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SUMMARY

The main objective of this study was to analyze the growth kinetics of milk kefir on bean sprouts
(Glycine max) as a germinated substrate for 4 days by the glass jar method followed by extracts.
Ratio 1:3 (soy: water). 3% kefir grains (activated) inoculated with soluble bud extracts. The soluble
extract of bean sprouts has a total sugar content of 5.57% and a fermentable carbohydrate of 3.37 g
/ L (sucrose), which is a source of nutrition and energy reserves; 1.40% of lipids are used for
catabolic grain activity, while protein increases the amount of soluble nitrogen by 6.66%. The pH is
6.67 and the acidity is 0.17%, inversely proportional to lactic acid. The number of microbial
populations of soluble extracts of kefirada sprouts reached the logarithmic stage of development
after 24 hours for lactic acid bacteria and 48 hours for acetic acid bacteria and yeast, consuming
the nutrients of the beverage, influencing its metabolites on the pH of the medium; The period of
decomposition of lactic acid bacteria, acetic acid and yeast is 72 hours, and the medium lacks
nutrients. The symbiotic action of milk kefir using soluble sprouted extracts is mutual, as the
microorganisms it contains grow synergistically and create favorable changes in pH and acidity,
depletion of nutrients and the creation of an appropriate environment. To improve the texture it is
recommended to combine with fruits or vegetables that contain a lot of sugar.
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INTRODUCTION

Currently, people try to consume healthy foods, but their consumption is limited to the use of
animal milk as a substrate for kefir, which affects the intake of lactose intolerant patients
(Palencia, 2001). Milk kefir is responsible for promoting the development of beneficial bacteria in
the body (intestinal microbiota) (Trujillo, 2019), the diversity of microbes and their easy adaptation
to different substrates (Rodriguez-Figueroa et al., 2017), making soluble extracts of soy sprouts of
vegetables. milk kefir is an ideal alternative to include in the diet of this population (Norberto et
al., 2018).

Soybeans (Glycine max) have a high content of lipids (18-22%), protein (38-42%) and carbohydrates
and are called a legume (Instituto Nacional Autéonomo de Investigaciones Agropecuarias, 1996. pp.
2-11). In the inner part of the seed is the germ which represents 2% of the grain and reserve
substrate (Racines, 2011.pp. 44-45). For the germination process, carbohydrates, proteins and
lipids are split to convert them into simple substances such as sugars, amino acids, and energy
formed by a new plant through the phytohormones gibberellins (Pita & Pérez, 1998).

(Pita & Pérez, 1998Prado et al., (2015) mention that the most used vegetable drink as a substrate
for milk kefir is a soluble soy extract due to its content in oligosaccharides (raffinose and
stachyose), BAL and yeasts suitable for the stimulation of microbial growth, amino acids and
peptides (Norberto et al., 2018) According to Murugkar, (2014), a soluble extract of germinated
soybeans induces hydrolysis of macromolecules, thus improving the quality of soybeans.

(Prado et al., 2015) state that kefir granules are a mass of irregular shape and gelatinous texture,
similar to the white-yellow color of cauliflower, composed mainly of acetic acid bacteria, lactic
acid bacteria and yeasts, in which encapsulated exopolysaccharides (kefiran) were found, source of
energy and exchange of growth factors and other metabolites (Montero, 2020), therefore the
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present research work proposes the following objectives for the extraction of soluble soybean
sprouts (Glycine max) at different times (0, 24, 48, 72 and 96 hours) to create populations of lactic
acid, acetic acid and yeast bacteria from the initial inoculum, certain BAL, BAA and yeasts from the
soluble extract of soybean sprouts (Glycine max) and at different times (0, 24, 48, 72 and 96
hours) inoculated with milk kefir granules.

