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Abstract: The growth characteristics of two strains of lactic acid bacteria (LAB), Lacticaseibacillus casei
and Lactobacillus kefiri, isolated from qymyz, a traditional fermented mare milk beverage, were studied
and modeled, including the effect of different carbohydrates, pH, and temperature. Along with
population, substrates, and metabolites, lactic acid and ethanol were monitored by HPLC. Growth
parameters were obtained from mono- and biphasic logistic growth models that fit the population
evolution of L. casei and L. kefiri, respectively. The effect of temperature and pH on the growth rate was
represented with the gamma concept model, while the effect of the limiting substrate was evaluated
according to the Monod equation. Lastly, a simplified Luedeking and Piret equation was used to
represent metabolite production. The optimum values of pH and temperature were 6.69 ± 0.20,
38.63 ± 0.32 ◦C, 5.93 ± 0.08, and 33.15 ± 0.53 ◦C, with growth rate values of 0.66 ± 0.01 h−1 and
0.29 ± 0.01 h−1 for L. casei and L. kefiri, respectively. L. casei had a homofermentative pathway, while
L. kefiri was heterofermentative, with an ethanol production rate of 2.90 × 10−9 mg·CFU−1. The
Monod model showed that L. casei had the lowest Ks value for lactose, while for L. kefiri, it was the
highest among milk carbohydrates. These results show that the population of the two LAB strains
and therefore the concentrations of acid and ethanol can be controlled by the fermentation conditions
and that our model can help to significantly improve the production of qymyz.

Keywords: lactic acid bacteria; qymyz (koumiss); mathematical modeling; mare milk

1. Introduction

Fermentation is an ancient process of conservation of animal and plant raw materials
in which microorganisms transform perishable foodstuffs into more stable fermented foods.
Fermented milk products play an essential role by enhancing not only the stability but
also the nutritional and sensorial properties of end-products [1]. In addition, the presence
of living microorganisms in the final fermented product may have a positive effect on
digestion comfort or nutrient assimilation [2]. Therefore, such products are increasingly
demanded by consumers, as they are considered nonhazardous and multifunctional foods.
In Central Asia, the growing number of horses and the higher availability of mare milk
encourage the improvement of the quality of byproducts obtained from horses for their
distribution to the wider population. Qymyz (also known as koumiss or kumis) is a lactic
and alcoholic fermented mare milk consumed in Central Asian countries, the production of
which includes several steps, such as inoculation, agitation, and incubation. In addition,
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since it is a traditional drink that has been consumed for centuries for its nutritional and
medicinal properties, the production of qymyz helps to safeguard the draft horse breeds of
the region.

Initially, and due to a lack of study, the fermentation of mare milk was the result of
uncontrolled processes that did not guarantee the quality of the product, leading to sanitary
or sensory defects [3]. Indeed, the composition of the microbiota of the initial mare milk
is variable and can differ depending on the region and season of qymyz production. The
studies available on qymyz revealed that the main microorganisms responsible for the
fermentation were lactic acid bacteria (LAB) and yeasts [4]. The authors mainly focused
on the identification of microorganisms [3,5,6]. Rakhmanova et al. [3] found 52 lactic acid
bacteria and 20 yeasts. Wu et al. [5] stated that LAB played a major role in the sanitary
quality of qymyz by decreasing the pH. Yeasts in qymyz produce ethanol and could
contribute to production of its typical aroma [7,8]. Lastly, Yao et al. [6] showed that the
main LAB of qymyz belonged to the Lactobacillus genus.

