AOAC methods: 920.92, 10.197 e

973.21, respectively (AOAC 2000). For this, 10 g of each

sample was weighed and 100 mL of distilled water added.

The pH was determined by direct reading in potentiometer

(mPA-210, MS TECNOPON, São Paulo, Brazil). For

acidity determination, expressed as a percentage of citric

acid (w/v), the juice was titrated with 0.1 mol L-1 NaOH

standard solution until a final pH of 8.2–8.4 (titration

endpoint) was reached. The TSS was performed with a

direct reading on refractometer (Digital ABBE Refrac-

tometer WAY-2S, Quimis, Brazil) at 25 �C, and the results

were expressed in 8Brix.
The color of the mixed juices was measured using a

Color Reader CR-10 (Minolta) colorimeter. The color

measurements were performed by direct reading of

reflectance of the L*, a* and b* coordinates using the

CIELAB scale. For each sample, three readings were taken

at different random points of the product in order to obtain

the mean result. The total color difference (DE*) between
the samples was measured according to Eq. 1 (Adekunte

et al. 2010). In each formulation, the mixed juice without

addition of probiotic was arbitrarily defined as the

reference.

DE� ¼ DL�ð Þ2þ Da�ð Þ2þ Db�ð Þ2
h i0:5

ð1Þ

Sensory analysis

Sensory acceptance of the mixed juices after processing

(zero day) and after 35 days of storage at 8 8C were carried

out by 118 non-trained panelists, in individual booths under

white light. A volume of 20 mL (8 ± 2 �C) of each sample

was monadically served in plastic cups coded with three-

digit random numbers. A balanced presentation order was

used to minimize the effects of the first order and carry

over effects. The panelists evaluated the samples using a

nine point structured hedonic scale varying from ‘‘disliked

extremely’’ (1) to ‘‘liked extremely’’ (9) for the global

impression (Stone and Sidel 1985). The sensory evaluation

was approved by the Ethics in Research Commission of the

Federal University of Viçosa (Protocol 2.020.120).
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Total dietary fiber content

The total dietary fiber content was carried out by the

enzymatic–gravimetric method according to AOAC (2012)

for the three formulations (F1, F2 and F3) after processing.

This method is based on sequential enzymatic digestion of

the samples by a-amylase, protease and amyloglucosidase

for hydrolysis of starch, proteins and amylose, respectively,

followed by ethanol precipitation to obtain the soluble fiber

and subsequent drying of the residue to obtain the insoluble

fiber. The total dietary fiber content is the sum of the sol-

uble and insoluble fractions of the product.

Probiotic cultures viability in mango and carrot

mixed juice

Aliquots of 25 mL of the mixed juices were homogenized

in 225 mL of saline solution, obtaining the dilution 10–1.

Subsequently, serial dilutions were performed. The via-

bility of L. rhamnosus, L. plantarum and L. acidophilus

was carried out after 0, 7, 14, 21, 28 and 35 days of mixed

juices processing stored at 8 8C, by colony counting using

pour plate method in MRS (Kasvi, Brazil) culture medium

(Richter and Vedamuthu 2001). The plates were incubated

at 37 8C for 72 h. The control samples, not added to the

probiotic microorganisms, were also submitted to the same

test conditions. The results were expressed in log CFU

mL-1 of the product.

