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HIGHLIGHTS
e Production of 0.43 + 0.01 mmol L of reuterin was detected in the product.
e L. reuteri presented viability of 6.2 log CFU/mL after 30 days of storage.
o After gastrointestinal simulation, the product presented 2.47 log CFU / mL of cells.

e Fermented milk with jugara pulp presented good sensory acceptance.

Abstract: This study aimed to develop and evaluate fermented milk by Lactobacillus reuteri LR92 with
addition of jucara pulp (FMJ) and reuterin production in situ. The fermentation process was analyzed for 24
hours and the storage of FMJ for 30 days at 4 °C. During the fermentation, there was consumption of 25%
(w / v) of lactose and increase of 0.01 to 0.85% (w / v) of lactic acid. The FMJ presented 0.43 = 0.01 mM of
reuterin, inhibiting Staphylococcus aureus strains under in vitro test. For the carbohydrates, the percentages
(9.100g?) found were 7.31 + 1.07; 9.19 + 0.82; 1.60 + 0.50 and 0.08 + 0.00 for sucrose, lactose, galactose
and fructose respectively. The survival of L. reuteri, present in FMJ, was 2.47 log CFU / mL after 6 hours of
gastrointestinal simulation. In sensory analysis FMJ received a grade 7 for global acceptance indicating good
acceptance of the product.

Keywords: functional food; lactic acid bacteria; gastrointestinal simulation; Euterpe edulis; antimicrobial,
fermentative process.

INTRODUCTION

Fermentation is a traditional technique used for food production and preservation which provides foods
with improvements in its safety, sensory, nutritional and functional attributes. Dairy products can be fermented
by a diverse microbiota, and the use of probiotic cultures, such as Lactobacillus acidophilus, Lactobacillus
casei and Lactobacillus reuteri, makes its functionality possible [1].
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Lactobacillus reuteri (L. reuteri) belongs to the group of lactic acid bacteria (LAB). It is heterofermentative,
has the certificate of "Qualified Presumption of Security" (QPS) by the European Food Safety Authority
(EFSA) and is widely used in the pharmaceutical and food industry. Some strains of L. reuteri promote the
inhibition of pathogenic microorganisms, it's has a modulating effect on the immune response, assists in
gastrointestinal motility and intestinal microbiota balance, furthermore it also demonstrates clinical efficacy in
reducing blood cholesterol [2]. This probiotic action of L. reuteri can be attributed to a combination of
mechanisms such as the production of lactic acid, hydrogen peroxide, hydrolases and the ability of some
strains to produce reuterin (B-hydroxypropionaldehyde), among others [3].

Reuterin (3-HPA) is an antimicrobial produced on anaerobic conditions and in the presence of glycerol.
This compound inhibits the growth of many Gram-positive and Gram-negative species, such as Escherichia
coli, Salmonella enterica, Listeria monocytogenes and Staphylococcus aureus [4]. Because of the spectrum
of action, reuterin has been proposed to improve food safety and quality by reducing the addition of chemical
compounds.

In addition to the use of probiotic cultures, the expansion of the dairy market has led to the fusion of dairy
products and fruit derivatives, creating hybrid products, improving aroma and flavor characteristics, and also
the functionality of these products [5]. Thus, the use of typical Brazilian fruits, such as jucara, becomes an
alternative for regional food consumption, which is recommended by the United Nations Food and Agriculture
Organization (2008) [6].

The jucara palm (Euterpe edulis Martius) is widely distributed in the Atlantic Forest. The palm heart
extracted from jucara is edible, and much appreciated by consumers. lllegal logging has occurred since the
mid-1940s, and its peak in 1970 was motivated by the economic value of the product. Due to intense
predatory exploitation and indiscriminate logging, the natural regeneration and conservation of jucara palm
has been severely impaired [7]. The use of its fruit for human consumption has been proving to be a
sustainable and economically viable form of exploitation because does not result in the death of the plant.

