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ABSTRACT

Background. The intake of fermented milk products, especially yoghurts, has been systematically increasing
for a few decades. The purpose of this work was to obtain milk products fermented with a mix of bacterial
cultures (yoghurt bacteria and Lactobacillus acidophillus LA-5) and enriched with selected milk protein
preparations. Secondly, the aim of the work was to determine physiochemical and rheological properties of
the obtained products.

Material and methods. The following additives were applied in the experiment: whey protein concen-
trate (WPC 65), whey protein isolate (WPI), demineralised whey powder (SPD), caseinoglycomacropeptide
(CGMP), a-lactalbumin (a-la), sodium caseinate (KNa) and calcium caseinate (KCa). Milk was fermented
using probiotic strain Lactobacillus acidophillus LA-5 and a typical yoghurt culture. The products were
analysed in terms of the survivability of bacterial cells during refrigerated storage, rheological properties
and syneresis. Fermented milk products were obtained using blends of bacterial strains: ST-BO1:Lb-12 (1:1),
ST-BO1:Lb-12:LA-5 (1:1:2).

Results. Milk beverages fermented with typical yoghurt bacteria and LA-5 strain showed intensive syner-
esis. The addition of LA-5 strain caused formation of harder acid gels, comparing to typical yoghurts. Milk
products which were prepared from skimmed milk possessed higher values of hardness and consistency
coefficient. The increase of concentrations of milk preparations (except of WPI) did not cause significant
differences in the hardness of acidic gels obtained by fermentation of mixed culture with a probiotic strain.
Conclusion. The applied preparations improved physiochemical properties of the milk beverages which were
prepared with a probiotic strain. The increase of protein milk preparations concentration resulted in a gradual
decrease of the secreted whey. Among the products that were made of full milk powder and were subjected
to three weeks of refrigerated storage the highest survivability of Lb. acidophilus LA-5 was noticed in the
samples fortified with 1% WPC.
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INTRODUCTION

In recent decades, the consumption of fermented bever-
ages, especially yoghurts, has systematically increased
(Tamime and Robinson, 2007). Yoghurt is a beverage
which is traditionally produced using a mixture of ther-
mophilic starter cultures consisting of Lactobacillus
delbrueckii ssp. bulgaricus and Streptococcus thermo-
philus (Gustaw, 2008). Probiotic microorganisms grow
slowly in milk and thus are frequently used with yoghurt
starter cultures (Tamime and Robinson, 2007). Probiotic
bacteria such as Lactobacillus acidophilus and Bifido-
bacterium spp. are also included due to their potential
health benefits (Donkor et al., 2007). The Lactobacillus
sp. genus is the most studied one and it has been widely
used in probiotic foods in recent years. Probiotic bac-
teria must meet the following criteria: (1) survive stor-
age and processing operations; (2) be able to survive
in gastric environment which includes the resistance to
hydrolytic enzymes and bile salts secreted in the gastro-
intestinal tract; (3) must not adversely affect the phys-
icochemical and sensory characteristics of the product
(Ding and Shah, 2007; Liu et al., 2007). Lactobacillus
delbrueckii ssp. bulgaricus may decrease acidity of yo-
ghurts during storage. As a consequence, it may lower
the survivability of Lactobacillus acidophilus (Saccaro
et al., 2009). In recent years, a considerable amount of
research focused on determining which constituents
enhance growth and viability of Lactobacillus genus in
milk products (Castro et al., 2009; Gustaw et al., 2011;
Koziot et al., 2013; 2014; Matijevic et al., 2008). Previ-
ous research investigated the influence of milk oligosac-
charides or proteins on products in which bacterial mon-
oculture was used. However, few studies verified if these
compounds enhance growth and viability of probiotic
bacteria in products made with the mixed cultures. The
aim of the present study was to prepare fermented milk
beverages enriched with selected milk proteins using yo-
ghurt bacteria and Lactobacillus acidophillus LA-5. The
other purpose was to assess physical and chemical prop-
erties of the prepared beverages and the effect of milk
proteins on viability of the used probiotic strain.

MATERIAL AND METHODS

Three bacterial strains were used in the study: Lac-
tobacillus acidophilus LA-5, Streptococcus salivarius
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ssp. thermophilus ST-BO1, Lactobacillus delbrueckii
ssp. bulgaricus (Chr. Hansen, Poland).

