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ABSTRACT

Microencapsulation could be employed to coat bacteria with protective compounds to enhance their viability. The
freeze-drying method uses low temperatures, thereby reducing heat damage. Bifidobacterium breve was used as
a probiotic along with Streptococcus thermophilus and Lactobacillus bulgaricus, two common yogurt cultures.
Yogurt, a nutrient-rich milk product, has the potential to be an effective probiotic carrier. This research aimed to
examine how the freeze-drying process with varying ratios of coating materials affects the viability of the bacteria
combination B. breve, S. thermophilus, and L. bulgaricus under acidic and bile salt conditions, as well as the
microencapsulation efficiency and particle size. The treatments tested different ratios of whey protein isolate to
trehalose as a coating (1:1, 1.5:1, 2:1, 2.5:1, 3:1). The 1:1 ratio yielded the best results, with lactic acid bacteria counts
of 6.60 log colony/mL at pH 2.0, 6.84 log colony/mL at pH 3.0, 7.39 log colony/mL at pH 4.0, 7.47 log colony/mL at
pH 5.0, 7.70 log colony/mL at pH 6.0, and 7.05 log colony/mL in a bile salt environment. This ratio demonstrated
107.96% microencapsulation efficiency and a particle size of 9.66 um.
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ABSTRAK

Mikroenkapsulasi dapat digunakan untuk melapisi bakteri dengan senyawa pelindung guna meningkatkan
kelangsungan hidupnya. Metode pengeringan beku menggunakan suhu rendah, sehingga mengurangi kerusakan
akibat panas. Bifidobacterium breve digunakan sebagai probiotik bersama dengan Streptococcus thermophilus
dan Lactobacillus bulgaricus, dua kultur yogurt yang umum. Yogurt, produk susu yang kaya nutrisi, memiliki
potensi sebagai pembawa probiotik yang efektif. Penelitian ini bertujuan untuk mengkaji bagaimana proses
pengeringan beku dengan rasio bahan pelapis yang berbeda memengaruhi kelangsungan hidup kombinasi
bakteri B. breve, S. thermophilus, dan L. bulgaricus dalam kondisi asam dan garam empedu, serta efisiensi
mikroenkapsulasi dan ukuran partikel. Perlakuan menguji berbagai rasio isolat protein whey terhadap trehalosa
sebagai pelapis (1:1, 1,5:1, 2:1, 2,5:1, 3:1). Rasio 1:1 memberikan hasil terbaik, dengan jumlah bakteri asam laktat
sebesar 6,60 log koloni/mL pada pH 2,0, 6,84 log koloni/mL pada pH 3,0, 7,39 log koloni/mL pada pH 4,0, 7,47 log
koloni/mL pada pH 5,0, 7,70 log koloni/mL pada pH 6,0, dan 7,05 log koloni/mL dalam lingkungan garam empedu.
Rasio ini menunjukkan efisiensi mikroenkapsulasi sebesar 107,96% dan ukuran partikel sebesar 9,66 um.Kata kunci:
bakteri, Bifidobacterium breve, mikroenkapsulasi, probiotik asam laktat

Introduction

Bifidobacterium is a bacteria found naturally in the human digestive tract, especially in infants who fed
with breastmilk than formula-fed infants (Men et al., 2020; Tusar et al., 2014). The growth of Bifidobacterium
spp. is promoted by the presence of Human Milk Oligosaccharides (HMO) found in breast milk. B. breve is
one of the bacteria found in breast milk and can utilize this substrate well (Cukrowska et al., 2020).

Lactic acid bacteria (LAB) found in breastmilk, such as Bifidobacterium and Lactobacillus can minimize

the risk of infection in infants, by producing anti-microbial compounds and increasing the intestine
defense system (Tusar et al., 2014). Probiotics generally come from a group of LAB that can survive and
form colonies in the human intestine, which benefits humans (Yaoet al., 2020; Sutandi et al., 2022).
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Yoghurt is a popular fermented milk product high in nutrients and sensory attributes (Santos etal.,
2018). Milk products can be a good probiotic carrier as it forms a protective matrix around the probiotic
and provides nutrients that allows probiotic growth (Koh et al., 2022; Wang et al., 2019).Yoghurt commonly
uses S. thermophilus and L. bulgaricus, but yoghurts with just the two shows minimal probiotic effects. It
is advisable to add another culture such as L. acidophilus (Kamara et al..2016). However, interaction
between starter bacteria may cause a difference in the characteristics of yoghurt resulted (Sutandi et al.,
2022).

