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Abstract

Background and Objective: Survival of beneficial microorganisms in human gut faces many
challenges. Immobilization on dietary fibers not only increases the viability of probiotic
cultures, but also improves intestinal microbiota composition and decreases several diseases.
Therefore, the objective of this study was to assess effects of wheat bran immobilization on
survival of multiple species dairy starters under high acidity and bile salts conditions.

Materials and Methods: Dairy starter association included lactic acid bacteria of Lactobacillus
delbrueckii RKM 0850, Lactobacillus paracasei RKM 0852 and Lactobacillus. parabuchneri
RKM 0854, acetic acid bacteria of Acetobacter syzygii RKM 0855, propionic acid bacteria of
Propionibacterium freudenreichii subsp. shermanii PL and yeast of Kluyveromyces marxianus
RKM 0853. Physical immobilization of the whole association was carried out using adsorption
on 3% wheat bran.

Results and Conclusion: Effects of acid and bile salts stresses on microbial association survival
largely depended on the taxonomic affiliation, aeration rate and experiment media.
Kluyveromyces marxianus RKM 0853 was highly resistant to pH 2.0-3.0 and addition of 0.5-
15.0% of bile salts. Furthermore, Lactobacillus paracasei RKM 0852 and Acetobacter syzygii
RKM 0855 were the most resistant microorganisms to bile salts and Lactobacillus delbrueckii
RKM 0850 and Lactobacillus parabuchneri RKM 0854 included the best survival rates at low
pH. Wheat bran immobilization promoted survival of the microbial association under stress
conditions and prevented loss of viability by more sensitive species. These results are essential
for understanding and improvement of stress tolerance in probiotic microorganisms of various
taxonomies.
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1. Introduction

Nowadays consumers are increasingly interested in their
health and, especially, in foods that are capable of
preventing and treating diseases. In this regard, the
relevance of obtaining foods with probiotic properties has
increased sharply. Probiotic microorganisms demonstrate
numerous health beneficial effects producing various
biologically active compounds, namely bacteriocins, short-
chain fatty acids, vitamins, enzymes, bioactive peptides and
exopolysaccharides, exhibiting antimicrobial, antimuta-
genic, anticarcinogenic and immunomodulatory activity,
lowering cholesterol level and maintaining the integrity of

the mucous membrane, preventing the adhesion of
pathogenic microorganisms [1-4]. It is established that
probiotics, which include several strains at once, provided
they are balanced, have a more pronounced effect compared
to single-component preparations [5,6]. Use of probiotic
microorganisms in the production of dairy products is
complicated by the problems with survival of these bacteria
[7-11]. In technological processes of food production,
during storage and passage through the digestive tract,
probiotic cultures are subjected to many aggressive
influences, which lead to a decrease in their activity, partial


http://dx.doi.org/10.22037/afb.v7i4.29723

Yelena Oleinikova, et al

or complete death. The main risk factors for probiotic
microorganisms are prolonged exposure to the acidic
environment of the stomach, the effect of bile acids,
enzymes, antimicrobial components contained in products,
and oxygen [12]. The survival rate of various probiotic
strains in different parts of the gastrointestinal tract can vary
greatly. Some strains quickly die in the stomach, while
others are able to pass through the entire intestine in large
numbers [13].

Probiotic cultures must either adapt to such a dynamic
environment or be protected. In this regard, the development
of methods for protecting cells of probiotic cultures and
increasing their viability in adverse production and
gastrointestinal tract conditions is relevant [14]. One way to
maintain activity and viability under aggressive environ-
ment of gastrointestinal tract is to immobilize bacterial cells
on various carriers. The potential benefit of this strategy is
to maintain greater cell viability, providing protection and
delivery of cells to the human gastrointestinal tract, despite
the high acidity of the stomach [15]. The use of prebiotic
additives containing soluble or insoluble dietary fiber for
such immobilization, at the same time, favorably affect the
intestinal microbiota and helps to improve the condition of
a number of diseases [16-20]. According to various
investigations, the consumption of dietary fiber has been
shown to reduce the risk of coronary heart disease, stroke,
hypertension, diabetes, obesity and some gastrointestinal
disorders, to improve immune function, serum lipids and
glucose levels in blood, to lower blood pressure, promote
stool regularity and weight loss [20-26]. Wheat bran
possesses antioxidant [27] and immunomodulatory [28]
activity and have anti-cancer effect [29,30]. Dietary
arabinoxylans of wheat bran impact the gut associated
microflora [28] and reduce the plasma total cholesterol and
LDL-cholesterol concentrations in hamsters [31]. The wheat
bran xylooligosaccharides can serve as a substrate for
bifidobacteria growth [32] and protect probiotic cultures in
freeze-drying [33]. The purpose of this work was to study
the possibility of increasing survival of probiotic dairy
starter (Lactobacillus (L.) delbrueckii RKM 0850, L.
paracasei RKM 0852, L. parabuchneri RKM 0854,
Acetobacter (A) syzygii RKM 0855, Propionibacterium (P.)
freudenreichii subsp. shermanii PL, and Kluyveromyces
(K.) marxianus RKM 0853) under the action of main
intestinal limiting factors - acidic and high bile stresses, by
immobilization. Wheat bran was selected for the production
of synbiotic beverage due to the highest adhesion of
association microorganisms to it in comparison with other
possible carriers [34]. Furthermore, wheat bran was
previously shown to protect bifidobacteria from bactericidal
action of the starter [35]. Moreover, the regular
consumption of white bread by the overwhelming majority
of the population leads to the most pronounced deficiency
of insoluble dietary fibers in comparison with soluble ones,
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which can be obtained from fruits and vegetables. Of
particular interest was to determine the influence of the
experiment conditions on the final result.

