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Kefi r is a fermented milk beverage which originates 
from the Caucasian mountains, Tibet and Mongolia 
where it was primarily produced from sheep milk. 
Nowadays, it has spread in Europe where its production 
on a commercial scale is limited basically to cow milk 
(Cais-Sokolińska et al., 2008; Irigoyen et al., 2005). 

Kefi r is traditionally produced by inoculating milk 
with kefi r grains – a complex community of around 
30 species of lactic acid bacteria (Lactobacillus, Lac-
tococcus, Leuconostoc, etc.), acetic acid bacteria (Ace-
tobacter) and yeasts (Kluyveromyces, Saccharomyces, 
Torula) embedded in a resilient, insoluble protein and 
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ABSTRACT

Background. In the process of enrichment of dairy products a priority element is the proper selection of com-
pounds that are a mineral carrier. Calcium bisglycinate is better absorbed by the body than inorganic forms of 
calcium. Moreover, the lactic acid which is produced in kefi r fermentation and the presence of lactose have 
also a positive eff ect on the improvement of absorption of calcium. The aim of the present study was to deter-
mine the infl uence of the applied dose of calcium in the form of calcium bisglycinate on the physicochemical 
and sensory properties and texture of kefi rs during 21-day period of cold storage.
Material and methods. Processed cow milk was enriched with 0, 5, 10, 15, 20, 25 and 30 mg of calcium (for 
100 g of milk), repasteurized (72°C, 1 min), cooled down (26°C), inoculated with Commercial VITAL kefi r 
culture (Danisco, Poland) and fermented for 16 hours (26°C). The assessment of the infl uence of addition 
of calcium bisglycinate on acidity, syneresis, texture and sensory characteristics (1–9 points) of kefi rs was 
conducted at four fi xed dates (after 1 day, 7 days, 14 days and 21 days of storage). 
Results. During successive weeks of cold storage in all experimental groups there was observed a tendency 
to decrease general acidity. On the 1st and 7th days of cold storage reduced whey leakage was observed in 
kefi rs enriched with 25 mg and 30 mg Ca/100 g of milk. With increasing doses of enrichment with calcium 
both the hardness, adhesiveness and gumminess of kefi rs decreased. The applied doses of calcium did not 
cause changes in the sensory characteristics such as colour and consistency of the fermented beverages.
Conclusions. Calcium bisglycinate may be used to enrich kefi rs with calcium even with 30 mg of calcium in 
100 g of milk without the modifi cation of the product’s parameters.
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polysaccharide matrix (Nielsen et al., 2014). Accord-
ing to Irigoyen et al. (2005) the major end products of 
milk fermentation are lactic acid, acetaldehyde, ace-
toin, diacetyl, ethanol and carbon dioxide. Moreover, 
during the fermentation kefi r increases concentration 
of vitamin B1, B12, calcium, amino acids, folic acid and 
vitamin K. There are many health benefi ts of consum-
ing kefi r. Some results indicate a positive infl uence 
of kefi r on the immune and alimentary systems and 
also on the cholesterol metabolism. This beverage re-
veals therapeutic activity against colorectal carcinoma 
and it delays the development of breast cancer. Kefi r 
can also be consumed by persons with lactose intol-
erance (Glibowski and Kowalska, 2012). According 
to Fesnak (2000) kefi r cultures, apart from synthesiz-
ing B vitamins, cause slight digestion of proteins and 
lactose and make them more easily digestible for the 
human body, thus succeeding in increasing the nutri-
tional and dietary value of kefi r. The lactic acid which 
is produced in kefi r fermentation has also a positive 
infl uence on the improvement of digestion and absorp-
tion of calcium.

High dietary intake of calcium is recognised to pre-
vent osteoporosis. Application areas for adding calci-
um to dairy products includes yoghurt, yoghurt drinks, 
ice cream, cottage cheese, sour cream, cream cheese 
preparations and desserts. Bioavailability of calcium 
from fermented milk beverages is higher than from 
milk because the acidic pH of fermented drinks ionizes 
calcium and thus facilitates intestinal calcium absorp-
tion (Singh and Muthukumarappan, 2008). 75% of the 
demand for calcium is provided by milk and its prod-
ucts, the remaining amount of calcium is delivered 
from meat products. Milk and milk products contain 
lactose increasing calcium absorption, moreover, they 
have a suffi  cient ratio of calcium to phosphorus – 1:1. 
Supporting doses of calcium from supplements, among 
other foods fortifi ed with calcium, increase bone min-
eral resources (Kozłowska-Wojciechowska, 2007). In 
the process of enrichment of dairy products a priority 
element is the proper selection of compounds that are 
a mineral carrier. The used mineral compound must be 
well absorbed to fulfi ll its role. 

