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Biotechnological research in the development of a functional 
product with a probiotic component

Aim. To develop the composition of a functional fermented product for therapeutic and preventive nutrition based 
on propionic acid bacteria enriched with carbohydrate-containing component – honey.

Materials and methods. The study objects were a lyophilized starter of propionic acid bacteria (Propionibacte-
rium freudenreichii subsp. shermanii), milk, honey and samples of a functional fermented product made on the basis 
of these components. We used physico-chemical methods (determination of titrated acidity; pH determination), micro-
biological methods (Koch cup method; Gram stain), technological methods (determination of the syneresis degree), 
and organoleptic methods (the sensory profile) in our study. The statistical processing of results was carried out using 
the Excel software for Windows. 

Results and discussion. During the experimental studies it was found that the required amount of the sowing 
material (starter) to obtain a product of the proper quality should be 3.75 % of the amount of the raw material (propionic 
acid bacteria – 106 CFU/ ml). It was proven that the optimum parameters of the main biotechnological stage of the drink 
preparation process were: temperature – 30 °С, time – 12 h, conditions – anaerobic. It was shown that adding 5 % 
of honey improved the organoleptic, physico-chemical parameters of the product, increased its biological value and 
reduced the time of the technological process.

Conclusions. According to the results of the technological, physico-chemical, microbiological tests the composi-
tion of the fermented product based on propionic acid bacteria enriched with honey has been developed. The product 
developed meets the nutritional needs and is an additional source of biologically active substances; it will increase the 
immune status of the body and contribute to improving its overall health. 
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Біотехнологічні дослідження під час розроблення функціонального продукту 
з пробіотичним компонентом
Метою роботи є розроблення складу функціонального ферментованого продукту для лікувально-профілак-

тичного харчування на основі пропіоновокислих бактерій, збагаченого вуглеводовмісним компонентом – медом.
Матеріали та методи. Об’єктами дослідження були ліофілізована закваска пропіоновокислих бактерій 

(Propionibacterium freudenreichii subsp. shermanii), молоко, мед та зразки функціонального ферментованого про-
дукту, виготовленого на основі цих компонентів. Фізико-хімічні методи: визначення титрованої кислотності; визна-
чення рН. Мікробіологічні методи: чашковий метод Коха; забарвлення за Грамом. Технологічні методи: визна-
чення ступеня синерезису. Органолептичні методи: сенсорний профіль. Статистичне обробляння результатів 
виконували за допомогою програмного забезпечення Excel для Windows.

Результати та їх обговорення. Під час експериментальних досліджень було доведено, що необхідна кіль-
кість посівного матеріалу (закваски) для отримання продукту належної якості має становити  3,75 % від кількості 
сировини (пропіоновокислі бактерії 106 КУО/мл). Оптимальними параметрами основної біотехнологічної стадії 
процесу приготування напою є: температура – 30 °С, час – 12 год, умови – анаеробні. Доведено, що додаван-
ня 5 % меду покращує органолептичні, фізико-хімічні показники продукту, підвищує його біологічну цінність та 
скорочує час технологічного процесу.

Висновки. На основі технологічних, фізико-хімічних, мікробіологічних випробувань розроблено склад фер-
ментованого продукту на основі пропіоновокислих бактерій, збагачений медом. Розроблений продукт задоволь-
няє потреби в харчовій цінності та є додатковим джерелом біологічно активних речовин, що підвищить імунний 
статус організму і сприятиме покращенню здоров’я.
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Introduction. Recently, dietary supplements and func-
tional products with probiotic components used to have 
a positive effect on the body are popular [1, 2]. 

The relationship of a macroorganism and its micro-
flora is very close. The normal microflora affects the 
structure of the intestinal mucosa and its adsorption ca-
pacity, participates in the exchange of fatty acids, lipid 
metabolism, bile acids, water-salt and gas exchange. 
Microorganisms of the gastrointestinal tract carry out a 
number of enzymatic reactions, synthesize vitamin K, 
vitamins B, nicotine, folic and pantothenic acids. The in-
sufficiency of representatives of the healthy microflora 
causes weakening of both cellular and humoral factors 
of the immunological defense. The normal microflora due 
to a pronounced antagonistic activity protects the body 
from the pathogenic microflora. The imbalance of hu-
man microbial ecology leads to serious illnesses both in 
the gastrointestinal tract in particular and in the body as 
a whole [3].  

