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Abstract—A method has been developed for producing analogs of fermented milk drinks from pumpkin seed
meal, which is a massive waste product from oilseed production, using new strains of lactic acid bacteria
(LAB) isolated from different samples of kumiss. Based on the results of screening 50 LAB isolates capable
of fermenting milk and aqueous meal extracts in a wide pH range, three strains with the best growth charac-
teristics were selected. These strains were identified as representatives of the genus Lacticaseibacillus, most
closely related to L. rhamnosus and L. casei (with 99.93 and 99.65% similarity in 16S rRNA gene sequences).
An optimal scheme for producing drinks has been selected, including grinding meal, optimized extraction
with alkaline solutions, heat treatment of the extract to remove foreign microflora, introduction of the inoc-
ulum (3—5% vol/vol) of new LAB strains, and fermentation at 37°C for ten hours. Compared with the fer-
mented milk product obtained by fermenting milk with the same microorganisms, the drink made from meal
extracts was distinguished by the absence of lactose and cholesterol, and increased content of unsaturated
fatty acids (2.3 times) and protein (1.7 times), and the presence of essential amino acids in proteins. Thus,
pumpkin seed meal, which is still used ineffectively, is a good basis for obtaining analogs of fermented milk
products with beneficial properties. The developed method for producing lacto-fermented drinks can be
adapted for processing other types of meals and cakes.
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INTRODUCTION

Recently, there has been a significant increase in
interest in obtaining plant-based analogs of milk and
fermented milk products due to the high content of
protein and unsaturated fatty acids and the absence of
lactose and cholesterol, which is attractive to certain
groups of the population [1, 2]. Sources of milk ana-
logs and fermented products obtained from it are oil-
seeds, nuts, and beans which are valuable for food pro-
duction [3—5]. The main stages of obtaining milk ana-
logs include grinding of plant raw materials, extraction
with aqueous solutions, and removal of large particles
[6—8].

Plant extracts with a good content of protein, vita-
mins, mineral components, and trace elements are
suitable substrates for fermentation by monocultures
or consortia of lactic acid bacteria (LAB) of the genera
Lactobacillus ((L. acidophilus, L. brevis, L. helveticus,
L. delbrueckii), Lacticaseibacillus (L. casei) and
Levilactobacillus (L. brevis), and Streptococcus
(Str. salivarius) and the production of fermented bev-

erages [9, 10]. Their properties are determined by
many parameters, including the composition of the
initial plant raw materials, its preliminary preparation,
and the microorganisms themselves—fermentation
agents.

A common and significant limitation of the mass
production of new fermented beverages is the value of
whole seeds for the food and processing industry;
therefore, the search for affordable and suitable raw
materials is relevant. Such raw materials could include
pumpkin seed meal with a relatively rich composition,
a high content of protein, and unsaturated fatty acids
and other components [11], which is mainly used as a
feed additive for farm animals [12]. Based on the esti-
mated annual pumpkin harvest of tens of millions of
tons [12] and the growing global production of pump-
kin seed oil, the meal produced by pumpkin seed pro-
duction is a massive waste. However, to date, no stud-
ies on obtaining analogs of fermented milk products
directly from pumpkin seed meal extract have been
performed.
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This study was aimed at isolating and selecting
strains of lactic acid bacteria, the most effective agents
of extract fermentation, since the LAB cultures used
are not necessarily adapted to new substrates, as was
shown earlier [13, 14]. Among the sources of isolation
of potentially valuable strains, kumiss is of interest. It
is the national drink in the regions of Asia, with a high
titer of bacteria and yeast (5 x 107 CFU/mL and 1-2 x
10” CFU/mL) [15] as well as a wide variety of LAB,
depending on the place of origin and method of prepa-
ration [16, 17].

The purpose of this study was to isolate new strains
of lactic acid bacteria from kumiss and use them for
the fermentation of pumpkin seed meal extract, to
select the optimal scheme for obtaining a lacto-fer-
mented drink, and to determine its characteristics.

MATERIALS AND METHODS

Seven samples of kumiss produced in the summer
period in Bashkiria (Russia) were selected as a starting
point for the isolation of LAB. Samples of pumpkin
seed meal, from the harvest of 2020, were provided by
“Maslodel,” Russia.

Aliquots of kumiss were diluted in a series of ten-
fold dilutions in sterile water and plated on a dense
nutrient medium MRS (Merck KGaA, Germany)
with a pH of 5.7 or wort-agar. The dishes with cultures
were incubated at 37°C for two days.

