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Abstract

The formulation features of popular food products were analyzed and the possibility of improving their quality and
ability to positively affect human health by eliminating preservatives from their formulation was investigated. The
antimicrobial activity of different types of probiotic microorganisms was determined, and according to the results,
the microbial culture of Lactobacillus reuteri. was selected as the expedient one for research. When using symbiotic
composition of microorganisms with Lactobacillus reuteri, higher antimicrobial activity is observed. Comparative
evaluation of the sauce samples with preservatives and with microbial culture of Lactobacillus reuteri without
preservatives by a set of indicators showed an increase in antioxidant activity of samples with probiotic by 10.2 %
and 12.0 % for mayonnaise sauce (30 %) and mayonnaise (67 %), respectively; reduction of oxidation level by 25.0-
28.6 %; improvement of microbiological safety by a number of indicators, and the absence of food poisoning
pathogens; the possibility of prolonging the traditional shelf life of sauce products with probiotic ingredient, as well
as creating conditions for the correction of intestinal microbiota while maintaining the main consumer properties of
these popular products on the food market. For popular types of ketchup, similar positive results were also observed
following the exclusion of preservatives and the incorporation of Lactobacillus reuteri monoculture and
Lactobacillus reuteri symbiotic into their formulations. The preservative-free ketchup samples were not inferior to
the control ketchup in terms of physicochemical parameters, had a slightly higher concentration of acids, biologically
active substances (BAS) and 7.1 % higher antioxidant activity. The given technological scheme of probiotic sauces
shows the possibility to produce them on existing technological lines. The results of the studies indicate the
effectiveness of probiotic microorganisms Lactobacillus reuteri as a preservative for food products, which will allow
to expand the work on their industrial application.

Keywords: sauce products; Lactobacillus reuteri; probiotics; biosafety; physical and chemical control; microbiological control.

IHHOBAIIFMHI MPOBIOTUYHI XAPYOBI [IPOAYKTH 3 BAKOPUCTAHHAM
LACTOBACILLUS REUTERI

TeTsHa B. MakoBcbka®, Jltogmuaa M. [lununenko, Osnena O. KunuMmeH4yyk
OdecbKull HayioHabHUT mexHo102iYHull yHisepcumem, 8ya. Kanamua, 112, Odeca, 65039, Ykpaina

AHoTanis

IIpoaHasnizoBaHi penenTypHi 0CO6/IMBOCTI NONYJISIPHUX Xap4YOBHX NPOAYKTIB i A0CaiJKeHa MOK/IUBICTh i ABUIUTHA
iX AKicTb i 34aTHICTh MO3WUTHMBHO BIUIMBAaTU Ha 3J0POB’A JIOJAUHU LUIAXOM BHUK/IIOYEHHS KOHCEpPBaHTIB 3 iX
penentypu. BusHayeHa aHTUMiIKpOOHA aKTUBHICTb Pi3HUX BUAIB NPO6GiOTUYHUX MiKpoOpraHi3MiB, 3a pe3yJbTaTaMu
AKOI 06paHO JOLIBbHY JJd JA0CHiAKeHb MiKpoGHY KyabTypy Lactobacillus reuteri. Ilij, 4ac BUKOpHCTaHHA
cUMGiOoTHYHOrO CKJIaAy MiKpoopraHi3miB 3 Lactobacillus reuteri cnocTepiraerbcsi BUCOKa aHTUMiKpPOGHA aKTUBHICTb.
INopiBHAIbHA OLliHKAa KOHTPOJ/IbHUX 3pa3KiB COYCHOI NPOAYKIii 3 KOHCEPBAHTaMM i 3pa3KiB 3 MiKpOGHOIO Ky/IbTYpPOIO
Lactobacillus reuteri 6e3 BUKOPHCTaHHAA KOHCEPBAHTIB 3a KOMIUIEKCOM MOKa3HMKIB MOKa3aJja miJBHUILEeHHS
AQHTHUOKCHJAHTHOI aKTUBHOCTI 3pa3KiB 3 NnpoGioTHyHuM iHrpeaienTom Ha 10.2 % Ta 12.0 % 14 MallOHE3HOTO0 COyCYy
(30 %) i maiioHe3y (67 %) BiANOBiAHO; 3HMKEHHA PiBHS OKMCHEHHs Ha 25.0-28.6 %; nokpauieHHsa Mikpo6iooriyHoi
Ge3neKd Ta BiACYTHiCTh 30yJHUKIB Xap4yOBHX OTPYEHb; MOXK/JIMBICTb NPOJIOHTYBaHHA TPaAULiMHMX TepMiHiB
36epiraHHs coycHOI NpoAyKiii 3 NPpOGIOTUYHUM iHIPEeAi€HTOM, a TAKOXK CTBOPEHHS YMOB JAJIf1 KOPeKIii KMIIKOBOI
MiKpOGiOoTH 3a YMOBM 36epeKeHHsA OCHOBHMX CMOXKMBYMX BJIACTUBOCTEH MOMyJAPHOI Ha NMPOAOBOJIbYOMY PHHKY
NpoAykKuii. AHAJOriYHi NO3UTHBHI pe3y/JbTaTH BHKJ/IYEHHA KOHCEepBaHTIiB Ta BBeJeHHA B peLentypy
MOHOKYJIbTYpPU Lactobacillus reuteri i cum6ioTuka 3 Lactobacillus reuteri cnocrepiranu s nonyjaspHUX BUAIB
KeTuyny. HaBejeHa TexHoOJIOriYyHAa cxeMa NPOGIOTUYHMX COYCiB MOKa3y€ MOXJIUBICTb BUPOGJ/IATH iX Ha iCHyHYHUX
TEeXHOJIOTIYHMX JiHifgX. 3a pe3y/jbTaTaMM AOCAiJKeHb [Jis COyCHOI MpOoAyKiuii pi3HUX TUNiB Boeplle BU3HA4YeHa
JAOLI/IBHICTh BUKOPHUCTAaHHA NPOGioTMYHUX MiKpoopraHismiB Lactobacillus reuteri ik epeKTHUBHUX 3aMiHHUKIB
KOHCepBaHTIB y penenrypi.

