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1. Introduction
Kefir is a product with sour flavor, a hint of ethanol and CO2 

from the fermentation process using kefir grains. This fermented 
milk is different from the other fermentation products such as 
yogurt in terms of the chemical properties and the type of microbes 
involved. The predominant microorganisms in kefir include 
lactobacilli (9.03-9.92 log cfu/g), lactococci (9.56–11.51 log cfu/g) 
and yeasts (3.09-5.90 log cfu/g) (Zeynep  et  al., 2018). It has 
been reported that kefir exhibits probiotic activity and have 
health‑enhancing properties (Silva et al., 2018). Kefir possessed 
an antibacterial properties against E. coli D157: H7 and S. aureus 
as reported by Kivanc & Yapici (2018). Antimicrobial properties 
of kefir can be articulated to its low pH and metabolites produced 
by kefir microorganisms, such as specific peptides (bacteriocin) 
and exopolysaccharide (Kim et al., 2016).

Milk kefir can be manufactured from fresh milk of cows, 
buffaloes, sheep, goats as well as soy-milk. These raw materials affect 
the composition and characteristics of kefir. For example, kefir of 
buffalo milk has been reported to have higher exopolysaccharides, 
water holding capacity, and firmness compared to kefir of cow 
milk (Gul et al., 2018). Supplementing cow milk with soy milk and 
the use of probiotic bacteria Bifidobacterium longum produced 
kefir with high functional properties and flavor, which sourced 
from acetoin and diacetyl (Karaçalı et al., 2018). In addition to 
direct consumption, kefir can be used as a substitute of yogurt 
during manufacture of other fermented foods such as Tarhana 
(Demirci et al., 2019).

Bovine colostrum refers to the initial milk produced 
immediately after parturition of cows, and usually given to 
the calves. The composition and characteristics of colostrum 
are different from milk. Colostrum is a rich source of essential 
nutrients and its use in functional foods and food supplements 
has received substantial considerations (Ceniti  et  al., 2019; 
Hyrslova et al., 2016; Silva et al., 2019). Bioactive components of 
colostrum include growth factors, immunoglobulins, lysozyme, 
lactoferrin, oligosaccharides, and some immunomodulatory 
peptides (Hyrslova et al., 2016). Time of milking determines the 
concentration of bioactive components; for example Ceniti et al. 
(2019) reported that immunoglobulins in colostrum decreased 
from 93.36 g/L to 5.53 g/L in 48 hours.

Incorporation of colostrum for manufacturing kefir is a 
novelty, because although colostrum is rich of nutrients and other 
functional components, the use of colostrum or milk‑colostrum 
mixes to produce kefir has not been comprehensively considered. 
Therefore, it was sensible to improve the quality characteristics 
of kefir as one of functional foods by mixing colostrum and milk. 
Our hypothesis was that incorporation of colostrum to milk 
would increase the functionality, and also affects other quality 
characteristics of kefir produced. Therefore, this study was aimed 
to evaluate the chemical and microbiological characteristics of 
kefir manufactured from milk, colostrum and milk-colostrum 
mixes.
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2. Materials and methods
2.1 Materials

Cow’s whole milk and colostrum are obtained from a group 
of dairy farmers in Baturraden, Central Java, Indonesia. Kefir 
grains were obtained from the grains grown in the Laboratory 
of Animal Products Technology, Faculty of Animal Science, 
Jenderal Soedirman University, Indonesia.

2.2 Kefir manufacture

The procedure of making kefir was according to 
Setyawardani & Sumarmono (2015). Fresh cow’s milk, colostrum, 
and milk-colostrum mixes (20:80%; 40:60%; 60:40%; 80:20%) 
were pasteurized at 72 oC for 15 sec, then cooled to 28 oC. Kefir 
grains were added at a rate of 5% and incubated at 28oC for 24 
hours to allow fermentation process. Milk kefir was separated from 
kefir grains using a fine plastic strainer for further treatments. 
Kefir grains were placed in a plastic container for another batch 
of fermentation.

2.3 Chemical analysis

Kefir composition – total solids, protein, and fat contents – was 
analyzed using a standard method (Association of Official 
Analytical Chemists, 2006). The ethanol of kefir was measured 
using a refractive index. The titratable acidity and free fatty acids 
were determined using the titration method.

