Czech Journal of Food Sciences, 41, 2023 (3): 221-229 Original Paper

https://doi.org/10.17221/243/2022-CJES

Fermentation of pineapple juice with Lactiplantibacillus
plantarum subsp. plantarum Dad-13: Sensory
and microbiological characteristics

FARIZ NURMITA Az1Z!, Tyas Uramr®?, DIAN ANGGRAINI SUROTOY?,
RINIT YANTI', ENDANG SUTRISWATI RAHAYU"?*

!Department of Food Science and Technology, Faculty of Agricultural Technology,
Universitas Gadjah Mada, Yogyakarta, Indonesia

2University Center for Excellence for Research and Application on Integrated Probiotic Industry,
Universitas Gadjah Mada, Yogyakarta, Indonesia

*Corresponding author: endangsrahayu@ugm.ac.id

Citation: Aziz EN., Utami T., Suroto D.A., Yanti R., Rahayu E.S. (2023): Fermentation of pineapple juice with Lactiplantibacil-
lus plantarum subsp. plantarum Dad-13: Sensory and microbiological characteristics. Czech J. Food Sci., 41: 221-229.

Abstract: Among the varieties of pineapples, honey pineapple is suitable to be processed as a probiotic beverage.
The study aimed to evaluate the honey pineapple juice as a growth medium for Lactiplantibacillus plantarum sub-
sp. plantarum Dad-13 probiotic strain. The pineapple juice was fermented by adding a starter culture of L. plantar-
um Dad-13. The fermentation time (0, 4, 8, 12, 16, 20, and 24 h) was used as a variable. The number of L. plantarum
Dad-13 cells increased significantly after fermentation (2 < 0.05). In acidic pineapple juice L. plantarum Dad-13 can still
grow more than 2 log cycles. After 16 h, the results showed the best characteristics with cell count (8.86 log CFU-mL™),
pH (3.52), and titratable acidity (0.59%). To balance the sour taste, the 8% sucrose addition was the most preferred by the
panellists (n = 67), with a 5.74 (slightly like) overall acceptance score. After 42 days, there was no significant decrease
in cell viability. The number of cells on day 42 was 8.81 log CFU-mL™! with significant changes in pH and titratable
acidity. The study showed that honey pineapple juice is a suitable growth medium for L. plantarum Dad-13.
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Today, people's awareness of healthy living is in-
creasing. This is followed by an increase in demand
for functional food products that can bring health
benefits (Shah et al. 2007; Panghal et al. 2018). One

health benefits when consumed in sufficient amounts
(FAO and WHO 2002). Thus, the minimum count
of viable probiotic cells to deliver health advantages
should be 10° CFU-mL™! (Zandi et al. 2016).

Lactiplantibacillus plantarum subps. plantarum
Dad-13, previously known as Lactobacillus plantar-

of the functional foods is the probiotic product. Pro-
biotics are live microorganisms that can help provide
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um Dad-13 (L. plantarum Dad-13), is an indigenous
probiotic strain isolated through spontaneous fer-
mentation of buffalo milk or dadih from West Suma-
tra, Indonesia. L. plantarum Dad-13 has been proven
as a probiotic and has gone through a long research
to identify its health benefits. Several investigations
have been conducted to investigate the probiotic po-
tential of L. plantarum Dad-13, such as gastrointesti-
nal tract resistance and antibacterial activity (Rahayu
et al. 2015). A safety assessment for L. plantarum
Dad-13 was also carried out using Sprague Dawley
rats, which revealed no organ and blood translocation
in the treated rats, indicating that it was judged safe
to be consumed (Rahayu et al. 2019).

The application of probiotic products is limited
to dairy products. Even though there is currently an in-
creasing trend of vegetarianism, avoiding cholesterol,
and there are still animal protein allergies, one of the
non-dairy products that have the potential to become
a fermentation probiotic carrier is fruit juice (Kandylis
et al. 2016; Silva et al. 2020).

