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Abstract. The effect of kefir supplementation on the characteristic of mozzarella cheese was
investigated. Kefir is a fermented milk product that contains lactic acid bacteria, acetic bacteria,
and yeast. The quality of mozzarella cheese has strongly influenced the level of kefir. The
characteristics of mozzarella cheese with the addition of kefir were studied by measuring pH
value, moisture content, protein content, fat content, total viable count, and total lactic acid
bacterial count. The experimental design was a completely randomized design with four
treatments and five replications. The treatments were performed by kefir supplementation levels,
i.e., 0%, 4%, 8%, and 12%. The higher level of kefir supplementation influenced the
microbiological and chemical characteristics of mozzarella cheese. The optimal characteristics
of mozzarella cheese were 12% kefir with a pH of 4.8+0.13, a fat of 11.97+0.12%, protein of
23.05+0.22%, moisture of 47.61+0.72%. The mesophilic viable count was 4.7+0.2 log CFU/qg,
and the lactic acid bacteria was 9.02+0.2 log CFU/g. It is concluded that the best mozzarella
cheese by the supplementation of 12% kefir is based on microbiological and chemical
characteristics.

1. Introduction

Cheese producing are consists of filtration of whey and curd and handling into a solid form. Some
nutrient was cheese former such as protein, fat, salt, moisture, and other milk components. Mozzarella
is a kind of unripened cheese, with white and soft cheese whose dilution properties are suitable for
adding several products [1]. The expansion of fast-food chains affected the demand for mozzarella
cheese as a popular food around the world. In Indonesia, the manufacture of cheese source from cow,
goat, and buffalo milk. Especially for cow milk in Indonesia still for small scale industries. Therefore,
it is necessary to improve the quality of local cheese by optimizing the process of cheese constituents
material. In many countries, the source of the best raw material for producing mozzarella cheese in many
variations of food is buffalo milk. Nowadays, however, the excellent quality of milk and another
additional component must be developed to having diversification of mozzarella cheese. The insurance
quality and preparation of mozzarella cheese is very fundamental to the industries and dairy farmers.
According to [2], several species of lactic acid bacteria (LAB) were derived from other raw milk (cow,
goat, and buffalo milk) that have very possibilities for development to become probiotics.

Several yeasts and lactic acid bacteria have been recognized source of kefir and kefir grains,
including Kluyveromyces lactis, Pichia fermentans, Kluyveromyces marxianus, Lactobacillus Kefir,
Leuconostoc mesenteroides, Lactobacillus brevis, and Lactobacillus helveticus. The microbial that
represent the kefir grains have an excellent activity to produce organic acid consist of acetic acid, lactic
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acid, and succinic acid. The growth of pathogenic microorganisms and spoilage in kefir can be inhibited
by metabolites component of lactic acid bacteria and yeast such as bacteriocins and some antibiotics. In
connection with the kefir mineral value, calcium and magnesium are some minerals can finding in kefir
[3]. The history from the Caucasus mountains shown of kefir is a kind of fermented dairy
product. In Central Asia, kefir has been consumed for thousands of years [4]. Kefir grains look like
cauliflower, irregularly, small size, containing a mixture of more than 300 species of both lactic acid
bacteria and acetic acid bacteria (such as leuconostocs, lactobacilli, acetobacter, and lactococci) and
yeasts who are fermenting and non-fermenting lactose in fermented milk product. Previous research on
kefir has reported anti-tumor, immunological, and antimicrobial effects [5].

According to [6], the kefir has a chemical composition ranging from 0.7-1.1% for ash, 2.9-6.4% for
crude protein, 10.6% to 14.9% for total solids, and 3.8-4.7% for carbohydrate. In another study, [7]
reported that kefir grains have 4.5% protein, 86.3% moisture, 1.2% ash, and 0.03% fat. [8] found that
Brazilian kefir contained 9.62% dry matter, 2.34% fat, and 3.91% protein after 24 h of fermentation.
This study, therefore, aimed to be conducted on supplementation of different levels of kefir on
mozzarella cheese. The objectives of the research help the farmers or industries to prepare mozzarella
cheese using different levels of kefir.