2.4 Determination of fatty acids

A total of 20-30 mg fat was added with 1 ml NaOH 0.5 N in 
methanol, then headed in a water bath for 20 mins (Association 
of Official Analytical Chemists, 2006). A 2-ml BF3 20% was 
incorporated and reheat for another 20 mins. The sample was let 
cool and added with 2ml saturated NaCl + 1ml isooctane/hexane 
then shaken and put into a tube filled with 0.1 g Na2SO4 anhydrate 
and let sit for 15 mins. The liquid phase was separated, and the 
organic phase was injected into chromatography gas. The condition 
of chromatography gas included 1:80 split ration, 1 µl injection 
volume, and 23.6 cm/sec linear velocity. A 1 µL FAME standard 
mixture was injected. When all the peaks were out, 1ml of the 
prepared sample was injected. The retention time and peak of 
each component were measured then compared with the standard 
to gain information on the type of the component.

2.5 Amino acid analysis

Kefir amino acid was evaluated using HPLC. The pre‑hydrolyzed 
sample in 10 ml HCl 0.01 was filtered using millipore paper. 
Pre-column sample analysis was conducted by adding Buffer 
Kalium Borat pH10.4 with a 1:1 ratio. In an empty vial, 5 µL 
sample was added with 25 µL OPA and let sit for 1 min for perfect 
derivatization. As much as 5 µL solution was injected into the 
HPLC column to expect a thorough amino acid separation within 
25 mins. Analyzing the post-column sample was conducted by 
incorporating a 1 mL sample into an empty vial then injected 
using an autosampler.

2.6 Microbiological analysis

One ml kefir sample was mixed with nine ml solvent NaCl 
0.98% and homogenized using a vortex (Velp Zx3 type, Italy) 
in a test tube as the first-stage dilution followed by a multilevel 
dilution. The dilutions of total microbe, total bacteria, and LAB 
were conducted up to 106 and 105 for total yeast. Applying a 
pour plate method, one ml of each microorganism was grown 
in different media, i.e., PCA (Oxoid, UK) for total microbial; 
NA (Oxoid, UK) for total bacterial; MRSA (Merck) for total 
LAB; and PDA (Oxoid, UK) for yeast. A petri dish containing 
the sample and media was incubated at 37-40oC for 24 hours 
to gather data on total microbial, total bacterial, and total yeast. 
In contrast, the LAB was incubated for 48 hours (Setyawardani 
& Sumarmono, 2015).

2.7 Measurement of antimicrobial properties

The experiment bacterial cultures, i.e., S. typhimurium 
(ATCC 14028), E. coli (ATCC 8739), S. aureus (ATCC 25923), 
and P. aeruginosa (ATCC 9027) were stored at 5oC and refreshed 
weekly as a culture stock. Culture stock was diluted to obtain 
6 log CFU ml-1 population prior to evaluation. A total of 10 ml 
kefir sample was centrifuged (PLC series, Germany) at 3500 rpm 
speed for 15 minutes (Kim  et  al., 2016). As much as 20 µl 
indicator bacteria was placed in a petri dish and added with 
20 ml of Mueller Hinton Agar. The agar was let sit then wells 
of 5 mm diameter were punched into the agar and filled with 
20 µl sample kefir for antimicrobial activity test and allowed to 
diffuse at low temperature (5-8 oC) for 60 mins. The petri dish 
was incubated at 37oC for 24h. The clear zone forming in the 
well was measured using a caliper. Measurement was conducted 
three times at different locations to obtain the average value.

2.8 Statistical analysis

The obtained data were subjected to analysis of variance 
(ANOVA), followed by Duncan’s Multiple Range Test for the 
differences across treatments.

3 Result and discussion
3.1 Raw material composition and kefir characteristics

The main ingredients of kefir in this study were cow milk 
and colostrum with particular characteristics. Significant 
differences were observed in SNF, lactose, protein, and moisture 
levels (Table 1). Both cow milk and colostrum have passed the 
Indonesian standard as kefir main ingredients which would 
affect the chemical quality and generate different characteristics.

The kefir sample was made of 80% colostrum and 20% active 
cow milk as an antioxidant with 318.5 ppm IC50. The score of 
IC50 isolate was higher than IC50 6.5257 ppm in vitamin C 
(unpublished data).

