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Survival of some Probiotics in Bio-Yoghurt Production
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Abstract: Viability of Lactobacillus acidophilus (L. acidophilus) and Bifidobacterium bifidum (B. bifidum)
incorporated with yoghurt culture in three combinations of starter cultures; Treatment 1 (yoghurt culture + L.
acidophilus), T2 (yoghurt culture + B. bifidum) and T3 (yoghurt culture + L. acidophilus + B. bifidum) were studied.
Analyses of pH, titratable acidity (TA), syneresis, acetaldehyde content and sensory evaluation after 1, 3, 7, 14 and 21
days of cold storage of yoghurt were under taken. Counts of L. acidophilus was recorded 5.85 log;o cfu g in T1 which
were higher than counts in T3 (5.79 log, cfu g") at the end of storage period. On the other hand, the viability of L.
acidophilus and B. bifidum was stable until 14 days of storage period. The results showed that the addition of B. bifidum
to yoghurt culture (T2) increased TA of bio-yoghurt comparing with addition of L. acidophilus (T1). Syneresis in all
treatments was in the range of 20 to 33% and it was found higher in T3 than control. The highest sensory values were in

control, T1 and T2 until the end of 14 days of storage period.
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INTRODUCTION

Probiotics definition as "live microorganisms
which when administered in adequate amounts confer
a health benefit on the host" by Food and Agriculture
Organization of the United Nations and World Health
Organization (FAO/WHO, 2001). An important
challenge for industrial producers was viability and
stability of probiotic bacteria in their products during
either the technology or marketing Caldeano and
Perdigon (2004). Probiotic cultures with good
technological properties should grow easily in milk,
improve sensory characteristics of the product and
should be viable during the whole product shelf life
(Magarinos et al., 2008). Bifidobacteria and
lactobacilli were the famous probiotic bacteria
incorporated into dairy products (Lourens-Hattingh
and Viljoen, 2001).

The viability of L. acidophilus in bio-yoghurt
improved by incorporated into milk with yoghurt
culture before fermentation (Tamime, 2005). This
allows propagation of L. acidophilus to some extent in
milk, which improves the initial number after
processing and assists its adaptation to the product
environment; this will help their survival during
storage. The possible interactions between selected
strains should be considered when choosing the best
combinations in order to optimize their performance in
the process and their viability.

Probiotic bacteria must be viable and available at
a high concentration, typically 10°%-107 cfu g' of
product to achieve health benefits (Shah et al., 2000).

The aim of this work was to determine the
viability of probiotic bacteria (L. acidophilus and B.
bifidum) incorporated with yoghurt starter culture in
making bio-yoghurt. To achieve this goal, three
different mixtures in addition to control were prepared
and their technological properties and sensory
evaluation during storage at 4°C for 21 days were
studied.
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MATERIALS AND METHODS

Bacterial strains:

Streptococcus thermophilus 1043 (S.
thermophilus), Lactobacillus delbrueckii ssp. bulgaricus
20080 (L. delbrueckii ssp. bulgaricus) and L.
acidophilus 20079 were obtained from Ain Shams
University, Faculty of Agriculture, Microbiological
Resources Center (Cairo MIRCEN). B. bifidum 6071
was procured by China Center of Industrial Culture
Collection (CICC), Beijing, China.

Preparation of yoghurt:

Fresh cow’s milk was obtained from the local
market. The average of chemical composition of milk
was 4.12-4.14, 4.0-4.20 and 11.45-11.50% for protein,
fat and total solids (TS), respectively. Yoghurt was
prepared as described by Tamime and Robinson (1985).
Briefly, whole cow’s milk (3.5% fat and 12.7% TS) was
heat treated up to = 85°C for 10 min then cooled to 42°C
and inoculated with 2% of starter culture. Three starter
cultures were prepared as following:

Control: Yoghurt culture (S. thermophilus + L.
delbrueckii ssp. bulgaricus).

T1: Yoghurt culture + L. acidophilus.

T2: Yoghurt culture + B. bifidum.

T3: Yoghurt culture + L. acidophilus + B. bifidum.

All the treatments were distributed into 120 ml
sterilized leaded glass cups and incubated at 42°C until
clotting. Yoghurt was kept at = 5 + 1°C for 21 days and
then the samples were taken when fresh, 3, 7, 14 and 21
days and tested for viable bacterial count, chemical
analyses and sensory evaluation.

Microbiological analysis:

S. thermophilus was enumerated on M17 agar at
37°C/48 h. L. delbrueckii ssp. bulgaricus was counted
on MRS agar with pH adjusted to 5.2 at 42°C/48 h
(Dave and Shah, 1997). MRS-sorbitol agar (1.0% D-
sorbitol) was used for enumerated of L. acidophilus at
37°C/48 h, while, B. bifidum was enumerated on LP-
MRS (lithium propionate-MRS) agar in anaerobic jar at
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37°C/72 h has described by Vinderola and Reinheimer
(1999).

