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Influence of flax seeds on the reproduction rate of lactic acid bacilli
when used in the experiment

When taking probiotics, probiotic bacteria do not always successfully take root in the human body, and
prebiotics are used to stimulate their growth and metabolic activity. A wide range of biologically active
substances of natural origin used as prebiotics is of special interest and positively impacts the probiotic
bacteria. In this regard, priority is currently given to this problem in the leading scientific centers around the
world. The research in the field of microbiology is acquiring special relevance: obtaining dairy products for
healthy nutrition and preparations of biologically active living cultures of probiotic bacteria of a new
generation with prebiotics. This article presents the study on the influence of flax seeds on the reproduction
rate of lactic acid bacilli when used in the experiment. The modern microbiological methods were engaged in
conducting the given experiment. MALDI-TOF MS was used to identify lactic acid bacilli. It has been found
that the whole flaxseeds added into a fermentation medium for probiotic cultures stimulate cell proliferation
of lactic acid bacilli LAh13, Lpl-5. This indicates some application potential for using a probiotic with some
prebiotic added in the form of whole flax seeds.

Keywords: lactic acid bacilli, dietary fiber, culture media, cultivation, nutritional requirements, biomass,
prebiotics, identification.

Introduction

For microbiological industry, it is paramount to expand a range of stock culture and improve the
technology for obtaining and accumulating it. Some features of this process are focused on achieving the
highest rate of biomass growth and producing probiotic cultures with high biological activity [1]. The
biomass of probiotic crops accumulates in a nutrient medium containing sources of carbon, nitrogen,
minerals, and vitamins. As the production of probiotic cultures grows bigger, the search for alternative raw
materials to prepare nutrient media takes the leading place. The use of such raw materials, rich in
carbohydrates, proteins and minerals, dietary fiber, allows for reducing costs and increasing the profitability
of the enterprise [2—4].

The bacteria of the Lactobacillus, Lacticaseibacillus, Lactiplantibacillus, Limosilactobacillus genus are
particularly susceptible to complex microorganisms [5]. The lactobacillus requires the substrates, which are a
source of nutrition, do not grow on simple nutrient media, and need amino acids, vitamins, fatty acids,
carbohydrates and nucleic acid derivatives to be introduced into them (individual for each type of lacto-
bacillus) [6]. In addition to amino acids and vitamins, there are a number of other organic compounds, as
well as the plant substrates required for the growth of lactobacillus or stimulating growth.

In the process of growth and reproduction, lactobacilli in their nutrient medium need stimulants of
various natures. The use of plant-based and natural biologically active additives (BAAs) is known for its
stimulating nature in the growth properties of lactic acid bacteria and is well-described in the scientific
literature. A suspension obtained from soybean grains, walnut flour, Laetiporus sulphureus Ls 1-06
mycelium biomass obtained by various types of cultivation, including liquid phase cultivation in the
stationary phase can be considered as good examples [7—11].

Burmasova et al. [12] tried to obtain probiotic drugs with natural antioxidants. They studied the effect
of low concentrations of Chaga mushroom’s melanins on the growth of lactobacilli. The experiment showed
that the action of melanins manifests itself in the exponential phase. Melanins at the concentrations of 1071
g/cm® and 107 g/cm? contribute to the formation of more lactobacilli compared to the control group with a
higher result of seeding, which is confirmed by the data of the mentioned study.
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The Spanish researchers Pozuelo et al. investigated the ability of grape antioxidant dietary fiber to
affect the microflora in the cecum in the experimental rats. Grape antioxidant dietary fiber is rich in
polyphenol amines. The results showed that the consumption of grape antioxidant dietary fiber stimulates the
growth of lactobacilli and affects the composition of bifidobacterial species, but only to an insignificant
extent. It was also found that grape antioxidant dietary fiber has a stimulating effect on Lactobacillus reuteri
and Lactobacillus acidophilus in vitro [13].