Knawuosi csaoea: coycHi mnpopykrtu; Lactobacillus reuteri; mnpob6ioTuky; 6io6e3neka; ¢i3MKO-XiMIYHUHA KOHTPOJIb;
MiKp06i0JIOTiYHUN KOHTPOIb.
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Introduction

Today's global food system is at the crossroads
of two key challenges, namely ensuring public
health and maintaining environmental
sustainability. The intensive urbanization and
industrialization that characterize the
development of the world economy in the 21st
century have significantly transformed the
nutritional patterns of the population [1; 2]. The
food industry and agriculture must not only
produce enough food in terms of calories to feed
the growing world population, but also produce a
variety of foods that promote human health and
can support environmental sustainability [3; 4].

Food and nutrition security is achieved when
adequate food (in terms of quantity, quality,
safety, socio-cultural acceptability) is available to
all people and, accordingly, is used and
assimilated by them to lead a healthy and active
lifestyle [5;6]. Food E-additives, including
preservatives, are widely used in food production
in modern conditions. This leads to prolongation
of product shelf life, but has a negative impact on
the health of consumers and the microbiota of
their gastrointestinal tract [1; 7-9].

A number of analytical sources indicate that in
recent years, the number of studies on the human
gut metagenome and its impact on the gut
microbiome has increased significantly in many
countries due to the widespread development of
gut microbiome research methods, driven by the
active development of high-precision molecular
biological methods, in particular next-generation
sequencing (NGS) [10-12]. Probiotic
microorganisms play a significant role in
correcting the intestinal microbiome [13-15].
Scientific studies confirm the positive effects of
probiotic cultures not only in modulating the
gastrointestinal microbiota, but also within oral
medicine and other clinical areas, where they
contribute to maintaining microbial balance,
strengthening the barrier function of the
epithelium and normalizing the body's immune

response [16-18]. Since the term “probiotics”
refers to a heterogeneous group of live bacteria
with species- and strain-specific properties,
general claims about their efficacy in affecting the
gut microbiota cannot be applied to every
probiotic product [19; 20]. Given the number of
publications on the effect of Lactobacillus reuteri
strains as therapeutic agents capable of being
included in the intervention in the mechanisms of
attachment of pathogens, as well as interacting
with the intestinal microbiota, it is scientifically
appropriate and practically important to
investigate the possibility of using these probiotic
microorganisms in special innovative types of
food products.