Among the numerous environmental factors, which 
largely determine the state of human health, nutrition 
as a means of maintaining the life and work capacity 
of a person occupies the main place. The interest in the 
healthy nutrition is not accidental since a proper nutri-
tion helps to maintain the body in a tone and effectively 
counteract many diseases. The stability of the human 
body depends on the quality and quantity of food, the 
balance of nutrients. Improper nutrition leads to some 
negative consequences. Therefore, the rational nutrition 
corresponding to age, type of occupation, place of resi-
dence and health status is considered as an important 
factor in the prevention of most diseases [3, 4]. Accord-
ing to contemporary ideas about the needs of people in 
food ingredients, the need to use functional food prod-
ucts in the diet and to enrich them with sources of vita-
mins, antioxidants, etc., was identified [5]. The analysis 
of sources of scientific literature showed the promising 
use of propionic acid bacteria for the production of fer-
mented beverages for nutrition [6, 7]. In recent years 
biotechnology is increasingly focused on the creation 
of functional products with the use of various microor-
ganisms – producers of organic acids, representatives 
of the normal microflora of the gastrointestinal tract of 
living organisms. Their beneficial effect is related to their 
ability to synthesize specific biologically active compo-
nents (organic acids, bacteriocin, vitamins, enzymes, etc.), 
and it contributes to improving the sanitary microbiologi-
cal and organoleptic parameters of the finished product, 
as well as allows to intensify the production process. In 
this plan, along with lactic acid bacteria, more attention 
is paid to propionic acid bacteria. Their physiological 
and biochemical features, the availability of special re-
quirements for living conditions, the active inhibition 
of mold fungi and other contaminating microorganisms 
are highly beneficial in the practical application of them 
as a starter [8].

Therefore, the aim of this work is to develop the 
composition of a functional fermented product for thera-
peutic and preventive nutrition based on propionic acid 
bacteria enriched with honey. 

Materials and methods. The following study ob-
jects were selected for the development of the composition 
and technology of the functional fermented product: milk, 
honey and a lyophilized dried starter of propionic acid 
bacteria. Milk with a reduced content of fat (1.5 %) was 
used as the basis for a product of the preventive nutri-
tion and as part of a nutrient medium for the cultivation 
of propionic acid bacteria. A lyophilized dried starter  
(Propionibacterium freudenreichii subsp. shermanii) was  
dissolved in the solution of sodium chloride and used 
as a seed material to extract the beverage. An additional 
carbohydrate component during the study was natural 
flower honey. The study objects were also samples of a 
functional product of various compositions obtained by 
fermentation of milk with propionic acid bacteria with 
the addition of honey.

We used physico-chemical methods (determination 
of titrated acidity; pH determination), microbiological 
methods (Koch cup method; Gram stain), technological 
methods (determination of the syneresis degree), and 
organoleptic methods (the sensory profile) in our study. 
The statistical processing of results was carried out us-
ing the Excel software for Windows. The statistical sig-
nificance was p ≤ 0.05.

The work on the development of the composition 
and technology of a functional fermented product was 
carried out in accordance with the rules of asepsis in 
the laminar box of the Department of Biotechnology of 
the NUPh.

Results and discussion. Fermentation is an impor-
tant stage in the process of obtaining a functional fer-
mented product. Fermentation parameters include the 
amount of the biological agent sowing material (the initial 
amount of the starter), temperature, the time of fermen-
tation and the aeration mode. The fermentation tempe- 
rature of 30 °C was chosen according to the literature. 
This is the optimal temperature for the highest physio- 
logical activity of Propionibacterium freudenreichii 
subsp. shermanii.

It is known that with an increase in the initial con-
centration of cells, the time for activating enzymes need-
ed for them reduces, but more organic acids are formed 
in the process of cultivation, and it decreases the pH and 
thereby inhibits the cell mass growth. Therefore, it is 
important to choose the concentration of the initial seed 
material that would provide the optimum time for the 
technology and product quality.