These globose fruits weigh about 1 g with a diameter of 1 to 1.5 cm. The mesocarp is fleshy and very
thin with the seed constituting 85% of the fruit [8]. Due to the similarities, the use of jucara palm fruit in the
same way as agai, through the economic exploitation of the pulp, as a commercial alternative and for the
sustainable management of the species, is an attractive option [9]. The fruit of the jugara palm is considered
a "super fruit", rich in nutrients of high nutritional value. The antioxidant activity of these fruits, mainly by
anthocyanins and phenolics [10], is constantly associated with the decrease of chronic diseases caused by
oxidative stress [11]. In addition, in vitro intestinal simulation with jucara pulp demonstrated that the presence
of this fruit increased the population of beneficial bacteria in the intestine, such as Bifidobacterium spp., in 24
hours of fermentation [12].

Therefore, the present work aims to evaluate the process of milk fermentation by L. reuteri LR92, for the
development of fermented milk with addition of jucara pulp. It also aimed to evaluate the physicochemical,
microbiological and sensorial properties of this formulated product, as well as to verify the production of
reuterin in situ and antimicrobial activity against S. aureus strains.

MATERIAL AND METHODS

Microorganisms

The L. reuteri strain LR92 (Sacco DSM 26866-Cadorago, Italy) in lyophilized form was stored at 0.1%
(w/v) concentration in reconstituted skimmed milk (RSMP) containing 18% (w/v) solids at -18 °C until use.
The inoculum was activated twice for 24 hours at 37 °C prior to inoculation.

The cultures of S. aureus ATCC 29231 and N315 (from the Microbial Biotechnology Laboratory of the
State University of Londrina, Brazil) were kept in 40% (v/v) glycerol solution in liquid nitrogen and previously
activated in Mueller-Hinton agar (Kasvi-Brazil) for 24 h at 37 °C.

Chemical

Glycerol (Quimica Moderna, Brazil), lactose, galactose, fructose and sucrose patterns (Sigma Aldrich,
USA), Sodium hydroxide (Quimica Moderna, Brazil), monobasic sodium phosphate (2H.0); (Quimica
Moderna, Brazil), hydrochloric acid (Quimica Moderna-Brazil), tryptophan( Millipore, USA), acrolein (Sigma-
Aldrich, USA), phosphate buffer, food grade glycerol (Arcolor, Brazil). Bile and enzymes: pancreatin (Porcine
pancreas - Sigma-Aldrich, New Zealand) pepsin (swine gastric mucosa - Sigma-Aldrich , USA ), lipase
(Rhizopus oryzae - Sigma-Aldrich, USA).
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Jucara pulp

The fruits of jucara were collected in the 2016™ season of palm trees produced at Bimini Farm (Rolandia-
PR, Brazil) and the pulp was obtained and pasteurized according to Guergoletto and coauthors [12]. The
seeds were separated for planting and the pulp was frozen in fractions until its use.

Evaluation of the fermentative process

In order to determine the time required for the pH to reach the value of 4.5 (adapted from Langa and
coauthors) [3] and to determine the cell growth profile, acid production and carbohydrate consumption by L.
reuteri in the milk, a process fermentation was conducted.

For the production of the fermented milk, 18% (w/v) of the skimmed milk powder (RSMP) (Molico®,
Nestlé, Sdo Paulo, Brazil) were reconstituted, and it was pasteurized at 95 °C for 5 min and cooled in an ice
bath at 37 °C. After that were added 100 mM of food grade glycerol (Arcolor®, S&o Paulo, Brazil) and 1%
(v/v) of active L. reuteri cells. The fermentation was carried out in sterilized glass containers, incubated at
37 °C in anaerobic jar (Permution, Brazil) with anaerobiosis generator (Probac, Brazil) for 24 hours.

Every 4 hours, fermentation process (FP) samples were taken for analysis of cell viability, pH, organic
acids and carbohydrates.