2. Materials and Methods

2.1 Microorganisms and media

In this study, dairy starters of whey-based beverage,
including lactic acid bacteria (LAB) of L. delbrueckii RKM
0850, L. paracasei RKM 0852 and L. parabuchneri RKM
0854, acetic acid bacteria (AAB) of A. syzygii RKM 0855,
propionic acid bacteria (PAB) of P. freudenreichii subsp.
shermanii PL and lactose-fermenting yeast of K. marxianus
RKM 0853, were used. The microbial association was
prepared in the Laboratory of Food Microbiology, Research
and Production Center of Microbiology and Virology,
Republic of Kazakhstan and selected based on its
antagonistic activity and sensory properties during whey
fermentation using wheat bran addition. The major survival
media included whey (Amiran, Kazakhstan), physiological
saline and MRS (de Man, Rogosa and Sharpe) (TM Media,
India).

Wheat bran (Siberian Bran LLC, Russia) was used at 3%
(w v1) in milled (particle size < 0.5 mm) and unmilled
(particle size 0.5-3.0 mm) forms. Wheat bran was sterilized
with whey. Since AAB of the association (A. syzygii RKM
0855) were characterized using the most abundant growth
in a mixture of LAB on MRS agar (due to symbiotic
interrelationships), this medium was used for the microbial
count. Kluyveromyces marxianus RKM 0853 was easily
differentiable on MRS agar. Enumeration of various species
was carried out based on the colony morphology as follows:
K. marxianus RKM 0853 formed convex colonies often
with a prominent center in white or beige-white with 2-5
mm in diameter; L. delbrueckii RKM 0850 formed flat,
colorless, matte translucent colonies with 1-3 mm in
diameter; L. parabuchneri RKM 0854 formed bluish-white,
convex uneven-edged colonies with 1-3 mm in diameter; L.
paracasei RKM 0852 formed creamy-white, strongly
convex, rounded smooth-edged colonies with 1.0-1.5 mmin
diameter; P. freudenreichii subsp. shermanii PL formed
white, convex colonies with 1 mm in diameter; and A.
syzygii RKM 0855 formed beige, slightly convex gloss
colonies with up to 1 mm in diameter. The PAB were
counted on ASLA agar with the Propionibacteria Growth
Supplement (Titan Biotech, India). A magnifier 3x was used
for A. syzygii RKM 0855 counts.

2.2 Physical immobilization of the microorganisms on
wheat bran

Immobilization of the starters was carried out using
physical adsorption of the microbial association on
untreated wheat bran. Adsorption occurred nearly 5 min
after introducing the starter culture into whey with bran.
More than 75% of all microorganisms were successfully

Appl Food Biotechnol, Vol. 7, No. 4 (2020)




Viability enhancement of dairy starters using wheat bran

immobilized on wheat bran [34]. This level of adhesion was
suggested for the production of food products. Increases in
adhesion degrees of the starters in food matrix using
chemical procedures are not entirely desirable. Moreover,
such procedures could increase costs of the final products.