The chemical substances used as sources of vi-
tamins and minerals which may be added to foods 
should be safe and available to be used by the human 
body. Minerals might be added to milk fermented 

beverages which is governed by the Regulation (EC) 
No 1925/2006 of the European Parliament and of the 
Council of 20 December 2006 on the addition of vi-
tamins and minerals and of certain other substances 
to foods. However, on the list of permitted substances 
there is no calcium in the chemical form of calcium 
bisglycinate. Calcium bisglycinate is commonly used 
in the manufacture of food supplements and substanc-
es that may be added for specifi c nutritional purposes 
in foods for particular nutritional uses (Commission 
Regulation (EC) No 1170/2009 of 30 November 2009; 
Commission Regulation (EC) No 953/2009 of 13 Oc-
tober 2009). In order to keep up with scientifi c and 
technological developments, it is important to revise 
lists promptly.

The aim of the paper was to determine the infl u-
ence of applied doses of calcium in the form of cal-
cium bisglycinate on the physicochemical and sensory 
properties and texture of kefi rs during 21-day period 
of storage.

MATERIAL AND METHODS

Materials
Kefi rs were produced from 2% fat pasteurized cow 
milk (SM Mlekovita, Poland), using commercial Vi-
tal Natural Kefi r culture (Danisco, Poland) which in-
cluded the microfl ora of kefi r grains (kefi r yeast and 
Leuconostoc subsp.) and Lactococcus lactis subsp., 
Streptococcus thermophilus, Lactobacillus acidophi-
lus. For kefi rs enrichment calcium bisglycinate (Ol-
imp Laboratories, Poland) was used.

Preparation of kefi rs
Kefi rs were produced with various levels of enrich-
ment with calcium (0 mg, 5 mg, 10 mg, 15 mg, 20 mg, 
25 mg and 30 mg). The doses of calcium were based 
on molecular weight of calcium bisglycinate. Milk 
with addition of calcium bisglycinate was repasteur-
ized (72°C, 1 min) and cooled down to 26°C. Then the 
milk was inoculated with kefi r culture. Fermentation 
was conducted for 16 hours in disposable containers 
with lids (100 ml) in temperature of 26°C. Kefi rs were 
cooled down to 5°C and stored for 21 days.
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Kefi rs analysis
The assessment of the infl uence of addition of calcium 
bisglycinate on acidity, syneresis, texture and senso-
ry characteristics (1–9 points) was conducted at four 
fi xed dates (after 1 day, 7 days, 14 days and 21 days 
of storage). Three production batches of kefi r were 
manufactured and 5 kefi r samples were collected from 
each batch for analyses (n = 15). Sensory quality of 
kefi rs was assessed by a 20-person panel, by the sen-
sory profi le method according to a 1–9 point scale for 
saturation of CO2, consistency, sour taste, sour odour, 
yeasty taste, salty taste and colour. Determining po-
tential acidity was performed by titration of 0.25N 
samples with standard solution of sodium hydroxide 
in presence of phenolphthalein as an indicator. De-
termining active acidity (pH) was performed with the 
electrometric method by measurement of activity of 
hydrogen ions with the use of pH/conductivity meter 
CPC – 505 (Elmetron) equipped with the combination 
electrode OSH 12–00. Susceptibility of kefi rs to sy-
neresis was measured using Sahan et al. (2008) meth-
od. 25 g of fermented beverage samples were weighed 
on a fi lter paper and placed on top of a funnel. The 
drainage time and temperature was 120 min and 4°C 
respectively. Syneresis of whey was performed by 
gravity and the quantity of whey collected in a fl ask of 
known weight was used as a syneresis value. The tex-
ture was determined with the analyser Brookfi eld CT3 
equipped with Brookfi eld Texture Pro CT software. 
For determination there was selected the TPA test with 
the following settings: sample – cylinder 66.00 mm 
× 33.86 mm, force 0.1 N, head speed 1 mm/s, table 
TA-BT-KIT, probe TA3/100. The fallowing param-
eters were calculated: hardness, adhesiveness, springi-
ness and gumminess.