Production of fermented milk with addition of jucara pulp (FMJ)

For the development of the fermented milk, RSMP was prepared and inoculated with L. reuteri LR92 as
described in the item “Evaluation of the fermentative process” and incubated in an anaerobic jar at 37 °C until
pH 4.5 (approximately 12h, previously determined during the fermentative process).

After the fermentation, 10% (w/v) of sucrose (Camil, Brazil) and 5% (v/v) of pasteurized jucgara pulp were
added to the fermented milk. Fermented milk (FM) with addition of 10% (w/v) of sucrose was used for control.

Storage

The fermented milk (FM) and the fermented milk with jucara pulp (FMJ), were stored in glass containers
at 4 °C for 30 days under anaerobic conditions (adapted from Langa and coauthors [3]), and analysis of cell
viability, organic acids and carbohydrates were conducted every 15 days.

Cell viability

The L. reuteri viability was determined by the plate count method. The samples were homogenized by
vortex, and decimal dilutions in peptone water 0.1% (w/v) were conducted.

For the counting, 1.0 mL of each dilution was inoculated into Petri dish and subsequently the MRS
medium (deMan, Rogosa and Sharpe) was added (pour plate method). The plates were incubated at 37 °C
for 48h on anaerobiosis condition.

Determination of pH

The pH was determined in a digital potentiometer (KASVI, Brazil).
Determination of carbohydrates and organic acids

Extraction and preparation of the samples

For the extraction of carbohydrates and organic acids from FP, FM and FMJ, 500 pL of each sample
were vortexed with 4500 pL of ultrapure water (Milli-Q, Millipore, Billerica, MA, USA), then transferred to
tubes and centrifuged at Ultra Centrifuge (Hitachi, Ibaraki, Japan) at 615,000 xg for 15 minutes at 15 °C. The
supernatants were filtered on 0.22 pm polyvinylidene fluoride (PVDF) membranes (Millex®, Sigma-Aldrich,
St. Louis, MO, USA) and stored in vials for the analysis.

Determination of carbohydrates

The carbohydrates: lactose, galactose, fructose and sucrose were determined in a high performance
liquid chromatograph (HPLC) (LC 20A, Shimadzu, Kyoto, Japan) with refractive index detector (RID0A,
Shimadzu, Kyoto, Japan). The sample volume injected into the equipment was 20.0 uL, using only ultrapure
water (Milli-Q®, Millipore, Billerica, MA, USA) as the mobile phase at a flow rate of 1.0 mL min? in a
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chromatographic column Aminex HPX-87P cation exchange (7.8 x 300 mm, Biorad, CA, USA) maintained at
80 °C. The data processing was performed using LC Solutions Software (Shimadzu, Kyoto, Japdo) [13].

Determination of organic acids

The lactic and citric acids were determined by HPLC (LC 20A, Shimadzu, Kyoto, Japan) with refractive
index detector (RID'0A) and photodiode arrangement detector (SPD-M20A) also from Shimadzu. The
injected sample volume was 20.0 pl, using a 25 mM sodium phosphate buffer (pH = 2.4) at the flow rate of
1.0 mL min? on a C18 chromatographic column (Shiseido CapCell Pak, 4, 6 x 250 mm, 5y, Tokyo, Japan)
maintained at 30 °C. The detection was performed simultaneously on the refractive index (RID10A) and
photodiode (SPD-M20A) detectors. The latter programmed for the fixed wavelength of 215 nm and in the
scan mode of 200 to 400 nm. Data collection and treatment were performed with the help of LCsolution
software (Shimadzu, Kyoto, Japan) [14].

