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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 Lh13, 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 10–10 
g/cm3 and 10–5 g/cm3 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: 108–109 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 dietary 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 α-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 Lh-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 μl of inoculate containing 105 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 μl of inoculated suspension containing 
105 CFU/ml of Lh-13, Lpl-5 lactobacillus isolates. After suspension, it was cultured at 37ºC 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 Lh-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 Lh-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 37oC (8–72 h). 
 

 

Figure 1. Dynamics of optical density of cell multiplication of Lh-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 Lpl-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 24–48 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: Lh-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-elements, 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 Lh-

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 Lh-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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Зығыр тұқымының сүтқышқылды таяқшалардың  
көбею қарқындылығына әсері 

Пробиотиктерді қабылдау кезінде пробиотикалық бактериялар адам ағзасында әрдайым сәтті бола 
бермейді және пребиотиктер олардың өсуі мен метаболикалық белсенділігін ынталандыру үшін 
қолданылады. Пребиотиктер ретінде пробиотикалық бактерияларға оң әсер ететін табиғи 
биологиялық белсенді заттардың кең жиынтығын қолдану ерекше қызығушылық тудырады. Осыған 
байланысты, қазіргі уақытта бұл мәселе әлемнің жетекші ғылыми орталықтарында өзектілікке ие 
болып отыр. Оның ішінде маңыздылығы бойынша микробиология саласындағы зерттеулер айрықша 
орын алуда, яғни биологиялық қасиеттері бойынша белсенді пробиотикалық бактериялардың тірі 
дақылын және пребиотиктерді сүтқышқылды өнімдер мен жаңа буынды препараттарға енгізу 
қарастырылуда. Мақалада зығыр тұқымының сүтқышқылды таяқшалардың көбею қарқындылығына 
әсері зерттелді. Экспериментте микробиологиялық зерттеу әдістері қолданылды. Сүтқышқылды 
таяқшаларды идентификациялау MALDI-TOF MS әдісі арқылы анықталды. Пробиотикалық 
дақылдарға арналған ферментативтік ортаға зығыр тұқымының шикі сығындысын қосу арқылы сүт 
қышқылды таяқша изоляттарының Lh13, Lpl-5 көбеюін ынталандыратыны анықталды, бұл нәтижелер 
зерттеліп отырған пробиотикалық изоляттардың зығыр тұқымы бар пребиотиктермен қолдану туралы 
келешегін айғақтайды. 

Кілт сөздер: сүт қышқылды таяқшалар, тағамдық талшық, қоректік орта, дақылдандыру, қоректік 
қажеттілік, биомасса, пребиотиктер, идентификация. 
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Влияния семян льна на интенсивность размножения  
молочнокислых палочек в эксперименте 

При приеме пробиотиков пробиотические бактерии не всегда успешно приживаются в организме че-
ловека, и для стимуляции их роста и метаболической активности используют пребиотики. Представ-
ляет особый интерес применение в качестве пребиотиков широкого набора биологически активных 
веществ природного происхождения, оказывающих на пробиотические бактерии положительное вли-
яние. В связи с этим, в данное время приоритет отдается этой проблеме в ведущих научных центрах 
мира, особую актуальность приобретают исследования в области микробиологии: получение молоч-
ных продуктов здорового питания и препаратов нового поколения, содержащих биологически 
активные живые культуры пробиотических бактерий с пребиотиками. В статье представлено изучение 
влияния семян льна на интенсивность размножения молочнокислых палочек в эксперименте. В ходе 
эксперимента применялись различные микробиологические методы. Идентификация молочнокислых 
палочек определяли методом MALDI-TOF MS. Было установлено, что добавление сырого экстракта 
семена льна в ферментативную среду для пробиотических культур стимулирует размножение клеток 
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изолятов молочнокислых палочек Lh13, Lpl–5, что свидетельствует о перспективности данных 
пробиотических культур для использования пробиотика с добавлением пребиотика — семян льна. 

Ключевые слова: молочнокислые палочки, пищевые волокна, питательные среды, культивирование, 
питательная потребность, биомасса, пребиотики, идентификация. 
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