Several experimental samples were prepared to de-
termine other values of the fermentation parameters.  
To a volume of 200 ml of milk, an appropriate quantity 
(2.5 ml, 5 ml, 7.5 ml, and 10 ml) of the seed material 
with the concentration of viable cells of 106 CFU (colo- 
ny forming units) /ml was added. After that, samples 
were placed in a thermostat under different conditions 
(aerobic and anaerobic); then the time of the clot forma-
tion and the amount of viable propionic bacteria were 
determined; and, after the completion of the fermenta-
tion, the amount of the separated serum, organoleptic 
characteristics, titrated acidity of the beverage were de-
termined.
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The results of the test to determine the amount of 
viable propionic bacteria (Fig. 1) have shown that under 
the anaerobic conditions the concentration of propionic 
bacteria increases significantly in 2 h after the start of the 
fermentation; in 12 h the value reaches 9.2·109 CFU/ml  
(in the sample with the initial the amount of the sowing 
material 7.5 ml), and then it almost does not change.  
It should be also noted that when adding 2.5 ml and 5 ml 
of the starter at the beginning of the process, the amount 
of propionic bacteria in 24 h is only 0.5·109 CFU/ml 
and 5.4·109 CFU/ml, respectively, and with the addition 
of 10 ml – 9.6·109 CFU/ml. This proves the expediency 
of using the starter with the concentration of propionic 
bacteria – 106 CFU/ml in the amount of 7.5 ml (3.75 %).

It should be also noted that the aerobic conditions 
of cultivation did not meet the requirements of propio- 
nic bacteria – their amount practically did not change 
since the beginning of the fermentation, titrated acidity 
changed slightly, and the sour milk clot was not formed 
for 24 h; therefore, only the samples obtained under an-
aerobic fermentation conditions were further studied. 
The time of the sour-milk clot formation in all samples 
of the product obtained in the anaerobic conditions was 
in the range of 10 to 14 h and did not differ significantly 
depending on the amount of the starter added.

The results of determination of the titrated acidity 
and the amount of the separated serum (Fig. 2 and Fig. 3)  
showed that in the sample with 2.5 ml of the seed material 
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Fig. 1. Dynamics of accumulation of viable propionic bacteria in the samples, depending on the conditions of cultivation:  
AER2.5 – aerobic conditions of cultivation, 2.5 ml of the starter; AER5 – aerobic conditions of cultivation, 5.0 ml of the starter;  

AER7.5 – aerobic conditions of cultivation, 7.5 ml of the starter; AER10 – aerobic conditions of cultivation, 10.0 ml of the starter;  
АN2.5 – anaerobic conditions of cultivation, 2.5 ml of the starter; AN5 – anaerobic conditions of cultivation, 5.0 ml of the starter;  

AN7.5 – anaerobic conditions of cultivation, 7.5 ml of the starter; AN10 – anaerobic conditions of cultivation, 10.0 ml of the starter
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Fig. 2. The titrated acidity of the samples obtained under the anaerobic fermentation
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Fig. 3. The amount of the separated serum during the fermentation 
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47 °T titrated acids and 20 ml of the serum (10 % from 
200 ml of the total volume) were formed, in the sample 
with 5 ml – 72 °T and 50 ml (25 %) of the serum, re-
spectively, being the highest result from the test speci-
mens.

In the samples with 7.5 ml and 10 ml of the starter 
the titrated acidity values did not differ significantly and  
were within the statistical error of 58 °T and 59 °T, re-
spectively. This pattern was also characteristic for de-
termining the degree of syneresis (35 ml and 37 ml serum 
17.5-18.0 %). The results obtained were proportional to 
the sensory profile of the samples under study.