RESEARCH METHODOLOGY

The present experimental study was carried out in the laboratory of bromatology, biological
sciences and food processing of the faculty of livestock sciences, Polytechnic School of Chimborazo,
descriptive statistics were used to measure the central tendency (mean, mode and standard
deviation) and dispersion measures (standard deviation) a significance test was not performed for
the method used. The importance of the method used was not proven; the symbiotic behavior of
milk kefir was analyzed using soybean sprouts (Glycine max) as substrate; 1000 mL of soluble soy
extract was used as an experimental unit, 250 mL samples were used and 4 repetitions were used.
During the experimental measurements, soluble extracts of sprouted soybeans were subjected to
biological and physicochemical analysis of foods: sugar, fat, protein, pH and acidity; For the
determination of lactic acid bacteria, acetic acid bacteria and yeasts, microbial populations were
counted in the initial inoculum of soluble extracts of soy kefirada fermented at different times (0,
24, 48, 72 and 96 h), while for the determination of commensals. Activity microorganisms were
counted at different time points (0, 24, 48, 72 and 96 h) in a scatter plot to summarize.

PREPARATION OF SOYBEAN SPROUTS

Racines (2011) used a process called glass jar germination where the beans were prewashed in 3
liters of 150 ppm water for 1 minute and then soaked for 24 hours. In a dry and cool place,
germination should be carried out in glass jars placed on an inclined support, to which grains are
evenly added, moistened with sprinklers 3-4 times in the dark, until reaching a length of 3 cm.
Leave it exposed to direct sunlight for 2 hours.

ELABORATION OF SOLUBLE EXTRACT OF SPROUTED SOYBEANS

The method used by Flquene and Arenas (2018) was used, which alleges that the germinated grains
were confirmed under the correct conditions, followed by manual peeling of the grain cover, in
addition to blanching for 5 min at 80°C; Mixed in a 1:3 ratio (soy: water at 80°C) and filtered to
remove ocar, the milk liquor was pasteurized at 80°C for 15 minutes, then aseptically packaged and
stored in refrigeration.

ELABORATION OF SOLUBLE EXTRACT GERMINATED FROM SOYBEANS INOCULATED WITH KEFIR.

Sprouted soy milk is conditioned to 25°C, make sure that the kefir granules are pre-activated with
animal milk. To inoculate kefir grains, add 3% soluble sprouted soybean extract to sterilized glass
containers, cover with gauze to create a microaerobic environment, and ferment at 25°C for 96
hours.

RESULTS AND DISCUSSION
ANALYSIS OF BROMATOLOGICAL CHARACTERISTICS
SOLUBLE SPROUTED SOYBEAN EXTRACT

Table 1: Bromatological analysis of soluble extract of sprouted soybeans.

Components Median Fashion Media D.E

Total sugars +
%) 5,64 - 5,57 0,32
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Fermentable +

Sugars (g/L) 3,36 ’ 3,37 0,02

Fat (% 1,4 1,40 *

a (0) ) - ) 0,02
.o ) +

Protein (%)(1) 6,66 6,66 0,23

Made by: Chavez Diaz, Andrea, 2023.
- D. E: Standard deviation

(1) Conversion factor of N2=6.25
Sugars

In the determination of the sugar content of the soluble extract of sprouted soybeans, the total and
fermentable sugars present in the study were analyzed and the reported value was 5.57 0.32% for
total carbohydrates and 3.37 0.02 g / L for reducing sugars. Sucrose showing a difference of 2.20%
is shown in Table 1. (Oyedeji, 2018) says that the decrease in carbohydrates is related to the loss of
grain nutrient stores in the germination process. (Kim W. i in., 1986). p 385) in the work: "The
change of oligosaccharides in the sensory properties of soy milk during germination”; establishes
that the content of fermentable sugars in sucrose is 2.9 g / L in the effect of 3 days of germination.

GREASE

Regarding the fat content of soluble sprouted soybean extract, as shown in Table 1, the average
value obtained was 1.40 + 0.02%, similar to that reported in the study (Jiang et al., 2013.p.2). :
“Improvement of the food quality of soy milk made from sprouted soybeans in the short term™;
Reached fat content value of 1.33%. In addition, in (Bansal, R & Kaur, M., 2015) research paper:
“Improving the quality and sensory evaluation of soy milk produced from sprouted soybeans”, the
fat value of sprouted soy extract is 1.28% and 1.50% of soy extract. . , the difference in this value is
according to (Murugkar, D., 2014, p. 6) is associated with a decrease in lipids during the catabolic
activity of seeds during germination, in addition (Arenas, D., 2022.p.12) comments that it increases
the activity of lipase, which converts fats into fatty acids by hydrolysis. and glycerin.