Evaluation of the survival of the probiotic

microorganism to in vitro simulated gastrointestinal

conditions

For the in vitro assay, the microorganism that presented the

highest viability was chosen and the 3 formulations (F1, F2

and F3) were evaluated for this microorganism, in order to

evaluate the resistance of this probiotic to the gastroin-

testinal conditions and if the medium composition influ-

enced their survival. The analysis was carried out after 0

and 35 days of the mixed juices processed and stored at 8

8C.
The analysis was carried out using an in vitro model,

through the simulation of gastric and enteric juices and

enzymes of the gastrointestinal tract according to

methodology proposed by Bedani et al. (2013). Diluted

aliquots of probiotic mixed juices were transferred to

sterile glass vials and the pH was adjusted to 2.3–2.4 with

1 mol L-1 HCl. Pepsin (from porcine stomach mucosa,

P7000, Sigma–Aldrich) and lipase (Amano lipase G,

from Penicilium camemberti, Sigma–Aldrich) solutions

were added to samples to reach a concentration of 3 g L-1

and 0.9 mg L-1, respectively. Flasks were incubated at

37 �C, with agitation during 2 h, leading to the simulated

gastric phase. Then, in enteral phase I, the pH was

increased to 5.4–5.7 with alkaline solution [150 mL of

1 mol L-1 NaOH (Synth, Diadema, Brazil) and 14 g of

PO4H2Na.2H2O (Synth, Diadema, Brazil) and distilled

water up to 1 L] containing bovine bile (B3883, Sigma-

Aldrich) and pancreatin from porcine pancreas (P7545,

Sigma-Aldrich) at a concentration of 10 g L-1 and 1 g

L-1, respectively. The samples were incubated again at

37 �C for 2 h under agitation. Finally, the simulation of the

enteric phase II occurred. The pH was increased to 6.8–7.2

using the same alkaline solution, bile and pancreatin were

adjusted to maintain the concentration of 10 g L-1 and 1 g

L-1, respectively, and the samples were incubated again at

37 �C for 2 h under agitation, and reaching 6 h of assay.

The enumeration of the probiotic microorganisms sur-

viving the gastrointestinal conditions was carried out after

the end of each phase (2 h = gastric phase (GP),

4 h = enteric phase I (EP I) and 6 h = enteric phase II (EP

II)) and viability was carried out according to Sect. 2.5.

Statistical analysis

Each sample treatmentwas carried out in triplicatewith three

determinations per analysis. Data was analyzed via Analysis

of variance (ANOVA) using the STATISTICA 7.0 software

(StatiSoft, Inc., Tulsa, Okla., USA). Tukey test was used to

determine the differences among the treatment means at the

95% confidence level when appropriate. Data was repre-

sented as the mean ± standard deviation.

Results and discussion

pH, acidity and viability of probiotics in the pre-

inoculum of mango and carrot mixed juices

after 24 h of incubation at 37 8C

The pre-inoculum of mango and carrot mixed juices after

24 h of incubation at 37 8C showed lower pH and higher

acidity compared to control juices (without addition of

probiotic cultures) (p\ 0.05—Fig. 1a, b). Similar counts

of probiotic cultures were inoculated at pre-inoculum and

L. plantarum was the microorganism that showed the

highest viability after 24 h of incubation, independent of

the formulation, being similar to L. rhamnosus in formu-

lation 3 (Fig. 1c).

L. plantarum has a good adaptability to different media

being found in several ecological niches, as well as in the

gastrointestinal tracts of humans and animals (Sabo et al.

2014). This good adaptability is associated with its high

capacity to ferment a variety of sugars, as well as the rapid

absorption capacity of solutes due to the high efficiency in

the transport system (Salminen and Von Wright 1993).
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The results show that there is a difference during the

pre-inoculation fermentation in relation to the adaptation of

probiotic cultures to the juice formulations, being L. aci-

dophilus the bacterium of lower robustness. Other studies

corroborate the influence of the medium composition on

the viability of different probiotic lactobacilli cultures

(Espirito-Santo et al. 2015). These authors report that a

possible explanation for the better lactobacilli viability

could be the gradual adaptation of the cultures to the

stressful conditions of the fruit juices (Espirito-Santo et al.

2015).

According to Sheehan et al. (2007), changes in pH and

acidity may be useful to indicate the adaptation and growth

of bacteria in different fruit juices. However, other factors

should also be considered such as the chemical composi-

tion of juices, the balance between nutrients, inhibitory

compounds, intrinsic factors and the ability of the strains to

adapt to these matrices. Thus, L. acidophilus showed lower

development compared to other microorganisms in the

formulations prepared in this study, possibly because the

environment conditions were not favorable to the devel-

opment of this fastidious microorganism, such as pH,

oxygen level and nutrient availability.

Physicochemical characteristics of mango

and carrot probiotic mixed juice

Figures 2 and 3 show the results obtained for the pH and

acidity, respectively, of the mixed juices in the different

formulations, added with the respective pre-inoculum

containing the probiotic microorganisms.