Pineapple (Ananas comosus /L./ Merr) is a widely
consumed and cultivated fruit in most tropical and
subtropical countries (Debnath et al. 2021). It is the
world's third most important fruit crop, after ba-
nanas and citruses (Rohbarch et al. 2003). Pineapple
is an excellent source of vitamins B1, B6, and C (Sun
et al. 2016). There are numerous pineapple cultivars
worldwide, but the honey variety is the most favoured
due to its sweet aroma. Honey pineapple is a pineap-
ple variety from Indonesia which is cultivated in sev-
eral areas such as Belik district, Pemalang, Indonesia.
Honey pineapple has benefits due to its sweet taste and
pleasant aroma in contrast to general pineapples. It has
a sweeter taste because honey pineapple contains more
simple sugars such as glucose, fructose, and sucrose
(Sun et al. 2016). In addition, pineapple also has other
supporting compounds such as vitamins, minerals,
antioxidants, and other nutrients that will enrich the
product's nutritive value (Debnath et al. 2021). These
simple sugars and other nutrients are very suitable
as substrates for the growth of lactic acid bacteria dur-
ing fermentation.

In addition, the
as a starter culture for fruit juice fermentation has
a positive result (Nguyen et al. 2019). Various studies
have also investigated the suitability of Lactobacillus
spp. in different tropical fruit juices, such as lemon
(Hashemi et al. 2017), cashew (Pereira et al. 2011), and
guava (Andrade et al. 2019). In addition, there have
been studies that show L. plantarum Dad-13 can grow

inoculation of Lactobacillus
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well on a non-dairy medium such as sesame milk (Ul-
yatu et al. 2015a).

Various studies have evaluated the effect of adding
probiotic starter cultures to pineapple juice fermenta-
tion (Nguyen et al. 2019; Palachum et al. 2021). Howev-
er, there has been no research on fermenting pineapple
juice with a local starter Dad-13 from Indonesia and the
ability of this strain to grow and survive in the natural
environment of acidic pineapple juice. Thus, in order
to reduce dependence on imported starters and re-
duce the use of non-natural ingredients, L. plantarum
Dad-13 was used as a local starter and this study used
natural pineapple juice and did not adjust the pH with
chemical compounds. Therefore, a study of pineap-
ple juice fermentation with L. plantarum Dad-13 was
conducted to evaluate the cell growth during fermen-
tation and to determine its ability as a probiotic fer-
mented beverage.

MATERIAL AND METHODS

The selected pineapple, the honey variety (Pemalang,
Indonesia), mineral water brand Aqua (P.T. Tirta Inves-
tama, Klaten, Indonesia), and sucrose (P.T. Sugar Group
Company, Lampung, Indonesia) were purchased from
the local market, Yogyakarta, Indonesia. The starter
powder of L. plantarum Dad-13 was provided by the
Food and Nutrition Culture Collection (FNCC), Cent-
er for Food and Nutrition Studies, Universitas Gadjah
Mada, Yogyakarta, Indonesia. De Man, Rogosa and
Sharpe agar, calcium carbonate (CaCO,) (Merck, Ger-
many), and bacteriological agar (Oxoid, USA) were
used for microbial analyses.

Pineapple juice preparation. The pineapple was
peeled, and the pulp was cut into small pieces and
blended for 5 min, using an HR2115 Philips elec-
tric blender (China), mixed with mineral water in an
equal proportion of 1:1. The pineapple juice was fil-
tered using a cotton filter cloth to obtain fine pineapple
juice. The pineapple juice was pasteurised at 85 °C for
15min and cooled until the ambient temperature
was 30-33 °C.

Fermentation of pineapple juice using L. plantar-
um Dad-13 starter powder. Pineapple juice (100 mL)
was inoculated with (0.1% w/v) probiotic powder
of L. plantarum Dad-13 (2.10'° CFU.g™') or addi-
tion of the starter up to 6.6 log CFU-mL™ at the ini-
tial stage. The fermentation process was carried out
in sterile bottles for 24 h at 37 °C. Viable counts, pH,
and total acidity were determined every 4 h during
24 h fermentation.
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Enumeration of bacterial population. The number
of viable lactic acid bacteria cells was calculated using
the pour plate method. One millilitre of a sample was
diluted with nine millilitres of 0.85% NaCl solution.
Then, a 107! dilution was achieved. The sample was
serially diluted until the desired dilution (10~ to 107%)
was obtained. One mL of the sample was taken from
the required dilution and placed in a sterile petri
dish, and then 15 mL of sterile MRS (de Man, Rogo-
sa, Sharpe) agar was poured. MRS medium contained
0.8% CaCO; and 1.5% agar. After incubation for 48 h
at 37 °C, single colonies were counted.

pH measurements. Before taking measurements, the
Apera ZenTest pH60S-Z pH meter (Ohio, USA) must
be calibrated with a buffer solution pH (4.0 and 7.0).