Simulated gastrointestinal conditions

The evaluation of L. reuteri survival in the FM and FMJ samples during gastrointestinal conditions was
performed under similar conditions to gastric and enteric digestion in vitro [15]. First, 1 g of each sample was
added to 10 mL of 0.5% saline solution by adjusting the pH between 2.3-2.6 with 1 M HCI solution, adding
the enzymes pepsin (swine gastric mucosa - Sigma-Aldrich St , Louis (MO, USA) and lipase (Rhizopus
oryzae - Sigma-Aldrich, St. Louis, MO, USA) to achieve the concentration of 3 g.L* and 0.9 gL, respectively
(gastric phase). It was incubated for 2 hours at 37 °C followed by plating. In the second phase (enteric 1) the
pH of the samples was adjusted between 5.4 - 5.7 with alkaline solution (150 mL of 1M NaOH with 14.0 g
NaPO4H..2H,0) adding bile and pancreatin (Porcine pancreas - Sigma -Aldrich, Auckland, New Zealand) at
concentrations of 10.0 g.L* and 1.0 g.L?, respectively, remaining at 37 °C for 2 hours, followed by plating.
The results were expressed in log CFU / mL of sample.

Determination of reuterin

For the determination of reuterin production, samples were homogenized and centrifuged (1814 x g, 20
min, 4 °C) and the supernatants were filtered (crude) on 0.22 pm filter membranes (PVDF, Millipore, Merck).
Thirty milliliters of crude supernatant were concentrated in a lyophilizer (Christ, Alpha 1-2) until the moisture
was completely withdrawn, and then resuspended in distilled water to a concentration of 2.5 times
(concentrate).

The crude and concentrated supernatants were used to quantify the presence of reuterin in triplicate by
the photometric method cited by Tobajas and coauthors [16]. One milliliter of each supernatant (adjusted to
pH 6.0 with 0.1 M NaOH) was added in 0.75 mL of 10 mM tryptophan, dissolved in 0.05 M HCI. After the
addition of 3 mL of 37% (v/v) HCI, the mixture was incubated at 37 °C for 20 minutes and absorbance
measured at 560 nm. The analytical curve was obtained using acrolein (Sigma-Aldrich, St. Louis, MO, USA)
in 50 mM phosphate buffer, pH 7.5, at concentrations of 0.05 to 6.00 mM.

Inhibition test

The crude and concentrated supernatants (adjusted to pH 6.0 with 0.1 M NaOH) were subjected to the
inhibition tests against Staphylococcus aureus strains. For the test, 1 mL of the cultures of S. aureus ATCC
29231 and N315 in exponential phase at 8 log CFU / mL (0.5 on the McFarland scale) were transferred to 20
mL of Mueller Hinton Agar (Kasvi-Brazil) medium (37 to 40 °C) and poured into plates. After the solidification
of the medium, the wells were made with standardized diameter (10 mm) and 50 pL of the crude or
concentrated supernatant was added. After 30 minutes of diffusion of the supernatants, the plates were
incubated at 37 °C for 24 h. Inhibition halo reading was performed with caliper [17].

Sensory evaluation

After the approval by the Research Ethics Committee of the State University of Londrina (Process
number 1684498), the acceptance of the FMJ was evaluated by 90 untrained tasters in the Laboratory of
Sensory Evaluation of the Food Science and Technology Department. The attributes related to aroma, flavor,
color, texture and overall acceptance of the product were evaluated using the hedonic scale of 9 points. The
profile of the tasters (age, schooling, knowledge of the product) was determined through a questionnaire
applied to them. All analyzes of hygienic and sanitary conditions were performed prior to sensory evaluation,
ensuring product safety.

Brazilian Archives of Biology and Technology. Vol.63: €20190286, 2020 www.scielo.br/babt


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4

Milk fermented by L. reuteri with Jucara pulp 5

Statistical analysis

All analysis were performed in genuine triplicate, using Variance Analysis (ANOVA) and Tukey's test for
comparison at a 5% level of significance using the Statistica 10 program (StatSoft® Inc, USA, 2011).

RESULTS AND DISCUSSION

Fermentation process

The Figure 1 shows the results obtained during 24 hours of milk fermentation by L. reuteri. After 12 hours
of fermentation (Figure 1a), the pH of the milk reached the desired value for FMJ production, presenting a
viability of 7 log CFU / mL. Hekmat and Reid [18] found a similar response, reporting L. reuteri counts of 7.3
log CFU / mL in fermented milk overnight at 37 °C. Regarding the pH, there was a reduction from 6.5 to 4.0
during the 24 hours of fermentation.