The results of the determination of the sensory pro-
file (Fig. 4) indicate that the sample with 2.5 ml of the 
starter has an unsatisfactory consistency (the sour milk 
clot is absent) and an unpleasant smell, which may indi-
cate the development of a foreign microflora. The sample 
with 5 ml of the starter is characterized by satisfactory 
characteristics; it has a sour milk clot, but an unpleasant 
foreign smell and the taste of bitterness. The samples 
with 7.5 ml and 10 ml of the starter have a characteris-
tic sour-milk smell and taste, but in the sample with a 
higher initial content of the starter (10 ml) the smell is 
too strong, and the taste is sour and acrid.

Therefore, we can conclude that the optimal fermen-
tation parameters for obtaining of the functional prod-
uct based on propionic acid bacteria are: the amount of 
the starter – 3.75 % (with the initial concentration of 

cells – 106 CFU/ml); fermentation temperature – 30 °С; 
fermentation time – 12 h; conditions – anaerobic.

It is known that propionic acid bacteria are used as 
nutrients of lactose, glucose and fructose. Thus, it was 
interesting to study the effect of the last two food com-
ponents on the fermentation process and the qualitative 
characteristics of the product obtained with their addi-
tion. It is known that the natural leader in the content of 
these ingredients is honey, which contains fructose (up 
to 42 %) and glucose (up to 36 %). In addition, it is a 
valuable source of various biologically active components 
(vitamins, organic acids, flavanoids, phytoncides, etc.). 
Therefore, in order to increase the biological value of a  
fermented product at the next stage of experimental studies, 
the concentration of the additional component, honey, 
should be chosen. For these studies, we took the amounts 
of honey of 5 g, 10 g, and 15 g, which were chosen based 
on the literature data and the results of our own prelimi-
nary studies on the survival of propionic bacteria when 
adding these concentrations of honey [9, 10]. Three experi-
mental samples were prepared containing 200 ml of milk, 
3.75 % propionic bacteria and different amounts of honey. 
The samples were fermented for 12 h at 30 °C under the 
anaerobic conditions; after that the time of the clot forma-
tion, the amount of the secreted serum, titrated acidity and 
organoleptic characteristics of the product were determined.

The results of determining the titrated acidity and 
the amount of the separated serum (Fig. 5 and Fig. 6) 
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showed that in the sample with 5 g of honey, 70 °T of ti-
trated acids was formed and 77 ml of the serum (38.5 % 
from 200 ml of the total volume) was isolated, while in 
the sample with 15 g – 57 °T and 51 ml (25.5 %) of the 
serum, respectively. 

In the sample containing 10 g of honey, the titrated 
acidity was intermediate and amounted to 66 °T, while 
the syneresis was almost absent – only 8 ml of the se-
rum (4 %), and as indicated in determining of the sen-
sory profile (Fig. 7), the consistency was homogeneous, 
and the taste of sour milk was pleasant.

Meanwhile, in a sample with less honey there was 
a loose flaky consistency and an unpleasant smell of 
mold, and in the sample with the maximum amount of 
honey (15 g), on the contrary, the clot was very dense, 
the consistency was inhomogeneous, there were dense 
foreign impurities, and the taste was unusual for sour-
milk drinks – too sweet. 

The results of determining the time of the sour-milk 
clot formation (Fig. 8) showed that the addition of an 
additional honey component could significantly reduce 
the time spent on conducting the fermentation process 
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– by almost 5 h (with addition of 15 g), for 2 h (with 
addition of 10 g).

Thus, it is expedient to add 5 % of honey to the 
dairy raw material when producing a fermented product 
based on propionic acid bacteria.

Conclusions and prospects of further research. 
According to the results of the technological, physico-
chemical, microbiological tests the composition of the 
fermented product based on propionic acid bacteria en-
riched with honey has been developed. During the expe- 
rimental studies it has been found that the required amount  
of the sowing material (starter) to obtain a product of the  
proper quality should be 3.75 % of the amount of the 

raw material (propionic acid bacteria – 106 CFU/ml).  
It has been proven that the optimum parameters of the main  
biotechnological stage of the drink preparation process are:  
temperature – 30 °С, time – 12 h, conditions – anaerobic. 
It has been shown that adding 5 % of honey improves the 
organoleptic, physico-chemical parameters of the product, 
increases its biological value and reduces the time of the 
technological process. The product developed meets the 
nutritional needs and is an additional source of biologi-
cally active substances; it will increase the immune status of 
the body and contribute to improving its overall health.