PROTEIN

Table 1 shows that soluble extracts of sprouted soybeans contain an average of 6.66 + 0.23%
protein. (Murugkar, D., 2014. p. 1) mentions in his research "Effect of soy germination on the
chemical composition and quality of soy milk and tofu” that it has less protein content in values of
4.1% in sprouted soy milk using 2 days of germination. The difference in values was due to the short
germination, which did not allow the correct release of proteins. The ideal time for germination is
3 to 4 days, when the level of soluble nitrogen increases (Alvarez, 2012. p. 31).

ANALYSIS OF PHYSICOCHEMICAL CHARACTERISTICS

Table 2: Physicochemical analysis of soluble extract of sprouted soybeans.

Components Median Fashion Media D.E

+

PH 6,67 - 6,67 0,04

+

Acidity (%) 0,18 018 017

Made by: Chavez Diaz, Andrea, 2023.
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- D. E: Standard deviation

PH

The pH value of soluble sprouted soybean extract was 6.67 + 0.04; a value close to (Jiang et al.,
2013, p. 3) In their study "Short-term improvement of the food quality of soy milk produced from
sprouted soybeans"; according to (Chavarria, M., p. 2010) obtained a value of 6.51. 15) Study
"Determination of the expiration date of soy milk through real-time research”; Soluble extracts of
sprouted soybeans are considered a slightly acidic product similar to animal milk.

Also (Bansal, R & Kaur, M., 2015) in his work: "Improvement of the quality and sensory evaluation of
soy milk produced from germinated soybeans”; in the soluble extracts of germinated soybeans pH
6.85 was obtained and in the soluble extract without germinating pH 7.05, which decreased with
germination. One of the most fundamental enzymes in soybean seed germination is phytase, which
is activated at soaking and is responsible for the sequential hydrolysis of phytic acid (Rodriguez, L.
and Miranda, E., 2018 p.11).

ACIDITY

As shown in Table 2, the acidity of soluble extract of sprouted soybeans presented a lactic acid
percentage of 0.17 + 0.01. The values are similar (Valencia, 2018, p. 145), as in his
study; "Technical evaluation of soft drinks and purification of traditionally fermented and
pasteurized beverages based on purple corn (Zea mays) and quinoa (Chenopodium quinoa) var. INIA
420 black collana”, found 0.18% (expressed in lactic acid)) purple sprouts. The low acidity of the
inoculum can be explained by the high pH values obtained in this study, since there is a direct
correlation between pH and acidity, which can be partially explained (Boyer, 2015 pg 1) Who said
that low-acid foods usually have a pH greater than 4.6 and that vegetables, Beans and meat are
foods low in acidity.

MICROBIAL COUNT FROM THE INITIAL INOCULUM AT DIFFERENT TIMES (0, 24, 48, 72 AND 96).

Recuento de Bacterias Acido
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Graph 1:1 Lactic Acid Bacteria Count at 0, 24, 48, 72 and 96 hours.
Made by: Chavez Diaz, Andrea, 2023.

Figure 1 shows the count of lactic acid bacteria where the inoculum at hour 0 was 3.677X10 3
3.176 log U FC/ml. The values are lower than those reported by Bal et al., (2015) in the research
work "Changes in soy milk during fermentation with kefir cultures: hydrolysis of oligosaccharides
and production of aglycone isoflavones”; showed a figure of 5.81X10" log CFU/ml, this value is
related to the fact that kefir granules have demonstrated the ability to adapt to soluble soybean
extracts due to earlier seeding compared to this study, it is possible that these conditions allow to
improve the initial number of lactic acid bacteria, similar to the number (Norberto et al. al., 2018)
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suggested an initial count of 7.5 X103 log CFU/ml of lactic acid bacteria, this value may be related
to the use of commercial cultures directly added to the soluble soy extract and the duration of
induction took less than 2.5 hours to accommodate the substrate (Bau et al., 2015), further
(Gamba R., et al. 2020) indicated that the initial population of lactic acid bacteria was influenced
by the bacterial composition of the initial grains.