The affiliation of the grown and re-plated colonies
to lactic acid bacteria was determined by the fermen-
tation test of sterile skimmed milk. Working LAB cul-
tures grown in an MRS liquid medium were stored at
4°C. The number of viable LAB cells was estimated by
colony unit (CFU) titers after inoculation on MRS
agar dishes and incubation at 37°C for 48 h. The most
valuable strains for use in the production of fermented
milk products were deposited in the Collection of
Unique and  Extremophilic = Microorganisms
(UNIQEM) of the Center for Collective Usage of
Federal Research Center of Biotechnology of the Rus-
sian Academy of Sciences under registration numbers
UQM 41618, UQM 41619, and UQM 41620 and
stored in cryopreserved form.

The cell morphology of the isolated LAB isolates
was studied by microscopy using an Axioplan micro-
scope (Carl Zeiss, Germany). Resistance to different
pH was assessed based on growth results on standard
MRS and other liquid media (milk, slightly alkaline
protein extracts). Acidity was measured using a 150 M1
pH meter (OOO Measuring Technics, Russia).

The isolated strains were identified based on the
results of the analysis of the nucleotide sequence of
fragments of the 16S rRNA gene, performed at the
Center for Collective Use, Federal Research Center of
Biotechnology, Russian Academy of Sciences, by the
described methods previously [18].
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The scheme of preparation of raw materials for fer-
mentation included grinding pumpkin seed meal to
flour at the Stegler LM-1000 laboratory mill,
extraction of components with alkaline solutions from
pH 6.2 t0 9.0, upon heating up to 90°C (30 min) with
stirring, and removal of insoluble particles by filtra-
tion. For optimal extraction, the ratio of extractant to
flour has been selected. To remove foreign microflora,
the obtained extracts were subjected to heat treatment
at 0.5 atm for 30 min and then cooled to 37°C.

Seed meal extracts were inoculated with new
strains from kumiss and strains of L. acidophilus,
L. casei, L. bulgaricus, and Streptococcus sp. from the
collection of the Laboratory of Microorganism Sur-
vival, Vinogradskii Institute of Microbiology, Russian
Academy of Sciences. Cultures for inoculation were
grown on sterile skimmed milk for 7 to 24 h at 37°C
and introduced into the medium at a ratio of 0.3%—
0.5% (vol/vol) until an initial cell titer of 10* CFU/mL
was reached. In control experiments, regular sterile
milk was used instead of meal extract. Fermentation of
extracts and milk was carried out under static condi-
tions (without mixing) at 37°C for 7 to 24 h.

The weight of dry matter in the samples obtained
by the fermentation of extract from the meal, whole
milk, and pumpkin seed flour was determined gravi-
metrically with drying at 105°C until a constant weight
was reached. The total protein content was determined
using the Lowry method or based on the sum of amino
acids. The lactose content was determined using a
method based on enzymatic hydrolysis and colorimet-
ric determination of its cleavage products [19]. The
content of dietary fiber (g/100 g) was determined by
the gravimetric method after precipitation in ethanol
and drying [20].

Samples of fermentation products for further
analysis were dried using a freeze dryer FreeZone
(Labconco, United States) in the Center for Collec-
tive Usage of the UNIQEM Collection in a vacuum
at —80°C. The amino acid composition was deter-
mined using a liquid chromatograph manufactured by
Hitachi (Japan) in the standard mode of analysis of
protein hydrolysates with a sulfonated copolymer of
styrene and divinylbenzene and a step gradient of a
sodium-citrate buffer solution with an increasing pH
and molarity value. Lipids from lyophilized samples
were extracted with a mixture of chloroforms: hydro-
chloric acid methanol (2 : 1) (Methanolic-HCI 0.5, n,
Supelco, Germany), according to the Folch method.
The fatty acid composition of lipids was studied using
a chromatograph with a Simadzu GCMS-QP2010
Ultra mass detector (Shimadzu, Japan). Studies of the
amino acid composition and profile of fatty acids were
carried out in the Center for Collective Use for Indus-
trial Biotechnology, Federal Research Center of Bio-
technology, Russian Academy of Sciences, and the
Belozerskii Institute of Physico-Chemical Biology of
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Fig. 1. Results of strain identification based on sequences of THE 16S rRNA gene fragment.

Moscow State University. The basic experiments were
carried out in three repetitions.