Commercial probiotic food products have shown a significant decline in total viable bacteria in
simulated digestive systems rendering it ineffective (Yao et al., 2020). Bile salt can damage the cell
membrane hence detrimental to bacteria (Urdaneta et al., 2017). In addition, the acidic condition in the
stomach may also cause cell death (Sensoy et al., 2021).

Microencapsulation forms a wall around the probiotic cell that protects it from direct contact with food
components and the digestive system, which then minimizes damage in the production and digestion
process so it can reach the intestines (Koh et al., 2022; Yao et al., 2020). Microencapsulation can also prevent
cell death during yoghurt fermentation (Li et al., 2019). Freeze-drying is a microencapsulation method that
uses a low temperature thus minimizing damage caused by heat. Nevertheless, cell viability can still
decline. Therefore, coating materials are needed to increase cell survivability (Jalali et al., 2012). WPI can be
used as a culture media as it contains lactose and soluble protein (Aragén-Rojas et al., 2018). WPI forms a
film that can protect probiotics. However, it is recommended to combine with polysaccharides to prevent
the protein from dissolving. Trehalose is a sugar that can minimize cell rupture caused by ice crystals and
decrease the solubility in WPI to strengthen the structure (Sun et al., 2021).

The experiment conducted involves probiotic microencapsulation through freeze-drying, using
different ratios of WPI and trehalose as treatments (1:1, 1.5:1, 2:1, 2.5:1, 3:1). The objectives of this
experiment were to develop probiotic microcapsules containing Bifidobacterium breve, Streptococcus
thermophilus, and Lactobacillus bulgaricus for use in yogurt production; to assess the impact of different
ratios of these bacterial cultures on the characteristics of the resulting yogurt; and to evaluate the effect of
varying ratios of WPl and trehalose as coating materials on the yogurt produced. Microcapsules produced
are then analyzed based on cell viability in acid and bile salt, microencapsulation efficiency, and particle
size.

Materials and methods

Materials and equipment

Materials used in this research include Bifidobacterium breve ND3A, Lactobacillus bulgaricus
FNCCO0041, Streptococcus thermophilus FNCC 0040, demineralized water, WPI, and trehalose. Meanwhile,
the equipment used were a freeze-dryer, freezer, incubator, laminar air flow, centrifuge, hotplate,
microscope, micropipette, and colony counter.

Research method

Microencapsulation was done based on the method previously reported by Bora et al. (2018) with
modifications. B. breve, S. thermophilus, and L. bulgaricus with a ratio of 1:2:1 is inoculated in MRS broth
and incubated at 37°Cfor 72 hours. The ratio of 1:2:1 was based on experiments by Lang et al.(2022) with
modifications, who used cultures of B. animalis, S. thermophilus, and L. bulgaricus. Besides that according
to Vitheejongjaroen et al. (2021), the use of S. thermophilus with a higher concentration can speed up the
fermentation time in digesting sugar in milk. The mixture was then centrifugated at 6000 rpm for 10
minutes. The supernatant was carefully separated from the pellet. The biomass obtained was then mixed
with coating materials ata 1:10 ratio. Coating materials were pre-mixed beforehand with the ratio between
WPI and trehalose as such, 1:1, 1.5:1,2:1, 2.5:1, and 3:1. Then, each of the mixtures was put in the freezer for
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24 hours before freeze drying for 24 hours. Probiotics encapsulated were then analyzed on the viability in
acid and bile salt, as well as microencapsulation efficiency and particle size.