Table 2. shows that the titratable acidity (TA) was 1.31 to 1.66%, 
and the combined treatment with colostrum resulted in a relatively 
equal TA (P > 0.05). TA score was indicative of increasing as the 
colostrum percentage was higher; the higher the colostrum, the 
higher the product TA. This study found that TA was positively 
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correlated with pH across treatment, but the highest TA was 
obtained in kefir made of 100% colostrum. It was in line with 
the previous findings (Collar, 1996; Kang et al., 2013) that the 
decreasing pH would increase product acidity at the primary 
storage due to LAB activity that produced metabolic acid. 
Colostrum contains higher lactose than milk (6.41 vs. 4.61%). 
Lactose is the source of carbohydrate as a substrate for LAB 
fermentation and converted into lactic acid as the metabolic 
product. The higher the total lactose would lower pH and 
magnify the metabolic. The contributing factors to TA is the 
type of microbe grown in the media (only LAB or with yeast). 
pH value of kefir colostrum is 3.91-3.98 and the TA value in this 
study was lower than the previous findings, i.e., 2.7% and 1.3% 
on average (Fontán et al., 2006) but higher than 0.7 to 1.4% 
(Cetinkaya & Elal Mus, 2012). According to Özdestan & Üren 
(2010) kefir pH was between 4.11 and 4.53, and kefir TA varied 
from 0.652% to 1.047%.

Free Fatty Acids (FFA) kefir was between 4.93 and 5.54%, 
and the combined treatment using colostrum yielded relatively 
similar FFA (P > 0.05). The highest FFA was observed in 40% 
cow milk + 60% colostrum. FFA value indicated lipolysis in 
fermentation, and the oxidation product was ketone, which 
contributed to generate aroma (Hassan et al., 2013). Flavor is an 
essential precursor in volatile compound synthesis (Bassoli et al., 
2014; Mikulec et al., 2010). Total FFA increase was parallel to 
fat and volatile compound (Bao et al., 2016). FFA value in this 
study was lower than that of the previous study on goat milk, 
i.e., 5.11 to 8.59% (Setyawardani et al., 2017).

Ethanol content in kefir was 0.31 to 0.50%, and the combined 
treatment using colostrum produced different ethanol level 
(P < 0.05). The higher the colostrum percentage in kefir making, 
the higher the ethanol. Ethanol is produced from metabolic yeast 
such as S. cerevisiae. Heterofermentative LAB also produces 
ethanol (Güzel-Seydim  et  al., 2000; Magalhães  et  al., 2011; 
Magalhães et al., 2010). Ethanol is produced by the yeast in kefir 

grain to inhibit other metabolic activity such as lactic acid/acetic 
acid produced by other microorganisms in kefir grains (Yoo et al., 
2013). Heterofermentative bacteria which produce ethanol in 
kefir grains include Lactobacillus kefiri and Leuconostoc spp. 
(Miguel et al., 2011). According to Farnworth (2005) kefir contains 
low concentrate alcohol produced by yeast in the kefir grain. 
Genus Acetobacter has a high-concentrate maltic compound in 
yeast, and LAB increases aldehyde reduction into alcohol when 
LAB harness ethanol for fermentation. LAB for fermentation 
process may include Lactococcus lactis ssp. lactis, Lactococcus 
lactis ssp. cremoris, and Leuconostoc; mesenteroides ssp. Cremoris 
(Cais-Sokolińska et al., 2015).

Kefir total solid was 10.34 to 14.84%, and the combined 
treatment with colostrum produced different total solid (P<0.05). 
A higher percentage of colostrum for kefir would increase total 
solid. Cow milk has a lower SNF than colostrum (8.405 vs. 11.67%). 
Additionally, the total solid of the main ingredients is an essential 
factor in the quality of the fermentation product. A study on 
yogurt by Nguyen et al. (2014) stated that total solid is the crucial 
factor to yogurt quality and other properties such as fat globule, 
fat surface, lactose concentration, calcium concentration and 
physical characteristics.

Table  3 shows that kefir made of combined ingredients 
(cow milk and colostrum) contained 85.15 to 89.33% moisture. 
The treatment significantly affected (P<0.05) kefir moisture, 
which depleted as the total solid increased, and affected by the 
increasing percentage of colostrum as the main ingredients. Kefir 
moisture was lower than the previous finding (Setyawardani 
& Sumarmono, 2015) i.e., 87.103 to 89.841 on goat milk kefir 
stored in a cool or frozen state. The type of raw material affects 
acidity, dry matter, protein and CO2 kefir, but does not affect 
microbiological characteristics (Tomar et al., 2019).