The lactose content decreased from 9.91% to 7.43%, mean values observed at 24 h of fermentation
(Figure 1b), indicating a consumption of this carbohydrate by L. reuteri. The highest percentage of
consumption (15%) occurred in the interval between 12 and 16 hours, coinciding with a larger number of
viable cells (Figure 1a). It was also observed that after consumption of lactose, the production of galactose
started. Most of L. reuteri strains possess the enzyme (-galactosidase [19] responsible for the hydrolysis of
lactose, releasing the monosaccharides glucose and galactose.

Figure 1c shows the results of the production of lactic and citric acids during 24 h period of fermentation.
A marked increase in the concentration of lactic acid concomitant to the reduction of pH was observed, being
initially 0.01% (pH = 6.47) and at the end of 24 h 0.85% (pH = 4.10 Figure 1a). In relation to the citric acid
concentration, it remained stable during fermentation, with a maximum value of 0.24% (Figure 1c). This result
is consistent with that found by @stlie and coauthors [20] who obtained 0.22% of citric acid in milk fermented
by L. reuteri SD 2112.
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Figure 1. Fermentative process of L. reuteri in reconstitute skim milk for 24 h: (a) L. reuteri viability and pH values. (b)
Lactose and galactose concentration (c) production of organic acids.

Storage

The product FMJ and control (FM) were stored for 30 days at 4 °C. The results (Table 1) demonstrate
that the addition of jugara pulp did not negatively interfere in any of the evaluated parameters, during the time
studied, when compared to FM. A 1 log reduction in viability of L. reuteri was observed in FMJ and FM during
the 30 days of storage. These results were similar to those of Hekmat and Reid [18] and Langa and coauthors
[3] where a reduction of 0.83 log CFU / mL and up to 1.93 log CFU / mL of L. reuteri was observed in the

yogurts stored at 4 °C for 28 days.
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Table 1. Parameters evaluated on days 1, 15 and 30 of storage at 4 °C for fermented milk (FM) and fermented milk with

jucara pulp (FMJ).

Days

1 15 30

FM FMJ FM FMJ FM FMJ
Cell 7.002+0.01 7.002+x0.01 6.702%0.05 6.82+0.01 6.0°+0.01 6.20° +0.20
Viability
(logCFU/mL)
pH 4.50¢ +0.02 4.702 £0.00 4.459+ 0.03 4.60°+0.05 4.409+0.03 4.50°+0.1
Sucrose g.100g* 8.20°¢+0.83 11.902+0.71 7.30°¢+0.80 8.85+0.67 6.10c+0.02 7.31bc+1.07
Lactose g.100g* 9.872+1.21  8.682+2.86 10.172+2.40 9.382+0.41 9.942+1.60 9.192+0.82
Galactose g.100g* 1.202 +0.05 1.432 + 0.60 1.602 + 0.50 1.652+0.11 1.322+0.00 1.60*+0.50
Fructose g.100g* ND 0.102+0.02 ND 0.082+0.00 ND 0.082+ 0.00
Lactic acid g.100g* 1.132+0.01  1.042+0.08 0,89°¢+0.1 1.112+0.04 0.77¢+0.04 0,86°+0.03
Citric acid g.100g* 0.222+0.00 0.302+0.13 0.292+ 0.04 0.273+ 0.08 0.222+0.02  0.222+ 0.02

ND: not detected.
Means with different letters on the same line differ significantly (p <0.05).