Bacteria viability in acid and bile salt

The total viable bacteria in acid and bile salt conditions were assessed using the pour plate method with
MRS agar, following the modified protocols of Soesetyaningsih & Azizah (2020) andBurton (2014). MRS
broth was first adjusted with HCl to achieve pH levels of 2.0, 3.0, 4.0, 5.0, and 6.0. Another batch of MRS
broth was supplemented with 0.5% bile salt. For each treatment, 0.5 g of microencapsulated bacteria
samples were incubated in 4.5 mL of the conditioned MRS broth for 30 minutes. Then, 1 mL of each
conditioned sample was serially diluted with saline solution. The number of bacteria in the diluted samples
was then counted using the total plate count method with MRS agar.

Microencapsulation efficiency

Microencapsulation efficiency was determined using a modified version of the methods described by
Jouki et al. (2021) and Li et al. (2019). 1 mL sample of mixed culture intended for microencapsulation was
incubated in MRS broth for 24 hours. Following incubation, T mL of the culture was diluted, and the total
bacteria was measured with the total plate count method.

Microcapsule particle size

Microcapsule particle size was determined using the ‘Olympus Start’ app in reference to the research
previously done by Siregar and Kristanti (2019). Microcapsules of each variation of ratio obtained are
spread even on a microscope glass and then covered with the cover glass. It is then viewed under 1000x
magnification.

Statistical analysis

This research uses ANOVA analysis with a significance level of 5% (p<0.05) calculated to determine
whether the differences caused by varying ratios of coating materials were significant. Significantly
different data from ANOVA analysis were tested with further tests which is Duncan’s Test. Statistical analysis
is done with IBM SPSS Statistics 25. The research was done with 5 different ratios of coating materials, 2
repetitions, and in duplo.

Result and discussion

Viability of bacteria in acid and bile salt conditions

Microcapsules obtained after freeze-drying are analyzed on their ability to withstand the acid
environment. Based on the results (Table 1), different ratios of WPI and trehalose do not affect the total
viable bacteria significantly (p>0.05). However, the microencapsulation process clearly increased the
number of cells obtained compared the control treatment, which was not microencapsulated. In pH 2.0,
the control shows no bacteria growth mean while the microencapsulated bacteria have grown more than
6log colony/mL. Meanwhile, in pH 3.0, the control bacteria grew but not as much as the microencapsulated
counter parts. This result shows similar results to the research done by Li et al. (2019) where encapsulated
B. breve has a total of 9.45 log colony/mL bacteria whereas non-encapsulated B. breve only has a total of
6.17 log colony/mL, both being subjected to acid treatment for 2 hours.

Table 1. Total lactic bacteria viability of mixed culture at different acid pH and different ratios of WPl and trehalose
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Formulation of WPl and pH 2.0 pH 3.0 pH 4.0 pH 5.0 pH 6.0

trehalose (log colony (log colony (log colony (log colony (log colony
(B.b:S.t:L.b) /mL) /mL) /mL) /mL) /mL)
Control 0,00 5,80 5,74 5,36 5,38

1:1:1 6,60+1,00? 6,84+0,42° 7,39+0,00° 7,47+0,05° 7,71+0,02°

2:1:1 6,89+1,06° 7,08+1,182 7,35+0,942 7,63+0,752 7,30+0,922

3:1:1 7,05+0,012 7,34+0,48° 6,84+0,06° 7,13+0,052 6,93+0,012

1:2:1 7,100,052 7,34+0,01° 7,48+0,20° 7,56%0,24° 7,33+0,77°

1:1:2 7,25+0,032 7,53+0,502 7,38+0,49° 7,53+0,232 7,29+0,242

Note: Different superscripts indicate the significant differences between the coating ratios used (Duncan'’s, p < 0.05).

All microencapsulated probiotics demonstrated LAB growth exceeding 6 log colony/mL from pH 2.0 to
pH 6.0, suggesting that microencapsulation effectively protects probiotics inacidic conditions. The pH
value in the stomach can vary for different conditions and individuals. It usually ranges from 1-3. WPl and
trehalose construct a structure that may prevent direct contact between the bacteria and the acid (Wang
etal.,, 2017). WPI may also go through denaturation and gelation in low pH conditions (Wagner et al., 2019).
In low pH conditions, bacteria need more energy to retain the intracellular pH, and if that condition is not
met, the bacteria will die (Rizal et al., 2016). The minimum requirement of total viable cells to give benefits
to the body is 6 to 7 log colony/mL (Salihu et al., 2019).