Kefir made of combined ingredients (cow milk and colostrum) 
contained 3.80 to 7.32% protein. The treatment significantly 
affected (P<0.05) protein content in kefir. Different amount of 

Table 1. Chemical composition of milk and colostrum as raw materials.

Composition Fresh Milk Colostrum National Standardization Agency of 
Indonesia (2011)

Fat (%) 4.87 4.82 min 3.0
Solid Non Fat (%) 8.405 11.67 min 7.8

Lactose (%) 4.61 6.41 -
Protein (%) 3.01 4.27 min 2.8

Moisture (%) 86.72 83.72 -

Table 2. Chemical properties kefir with the addition of colostrum.

Treatments Titratable acidity  
(% lactic acid)

Free fatty acids  
(%)

Ethanol  
(%)

Total solids  
(%)

Milk (100%) 1.31 ± 0.13 4.93 ± 0.85 0.31 ± 0.004a 10.34 ± 0.93a

Milk-colostrum mix (80:20%) 1.36 ± 0.23 4.99 ± 1.43 0.31 ± 0.002a 11.45 ± 0.29ab

Milk-colostrum mix (60:40%) 1.49 ± 0.28 5.37 ± 0.96 0.35 ± 0.032ab 12.56 ± 1.15bc

Milk-colostrum mix (40:60%) 1.62 ± 0.30 5.54 ± 0.63 0.37 ± 0.052b 13.59 ± 0.89cd

Milk-colostrum mix (20:80%) 1.60 ± 0.24 5.43 ± 0.76 0.46 ± 0.045c 14.10 ± 0.81d

Colostrum (100%) 1.66 ± 0.26 5.36 ± 0.74 0.50 ± 0.022c 14.84 ± 1.32d

Different superscripts in the same column show significant differences (P < 0.05). Each treatment was repeated 4 times.
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protein in a product, including fermentation product, is due to 
the main ingredients. Cow milk and colostrum have different 
protein level (3.01 vs. 4.27). The present study showed that 
the fermentation process could increase the total protein of a 
product because some LAB in kefir grain produced an enzyme 
that increased the protein level. Protein in kefir is affected by the 
type of milk, for example, Saanen goat milk yielded higher kefir 
protein than that of thick-haired goats. The protein kefir in this 
study was higher than the previous findings, i.e., 3.37 – 4.79% 
(Satir & Guzel-Seydim, 2016) and 3.30 – 4.16% of goat milk 
kefir (Setyawardani & Sumarmono, 2015).

Fat content in kefir made of combined treatments with 
colostrum addition was relatively similar (P>0.05) around 
1.47 – 3.06%. Fat content was affected bu the main ingredients; 
similar fat content in the main ingredients produced relatively 
similar fat in kefir. Similar fat content in the main ingredients 
produced relatively similar fat in kefir. It was in line with previous 
findings by Setyawardani et al. (2017) that goat milk kefir made 
of different kefir grain percentage would result in similar fat 
content, i.e., 4.17 – 5.17%. LAB in kefir grains could produce 
lipase enzyme that would be released during the fermentation 
and in the shelf.

Table  3 shows that ash content of kefir ranged from 
0.60 to 0.80% (P<0.05). Ash is a part of total solid in kefir during 
the fermentation process which undergoes conversion. The higher 
the colostrum, the higher the ash content. The lowest ash content 
was found in kefir made of 20% colostrum but not significantly 
different from kefir made of 100% cow milk. Furthermore, 
the total solid of the treatment was the least compared to 40% 
colostrum. This result was higher than 0.55 to 0.66% of the 
previous findings Kök-Taş et al. (2013) but lower than 0.84 – 0.89% 
(Setyawardani et al., 2017).

3.2 Fatty acids profiles

Table 4. showed that kefir made of combined ingredients 
(cow milk and colostrum) had 28 fatty acids. The highest average 
across treatments includes the palmitic acid (C16:0); oleic acid 
(C18:1n9c); stearic acid (C18:0) and myristic acid (C14:0), 
respectively. The result showed that fatty acid in cow milk-kefir 
colostrum was dominated by saturated fatty acid (60.71%), 
and the rest was unsaturated fatty acid (39.29%). The highest 
saturated fatty acids (SFA) was palmitic acid (C16:0); 54.54% poly 
unsaturated fatty acids (PUFA) and 45.45% monounsaturated 
fatty acids (MUFA) of the total USFA. Therefore, the higher the 
colostrum, the higher the palmitic acid (C16:0) but the lower 
stearic acid (C18:0) and oleic acid (C18:1n9c). The USFA helps 

lower the cholesterol and diminish the risk of coronary disease 
due to the increased high-density lipoprotein (HDL) in the 
blood (Boycheva et al., 2012).