Conflict of interests: authors have no conflict of 
interests to declare.

REFERENCES
1. Sanders M. E., Merenstein D., Merrifield C. A., Hutkins R. Probiotics for human use. Nutrition Bulletin. 2018. Vol. 43, № 3. Р. 212-225. 

DOI: https://doi.org/10.1111/nbu.12334.
2. Food and Agricultural Organization/WHO. Guidelines for the evaluation of probiotics in food. In: Report of a Joint FAO/WHO Working 

Group on Drafting Guidelines for the Evaluation of Probiotics in Food. Rome, Italy, 2002. URL: https://www.who.int/foodsafety/
fs_management/en/probiotic_guidelines.pdf.

3. Як харчування впливає на смертність і що може змінити кожен для свого здоров’я / МОЗ України. URL: https://moz.gov.ua/
article/health/jak-harchuvannja-vplivae-na-zdorovja-i-scho-mozhe-zminiti-kozhen-dlja-svogo-zdorovja.

4. 2/3 усіх хвороб в Україні є наслідком неправильного харчування / МОЗ України. URL: http://moz.gov.ua/article/news/23-usih-
hvorob-v-ukraini-e-naslidkom-nepravilnogo-harchuvannja.

5. Нутриціологія : навч. посіб. для студентів вищ. навч. закл. / Н. В. Дуденко та ін. ; за заг. ред. Н. В. Дуденко. Харків : Світ Книг, 
2013. 560 с.

6. Олейникова Е. А., Кузнецова Т. В., Саубенова М. Г., Райымбекова Л. Т. Использование пропионовокислых бактерий для повы-
шения пищевой и биологической ценности и сохранности кисломолочных продуктов. Алматы : Институт микробиологии и 
вирусологии КН МОН РК, 2017. С. 94–97.

7. Identification and quantification of antifungal compouds produced by lactic acid bacteria and propionibacteria / Le Lay C. et al. 
International Journal of Food Microbiology. 2016. Vol. 239. P. 79–85. 

8. Propionibacterium freudenreichii: General Characteristics and Probiotic Traits / Vinícius de Rezende Rodovalho et al. Prebiotics and 
Probiotics - From Food to Health / ed. by E. F. Robles. IntechOpen, 2022. DOI: 10.5772/intechopen.97560.

9. Стеценко Н. О., Сімахіна Г. О. Технологія оздоровчих напоїв та фітоконцентратів : курс лекцій для студентів освітнього сту-
пеня «магістр» спеціальності 181 «Харчові технології» освітньої програми «Технології харчових продуктів оздоровчого та 
профілактичного призначення» денної та заочної форм навчання. Київ : НУХТ, 2018. 130 с.

10. Лапицька Н. В. Технологія напоїв, екстрактів та концентратів : навч. посіб. Чернігів : НУЧK ім. Т. Г. Шевченка, 2021. 217 с.

REFERENCES
1. Hutkins, R., Merrifield, C. A., Merenstein, D., Hutkins, R. (2018). Probiotics for human use. Nutrition Bulletin, 43 (3), 212-225. doi: 

https://doi.org/10.1111/nbu.12334.
2. Food and Agricultural Organization/WHO. (2002). Guidelines for the evaluation of probiotics in food. In: Report of a Joint FAO/WHO 

Working Group on Drafting Guidelines for the Evaluation of Probiotics in Food. Rome, Italy. Available at: https://www.who.int/food-
safety/fs_management/en/probiotic_guidelines.pdf.

3. MOZ Ukrainy. Yak kharchuvannia vplyvaie na smertnist i shcho mozhe zminyty kozhen dlia svoho zdorovia. Available at: https://moz.
gov.ua/article/health/jak-harchuvannja-vplivae-na-zdorovja-i-scho-mozhe-zminiti-kozhen-dlja-svogo-zdorovja.

4. MOZ Ukrainy. 2/3 usikh khvorob v Ukraini ye naslidkom nepravylnoho kharchuvannia. Available at: http://moz.gov.ua/article/news/23-
usih-hvorob-v-ukraini-e-naslidkom-nepravilnogo-harchuvannja.