Microencapsulated probiotics were also tested on their ability to survive against bile salt conditions
(0.5% w/v). Based on the results provided in Table 2, different ratios of coating ratio do not affect the total
viable cells obtained significantly (p>0.05).

Table 2. Bacteria viability of mixed culture at bile salt (pH 2) and different ratios of WPI and trehalose

Formulation of WPI and trehalose Total LABin pH 2
(B.b:S.t:L.b) (log colony/mL)
Control 4.09

1:1:1 7,06+0.70°

2:1:1 7,19+£1.00°

3:1:1 6,81+0.19°

1:2:1 7,54+£0.07°

1:1:2 7,82+0.65°

Note: Different superscripts indicate the significant differences between the coating ratios used (Duncan'’s, p < 0.05).

Aside from protecting bacteria from acid, microencapsulation can also increase the bacteria viability in
bile salt conditions. The microcapsules obtained from all coating ratios showed higher total LAB in pH 2.0
compared to the control treatment. Total viable cells have also exceeded the minimum requirement of 6
log colony/mL.

Microencapsulation can increase the viability of bacteria exposed to bile salt (Li et al, 2019).
Carbohydrates, in this case monosaccharides and oligosaccharides, can prevent cell damage due to bile
salt (Salihu et al., 2019). With its ability to form film and gel, WPI can increase the viability of probiotics
encapsulated. However, due to its high solubility, WPI may dissolve and hinder its potential as a protective
agent. Trehalose and other polysaccharides added can reduce its solubility thus strengthening the
structure (Sun et al., 2021).

Microencapsulation efficiency

Microencapsulation efficiency is calculated by comparing the total bacteria obtained before and after
the microencapsulation process. As shown in Figure 1, the coating ratio used affects the
microencapsulation efficiency significantly (p<0.05).
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Figure 1. Microencapsulation efficiency of mixed culture at different ratios of WPl and trehalose. Different
superscripts indicate the significant differences between the coating ratios used (Duncan'’s, p < 0.05).

Microcapsules produced with WPI and trehalose with a ratio of 1:1 have the highest efficiency among
all treatments. Low temperature used in freeze drying and the addition of coating materials could protect
cells therefore increasing bacteria survivability as well as microencapsulation efficiency. WPI forms a
protective layer to prevent direct contact with digestive liquids. Meanwhile, trehalose minimizes the
damage inflicted by the freezing process and strengthens the structure formed by whey (Salihu et al., 2019,
Sun et al., 2021).

WPI and trehalose can also provide nutrients for the bacteria. S. thermophilus utilizes protein in whey
to produce amino acid and other amines that promotes bacterial growth. Trehalose, as a sugar consisting
of two glucose molecules, can be used by bacteria to produce ATP (Salihu et al.,, 2019).

Particle size

Coating materials ratio variation affects particle size significantly. Analysis results are displayed in Figure
2. Microcapsule particle sizes obtained from this research range from 6,59 to 9,66 um. The standard criteria
for microcapsule sizes is 1-1000 um. Microcapsules were obtained in the research previously done by Wang
et al. (2019) using WPI sizes 8,45 um. The irregular form of microcapsules produced as a result of the gel
layer formed by WPI or the homogenization process was not enough (Bora et al., 2018; Wang et al., 2019).
Additionally, the drying process may have caused an uneven sublimation and consequently resulted in
irregular microcapsules (Sun et al., 202).
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Figure 2. Particle size of mixed culture at different ratios of WPI and trehalose. Different superscripts indicate the
significant differences between the coating ratios used (Duncan'’s, p < 0.05).
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Determination of best treatment