2. Materials and methods

Cow milk (20 L) is derived from Lassy Dairy Farm, West Sumatera, Indonesia. Rennet enzyme 0.25%,
citric acid 2 g/1000 ml cow milk, salt 2%. The design of this research used was a Completely
Randomized Design 4 treatments (Supplementation kefir 0, 4, 8, and 12% kefir) with five replications.
Data were analyzed by One Way ANOVA [9].

2.1. Kefir preparation

The technique of directly adding kefir grains in kefir manufacturing. Before inoculated 10% kefir grain,
the raw milk must be pasteurized at 65°C for 30 min and cooled to 20-25°C. After fermentation 24 hours
at 20-250C, the grains are parted from the milk by filtration. Kefir as a filtrate kept at a cold temperature
[10], for being used in mozzarella preparation.

2.2. Mozzarella manufacture and sampling

The manufacturing of mozzarella cheese consists of five replication and four different levels of kefir.
Mozzarella cheese was produced using cow’s milk. The filtered milk was heated to 65°C for 30 min and
cooled to 20-250C and inoculated with (0, 4, 8, and 12%) kefir and (0.25%) of rennet enzyme and added
with 0,002% of citric acid. The combination was let for 30-60 minutes until the curd parted from the
whey. After about 20 minutes, the curd was congregating, then cut with a small size. Then, the hot water
at 85°C was added to the curd in a glass bowl, make the uniform paste by mixing the curd. Use the cold
Na ClI solution (2%) to immersing the curd in at around 6°C for six hours, and then let to dry for 4 hours.
Eventually, packaged the curd (mozzarella cheese) in sterilized plastic bags and kept it at (4°C) for the
next study.

2.3. Microbiological analysis

The colony enumeration of total mesophilic viable count (TMVC) using Plate Count Agar (PCA)
(Merck) at 37°C for 24 h incubation. Further, the colony enumeration of lactic acid bacteria using MRS
agar (Merck) at 37C for 48 h after incubation [11].

2.4. Chemical analysis

In connection with the pH value of mozzarella samples, cheese was determined using a digital pH meter.
Calibrated the pH meter use buffers of pH 4 and 7. The pH value of homogenized cheese samples was
recorded according to AOAC for [12]. The cheese moisture content was analyzed by AOAC [12]. Use
the soxhlet method for measuring the fat content of cheese samples and the Kjeldahl method for
determined their total protein contents [12].
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3. Results and discussion

3.1. Total mesophilic viable count (TMVC) and lactic acid bacteria

The statistical analysis result indicated a decrease in TMVC according to the increased level of kefir
supplementation. It means the metabolites of acetic acid bacteria, lactic acid bacteria, and yeast non-
pathogen on kefir caused stunts growth of aerobic mesophilic bacteria on mozzarella cheese. Table 1
shows the means of the total mesophilic viable count (TMVC) and the total count of lactic acid bacteria
(TCLAB) of mozzarella cheese in each treatment.

Table 1. Total mesophilic viable count (TMVC) and lactic acid bacteria in mozzarella cheese with
different kefir supplementation levels.

Treatments TMVC (Log CFU/qg) TCLAB (Log CFU/qg)
A (0%) 5.252 8.56°
B (4%) 5.132 8.65°
C (8%) 5.052 8.73°
D (12%) 4.70P 9.02°

Note: Means with different superscript represented by small letter are significantly different (P<0.05)