Works on qymyz microorganisms’ metabolism, particularly on their acid and alcohol
production characteristics, which are important for the control of qymyz sensory quality,
are scarce. To our knowledge, only Rakhmanova et al. [3] have studied the effect of fer-
mentation conditions (time and temperature) in cow milk by qymyz strains on the ethanol
content and sensory properties. They used an empirical experimental design approach that
was useful to provide insights into the effect of fermentation conditions, but that could
also be used as a reliable modeling tool to monitor the fermentation conditions. Predictive
microbiology is a powerful approach that involves robust mathematical modeling of bac-
terial growth and metabolite production, and that has been approved as a useful tool for
the prevention of food spoilage in Europe and in several non-European countries [9,10].
This approach is also being increasingly used for beneficial microorganisms such as LAB to
represent the evolution of functional properties such as acidification power and other func-
tional metabolites, as a function of fermentation conditions [11]. Furthermore, studies on
the control of products co-fermented with a number of different microorganisms are still at
an early stage, due to the complex interactions between species that influence their growth
dynamic and metabolite productions [12,13]. The results of these works are controlled
fermentation products that have higher quality and are safer for consumers. A modeling
approach can be very useful in identifying the optimal conditions of the microbial growth
rate. Models play an essential role in designing and developing strategies to optimize and
control biological processes to ensure their economic viability [14]. In multiple culture
fermentations, the main challenge is to establish and control the growth conditions so that
the desired final ratio of populations of each culture and metabolites is achieved. The main
monitored parameters in this regard are temperature, pH, and the inoculation ratio [15].
However, to achieve this goal, important experimental work is needed on the different
strains of the product to identify the key fermentation control parameters and characterize
their growth as a function of them.

The temperature effect on LAB in qymyz preparation is particularly relevant. Indeed,
the usual season of qymyz preparation is summer. However, some farms can produce
qymyz from late spring to late fall, by controlling foaling. Consequently, the continen-
tal climate of Eurasian countries leads to different temperature conditions, from ~5 ◦C
to ~35 ◦C, in which qymyz is prepared. Additionally, pasture composition also depends on
the seasons, which directly impacts the substrate contents in mare milk available for LAB.
The temperature and substrates directly affect the growing rates of LAB and the production
rate of their main metabolite, lactic acid, and minor constituents such as ethanol, which
affects the quality of qymyz. This results in another puzzle of qymyz preparation according
to the preference of consumers, as the main qymyz consumers are practicing Muslims,
and a low ethanol level may be preferred. According to Kazakhstani standards, qymyz
can be classified as weak, medium, and strong, according to the level of ethanol and lactic
acid [16,17].
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In this work, we propose the study of two strains of LAB isolated from qymyz. In
addition to the description of the growth kinetic of each strain, complete modeling was
carried out to capitalize on experimental data and to represent their behavior according to
various conditions, with the objective of obtaining better control over qymyz quality.

2. Materials and Methods
2.1. Bacteria Identification

Ten cultures of bacteria isolated from local qymyz in the Almaty region of Kazakhstan
were kindly provided by KazNU, Kazakhstan. Identification was performed at the RSE
National Center for Biotechnology (Nur-Sultan, Kazakhstan) by sequencing the 16S RNA
gene, with the subsequent determination of nucleotide identity. The sequences were
deposited in the international GenBank database [18]. Bacteria were stored in MRS broth
with 30% glycerol at −80 ◦C. API 50 CHL (Biomerieux, Marcy-l’Étoile, France) was used to
analyze the properties of each strain.

2.2. Growth Medium Composition

All experiments were performed using De Man Rogosa and Sharpe (MRS) broth
medium (Biomerieux, Marcy-l’Étoile, France). For experiments that required a change in
the carbon source (lactose, galactose, or a different amount of glucose), the MRS composition
was kept the same using the following reagents:

Bacto peptone—ThermoFisher, Waltham, MA, USA;
Glucose, galactose, yeast extract, magnesium sulphate, potassium phosphate dibasic,

and ammonium citrate dibasic—Sigma-Aldrich, St. Louis, MO, USA;
Lactose, sodium acetate anhydrous, manganese sulphate 1-hydrate, and sodium di-

Hydrogen phosphate—Panreac, Barcelona, Spain.