Freeze-drying with WPl and trehalose as a coating can enhance bacterial viability in acidic and bile salt
environments. The best ratio between WPI and trehalose was chosen based on its microcapsule efficiency
and the highest particle size. Whereas, microcapsules with a dressing ratio of 1: 1 had total LAB (6.60+1.00)
log colony/mL at pH 2.0, (6.84+0.42) log colony/mL at pH 3.0, (7.39+£0.00) log colony/mL at pH 4.0,
(7.47+0.05) log colony/mL at pH 5.0,(7.71+0.02) log colony/mL at pH 6.0, and (7.06+0.70) log colony/mL in
bile salts which meet the minimum total LAB to be probiotic. The microcapsule efficiency was
(107.96+0.65)% and the particle size produced was (9.66+0.30)um which was higher than other ratios. The
best ratio between the culture ratio of Bifidobacterium breve, Streptococcus thermophilus, and
Lactobacillus bulgaricus of yoghurt was chosen based on its highest total LAB, highest total titratable acid,
and the lowest pH value. Whereas the yogurt formulation with the ratio1:2:1 has the highest total LAB of
(8.99+0.01) log colony/mL, the highest total titratable acid of (0.82+0.03)%, and the lowest pH value of
4.15+0.01 than other ratio.

Conclusion

Bacteria microencapsulated using WPI and trehalose as coating materials have shown higher viability
in acid and bile salt conditions compared with the control treatment. The ratio of WPI to trehalose
influences both microencapsulation efficiency and particle size. The microcapsules produced with WPl and
trehalose with the ratio of 1:1 resulted in 6.60 log colony/mL at pH 2.0 and 7.06 log colony/mL in saline bile
salt that meets the minimum total LAB to be probiotic. The microencapsulation resulted in 107.96%
efficiency and 9.66um particle size.

Acknowledgement

We would like to thank the Faculty of Science and Technology of Pelita Harapan University and LPPM
UPH (048/LPPM-UPH/1/2023) for funding and facilitating this research.

References

Aragén-Rojas, S., Quintanilla-Carvaja, M.X., & Herndndez-Sanchez, H. (2018). multifunctional role of the
whey culture medium in the spray drying microencapsulation of lactic acid bacteria. Food Technology
& Biotechnology, 56(3), 381-397. https://doi.org/10.17113/ftb.56.03.18.5285

Bora, M.AAF., Li, X., Zhu, Y., & Du, L. (2018). Improved viability of microencapsulated probiotics in a freeze-
dried banana powder during storage and under simulated gastrointestinal tract. Probiotics and
Antimicrobial Proteins, 11(4), 1330-1339. https://doi.org/10.1007/s12602-018-9464

Burton, E., Arief, LI, & Taufik, E. (2014). Formulasi yoghurt probiotik karbonasi dan potensi sifat
fungsionalnya. Jurnal llmu Produksi dan Teknologi Hasil Peternakan, 2(1), 213-218.
https://journal.ipb.ac.id/index.php/ipthp/article/view/15568

Cukrowska, B., Bierfa, J.B., Zakrzewska, M., Klukowski, M., & Maciorkowska, E. (2020) The relationship
between the infant gut microbiota and allergy. The role of bifidobacterium breve and prebiotic
oligosaccharides in the activation of anti-allergic mechanisms in early life. Nutrients, 12(4), 946.
https://doi.org/10.3390/nu12040946

Jalali M., Abedi, D., Varshosaz, J., Najjarzadeh, M., Mirlohi, M., & Tavakoli, N. (2012). Stability evaluation of
freeze-dried Lactobacillus paracasei subsp. tolerance and Lactobcaillus delbrueckii subsp. bulgaricus in
oral capsules. Research in Pharmaceutical Sciences, 7(1), 31-36.
https://pubmed.ncbi.nlm.nih.gov/23181077/

Jouki, M., Khazaei, N., Rezae,i F., & Taghavian-Saeid R. (2021). Production of synbiotic freeze-dried yoghurt
powder using microencapsulation and cryopreservation of L. plantarum in alginate-skim milk
microcapsules. International Dairy Journal, 122, 105133. https://doi.org/10.1016/j.idairyj. 2021.105133


http://jurnal.fp.unila.ac.id/index.php/jthp/index
https://doi.org/10.3390/nu12040946
https://doi.org/10.1016/j.idairyj

JURNAL TEKNOLOGI & INDUSTRI HASIL PERTANIAN VOL 29 NO 1:168-175 (2024) / PARHUSIP ET AL. 174
ISSN (electronic): 2302-4399 http://jurnal.fp.unila.ac.id/index.php/jthp/index

