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Abstract — The objective of this work was to evaluate the viability of probiotic bacteria in bioyogurt with the
addition of honey from Africanized and Jatai bees, in different concentrations. To prepare the fermented milk,
reconstituted powdered milk and lactic acid starter culture were used. The bioyogurt was evaluated at 0, 7,
14, 21, 28, and 35 days of storage. Analyzes of pH, titratable acidity, and selective count of the Lactobacillus
acidophilus LA-5 and Bifidobacterium BB-12 microorganisms were carried out. Counting was done,
respectively, on MRS agar, in aerobiosis, and MRS-LP agar, in anaerobiosis, with plates incubated at 37°C
for 72 hours. Treatments were arranged in a completely randomized design in split plot, with five treatments:
without honey; 5 and 10% honey from Africanized bees, and 5 and 10% honey from Jatai bees. Storage
times were evaluated in the split plots. In all treatments, bioyogurt showed counts of 10’ CFU g lactic acid
bacteria. Probiotic cultures remained viable for 35 days under refrigeration (2—4°C). The interaction between
the variation factors affected the probiotic concentration in the bioyogurt. The honeys have a favorable effect
on the cell counts of the evaluated microorganisms.

Index terms: Bifidobacterium, Lactobacillus acidophilus, functional food, prebiotic.

Viabilidade de bactérias probiéticas em bioiogurte adicionado
de mel de abelhas Jatai e africanizadas

Resumo — O objetivo deste trabalho foi avaliar a viabilidade de bactérias probiodticas em bioiogurte adicionado
de mel de abelhas africanizadas e Jatai, em diferentes concentracdes. Para a elaboragdo do leite fermentado,
utilizou-se leite em pod reconstituido e fermento lacteo. O bioiogurte foi avaliado com 0, 7, 14, 21, 28 e 35 dias
de armazenamento. Foram realizadas analises de pH, acidez titulavel e contagem seletiva dos microrganismos
Lactobacillus acidophilus LA-5 e Bifidobacterium BB-12. As contagens foram realizadas, respectivamente,
em agar MRS, em aerobiose, e agar MRS-LP, em anaerobiose, com placas incubadas a 37°C por 72 horas. Os
tratamentos foram arranjados em delineamento inteiramente casualizado, com parcelas subdivididas e cinco
tratamentos: sem mel; 5 ¢ 10% de mel de abelha africanizada; ¢ 5 ¢ 10% de mel de abelha Jatai. Os tempos
de estocagem foram avaliados nas subparcelas. O bioiogurte apresentou contagens de bactérias laticas de 107
UFC g, em todos os tratamentos. As culturas probidticas mantiveram-se viaveis por 35 dias sob refrigeracdo
(2—4°C). Houve efeito da interagdo entre os fatores de variagdo sobre a concentragdo dos probidticos no
bioiogurte. Os méis tém efeito favoravel sobre a contagem de células dos microrganismos avaliados.

Termos para indexacdo: Bifidobacterium, Lactobacillus acidophilus, alimento funcional, prebiotico.

Introduction

The concern with health and life quality has led
people to eat healthier foods with some functional
properties. In this scenario, the dairy industry stands
out with the largest number of functional products,
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such as bioyogurt and other fermented milk, obtained
with the addition of probiotics and prebiotics (Antunes
et al., 2007; Granato et al., 2010).

The consumption of fermented milk has been
based, for a long time, on yogurt traditionally
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produced with cultures of Strepfococcus salivarius
subsp. thermophilus and Lactobacillus delbrueckii
subsp. bulgaricus. As time went by, however, the
use of probiotic microorganisms, associated or not
with traditional bacteria, became usual. In this sense,
bioyogurt is being prepared with microorganisms that
promote beneficial effects to the consumers, such as
L. acidophilus and Bifidobacterium spp. (Lourens-
Hattingh & Viljoen, 2001).

The development of probiotics is favored by
prebiotics, which are selectively fermentable
ingredients that promote bacteria maintenance (Wang,
2009; Bindels et al., 2015). The main prebiotics used
in the food industry are oligosaccharides — especially
inulin and oligofructose (Akalin & Erisir, 2008) —,
which are sugars found in most of the foods such as
vegetables, fruits, milk, and honey (Dwivedi et al.,
2014; Garcia-Cayuela et al., 2014).

According to Ustunol & Gandhi (2001), honey is
a food with prebiotic activity due to the variety of
oligosaccharides present in it. However, the prebiotic
effect may vary with the composition of different types
of honey, which is a factor that should be investigated.
Crane (1985) pointed out that these variations depend on
the plant species visited by the bees, on environmental
conditions, and also on the bee species.

The objective of this work was to evaluate the
viability of probiotic bacteria in bioyogurt with the
addition of honey from Africanized and Jatai bees, in
different concentrations.