2.3. Growth Experiments
2.3.1. Effect of Temperature

Temperature effect experiments were conducted in Minifor Lambda fermenters (Czech
Republic), with a working volume of 800 mL and using an IR radiator to control tempera-
ture. Bacteria were grown in temperatures ranging from 5 ◦C to 50 ◦C (5, 10, 15, 20, 27, 30,
35, 37, 40, 42, 45, 47, and 50 ◦C). Bacterial precultures grown overnight were prepared at
35 ◦C, and the initial population for both bacteria was set at approximately 106 CFU·mL−1.
The pH was set to 6.8 and automatically adjusted using sterile 2 M sodium hydroxide for
all temperatures. Agitation was set at 240 rpm. MRS broth was used as a medium for the
growth of bacteria. Bacterial growth was monitored using an inline near-infrared turbidity
sensor (Optek FC20-ASD19-N, Elscolab, Arcueil, France). Fermentations were carried out
until reaching stationary phase.

2.3.2. Effect of Carbohydrate Source and pH

These experiments were conducted using Bioscreen C MBR (Labsystems, Helsinki,
Finland), which is an automated system that analyzes high-throughput microbial growth
curves in aqueous media.

Maximal growth rates at 30 ◦C at different pH, ranging from 3.5 to 10 (L. casei was
grown in pH 4, 5, 6, 6.8, 8, 9, and 10, while L. kefiri in pH 3.5, 4.5, 5.5, 6.5, and 7.5), and with
different limiting substrates (glucose, galactose, and lactose), the concentration of which
ranged from 0.6 g·L−1 to 60 g·L−1 (0.6, 6, 15, 30, and 60 g·L−1), were calculated using the
technique described by Augustin et al. [19].

2.3.3. Plate-Counting Methods for Calibration Curve

The ten-fold serial dilution of homogenized samples (0.1 mL) was prepared in sterile
9 g·L−1 NaCl water and plated on the surface of De Man Rogosa and Sharpe agar plates.
The plates were incubated at 37 ◦C for 48 h. The colony-forming unit (CFU) counting was
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plotted against the turbidity values given by the fermenter sensor and the optical density
at 600 nm (OD600) to obtain the proportionality coefficient.

2.4. Chemical Analyses

The carbohydrate contents and the production of lactic acid and ethanol were mea-
sured by HPLC with separation on an Aminex HPX-87H column (Biorad, Hemel Hemp-
stead, UK). Detection was performed using a refractive index detector for the ethanol
and carbohydrates, while an ultraviolet (UV) (210 nm) detector was used for lactic acid
detection. Aliquots of 20 µL were injected and elution was performed at 30 ◦C with 5 mM
sulfuric acid at a flow rate of 0.6 mL·min−1 [20]. Samples were filtered through a 0.45 µm
pore size filter before injection.

2.5. Mathematical Modeling
2.5.1. Microorganism Growth

The logistic growth model [21] with modification to incorporate the second phase was
chosen to describe microbial growth according to Equation (1):

ln[N(t)] =

ln N(0) if t ≤ λn
n
∑
1

ln
(

Nmax(n)

)
− ln

[
1 +

( Nmax(n)
Nmax(n−1)

− 1
)

e[−µn(t−λn)]
]

if t > λn
(1)

where n is the number of phases of bacterial growth; Nt and Nmax (CFU·mL−1) are the
values of the microbial population at time t and at the end of the phase, respectively; µmax
is the maximal growth rate (h−1); and λ is the lag time (h).

The gamma concept model [22] was used as a secondary model to describe the impact
of temperature and pH on the maximum growth rate (µmax) according to Equation (2)

µmax = µopt × γ(T)× γ(pH) (2)

with γ values ranging between 0 and 1.
The effect of the pH on µmax was expressed using the cardinal temperature and pH

model (CTPM) proposed by [23], according to Equation (3):

CMn(X) =

X ≤ Xmin; 0
(X − Xmin)

n(X − Xmax)(
Xopt − Xmin

)n−1{(Xopt − Xmin
)(

X − Xopt
)
− (X − Xmax)

[
(n − 1)Xopt + Xmin − nX

]}
X ≥ Xmax; 0

(3)

where X corresponds to environmental factors such as pH and temperature, and the n
values are 1 for pH and 2 for temperature.