Regarding carbohydrates (Table 1) the lactose values quantified in FMJ and FM are close to that
described by Czaja and coauthors [21] for commercial yoghurts, from 6 to 9% lactose. These values are
higher than the content of this sugar presented in fresh milk (close to 4.5%) [22]. The increase of lactose can
be justified by the supplementation of solids carried out in the present study. Galactose and sucrose were
also detected, the presence of sucrose being due to the addition of 10% (w/ v) in the preparation of the
product. The FMJ presented higher values of sucrose and the presence of fructose, because the jucara fruit
contains these carbohydrates in the proportion of 4.62% on a wet basis [23]. During storage, sucrose
concentrations were statistically reduced, possibly indicating that, even at refrigeration temperatures, this
carbohydrate was metabolized by L. reuteri.

Simulation of gastrointestinal conditions

In this study both FMJ and FM, immediately after fermentation had 7 log CFU / mL of L. reuteri and were
submitted to the gastric simulation test (Figure 2). In the gastric phase (pH between 2.3 and 2.6), a decrease
of one log cycle was observed in the counts (6 log of CFU / mL) from L. reuteri to FM, while for FMJ the
counts were 4.7 log of CFU / mL. These survivals are superior to those found by Champagne and Gardner
[24], that reported at the end of the gastric phase a survival of 2.7 log CFU / mL for L. reuteri culture in
concentrated fruit juice (mixture of pineapple, apple, pear, grape, passion fruit). The acid tolerance of bacteria
is important not only to overcome the gastric phase during digestion but also as a prerequisite for its use as
a probiotic food, allowing the microorganisms to survive longer in acidic foods such as yogurt and fermented
milk [25].
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Figure 2. Cell survival of L. reuteri in fermented milk with sucrose and fermented milk with jucara pulp and sucrose at
the 1stday and after each step of the gastrointestinal simulation.

The number of viable cells at the end of all simulation steps for FM and FMJ was 3.47 log CFU / mL and
2.47 log CFU / mL, respectively. Bedani and coauthors [15] also observed that the addition of fruit pulps to
yogurt may be involved in reducing probiotic survival in simulated gastrointestinal conditions. Although fruit
pulp did not affect the probiotic viability in FMJ during storage, the chemical composition of jucara pulp, as
organic acids and phenolic compounds commonly present in this fruit, might have been involved in the
decreased probiotic survival under the simulated gastrointestinal conditions [15-26]. In addition, further
studies are needed to investigate which constituents of fruit pulps might influence upon the resistance of
probiotic strains during the passage through the gastrointestinal tract.

The survival of L. reuteri after 6 hours of simulation in FM and FMJ was lower than that described by
Wang and coauthors (6.72 log CFU / mL) in MRS broth. This difference may be related to the different
matrices and strains used in the experiments. The verification of the tolerance of the microorganisms at the
end of the simulation in the gastrointestinal conditions helps to select an adequate food matrix. The best
processing conditions that can guarantee the survival of the microorganism of interest could also be
evaluated [27].

Reuterin inhibition and quantitation assay

To verify, in the formulated product, the production of reuterin by L. reuteri and its action in vitro to inhibit
S. aureus, were used the FMJ and FM supernatants crude and 2.5 fold concentred. The results are presented
in Table 2.

The 2.5-fold concentrates of the both supernatants (Table 2) presented antimicrobial effect for both
strains tested: S. aureus ATCC 29231 and N315 (multiresistant). O'Keeffe and Hill [28] pointed out in their
studies that among the microorganisms of public health importance which are inhibited by reuterin, those of
the genus Staphylococcus are included, that is in agreement with the results obtained in the present study.
In addition to Staphylococcus spp inhibition, L. reuteri growth under conditions compatible with reuterin
production in dairy products may reach inhibitory concentrations against a variety of pathogenic, Gram-
negative, and Gram-positive deteriorating bacteria [29].

Brazilian Archives of Biology and Technology. Vol.63: €20190286, 2020 www.scielo.br/babt


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4

Milk fermented by L. reuteri with Jucara pulp 9

Table 2. Measures of the inhibition halo and quantification of reuterin from fermented milk extracts and fermented milk
extracts with addition of jucara pulp (crude and concentrated 2.5 - fold).