Materials and Methods

The raw materials used for the preparation of the
bioyogurt were: Molico (Nestle Brasil Ltda., Sao
Paulo, SP, Brazil) skimmed powder milk; BioRich
(Chr. Hansen Ind. ¢ Com. Ltda., Valinhos, SP, Brazil)
probiotic culture containing L. acidophilus LA-5,
Bifidobacterium BB-12, and S. thermophilus; and
the honeys — purchased in the retail market — from
Africanized (Apis mellifera) and “stingless” Jatai
(Tetragonisca angustula) bees, after pasteurization at
78°C, for 6 min in water bath (Gonnet et al., 1964).

The pH from the reconstituted milk (12%) used
to make the bioyogurt was determined using the
P100 benchtop pH meter (PHOX, Colombo, PR,
Brazil) and by acidity titration with Dornic solution
(0.1111 N NaOH). The count of aerobic mesophilic

microorganisms was performed starting at 10
dilution up to 103 decimal dilutions in peptone water.
Inoculation was carried out on plate count agar (PCA),
with incubation at 35°C for 48 hours (Silva et al., 2010).

For the characterization of the honeys, the following
analyses were performed in duplicate: moisture,
determined with a refractometric method using the
PAL-22S digital refractometer (Atago CO., Ltd.,
Tokyo, Japan), specific for honey; pH, with the P100
benchtop pH meter (PHOX, Colombo, PR, Brazil);
water activity (aw), by readings in the 3TE Aqualab
equipment (Meter Group, Inc., Pullman, WA, USA);
and instrumental color evaluation, i.e., luminosity
(L*) and coordinates a* and b*, using the Miniscan
EZ colorimeter (HunterLab, Reston, VA, USA). The
microbiological analysis was performed by yeast
and mold counts, using a 10! dilution, with decimal
dilutions up to 107 in peptone water. Inoculations
were made on plates of acidified potato dextrose agar
(PDA), with incubation at 22-25°C, for five days (Silva
et al., 2010).

For the preparation of fermented milk (bioyogurt),
the skimmed powder milk was reconstituted to
12% (m/v) of total solids-not-fat, subjected to slow
pasteurization (65°C for 30 min), and then cooled
(42°C) for the inoculation of lactic yeast. Culturing was
done by seeding lactic yeast to milk at a concentration
of 400 mg L, followed by manual homogenization
and incubation at 40—42°C for 5 hours. To obtain the
treatments, the formulations of the bioyogurt were
prepared as described in Table 1.

After fermentation, the bioyogurt was kept under
refrigeration at 2—4°C for 12 hours and then analyzed
after 0, 7, 14, 21, 28, and 35 days of storage. The
following analyses were carried out in duplicate in
the bioyogurt: pH, using the P100 benchtop pH meter
(PHOX, Colombo, PR, Brazil); and titratable acidity,
by calculating the percentage of lactic acid in the

Table 1. Raw materials and concentrations used in the
different formulations of the bioyogurt.

Treatment Reconstituted Africanized bee Jatai bee
skimmed milk (%) honey (%) honey (%)

1 100 0 0

2 95 0 5

3 90 0 10

4 95 5 0

5 90 10 0
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sample with titration performed with NaOH 0.1 N. For
the selective count of L. acidophilus LA-5, MRS agar
was used, with plates incubated at 37°C for 72 hours,
in aerobiosis. For Bifidobacterium BB-12, counting
was done on MRS-LP agar, with incubation at 37°C
for 72 hours, in anaerobiosis, using the Anaerobac
atmospheric generator (Probac do Brasil Produtos
Bacteriologicos Ltda., Santa Cecilia, SP, Brazil). In the
two culture media, inoculation in depth was carried
out with overlay. For the preparation of the MRS-
LP agar, 0.3% sodium propionate and 0.2% lithium
chloride were used (Vinderola & Reinheimer, 1999).

Plates with 25 to 250 colonies of L. acidophilus
LA-5 and Bifidobacterium BB-12 were selected for
the counts. The tests of Gram stain and catalase were
performed to identify and confirm the colonies.

A completely randomized design arranged in split
plots was used. The treatments (without honey, 5 and
10% Africanized bee honey, and 5 and 10% Jatai bee
honey) were placed in the plots, and storage times (0,
7, 14, 21, 28, and 35 days) in the subplots. The data
were subjected to the analysis of variance, and, when
significant, the averages were compared by Tukey’s
test, at 5% probability. For the variable pH, which, in
the analysis of variance, was only affected by storage
times, the regression analysis was performed.