Kamara, D.S., Rachman, S.D., Pasisca, R.W., Djajasoepana, S., Suprijana, O., Idar, I, & Ishmayana, S. (2016).
Pembuatan dan aktivitas antibakteri yogurt hasil fermentasi tiga bakteri (Lactobacillus bulgaricus,
Streptococcus thermophilus, Lactobacilus acidophilus). Al-Kimia, 4(2), 121-131.
https://doi.org/10.24252/al-kimia.v4i2.1680

Koh, W.Y., Lim, X.X,, Tan, T.C., Kobun, R., & Rasti, B. (2022). Encapsulated probiotics: Potential techniques
and coating materials for non-dairy food applications. Applied Sciences, 1, 1-31.
https://doi.org/10.3390/app121910005

Lang, F., Wen, J., Wu, Z., Pan, D., dan Wang, L. 2022. Evaluation of probiotic yoghurt by the mixed culture
with Lactobacillus plantarum A3. Food Science and Human Wellness, 11(2),323-331.
doi:10.1016/j.fshw.2021.11.006

Li, M., Jin, Y., Wang, Y., Meng, L., Zhang, N., Sun, Y., Hao, J, Fu, Q., & Sun, Q. (2019). Preparation of
Bifidobacterium breve encapsulated in low methoxyl pectin beads and its effects on yogurt quality.
Journal of Dairy Science, 102(6), 4832-4843. http://dx.doi.org/10.3168/jds.2018-15597

Men, D.T., Le, P.T., Tuan, TV, Lan, NT.T, & Huyen, N.T.M. (2020). Isolation and identification of
Bifidobacterium spp. from infant intestinal tract. Vietnamese Journal of Food Control, 3(2), 125-132.
https://vjfc.nifc.gov.vn/ajax/research/getfile?filecode=ec631a87-0cb9-459b-bd07-8abf724a 6d6a

Meybodi, N.M., Mortazavian, A.M., Arab, M., & Nematollahi, A. (2020). Probiotic viability in yoghurt: A review
of influential factors. International Dairy Journal, 109, 104793. https://doi.org/10.1016/
j.idairyj.2020.104793

Rizal, S., Erna, M., Nurainy, F., & Tambunan, A.R. (2016). Karakteristik probiotik minuman fermentasi laktat
sari buah nanas dengan variasi jenis bakteri asam laktat. Jurnal Kimia Terapan Indonesia, 18(1), 63-71,
https://doi.org/10.14203/jkti.v18i01.41

Salihu, M.B., Kryeziu, T.K,, Nebija, D., Behzadi,S.S., Viernstein, H., & Mueler, M. (2019). Prebiotics as excipients
for enhancement of stability and functionality of Bifidobacterium longum ssp. infantis with potential
application as symbiotics in food and pharmaceuticals. Pharmazie, 74(6):326-333. doi:
10.1691/ph.2019.9007. PMID: 31138368.

Santos, G., Nunes, T.P,, Silva, M.A.A.P., Rosenthal, A., & Pagani, A,A,C. (2018). Development and acceptance
of freeze-dried yoghurt “Powder Yoghurt”. International Food Research Journal, 25(3), 1159-1165.
http://www.ifrj.upm.edu.my/25_(03)_2018/(38).pdf

Sensoy, I.A.(2021). Eeview on the food digestion in the digestive tract and the used in vitro models. Current
Research in Food Science, 4, 308-319. https://doi.org/10.1016/j.crfs.2021.04.004

Siregar, T.M., & Kristanti, C. (2019). Mikroenkapsulasi senyawa fenolik ekstrak daun kenikir (Cosmos
caudatus K.). Jurnal Aplikasi Teknologi Pangan, 8(1), 31-37. https://doi.org/10.17728/jatp.3304

Soesetyaningsih, E., & Azizah. (2020). Akurasi perhitungan bakteri pada daging sapi menggunakan metode
hitung cawan. Berkala Sainstek, 8(3), 75-79. https://doi.org/10.19184/bst.v8i3.16828