Titratable acidity. The sample was titrated with
0.1 N NaOH solution (Merck, Germany). A phenol-
phthalein (PP) indicator was used to identify the end-
point of the titration (Equation 1).

Titratable acidity (%) =
1)

volume NaOH (mL)x N NaOH x MW lactic acid
_ x100%

volume sample (mL) x1000

where: MW — molecular weight.

Sensory evaluation. Sensory evaluation of probi-
otic fermented pineapple juice was carried out using
a sensory test on colour, aroma, taste, Viscosity, after-
taste, and overall acceptance. The test was performed
by 67 untrained panellists. The addition of sucrose
aims at a sweet taste. The formulation was carried out

9.0 7
8.5 1
8.0 1
7.5 4
7.0 A

6.5 1

Viable cells (log CFU-mL™)

by adding 0, 4, and 8% sucrose into pineapple juice
before fermentation. Fermentation was carried out
at 37 °C for 16 h (the best fermentation time). Samples
of the fermented beverages were refrigerated (4 °C) im-
mediately after preparation and evaluated by the pan-
ellists within 48 h. The panellists received the beverage
samples (+ 25 mL) in plastic cups at 4 °C with 3-digit
identifying codes in random order. In between sam-
ples, they rinsed their mouths with water.

Sugar analysis. Sugar contents were determined
using the HPLC method described by Matsuy-
ama et al. (1992).

Storage of probiotic fermented pineapple juice.
These parameters were used to make probiotic fer-
mented pineapple juice: initial pH of 4.10; initially
viable cells of 6.62log CFU-mL™! of L. plantarum
Dad-13 with additional sucrose 8% (the best sen-
sory test results) and fermentation at 37 °C for 16 h
(the best fermentation time result). After fermentation,
cold storage was carried out at 4 °C; cell viability, pH,
and titratable acidity were measured at 7-day intervals
for 42 days.

Statistical analysis. Rstudio statistics software (Ver-
sion 2021.09.0 Build 351 Ghost Orchid) was used for
assessing the experimental data. Results are presented
as mean values + standard deviation. Data were ana-
lysed by one-way ANOVA and Duncan's test with
a significance level of P < 0.05.

RESULTS AND DISCUSSION

Pineapple juice fermentation. Figure 1 shows the
growth curve of lactic acid bacteria. During the fer-
mentation process, there was an increase in total lactic

a ab be
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Fermentation time (h)

Figure 1. Viable cells during pineapple juice fermentation by L. plantarum Dad-13

a—e — significant differences (P < 0.05)
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acid bacteria with 6.62 log CFU-mL! at 0 h of fermen-
tation to 8.69 log CFU-mL™! at 24 h of fermentation.
Until 24 h fermentation, the total increase in lactic acid
bacteria during the fermentation process was 31.27%.
However, the highest increase in total lactic acid bacte-
ria was at 16 h of fermentation.

At the beginning of fermentation, there is a lag
phase for up to 4 h. In this condition, the cells adapted
to the pineapple juice environment, and the growth
was only 0.02log CFU-mL~%. Then, the population
increased drastically, or exponential phase, between
the 4h to the maximum amount of growth at the
16 h of fermentation (8.86 log CFU-mL™) or an in-
crease of 2.24 log CFU-mL™" (33.8%).