Chemical analysis:

The pH value of the produced bio-yoghurt samples
were measured as described by BSI (1985) using Jenco
pH meter (model 671P, USA). The titratable acidity was
determined according to BSI (2010). Yoghurt was then
analyzed for total solids by the method of Kurt e al.
(1996). Acetaldehyde content and syneresis of yoghurt
were estimated as described by Lees and Jago (1969)
and Keogh and O’Kennedy (1998), respectively.

Sensory evaluation:

The organoleptic properties of fresh and stored
bio-yoghurt were carried out according to the
procedures of Kebary and Hussein (1999) by the panels
of 8 staff members of the Food and Dairy Science and
Technology Department, Faculty of Environmental
Agriculture, El-Arish University. The sensory attributes
included: flavour (50 points), body and texture (30
points) and appearance (20 points).

Statistical analysis:

Statistical analyses for the obtained data were
carried out according to the method described by Clarke
and Kempson (1997).

RESULTS AND DISCUSSIONS

Chemical composition of bio- yoghurt:

The total solids contents, pH, titratable acidity,
syneresis and acetaldehyde content are shown in Table
(1). The total solid of all the produced bio-yoghurt were
showed slight increase, which was mainly attributed to
slight evaporation during cold storage periods. The total
solids of produced bio-yoghurt did not affected by the
type of starter cultures used. These results were in
agreement with that of Cunha et al. (2002).

pH and TA:

Generally, the greatest drop of pH was noticeable
after 14 days of the storage in all treatments. There were
significant differences (P < 0.05) between treatments
where the values of pH were decreased and TA
increased. The pH value was 4.53 in T1, while it was
4.28 for T3 during the storage period, which was
generally considered detrimental to the survival of
probiotic bacteria (Dave and Shah, 1997).

Comparing the results of TA according to the
added starter cultures, addition of B. bifidum to yoghurt
culture (T2) increased TA of bio-yoghurt as compared
with the addition of L. acidophilus (T1). These results
agreed with Tamime et al. (1995) and Kehagias et al.
(2006) which attributed such results to the formation of
both acetic and lactic acids by B. bifidum. Post
acidification of yoghurt treatments is attributed to the
metabolic activity of the starter bacteria during the cold
storage periods of the product. Also, Beal et al. (1994)
reported that post-acidification was greater by using a
mixed starter culture S. thermophilus with L. delbrueckii
ssp. bulgaricus than with other bacterial strain
associations; this explains the associative growth that
exists between these selected bacteria.

Whey syneresis: Syneresis is generally defined as
separation of aqueous phase from continuous phase or
gel network, which is an undesirable property in
fermented milk products (Aghajani et al., 2012).
Syneresis of all treatments decreased during storage
period. This is accordance with obtained by Isleten and
Karagul-Yuceer (2006). Moreover, the acidity of the
yoghurt could be a further contributing factor since the
increasing in acidity is known to stimulate syneresis in
yoghurt and rearrangement of casein particles in the gel
network, and the rate of solubilization of colloidal
calcium particles are the driving factor for the syneresis
(Tamime et al., 1995; Lee and Lucey, 2004).

The high separation of whey was found in T3
followed by control meanwhile, the lowest value was
obtained for T1. This could be attributed to the
differentiations in metabolic activities of starter
cultures. Starter cultures, product type and storage time
were effected on syneresis values (Panesar and Shinde,
2012). Some strains of lactic acid bacteria produce
exopolysaccharides (EPS) which affect syneresis of
fermented products. The EPS have the ability to bind
water and reduce syneresis (De Vuyst and Degeest,
1999).

Acetaldehyde content: Acetaldehyde is mainly
responsible for the typical aroma of yoghurt. The results
showed that there were significant differences (P <
0.05) of acetaldehyde content among treatments during
storage period. After 7 days of cold storage, the highest
acetaldehyde values were observed and it was 57.47 mg
g for T3, whereas the lowest value was observed for
control (54.44 mg g'). Therefore, the differences in
acetaldehyde contents could be attributed to the
differences of starter culture.

The high increase of acetaldehyde content,
particularly in T3 may be due to the addition of two
strains of probiotic bacteria (L. acidophilus + B.
bifidum). These results refer to probiotic bacteria which
stimulated the growth of yoghurt starter and the
acetaldehyde production, these data were in agreement
with Murti et al. (1993).