Sun, H., Zhang, M,, Liu, Y., Wang, Y., Chen, Y., Guan, W,, Li, X,, & Wang, Y. (2021). Improved viability of
Lactobacillus plantarum embedded in whey protein concentrate/pullulan/trehalose hydrogel during
freeze-drying. Carbohydrate Polymers, 260, 117843. https://doi.org/10.1016/j.carbpol. 2021.117843

Sutandi, A., Haryanto, & Kusumawati, E. (2022). Viability of Lactobacillus bulgaricus and Streptococcus
thermophilus in encapsulated probiotic candy with freeze-dry method. Scientiae Educatia: Jurnal
Pendidikan Sains, 11(1), 33-40. https://doi.org/10.24235/sc.educatia.v11i1.10159

Tusar, T,, Zerdoner, K., Matijasi¢, B.B., Paveljsek, Benedik, E., Bratani¢, B., Fidler, N., & Rogelj, 1. (2014)
Cultivable bacteria from milk from Slovenian breastfeeding mothers. Food Technology and
Biotechnology, 52(2), 242-247. https://hrcak.srce.hr/file/180893

Urdaneta, V., & Casadesus, J. (2017). Interactions between bacteria and bile salts in the gastrointestinal and
hepatobiliary tracts. Frontiers in Medicine, 4(163), 1-13. https://doi.org/10.3389/fmed.2017.00163


http://jurnal.fp.unila.ac.id/index.php/jthp/index
https://doi.org/10.24252/al-kimia.v4i2.1680
https://doi.org/10.3390/app121910005
https://doi.org/10.1016/%20j.idairyj.2020.104793
https://doi.org/10.1016/%20j.idairyj.2020.104793
https://doi.org/10.14203/jkti.v18i01.41
https://doi.org/10.1016/j.crfs.2021.04.004
https://doi.org/10.1016/j.carbpol.%202021.117843
https://doi.org/10.24235/sc.educatia.v11i1.10159
https://doi.org/10.3389/fmed.2017.00163

JURNAL TEKNOLOGI & INDUSTRI HASIL PERTANIAN VOL 29 NO 1:168-175 (2024) / PARHUSIP ET AL. 175
ISSN (electronic): 2302-4399 http://jurnal.fp.unila.ac.id/index.php/jthp/index

Vitheejongjaroen, P., Kanthawang, P., Loison, F., Jaisin, Y., Pachekrepapol. U., dan Taweechotipatr. 2021.
Antioxidant activity of Bifidobacterium animalis MSMC83 and its application in set-style probiotic
yoghurt. Food Bioscience, 43,1-9. d0i:10.1016/j.fbi0.2021.101259.

Wagner, J,, Biliaderis, C.G., & Moschakis, T. (2019). Whey proteins: Musings on denaturation, aggregate
formation and gelation. Critical Reviews in Food Science and Nutrition, 60(22), 3793-3806
https://doi.org/10.1080/10408398.2019.1708263

Wang, C,, Wang, M., Wang, H., Sun, X.,, Guo, M., & Hou, J. (2019). Effects of polymerized whey protein on
survivability of Lactobacillus acidophilus la-5 during freeze-drying. Food Science & Nutrition, 7, 2708-
2715. https://doi.org/10.1002/fsn3.1130

Wang, L., Vuletic, I, Deng, D., Crielaard, W., Xie, Z., Zhou, K., Zhang, J., Sun, H,, Ren, Q., & Guo, C. (2017).
Bifidobacterium breve as a delivery vector of IL-24 gene therapy for head and neck squamous cell
carcinoma in vivo. Gene Therapy, 24(11), 699-705. https://doi.org/10.1038/ gt.2017.74

Yao, M., Xie, J., Du, H., McClements, D.J., Xiao, H., & Li, L. (2020). Progress of microencapsulation of probiotics:
A review. Comprehensive Reviews in Food Science and Food Safety, 19(2), 1-18.
https://doi.org/10.1111/1541-4337.12532


http://jurnal.fp.unila.ac.id/index.php/jthp/index
https://doi.org/10.1002/fsn3.1130
https://doi.org/10.1038/