3.3.Amino acids

Table 5. showed that the highest percentage of total amino 
acid in 100% colostrum kefir was 7.21% w/w. It was similar to 
kefir made of more colostrum than cow milk. The highest amino 
acid component was a glutamic amino acid, i.e., 1.90% w/w. 
The glutamic amino acid plays an essential role in generating 
aroma. Also, kefir aroma is affected by acidity level generated by 
the symbiosis of lactic acid bacteria (LAB) and yeast in kefir grain 
and influenced by its variety (Leite et al., 2012; Magalhães et al., 
2011). The most significant amino acid components in kefir 
made of cow milk, cow milk - colostrum or 100% colostrum 
were glutamic acid, leucine, lysine, and aspartic acid, respectively, 
while the smallest amino acid was methanoic acid. Kefir grains 
consist of LAB and yeast in a polysaccharide matrix, and yeast 
could degrade casein into peptide and amino acid as the precursor 
aroma of fermentation product (Wong & Watson, 1995).

3.4 Microbiological properties

Table 6. shows that the combined raw materials (cow milk 
and colostrum) for making kefir does not affect total microbial 
(P > 0.05), which averaged 6.37 to 7.51 log CFU/ml. Microbe 
consists of bacteria, LAB, mold, and yeast, and the growth is 
affected by the nutrition content of the raw materials. Lactose 
is higher in colostrum than in cow milk (6.49 vs. 4.57%) 
(unpublished data). Total bacteria tend to increase when more 
colostrum is factored in the combined raw materials. The highest 
total bacteria was found in a combined 20% cow milk + 80% 
colostrum. Total bacteria were linear to LAB the higher the 
colostrum, the higher the LAB. Accordingly, combined raw 
materials for making kefir significantly affects LAB proportion 
in kefir (P < 0.05).

Total yeast in the present study was 5.54-6.55 log CFU/ml and 
exhibited a significant effect (P < 0.05). This result is relevant to 
Setyawardani & Sumarmono (2015) reporting 6.76 ± 0.39 log CFU/ml 
yeast in kefir made of goat milk. Yeast is a dominant microbe 
in kefir grains. Witthuhn et al. (2005) suggests that LAB and 
yeast proportion in kefir grains was 6.4 × 104 to 8.5 × 10 8 and 
5 × 105 to 3.7 × 10 8 CFU/ml, respectively, while other study suggested 
that yeast in kefir is about 103cfu/ml to 106 (Hsieh et al., 2012).

Water activity is a requirement for food products. Low aw 
value reflects a restrained microbial growth. Table 6 shows that the 

Table 3. Proximate composition of kefir with the addition of colostrum.

Treatments Moisture (%) Protein (%) Fat (%) Ash (%)
Milk (100%) 89.33 ± 0.43d 3.80 ± 0.79a 3.06 ± 2.47 0.68 ± 0.04ab

Milk-colostrum mix (80:20%) 88.48 ± 0.32d 3.90 ± 0.38a 1.64  ± 0.41 0.62 ± 0.16a

Milk-colostrum mix (60:40%) 87.33 ± 0.85c 5.20 ± 1.33ab 1.47  ± 1.04 0.80 ± 0.04b

Milk-colostrum mix (40:60%) 86.41 ± 0.88bc 4.59 ± 0.65ab 2.78 ± 2.58 0.77 ± 0.04ab

Milk-colostrum mix (20:80%) 85.92 ± 0.85ab 5.80 ± 0.60b 2.04  ± 1.58 0.75 ± 0.16ab

Colostrum (100%) 85.15 ± 0.86a 7.32 ± 1.44c 2.09 ± 1.12 0.79 ± 0.03b

Different superscripts in the same column show significant differences (P < 0.05). Each treatment was repeated 4 times.
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Table 4. Fatty acid profiles of kefir produced from milk, colostrum and milk-colostrum mixes.