2.3 Viability at low pH

To assess survival rate in increased acidity of the media,
pH of the whey and physiological saline was acidified to 3.0
and 2.0 (Multi-Parameter Analyzer Consort C931, Belgium)
using 1 N hydrochloric acid solution and then the two
chemicals were sterilized. Control pH was the initial pH of
physiological saline (pH 6.2). Test tubes with 10 ml of either
whey or physiological saline were used to create
predominantly anaerobic conditions, and flasks with 20 ml
of the media were used for the experiments with increased
aeration by shaking. In general, 1 ml of each bacterium
containing 1.5 x 108 CFU ml* (0.5 McFarland turbidity
standard) and 1 ml of K. marxianus RKM 0853 containing
2 x 10® CFU ml? (1 McFarland turbidity standard) were
inoculated in 30 ml of whey and incubated at 37 °C for 24
h. The 24-h fermented whey (with or without bran) was
introduced into media at 1% (for flasks) or 10% (for tubes)
of the media volume. Immediately, the initial quantity of
CFUs per milliliter was assessed spreading on MRS agar
from 10-fold dilutions in physiological saline. Test tubes
were preserved statically and flasks were agitated at 120
rpm for 2 h at 37 °C. Survival of the association micro-
organisms was assessed after 1 and 2 h by plating from 10-
fold dilutions in physiological saline. Before preparing
dilutions, variants were thoroughly agitated and set for 30 s
for bran sedimentation. Plates were incubated at 37 °C for
48-72 h.

2.4 Survival in high bile contents

To study viability of the microorganisms in high bile
contents, ox bile powder (dried) (TM Media, India) was
added into media at 0.5, 1.0, 5.0, 10.0 and 15.0 (% w v)
concentrations. Physiological saline, whey and MRS were

used to study resistance of the association microorganisms
to the bile. Cultures were stored at 37 °C for 24 h.

2.5 Microorganism counts and statistical analysis

To calculate CFUs in 1 ml of the media, a series of ten-
fold dilutions in physiological saline were prepared and 0.1
ml of each dilution was spread onto three Petri dishes. Plates
were incubated at 37 °C for 48 or 72 h. All dilutions with an
average number of colonies from 15 to 150 on a plate were
used when calculating CFU per milliliter. For digital data
reduction and more clarity, number of CFUs per milliliter
was transformed into log CFU ml.

Statistical analysis of the results was carried out based on
the standard method using Student t-test. The standard
deviations or standard errors were not indicated to avoid
overload with digital data and to facilitate perception. Data
with significance levels of p < 0.05 were considered
significant. In comparing data, only statistically significant
differences (p < 0.05) between the average values in samples
were reported.

3. Results and Discussion

3.1 Survival under acid stress conditions

When comparing survivals of the bacteria and yeasts in
association, K. marxianus RKM 0853 included good
survival even at pH 2.00 for 2 h, while bacterial growth did
not occur when not introducing wheat bran into the media
(Table 1). Survival rate of the bacteria at pH 3.0 with no
immobilizations was nearly 100% but completely lost after
1 h of exposure at pH 2.0. Immobilization of the starters on
wheat bran contributed to the survival of bacteria at pH 2.0.
After 1 h, cell viability was almost as much as that of the
control (initial value) and decreased only by 2 log after 2 h
while the ratio of individual species was reported similar to
that of the control. Data showed survival rate of the
individual species in physiological saline under acid stress,
increased aeration and relatively anaerobic conditions.

The Figure 1 presents data on viability of the association
bacteria in aerobic conditions.

Table 1. Survival of the starter microorganisms in acidified whey under anaerobic conditions (log CFU ml?)

Microorganisms  Variant pH 6.00 pH 3.00 pH 2.00
Oh 1h 2h Oh 1h 2h Oh 1h 2h
Bacteria Whey 80 79 85 80 79 717 78 - -
Whey with bran 8.0 83 79 80 76 5.8*
Whey with ground bran 7.7 80 79 1.7 75 55*
Yeast Whey 58 58 6.1 58 55 56 57 58 59
Whey with bran 53 6.2 6.2 59 6.0 55
Whey with ground bran 55 6.2 6.1 6.3 6.2 5.9

- The asterisks mean statistically significant differences at p <0.05.