Results and Discussion

The reconstituted powdered milk used to prepare
the bioyogurt presented high acidity levels (24°D)
in relation to those established by legislation, i.e.,
between 14 and 18°D (Brasil, 2011). This probably
occurred because of the reconstitution of the product,
which was standardized to have a content of solids-not-
fat of 12% in skimmed milk, and of the concentration
of proteins, which can acidify the medium. According
to Reis et al. (2011), the increase in milk solids
results in an increase in titratable acidity, due to the
higher content of proteins, citrates, and phosphates.
Therefore, an adjustment in the contents of milk solids
favors the stability of fermented milk and improves the
consistency of the product. The pH showed an average
value of 6.7, within the normal range for milk, which
lies from 6.6 to 6.8.

The assessment of milk microbiological quality
regarding mesophilic aerobic microorganisms showed
3,200 colony-forming unity (CFU) per mL-, within the
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limit permitted by law, which establishes a maximum
value of 80,000 CFU mL"! (Brasil, 2011). These low
counts were probably due to the heat treatment to
which the milk was subjected to.

The honeys differed significantly regarding pH,
water activity, moisture, L*, and the b* color coordinate
(Table 2). In addition, the honey from the Jatai bee was
more acid than that from the Africanized bee. Abadio
Finco et al. (2010) found that the pH of the Jatai bee
honey varies from 3.39 to 4.63 and of the Africanized
bee honey, from 3.4 to 4.2. However, the Brazilian
legislation does not establish limits for pH values in
honey. According to Crane (1985), this parameter can
be directly associated with the floristic composition in
the collection areas.

The moisture content of the Jatai bee honey (26.06%)
was also greater than that of Africanized bee honey
(15.43%). The law allows moisture contents of up to
20% for Africanized bee honey, and the values for
Jatai bee honey were within the normal range observed
in Brazil (Anacleto et al., 2009; Lira et al., 2014). This
parameter can greatly affect honey quality, since
greater contents favor the growth of microorganisms
and may lead to undesirable honey fermentation during
storage (Saxena et al., 2010). According to Silva et al.
(2010), the limit of water activity for the multiplication
of the majority of molds and yeasts is around 0.75. In
the present study, the values found for water activity
were 0.48 for Africanized bee honey and 0.70 for Jatai
bee honey.

No statistical difference was observed in the
quantification of molds and yeasts. The two types of
honey assessed showed average values (Table 3) below

Table 2. Characteristics of the Jatai (Tetragonisca
angustula) and Africanized (Apis mellifera) bee honeys
used to make the bioyogurt®.

Parameter Africanized bee honey  Jatai bee honey
pH 5.04a 3.67b
Water activity 0.48b 0.70a
Moisture (%) 15.43b 26.06a
L* 0.07b 0.17a
a* 0.18a 0.15a
b* 0.05b 0.38a
Mold and yeast (CFU g') 36.6a 70.0a

(MMeans followed by equal letters do not differ by Tukey’s test, at 5%
probability. L*, luminosity; a* and b*, color coordinates; and CFU,
colony-forming unit.
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the one of 100 CFU g allowed by legislation (Brasil,
2000). Therefore, both types are suitable for use as
bioyogurt ingredients.

Regarding L*, the honey from the Jatai bee was
lighter (0.17) than that from the Africanized bee (0.07),
and, as to parameter b*, Jatai bee honey had a more
yellow coloring. The honeys, however, did not differ
as to a*. According to the literature, Jatai bee honey
has a predominance of bright tones, when compared
with Africanized bee honey; the color of honeys varies
according to the bee species and to factors such as
mineral and flavonoid contents and Maillard reaction
products (Sant’Anna et al., 2012).

Several requirements should be met for a
microorganism to be classified as a probiotic, and
viability is one of the most important. Viable cells
should be present at the time of consumption until the
last day of the validity date, at least with the minimum
concentrations required by legislation (Macedo et al.,
2008). The lactic acid bacteria counts in the bioyogurt
were within law requirements in all treatments.
According to Brazilian legislation, fermented milk must
present counts of total lactic bacteria of at least 10° CFU
g'; however, the requirement for bifidobacteria alone is
108 (Brasil, 2007). All treatments showed 107 CFU g

The effects of types of honey and of the different
concentrations interacted with those of storage
times, significantly affecting cell counts. Moreover,
both types of honey favored L. acidophilus LA-5

and Bifidobacterium BB-12 (Table 3). The control
treatment, without the addition of honey, showed the
lowest concentration of L. acidophilus LA-5 at the
end of 35 days of storage, whereas the addition of
both types of honey, regardless of the concentration,
favored the maintenance of L. acidophilus LA-5. This
result contradicts those of Macedo et al. (2008), who
did not observe honey (4. mellifera) prebiotic effect on
the growth and viability of Lactobacillus spp. in milk.