Components
Proportion of colostrum in the mixes (%)

0 20 40 60 80 100
Butiric acid, C4:0 0.59 0.54 0.72 0.66 0.66 0.50
Caproic acid, C6:0 0.61 0.44 0.67 0.61 0.62 0.51
Caprilic acid, C8:0 0.45 0.36 0.51 0.48 0.47 0.41
Capric acid, C10:0 1.20 0.96 1.30 1.26 1.23 1.15
Undeconoic acid,C11:0 0.07 0.08 0.11 0.08 0.08 0.04
Lauric acid, C12:0 2.37 2.94 3.30 2.71 2.61 2.24
Trideconoic acid, C13:0 0.03 0.03 0.03 0.03 0.03 0.03
Myristic acid, C14:0 8.75 8.59 10.19 9.24 9.50 9.95
Myristoleic acid, C14:1 0.36 0.61 0.63 0.47 0.44 0.32
Pentadecanoic acid, C15:0 0.47 0.54 0.54 0.49 0.49 0.51
Palmitic acid, C16:0 28.47 23.78 28.72 28.55 29.09 31.76
Palmitoleic acid, C16:1 1.30 1.54 1.43 1.31 1.22 1.07
Heptadeconoic acid,C17:0 0.33 0.29 0.31 0.32 0.31 0.38
Cis-10- Heptadeconoic acid,C17:1 0.17 0.17 0.15 0.16 0.15 0.14
Stearic acid,C18:0 11.38 10.48 9.99 10.43 10.00 9.67
Oleic acid C18, 1n9c 22.02 21.47 19.80 20.68 19.45 18.30
Linoleic acid, C18:2n6c 1.86 1.17 1.43 1.68 1.75 2.03
Arachidic acid, C20:0 0.10 0.10 0.09 0.09 0.10 0.11
Γ-Linolenic acid,C18:3n6 - - - 0.02 0.02 0.02
Cis-11Eicosenoic acid,C20:1 0.04 0.06 0.06 0.04 0.04 0.04
Linolenic acid,C18:3n3 0.20 0.12 0.20 0.21 0.22 0.23
Heneicosanoic acid, C21:0 - 0.02 0.03 0.03 0.03 0.03
Cis-11,14-Eicosedienoic acid,C20:2 0.04 - 0.02 - - 0.03
Behenic acid,C22:0 0.04 0.05 0.03 0.02 0.03 0.04
Cis-8,11,14-Eicosentrienoic acid, C20:3n6 0.07 0.05 0.05 0.06 0.10 0.13
Arachidonic acid,C20:4n6 0.15 0.08 0.10 0.13 0.16 0.20
Tricosanoic acid, C23:0 0.02 0.03 - - - -
Lignoceric acid, C24:0 0.02 0.03 0.02 0.02 0.02 0.02
Cis-5,8,11,14,17-Eicosapentaenoic acid, C20:5n3 0.02 0.01 0.02 0.02 0.02 0.04
Fatty acid total 81.13 75.55 80.43 79.83 78.84 79.90

Table 5. Amino acids profiles of kefir produced from milk, colostrum and milk-colostrum mixes.

Components
Proportion of colostrum in the mixes (%)

0 20 40 60 80 100
Aspartic acid 0.36 0.35 0.39 0.44 0.64 0.61
Threonine 0.16 0.18 0.20 0.22 0.32 0.33
Serine 0.20 0.22 0.24 0.27 0.38 0.37
Glutamate 1.09 1.10 1.23 1.36 1.54 1.90
Glycine 0.09 0.09 0.10 0.11 0.18 0.16
Alanine 0.16 0.15 0.18 0.19 0.25 0.26
Valine 0.28 0.28 0.31 0.35 0.45 0.52
Methionine 0.09 0.06 0.08 0.08 0.08 0.12
Isoleucine 0.22 0.22 0.25 0.27 0.28 0.41
Leucine 0.44 0.43 0.48 0.52 0.62 0.74
Tyrosine 0.15 0.13 0.17 0.14 0.19 0.21
Phenylalanine 0.19 0.20 0.23 0.23 0.26 0.37
Histidine 0.11 0.11 0.12 0.13 0.14 0.21
Lysine 0.39 0.39 0.45 0.47 0.55 0.70
Arginine 0.10 0.12 0.22 0.14 0.16 0.30
Amino acid total 4.05 4.01 4.64 4.93 6.05 7.21
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combined cow milk and colostrum for making kefir generated an 
average 0.85-0.89 aw, but the highest aw was found in kefir made 
of 100% cow milk. Different aw value in fermentation showed 
a modification in intracellular accumulation and extracellular 
excretion from the product (Gervais & Molin, 2003).