Warnakulasuriya et al. [14] studied the fermentation of dietary rice fiber with the joint cultivation of
probiotic cultures of lactobacillus and bifidobacteria. The combined cultures grew on fiber from both rice
varieties (LD356-RR1, red in color, brown rice, peel-free, and AT353-RR2, red in color, unpolished)
achieving high rates of cell biomass accumulation. The study revealed some synergistic relations between
these bacterial cultures. In this study, the high number of cells in the starter cultures provided high initial
levels of cell count in the medium: 108-10° CFU/ml. Adding the fibrous substrate to the culture medium had
a marked effect on the culture growth and viability, especially at 24-hour incubation, and in all culture
combinations. This indicates the ability of co-cultures to use rice fiber as a growth-stimulating substrate.
However, some joint strains of lacto-and bifido-bacterium cultures have shown a preference for glucose over
fiber as a substrate. The microorganisms constituting the combinations reached the die-off phase after a short
stationary phase, between 24 and 48 hours. The pH dropped down rapidly in all media reaching the lowest
level after 6 hours of cultivation.

Akalin et al. [15] studied the microflora of probiotic ice cream with various enriched dietary fibers
(apple, orange, oats, bamboo, and wheat) and the viability of cultures stored at -18 °C for 180 days. The
experiment established a viable amount of Lactobacillus acidophilus >7 log CFU/g during storage with the
exception of samples having orange and bamboo fiber in them. It was also found that the amount of
Bifidobacterium lactis in these samples was>6 log CFU/g up to 150 days of storage.

Thus, a comparative literature review of pro- and pre-biotics, which can be used to cultivate lactic acid
bacteria, demonstrates that the success of growing these microorganisms depends on the quality and
composition of the medium, as well as the specifics of the stimulating components.

Polysaccharides of flaxseed are referred to as mucus-like high-molecular polysaccharides, in other
words, mucus soluble in water. Along with a high content of polyunsaturated fatty acids (PUFAs) and
protein, flax seeds are characterized by the presence of a significant amount of soluble dictary fiber based on
mucus polysaccharides. Flaxseed mucus also attracts attention as a source of biologically active
oligosaccharides [16].

Linumus itatissimum L. or flaxseed is an important functional food ingredient as it is rich in a-linolenic
acid (ALA, omega-3 fatty acid), lignans and fiber, which are potentially beneficial to human health. Due to
the high content of polysaccharides, the decoction of flax seeds has an enveloping and bactericidal effect.
The F, A, E, B vitamins and flax seeds are excellent external sources of important vitamin F, which is
actively involved in fat and cholesterol metabolism. The five main nutritional components of flaxseed are
fiber, protein, lignans, oil, and vitamins, which are determined by the methods of gas chromatography and
high-performance liquid chromatography (HPLC) [17-18].

Coarse flaxseed is rich in biologically active compounds, and its extracts have a strong anti-radical
activity [19]. It contains the largest amount of secoisolariciresinol diglucoside (SDG) of plant lignan [20].

Numerous studies have shown that the consumption of flaxseed leads to an improvement in the
metabolism of glucose or lipids [21, 22].

The current study on flax seeds is at the center of increased interest in the field of research on the health
benefits associated with its individual components and their biological activity.

The given work aims to optimize the intensity of reproduction of lactobacillus cells by rational
cultivation with raw extract of flaxseeds added in various concentrations.

Experimental

The lactobacillus isolates of L. helveticus-13(Lh-13) and L. plantarum-5 (Lpl-5) isolated from national
lactic acid products, which are produced by artisanal traditional method in different districts of the
Karaganda region were used for the experiment. The obtained isolates were identified by MALDI BioTyper
[23].

To assess the growth of Lk-13, Lpl-5 lactobacillus isolates with added raw extract flaxseeds (whole
flaxseed used from Zerde Phyto-tea), a growth curve was used. Further, a sterile enzymatic medium was
used for probiotic cultures [24] to cultivate the Lh-13, Lpl-5 lactobacillus isolates with added raw extract of
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flaxseeds. For the control group, 50 pl of inoculate containing 10° CFU/ml of Lh-13, Lpl-5isolates was added
to the enzymatic medium for probiotic cultures with no raw extract of flaxseeds.

In the experimental groups, the raw extract of lax seeds was used at the concentrations of 5%, 10%,
15% in the enzymatic medium for probiotic cultures (100 ml) with 50 pl of inoculated suspension containing
10° CFU/ml of Lh-13, Lpl-5 lactobacillus isolates. After suspension, it was cultured at 37°C under anaerobic
conditions.