2.5.2. Limiting Substrate

The Monod equation [24] was chosen to relate the growth rates to different
limiting substrates:

µ = µmax
S

Ks + S
+ µmax0 (4)

where µ is the specific growth rate, µmax is the maximum specific growth rate, µmax0 is the
maximum specific growth rate in the absence of the limiting substrate, S is the concentration
of the limiting substrate for growth, and Ks is the “half-velocity constant”—the value of S
when µ/µmax = 0.5.
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2.5.3. Metabolite Production Modeling

The kinetics of metabolite production were set to be directly proportional to bac-
terial growth, as shown in Equation (5), as a simplification of the Luedeking and Piret
equation [20].

d(metabolite)
dt

=
Y(metabolite)

N
× µN (5)

where Y (metabolite)/N is the yield for lactic acid and ethanol production over N (the
population), and µ is the growth rate.

2.5.4. Model Fitting and Estimation of Model Parameters

Model fitting and the estimation of model parameters were conducted by the least
squares minimization technique, using the Solver add-in routine of Microsoft Excel. Stan-
dard deviations were calculated using the SolverAid macro of Microsoft Excel. Standard
errors of regression lines were calculated using the Data Analysis add-in of Microsoft Excel.

3. Results and Discussion
3.1. Bacterial Identification and General Metabolism Features

The identification of the 10 bacteria isolated from qymyz showed that the majority
belonged to the Lactobacillus genus, which is consistent with the findings of Yao et al. [6].
These strains consisted of six Lacticaseibacillus casei strains and one Lactobacillus kefiri strain.
In addition, two bacteria were identified as Enterococcus faecium, which can be found in
the gastrointestinal tract of humans and animals, and may also be pathogenic [25]. One
bacterium was identified as Aneurinibacillus migulanus, which was first discovered in soil
and has been found to produce an antibiotic against pathogenic Staphylococcus strains [26].

For further studies, L. casei strain B7 and L. kefiri strain B2 were chosen (Supplemental File).
Figures S1 and S2 show locations of strains on phylogenetic tree, while Tables S1 and S2
provide their 16S RNA sequences. L. casei can be found in ripening Cheddar cheese and
in Sicilian green olives [27], while L. kefiri is mainly found in beer, kefir drinks, and kefir
grains [28]. Both LAB can be found in qymyz [29].

More specifically, L. casei has already been studied in fermented mare milk for its
acidity and volatile organic compound production with a predominance of 2-methyl-1-
propanol and 2-undecanol [30]. L. kefiri is also called Lentilactobacillus kefiri. The genus
Lentilactobacillus is described as comprising species with a slow (lentus) growth rate [31].
The studies on this strain are scarce, and no literature is available about their metabolism.
However, this strain is interesting for its ability to survive in gastrointestinal environments
and to reduce cholesterol [32].

According to the API 50 CHL test, L. casei was able to consume a wide range of
substrates, which included adonitol, galactose, glucose, fructose, mannose, sorbose, rham-
nose, mannitol, sorbitol, N-acetyl glucosamine, arbutin, esculin, salicin, cellobiose, maltose,
lactose, sucrose, trehalose, inulin, melezitose, B-gentiobiose, D-turanose, D-tagatose, and
gluconate. On the other hand, L. kefiri was able to consume only L-arabinose, ribose, galac-
tose, glucose, fructose, maltose, lactose, melibiose, and gluconate, which is consistent with
the description of Kandler and Kunath [33].

To compare their growth kinetics, the first set of experiments was carried out on a
glucose medium in controlled pH conditions.

3.2. Growth Characteristic of L. casei and L. kefiri
3.2.1. Microorganism Growth Modeling

The primary models fitted the experimental data for both L. casei and L. kefiri (Figure 1)
well. L. casei exhibited monophasic growth, while L. kefiri experienced biphasic growth
at 37 ◦C. However, L. kefiri growth could be assumed to be monophasic at temperatures
below 15 ◦C. The specific growth rates were 0.68 h−1 for L. casei and 0.20 h−1 during the
first phase and 0.35 h−1 during the second phase for L. kefiri at 37 ◦C.
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Figure 1. Growth of L. kefiri and L. casei in glucose MRS broth at 37 ◦C, pH 6.8. Experimental data
(symbols) and predicted data (continuous lines).