The observed changes in TMVC depend on the processing of mozzarella cheese. The TMVC value
shows a significant reduction in observed, inversely proportional to the levels of kefir supplemented
compared with the control (P < 0.05), from 5.25+0.3 log CFU/g to 4.7+£0.2 log CFU/g. The different
levels of kefir supplementation on mozzarella cheese was significantly affecting for TMVC value. This
study shows that kefir has activity inhibiting the growth of pathogenic bacteria. Several studies have
demonstrated that many gram-negative and positive bacteria as food-borne pathogens can be prevented
with kefir activities [13]. [14] informed that kefir prevented Salmonella Enteritidis, Salmonella aureus,
E. coli, E. faecalis, and Bacillus subtilis, but did not inhibit Candida albicans or P. aeruginosa. [15] and
[16] informed that kefir could impede L. monocytogenes. Considering that kefir, with many species of
bacterial and yeast with contains several metabolites and inhibitory ingredients like ethyl alcohol,
organic acids, hydrogen peroxides, peptidesbacteriocins, and diacetyl, it might affect each other to attack
their antimicrobial effects [17]. In the present study, there was little difference with [18], who reported
the mozzarella cheese TMV about 4.29+0.3 log CFU/g.For instance, organic acids or enzymatic
degradation were sources of antimicrobial activities of several bacteriocins [19].

Cheese microflora is dominated by Lactic Acid Bacteria introduced with a cheese composition.
Lactic acid bacteria counts varied little and significant differences between samples. The increasing of
kefir supplemented level on mozzarella cheese was directly proportional to the number of lactic acid
bacteria compared with the control, from 8.56+0.2 log CFU/g to 9.02+0.2 log CFU/g. The higher LAB
count was primarily due to characteristics of kefir who supplemented to mozzarella cheese. Kefir
consists of a composite mixture of useful microorganisms such as acetic bacteria, lactic acid bacteria,
and yeast non-pathogen. [20]Informed that kefir and kefir grains have much variety of microbial species
in where lactic acid (Lactococci, Lactobacilli, Streptococci), acetic bacteria and yeast (Kazachstania
sp., Candida sp., Kluyveromyces sp., Saccharomyces sp., Torulosis Sp., Zygosaccharomyces sp.). The
results of this study is significantly different from [18], who reported the number of LAB on mozzarella
cheese about 3.78+0.02 log CFU/g. In particular, control samples presented a lower cell load than the
supplemented samples.

3.2. pH
The statistical analysis result showed a was a decrease in pH according to the increased level of kefir
supplementation. Table 2 declares the mean pH value on a mozzarella cheese in each treatment.
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Table 2. The pH of mozzarella cheese with different kefir supplementation levels

Treatments pH
A (0%) 6.24+0.182
B (4%) 5.41+0.12°
C (8%) 5.08+0.26°
D (12%) 4.8+0.13°

Note: Means with different superscript represented by small letter are significantly different (P<0.05)

Table 2 shows the mozzarella cheese pH values for a different level of kefir. The pH of Mozzarella
cheese with a 12% level of kefir was significantly (P<0.05) lower than that of 0%, 4%, and 8% level
kefir. The pH of mozzarella cheese with 4% compared to that of an 8% level of kefir was no significant
difference. The pH of mozzarella cheese without adding kefir was 6.24+0.18. This value is higher than
that of [21], who informed a cow's milk mozzarella cheese with a pH value of 5.23 +0.01. It showed
that the pH of the mozzarella cheese with the addition of kefir supplementation resulted was decreased.
The pH value was decreased by supplementation highest level of 12% resulted in the lowest pH value
of 4.8+0.13. It caused due to lactic acid bacteria acts as a source of organic acid that has been formed of
hydrogen dissociated (H+) ions. The main factors that determine the acidification during kefir
production are the size of grain inoculation, incubation temperature, and agitation process. The same
direction on the result with the prior representation by [22].

3.3. Fat content
The statistical analysis result showed a decrease in fat content according to the increased levels of kefir
supplementation. Table 3 reveals the mean the fat content of mozzarella cheese in each treatment.