The growth rate was determined by the increase in optical density. Throughout the culture cycle, the
samples were well mixed in a magnetic stirrer at regular intervals. The fermented liquid was taken from the
samples under study, and the optical density of the suspension was measured by the TecanEVolizer100
(Tecan) laboratory robot at the wavelength of 490 nm. The trials were carried out three times with the results
expressed in the form of an arithmetic mean.

The control microscopy was performed in the control and experimental groups during cultivation. The
samples were taken for microscopy every 0, 8, 16, 24, 36, 48, 72 hours. The Gram stain method was used.

Results and Discussion

Based on the obtained data, growth curves were constructed within 72 hours. When analyzing the
constructed growth curves, it can be concluded that when raw extract is added to the medium, the growth of
Lh-13, Lpl-5 lactobacillus isolates increases. In all experiments and in the control group, the optical density
values varied.

Some significant increase in the optical density of the culture fermented liquid was recorded in 8 hours
of cultivation in the experimental groups. Nevertheless, the control groups showed an increase in cells only
after 8 hour.

After 8 hours of cultivation, growth is accelerated due to the faster growth of LA-13, Lpl-5 isolates and
the consumption of nutrients from the culture fermented liquid (Fig. 1, 2).

After 16, 24, 36 hours of cultivation with 5%, 10%, 15% of raw extract of the flaxseed added to it, the
reproduction rate of cell increases. In 48 hours of cultivation, the biomass of the cells reached its maximum
in each experimental group in all concentrations.

In the experimental groups with the addition of 5 %, 10 % raw extract of flaxseeds after 48 hours, one
could observe the onset of the growth inhibition. Meanwhile, the growth of lactobacillus is constant in case
of the addition of 15% raw flaxseed extract with the optical density being slightly varied. In the control
groups, a decrease in values is well observed during cultivation of 48 hours with some decrease in the
biomass. There was an imbalance and rapid death of cell biomass observed.

The study on the effect of the accumulated maximum cell count of LA-13, Lpl-5 isolates with the
addition of 5%, 10% concentration of raw flaxseed extract was conducted at the acidity value of the medium
varied from pH 5.6; 5.8; 6.0; 6.1 and at the temperature of 37°C (8-72 h).
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Figure 1. Dynamics of optical density of cell multiplication of Lk-13 isolate in the enzymatic medium
with added raw extract of flaxseed at the concentrations of 5%, 10%, 15%
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Figure 2. Dynamics of optical density of cell reproduction of Lp/-5 isolate cells in the enzymatic medium
with added raw extract of flaxseed at the concentrations of 5%, 10%, 15%

In the medium with a 15% concentration of raw flaxseed extract added to the Lh-13, Lpl-5 isolates, the
acidity activity of the medium varied from pH 5.5-6.2. In 2448 hours, the acidity of the medium was
maintained at the pH level of 5.5-5.7. In the control samples, the acidity of the medium ranged from 5.7—6.0.
The analysis of the presented results shows that the highest cell content was as follows: LA-13 isolates OD =
3.73 (48 h) and Lpl-5 OD = 3.52 (48 h).

This study is fully consistent with other researchers who have similarly reported that the use of
prebiotics helps to stimulate cell growth of lactobacillus. By combining these two components in so-called
synbiotic products, one can expect a positive effect on the intestinal microflora [25-27].

In our opinion, dietary fiber is an additional substrate with a certain set of substances capable of
satisfying the nutritional needs of lactobacillus: vitamins, micro- and macro-eclements, which are
indispensable factors for the growth of lactobacillus.

In the course of research, it was found that introducing such prebiotics as raw extract of flaxseeds in the
concentrations of 1-5% into the nutrient medium allows for maximizing the development of the studied LA-
13, Lpl-5 isolates. This is expressed in an increase in the rate of cell reproduction, which is a rational
management process. Whereas 5-10% of the added stimulant for 72 hours causes a decrease in the culture
growth (OD). The analysis of the obtained data demonstrates that the intensity of reproduction of the studied
isolates depends on the type and amount of growth stimulant introduced.