Treatments 3 and 5 (10% Jatai and Africanized
bee honey, respectively), with the highest honey
concentrations, had a significant favorable effect
on Bifidobacterium BB-12 counts, compared with
treatments 1, 2, and 4 (no honey, 5% Jatai and 5%
Africanized bee honey, respectively). According
to Silva et al. (2006), honey oligosaccharides vary
according to their floral origin; therefore, the prebiotic
effect of different honeys should differ.

Jan Mei et al. (2010), when evaluating B. longum BB
536 in skimmed milk with the addition of 5% honey,
reported an increase of more than three logarithmic
cycles in an interval of 24 hours. Macedo et al. (2008)
also found favorable effects of honey on bacterial
counts in milk, with significantly higher overall
average growth and viability of Bifidobacterium
lineages compared with the control (without honey).

Despite their favorable effect on bacterial counts
(Table 3), the studied honeys also had a detrimental
effect on the viability of these microorganisms over the

Table 3. Means (log CFU mL™) of the counts of Lactobacillus acidophilus LA-5 and Bifidobacterium BB-12 obtained in the

evaluated bioyogurt during storage times.

Treatment Storage time (days)
0 7 14 21 28 35
Lactobacillus acidophilus LA-5
Control 7.78Aa 7.66Aa 7.64Aa 7.49Cab 7.21Bb 7.28Bb
Jatai bee honey (5%) 7.78Aa 7.70Aab 7.78Aa 7.62BCab 7.38ABb 7.54Aab
Jatai bee honey (10%) 7.74Aa 7.70Aa 7.75Aa 7.84Aa 7.64Aa 7.57Aa
Africanized bee honey (5%) 7.83Aa 7.76Aab 7.74Aab 7.68ABb 7.45ABc 7.43ABc
Africanized bee honey (10%) 7.85Aa 7.75Aab 7.79Aa 7.73ABabc 7.60ABbc 7.59Ac
Bifidobacterium BB-12

Control 7.67Aa 7.59Ba 7.53Ba 7.51Ca 7.53Da 7.50Ba
Jatai bee honey (5%) 7.87Aa 7.86Aa 7.85Aa 7.67Bb 7.64BCbc 7.56Bc
Jatai bee honey (10%) 7.88Aab 7.90Aab 7.92Aa 7.84Ab 7.84Ab 7.86Aab
Africanized bee honey (5%) 7.69Aa 7.67Ba 7.60Ba 7.71ABa 7.56CDa 7.52Ba
Africanized bee honey (10%) 7.90Aab 7.92Aa 7.87Aab 7.79ABcd 7.73Bd 7.84Abc

(MMeans followed by equal letters, lowercase in the lines and uppercase in the columns, do not differ by Tukey’s test, at 5% probability. CFU, colony-

forming unit.
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storage periods. The viability of L. acidophilus LA-5
decreased in all treatments, except in that with 10%
Jatai bee honey (treatment 3). Bifidobacterium BB-12
had its viability decreased in treatments 2, 3, and 5
(5 and 10% Jatai bee honey, and 10% Africanized bee
honey, respectively). According to Cruz et al. (2011),
the probiotic microorganisms in yogurt face adverse
conditions during the storage period, such as stresses
caused by cold, oxidation due to the exposure to
oxygen, and post-acidification.

Neither treatments nor storage times influenced
bioyogurt acidity. The average values observed were
0.58, 0.65, 0.66, 0.65, and 0.62% lactic acid, for
treatments 1, 2, 3, 4, and 5, respectively. Most values
were within the titratable acidity range of 0.6 to 2.0%
lactic acid established for fermented milk by the
Brazilian legislation; however, the control treatment
did not comply with this minimum requirement. The
interaction between microorganisms and honey types
suggests that a fermentation time greater than 5 hours
should be used. Regarding pH, no significant difference
was observed between treatments (Figure 1); however,
storage times had a significant effect on this variable.

It is essential to control the pH and acidity of the
product in order to avoid phase separation and great
alterations in other sensory characteristics caused
by high acidification (Vinderola et al., 2000). The
conditions observed in the present study probably
can provide a proper maintenance of the probiotic
microorganisms evaluated.

5317

y=4.53511 + 0.65010x - 0.24528x” + 0.02586x
R2=0.79

48 T T T 1 1
0 7 14 21 28 35
Storage time (day)

Figure 1. Bioyogurt pH over the period of 35 days of
storage.
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Conclusions

1. Both Jatai (Tetragonisca angustula) and
Africanized (A4pis mellifera) bee honeys favor
the viability of probiotic cultures obtained with
Lactobacillus acidophilus LA-5 and Bifidobacterium
BB-12 in bioyogurt.

2. Both honey types provide lactic bacteria counts
within the range required by Brazilian legislation,
regardless of the honey concentration used, and the
probiotic cultures remain viable after 35 days of
storage under refrigeration (2—4°C).
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