Lactose, as the source of carbohydrate, cannot optimize the 
growth of microbe. Therefore, increasing colostrum (20-100%) 
would reduce the total microbes in kefir because antimicrobial 
properties generated by colostrum decrease the microbe. 
Colostrum exhibits a high antimicrobial ability in inhibiting 
E.coli, E.aerogenes, K.pneumonieae, B.subtilis, and S.aureus 
(Viswanathan  et  al., 2015). Lactobacilli (65-80%) dominates 
microbial population in kefir grain (Wouters et al., 2002) and 
it is the biggest bacteria in kefir. Furthermore, yeast and acetate 
acid bacteria contribute to kefir flavor. Microbe composition in 
kefir depends on kefir source, substrate, culture, and method of 
culture preservation (Gao et al., 2012).

Total bacteria in kefir is dominated by lactic acid bacteria, 
including homofermentative and heterofermentative bacteria 
(Cheirsilp & Radchabut, 2011). Bacteria formed a symbiosis 
with yeast in kefir grain and produced bio-product as the source 
of growth for the microbe. Yeast and kefir grain play a role in 
generating lactic acid and ethanol (Hamet et al., 2013).

Kefir grain is dominated by lactic acid bacteria, i.e., 
Lactobacillus paracasei ssp. paracasei, Lactobacillus acidophilus, 
Lactobacillus delbrueckii ssp. bulgaricus, Lactobacillus plantarum, 
and L.  kefiranofaciens, but only 20% of kefir contained Lactobacillus, 
and the rest is Lactobacillus kefir (80%) (Zanirati et al., 2015). 
Kefir made of combined cow milk and colostrum generated 
6.92 – 7.48 log CFU/ml LAB. Similarly, kefir made of goat milk 
and different kefir grains generated 7.17 ± 0.92 log CFU/ml total 
LAB (Setyawardani & Sumarmono, 2015). By increasing the use 
of colostrum, the growth of LAB in kefir is improved because 
LAB maximizes substrate lactose function in fermentation and 
producing lactic acid.

Yeast plays an important role in fermentation by producing 
important nutrition such as amino acid and vitamin, modifying 
pH, and producing ethanol and CO2. Yeast in kefir is synergic 
for kefir growth that produces metabolite which contributes 
to kefir flavor and aroma (Farnworth, 2005). Yeast grows in an 
acidic condition as a metabolite produced by LAB that would 
generate metabolite products ethanol and CO2. Lactic acid 
bacteria and yeast produce various homeostatic essential vitamin, 

mineral, and amino acid. Shewanella, Acinetobacter, Pelomonas, 
Dysgonomonas, and Weissella are microorganism in kefir (Arslan, 
2015). The role of yeast in lactic acid synthesis depends on its 
ability in using protein, fat, lactose, and citrate. Several studies 
(Álvarez-Martín et al., 2008) reported the correlation between 
yeast growth and milk product in metabolizing lactic acid 
(Cais-Sokolińska et al., 2015). In general, yeast is an acidophilic 
organism that grows very well in an acidic condition with optimal 
pH 4 to 6 (Anton et al., 2016).

The water activity (aw) value for bacteria and yeast is 
different; the higher the colostrum percentage lower the aw 
value. The average aw in this research is relevant to the previous 
research at 0.88 on goat milk kefir incubated for 30 days (source?). 
The water food system significantly contributed to the appearance, 
texture, and flavor, and serves as a solvent in the metabolism 
process (Setyawardani & Sumarmono, 2015).

3.5. Antimicrobial properties of kefir

Figure 1. shows that combined raw material for making kefir 
inhibited several pathogenic bacteria, i.e., S.aureus (6mm, the 
smallest), E.coli (8.08-10.21mm), S. typhimurium (6-11.62mm), and 
P.aeruginosa. (8.43-11.42mm). In general, the biggest inhibition 
among all pathogenic bacteria was on kefir with a combined 
80% cow milk and 20% colostrum. Antimicrobial properties 
of kefir are generated from metabolite during the fermentation 
process which produces lactic acid, antibiotic, and bactericide 
that inhibit bacterial growth and pathogenic microbe (Liu et al., 
2002). The previous study suggests that kefir metabolite could 
inhibit pathogenic bacteria such as Salmonella, Helicobacter, 
Shigella, Staphylococcus, Escherichia coli, Enterobacter aerogenes, 
Proteus vulgaris, Bacillus subtilis, Micrococcus luteus, Listeria 
monocytogenes, Streptococcus pyrogenes (Prado et al., 2015).