In the comparative evaluation of the formulations

without addition of probiotics, it was verified that formu-

lation 3 had a higher pH value (Fig. 2a) and a lower acidity

value (Fig. 3a) (p\ 0.05), which is due to the increase in

the amount of carrot pulp (pH 5.0) and to the decrease in

the amount of mango pulp (pH 3.8). However, for the juice

added to the probiotic microorganisms, independently of

the added microorganism, this difference was minimized
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Fig. 1 Evaluation of pH (a), acidity (b) and viability of probiotic

microorganisms (c) in pre-inoculum after 24 h of incubation at 37 8C.
F1: 5 parts mango pulp/1 part of carrot pulp. F2: 2 parts mango pulp/1

part of carrot pulp. F3: 1 part mango pulp/1 part of carrot pulp.

CONT: without addition of probiotic microorganism. LGG: L.
rhamnosus GG (LGG). LP: L. plantarum LP299V�. LA: L.
acidophilus LA-14. Different letters indicate significant difference

(p\ 0.05) among the treatments
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for most of the evaluated days (p[ 0.05) (Figs. 2b–d, 3b–

d).

Over time, the juices from the control treatments

showed no change in pH and acidity (p[ 0.05) (Figs. 2

and 3a). This is due to the effectiveness of thermal treat-

ment in microbial inactivation and application of good

manufacturing practices during processing and storage. On

the other hand, the juices containing probiotics, with the

exception of formulations 1 and 2 added by L. acidophilus,

showed a reduction in pH throughout storage at 8 �C
(p\ 0.05) (Fig. 2b–d). Similarly, an increase in acidity

was observed in these juices, except for formulations

containing L. acidophilus, during 35 days of storage at

8 �C (p\ 0.05) (Fig. 3b–d).

The pH reduction and acidity increase in juices were

expected due to the production of organic acids as lactic

and acetic acid by the added microorganisms (especially L.

plantarum and L. rhamnosus—Ceapa et al. 2016; Sabo

et al. 2014) during refrigerated storage where L. plantarum

and L. acidophilus used sucrose, fructose and glucose as

substrate present in juices (Gilliland and Speck 1997;

Hedberg et al. 2008), and L. rhamnosus used glucose and

fructose (Hedberg et al. 2008). In contrast, L. acidophilus,

which finished the pre-inoculation phase with lower

viability, showed low adaptation in these matrices, justi-

fying the slight change in the characteristics of the juice

containing this bacterium.

Pimentel et al. (2015) verified that the addition of Lac-

tobacillus paracasei ssp. paracasei caused a slight increase

in acidity as well as decreased pH levels in clarified apple

juice during 28 days at 4 �C. These researchers reported

that probiotic microorganisms may metabolize the simple

sugars present in the juice and, consequently, produce

small amounts of organic acids; or still, dead bacteria may

be able to release enzymes that might have hydrolyzed the

polysaccharides from the juice (Ding and Shah 2008).

There was no difference in total soluble solids (TSS)

among the control samples and the samples containing

probiotic microorganisms in each time evaluated

(p[ 0.05) and throughout the storage period (p[ 0.05)

(data not shown). After processing, the formulations 1, 2

and 3 showed an average of 7.9 ± 0.4, 7.9 ± 0.3, and

7.6 ± 0.4 8Brix, respectively (p[ 0.05). After 35 days of

storage, these values were 7.4 ± 0.3, 7.5 ± 0.5, and

7.3 ± 0.6 8Brix, respectively (p[ 0.05). A possible reason

for the maintenance of the TSS content could be due to the

action of microorganisms in the hydrolysis of insoluble
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sugars, promoting a balance of TSS content during storage

(Oliveira et al 2017).