At 24 hours, an exponential logarithmic growth phase was observed in which 6,139X103 +5,131 log
CFU/ml was obtained, contrary to the data presented in their study (Abdolmaleki et al., 2015
p.444); "Evaluation of beverages made with milk, soy milk and whey using Iranian kefir starter
culture”, where 8X10? log UFC/ml showed an increase of 15 to 24 hours when soy carbohydrates
(sucrose and raffinose).They consumed lactic acid bacteria, which directly affects their population
growth.

Microbial growth reached a stationary phase after 48 hours with an average of 5. 405X10° + 3,833
log CFU/ml, which is low compared to the values proposed by (Yugsi, 2022) in the study:
"Evaluation of the physicochemical, microbiological and sensory properties of kefir made with
almond milk (Prunus dulcis) and kefir made with soy milk (Glycine max)" indicates that the value of
lactic acid bacteria will be 7.88x103 log CFU/ml, which is comparable to (Abdolmaleki et al., 2015)
7.80X10 1 log CFU/ml, (Orozco, 2011). They mentioned that a stationary phase begins after 30 h of
fermentation, showing that lactic acid bacteria slowly produce lactic acid and acetic acid when
mixed with yeast compared to lactic acid bacteria in milk. Fermented. After 72 hours it was still on
the plateau and showed a decrease in lactic acid colonies of 5339X10 3 4178 log CFU/mL.
(Fernandez et al., 2017, p. 22) reported similar values in their study: "Evaluation of the content of
isoflavones and total phenols in soy milk fermented with kefir during storage and after a simulated
digestion system in vitro"; which shows an approximate value of 4X10% log CFU/ml and a minimum
plateau at 72 hours of fermentation, which is reasonable; because according to (Suriash et al., 2020
p. 136) showed that extended incubation times of 48 and 72 hours resulted in significant
reductions in microbial populations as the pH of the medium decreased. However, after 96 hours
there was evidence of a decrease in lactic acid bacteria in the original inoculum, as shown in
Figures 1-3. in the figure, with a value of 4.636X10 3 +3398 log CFU/ml; Opposite numbers were
obtained in his study: "Evaluation of isoflavones and total phenolic content in soy milk fermented
with kefir during storage and after the in vitro simulated digestion system”, where | show low
numbers of 3.9X103 log CFU/ml, | obtain an inverse relationship. where, in fact, the longer the
resting period, the lower the bacterial content of lactic acid, competition and new adaptations
between lactic acid bacteria, microorganisms that require abundant nutrients to grow, and
competition for nutrients between microorganisms is a source of lactic acid stress. bacteria
(Norberto, et al., 2018. p. 1).

ACETIC ACID BACTERIA COUNT
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Figure 2. Acetic Bacteria count at 0, 24, 48, 72 and 96 hours.
Made by: Chavez Diaz, Andrea, 2023.

At 0 hours, 3,602X103+2,912 log CFU/mL was obtained, which is lower than that reported by
(Fernandes, et al., 2017. p.22) as it was in their study "Evaluation of the content of isoflavones and
total phenols in soy milk fermented with kefir during storage and after in vitro simulation of the
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digestive system”. Similar values to the study conducted by (Bau, et al., 2015. p.3) in "Changes in
soy milk during fermentation of kefir cultures: oligosaccharide hydrolysis and aglycone isoflavone
production” reported 5.91X10 ' log CFU/ml of acetic acid bacteria due to the use of lyophilized
mixed cultures in these two studies, which ensured the viability of microorganisms. This is due to
the aforementioned initial populations (Gamba, R., et al. 2020) of lactic acid bacteria and acetic
acid bacteria that are influenced by the microbial content of the initial granules.

At 24 hours, the first inoculum shows a logarithmic growth of Acetobacter, as shown in graphs 2-3.
It reports a population average of 6,094X103 +5,603 log CFU/ml. This value is lower than that
reported by (Bad, et al., 2015. 3), who obtained a population of 7.8X101 log CFU/ml for 'soymilk'.
Fermented in kefir and grown from 5 hours. 2020) stated that the low sugar concentration in soy
milk limits yeast growth and affects the proper growth of acetic acid bacteria that require ethanol
produced by yeast.