In this study, it was shown that under conditions
of acidic pineapple juice (pH 4.11), the probiotic
L. plantarum Dad-13 could still grow for more than
2 log cycles. During 4—12 h fermentation, exponential
conditions indicate that the cells have adapted to envi-
ronmental conditions and grow by consuming simple
sugars. The exponential phase is characterised by a pe-
riod of exponential growth - the most rapid growth
possible under the conditions present in the batch
system. During exponential growth, the rate of an in-
crease of cells in the culture is proportional to the num-
ber of cells present at any particular time. In general,
glucose (53.1 g:.™Y), fructose (52.5 g-L™!), and sucrose
(43.5 g'L7!) are the major sugars in pineapples (Sun
et al. 2016; Palachum et al. 2021). Sugar metabolism
provides energy for cell growth and metabolic activ-
ity (Ulyatu et al. 2015a). This study presents that honey
pineapple juice can be used as a suitable growth me-
dium for L. plantarum Dad-13 without additional car-

https://doi.org/10.17221/243/2022-CJES

bon sources, nutrients, and pH setting. This study is in
line with Fitrotin et al. (2015) about fermented sesame
milk using L. plantarum Dad-13. The study revealed
that the L. plantarum Dad-13 could grow well on non-
dairy media. The results are in line with other stud-
ies (Nguyen et al. 2019; Palachum et al. 2021), which
confirmed that pineapple juice is a suitable growth me-
dium for probiotics. The selection of the best fermen-
tation time was based on the highest number of lactic
acid viable cells, which is 16 h of fermentation.

The concentration of glucose and fructose in the
fermentation of pineapple juice with L. plantarum
Dad-13 is shown in Figure 2. There was a decrease
in fructose and glucose because probiotics consumed
them for growth and metabolism activity. Consumption
of glucose > fructose for L. plantarum Dad-13 in the
pineapple juice medium was observed.

These results explain that glucose in pineapple
juice is sufficient for cell growth and lactid acid bac-
teria (LAB) metabolic activity. Glucose is metabolised
by L. plantarum Dad-13 utilising glucose in pineapple
juice brought first by the phosphotransferase system
(PTS) into cells and then oxidised into energy for cell
growth or metabolic activity. The concentration of su-
crose was not measured because we referred to Ulya-
tu et al. (2015b), who explained that sucrose did not
have a significant effect on the growth of L. plantarum
Dad-13 cells.

Besides the carbon source, naturally, LAB needs
nitrogen and other nutrients for growth and metab-
olism activity which are already present in pineap-
ples. Leucine, valine, cysteine, or methionine are all
necessary amino acids for L. plantarum (Teusink and
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=
=
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Fermentation time (h)

Figure 2. Concentration of glucose and fructose in pineapple juice before and after fermentation
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Figure 3. pH and % titratable acidity during pineapple juice fermentation by L. plantarum Dad-13

a—g — significant differences (P < 0.05)

Molenaar 2017). Furthermore, LAB requires vita-
min B like thiamine and niacin (Sun et al. 2016; Pala-
chum et al. 2021). Additionally, pineapple contains
several minerals, including Fe, Zn, and Mn (Deb-
nath et al. 2021), which LAB need for the enzy-
matic processes (Endo and Dicks 2014). As a result,
LAB might grow well.

The LAB used the nutrients in the pineapple juice
for growth and their metabolic processes to pro-
duce acids. Figure 3 shows acid production during
fermentation with pH and titratable acidity. The ini-
tial pH was 4.11 and 0.26% for titratable acidity.
The pH decreased, and titratable acidity significantly
increased, illustrating how the acid was produced dur-
ing fermentation. At 16, 20, and 24 h of incubation,
the pH decreased to 3.52, 3.41, and 3.38, respectively,
while the titratable acidity increased to 0.59, 0.63, and
0.72%, respectively.

The results are in line with Wardani et al. (2017),
who explained that there was a significant decrease
in pH and an increase in titratable acidity in milk fer-
mented by L. plantarum Dad-13. Hashemi et al. (2017)
and Ulyatu et al. (2015a) also explained that lactic acid
bacteria consume glucose and fructose during fermen-
tation and convert them to acids, especially lactic acid
through a homofermentative pathway.