From the obtained results the mean, standard de-
viation and simple correlation coeffi  cient (r) were 
worked out statistically in the software Statistica 10.0 
(StatSoft, USA). Signifi cance of diff erences between 
the averages (p ≤ 0.05) was estimated with Tukey’s 
test.

RESULTS AND DISCUSSION

The proper calcium intake from the diet is important 
in the prevention of diet-related metabolic disorders 
(diabetes, hypertension, obesity, atherosclerosis and 

cancer). Due to relatively low consumption of milk 
in Poland, fortifi cation of fermented milk beverages 
with calcium is becoming more common. The most 
popular products enriched with calcium are milk and 
dairy products with reduced fat content. According to 
Ziarno (2008) applied salts should have a good solu-
bility, high chemical and thermal stability, and they 
cannot change the sensory characteristic of products. 
Moreover, the mineral compound must be well-ab-
sorbed. In the production of fermented milk beverages 
the fortifi cation with calcium ions is possible directly 
after heat treatment, or as an additive to a fi nal product. 
Bisglycinates available on the market are the source of 
calcium, zinc, copper and magnesium. They are com-
posed of divalent metal ions, notably Ca2+, Zn2+, Cu2+ 
and Mg2+ which are connected to two molecules of 
glycine. The metal ion is bound to the carboxyl group, 
as well as α-amino group of glycine and it is forming 
the form of a heterocyclic ring. The 1 : 2 metal-ligand 
ratio reduces the reaction of the compound with con-
tained in the diet magnesium absorption inhibitors and 
limits its entry in the free radical reactions. Calcium 
bisglycinate is characterized by high absorption and 
use by the human body. In order to increase the ab-
sorption of calcium there is used a nutritional cofac-
tor – vitamin D, which maintains the appropriate level 
of calcium and helps to reduce its losses. In contrast 
to inorganic forms of calcium, bisglycinate does not 
aff ect the absorption of other minerals, including iron 
(Schuette et al., 1994).

On the fi rst day of analysis the lowest general acid-
ity was observed in kefi rs enriched with 5 mg of Ca 
(in 100 g of milk) (35.60°SH), while the highest gen-
eral acidity was found in kefi rs fortifi ed with 25 mg 
Ca/100 g of milk (40.20°SH; Table 1). During succes-
sive weeks of cold storage in all experimental groups 
a tendency to decrease general acidity was observed. 
Many authors (Cais-Sokolińska et al., 2008; Kok-Tas 
et al., 2013; Mituniewicz-Małek et al., 2009) reported 
an increase of total acidity of kefi rs made from cow 
and sheep milk during cold storage. On the 21st day 
of cold storage there were observed diff erences deter-
mined between the acidity of control kefi rs and acid-
ity of fermented beverages enriched with the dose of 
10 mg of calcium (for 100 g of milk) or more. 

There were observed diff erences between pH 
of control samples and kefi rs enriched with 5 mg of 
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calcium (for 100 g of milk) and pH of kefi rs fortifi ed 
with 20 mg, 25 mg and 30 mg of Ca (for 100 g milk) 
on the 1st day of analysis (Table 2). Higher pH val-
ues in kefi rs fortifi ed in 15 mg of calcium and more 
(for 100 g of milk) were maintained throughout the 

whole period of cold storage and presented diff erences 
were statistically signifi cant (p ≤ 0.05). The infl uence 
of the applied dose of enrichment also confi rms high 
signifi cant correlation coeffi  cients between the dose 
of calcium and pH values on dates of each analysis 

Table 1. Infl uence of dose of enrichment with calcium on general acidity (°SH) of kefi rs during storage (means ±SD, n = 15)

Dose of enrichment with calcium
mg of calcium for 100 g of milk

Storage time, days

1 7 14 21

0 36.80 ±1.60Aa 35.20 ±0.80ABa 33.80 ±0.72Ba 34.70 ±1.11ABa

5 35.60 ±1.60Aa 33.40 ±0.48Aa 33.50 ±1.21Aab 35.80 ±0.83Aab

10 38.80 ±0.40Aa 44.90 ±1.25Ba 35.90 ±0.87Bb 34.10 ±1.73Ba

15 38.00 ±0.00Aa 34.90 ±0.77Ba 34.30 ±0.59Bab 36.00 ±0.28Cab

20 37.40 ±0.20Aa 33.90 ±1.82Ba 33.20 ±0.28Bab 34.20 ±1.08Ba

25 40.20 ±2.20Aa 34.80 ±0.75Ba 34.10 ±0.33Ba 36.80 ±0.28Cb

30 37.60 ±1.50Aa 35.40 ±0.87ABa 34.40 ±1.30Ba 36.10 ±0.95ABab

Simple correlation coeffi  cient (r) 
between the dose of calcium 
enrichment and general acidity