One of the inhibitory mechanisms was by lowering pH by LAB 
metabolites, i.e., lactic acid and acetic acid (Tejero‑Sariñena et al., 
2012). Antimicrobial activity is derived from lactic acid and other 
organic acids (Teneva et al., 2017). The main role of antimicrobial 
components in food preservation is by inhibiting or deactivating 
pathogenic or food-decaying bacteria (Davidson & Zivanovic, 
2003). Antimicrobial was important for food safety and to 
reduce damage due to decomposer microbes. Kefir contains 
several metabolite and inhibitors such as organic acid, peroxide 
hydrogen, ethyl alcohol, diacetyl, peptide, and bacteriocins. 
The  metabolites are interacting to improve antimicrobial 

Table 6. Microbiological characteristics and water activity of kefir produced from milk, colostrum, and milk-colostrum mixes.

Treatments Total microbes  
(log CFU/mL)

Total bacteria  
(log CFU/mL)

Total lactic acid 
bacteria  

(log CFU/mL)

Total yeast  
(log CFU/mL) Water activity

Milk (100%) 7.51 ± 0.84 7.49 ± 0.19ab 7.20 ± 0.30ab 6.15 ± 0.61ab 0.89 ± 0.02b

Milk-colostrum mix (80:20%) 7.10 ± 0.59 7.64 ± 0.71ab 6.92 ± 0.35a 5.74 ± 0.31a 0.89 ± 0.02b

Milk-colostrum mix (60:40%) 7.26 ± 0.80 7.04 ± 0.16a 7.08 ± 0.02ab 5.59 ± 0.17a 0.88 ± 0.02ab

Milk-colostrum mix (40:60%) 6.78 ± 0.65 7.97 ± 0.55b 7.42 ± 0.23b 5.54 ± 0.62a 0.86 ± 0.01ab

Milk-colostrum mix (20:80%) 7.09 ± 0.71 8.23 ± 0.70b 7.48 ± 0.29b 6.55 ± 0.11b 0.85 ± 0.01a

Colostrum (100%) 6.37 ± 0.33 7.89 ± 0.73ab 7.15 ± 0.25ab 5.98 ± 0.59a 0.85 ± 0.02ab

Different superscripts in the same column show significant differences (P < 0.05). Each treatment was repeated 4 times.
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activity (Kim et al., 2015). Antimicrobial activity is affected by 
low pH, and antimicrobial generated during kefir fermentation 
(Kim et al., 2016).

For future studies, it will be interesting to comprehend the 
perception of consumers on kefir produced from colostrum or 
milk-colostrum mixes. Kefir is one of fermented milk products 
with low lactose content, acidic taste and slightly effervescent, 
which may influence consumer’s acceptance. Nevertheless, in 
general, consumers perceived fermented milk as healthy food 
products with striking sensory characteristics (Pinto et al., 2018). 
The perception of consumers on kefir can be assessed by the 
use of projective techniques, which are word association and 
Haire’ shopping list (Pinto et al., 2018) or free word association 
method (Judacewski et al., 2019).

4 Conclusion
Our investigation showed that higher percentage of colostrum 

produced kefir with higher ethanol, total solid, protein, and 
total amino acid contents. Addition of colostrum to the milk 
improved palmitic acid content of the kefir, however, stearic and 
oleic acids contents tended to reduce. Highest total microbes, 
bacteria, lactic acid bacteria and yeast was observed in kefir 
produce from milk-colostrum mix (20:80%). In addition, kefir 
produced from milk, colostrum and milk-colostrum mixes exhibit 
antimicrobial properties against S. aureus, S. typhimurium, 
E. coli, and P.  aeruginosa bacteria. These characteristics are 
imperative for the practical application of kefir produced from 
milk-colostrum mixes. The use of milk-colostrum mixes for 
manufacturing kefir is a novelty, and it produces kefir with 
particular composition and functional characteristics.
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