Table 3. The fat content of mozzarella cheese with different kefir supplementation levels

Treatments Fat content (%)
A (0%) 21.91+0.012
B (4%) 18.10+0.49°
C (8%) 13.75+2.85°
D (12%) 11.9740.12°

Note: Means with different superscript represented by small letter are significantly different (P<0.05)

A significant reduction of fat content was observed inversely proportional to the level of kefir
supplemented compared with the control (P < 0.05). The mozzarella cheese without the kefir addition
has a fat content 21.91+0.01% lower than the value obtained by [23], who found the that fat content of
cow milk mozzarella cheese was (24.87 + 0.01%). The decreasing of fat content in mozzarella cheese
with kefir supplementation due to the formation of volatile free fatty acids by the lipase enzyme on the
activity of microorganisms during processing. This result found the fat content of mozzarella cheese
samples was statistically different. While the kefir addition used was affected the total solids content
(P<0.05).

The mozzarella cheese with 12% kefir has a fat content of 11.97+0.12% lower than the value obtained
by [24], who reported an amount of 16.59+ 0.11% who found the fat content of mozzarella cheese with
2% strain of Lactobacillus kefiranofaciens ZW3. The fat content of mozzarella cheese with adding 12%
kefir was significantly lower than other.

3.4. Protein content
The statistical analysis result showed an increase in protein content according to the increased level of
kefir supplementation. Table 4 declares the mean protein content of mozzarella cheese in each treatment.
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Table 4. The protein content of mozzarella cheese with different kefir supplementation levels

Treatments Protein content (%)
A (0%) 15.59+2.112
B (4%) 17.35+0.78%
C (8%) 18.09+2.30°
D (12%) 23.05+0.22°

Note: Means with different superscript represented by small letter are significantly different (P<0.05)

The protein content of mozzarella cheese without adding kefir (Table 4) was 15.59+2.11%, which is
higher than the value 14.78 + 0.78% and lower than the values 23.33 +2.12 and 22.1 + 0.1% obtained
by [21] and [25], respectively. The kefir supplementation until 12% has the most increase in protein
content found in mozzarella cheese produced. The protein content of cheese was depended on
endogenous proteinase, residual coagulant, and microbial proteinases from starter and non-starter
component. During the milk fermentation, the amino acid profile changes that kefir was found to contain
the essential amino acid higher levels than milk. Kefir also contains other amino acids, such as
methionine, valine, isoleucine, lysine, phenylalanine, and tryptophan [26]; [27]. The essential amino
acid contents in kefir are (mg/100 g) valine, 220; isoleucine, 262; methionine, 137; lysine,376;
threonine, 183; phenylalanine, 231; and tryptophan, 70 [7].

The protein content of mozzarella cheese with 12% kefir level was 23.05+0.22%, higher than the
value 22.29 + 0.08% determined by [24], who found the mozzarella cheese using 2% strain of
Lactobacillus kefiranofaciens ZW3 in protein content. The mozzarella cheese with a 12% level of kefir
has a protein content of was significantly higher protein content than that of 0%, 4%, and 8% level of
kefir.

3.5. Moisture content

The statistical analysis result showed an increased level of kefir supplementation directly proportional
decrease in moisture content. Table 5 declares the mean moisture content of mozzarella cheese in each
treatment.

Table 5. The moisture content of mozzarella cheese with different kefir supplementation levels

Treatments Moisture content (%)
A (0%) 58.57+1.58?
B (4%) 56.91+1.72%
C (8%) 50.88+1.19°
D (12%) 47.61+0.72°

Note: Means with different superscript represented by small letter are significantly different (P<0.05)

Table (5) shows the moisture content for mozzarella cheese with different level of kefir
supplementation. The mozzarella cheese has a moisture content without kefir was 58.57+1.58%, which
higher than the value 52.49 + 0.49 % obtained by [21] and the value 45.48 + 2.85% obtained by [25].
The mozzarella cheese with 0% compared to that of 4% kefir was no significant difference in moisture
content. The moisture content of Mozzarella cheese with 12% level of kefir (47.61+0.72%) was
significantly lower than that of 0%, 4%, and 8% level of kefir and lower than the value 54.02+0.19%
obtained by [24], who found the moisture content of mozzarella cheese with 2% strain of Lactobacillus
kefiranofaciens ZWa3.