Concentration of

Extracts Inhibition halos (mm) reuterin (mmol L)
S. aureus ATCC S aureus
29231 N315

JFM
Crude non detected non detected 0.32+£0.02
g%”;e””ated 8mm+0.00  6mm < 0.00 0.43 +0.01

FM
Crude non detected non detected 0.28 £ 0.02
Concentrated 4.7 mm +
55y 8.2+ 0.00 0.00 0.40 £ 0.05

Silva and coauthors [17] testing the antimicrobial effect of L. reuteri ATCC 1428 supernatant describes
a 4.3 mm inhibition halo for S. aureus, other microorganisms such as Bacillus cereus, E. coli, Proteus vulgaris
and Vibrio cholerae, were also inhibited in this study. Langa and coauthors [29] also described the inhibitory
effect of reuterin against S. aureus strains, which in this case acted as bacteriostatic after 4 hours and as
bactericidal after 24 hours at 37 °C.

The quantification of reuterin by the indirect method through the acrolein curve showed a concentration
of 0.32 £ 0.02 mM and 0.28 £ 0.02 mM for the JFM and FM crude supernatants respectively, and 0.43 + 0.01
mM (JFM) and 0.40 £ 0.05 (FM) for the concentrated supernatants (2.5 times). Langa and coauthors [3]
obtained results of reuterin concentration between 0.21 and 0.75 mM for the different strains used in yogurt
produced with 100 mM of glycerol, under similar conditions to the present work. Ortiz-Rivera and coauthors
[4] presented higher concentrations of reuterin in situ in fermented milk compared to our study. However, the
same authors reported that S. aureus presented resistance up to 1.5 mM of reuterin while in the present
study the concentration of 0.40 £ 0.05 mM was sufficient to inhibit both S. aureus strains tested.

The differences in the reuterin produced could be caused by differences in the L. reuteri strain, pH,
biomass concentration, medium composition, oxygen concentration, cell age and incubation time [30].

Sensory Evaluation

Figure 3 shows the average scores of each attribute obtained in the sensorial analysis. The average
acceptance of color parameter was 7.4 £ 1.3 and 57% of the tasters considered this attribute to be “like very
much" and "like extremely”. The flavor and the aroma attributes also received an average of 7.4 + 1.2 a scale
of nine where 50% and 61%, respectively, rated these attributes as "like very much".
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Figure 3. Evaluation of the sensory attributes (scale of 1-9) of fermented milk with addition of jucara pulp and sucrose.

The texture obtained the lowest score in this study. According to Champagne and coauthors [31] in the
development of yogurt containing L. reuteri, sensorial problems were observed due to the formation of gas
bubbles and syneresis, related to the heterofermentative metabolism of the microorganism. However, the
same author observed that in the industrial scale productions, for this type of drink, the product will be pumped
and mixed, thus minimizing these problems, an alternative that could be applied to our product [31].

The overall acceptance received an average of 7.0 £ 1.1, a similar mean was attributed to commercial
fermented milks tested by Medeiros and coauthors [32] the three brands tested received respectively grades
6.8 +1.6; 7.2 + 1.8 and 6.4 + 1.5. The acceptance values obtained in this work indicate that the product
developed is in agreement with those found commercial 97 % consume fermented products and 63 %
consume them moderately to frequently. In contrast, only 20 % of the tasters knew or had consumed jucara,
showing the economic potential of this fruit, despite the lack of knowledge of the population.

CONCLUSION

L. reuteri fermented milk with the addition of jucara pulp presented physicochemical characteristics
similar to those of commercially available fermented milks, as well as maintaining a satisfactory number of
viable probiotic cells during 30 days of storage. This product also exhibited antimicrobial activity against S.
aureus, which can be attributed to the production of reuterin. In addition, fermented milk with jucara pulp was
well accepted by potential consumers, indicating that this unexplored fruit can be applied to the development
of a functional product, combining benefits and contributing to the preservation of the species.
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