In the control and prototype samples, microscopy showed that the gram-positive rods of the cell are
located: singly, in pairs and in clusters. They were immobile and typical for lactic acid bacilli, forming no
spores.

According to the results of this study, raw flaxseed extract (Linum usitatissimum L.) may be a potential
prebiotic to stimulate the growth of bacteria in the colon. The raw flaxseed extract is a promising nutritional
basis to cultivate lactobacillus. Therefore, flaxseed mucus has prebiotic properties, which, in turn, allows us
to consider the possibility of including it in functional products.

Thus, in case of correct selection of dietary fiber (raw extract of the flaxseed), an attempt was made to
achieve significant results in cultivating the Lk-13, Lpl-5 lactobacillus in an experiment to increase the
stimulating properties of probiotic cultures.

Conclusions

The up-to-date microbiological technologies dictate the relevance of the use of flaxseed dietary fiber.
They have a unique composition and are rich in dietary fiber, which can meet the nutritional needs of
lactobacillus. The use of flaxseed dietary fiber stimulates the growth of lactobacilli and will help to
determine the appropriate growth-stimulating concentrations of dietary fiber by randomized selections in the
experiment while improving the nutritional value and biological activity of starters to be used in the finished
product. The beneficial effects of dietary fiber can be improved when combined with prebiotic cultures.
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3BIFpr TYKBIMBIHBIH CYTKBIIIKBLIIAbI TASKIIAJTAPAbIH
K00e10 KapKbIHAbLIBIFBIHA acepi

[TpobuotukTepai kabbuigay KesiHae MpOoOHOTHKANBIK OakTepusuiap ajaM ar3achblHIa opAailbiM coTTi Oona
OepMelini >koHE NPEOMOTHKTEp OJAPABIH ©Cyl MEH MEeTaOOJNHKAIBIK OCICEeHIUIrIH BIHTAJaHABIPY YIUiH
KonjaHeiagsl. [IpeOnoTukrep periHge NpoOHOTHKANBIK OakTepusulapra OH dcep €TeTiH TaOuru
OMOTOTHSIIBIK OeNCeH Il 3aTTapAblH KeH JKHBIHTHIFBIH KOJIIAHy €peKIle KhI3bFYIIBUIBIK TyAbIpanbl. Ockiran
0aliyIaHBICTEI, Ka3ipri yakbITTa OyJI Mocese oJeMHIH JKETEKII FBUIBIMH OPTANBIKTaphIHIAa ©3CKTiTIKKe He
Gonbin oTlp. OHBIH iLTiHAE MaHBI3IbLIBIFBI OOHBIHIIA MUKPOOUOJIOTHS CalachlHAArbl 3epTTeyJIep aifpbikiia
OpBIH ajyna, SFHU OMOJOTHSJIBIK KacuerTepi OolibiHIIAa GeiceHai NpOOHOTHKANBIK OakTepusuiapiblH Tipi
JAKBUIBIH JKOHE HPEOMOTHKTEPAl CYTKBIIKBUILABI OHIMAEp MEH >aHa OybIHAbI IpenaparTapra eHrizy
KapacThIpblTy1a. Makanaia 3bIFbIp TYKBIMBIHBIH CYTKBIIIKBUIABI TasKIIaTapAblH KeOS0 KapPKbIHIBUIBIFbIHA
acepi 3epTTenmi. DKCIEPHUMEHTTe MHKPOOHONOTHSIIBIK 3epTTey oicTepi KOmmaHbUIABL CyTKBIIKBUIIBI
taskmanapasl  uneHtupukanumsuiay MALDI-TOF MS  omici  apKbUtbl  aHBIKTaIIBL  [IpOOHOTHKAIBIK
JaKplIapra apHaiFaH (EpMEHTaTUBTIK OPTaFra 3BIFBIP TYKBIMBIHBIH IIHKi CHIFBIHABICBIH KOCY apKbUIBI CYT
KBIIIKBUIABI TasKIIa N30 TTapbIHGIH LA 13, Lpl-5 ke0eloiH bIHTaTaHABIPATHIHEI AHBIKTAIBL, OYJI HOTHOKENIep
3epPTTEI OTBIPFaH MPOOUOTUKAIBIK U30JIATTAPbIH 3bIFBIP TYKbIMBI 0ap NPEOUOTHKTEPMEH KOJJIaHy Typaibl
KeJIeIIeTiH aifFaKTal/ibl.