4. Conclusion

According to our results, the use of the different levels of kefir as supplementation had no adverse effects
on mozzarella cheese with the microbiological and chemical properties. Indeed, cheese produced using
kefir was exhibited good quality characteristics, in terms of total mesophilic viable count, total lactic
acid bacteria, pH, protein content, fat content, and moisture content. Thus, it may be concluded that
mozzarella cheese with kefir supplementation has a good quality product.



International e-Conference on Sustainable Agriculture and Farming System IOP Publishing
IOP Conf. Series: Earth and Environmental Science 694 (2021) 012073  doi:10.1088/1755-1315/694/1/012073

Acknowledgment

Authors express gratitude to the Institute of Research and Community service, Andalas University, for
the Riset Dosen Pemula Scheme Grant No. T/8/UN.16.17/PT.01.03/Pangan-RDP/2020 and the Animal
Products Technology Laboratory and the Animal Biotechnology Laboratory in the Faculty of Animal
Science, Universitas Andalas, who provided facilities for research.

References

[1] Bhattarai and Acharya. 2010. Preparation and Quality Evaluation of Mozzarella Cheese from
Different Milk Sources. J. Food Sci. & Technol. Nepal, 6 (94-101)

[2] Melia. S, Ferawati, Yuherman, Jaswandi, H. Purwanto and E. Purwati. 2018. Asian Jr. of
Microbiol. Biotech. Env. Sc. Vol. 20 (October Suppl.). S131-S139. Global Science
Publications ISSN-0972-3005

[3] Liu, Je-R., and Lin, C. 2000. Production of kefifir from soymilk with or without added glucose,
lactose or sucrose. Journal of Food Science, 65, 716719

[4] Tratnik, L., Bozanic, R., Herceg, Z., Drgalic, 1. 2006. The quality of plain and supplemented
kefifir from goat’s and cow’s milk. International Journal of Dairy Technology, 59, 40-46.
d0i:10.1111/j.1471-0307.2006.00236.x

[5] Liu, J. R, Wang, S. Y., Chen, M. J., Chen, H. L., Yueh, P. Y., and Lin, C. W. 2006.
Hypocholesterolaemic effects of milk-kefifir and soyamilk kefifir in cholesterol-fed hamsters.
British Journal of Nutrition, 95, 939-946. doi:10.1079/BJN20061752

[6] Wszolek, M., Tamime, A. Y., Muir, D. D., and Barclay, M. N. I. 2000. Properties of kefir made
in Scotland and Poland using bovine,caprine and ovine milk with different starter cultures.
LWT —Food Science and Technology, 34, 251-261. doi:10.1006/fstl.2001.0773

[7] Liutkevicius, A., and Sarkinas, A. 2000. Studies on the growth conditions and composition of
kefir grains — as a food and forage biomass.Veterinarija ir Zootechnika, 25, 64-70

[8] Magalhaes, K. T., de Melo Pereira, G. V., Campos, C. R., Dragone, G., and Schwan, R. F. 2011.
Brazilian kefir; Structure, microbial communities and chemical composition. Brazilian Journal
of Microbiology,42, 693-702. doi:10.1590/S1517-83822011000200034

[9] Steel R G D and Torrie J H 1995 Prinsip dan Prosedur Statistik [Statistical Principles and
Procedures] (Jakarta : PT. Gramedia Pustaka Utama)

[10] Karagozlu, C. and G. Kavas, 2000. Alkollu fermente stticecekleri: Kefir ve kimizin 6zellikleri ve
insan beslenmesindeki énemi. Gida, 6: 86-93

[11] Purwati, E., Syukur, S. dan Hidayat, Z. 2005. Lactobacillus sp. Isolasi dari Biovicophitomega
sebagai probiotik. Lembaga IImu Pengetahuan Indonesia, Jakarta, Bandung

[12] A.O.A.C. 2000. Association of Official Analytical Chemist, official methods of Analysis.
Washington. D. C

[13] Silva, K. R., Rodrigues, S. A., Filho, L. X., and Lima, A. S. 2009. Antimicrobial activity of broth
fermented with kefir grains. Appl. Biochem. Biotechnol. 152, 316-325.