0.065 0.189 0.121 0.122

A-C – diff erent capital letters with mean values in rows indicate statistically signifi cant diff erences at p ≤ 0.05.
a-c – diff erent small letters with mean values in columns indicate statistically signifi cant diff erences at p ≤ 0.05.

Table 2. Infl uence of dose of enrichment with calcium on active acidity of kefi rs during storage (means ±SD, n = 15)

Dose of enrichment with calcium
mg of calcium for 100 g of milk

Storage time, days

1 7 14 21

0 4.52 ±0.01Aac 4.55 ±0.00Ba 4.59 ±0.01Ca 4.65 ±0.01Da

5 4.51 ±0.02Ac 4.56 ±0.01Bb 4.62 ±0.01Cb 4.66 ±0.01Da

10 4.56 ±0.01Aac 4.64 ±0.04Bc 4.65 ±0.01Bc 4.65 ±0.01Ba

15 4.58 ±0.01Aab 4.60 ±0.01Bd 4.67 ±0.00Cd 4.70 ±0.01Db

20 4.63 ±0.05Ab 4.77 ±0.01ABe 4.70 ±0.01ABe 4.75 ±0.03Bc

25 4.63 ±0.01Ab 4.63 ±0.01Af 4.64 ±0.01Af 4.69 ±0.01Bb

30 4.62 ±0.02Ab 4.64 ±0.01Af 4.67 ±0.01Bf 4.73 ±0.01Cc

Simple correlation coeffi  cient (r) 
between the dose of calcium 
enrichment and active acidity

0.837 0.695 0.734 0.759

A-D – diff erent capital letters with mean values in rows indicate statistically signifi cant diff erences at p ≤ 0.05.
a-f – diff erent small letters with mean values in columns indicate statistically signifi cant diff erences at p ≤ 0.05.
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(r > 0.6, p ≤ 0.05). According to Pirkul et al. (1997) 
fortifi cation of fermented beverages with calcium salts 
increases the buff er capacity, thereby preventing ex-
cessive acidifi cation. Mituniewicz-Małek et at. (2009), 
Magra et al. (2012) reported a decrease of pH value in 
kefi rs during the cold storage. Irigoyen et al. (2005) 
reported that pH do not vary signifi cantly during the 
storage of kefi r and it might be related to the presence 
of yeasts in this fermented milk beverage. The lactic 
acid bacteria in the presence of yeast proliferate and 
produce lactic acid more slowly than in pure culture 
(Baranowska, 2009).

Table 3 shows the results of syneresis in kefi r de-
pending on the dose of enrichment and the time of 
storage. On the 1st and 7th days of cold storage there 
was observed a tendency for high doses of fortifi cation 
with calcium (25 mg and 30 mg Ca/100 g of milk) to 
signifi cantly reduce whey leakage. On the 1st and the 
7th day of analysis there were calculated signifi cant 
correlations between syneresis and applied quantities 
of calcium (r > –0.5, p ≤ 0.05). Additional extension 
of storage time caused the eff ect of the dose of en-
richment on the syneresis to become less signifi cant, 
moreover, the correlation coeffi  cients were low. Serum 
separation occurs as a result of aggregation of pro-
tein particles during storage and sedimentation under 

gravity. Stabilizers, acidity, total solids, milk and cul-
ture type can also aff ect the whey leakage in fermented 
milk beverages (Montanuci et al., 2012). Montanuci 
et al. (2012) observed that an increase of syneresis 
was noted in kefi rs fermented with kefi r starter culture 
compared to beverages fermented with kefi r grains. 
The authors obtained less syneresis in whole milk 
kefi rs than in the beverages produced from skimmed 
milk. The same results were obtained by Baranowska 
(2009). Moreover, the concentration of Ca2+ ions has 
an infl uence on syneresis (Jovanovic et al., 2004). The 
authors reported that selected factors of coagulation 
(including the amount of added CaCl2) have a big in-
fl uence on the amount of whey leakage in gel by the 
application of various intensities of centrifugal force 
(induced syneresis) and the best rheological proper-
ties had gels produced with 400 mg/l CaCl2 added (Jo-
vanovic et al., 2004). 