After 16 h, the fermentation enters the stationary
phase, caused by the cell environment not being ideal
for growth. At 20 h of fermentation, the pH was in the
range of 3.36, and there was a decrease in the num-
ber of cells by 0.07 log CFU-mL™" from the peak of 16 h
of fermentation. This indicates that the longer the

fermentation time, the more acidic the environmen-
tal condition is, so the cell resistance and population
decrease. This is proved by the 24h fermentation; the
number of cells decreases to 0.17 log CFU-mL™" com-
pared to the 16h fermentation. At 24h of fermenta-
tion, the sample pH was 3.38. This result is in line with
Charalampopoulos et al. (2002) regarding the growth
of L. plantarum which will stop when its pH reach-
es 3.40. Lactobacillus plantarum can maintain proton
(H+) and the difference in concentrations inside and
outside the cell despite large amounts of lactate
and proton. This indicates that pH < 3.40 inhibited the
growth of L. plantarum Dad-13 in pineapple juice.

Sensory test. Sixty-seven panellists scored the sen-
sory test of the three beverages, as presented in Fig-
ure 4. The beverages were no added sucrose 0% (429),
sucrose 4% (735), and sucrose 8% (276). The attributes
tested were colour, aroma, viscosity, taste, aftertaste,
and overall acceptance. All fermented products had
a yellow, turbid appearance. They all had a slightly
sweet odour and a sour, sweet taste. There was a sig-
nificant difference (P < 0.05) in taste and overall accept-
ance compared to all attributes. These data indicate
that the preference for probiotic pineapple juice bever-
ages comes from the taste attribute.

The panellists evaluated sucrose addition with
higher scores than non-sucrose addition. Add-
ing 8% (w/v) sucrose was the most preferred, with
an overall acceptance of 5.74 + 0.89? (slightly like).
Moreover, if we compare with the overall acceptance
of 0% and 4% sucrose, it is 4.2 + 1.44¢ (neutral) and
5.17 + 1.27" (slightly like).
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Figure 4. Sensory test of probiotic pineapple juice (n = 67)
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Aroma
— 735
e 276
429
Viscosity

No added sucrose 0% (429), sucrose 4% (735), sucrose 8% (276), after 16 h of fermentation, 37 °C. Data are mean
values + standard deviation (SD). Each score was generated by 67 individuals using a 7-point sensory scale ranging from

1 — dislike very much, to 7 — like very much

Figure 5 shows the sensory profile of the tested bev-
erages: From Figure 5, adding 8% sucrose (sample 276)
leads to a decrease in the sour taste and an increase
in the sweet taste. This is why the panellists in this
study chose or preferred the sample with the addition
of 8% sucrose. These results are in line with Andradea
et al. (2019), who suggested that sweeter products with
less sour taste are preferred.

Storage of probiotic pineapple juice. Fig-
ure 6 shows that there was still the metabolic activ-
ity of LAB during storage, with a significant decrease

Colour
6

Aftertaste 5
4,

//

2
Sour taste 1

0

Sweet taste

Pineapple taste

Figure 5. Probiotic pineapple juice sensory profile

(P < 0.05) in pH and an increase in titratable acidity.
On day 42, the pH of the probiotic pineapple decreased
significantly from 3.52 + 0.02% on day O to 3.21 + 0.018.
And the titratable acidity increased significantly from
0.58% + 0.01° on day O to 0.93% + 0.01° on day 42.
The results are in line with those of Espinoza and
Navarro (2010) and Palachum et al. (2021), who also
showed that there was a decrease in pH and produc-
tion of lactic acid, making the medium more acidic,
and they are responsible for the viability losses at the
end of the storage period. Meanwhile, research (Ding

Pineapple aroma

Sweet aroma 735
e 076,

429

/ Sour aroma

Viscosity

No added sucrose 0% (429), sucrose 4% (735), sucrose 8% (276), after 16 h fermentation, 37 °C. Data are mean values + stan-

dard deviation (SD) (n = 67)
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Figure 6. pH and titratable acidity (%) during storage at 4 °C, 42 days

a—g — significant differences (P < 0.05)

and Shah 2008) revealed that dead cells would release
enzymes to hydrolyse sugar, thus decreasing the pH.
This indicates that the longer the storage time, the
more increased the acidity level.

Figure 7 shows the viable cells during storage. After
42 days, the probiotic pineapple juice was kept in stor-
age. There was no significant decrease in the num-
ber of cells from 8.85 + 0.06° log CFU-mL™" at the
initial time of storage to 8.81 + 0.04* log CFU-mL™!
on day 42.