Color

No difference was observed in L*, a* and b* parameters

among the evaluated samples after the processing as well

as during the storage period (p[ 0.05). In general, for-

mulations 1, 2 and 3 not added to probiotic microorganisms

showed L* values of 37.2 ± 2.1; 37.2 ± 1.8 and

36.7 ± 1.6, respectively; a* values of 9.6 ± 3.3;

12.2 ± 4.4 and 13.1 ± 4.3, respectively; and, finally, b*

values of 19.6 ± 7.8; 19.7 ± 7.3 and 18.0 ± 7.1, respec-

tively. In addition, the presence of probiotic microorgan-

isms did not affect the L*, a* and b* values of the different

formulations (p[ 0.05) in relation to the respective control

formulation. Based on the a* and b* parameters, the

samples were characterized by the coloration ranging from

reddish orange to purple red. This coloration is justified by

the presence of carotenoids, which is the main pigment

present in the mango and carrot pulps.

Regarding the total color difference (DE*), arbitrarily
considering each formulation of the mixed juice without

addition of probiotic as reference, it was verified that the

juices containing L. rhamnosus, L. plantarum and L.

acidophilus presented DE* average of 0.9 ± 0.5; 1.3 ± 1.0

and 1.4 ± 0.6, respectively. The DE* represents the visual

perception of the human eye and considers the color

changes perceived by consumers as: very visible change

(DE*[ 3.0), notable (1.5\DE*\ 3.0) and no visible

color change (DE*\ 1.5) (Adekunte et al. 2010).

According to Choi et al. (2002), only DE* values greater

than 2 correspond to visually perceptible color changes

between two samples. Thus, regardless of the formulation,

it is expected that the addition of probiotic microorganisms

will not result in perceptible color change by the consumer.

Sensory analysis of mango and carrot probiotic

mixed juice

Table 1 shows the results obtained in the sensory analysis

of the mixed juices. In the general evaluation, the juices

were well evaluated by panelists for overall impression

both after processing and after 35 days of storage

(score[ 6.0). In detail, the addition of the probiotic cul-

tures did not affect the acceptance of samples after pro-

cessing (p[ 0.05). On the other hand, after 35 days of

storage, the juices without probiotics presented the highest

averages compared to probiotic juices (p\ 0.05). This

demonstrates that the fermentative action of probiotic
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Fig. 3 Evaluation of the acidity of the different formulations of

probiotic mixed juices. a Control. b Juice containing L. rhamnosus.
c Juice containing L. plantarum. d Juice containing L. acidophilus. F1
(blue bar), F2 (orange bar), F3 (gray bar). Different upper case

letters indicate significant difference (p\ 0.05) among the formula-

tions at the same time and different lowercase letters indicate

significant difference (p\ 0.05) over time for each formulation
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microorganisms in the juice during the shelf life of the

product negatively affected the acceptance, probably due to

the higher acidity of the probiotic juices.

Regarding the formulations with different concentra-

tions of pulps, it was found that the samples that contained

a higher concentration of mango pulp showed greater

acceptance both after processing and after 35 days of

storage (p\ 0.05). Therefore, it is noteworthy that the

mango pulp has great sensory appeal and can be used as a

strategy to improve the acceptance of probiotic juices

during storage time.

Viability of probiotic microorganisms and total

dietary fiber content in mango and carrot mixed

juices

The control samples (without addition of probiotic

microorganisms) showed counts\ 1 log CFU mL-1 for

lactic acid bacteria after processing and during storage for

35 days at 8 �C (data not shown). This result proves that

the viability found in juices is due only to the survival of

the probiotic microorganisms added, in addition, it shows

that the thermal treatment employed was efficient and that

there was no subsequent contamination of the product.

Regardless of the microorganism evaluated, formulation

3 promoted greater viability of the added microorganisms,

however, only for L. rhamnosus GG this difference was

statistically significant (p\ 0.05) (Fig. 4a). This result is

possibly due to the higher dietary fiber content present in

the formulation 3 (8.9 g�100 g-1) compared to the other

formulations (7.1 g�100 g-1 in the formulation 1 and

7.8 g�100 g-1 in the formulation 2) (p\ 0.05).