- A dash “-* means the absence of viable cells or their presence in amounts less than 3 log CFU ml2.
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Figure 1. Survival rates of the starter bacteria at low pH in physiological saline under aerobic conditions (The asterisks mean
statistically significant differences of free and immobilized cells at p < 0.05)
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Replacement of whey with saline promoted survival rate
of the starter microorganisms in variants with no
immobilizations and demonstrated their partial survival
after 1 h exposure at pH 2.0. This is possibly a consequence
of the onset of bacterial growth after transferring into fresh
whey and as a result of greater exposure of the cells to stress
conditions, compared to resting cells in physiological saline.
Data showed various degrees of sensitivity of the
association microorganisms to low pH. Therefore, L.
delbrueckii RKM 0850 and L. parabuchneri RKM 0854
were shown to be more resistant to low pH than other
species and A. syzygii RKM 0855 was the most sensitive
strain. Higher (16-20%) initial log CFU ml* values for L.
paracasei RKM 0852, P. freudenreichii subsp. shermanii
PL and L. parabuchneri RKM 0854 in variants by wheat
bran addition indicated positive effects of bran on growth
rate and biomass production of these microorganisms. After
1 h incubation in physiological saline with pH of 3.0, log
CFU ml? of PAB and all cultures of LAB, except L.
delbrueckii RKM 0850, decreased slightly and then
increased, reaching the initial value within 2 h. Number of
CFUs per milliliter of L. delbrueckii RKM 0850 increased
by 1.6 log due to the growth of the microorganism. The A.
syzygii RKM 0855 was not detected upon plating after 1 and
2 h of incubation in saline with pH 3.0. Wheat bran
immobilization increased survival of A. syzygii RKM 0855
cells, growth of the culture was seen after 1 h, although
number of CFU per milliliter was lower than the initial
number by 3.4 log. Furthermore, L. paracasei RKM 0852,
P. freudenreichii subsp. shermanii PL and A. syzygii RKM
0855 included weak survival rates at pH 2.0. The L.
parabuchneri RKM 0854 and L. delbrueckii RKM 0850
demonstrated the highest viabilities at pH 2.0. the log CFU

ml? of these microorganisms respectively decreased by 1.2
and 1.9 log after 1 h and by 2.5 and 2.8 log after 2 h.

Use of immobilization on wheat bran increased resis-
tance of all microorganisms to acid stress. Therefore,
species with weak resistance to low pH saved their partial
viabilities at pH 2.0 after 1 h, while further resistant species
increased number of CFUs per milliliter after 1 h by 1.5 log,
compared to that with non-immobilized cultures, being
partly viable after 2 h. Since LAB are facultative anaerobic
microorganisms and gastrointestinal environment is predo-
minantly anaerobic, dependence of probiotic starter survival
on degree of aeration is greatly interested. Unlike previous
experiments, wheat bran was not introduced into
physiological saline with low acidity in this experiment;
however, fermented whey was added to the saline in a ratio
of 1:10. For a better comparison of the results, the two major
LAB in starter cultures (L. delbrueckii RKM 0850 and L.
paracasei RKM 0852) were used at equal quantities. The
microorganisms were characterized by better growths in
whey with wheat bran. Therefore, the initial CFUs per
milliliter were higher in variants with whey fermented using
bran (Table 2). Results showed 100% survival rates of the
major starter microorganisms at pH 3.0 for 2 h. After 1 h at
pH 2.0 with no immobilizations, CFUs per milliliter
decreased by 1.7 log for L. delbrueckii RKM 0850 and by
2.7 log for L. paracasei RKM 0852. This decrease of
survival was much lesser than that in experiments with
increased aeration, when L. paracasei RKM 0852 was not
generally detected after 1 h and CFUs per milliliter of L.
delbrueckii RKM 0850 decreased by 3.5 log. However,
microorganisms grown in whey with no carriers completely
lost their viability after 2 h.

Table 2. Survival of Lactobacillus paracasei RKM 0852 and Lactobacillus delbrueckii RKM 0850 at low pH in

physiological saline under anaerobic conditions (log CFU ml?)

Strain Variant pH 6.0 pH 3.0 pH 2.0
Oh 1h 2h 1h 2h 1h 2h

Whey 59 6.1 64 6.1 6.2 3.2 -

L. paracasei RKM 0852 Whey with bran 6.3 6.0 6.6 6.4 6.2 5.7 45*
Whey with ground bran 6.1 6.1 6.6 57 6.3 6.1 4.3*

L. delbrueckii RKM 0850 Y >4 59 59 56 56 3
Whey with bran 6.3 65 6.5 6.4 6.4 5.4*  3.2*
Whey with ground bran 6.4 6.3 6.3 6.2 6.4 5.6*  3.5*

- The asterisks mean statistically significant differences at p < 0.05.

- A dash “-*“ means the absence of viable cells or their presence in amounts less than 2 log CFU ml.