In graph 2 it can be seen that at 48 hours the acetic acid bacteria presented the highest phase of
exponential logarithmic growth in the fermentation of soy extract dissolved with kefir, with a
microbial count of 6.329X103 +5.081 log CFU / ml, a value similar to that reported by (Fernandes,
et al. al., 2017) where 5.8X103 log CFU / ml was obtained in 48 hours of fermentation. 1)
mentioning that, after 48 hours, yeast is responsible for the production of ethanol, converted into
acetic acid and glycerol by acetic bacteria.

After 72 hours of fermentation, according to graph 1, a decrease in the population of acetic
bacteria is entered into the stationary phase with an average of 5.763X103+4.788 log CFU/ml; this
may be due to a decrease in pH and increased consumption of substrate, which slows down the
process of microbial activity of acetate bacteria; because the optimum pH of growth is between 5
and 6.

At 96 hours it can be seen in graph 2-3 that acetic acid bacteria are in stationary phase, due to a
decrease in the population with an amount of 5,259X103 + 3,780 log CFU / ml, the value is the
same as obtained (Gamba, R., et al., 2020) with count 4.983X101 log CFU / ml at 96 hours in his
study "Chemical characterization, Microbiological and functional kefir produced from cow's milk
and soy milk. 3) The limitation of growth is produced by accumulation of acids and wear of sugars
present in the medium.

YEAST COUNT
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Graph 32: Yeast count at 0, 24, 48, 72 and 96 hours.
Made by: Chavez Diaz, Andrea, 2023.

Results of yeast counts over time are shown in soluble sprouted soybean extracts containing kefir
granules. A value of 5.209X103 +4.719 log CFU/ml was reported at time 0. A similar value was
reported by (Norberto et al., 2018), who showed a microbial count of 5.9X103 log CFU/ml in their
study. Fermentation and growth of kefir microorganisms”, high initial value (Lui, J & Lin, C,.2000:
p. 716).
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At 24 hours, a slight growth of the microorganism was identified as it adapted to the environment,
reaching a value of 5,576X103 + 5,028 log CFU/mL, a value similar to that reported by Gamba et
al., (2020) in the study: "Chemical, microbiological and functional characterization of kefir
obtained from cow's milk and soy"; with an amount of 5,021x101 log cfu/ml. Validated (Je-Ruei &
Chin-Wen, 2008) in the study: "Production of kefir from soy milk with or without added glucose,
lactose or sucrose”; showing a growth of 5.2x103 log cfu/ml. Justified (Grao, 2020), who points out
that after 24 hours there is a high growth of lactic acid bacteria, the pH of the medium descends
due to the formation of lactic acid, which prevents the development of yeast.

After 48 hours, the exponential phase of the yeast begins to develop and reaches a value of 6,250 x
103 £ 5,013 log CFU/ml, similar value was reported by (Fernandes, et al., 2017) in "Evaluation of
the content of isoflavones and total phenols in soy milk fermented with kefir during storage and
after in vitro simulation of the digestive system” presenting a population of 5.7 x 103 log CFU/mlL.
This is explained by mentioning (De la Mano, 2021), which confirms that yeasts benefit from the
acidified medium produced by bacteria, using lactic acid produced by B AL as a carbon source
(Grao, 2020).

Thus, after 72 hours of fermentation, the yeast entered the quiescent phase reporting a value of
5,774X103+4,491 log CFU/ml, a value similar to that reported by (Fernandes, et al., 2017. p.22) in
their study "Evaluation of the content of total isoflavones and phenols in soy milk fermented with
kefir during storage and after in vitro simulation of the digestive system” reported the amount of
5.8X103 log CFU/mL. This will be stated (Laureys & Vuyst, 2016. p.1) that states that the substrate
is abundant at the beginning of fermentation, but after 48 hours the concentration decreases
rapidly. So after 72 hours most carbohydrates are consumed causing the microbial population to
decrease.

At 96 hours a more significant decrease in yeast was observed in the initial inoculum as shown in
graph 3-3 with a value of 5,397X103 + 4,674 log CFU/ml, this value is similar to that presented by
(Gamba et al. , 2020) in his research: "Chemical, microbiological and functional characterization of
kefir made from cow's milk and soy milk", where he showed a weak growth of 4.415X101 log
CFU/ml. According to (Yugsi, 2022. p. 57) the extension of the long incubation period significantly
reduces the amount of yeast in kefir due to a decrease in the pH of the medium because after 72
hours most carbohydrates are consumed.