According to Nualkaekul et al. (2011), dietary fibers

significantly influence the cellular survival of microor-

ganisms after processing and during the shelf life of the

product. Soluble fibers can be used as substrates for the

growth of probiotic microorganisms and insoluble fibers

may have a protective effect on these bacteria by pro-

moting a physical barrier during passage through the gas-

trointestinal tract (Ray and Montet 2014). In addition, the

chemical composition of juices, pH and organic acid con-

centration may also directly influence the viability of

probiotic microorganisms. In this context, formulation 3

presented higher pH and lower acidity, contributing to a

lower inhibition of the microorganisms present in these

samples compared to the other formulations.

No reduction in the count of evaluated microorganisms

was observed during the storage period independent of the

formulation (p[ 0.05) (Fig. 4), which demonstrates the

efficiency of the use of vegetable matrices, such as mango

and carrot, as a source for the growth and maintenance of

probiotic bacteria.

The highest average counts were obtained for L. plan-

tarum (8.56 ± 0.19 log CFU mL-1) and L. rhamnosus

(8.35 ± 0.35 log CFU mL-1) and L. acidophilus showed

lower viability (7.49 ± 0.65 log CFU mL-1) after 35 days

of storage at 8 �C (p\ 0.05). The same behavior was

observed in the pre-inoculum of the mixed juice after 24 h

of incubation at 37� C. Therefore, from the results

obtained, it was verified that L. plantarum showed better

adaptation in the juice prepared with the matrices tested,

which corroborates with Kleerebezem et al. (2003), who

reported that L. plantarum has a high proportion of resis-

tance genes, which play an important role in the interaction

of the bacterium with the environment, resulting in a better

Table 1 Sensory acceptance of

the different formulations of

probiotic mixed juices

Formulation type Global impression

0 days stored- sample 35 days stored- sample

F1 without probiotic 8.6 ± 0.4a 8.2 ± 0.4a

F2 without probiotic 8.4 ± 0.5a 8.0 ± 0.2a

F3 without probiotic 7.2 ± 0.3b 7.3 ± 0.3b

F1 with L. rhamnosus 8.4 ± 0.3a 7.3 ± 0.3b

F2 with L. rhamnosus 8.2 ± 0.4a 6.4 ± 0.3d

F3 with L. rhamnosus 7.1 ± 0.2b 6.0 ± 0.4d

F1 with L. plantarum 8.5 ± 0.4a 7.5 ± 0.2b

F2 with L. plantarum 8.3 ± 0.4a 6.5 ± 0.3cd

F3 with L. plantarum 7.3 ± 0.2b 6.2 ± 0.4d

F1 with L. acidophilus 8.4 ± 0.3a 7.1 ± 0.3bc

F2 with L. acidophilus 8.2 ± 0.5a 6.4 ± 0.4cd

F3 with L. acidophilus 7.3 ± 0.4b 6.2 ± 0.2d

F1: 5 parts mango pulp/1 part of carrot pulp. F2: 2 parts mango pulp/1 part of carrot pulp. F3: 1 part mango

pulp/1 part of carrot pulp. Different letters in column indicate significant difference (p\ 0.05) among the

treatments in each time
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viability compared to the other evaluated microorganisms.

On the other hand, L. acidophilus showed a slower meta-

bolism, which is confirmed by the lower counts, in absolute

terms, in the more acidic formulations (formulations 1 and

2) (Fig. 4).

Survival of L. plantarum to in vitro simulated

gastrointestinal conditions

To exert beneficial effects on host health, probiotic

microorganisms must resist the gastrointestinal conditions

and to assess cell viability in the digestion phases, gas-

trointestinal conditions were simulated by in vitro assay. In

order to carry out the study, L. plantarum was chosen

because it presented the best viability, in absolute terms, in
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Fig. 4 Evaluation of the

probiotic microorganisms

viability in the different

formulations of mixed juices.

a Juice containing L.
rhamnosus. b Juice containing

L. plantarum. c Juice containing
L. acidophilus. F1 (blue bar), F2
(orange bar), F3 (gray bar).
Different upper case letters

indicate significant difference

(p\ 0.05) among the

formulations at the same time

and different lowercase letters

indicate significant difference

(p\ 0.05) over time for each

formulation
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the mixed juice, regardless of the formulation, during

refrigerated storage.