Assortment analysis of food products
systematically produced in significant industrial
volumes indicates the presence of a group of
goods whose stability during storage depends
directly on the use of food additives, in particular
preservatives. The use of these compounds is a
technological necessity to prevent microbiological
spoilage and extend the shelf life of products. This
category includes the sauce group of food
products, in particular mayonnaises, ketchups and
other emulsion and semi-liquid sauces, the
formulations of which provide for the inclusion of
preservatives in order to ensure the biological
stability of the finished product during the
declared shelf life [21; 22].

Duration of storage of sauce products in sealed
and open containers varies depending on the
recipe features and technological process of a
particular manufacturer. As an illustrative
example, the average values of shelf life for
mayonnaise, ketchup and other sauces sold in the
Agro-Market™ retail network in Ukraine are given
[23].

According to the generalized information
specified in the regulatory and technological
documentation and on the product labels, the shelf
life for different types of sauce products in sealed
and open packaging is given in Table 1.

Table 1
Assortment and shelf life of sauce products

Name of sauce Packaging condition Shelf life Notes
Ketchup Sealed up to 2
Ketchup Opened not more than 6 months
Sweet-and-sour sauce Sealed 6 months
Sweet-and-sour sauce Opened not more than 30 days
Mustard Sealed 1.5-2 years
Mustard Open not more than 30 days
Barbecue sauce Sealed up to 1 year With seasoning
Barbecue sauce Open not more than 4 months
Tartar sauce Sealed up to 18 months
Tartar sauce Open not more than 6 months
Pesto sauce Sealed 14-16 months
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Continuation of the table 1

Pesto sauce Open not more than 1 week
Mayonnaise Sealed 4-6 months
Mayonnaise Open 1-2 weeks Prone to rapid spoilage
Most of the listed products have various E- Sauce products were manufactured in

additives in their particular, preservatives. For
example, tomato sauce “Ketchup Soft” (mass
fraction of solids 13.4%) contains preservatives
sodium benzoate and potassium sorbate [24];
mayonnaise “Provencal Traditional” besides
acidity regulator (lactic acid), contains a
preservative (potassium sorbate) and other E-
additives (TM “Torchin”, TM ‘Nestle’ [25]; in the
recipe of mayonnaise Jubilee TM “Norma” besides
acetic (E260) and lactic acids (E270) also includes
potassium sorbate (E202) [26]. The potassium
sorbate preservative (E202) is also included in the
high-calorie table mayonnaise “Provencal 67 %
fat” “McMay” [27], low-calorie salad mayonnaise
[28] and other types of sauce products.

Taking into account the above-mentioned and
modern trends of healthy nutrition, the aim of the
work was: to develop an assortment of sauce
products without the use of preservatives, with
long shelf life and probiotic properties.

The main objectives were:

- to select an appropriate probiotic culture of
microorganisms according to analytical and
experimental research results;

- to determine the range of popular food
products for enrichment and characterize their
residual microbiota;

- to establish the influence of the selected
probiotic microbial culture on the microbiological
landscape (contamination) of sauce products;

- to characterize the shelf life of sauces with
probiotic ingredient.

Materials and Methods

For the study of antimicrobial activity, the
following probiotic microorganisms were selected
from the collection of microbial cultures of the
Department of FCEandB ONTU: Lactobacillus
reuteri DSM 17938, Lactobacillus reuteri ATCC
PTA 6475, Bifidobacterium bifidum, Lactobacillus
plantarum, Lactococcus lactis ssp. Lactis.
Microorganisms were cultured on standard and
modified MRS medium [29; 30].

As a test culture to establish antagonistic
activity, E. coli, Enterococcus faecalis, Bacillus
cereus, Bacillus subtilis were used also from the
collection of microbial cultures of the Department
of FCEandB. Test cultures were grown on agar
[30].

accordance with the technological instructions for
the corresponding types of products with the
introduction of an activated probiotic culture, in
particular DSTU 4487:2015 [31]. Ketchups were
tested as canned goods of group B [32].
Microbiological control of new types of products
was carried out based on the following indicators:
the presence of yeast, mold fungi, saccharolytic
clostridia, gas-forming mesophilic  bacilli
according to [29;30;32]. Microbiological
indicators were determined using classical and
accelerated PCR methods and using Compact Dry
microbiological media (manufacturer Nissui
Pharmaceutical CO. LTD, Japan) [5; 33].