5. Dudenko, N. V., Pavlotska, L. F., Tsykhanovska, I. V. et al. (2013). Nutrytsiolohiia. Kharkiv : Svit Knyh, 560.
6. Oleynikova, E. A., Kuznetsova, T. V., Saubenova, M. G., Rayymbekova, L. T. (2017). Ispolzovaniye propionovokislykh bakteriy dlya 

povysheniya pishchevoy i biologicheskoy tsennosti i sokhrannosti kislomolochnykh produktov. (pp. 94–97). Almaty: Institut mikrobiologii 
i virusologii KN MON RK. 

7. Le Lay, C., Coton, E., Blay, G. H. et al. (2016). Identification and quantification of antifungal compouds produced by lactic acid bacteria 
and propionibacteria. International Journal of Food Microbiology, 239, 79–85. 

8. de Rezende Rodovalho, V., Rodrigues, D. L. N., Jan, G., Loir, Y. L., de Carvalho Azevedo, V. A., Guédon, E. (2022). Propionibacterium 
freudenreichii: General Characteristics and Probiotic Traits. In Prebiotics and Probiotics - From Food to Health / E. F. Robles (Ed.). 
IntechOpen. doi: 10.5772/intechopen.97560.

9. Stetsenko, N. O., Simakhina, H. O. (2018). Tekhnolohiia ozdorovchykh napoiv ta fitokontsentrativ. Kyiv : NUKhT, 130.
10. Lapytska, N. V. (2021). Tekhnolohiia napoiv, ekstraktiv ta kontsentrativ. Chernihiv : NUChK imeni T. H. Shevchenka, 217.



ВІСНИК ФАРМАЦІЇ 2 (104) 202220 ISSN 2415-8844 (Online)

Information about authors: 
Lavrentiev M. A., student of the specialty “Biotechnology and Bioengineering”, National University of Pharmacy of the Ministry of Health  
of Ukraine. E-mail: vbas321@gmail.com
Kaliuzhnaia O. S., Candidate of Pharmacy (Ph.D.), associate professor of the Department of Biotechnology, National University of Pharmacy  
of the Ministry of Health of Ukraine. E-mail: kalyuzhnayao.s@gmail.com. ORCID: https://orcid.org/0000-0002-8187-517X
Khokhlenkova N. V., Doctor of Pharmacy (Dr. habil.), professor, head of the Department of Biotechnology, National University of Pharmacy  
of the Ministry of Health of Ukraine. E-mail: hohnatal@gmail.com. ORCID: https://orcid.org/0000-0003-1676-7591 
Dvinskykh N. V., Candidate of Pharmacy (Ph.D.), associate professor of the Department of Biotechnology, National University of Pharmacy  
of the Ministry of Health of Ukraine. E-mail: begunova1203@gmail.com. ORCID: https://orcid.org/0000-0003-3811-9317
Відомості про авторів: 
Лаврент’єв М. А., здобувач вищої освіти спеціальності «Біотехнології та біоінженерія», Національний фармацевтичний університет 
Міністерства охорони здоров’я України. E-mail: vbas321@gmail.com
Калюжная О. С., кандидатка фармац. наук, доцентка кафедри біотехнології, Національний фармацевтичний університет Міністерства 
охорони здоров’я України. E-mail: kalyuzhnayao.s@gmail.com. ORCID: https://orcid.org/0000-0002-8187-517X
Хохленкова Н. В., докторка фармац. наук, професорка, завідувачка кафедри біотехнології, Національний фармацевтичний університет 
Міністерства охорони здоров’я України. E-mail: hohnatal@gmail.com. ORCID: https://orcid.org/0000-0003-1676-7591
Двінських Н. В., кандидатка фармац. наук, доцентка кафедри біотехнології, Національний фармацевтичний університет Міністерства 
охорони здоров’я України. E-mail: begunova1203@gmail.com. ORCID: https://orcid.org/0000-0003-3811-9317

Надійшла до редакції 09.01.2022 р.