YEAST COUNT
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Graph 33: Yeast count at 0, 24, 48, 72 and 96 hours.
Made by: Chavez Diaz, Andrea, 2023.

The results of yeast counts over time in the soluble extract of soybeans sprouted with kefir granules
are shown. Where at 0 hours a value of 5209 x 103 + 4719 log CFU/mL was reported; Similar values
are reported by (Norberto et al., 2018) who in their work "Impact of partial and total replacement
of milk by soy extract in aqueous solution on the fermentation and growth parameters of kefir
microorganisms”, the initial high values could be due to the argument of (Lui, J & Lin, C,.2000: p.
716) where he explains that the microflora contained in the kefir grain is transferred to the soy
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milk, depending on the active microorganism before planting, the one after inoculation in soy milk
grows slowly compared to animal milk.

At 24 hours, a slight growth of the microorganism was noted as it adapts to the environment,
reaching a value of 5,576 x 103 + 5,028 log CFU/ml, a value similar to that reported by Gamba et
al., (2020) in the study: "Chemical, microbiological and functional characterization of cow's milk
kefir and soy milk"; with a count of 5,021 x 101 log CFU/ml. Confirmed by (Je-Ruei & Chin-Wen,
2008) in the study: "Production of kefir from soy milk with or without added glucose, lactose or
sucrose”; representing a growth of 5.2 x 103 log CFU/ml. Justified by (Grao, 2020) who mentions
that after 24 hours there is evidence of a strong growth of lactic acid bacteria, the pH of the
medium decreases due to the production of lactic acid, which hinders the development of yeasts.

After 48 hours, the exponential phase of the yeast began to develop and reached values of
6250X103 5013 log CFU/ml, (Fernandes, et al., 2017) reported similar values in the section
"Evaluation of Isoflavone Content”. "and total phenols in stock in soy milk fermented with kefir
during and after in vitro simulation of the digestive system”, with a population of 5.7X103 log
CFU/mLl. This is in agreement with the aforementioned explanation (De la Mano, 2021), which
confirmed that yeast benefits from an acidified medium produced by bacteria that use the lactic
acid produced by BAL as a carbon source (Grao, 2020). Thus, after 72 hours of fermentation, the
yeast entered the stationary phase and reported a value of 5774X103+4491 log CFU/ml,
corresponding to (Fernandes, et al., 2017 p.). 22) In their study "Evaluation of the content of
isoflavones and total phenols in soy milk fermented with kefir during storage and after in vitro
simulation of the digestive system" a figure of 5.8X103 log CFU/ml was reported. This will be
determined (Laureys & Vuyst, 2016 Page 1) Who mentions that at the beginning of fermentation the
substrate is abundant, but after 48 hours the concentration drops rapidly. In this way, most
carbohydrates are consumed after 72 hours, which translates into a decrease in the microbial
population.

After 96 hours, the initial inoculum showed a significant reduction in yeast as shown in Figure 3-3.
in the figure, with values of 5397X103 + 4674 log CFU/ml, and these values correspond to (Gamba
et al. .., 2020) in their study: "Chemical, microbiological and functional properties of kefir
prepared from cow and soy milk" showed a slight increase of 4,415 X101 log CFU/ml. According to
(Yugsi, 2022. Page 57) Long incubation times significantly reduced the yeast population in kefir due
to a drop in the pH of the medium, as most carbohydrates were consumed after 72 hours.