Milk products were prepared using: whole milk
powder (PMP), (OSM Krasnystaw); skimmed milk
powder (OMP), (Biomlek Chetm); whey protein con-
centrate (WPC 65; Milei GmbH, Allgau, Germany),
whey protein isolate (WPI; Milei GmbH, Allgau,
Germany); demineralised whey powder (SPD; Euro-
serum, Port-Sur-Saone, France), sodium and calcium
caseinate (Polsero, Poland), caseinoglycomacropep-
tide (CGMP) and o-lactalbumin (a-la; Arla Food,
Denmark).

Preparing of fermented milk beverages. For inocu-
lum preparations, sterile 10% regenerated OMP was
inoculated with 100 ml of bacterial suspension (Lacto-
bacillus acidophillus LA-5, Streptococcus thermophi-
lus ST-BO1, Lactobacillus delbrueckii ssp. bulgaricus
Lb 12). It was then incubated at 37°C (ST-BO1 at 42°C)
until a concentration of 10’-10® cfu/ml was obtained
(Donkor et al., 2007). The number of bacteria cells
was quantified with a plate count method using M17
medium (BTL, Poland) for ST-BO1 strain, MRS agar
medium (BTL, Poland) at pH 5.4 for Lb12 strain and
MRS agar medium which contained lithium chloride
(0.2%) and sodium propionate (0.3%) for LA-5 strain.

OMP and PMP 13% solutions were made by stir-
ring in distilled water using a MS 11HS (WIGO,
Poland) magnetic stirrer. Milk protein preparations
(0.5%, 1% and 2%) were added to the regenerated
milk. The obtained solutions were pasteurized at 80°C
for 30 min in a MLL 147 water bath (AJL Electronic,
Poland). Then the mixtures were cooled to room tem-
perature and the inoculum were added at the concen-
tration of 2%. Fermented milk products were prepared
using blends of bacterial cultures: ST-BO1:Lb-12 (1:1)
or ST-BO1:Lb-12:LA-5 (1:1:2).

Determination of syneresis in fermented milk
beverages. Syneresis was determined 12 h after fer-
mentation process stopped according to the methodol-
ogy described by Koziot et al. (2014).

The effect of milk proteins preparations on cell
survivability of Lactobacillus acidophillus LA-5
during refrigerated storage. Living cells of Lacto-
bacillus acidophillus LA-5 were quantified with plate
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count method using MRS agar medium which con-
tained lithium chloride (0.2%) and sodium propionate
(0.3%). Bacteria were enumerated at 1st, 7th, 14th,
and 21st day of refrigerated storage. The quantifica-
tions of bacteria were done in duplicate.

Rheological and textural properties of ferment-
ed milk products. Hardness was determined with
TA-XT2i texture analyzer (Stable Micro Systems,
Godalming. UK) after 12 h of refrigerated storage at
4°C. The samples were analysed with modified TPA
test (Koziot et al., 2013; 2014). The probe diameter
was 15 mm, the distance of penetration 20 mm and the
speed of the probe was fixed at 1 mm/s. The measure-
ments were done in two series and each series com-
prised of five repetitions.

Flow curves were established at the shear rate of
0-150 1/s, at 20°C for 120 s. The measurements were
done using a con-plate measuring system (C60/2°Ti)
and a dynamic rheometer RS 300 (Haake, Karlsruhe,
Germany). The established flow curves were analysed
with a Herschel-Bulkey model (RheoWin 3, Haake,
Karlsruhe, Germany).

Mechanical spectra of the milk beverages were
recorded at the frequency of 0.1-10 Hz at the strain
of 0.01. The measurements were done at 20°C using
a cone-plate measuring system (C60/2°Ti) and a dy-
namic rheometer RS 300 (Haake, Karlsruhe, Germany).

Fermentation of milk beverages was determined
with dynamic rheometer RS 300 (Haake, Karlsruhe,
Germany). Changes of storage and loss modulus
(G’ and G”) were recorded at f= 0.1 Hz and strain
0.01. The gel point of whey protein was measured as
the point when G’ equalled G”, i.e. & = 45°.

Statistical analysis. Statistical analysis was per-
formed with Statistica 8.0 (StatSoft. Polska). The data
were evaluated using analysis of variance (ANOVA)
with a level of significance set at P < 0.05. Tukey’s test
was carried out to compare the data.

RESULTS AND DISCUSSION

Table 1 presents the results on hardness of ferment-
ed milk beverages depending on fat content and the
concentration of the added protein preparations. Fer-
mented milk which was prepared from OMP possessed
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higher hardness comparing to the milk prepared from
PMP. The addition of WPI to OMP at the concentration
of 0.5% caused the improvement of acid gel texture.
However, the addition of other preparations did not
influence the hardness or even worsened the textural
properties. Among the milk products made from PMP,
the hardest acid gels (1.44 N) were obtained when
WPI was added at the concentration of 2%. The lowest
values (0.20 N) were observed for the PMP samples
where WPC65 was applied at the concentration of 2%.