The major factor aff ecting the hardness of kefi rs 
in the experiment was the time of storage. Signifi cant 
diff erences were found between the hardness of kefi rs 
on 1st day of storage and the hardness of kefi rs on the 
14th and the 21st day of cold storage (Table 4). There 
were found correlations between the dose of enrich-
ment with calcium and the hardness of kefi rs on the 
7th day of storage (r = –0.570, p ≤ 0.05), on the 14th 

Table 3. Infl uence of dose of enrichment with calcium on syneresis of kefi rs during storage (means ±SD, n = 15)

Dose of enrichment with calcium
mg of calcium for 100 g of milk

Storage time, days

1 7 14 21

0 37.55 ±0.73Aa 38.17 ±0.64Bab 33.29 ±0.76Cac 35.61 ±1.03Aa

5 37.96 ±0.18Aa 35.81 ±0.32BCab 36.15 ±0.55Bb 34.79 ±0.62Ca

10 38.18 ±0.76Aa 34.89 ±1.61Bab 36.62 ±1.02ABb 35.92 ±0.67ABa

15 36.02 ±0.34Aa 34.91 ±0.83Aab 31.80 ±0.34Bc 34.47 ±1.80Aa

20 37.22 ±1.72Aa 33.89 ±0.20Bab 32.86 ±1.49Bac 33.70 ±2.46Ba

25 33.38 ±0.12Ab 36.48 ±1.48Ba 35.23 ±0.66ABb 36.29 ±1.24Ba

30 33.62 ±1.48Ab 33.21 ±1.15Ab 34.06 ±0.47Aa 33.00 ±0.38Aa

Simple correlation coeffi  cient (r) 
between the dose of calcium 
enrichment and syneresis

–0.763 –0.507 –0.213 –0.383

A-C – diff erent capital letters with mean values in rows indicate statistically signifi cant diff erences at p ≤ 0.05.
a-c – diff erent small letters with mean values in columns indicate statistically signifi cant diff erences at p ≤ 0.05.
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day of storage (r = –0.529, p ≤ 0.05) and on the 21st 
day of cold storage (r = –0.541, p ≤ 0.05). Calculated 
negative correlation coeffi  cients mean that with in-
creasing doses of enrichment with calcium the hard-
ness of kefi rs decreases.

In all experimental groups there was not showed 
the infl uence of storage time on the adhesiveness ke-
fi rs (Table 5). There were found signifi cant correla-
tions between the dose of calcium enrichment and the 
adhesiveness of kefi rs on the 21st day of storage. 

Table 4. Infl uence of dose of enrichment with calcium on hardness [N] of kefi rs during storage (means ±SD, n = 15)

Dose of enrichment with calcium
mg of calcium for 100 g of milk

Storage time, days

1 7 14 21

0 1.38 ±0.01Aabc 1.61 ±0.02Ba 1.76 ±0.03Ca 1.73 ±0.04Ca

5 1.44 ±1.00Aa 1.74 ±0.04Bb 1.93 ±0.11Cb 1.83 ±0.04Ca

10 1.36 ±0.66Aabc 1.56 ±0.09Bac 1.85 ±0.06Cab 1.83 ±0.02Ca

15 1.34 ±0.03Aabc 1.57 ±0.06Bac 1.65 ±0.10Bad 1.81 ±0.03Cab

20 1.32 ±0.05Aabc 1.48 ±0.03Bc 1.67 ±0.02Cad 1.76 ±0.09Dab

25 1.28 ±0.04Ab 1.54 ±0.01Bac 1.42 ±0.08Bc 1.69 ±0.04Cb

30 1.42 ±0.02Aac 1.50 ±0.05Aac 1.75 ±0.02Bad 1.66 ±0.93Bb

Simple correlation coeffi  cient (r) 
between the dose of calcium 
enrichment and hardness

–0.260 –0.570 –0.529 –0.541

A-D – diff erent capital letters with mean values in rows indicate statistically signifi cant diff erences at p ≤ 0.05.
a-d – diff erent small letters with mean values in columns indicate statistically signifi cant diff erences at p ≤ 0.05.