3.2.2. Modeling Effect of pH and Temperature for L. casei

The effect of pH and temperature on the growth rate is presented in Figure 2 for L. casei.
The global trends of these effects on µmax are in accordance with the usual bell shape.
The results show that the optimal pH and temperature for L. casei equaled 6.69 ± 0.20 and
38.63 ± 0.32 ◦C, respectively, with a µopt of 0.66 ± 0.01 h−1. The growth rate of L. casei
was similar to reports in another study, where two strains of L. casei had a growth rate of
0.7 h−1 [34].
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3.2.3. Modeling Effect of pH and Temperature for L. kefiri

L. kefiri had a slower growth rate, and its growth kinetics consisted of two phases
(Figure 1). The biphasic growth of LAB could be explained by the ability to consume the
end products of the metabolism of the main substrates that can be produced from the
strain itself or by other microorganisms [35]. However, in our case, L. kefiri was grown
in monoculture and in a medium containing one substrate, which indicates that biphasic
growth had other causes.

In particular, the strains of the genus Lentilactobacillus, to which L. kefiri belongs, were
reported to be able to consume lactate [31]. The parameters of each phase are given in
Table 1. The second phases of the temperatures below 15 ◦C were not estimated as the
differences were negligible. Even though each fermentation was started using ~106 bacteria,
only 107 bacteria were detected by the sensor. No growth was observed at 45 ◦C.

Table 1. Parameters of two phases of L. kefiri growth at different temperatures.

Temperature
(◦C)

Phase 1 Phase 2
µ2/µ1

λ (h) µmax (h−1) Nmax
(CFU·mL−1) λ h µmax (h−1) Nmax

(CFU·mL−1)

20 26.30 ± 0.38 0.08 ± 0.01 3.83·× 108 55.17 ± 0.01 0.02 ± 0.00 9·× 108 0.28
27 10.55 ± 0.09 0.20 ± 0.01 6.10·× 108 44.33 ± 0.01 0.03 ± 0.00 1.32·× 109 0.15
30 1.91 ± 0.08 0.25 ± 0.01 7.60·× 108 28.66 ± 0.01 0.07 ± 0.01 1.32·× 109 0.28
35 3.69 ± 0.09 0.23 ± 0.01 7.16·× 108 35.83 ± 0.01 0.07 ± 0.01 1.60·× 109 0.30
37 11.57 ± 0.11 0.20 ± 0.01 4.10·× 108 46.09 ± 0.10 0.35 ± 0.01 2.67·× 109 1.75
40 0.00 ± 0.00 0.16 ± 0.01 3.28·× 108 42.49 ± 0.47 0.64 ± 0.20 1.19·× 109 4.00

Values are expressed as mean ± S.D. λ—lag phase duration; µmax (h−1)—growth rate.

From the table, we can see that the highest growth rate of the second growth phase
occurs at 40 ◦C, while the highest growth rate for the first phase occurs at 30 ◦C. The change
in phase cannot be totally explained by population since the second phase could begin from
3·× 108 to 7·× 108 CFU·mL−1. However, it can be noticed that the second phase began at
lower populations in extreme conditions, below 20 ◦C or higher than 37 ◦C. For the same
conditions, the final population after phase one was lower than that obtained from 27–35 ◦C.
The ratio of µ2/µ1 is also presented in Table 1. The µ of the second phase increased, while
the µ of the first phase decreased as a function of the fermentation temperature.