The main physicochemical and biochemical
indicators of the samples were determined using
classical methods [34]. Antioxidant activity was
determined using a volumetric method, and the
total concentration of antioxidants was estimated
by the induction period of isopropylbenzene
oxidation [35].

The introduction of a monoculture and
symbiotic with Lactobacillus reuteri was carried
out in pasteurized cheese whey during the
production of mayonnaise products and in the
plasma from tomato fruits for ketchups according
to the modes given in [36, P. 109-110]. When
inoculating the developed types of products, the
initial concentration of viable Lactobacillus reuteri
cells was 8.5x107 CFU/cm3.

The research results were processed using
mathematical statistics methods.

Results and discussion

Modern technologies diversify consumer
properties and increase the nutritional value of
sauce products by adjusting the composition of
products. This allows to significantly expand the
range of its positive effects on the human body, but
additives that prolong the shelf life of these
products are undesirable ingredients. To
eliminate undesirable E-additives of preservative
action, an appropriate probiotic culture of
microorganisms was selected based on both
analytical and experimental research results.
Screening of strains producing antagonistically
active substances to microbial cultures of various
morphological and tinctorial properties was
carried out (Table 2).
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The obtained results show that Lactobacillus
reuteri  strains have significantly higher
antimicrobial activity for both spore-forming
cultures of microorganisms and for their non-
spore-forming species, as well as for both gram-
positive and gram-negative microorganisms. It
should be noted that when using a symbiotic

Comparative antimicrobial activity of p

composition of microorganisms, this indicator
increases from the state of "sensitive", when the
diameter of the growth inhibition zone is 15-
24 mm, to "highly sensitive" - with a diameter of
25 mm or more. Therefore, these microorganisms
were used in further studies.

Table 2
robiotic cultures of microorganisms

Diameter of the growth inhibition zone of the microbial test culture, mm

Type of probiotic

E.coli Enterococcus faecalis  Bacillus cereus  Bacillus subtilis
Lactobacillus reuteri DSM 17938 23.0 21.5 19.0 21.5
Bifidobacterium bifidum 13.0 14.5 13.5 12.0
Lactobacillus plantarum 14.5 16.0 12.5 13.5
Lactococcus lactis ssp. lactis 9.0 10.5 7.5 8.0
Lactobacillus reuteri ATCC PTA 6475 21.5 22.0 19.5 21.0
Lactobacillus reuteri + Lactobacillus 265 255 225 24.0

plantarum + Lactococcus lactis

Among the popular types of food products that
use preservatives and that can be dangerous due
to significant contamination by microorganisms
are sauce products - mayonnaise with different fat
content, fruit and vegetable sauces, etc. Taking
into account the relatively mild pasteurization
regimes of mayonnaise and the content of
components with significant contamination in
them, samples of mayonnaise with low (30 %) and
high fat content (67 %) were studied.

To develop a technological scheme for the
production of innovative probiotic products using

Lactobacillus reuteri, preliminary preparation of
the microbial culture was carried out by
inoculation into one of the ingredients of
mayonnaise sauce cheese whey, and for
probiotic ketchups - into tomato plasma. This
made it possible to adapt microorganisms to the
peculiarities of the polycomponent composition of
the sauce assortment. The technological scheme
for the production of an innovative probiotic
products using Lactobacillus reuteri is presented

in Fig. 1.
powder soda
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Fig. 1. Technological scheme for the production of an innovative probiotic mayonnaise products
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A characteristic feature of the given
technological scheme is the preparation and
addition of the microbial component to the
mayonnaise sauce recipe and the exclusion of
preservatives. All other technological operations
are classical, but lactic acid was partially replaced
by cheese whey with the addition of an activated
culture of Lactobacillus reuteri, which allows the

production of new products on existing
technological equipment and does not require
additional economic costs.

The results of comparative studies of control
and developed samples of mayonnaise products in
terms of safety, quality, stability and sensory
analysis are presented in Table 3.