However, the viable cell counts were higher than
8 log CFU-mL™!, which can be a good source for fer-
mented goods containing probiotics. Our research
explains that L. plantarum Dad-13 can survive in the
acidic environment of pineapple juice. In addition,
L. plantarum Dad-13 can maintain a minimum cell
count > 10° CFU-mL™! (Zandi et al. 2016) when con-
sumed on the 42" day to provide health benefits.
Sensory testing during the storage of pineapple juice
fermented products with the addition of 8% sucrose

10 1~
9 a b b a a a a
¢ — e e —— ———
-~ 84
0
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=
R
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= 37
=
> 2 1
1_
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Storage time (days)

Figure 7. Viable cells during storage at 4 °C, 42 days

a, b — significant differences (P < 0.05), but the number of cells remained in the same log until the 42" day of observation
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was carried out by the researchers themselves, showing
an increase in sour taste with increasing storage time
but still suitable for consumption in sensory terms un-
til the 42" day [see Electronic Supplementary Material
(ESM), Table S1]. Our research proves that fermented
honey pineapple juice is a suitable carrier for L. plan-
tarum Dad-13, so it has the potential as an alternative
functional food product.

CONCLUSION

This study shows the use of pineapple juice as a po-
tential probiotic substrate because L. plantarum
Dad-13 cells can grow up to 8.86 log CFU-mL™" af-
ter 16 h of fermentation in environmental conditions
of acidic pineapple juice. In the sensory test, adding 8%
sucrose was the most preferred, with an overall accept-
ance of 5.74 (slightly like). The sensory attribute that
plays a significant role was the taste attribute. Adding
8% sucrose can reduce the sour taste and improve the
sweet taste. Subsequently, the probiotic juice was stable
for up to 42 days of refrigerated storage period without
significant loss of viability (8.81 log CFU-mL™), even
though there were a decrease in pH and an increase
in titratable acidity. Therefore, pineapple juice ferment-
ed with L. plantarum Dad-13 is proven as a suitable
carrier for probiotic products. Further studies are nec-
essary also to investigate sucrose concentration, sen-
sorial analysis after storage, and changes in the aroma
compounds of fermented honey pineapple.

REFERENCES

Andrade R,, Santos E., Azoubel P, Ribeiro E. (2019): Increased
survival of Lactobacillus rhamnosus ATCC 7469 in guava
juices with simulated gastrointestinal conditions during
refrigerated storage. Food Bioscience, 32: 100470.

Charalampopoulos D., Pandiella S.S., Webb C. (2002):
Growth studies of potentially probiotic lactic acid bacteria
in cereal-based substrates. Journal of Applied Microbiol-
ogy, 92: 851-859.

Debnath B., Singh W.S., Manna K. (2021): A phytopharmaco-
logical review on Ananas comosus. Advances in Traditional
Medicine, 23: 1-8.

Ding W.K., Shah N.P. (2008): Survival of free and microen-
capsulated probiotic bacteria in orange and apple juices.
International Food Research Journal, 15: 219-232.

Endo A, Dicks LMT. (2014): Physiology of the LAB.
In: Holzapfer W.H., Wood B.].B. (eds.): Lactic Acid Bac-
teria: Biodiversity and Taxonomy. New York, John Wiley
and Sons: 13-20.

228

https://doi.org/10.17221/243/2022-CJES

Food and Agriculture Organization/World Health Organi-
zation. (2002): Guidelines for the Evaluation of Probiotics
in Food. Joint FAO/WHO Working Group Report on Draft-
ing Guidelines for the Evaluation of Probiotics in Food.
Available at https://www.fao.org/3/a0512e/a0512e.pdf
(accessed Sept 17, 2022).

Hashemi S.M.B., Mousavi Khaneghah A., Barba F.J., Ne-
mati Z., Sohrabi Shokofti S., Alizadeh F. (2017): Fermented
sweet lemon juice (Citrus limetta) using Lactobacillus
plantarum LS5: Chemical composition, antioxidant and
antibacterial activities. Journal of Functional Foods,
38:409-414.