Determining the level of syneresis of the fermented
milk beverages allowed to evaluate the influence of the
used milk protein preparations and bacterial strains on
consistence and stability of casein gels. Adding LA-5
strain to a typical yoghurt culture caused formation of
acid gels which released large quantity of whey, com-
paring to typical yoghurts made of both OMP and PMP
(Table 2). The highest amount of whey (9.11%) was
observed in the products made of PMP supplemented
with 0.5% KCa. Relatively high syneresis was noticed
in the case of milk beverages which were fermented
with WPC65 and SPD. To the contrary, the samples
prepared from PMP and OMP, both supplemented with
2% WPI, possessed the lowest syneresis. The level of
syneresis in the beverages made with the mixed culture
(ST-BO1, Lb-12 and LA-5) decreased along with higher
content of the added protein supplements. The results
are consistent with previous research in which the effect
of adding milk preparations on syneresis of fermented
milk beverages (Koziot et al., 2014; Kuecuekcetin,
2008). The lower syneresis which occurred after add-
ing higher amounts of milk proteins can be explained
by the denser crosslinking of the acid gels comparing to
control samples (Puvanenthiran et al., 2002).

The obtained fermented milk beverages were fur-
ther analysed in terms of their rheological properties.
The beverages prepared with OMP and fortified with
1% CGMP possessed different flow curves, depend-
ing on the used bacterial mono culture. However,
the shape of the curves of the all analysed products
showed pseudoplastic properties (Fig. 1).

The addition of probiotic strain (LA-5) to a typical
yoghurt culture caused formation of stronger acid gels,
comparing to milk which was fermented solely with
a typical yoghurt culture.

The enrichment of a typical yoghurt culture with
the prebiotic strain LA-5 and using it to ferment
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Table 1. Hardness [N] of fermented milk products by typical yoghurt cultures ST-BO1 (S. thermophilus) and Lb-12 (L. bul-

garicus) with the addition of LA-5 (L. acidophilus)

Concentration Milk protein preparations
of preparations
% OMP CGMP a-la WPC65 SPD WPI KNa KCa
0 0.56°"
+0.04
0.5 0.534fe 0.61% 0.49%f 0.46%4f 0.79" 0.43¢ 0.400
+0.06 +0.06 +0.03 +0.04 +0.07 +0.02 +0.02
1 0.56°" 0.78M 0.49%f 0.55%f 1.03! 0.55%f 0.54¢4fe
+0.05 +0.02 +0.04 +0.05 +0.06 +0.06 +0.03
2 0.31%¢ 0.60% 0.23¢ 0.26® 1.37 0.871 0.68¢"
+0.05 +0.06 +0.04 +0.05 +0.09 +0.05 +0.03
0 PMP
0.42¢def
+0.06
0.5 (0.3 5bcde 0.46%" 0.36cde 0.38Pcde 0.56%" 0.55% 0.67&"
+0.01 +0.02 +0.03 +0.03 +0.06 +0.08 +0.05
1 0.34¢bcd 0.51¢f 0.28%¢ 0.37bcde 0.72n 0.571" 0.819
+0.03 +0.02 +0.02 +0.02 +0.05 +0.04 +0.02
2 0.25% 0.459%f 0.20° 0.30%d 1.44% 0.89 0.923
+0.01 +0.07 +0.04 0.03 +0.10 +0.08 +0.11

Table shows mean values +standard deviations; n = 5, differences amid means obtained from one type of milk, denoted by different

letters are statistically significant (p < 0.05).

regenerated OMP and PMP fortified with milk protein
preparations caused minor increase of consistency co-
efficient (K). This effect was not noticed in case of yo-
ghurts made with a typical yoghurt culture (Table 3).
However the fortified samples made from OMP with
addition of milk preparations had usually higher K val-
ues comparing to the samples made from PMP. When
both kinds of regenerated milk were supplemented with
KNa, KCa and WPI, the higher K values were noticed.
Blending of LA-5 strain with a typical yoghurt culture
did not cause relevant changes of flow index (n).
Table 4 shows gel point of whole milk fermented
with bacterial monocultures (ST-BO1 or LA-5) or their
blend. Additionally it presents G” and G” values ob-
tained after the samples were cooled down to 5°C. Re-
gardless of the strain used the samples containing 1%
of CGMP or 1 a-la formed gels quicker compare to
the beverages prepared form PMP (control). The time
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needed for the formation of acid gel depended on the
applied culture. Fermenting of whole milk with mono-
cultures lasted longer than the mixed cultures.