Table 3

Characteristics of mayonnaise products according to a complex of physicochemical, biochemical, microbiological
and organoleptic indicators (n=3; p<0.05)

Mayonnaise sauce

Mayonnaise with

Mayonnaise products from Lactobacillus

Indicators with preservative preservative reuteri
(control) (control) Mayonnaise sauce Mayonnaise
Physico-chemical and biochemical indicators
Fat mass fraction,% 30.0 67.0 30.0 67.0
Sedimentation stability of the 98.0 + 0.7 99.0+ 0.5 98.1+0.5 989 + 0.6
emulsion,%
Viscosity, kPa's 3105.0 £30.1 2860.0 + 15.8 3197.0+27.1 2900.3 £10.5
Acidity,% 0.85 +0.02 0.88 + 0.02 0.93 +£0.01 0.98 £ 0.03
Active acidity, pH 4.11+0.02 3.91£0.02 3.92£0.01 3.85+0.02
Vitamin E, 103% 10.1+£0.2 25.7+0.1 10.1+£0.2 25.7+0.1
Stability and safety indicators
Peroxide value, mg0O2/g 0.07 £ 0.01 0.12 +0.01 0.05 +0.01 0.09 £ 0.01
Oxidation induction period, s 89.5+25 1179+5.7 98.6 £ 3.5 132.0+5.0

Concentration of

.10
antioxidants [In H], mol/kg (0608 £ 0.02 - 10

(0.802 + 0.07) - 105

(0.670 + 0.04) - 10

(0.898 + 0.09) - 105

Lactobacillus reuteri, CFU/g absent

absent

(4.8+0.3)-107

(2.9 +0.4) 107

Mold fungi, CFU/g 6.0+1.0

4.0+1.0

1.0+1.0

BifCcyTHI

Yeast, CFU/g (4.3 +0.1) -102

(3.8+0.1) -102

(3.5 +0.1) -102

(3.2+0.2) -102

BGCP, including Shiga toxin-

producing Escherichia coli None None None None
(STEC),CFU/g
Pathogenic microorganisms,
including Salmonella bacteria None None None None
in25g
Bacillus cereus, CFU /g None 1.0+£1.0 None None
Clostridium perfringens, None None None None
CFU/g
Staphylococcus aureus, CFU/g None None None None
.Lzsterza monocytogenes None None None None
in25g
Organoleptic indicators
Consistency and appearance Sour cream-like, Thick, Sour  cream-like, Thick, homogeneous,
homogeneous, .
homogeneous. o homogeneous. emulsified
emulsified

Sour taste with a

Oily taste with a

Sour taste with a

Oily taste with a sour
taste.

. slight mustard .
slight mustard sour taste. The 5 . The smell is
. . flavor. The smell is .
Taste and smell flavor. The smell is smell is .. . characteristic of
. . characteristic with .
characteristic of characteristic of mayonnaise
. . a pronounced . . .
mayonnaise sauce. mayonnaise. L with a slight lactic-
aroma of lactic acid. .
sour tinge.
. Yellowish-cream, White, Yellowish-cream,
White, homogeneous
Color throughout homogeneous homogeneous homogeneous
& throughout throughout throughout

As shown in the results in Table 3, the exclusion
of preservatives from the formulation and the
introduction of a microbial probiotic ingredient
led to an improvement in almost all the studied
indicators. In samples with a probiotic culture, a
high number of microorganisms is recorded (from

2.9-107 to 4.8-107 CFU/g), which is not present in
the control samples, and this confirms the viability
of the added probiotics and the probiotic
properties of this popular food product.
Considering the possibility of long-term
storage of sauce products, it is especially
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important to increase the antioxidant activity and
microbiological stability of the product. According
to the results obtained, the antioxidant activity of
the samples increases when a probiotic ingredient
is introduced into the product by 10.2 and 12.0 %
for mayonnaise sauce (30%) and mayonnaise
(67 %), respectively. Comparing the obtained
results with the known literature data [37-41],
Lactobacillus reuteri has a medium-high
antioxidant property according to in vitro radical
neutralization tests (DPPH, ABTS, FRAP) and
protects intestinal cells from oxidative stress.
Along with antioxidant activity, significant
antimicrobial activity is observed as shown in
Table 3.

According to the results of microbiological
studies: the number of mold fungi in probiotic
sauces is low (up to 1.0 CFU/g), and there are no
fungi in mayonnaises; yeast is stored in quantities
significantly lower than the permissible level
(1-103 CFU/g), which indicates a stable quality of
sanitary control; pathogenic microorganisms
were not found; and Bacillus cereus is only in the
control sample of mayonnaise.