Table 5. Infl uence of dose of enrichment with calcium on adhesiveness [mJ of kefi rs during storage (means ±SD, n = 15)

Dose of enrichment with calcium
mg of calcium for 100 g of milk

Storage time, days

1 7 14 21

0 2.67 ±0.66Aa 3.60 ±0.43Aa 3.07 ±0.76Aab 4.10 ±0.92Aa

5 2.73 ±0.31Aa 3.20 ±0.22Aa 3.97 ±1.08Aa 2.90 ±0.36Aa

10 2.47 ±0.05Aa 3.37 ±1.38Aa 3.43 ±0.29Ab 2.77 ±0.47Aa

15 1.63 ±0.30Aa 2.97 ±0.12Aa 2.10 ±0.14Ab 3.07 ±0.59Aa

20 3.03 ±0.98Aa 2.07 ±1.57Aa 3.17 ±0.49Abc 2.60 ±0.28Aa

25 1.57 ±1.11Aa 2.35 ±0.15Aa 1.27 ±0.90Ac 2.20 ±0.10Aa

30 3.13 ±1.32Aa 3.07 ±1.16Aa 2.37 ±0.33Abc 2.27 ±1.62Aa

Simple correlation coeffi  cient (r) 
between the dose of calcium 
enrichment and adhesiveness

–0.019 –0.218 –0.499 –0.624

A– diff erent capital letters with mean values in rows indicate statistically signifi cant diff erences at p ≤ 0.05.
a-c – diff erent small letters with mean values in columns indicate statistically signifi cant diff erences at p ≤ 0.05.
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Quantity of introduced calcium signifi cantly dif-
ferentiated the gumminess of kefi rs on the 14th and 
the 21st day of analysis (Table 6). The confi rmation 
of occurring relationship is signifi cant negative corre-
lation coeffi  cient indicating that with increasing dose 
of enrichment with calcium the gumminess of kefi rs 
decreases.

Mituniewicz-Małek et al. (2009) during the stor-
age of fermented milk beverages, observed the great-
est diff erences in the level of hardness in the fi rst days 
of the experiment. Results obtained by these authors 
showed also that hardness and viscosity of kefi rs from 
sheep milk’s were not signifi cantly infl uenced by the 
composition of starter cultures used in the produc-
tion. Sady et al. (2009) observed that supplementation 
of milk solid for kefi r produced from skimmed milk 
caused the increase of the adhesiveness of products. 
The type of kefi r (supplementation in skim milk pow-
der (SMP) and/or whey protein concentrate (WPC) in 
comparison to the control kefi r) did not have signifi -
cant infl uence on the texture parameter obtained from 
TPA analysis.

According to Cais-Sokolińska et al. (2008) the rich 
microfl ora of kefi r cultures contributes to the develop-
ment and liberation of many compounds infl uencing the 
sensory characters of the fi nal product. The substances 

used as carriers of calcium should not aff ect the change 
of colour, taste and smell of the fermented beverage, 
shortening of expiry date, as well as cause changes in 
the product during transport and cold storage (Ziarno 
et al., 2009).

Figures 1–4 contain the results of sensory evalu-
ation of selected experimental groups of kefi rs. Due 
to the presence of yeast in a starter culture there was 
evaluated the intensity of yeasty taste. With the in-
creasing dose of calcium there increased the intensity 
of the yeasty (r = 0.624, p ≤ 0.05) and a salty taste 
(r = 0.745, p ≤ 0.05) of fermented milk beverages on 
the 1st day of analysis, while with increasing storage 
time there decreased the eff ect of the dose of enrich-
ment on the perceptibility of yeasty and salty taste. 
It was observed that the quantity of applied calcium 
signifi cantly reduces the intensity of sour taste of ke-
fi rs assessed on the 7th and 14th days of cold storage 
(r > 0.6, p ≤ 0.05). Moreover, there was no infl uence of 
the applied dose of calcium enrichment on the colour 
and consistency of kefi rs assessed in terms of subse-
quent analysis.

