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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 — 108 CFU/ ml). It was proven that the optimum parameters of the main biotechnological stage of the drink
preparation process were: temperature — 30 °C, 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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M. A. NlaBpeHT’eB, O. C. KantoxHasn, H. B. XoxneHkosa, H. B. [IBiHCbKMNX
HauioHanbHun bapmaueBTuYHMI yHiBepcuTeT MiHicTepcTBa OXOPOHM 300POB’A YKpaiHu

BioTexHonoriuHi gocnigXkeHHA nig yac po3pobneHHA PyHKLiOHaNbLHOro NPOAYKTY
3 NPOGIOTUYHUM KOMMOHEHTOM

MeToto po6oTu € po3pobneHHs ckrnagy yHKUIOHanbLHOro hepMeHTOBaHOTO NPOAYKTY ANA MiKyBanbHO-Npodinak-
TUYHOrO XapyyBaHHSA Ha OCHOBI MPOMIOHOBOKUCIINX BakTepin, 36ara4eHoro ByrneBoA0BMiCHUM KOMMIOHEHTOM — MEA,OM.

Martepianu Ta Mmetogu. O6’ekTamn gocnigkeHHst 6ynu niodpinizoBaHa 3akBacka NPONIOHOBOKMCIMX GakTepil
(Propionibacterium freudenreichii subsp. shermanii), Monoko, mef, Ta 3pasku yHKLioHaNbHOro hepMeHTOBaHOro Npo-
DOYKTY, BATOTOBIIEHOMO HA OCHOBI LIMX KOMMOHEHTIB. ®i3nKO-XiMiYHi METOAN: BU3HAYEHHS TUTPOBAHOI KMCMOTHOCTI; BU3Ha-
yeHHs pH. MikpobGionoriyni meToaun: yawkoBuin metoq Koxa; 3abaperneHHs 3a pamom. TexHOMOoriYHi MeToan: BU3Ha-
YeHHS CTyneHsa cmHepesucy. OpraHonenTuyHi MeToan: CEHCOpHUI npodinb. CtatucTnyHe obpobnsaHHA pesyneraTis
BMKOHYBanu 3a [ONOMOroto nporpamHoro 3abesneveHHs Excel ans Windows.

PesynbraTy Ta ix o6roBopeHHs. [ig yac ekcnepvMeHTanbHUX gocnimpkeHb 6yno goBeaeHo, LWo HeobxiaHa Kinb-
KiCTb MOCIBHOIO MaTtepiany (3akBacku) Ans OTPUMaHHS NPOAYKTY HaNeXHOT SKOCTi Mae cTaHoBUTY 3,75 % BiA KinbKOCTi
cvpoBWHK (NponioHoBokucni 6akTepii 108 KYO/mMn). OnTumanbHUMK napameTpamm OCHOBHOI BioTexHonorivHoi cTagil
npoLiecy NpurotyBaHHs Hanoto €: Temneparypa — 30 °C, yac — 12 roa, ymoBu — aHaepoOHi. [loBeaeHo, o AodaBaH-
HA 5 % mMeay MoKpallye opraHonenTuYHi, i3nKo-XiMiYHi MOKa3HUKM NPOAYKTY, MiABULLYE MOro BionorivyHy LiHHICTb Ta
CKOPOYYE Yac TEXHOMOrIYHOro NpoLecy.

BucHoBkuU. Ha 0CHOBI TeXHOMOrIYHUX, i3nKO-XiMIYHKX, MikpoBionoriyHMx BUNpobyBaHb po3pobneHo cknag dep-
MEHTOBAHOTO NPOAYKTY HA OCHOBI MPOMIOHOBOKMCIINX GakTepin, 36arayeHnii Mmegom. Po3pobneHnin npoaykT 3a40BOMb-
HS€ NoTpebu B Xap4oBili LiHHOCTI Ta € 404AaTKOBUM [[XXepernom 6ionoriyHO akTUBHUX PEYOBUH, LLO NIABULLMTL iIMYyHHWIA
cTaTyC OpraHi3amy i CnpusTUME NMOKPALLEHHIO 300POB’S.

Knrodoei crnosa: gyHKUioHannbHe xap4y8aHHSsI; MpornioHO8oKuUCi bakmepil; Mmed; hepmeHmauis
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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 [S5]. 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 10° 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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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;
AN2.5 — 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

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 9.2-10° 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 0.5-10° CFU/ml
and 5.4-10° CFU/ml, respectively, and with the addition
of 10 ml —9.6-10° CFU/ml. This proves the expediency
of using the starter with the concentration of propionic
bacteria — 10° 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. 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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Fig. 4. The sensory profile of experimental samples with different content of the sowing material

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

(the amount of the starter —2.5 ml, 5 ml, 7.5 ml, 10 ml)

cells — 10 CFU/ml); fermentation temperature — 30 °C;
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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Fig. 5. The titrated acidity of samples of the fermented product with the different amount of honey



18 ISSN 2415-8844 (Online)

BICHWMK ®APMALLIT 2 (104) 2022

90

80

70

60

50

40

30

Amount of serum, ml

20

10 -

10 15

Amount of honey, g

Fig. 6. The amount of the serum separated in the fermentation process of samples with the different amount of honey
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Fig. 7. The sensory profile of experimental samples of the fermented product with the different amount of honey (5 g, 10 g, 15 g)

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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Fig. 8. The time to clot in samples with the different honey content
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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 — 10° CFU/ml).
It has been proven that the optimum parameters of the main
biotechnological stage of the drink preparation process are:
temperature — 30 °C, 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.
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