As can be seen from the results presented in
Table 3, the use of probiotic cultures of
microorganisms Lactobacillus reuteri can be
considered as an effective substitutes for
preservatives in the recipe of sauce products. It
should also be noted that in terms of safety,
quality, stability and sensory analysis of
mayonnaise products, the obtained samples even
exceed the control samples, namely - the addition

of Lactobacillus reuteri to mayonnaise products
contributes to an increase in antioxidant activity,
a decrease in the level of oxidation, an
improvement in microbiological safety, and the
creation of conditions for the correction of
intestinal microbiota while maintaining the main
consumer properties.

The studied samples were stored and analyzed
after 3 and 6 months for a set of quality indicators.
Based on the results of the analysis of the peroxide
value after product preparation, in samples with
Lactobacillus reuteri, this indicator is lower than in
the control ones by 25.0 - 28.6%, and this allows
predicting better antioxidant stability of probiotic
products during storage, which is also confirmed
by a number of studies [37; 42-44].

The results of the analysis of quality, safety and
stability of the developed samples after storage
confirmed this theoretical prediction. Sensory
analysis also showed better organoleptic
indicators for probiotic products compared to the
control ones.

Ketchups are quite popular both in terms of
assortment and in terms of quantitative
consumption.  Preservatives  (most  often
potassium sorbate and sodium benzoate) are
added to most of their types according to the
recipe. Therefore, a preliminary series of studies
was conducted with the exclusion of preservatives
and the introduction of a probiotic monoculture of
microorganisms and a  symbiotic  with
Lactobacillus reuteri into their recipe (Table 4).

Table 4

Complex of composition and safety indicators for ketchups (n=3; p<0.05)

Ketchup with preservative

Ketchup with Lactobacillus reuteri

Indicators
(control)
Physico-chemical and microbiological parameters

Mass fraction of dry matter, % 27.0+0.37 27.6 £0.20
Acidity, % 0.97 £ 0.05 1.1+0.03
Active acidity, pH 4.08+0.03 3,95 £ 0.04
Chlorides, % 2.1+0.15 20+0.1
Vitamin C, 10-3% 10.0+0.2 10.6 £ 0.1
Carotenoids, 103% 0.55+0.01 0.57 £ 0.02
Oxidation induction period, s 84.0£2.0 90.0+1.0
Concentration of antioxidants [In H], 0.57-10- 0.61-105
mol/kg
Lactobacillus reuteri, CFU/g None (2.8+0.3) -107
Mold fungi, CFU/g None None
Yeast, CFU/g None None

BGCP, including Shiga toxin- None None

producing Escherichia coli (STEC),
CFU/g

Pathogenic microorganisms, None None
including bacteria of the genus
Salmonella, in 25g
Bacillus cereus, CFU/g 1.0+£1.0 None
Clostridium perfringens, CFU/g None None
Staphylococcus aureus, CFU/g None None
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Continuation of the table 4

Listeria monocytogenes in 25 g None

None

Organoleptic indicators

Consistency and appearance
without impurities

Thick homogeneous

consistency, Thick homogeneous

without impurities

consistency,

Taste and smell

Taste and smell typical of ketchup

Taste and smell typical of ketchup
with a pleasant sour aftertaste

Color tint

Red homogeneous with a brownish

Red homogeneous with a barely
noticeable brownish tint

were

As can be seen from Table 4, the ketchup
samples with Lactobacillus reuteri are not inferior
to the control sample in terms of physico-chemical
parameters and do not contain prohibited
microorganisms. Like the control sample, they are
characterized by appropriate organoleptic
parameters, have a homogeneous consistency,
pleasant taste and aroma properties, better color
and 7.1 % higher antioxidant activity compared to
the control. A significant difference of ketchup
with Lactobacillus reuteri is the absence of
preservative in the presence of probiotic
properties in the number of microbial cells. The
microbiological indicators of ketchup samples
obtained without preservatives met sanitary
requirements. This made it possible to store the
obtained samples for further research in order to
determine the optimal storage periods.

Thus, the analysis of control and test samples
of ketchup in terms of a set of safety, quality and
sensory properties, as well as for mayonnaise
products, supported the possibility of refusing
preservatives.

Conclusions

According to the results of the antimicrobial
activity of various types of probiotic
microorganisms, the microbial culture

Lactobacillus reuteri was selected as appropriate
for research.

The recipe features of popular food products
analyzed and the need to exclude
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