Use of wheat bran as carrier during whey fermentation
contributed to the survival of the two microorganisms at pH
2.0. After 1 h, CFUs per milliliter decreased by 0.8 log for
L. delbrueckii RKM 0850 and by 2.1 log for L. paracasei
RKM 0852 (the initial values in variant with and without
bran). Thus, immobilization on wheat bran contributed to

Appl Food Biotechnol, Vol. 7, No. 4 (2020)

the survival of various LAB cultures to various degrees.
Low survival degrees of the association bacteria in absence
of immobilizers are most possibly associated with the use of
whey in the experiment. It is noteworthy that actively
growing cells in the logarithmic growth phase are more
susceptible to negative effects [36]. Better survival results
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were seen under anaerobic conditions even with no additi-
onal supplements of bran in the media.

3.2 Survival in high bile contents

Study of the microbial association survival in media with
high bile contents showed high resistances of yeasts to the
bile. During aerobic cultivation of the microbial association
in whey for 24 h at the highlighted bile concentrations (0.5—
15%), number of CFUs per milliliter of K. marxianus RKM
0853 did not change. Only L. paracasei RKM 0852 was able
to aerobically survive in 15% bile conditions with number
of CFUs per milliliter decreased by 4.1 logs. Immobilization
on ground wheat bran increased survival of the species by
1.4 log CFU ml%. No statistically significant increases were
reported in survival of the starter bacteria, using unmilled
wheat bran. The reason possibly included the low frequency
of contacts of microorganisms with particles of bran during
active agitation, compared to that with more small particles
of bran. Use of anaerobic conditions significantly decreased
bile resistance of K. marxianus RKM 0853. With increases
in bile concentration up to 5%, the number of CFU per
milliliter of yeast decreased by three logs. Figure 2 presents
data on survival of the bacterial starters in MRS media with
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increased bile contents under static anaerobic conditions.

The most resistant strain to effects of bile salts were L.
paracasei RKM 0852 and A. syzygii RKM 0855.
Immobilization of the starters on wheat bran increased the
number of viable bacterial cells by 0.5-3.7 logs, depending
on the concentrations of bile in media. Survival under stress
conditions while changing oxygen availability was earlier
shown in other bacteria, yeasts and stress types [37,38]. Use
of milled bran did not show significant differences in
survival rates, compared to unmilled bran in all
experiments, except those with agitations. However,
statistically insignificant positive correlations of bacterial
counts with unmilled bran and those of yeast counts with
milled bran were reported. These correlations were most
likely associated with a greater availability of ground bran
for the growth of yeasts and hence a larger accumulation of
biomass in these variants. When media were agitated,
addition of milled bran to the media increased the exposure
of their particles to the microbial cells and subsequent
immobilization. Under static cultivations, degrees of
grinding included no effects on the microbial survival since
bran and cells were concentrated in the bottom of the test
tubes.

* *
* *
m | delbrueckii RKM 0850
m | . paracasei RKM 0852
” Propionibacterium freudenreichii
subsp. shermanii PL
m |, parabuchneri RKM 0854
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= 2
(2]
2
=
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Figure 2. Effects of wheat bran on the survival rates of starter bacteria in high bile contents under anaerobic conditions
(The “*” refers to significant decrease in survival compared to 0 h at p < 0.05; The “**” refers to significant increase in
survival of immobilized compared to non-immobilized cells at p < 0.05)

4. Conclusion

Starter microorganisms were characterized by various
survival rates under acid and bile stresses. The highest
resistance was shown for yeasts and the lowest for acetic
acid bacteria. Survival of bacteria under conditions of gastr-
ointestinal stress varied depending on the species, presence
of carrier, availability of nutritious media and aeration
degree. The anaerobic treatment was mostly favorable for
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the survival of bacterial association. Immobilization of dairy
starters on wheat bran included significant protective effects
at low pH and high bile salt concentrations. This contributed
to the conservation of species diversity within the
multicomponent starter microorganisms, especially species
with weak resistances. Wheat bran immobilization
prevented loss of viability of all association microorganisms
and improved their survival under stress conditions. Based

Appl Food Biotechnol, Vol. 7, No. 4 (2020)
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on the passing time of dairy foods through the stomach and
the fact that acidity of the gastric juice in stomach is 1.5—
3.5, the current data reveal good survival rates of synbiotic
beverage microorganisms in gastric juices. Immobilization
of the starter cells on wheat bran can improve further
survivals of the probiotic microorganisms at sufficient
quantities. The current results are critical for further
analyzing data on survival of the starter microorganisms
under stress conditions and preserving microbial diversity
of the starters. Moreover, these results can be used in
development of next generation probiotics [39] based on
microbial taxons identified in healthy people using
metagenomic studies of the intestinal microbiota.
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