RESULTS AND DISCUSSION

Based on the results of cultures of seven samples of
Bashkir kumiss on MRS and wort-agar, its total bacte-
rial content (5.0 £ 0.7) x 108 CFU/mL and yeast
(1.5+ 0.7) x 107 CFU/mL was established, which
corresponded to the abundance of microorganisms in
kumiss from other regions [15]. The share of LAB in
the studied kumiss ranged from 46 to 68%, and the
average abundance ranged from 2.3 x 10 to 3.4 x
108 CFU/mL according to the fermentation test of
sterile milk. Using multiple (3—5 times) passages on
MRS agar, 50 pure LAB isolates were selected, which
were inoculated into sterile milk and adapted to a new
substrate—an extract from pumpkin seed meal. All
isolates from kumiss were capable of fermenting
extracts at different rates at 37°C for 7—7—24 h. Based
on the best growth rate and organoleptic properties of
the resulting products, three new strains were selected
and deposited in the UNIQEM collection under the
numbers UQM 41618, UQM 41619, and UQM 41620.

The selected LAB were represented by rod-shaped,
non-spore-forming, non-motile, solitary, or chained
cells and grew at 27°C—37°C with the formation of a
white precipitate in liquid media. Based on the results
of molecular genetic identification by analyzing a frag-
ment of the 16S rRNA gene, it was established that the
strains belong to the genus Lacticaseibacillus, recently
bred based on the genus Lactobacillus and validly
described [21]. The strains turned out to be the closest
to L. rhamnosus and L. casei, based on the similarity of
their sequences by 99.93 and 99.65% with the known
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deposited sequences NR_113332.1 and NR_041893.1,
respectively. According to the results of phylogenetic
analysis, a high relatedness of the UQM 41618, UQM
41619, and UQM 41620 strains with each other and
with the typical Lacticaseibacillus rhamnosus strain
was established (Fig. 1). An important feature of the
isolated Lacticaseibacillus strains was tolerance to
changes in the pH of the environment with an upper
limit of up to 9.5. The optimal pH range for lactobacilli
growth was between 5.5 and 6.2 [22]. Tolerance to
increased alkalinity of the medium is known, and the
upper pH limit varied in different Lactobacillus species
and even strains [23]. Thus, new isolates of lactic acid
bacteria were obtained from kumiss, and the potential
for the use is discussed below.

According to the efficiency of fermentation of
pumpkin seed meal with the new LAB strain, as well as
other starter cultures, the need to optimize the pri-
mary stages of obtaining milk analogs has been estab-
lished. The use of water with a pH value close to neu-
tral as an extractant, sufficient to obtain milk analogs
from whole seeds or nuts [1, 24], turned out to be inef-
fective for pumpkin meal: aqueous extracts were not
fermented by LAB, which was probably due to the low
protein yield. The use of alkaline extraction, as in the
study on obtaining milk analogs from lupine seeds
[25], turned out to be more effective for pumpkin meal
only after the selection of optimal conditions. For
example, alkalinizing the meal flour suspension from
the initial pH value of 6.2 to 7.5 improved fermentabil-
ity; however, the resulting product had unsatisfactory
organoleptic properties. An increase in the pH of the
extractable mixture to 9.0 supported the production of
a substrate efficiently fermented at 37°C for 10 h with
new LAB strains from kumiss with the formation of a
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Meal
Grinding \/

Flour
Extraction with alkaline \l/
solutions, filtration

Extract

Heat treatment \l/
cooling

Sterile substrate

Inoculation with LAB,
incubation at 37°C, 7—12 h

\ 4

Fermentation product

Fig. 2. Basic scheme for obtaining a lacto-fermented drink
based on pumpkin seed meal. Developed modifications
are shown in bold.

homogeneous product with dense consistency with a
fermented milk taste and odor. Use of other LAB
strains like L. acidophilus, L. casei, L. bulgaricus, and
Streptococcus sp. turned out to be less effective: fer-
mentation took place within 24 h, the LAB titer did
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not exceed 10> CFU/mL, and the final product did
not have good qualities. To improve extraction, opti-
mal meal-extractant ratios were also selected. These
and other technological parameters of extraction were
previously described in [26].

Due to the contamination of pumpkin seeds with
bacteria and fungi, based for example on the average
cumulative data of ~1.4 x 10> CFU/g [27], the heat
treatment stage was included in the scheme of prepa-
ration of the substrate for fermentation, without which
spoilage of the final product occurred. It was found
that the heat treatment modes at 80—85°C and 90—
95°C for 10 min were insufficient to destroy foreign
microflora; a longer (30 min) warm-up period was
required at 115°C. Thus, the optimal scheme for
obtaining an extract from pumpkin meal for effective
fermentation was selected, the main elements of
which, considering the modifications, are presented in
Fig. 2.