Kandylis P., Pissaridi K., Bekatorou A., Kanellaki M., Kouti-
nas A.A. (2016): Dairy and non-dairy probiotic beverages.
Current Opinion in Food Science, 7: 58—63.

Matsuyama J., Hirata H., Yamagishi T., Hayashi K. Hirano Y.,
Kuwata K., Kiyosawa I., Nagasawa T. (1992): Fermenta-
tion profiles and utilization of sugars of Bifidobacteria
in soymilk. Journal of the Japanese Society for Food Science
and Technology, 39: 87-893.

Nguyen B.T., Bujna E., Fekete N., Tran A.T.M., Rezessy-
Szabo J.M., Prasad R. (2019): Probiotic beverage from
pineapple juice fermented with Lactobacillus and Bifido-
bacterium strains. Frontiers in Nutrition, 6: 54.

Panghal A., Janghu S., Virkar K., Gat Y., Kumar V., Chhikara N.
(2018): Potential non-dairy probiotic products — A healthy
approach. Food Bioscience, 21: 80-89.

Pereira A.L.F., Maciel T.C., Rodrigues S. (2011). Probiotic
beverage from cashew apple juice fermented with Lacto-
bacillus casei. Food Research International, 44: 1276-1283.

Rahayu E.S., Yogeswara A., Mariyatun Windiarti L., Utami T.,
Watanabe K. (2015): Molecular characteristics of indig-
enous probiotic strains from Indonesia: International
Journal of Probiotics and Prebiotics, 10: 109-116.

Rahayu E.S., Rusdan I.H., Athennia A., Kamil R.Z., Prame-
si P.C., Marsono Y., Utami T., Widada J. (2019). Safety
assessment of indigenous probiotic strain Lactobacillus
plantarum Dad-13 isolated from dadih using Sprague
Dawley rats as a model. American Journal of Pharmacology
and Toxicology, 14: 38—47.

Silva A.R.A., Silva M.M.N,, Ribeiro B.D. (2020): Health issues
and technological aspects of plant-based alternative milk.
Food Research International, 131: 108972

Sun G.-M., Zhang X.-M., Soler A., Marie-Alphonsine P.A.
(2016): Nutritional composition of pineapple (Ananas
comosus (L.) Merr.): In: Simmonds M.S.]., Preedy V.R.
(eds.): Nutritional Composition of Fruit Cultivars. London,
Academic Press: 609-637.

Teusink B., Molenaar D. (2017): Systems biology of lactic acid
bacteria: For food and thought. Current Opinion in Sys-
tems Biology, 6: 7-13.


https://www.agriculturejournals.cz/web/cjfs
https://cjfs.agriculturejournals.cz/esm/243/2022-CJFS/1.pdf
https://cjfs.agriculturejournals.cz/esm/243/2022-CJFS/1.pdf

Czech Journal of Food Sciences, 41, 2023 (3): 221-229

Original Paper

https://doi.org/10.17221/243/2022-CJES

Ulyatu F,, Utami T., Hastuti P., Santoso U. (2015a): The chang-
es of sesaminol triglucoside and antioxidant properties
during fermentation of sesame milk by Lactobacillus
plantarum Dad 13. International Food Research Journal,
22:1945-1952.

Ulyatu F, Utami T., Hastuti P., Santoso U. (2015b): Antioxi-
dant Properties of Fermented Sesame Milk Using Lacto-
bacillus plantarum Dad 13. International Research Journal

of Biologica Sciences,4: 56—61.

Wardani S.K., Cahyanto M.N., Rahayu E.S., Utami T. (2017):
The effect of inoculum size and incubation temperature
on cell growth, acid production and curd formation dur-
ing milk fermentation by Lactobacillus plantarum Dad 13.
International Food Research Journal, 24: 921-926.

Zandi M.M., Hashemiravan M., Berenjy S. (2016): Production
of probiotic fermented mixture of carrot, beet and apple

juices. Journal of Pharmacological Sciences, 7: 2008—-4978.

Received: December 23, 2022
Accepted: June 20, 2023
Published online: June 29, 2023

229


https://www.agriculturejournals.cz/web/cjfs
https://www.agriculturejournals.cz/web/cjfs