The high growth rate of the second phase at 40 ◦C was short, as after reaching
~2 × 109 CFU·mL−1 a coagulation of the media was observed, which hindered further
detection of population change by the fermenter sensor. The microscopic analysis of the
coagulated media revealed a shortening of rods, which, according to [33], is characteristic
of L. kefiri, as it has the ability to form short rods (3 nm) or long filaments (15 nm). Morpho-
logical change could affect the metabolism of L. kefiri and explain its biphasic growth [36].
Rajoka et al. [37] found that L. kefiri is able to attach to the grain surface in Brazilian kefir
and is important for the production of the kefiran polymer present in the kefir grain’s
structure, which could explain the coagulation of the media.

Because of its ability to modulate its metabolism depending on the temperature,
the growth pattern of L. kefiri can be unpredictable at high temperatures, as shown by
the fact that patterns that had no first or second phases were observed in some trials.
The parameters of 37 ◦C fermentation presented in Table 1 are taken from a period of
fermentation that had clear first and second phases. Taking into consideration the specifics
of morphology and growth in the second phase, pH and temperature effects were modeled
only for the first phase of L. kefiri growth. In addition, during the fermentation of qymyz,
it is highly probable that only the first phase may be expressed due to its global lower
fermentation rate (Figure 1). The effect of pH and temperature on the first phase of L. kefiri
can be seen in Figure 3.
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Figure 3. Effect of environmental factors on first-phase growth rate of L. kefiri in glucose MRS broth.
(a) pH at 30 ◦C and (b) temperature. Experimental data (symbols) and predicted data (dashed lines).

The results show that the optimal pH and temperature for L. kefiri equaled 5.93 ± 0.08
and 33.15 ± 0.53 ◦C, respectively, with a µopt of 0.29 ± 0.01 h−1. No data on the growth rate
of L. kefiri were found in the literature. However, all the results on LAB are consistent with
the works of Rakhmanova et al. [3], who found that the optimal fermentation parameters
for the maximum score of the sensory evaluation are a fermentation temperature of 36 ◦C,
and a fermentation time of 16 h, which is consistent with Figure 1.

3.3. Metabolite Production

Lactic acid and ethanol were the main metabolites produced by L. casei and L. kefiri.
Their production, monitored by HPLC, is plotted against population in Figure 4. Lactose
was chosen as a carbon source because it is the main carbohydrate in milk. Our results show
that L. casei and L. kefiri have opposite fermentation routes. L. casei has a homofermentative
pathway, while L. kefiri has a heterofermentative pathway.
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The lactic acid production rate was 7.36 ×·10−9 mg·CFU−1 for L. casei. For L. kefiri, the
lactic production rate was 7.64·× 10−9 mg·CFU−1, while the ethanol production rate was
2.90·× 10−9 mg·CFU−1.

3.4. Resulting Parameters of Models

The model parameters of Lacticaseibacillus casei and Lactobacillus kefiri are given in
Table 2.

Table 2. Model parameters according to growth model, Monod equation, and Luedeking–
Piret equation.

Parameters Lacticaseibacillus casei
(Value ± SD/SE)

1st Phase of Lactobacillus kefiri
(Value ± SD/SE)

pH min 3.84 ± 0.12 3.35 ± 0.12
pH max 10.33 ± 0.18 7.64 ± 0.05
pH opt 6.69 ± 0.20 5.93 ± 0.08

T min (◦C) 9.66 ± 1.18 8.10 ± 1.27
T max (◦C) 48.48 ± 0.13 44.94 ± 0.31
T opt (◦C) 38.63 ± 0.32 33.15 ± 0.53
µopt (h−1) 0.66 ± 0.01 0.29 ± 0.01

Glucose µopt (h−1) 0.49 ± 0.01 0.26 ± 0.01
Glucose Ks (g L−1) 0.43 ± 0.07 0.21 ± 0.03

Galactose µopt (h−1) 0.47 ± 0.01 0.27 ± 0.01
Galactose Ks (g L−1) 0.19 ± 0.05 0.18 ± 0.05

Lactose µopt (h−1) 0.43 ± 0.01 0.24 ± 0.01
Lactose Ks (g L−1) 0.12 ± 0.04 0.72 ± 0.57

Lactic Acid Production *
(10−9 mg·CFU−1) 7.36 ± 0.43 7.64 ± 0.54

Ethanol Production*
(10−9 mg·CFU−1) 0 2.90 ± 0.15

pH and temperature parameters were obtained in MRS broth containing glucose as carbon source. * Values are
expressed as mean ± S.E.