[14] Chifiriuc, M. C., Cioaca, A. B., and Lazar, V. (2011) In vitro assay of the antimicrobial activity
of kephir against bacterial and fungal strains. Anaerobe 17, 433-435.

[15] Santos, A., San Mauro, M., Sanchez, A., Torres, J. M., and Marquina D. 2003. The antimicrobial
properties of different strains of Lactobacillus spp. isolated from kefir. System. Appl.
Microbiol. 26, 434-437

[16] Ulusoy, B. H., Olak, H. C., Hampikyan, H., and Erkan, M. 2007. An in vitro study on the
antibacterial effect of kefir against some food-borne pathogens. Tlrk Mikrobiyol. Cem. Derg.
37, 103-107

[17] Kim, D. H.,, Chon, J. W., Kang, I. B., Kim, H., Kim, H. S., Song, K. Y., and Seo, K. H. 2015.
Growth inhibition of Cronobacter sakazakii in experimentally contaminated powdered infant
formula by kefir supernatant. J. Food Prot. 78, 1651- 1655.

[18] Mastromatteo, M., Conte, A., Faccia, M., Del Nobile, M. A., Zambrini, A. V. 2014. Combined
effect of active coating and modified atmosphere packaging on prolonging the shelf life of
low-moisture Mozzarella cheese J. Dairy Sci. 97:36-45.

[19] Joshi, V. K., Sharma, S., and Rana, N. S. 2006. Production, purification, stability and efficacy of



International e-Conference on Sustainable Agriculture and Farming System IOP Publishing

IOP Conf. Series: Earth and Environmental Science 694 (2021) 012073  doi:10.1088/1755-1315/694/1/012073

bacteriocin from isolates of natural lactic acid fermentation of vegetables. Food Technol.
Biotechnol. 44, 435-439

Gao, X. and B. Li. 2016. Chemical and microbiological characteristics of kefir grains and their
fermented dairy products: A  review. Cogent Food Agric. 2:1272152.
https://doi.org/10.1080/23311932.2016.1272152

Sameen. A.; Muhammed, F.; Huma, N. and Nawaz, H. 2002. Quality evaluation of mozzarella
cheese from different milk sources. Pakistan Journal of Nutrition. VVol.7(6):753 — 756.

Rosa, D.D., Manoela M.S.D., Lukasz, M., Grzes kowiak., Sandra, A., Reis, L.L., Conceicdo dan
Maria, D.C.G.P. 2017. Milk kefir: Nutritional, Microbiological and Health Benefits. Nutrition
Research Reviews, doi:10.1017/S0954422416000275 : 1-15

Sulieman, A.B.M, Rasha, A.M.A, Kamal, A.A.R. 2012. Production and effect of storage in the
chemical composition of mozzarella cheese. International Journal of Food Science and
Nutrition Engineering, 2(3): 21-26

Rehman, R, Yanping W, Jinju W, Weitao G. 2017. A microbiological study of Mozzarella cheese
made by Lactobacillus kefiranofaciens ZW3 throughout cheese making and ripening. Journal
of Biodiversity and Environmental Sciences (JBES). Vol. 11, No. 2, hal 187-193

El Owni, O. A. O. and Osman, S. E. 2009. Evaluation of chemical composition and yield of
mozzarella cheese using two different methods of processing. Pakistan Journal of Nutrition,
Vol. 8(5):684 — 687

Otles, S dan Cagindi, O. 2003. Kefir: a probiotic dairy-composition, nutritional and therapeutic
aspects. Pak. J. Nutrition. Vol. 2(1): 54-59

Sarkar S (2008) Biotechnological Innovations In Kefir Production: a review. Br Food J 110, 283—
295