Milk beverages fermented with LA-5 strain showed
the longest time (617—647 min) to form a gel struc-
ture (Table 4). The enrichment of yoghurt culture with
a LA-5 strain significantly quickened fermentation
(183—194 min). The values of storage modulus and loss
modulus depended on the type of applied protein prepa-
ration. The lowest G’ and G values were displayed by
the samples which were enriched with 1% a-la.

Population of LA-5 strain which was used to en-
rich typical yoghurt culture was lower in the produced
beverages when compared to the samples prepared
with LA-5 monoculture (Table 5). After 1 day of re-
frigerated storage the number of bacterial cells in the
control samples made of PMP, the samples with 1%
CGMP or WPC65, achieved 107 CFU/ml.
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Table 2. Syneresis volume of fermented milk beverages with the added milk protein preparations, produced through the
fermentation by ST-BO1 (S. thermophilus), Lb-12 (L. bulgaricus) and LA-5 (L. acidophilus) strains

Concentration of

Milk protein preparations

preparations
%
° OMP CGMP a-la WPC65 SPD WPI KNa KCa
0 5.11%
+0.11
0.5 8.96% 3.80°f 3.62° 7.751 2.87« 4.75¢ 5.45f
+0.36 +0.07 +0.10 +0.18 +0.32 +0.27 +0.33
1 4.88eh 2.65° 2.92¢ 4.35% 1.04%* 2.90 5.10M
+0.03 +0.07 +0.09 +0.17 +0.04 +0.12 +0.25
2 3.69° 1.21° 2.37° 3.40% 0.55° 2.87¢ 2.90
+0.15 +0.13 +0.08 +0.12 +0.03 +0.11 +0.19
PMP
0 5.84f
+0.10
0.5 6.66" 4.07¢ 7.24 7.36 2.98¢ 6.93M 9.11*
+0.04 +0.05 +0.43 +0.11 +0.05 +0.34 +0.27
1 5.14¢ 2.74¢ 4.17¢ 7.100 0.99° 5.06° 5.98%
+0.23 +0.04 +0.09 +0.14 +0.05 +0.18 +0.21
2 2.49¢ 0.80* 2,78 6.36%" 0.36° 4.72¢ 5.20°
+0.08 +0.12 +0.04 +0.10 +0.02 +0.22 +0.17

Table shows mean values +standard deviations; n = 5, differences amid means obtained from one type of milk, denoted by different
letters are statistically significant (p < 0.05).
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Table 3. Consistency index (K) [Paxs"] and flow index (n) of the milk fermented by ST-BO1 (S. thermophilus), Lb-12
(L. bulgaricus) and LA-5 (L. acidophilus) strains with the addition of different milk protein preparations

Concentrgtlon Rheological Milk protein preparations
preparation
% parameters OMP CGMP a-la WPC65 KCa KNa SPD WPI
0 K 546.9°"%
+67.4
n 0.10
+0.01
0.5 K 420.8 4714 506.4%  845.4h 815.8" 392.2% 444 5
+37.3 +18.6 +36.1 +11.8 +20.2 +46.8 +21.1
n 0.10 0.10 0.10 0.09 0.09 0.11 0.10
+0.01 +0.02 +0.02 +0.01 +0.00 +0.03 +0.01
1 K 492.1dfe 593 5¢ 560.9%  1035.01 1 123.0¢ 518.6%%  769.1"
+26.2 +12.9 +27.4 +40.1 +29.1 +39.0 +49.5
n 0.10 0.10 0.10 0.09 0.09 0.10 0.09
+0.01 +0.02 +0.01 +0.00 +0.01 +0.02 +0.01
2 K 227.6* 308.5%® 239.3¢ 1288.0k  1528.0' 198.7 1 146.0
+21.2 +34.2 +19.6 +41.1 +39.8 +37.1 +46.0
n 0.12 0.10 0.11 0.09 0.09 0.14 0.09
+0.02 +0.03 +0.02 +0.01 +0.00 +0.03 +0.00
PMP
0 K 355.9¢
+16.1
n 0.11
+0.01
0.5 K 226.5b 295.4df 2589l 466.4 554.01 2451 345.2%
+32.2 +42.5 +37.6 +28.8 +22.1 +28.8 +27.7
n 0.11 0.10 0.10 0.10 0.10 0.11 0.12
+0.02 +0.01 +0.02 +0.02 +0.01 +0.02 +0.04
1 K 177.7%¢ 341.1% 155.2% 748.21 859.7* 245.0% 704.7i
+24.8 +36.3 +15.3 +17.5 +23.7 +25.2 +32.4
n 0.14 0.11 0.13 0.10 0.10 0.11 0.09
+0.03 +0.01 +0.02 +0.01 +0.00 +0.01 +0.00
2 K 201.9%¢ 329.4¢f 118.2¢ 1372.0! 1.330.0* 188.4¢ 948.9!
+3.5 +8.1 +11.9 +2.8 +6.8 +13.1 +65.2
n 0.13 0.11 0.15 0.09 0.09 0.12 0.09
+0.02 +0.01 +0.01 +0.00 +0.01 +0.02 +0.03