An important property that determined the choice
of this raw material for the preparation of a suitable
substrate was the high content (about 30%) of total
protein (Fig. 3). According to the data obtained by the
Lowry method, the degree of protein extraction from
meal flour under selected optimal conditions corre-
sponded to 50%. Its content was sufficient for the
development of LAB. Strains of Lacticaseibacillus sp.
nov. UQM 41618, UQM 41619, and UQM 41620
effectively fermented pumpkin meal seed extract: LAB
abundance increased from 10* CFU/mL from inocu-
lation to 108 CFU/mL after 10 h of incubation at 37°C
under steady-state conditions. During growth, the
environment was acidified from 8.5—9.5 to neutral pH

m Protein

Total essential
amino acids

m Total unsaturated
fatty acids
Cholesterol

Alimentary fiber

m Carbohydrates

Fig. 3. (1) Composition of pumpkin seed meal, (2) pumpkin seed meal fermentation product, and (3) fermented milk product.
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Table 1. Amino acid composition of protein and fatty acid composition of lipids of flour from pumpkin seed meal, fermen-

SINELNIKOV et al.

tation product of meal extracts, and sterilized milk by isolated LAB strains (g/100 g)

Components Meal flour Meal extract product Milk product
Amino acids
Aspartic acid 2.96 3.8847 1.997
Threonine* 0.998 1.2066 0.371
Serine 1.673 2.5253 0.186
Glycine 6.188 8.9396 5.512
Proline 1.316 1.609 2.549
Glutamic acid 1.843 2.5498 0.557
Alanine 1.485 2.3934 0.908
Cysteine 0.332 0.2332 0.243
Valine* 1.579 2.1538 1.762
Methionine* 0.603 0.5759 0.66
Isoleucine* 1.281 1.4658 1.592
Leucine* 2.419 3.0945 2.578
Tyrosine 1.093 1.6608 1.271
Phenylalanine* 1.733 2.0485 1.271
Lysine* 1.236 1.5921 2.087
Histidine 0.78 0.9823 0.714
Arginine 5.353 6.8827 0.953
Saturated fatty acids
Caproic acid 0.0 0.0 2.5
Caprylic acid 0.0 0.0 1.6
Capric acid 0.0 0.0 3.2
Butyric acid 0.0 0.0 4.7
Myristic acid 0.18 0.24 10.28
Palmitic acid 17.20 17.50 30.3
Stearic acid 9.05 7.92 13.5
Margaric acid 0.18 0.17 0.0
Unsaturated fatty acids

Linoleic acid* 40.53 53.04 3.5
Oleic acid 30.78 19.54 25.5
Palmitoleic acid 0.21 0.17 1.5
Petroselic acid 1.87 1.42 0.0

* Essential components.

values. It should be noted that the abundance of viable
lactic acid bacteria in the cultured product remained
stable (108 CFU/mL) during storage for one month at
4°C. In the resulting fermentation products, there was
a 1.7-fold increase in the proportion of water-soluble
proteins and a 1.3-fold decrease in the proportion of
alkaline-soluble proteins. In addition, the proportion
of essential amino acids and valuable unsaturated fatty

acids (UFA) increased compared to the initial seed
meal (Table 1, Fig. 3). Thus, pumpkin seed meal
extract may be a suitable substrate for fermentation
with newly selected LAB strains. Based on the analysis
of studies on the production of fermented milk prod-
ucts from plant raw materials, pumpkin meal has so far
been used only as a component of a mixture with
camel milk [28].
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The following advantages of the new fermented
product based on pumpkin meal compared to the fer-
mented milk product obtained using the same LAB
strains were revealed. The new product was character-
ized by an increased content of protein (by 1.7 times)
and valuable food components, especially several
essential amino acids and polyunsaturated linoleic
acid.

Other important properties of the new product
were the high ratio of UFA/SFA, the absence of lac-
tose and cholesterol (which is not surprising taking
into consideration the composition of the initial raw
materials), the presence of dietary fiber (Fig. 3; Table 1),
and good flavor. The results of the analyses of the total
composition of pumpkin seed meal and the total con-
tent of polyunsaturated fatty acids (Fig. 3; Table 1)
corresponded to the literature data [29]. According to
the above properties, the obtained lacto-fermented
beverage may be attractive to certain groups of the
population. Thus, based on the example of pumpkin
seed meal, an original approach to the valorization of
mass food waste from the oil extraction industry has
been developed and a simple and effective scheme for
obtaining an extract suitable for fermentation and
obtaining analogs of fermented milk products with
useful properties has been developed. The results indi-
cate a high adaptive potential of new lactobacilli
strains to new growth conditions, fluctuations in pH,
and the ability to maintain survival during storage.
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