The Monod model values were hard to obtain, as there was growth in the media that
did not contain any milk carbohydrates. As can be seen from the table, L. casei has the
highest growth rate and Ks values in glucose. L. kefiri, on the other hand, has similar growth
rates in all media, but its Ks value is the highest for lactose. These results show that L. casei,
after breaking down lactose, first consumes galactose and then glucose, while for L. kefiri
there is not much preference between glucose and galactose.

4. Conclusions

Qymyz is a mare milk fermented with LAB and yeasts. LAB enable yeast metabolism
as the main yeast in qymyz does not metabolize the lactose but glucose and galactose, pro-
duced thanks to the LAB beta galactosidases [38]. Towards the later stages of fermentation,
when the acidity of qymyz becomes very high, only the most acid-tolerant bacteria and
(most probably) yeasts can survive.

Our results showed that L. casei had, in general, a faster growth rate than L. kefiri.
Temperature-wise, L. casei prefers higher temperatures of around 38 ◦C, while L. kefiri
prefers different temperatures during its two phases, with 33 ◦C being the optimal tem-
perature for the first phase. The rate of the second phase was negligible below 20 ◦C but
increased significantly with temperature, surpassing that of the first phase to 37 ◦C, but
only after ~35+ hours. Therefore, during qymyz production, it is more probable that L. kefiri
only expresses its first growth phase. The optimal pH of L. kefiri was slightly lower than
L. casei. They also had opposite fermentation pathways: L. casei had a homofermentative
pathway, while L. kefiri was heterofermentative.

These results are helpful in identifying which conditions should be used when prepar-
ing qymyz. The differences between these species will help in the preparation of starters for
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different purposes. L. casei could be used to reduce the alcohol content of qymyz, while the
slow growth rate of L. kefiri could be beneficial in slowing down the yeast fermentation and
thus enabling a more balanced qymyz in terms of lactic acid and ethanol. However, after a
long storage period, the final product could reach a higher ethanol content as both L. kefiri
and yeast will increase the ethanol content. L. casei is a homofermentative bacteria, so only
yeast will be responsible for an ethanol increase. The results show that it is more optimal
for L. kefiri to be grown with lactose-fermenting yeasts as its growth rate will delay the
growth of lactose nonfermenting yeasts. L. casei can compete with lactose-fermenting yeasts
for lactose, so its growth with lactose non-fermenting yeasts could be optimal. Speaking
of optimal conditions, it has to be noted that industrial production often requires subopti-
mal temperatures to reduce production costs. In which case, optimal balance should be
found between fermentation temperature and fermentation duration to achieve the desired
qymyz quality.

To conclude, by studying the growth and metabolism kinetics of two different LAB
of qymyz, this paper provides insights into qymyz fermentation monitoring. Strategies to
modulate the final qymyz quality rely not only on the choice of lactic acid bacteria, but
also on yeast strains. Modeling both yeast and bacteria will facilitate understanding of the
interaction between these microorganisms. For example, growth according to the model
in a co-culture implies no interaction between microorganisms. In contrast, a decrease
or increase in growth rate or metabolite production indicates inhibition or stimulation
between microorganisms. As a result, this work is the first step in qymyz fermentation
modeling. Additionally, the second phase of L. kefiri growth still requires further study. The
effect of medium coagulation on qymyz quality in the long term is unknown.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/fermentation8080367/s1, Figure S1: B2 (2_antigen) location on
phylogenetic tree; Figure S2: B7 (7_antigen) location on phylogenetic tree; Table S1: B2—16S RNA
sequence and BLAST identification results; and Table S2: B7—16S RNA sequence and BLAST
identification results.
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