The viability of L. plantarum in the mixed juice pas-

teurized and stored for 35 days at 8 �C was decreased in

the gastric phase (GP) (p\ 0.05) (Fig. 5). This is probably

due to the low pH of this phase (pH value of 2.5), which

may have caused a partially lethal stress to the L. plan-

tarum cells. In enteric phases I and II (EP I and II), the

viability of L. plantarum remained similar to GP for the

0 day—stored sample (p[ 0.05) (Fig. 5a), but for

35 days—stored sample, there was a reduction in the count

after EP II compared to GP (p\ 0.05) (Fig. 5b).

The enteric phases I and II, which simulate the small and

large intestine, respectively, present higher pH, being

5.4–5.7 for EP I and 6.8–7.2 for EP II. These higher pH

values may have led to maintenance of probiotic viability,

ensuring that the microorganism reaches the intestine with

counts above 6 log CFU mL-1, colonizing it and exerting

positive effects on the host related to antibiotic-associated

diarrhea, vitamin production, improvement of immune

system function and control of high blood pressure and

cholesterol (Rostami et al. 2018).

Formulation 3 showed the highest counts after passage

through the simulated gastrointestinal conditions for both

evaluated times (p\ 0.05) (Fig. 5), confirming the best

results found for this formulation in the evaluation of

viability in the mixed juice. Therefore, it was evident that a

higher amount of carrot in the juice compared to the other

formulations, promoted better conditions for the mainte-

nance of viability of L. plantarum, contrary to formulation

1 that promoted less viability in general terms.

From these results, it can be verified that the different

formulations affected the viability and survival to gas-

trointestinal tract of the probiotic microorganisms, in which

the best intrinsic conditions (pH, fermentable sugars

availability) and the higher fiber content (resulting in a

more structured matrix) of the formulation 3 favored a

better survival of microorganisms.

All formulations maintained counts above 7 log

CFU mL-1 at the end of EP II after 35 days of storage at

8 �C (Fig. 5), confirming that mixed juice of mango and

carrot is a great vehicle for probiotic bacteria. This result

suggests that different vegetable matrices can serve as

substrate for the growth and maintenance of probiotic

microorganisms, resulting in a high number of viable cells.

In order to exert beneficial effects on the host, it is

necessary to ingest at least 6 to 7 log CFU of viable cells of

probiotic microorganisms daily (Martins et al. 2016).

Based on this, in order to have a probiotic effect of the

mango and carrot mixed juice added of L. plantarum, a
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Fig. 5 Survival of L. plantarum
in different formulations of

mango and carrot mixed juice

submitted to in vitro simulated

gastrointestinal conditions.

Mixed juice: Mango and carrot

mixed juice prior to initiation of

in vitro simulation; GP: Gastric

phase; EP I: Enteric phase I; EP

II: Enteral phase II;

a Evaluation after processing

(0 day). b Evaluation after

35 days of mixed juice storage

at 8 �C. F1 (blue bar), F2
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indicate significant difference

(p\ 0.05) among the
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daily portion of 100 mL of the product is sufficient for

ingestion of more than 9 log CFU mL-1 viable cells.

Conclusion

A reduction in pH and an increase in acidity were observed

in all probiotic mixed juices during storage, probably due

to the fermentative action of these microorganisms. On the

other hand, no difference was found in the total soluble

solids and color of the products. In addition, mixed juice of

mango and carrot can be considered a great vehicle for

probiotic bacteria. Formulations that contained higher

concentration of carrot pulp in composition promoted

better the viability of probiotic cultures, probably due to

higher concentration of fibers. On the other hand, the

higher concentration of mango pulp increased the sensory

acceptance of the juices. L. plantarum was highlighted with

better viability and survived to in vitro simulated gas-

trointestinal conditions. At the end of this simulation, this

microorganism presented counts higher than 7 log

CFU mL-1, which is enough for this bacterium to exert its

probiotic effect. Our results show that mango and carrot

mixed juice may be an alternative for the incorporation of

these microorganisms in the diet of individuals who cannot

consume dairy products, as well as other nutrients from

mango and carrot such as vitamins, minerals, antioxidants

and fibers, which give healthier characteristics to the

product.
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