Table shows mean values +standard deviations; n = 3, differences amid means obtained from one type of milk, denoted by different

letters are statistically significant (p < 0.05).
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Table 4. Gel point (min), storage (G’) and loss (G””) modulus values [Pa] of the fermented milk

obtained from PMP with the addition of different milk preparations

Bacterial strain Milk preparations ~ Gel point, min G’, Pa G”, Pa

ST-B0O1 control sample 220+2 616 £34 143 £16
1% CGMP 209 £1 573 £25 134 £8

1% a-la 208 +4 924 £39 217 £11
LA-5 control sample 647 £5 627 £21 150 £5
1% CGMP 622 +3 660 £32 21749

1% o-la 617 £2 963 +18 251 +19

ST-BO1+Lb-12 control sample 186 +1 570 £22 138 +13
1% CGMP 157 £0 674 £19 162 +6

1% a-la 176 £1 925432 227 £12

ST-BO1+Lb-12+LA-5 control sample 194 £3 634 +17 132 £11

1% CGMP 187 £3 586 £29 123 +15

1% o-la 183 £2 887 £26 278 £17

Yoghurts which were enriched with LA-5 strain
and without addition of protein preparations showed
reduced population (10° CFU/ml) after 14 days storage
at 5°C. The population was stable until the end of the
storage period. The same results were noticed in the
case of the samples which contained 1% CGMP. To
the contrary, the addition of 1% WP65 enhanced sur-
vivability of LA-5 cells in the samples. Its population
after 21 days of refrigerated storage reached 8.61x10°
CFU/ml. This number of cells of a prebiotic strain
LA-5 in stored yoghurt guarantees beneficial effect
on organisms who regularly consume it. Moreover,
WPC 65 is the cheapest additive among the applied

preparations. Therefore, its use will not cause an in-
crease in the price of the products. Good survivability
of Lactobacillus cells during refrigerated storage was
observed by Kailasapathy and Supriadi (1996) who
added WPC to yoghurts. Similar results were obtained
in previous studies which scrutinized the influence of
adding milk proteins preparations on survivability of
monocultures of Lactobacillus genus (Gustaw et al.,
2015; Koziot et al., 2014). Lower survivability of bac-
terial cells, as the result of adding CGMP, was con-
firmed by Cicvarek et al. (2010) who used this kind
of preparation to improve survivability of lactic acid
bacteria.

Table 5. Survivability of LA-5 strain (L. acidophilus) in the milk fermented by the blend of bacterial
cultures (ST-BO1, Lb-12 and LA-5) with some milk proteins preparations during refrigerated storage

Storage time

LA-5, cfu/ml

days PMP PMP + 1% CGMP PMP + 1% WPC65
1 2.68x107 2.06x107 271107
7 6.61x10° 6.82x10° 1.24x107
14 8.52x10° 7.73%10° 9.07x10°
21 6.43x10° 6.25%10° 8.61x106
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CONCLUSIONS

The addition of whey protein preparations had a posi-
tive impact on rheological properties of fermented
milk products. Milk beverages which were produced
from skimmed milk showed higher values of hardness
and consistency index. The increase of whey protein
concentration usually has not caused significant differ-
ences in the hardness of acid gels which were prepared
using the blend of bacterial cultures containing LA-5
probiotic strain. However, the exception was the ad-
dition of WPI. Milk beverages which were obtained
with the use of mixed cultures showed high syneresis,
regardless of the fat content in milk. The increase of
whey protein preparations resulted in a gradual de-
crease of secreted whey. Among the products made
of whole milk powder and subjected to three weeks
of refrigerated storage the highest survivability of Lb.
acidophilus LA-5 was noticed in the samples fortified
with 1% WPC. The addition of whey protein prepara-
tions can change sensory properties of milk products,
therefore further research will involve sensory evalua-
tion of prepared products.
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