Kinm ce30ep: cyT KbIIIKbUIABI TasKIIaIap, TaraMJbIK TAIIIBIK, KOPEKTIK OPTa, NAKbULLAHABIPY, KOPEKTIK
KaXeTTUIiK, OMomacca, peOUOTUKTEp, UACHTH(DUKALIHSL.

K. Amupxanosa, P.boneeBa, C. AxmeroBa, C. Koxxaxmetos, A. Kymryrynosa, JI. Axsneananu

Biausinusi ceMsiH JIbHA HA HHTEHCUBHOCTDb PAa3MHOKCHUSA
MOJOYHOKHUCIBIX MAJOY€E€K B OKCICPUMEHTE

IIpn npueme npoOHOTHKOB MPOOHOTHYECKUE OaKTEpPUH HE BCET/A YCIENIHO IPIKUBAIOTCS B OPTaHU3MeE de-
JOBEKa, U NI CTUMYJLILIMH UX POCTa M METaOOJIMYECKOH aKTMBHOCTU HCHOJNB3YIOT npebuoTtuku. IIpencras-
JsieT 0coObli MHTEepeC MPUMEHEHHE B KauecTBE MPEOMOTUKOB IIUPOKOro Habopa OMOJIOrMYEecKH aKTHBHBIX
BELIECTB IPUPOJHOTO IIPOUCXOKICHHS, OKa3bIBAIOIIUX HA MPOOUOTHUECKHE OAKTEPHUH IOJI0KUTEIEHOE BIU-
sHHE. B cBA3M ¢ 3TUM, B JaHHOE BpEeMs NPHOPUTET OTAACTCS STOW NpoOIeMe B BEAYIIMX HAyYHBIX LIEHTPAX
MHpa, 0COOYI0 aKTyaJbHOCTb MPHOOPETAIOT UCCIIENOBAHMS B 00JIACTH MUKPOOHOJIOTHH: MONTyYeHHE MOJIOY-
HBIX MPOIYKTOB 3I0OPOBOTO IHUTAaHMS M IPENapaToB HOBOTO ITOKOJICHHMS, COJEPKAaIIUX OHOJOTHUECKU
AKTHUBHBIE )KUBBIE KYJIBbTYPbI IPOOHOTHUECKUX OakTepuil ¢ mpednoTHKamMu. B crathe npencraBieHo H3ydeHHne
BIIMSTHHSL CEMSIH JIbHA Ha MHTCHCHBHOCTH Pa3MHOXEHHS MOJIOYHOKHUCIBIX NMAJIOYEK B HKCIIepUMeHTe. B xoxe
9KCHEPUMEHTA PUMEHSIINCH PA3INYHBIC MUKPOOHOIOTHYECKHEe METObl. MneHTHhHUKaL MOJIOYHOKHUCIIBIX
nanoyek onpexaensau MerogoM MALDI-TOF MS. Beuto ycraHoBieHO, 4TO A0OaBIEHHE CHIPOTO SKCTPaKTa
ceMeHa JIbHa B (JEPMEHTATUBHYIO CPEy Ul NPOOHMOTUYECKHUX KYJIBTYP CTHUMYJHPYET Pa3MHOMKECHHE KJICTOK
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U30JIITOB  MOJIOYHOKUCIBIX manodek Lhl3, Lpl-5, 4T0 CBUOETENBCTBYET O MEPCHEKTHBHOCTH JaHHBIX
MPOOUMOTHYECKHX KYJIbTYp Ul UCIOIb30BAaHUSA NPOOHOTHKA C JOOABICHUEM NIPEOUOTHKA — CEMSH JIbHA.

Kniouesvie cnosa: MONOYHOKUCIBIC MANOYKH, MUIICBbIC BOJIOKHA, MUTATEIbHBIC CPEIbl, KyJIbTHBHPOBAHNE,
MUTaTeNbHas MOTPEOHOCTh, OMoMacca, NPeOUOTHKY, UACHTHDUKAIIHSL.
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