Table 6. Infl uence of dose of enrichment with calcium on gumminess [N] of kefi rs during storage (means ±SD, n = 15)

Dose of enrichment with calcium
mg of calcium for 100 g of milk

Storage time, days

1 7 14 21

0 0.37 ±0.26Aa 0.63 ±0.00Bab 0.69 ±0.02Ba 0.67 ±0.04Bab

5 0.58 ±0.04Aa 0.67 ±0.02ABa 0.72 ±0.08Ba 0.70 ±0.00Bb

10 0.56 ±0.04Aa 0.59 ±0.03Ab 0.69 ±0.04Ba 0.71 ±0.02Bc

15 0.58 ±0.02Aa 0.61 ±0.03ABb 0.65 ±0.05Bab 0.66 ±0.03Babc

20 0.38 ±0.27Aa 0.60 ±0.02ABb 0.61 ±0.02Bb 0.64 ±0.03Bab

25 0.35 ±0.25Aa 0.63 ±0.00Bab 0.57 ±0.02ABb 0.62 ±0.00Ba

30 0.60 ±0.02Aa 0.60 ±0.04Ab 0.66 ±0.03Aab 0.66 ±0.04Aabc

Simple correlation coeffi  cient (r) 
between the dose of calcium 
enrichment and gumminess

–0.280 –0.225 –0.479 –0.543

A-B – diff erent capital letters with mean values in rows indicate statistically signifi cant diff erences at p ≤ 0.05.
a-c – diff erent small letters with mean values in columns indicate statistically signifi cant diff erences at p ≤ 0.05.
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Fig. 1. Infl uence of dose of enrichment with calcium on sen-
sory analysis of kefi rs on 1st day of storage (1–9 points) Fig. 2. Infl uence of dose of enrichment with calcium on sen-

sory analysis of kefi rs on 7th day of storage (1–9 points)

Fig. 3. Infl uence of dose of enrichment with calcium on sen-
sory analysis of kefi rs on 14th day of storage (1–9 points)

Fig. 4. Infl uence of dose of enrichment with calcium on sen-
sory analysis of kefi rs on 21st day of storage (1–9 points)

CONCLUSIONS

Calcium bisglycinate may be used to enrich kefi rs 
with calcium even with 30 mg of calcium in 100 g 
of milk without the modifi cation of the parameters of 

production. With increasing doses of enrichment with 
calcium there decreased the hardness, adhesiveness 
and gumminess of kefi rs. The applied doses of calcium 
did not cause changes in the sensory characteristics 



45

Pawlos, M., Znamirowska, A., Szajnar, K., Kalicka, D.  (2016). The infl uence of the dose of calcium bisglycinate on physicochemical 
properties, sensory analysis and texture profi le of kefi rs during 21 days of cold storage. Acta Sci. Pol. Technol. Aliment., 15(1), 
37–45. DOI: 10.17306/J.AFS.2016.1.4

www.food.actapol.net/

such as colour and consistency of the fermented bever-
ages. Kefi rs enriched with calcium bisglycinate were 
characterised by lower intensity of sour taste.

REFERENCES

Baranowska, M. (2009). Właściwości fi zykochemiczne ke-
fi ru i biokefi ru [Physicochemical properties of kefi r and 
biokefi r]. Inż. Ap. Chem., 48, 2, 18–20 [in Polish].

Cais-Sokolińska, D., Danków, R., Pikul, J. (2008). Physico-
chemical and sensory characteristics of sheep kefi r dur-
ing storage. Acta Sci. Pol., Technol. Aliment., 2, 63–73.

Commission Regulation (EC) No 953/2009 of 13 October 
2009 on substances that may be added for specifi c nu-
tritional purposes in foods for particular nutritional uses. 
(2009). 

Commission Regulation (EC) No 1170/2009 of 30 Novem-
ber 2009 amending Directive 2002/46/EC of the Euro-
pean Parliament and of Council and Regulation (EC) 
No 1925/2006 of the European Parliament and of the 
Council as regards the lists of vitamin and minerals and 
their forms that can be added to foods, including food 
supplements. (2009). Offi  cial Journal of the European 
Union, L 314/36, 1.12.2009.

Fesnak, D. (2000). Kefi r to zdrowie [Kefi r is health]. Przegl. 
Mlecz., 6, 44 [in Polish].

Glibowski, P., Kowalska, A. (2012). Rheological, texture 
and sensory properties of kefi r with high performance 
and native inulin. J. Food Eng., 111, 2, 299–304.