SYMBIOTIC BEHAVIOR OF SOLUBLE SOY EXTRACT SPROUTED WITH MILK KEFIR

Simbiosis de microorganismo en
el extracto soluble germinado
de soya kefirada.
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Gréfico 1: Comportamiento simbidtico del Extracto soluble de soya germinado inoculada con granos de kéfir en
diferentes tiempos.
Realizado por: Chavez Diaz, Andrea, 2023.
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Results obtained after 0 hours of symbiosis showed the number of different microbial populations
with reported numbers of 3677X103 3176 log CFU/ml for lactic acid bacteria, 3602X103 2912 log
CFU/ml for acetic acid bacteria and 3602 yas 9X,4 5 9X/ml. log CFU/ml; The populations of lactic
acid bacteria and acetic acid bacteria were similar, while the yeast growth rate was higher (Figure
4-3), (Lui, J & Lin, C, .2000: p. 716) At this point he showed that he explains that microbes transfer
acids from kefir grains to soy milk based on the microorganisms that were active before planting. In
addition, the soluble extract of germinated soybeans initially inoculated with kefir presented a pH
lower than 6.67, which was optimal for its development. , and according to (Contreras, R., 2014.
page 2) Yeast grows in an environment with a slightly acidic pH level. Likewise, these values differ
from those reported (Bau, et al., 2015, p.3) in the study "Changes in soy milk during fermentation
with kefir culture: hydrolysis of oligosaccharides and production of aglycone isoflavones”. , where 0
hours | reported 7.8X101 log CFU/ml for lactic acid bacteria, 7.4X101 log CFU/ml for acetic acid
bacteria and 6X103 log CFU/ml for yeast because she also used freeze-dried mixed cultures in her
study.

As seen in Figure 4, lactic acid bacteria and acetic acid bacteria showed high growth after 24 hours
with numbers of 6139X103 5131 and 6094X103 5603 log CFU/ml, respectively; while the yeast grew
slowly with a value of 5X120, 57 log CFU/mLl. It is worth mentioning that during this time, lactic
acid bacteria reached the highest point of growth (exponential phase) compared to other strains,
which was related to the rapid consumption of soy carbohydrates (sucrose and raffinose) by lactic
acid bacteria, which directly affects their population. increased and therefore has a high growth
rate as described in (Abdolmaleki et al., 2015). 444). These numbers agree with (Fernades et al.,
2017. page 22) "Evaluation of isoflavones and total phenolic content in soy milk fermented with
kefir and simulation of the digestive system” | reported 8.3X103 log CFU/ml at 24 hours for lactic
acid bacteria and 7.8X103 log CFU/ml for acetic acid bacteria, 5.7 X103 log CFU/ml in yeast,
Reduced pH 4.54. A 48-hour count in this study showed an initial decrease in lactic acid bacteria
and an exponential increase in acetic acid bacteria and yeast with numbers of 5405X103 3833 log
CFU/ml; 6329 5081 log CFU/ml and 6250X103 log CFU/0103 ml. These data differ from those
obtained (Fernades et al., 2017, p.23) "Evaluation of the content of isoflavones and total phenols of
soy milk fermented with kefir and after simulation of the digestive system”. Among them, after 48
hours of fermentation, the value of lactic acid bacteria was 8.5X103 log CFU/ml, the value of
acetic acid bacteria was 5.8X103 log CFU/ml and the value of yeast was 5.7X103 log CFU/mL.
Explained by (Grao, 2020), who commented that during fermentation, lactic acid bacteria will
multiply rapidly, produce lactic acid, lower pH, high lactic acid production can inhibit bacterial
growth, yeast uses lactic acid as a carbon source, reducing its concentration and increasing the pH
value, which creates a suitable environment for the continuous growth of lactic acid bacteria and
acetic acid bacteria.

After 72 hours, both acetic bacteria and yeasts entered the stationary phase and reported values of
5763X103+4788 and 5744X103+4491 log CFU/ml, respectively; while the number of lactic acid
bacteria continued to decrease after 48 hours. from 5339X103 4178 log CFU/ml. This reduction in
the number of microorganisms has been demonstrated (Suriash et al., 2020). p.136) who stated
that prolonged incubation periods of 48 and 72 hours significantly reduced the number of
microorganisms due to the decrease in the pH of the medium in which they were placed. This was
confirmed by (Laureys & Vuyst, 2014), who indicated that the main metabolites produced during
fermentation were ethanol and lactic acid, resulting in low concentrations of glycerol, acetic acid
and mannitol produced after 72 h of fermentation. The pH drops to 3.45, which is a more limiting
factor that reduces the survival and development of bacteria and yeast. After 96 hours of
fermentation, the microbial count showed a more pronounced decrease, reporting values of
4.636X103+3.398 log CFU/ml in lactic acid bacteria, while in acetic acid bacteria and yeasts showed
similar values of 5.259X3.103+3.103 and 5397 X1.03x4, 674 log CFU/ml. According to (Miranda, D.,
2018, p. 32) The lower reduction of LAB may be due to microbial interactions that normally occur
between microorganisms, resulting in competition, symbiosis or symbiosis; LAB inhibition is often
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caused by yeasts, as these microorganisms are usually present in a sequential order (yeasts precede
LAB). Yes, once the sugars have been fermented and almost all available nutrients have been
consumed, the yeast and bacteria begin their cell death. phase after 96 hours, facilitating the
dominance of new microbes in the environmental state.