Irigoyen, A., Arana, I., Castiella, M., Torre, P., Ibanez, F. C. 
(2005). Microbiological, physicochemical, and sensory 
characteristics of kefi r during storage. Food Chem., 90, 
613–620. DOI: 10.1016/j.foodchem.2004.04.021

Jovanovic, S., Macej, O., Denin-Djurdjevic, J. (2004). Infl u-
ence of selected factors on induced syneresis. J. Agric. 
Sci., 49, 2, 205–217. DOI: 10.2298/JAS0402205J

Magra, T. I., Antoniou, K. D., Evdoxios, I., Psomas, E. I. 
(2012). Eff ect of milk fat, kefi r grain inoculum and stor-
age time on the fl ow properties and microbiological 
characteristics of kefi r. J. Text. Stud., 43, 4, 299–308. 
DOI: 10.1111/j.1745-4603.2011.00343.x

Mituniewicz-Małek, A., Dmytrów, I., Jasińska, M. (2009). 
Quality of kefi r produced using activefl ora probiotic. 
EJPAU, 12, 3, #05. Retrieved from http://www.ejpau.
media.pl/volume12/issue3/art_5.pdf

Montanuci, F. D., Pimentel, T. C., Garcia, S., Prudencio, 
S. H. (2012). Eff ect of starter culture and inulin addi-
tion on microbial viability, texture, and chemical char-
acteristics of whole or skim milk Kefi r. Cienc. Tecnol. 

Aliment., Campinas, 32(4), 850–861. DOI: 10.1590/
S0101-20612012005000119 

Nielsen, B., Gürakan, C. G., Ünlü, G. (2014). Kefi r: A mul-
tifaceted fermented dairy product. Probiot. Antimicrob. 
Prot., 6, 123–135. DOI: 10.1007/s12602-014-9168-0 

Pirkul, T., Temiz, A., Erdem, Y. K. (1997). Fortifi cation of 
yoghurt with calcium salts and its eff ect on starter mi-
croorganisms and yoghurt quality. Int. Dairy J., 7, 547–
552. DOI: 10.1016/S0958-6946(97)00030-7

Sady, M., Domagała, J., Najgebauer-Lejko, D., Grega, T. 
(2009). Eff ect of whey protein concentrate addition on 
texture and rheological properties of kefi r produced 
from skimmed milk. Biotechn. Anim. Husban., 25 (5–
6), 763–771.

Sahan, N., Yasar, K., Hayaloglu, A. A. (2008). Physical, 
chemical and fl avor quality of non-fat yogurt as aff ected 
by a β-glucan hydrocolloidal composite during stor-
age. Food Hyrocoll., 22, 1291–1297. DOI: 10.1016/j.
foodhyd.2007.06.010

Singh, G., Muthukumarappan, K. (2008). Infl uence of cal-
cium fortifi cation on sensory, physical and rheological 
characteristics of fruit yogurt. LWT – Food Sci. Tech-
nol., 41, 7, 1145–1152. DOI: 10.1016/j.lwt.2007.08.027

Kok-Tas, T., Seydim, A. C., Ozer, B., Guzel-Seydim, Z. 
(2013). Eff ects of diff erent fermentation parameters on 
quality characteristics of kefi r. J. Dairy Sci., 96, 780–
789. DOI: 10.3168/jds.2012-5753

Kozłowska-Wojciechowska, M. (2007). Najnowsze donie-
sienia na temat spożycia mleka i przetworów mlecznych 
oraz ich oddziaływania na zdrowie człowieka [The lat-
est reports on the consumption of milk and milk prod-
ucts and their eff ect on human health]. Warszawa: Rada 
Promocji Zdrowego Żywienia Człowieka, 1–12.

Regulation (EC) No 1925/2006 of the European Parliament 
and of the Council of 20 December 2006 on the addition 
of vitamins and minerals and of certain other substances 
to foods. (2006). Offi  cial Journal of the European Union, 
L 404/26, 30.12.2006.

Schuette, S., Lashner, B., Janghorbani, M. (1994). Bioavail-
ability of magnesium diglycinate vs magnesium oxide 
in patients with ileal resection. JPEN – Parenter. Enter., 
18, 5, 430–435. DOI: 10.1177/0148607194018005430 

Ziarno, M. (2008). Wzbogacanie mleka spożywczego sola-
mi wapnia i magnezu [Fortifi cation of milk in calcium 
and magnesium salts]. Przegl. Mlecz., 2, 4–10.

Ziarno, M., Zaręba, D., Piskorz, J. (2009). Wzbogacanie 
maślanki w wapń, magnez oraz białka serwatkowe [For-
tifi cation of buttermilk in calcium, magnesium and whey 
proteins]. Żywn. Nauka Techn. Jakość, 2 (63), 14–27 [in 
Polish].