Table 3. Symbiotic behavior of soluble extract of sprouted soybeans inoculated with kefir grains at
different times (0, 24, 48,72 and 96 hours)

Microbial Growth Time (Hours)

0 24 48 72 96

Median  3,699X10° 6,139X10° 5,406X10° 5,334X10° 4,638X10°

Lactic Acid Bacteria Fashion  3,778X10°

(log CFU/mI) Q. E £3,176  +5131  +£3,833  +4,178  +3,398

Media 3,677X103 6,139X10% 5,405X103 5,339X10% 4,636X10°

Median  3,602X10%® 6,022X10° 6,325X10® 5,784X10° 5,259X103

Acetic acid bacteria Fashion  3,602X10°

(log CFU/ml) Q. E £2,912  £5,603  +5,081 +4788  +3,780

Media 3,602X10° 6,094X10° 6,329X10° 5,763X10° 5,259X10°

Median  5,227X10%® 5,622 X10® 6,250X10%® 5,744X10° 5,410X103

Levaduras (log Fashion

UFC/ml) Q. E +4,719 5,028 5013  +4491 4,674

Media 5,209X10% 5,576X10% 6,250X10% 5,744X103 5,397X103

Made by: Chavez Diaz, Andrea, 2023.

The values obtained in the bromatological analysis using the soluble extract of germinated soybeans
showed a total carbohydrate content of 5.57%, but only 3.37 g / L correspond to fermentable sugars
usable by the microorganisms source of kefir as food and energy, as well as lipids (1.40%) and
proteins (6.66%). As for the physicochemical properties, its pH (6.67) is ideal for use in fermented
beverages, being a non-dairy drink, as well as its low acidity (0.17% lactic acid).

e The initial inoculum count of soluble soybean extract sprouted with kefir granules reached
its exponential logarithmic development phase at 24 hours in lactic acid bacteria (6,139 x
103 log CFU/ml), while in acetic acid bacteria (6,329 x 103 log CFU/ml) and yeast (6,250 x
103 log CFU/mL) after 48 hours; Microbial population decline begins after 72 hours for lactic
acid bacteria (5339 x 103 log CFU/ml), acetic acid bacteria (5763 x 103 log CFU/ml) and
yeast (5744 x 103 log CFU/ml).

e As for symbiotic activity, lactic acid bacteria reach their maximum growth after 24 hours,
lowering the pH of the medium, while yeast growth is stimulated after 48 hours, favoring
the growth of acetic acid bacteria and creating an environment conducive to the
maintenance of lactic acid bacteria. The acid is suitable for bacteria that produce a
dormant state for 48 to 72 hours. Once the sugars have fermented and virtually all
available nutrients have been consumed, after 96 hours the bacteria and yeasts represent a
significant decrease in the population as they begin their stage of cell death, creating a
relationship of reciprocity from which bacteria and yeasts benefit from the growth to their
eventual disappearance.
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RECOMMENDATIONS

Preinoculate kefir grains with sprouted soybean extract to acclimatize the microorganisms
to the substrate. « Allow soybeans to germinate for no more than 5 days to take advantage
of germination. « To increase the microbial population it is necessary to add vegetable
substrates with a higher sugar content, for example: fruits or vegetables with a high
fermentable sugar content, so it is necessary to choose to add some sweeteners that favor
the growth of microbes. .

There is little information on soluble extracts of sprouted legumes, so further research is
recommended on the use of nutrients in sprouted legumes such as soybeans, beans,
chickpeas, beans, etc. for the preparation of probiotic drinks. « Due to the lack of
information on sprouted soy drinks, physicochemical, food and microbiological analyses of
the dry extract are recommended
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