With the progress of storage periods, acetaldehyde
content of all treatments started to decrease. The lowest
value was 34.03 mg g for control after 21 days. The
decrease in the acetaldehyde levels could be related to
the hydrolysis by microbial enzymes to form other
substances such as converting acetaldehyde to ethanol
by the enzymes of yoghurt bacteria. Yuguchi et al.
(1989) mentioned that the higher amount of
acetaldehyde might be due to the metabolism activity of
bifidobacteria.

Microbiological properties of bio-yoghurt:

In general, there were significant differences (P <
0.05), in counts of S. thermophilus, L. delbrueckii ssp.
bulgaricus, L. acidophilus and B. bifidum between
treatments when fresh and during storage period (Table
2).
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Table (1): Changes of total solid (TS) %, pH, titratable acidity %, acetaldehyde contents (mg g') and syneresis
(mllOOg'l) of bio-yoghurt stored at 4°C for 21 days

. Storage period (day)
Properties Treatments
Fresh 3 7 14 21
C 14.94° 15.43° 15.53° 15.67¢ 15.71°
5% T1 14.97° 15.45° 15.59° 15.73° 15.75°
’ T2 14.96* 15.44° 15.56° 15.69" 15.73°
T3 14.93° 15.43° 15.52¢ 15.66° 15.70°
C 4.47° 4.40° 435° 4.30° 4.29°
T1 4.53% 4.44* 439* 4.34° 431*
pH T2 448 4.43° 436 4.32° 4.29°
T3 4.45° 438° 434° 4.28¢ 428°
C 0.85° 0.89° 0.92° 0.96° 1.00*
TAY T1 0.79° 0.83° 0.86° 0.91° 0.94°
° T2 0.83° 0.85° 0.90° 0.93° 0.96°
T3 0.82° 0.84 0.89° 0.92°° 0.98°
C 41.75° 44.96" 54.44° 42.94° 34.03¢
Acetaldehyde contents T1 43.61° 52.57° 55.25" 44 47° 35.94°
(mgg™) T2 43.21° 53.52° 56.03° 48.83° 37.23°
T3 44.37° 56.08° 57.47° 49.48° 40.62°
C 32.28° 29.64° 26.42° 24.92° 21.73°
T1 30.15¢ 26.44¢ 24.87¢ 22.35¢ 20.71¢
Syneresis (ml 100 g T2 31.63° 29.53¢ 25.67° 22.27¢ 20.11°
T3 33.16° 30.39° 27.39° 24.48° 22.39°

*C: (yoghurt starter culture), T1: (yoghurt culture + L. acidophilus), T2: (yoghurt culture + B. bifidum) and T3: (yoghurt culture + L.
acidophilus + B. bifidum).Values with different letters in the same column are significantly different (P < 0.05).

Table (2): Survival (logy, cfu g) of S. thermophilus, L. delbrueckii ssp. bulgaricus, L. acidophilus and B. bifidum in
bio-yoghurt during storage at 4°C for 21 days

Starter . Storage period (day)
Treatments
culture Fresh 3 7 14 21 Mean
C 9.21 8.89 8.81 8.76 8.65 8.86"
T1 9.01 8.93 8.80 8.74 8.56 8.80°
S. thermophilus T 8.83 8.75 8.63 8.57 8.48 8.65°
T3 8.86 8.82 8.75 8.67 8.53 8.72°
C 8.07 7.94 7.78 7.62 7.43 7.76°
L. delbrueckii ssp. T1 7.95 7.46 7.52 7.03 6.83 7.35
bulgaricus T 7.85 7.81 7.76 7.66 7.58 7.73°
T3 7.73 7.58 7.43 7.28 6.92 7.38°
T1 7.41 7.30 7.09 6.76 5.85 6.88¢
L. acidophilus .
T3 7.34 7.25 7.08 6.57 5.79 6.80
T2 7.48 7.12 6.80 6.65 6.53 6.91¢
B. bifidum c
T3 6.83 6.81 6.76 6.18 5.73 6.46

"C: (yoghurt starter culture), T1: (yoghurt culture + L. acidophilus), T2: (yoghurt culture + B. bifidum) and T3: (yoghurt culture + L.
acidophilus + B. bifidum). Values with different letters in the same column are significantly different (P < 0.05).
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Counts of yoghurt culture:

The average of initial microbial count for each of
the activated cultures was 107 cfu g'. After 24 h of
fermentation, the counts (log values) were 9.21 and 8.07
for S. thermophilus and L. delbrueckii ssp. bulgaricus,
respectively. The values of S. thermophilus and L.
delbrueckii ssp. bulgaricus were decreased by 0.56 and
0.64 cycles, respectively after 21 days of the storage
period. The symbiotic nature of yoghurt culture shows
that S. thermophilus produces lactic acid, pyruvic acid,
formic acid and CO,. Lactic and formic acids stimulate
the growth of L. delbrueckii ssp. bulgaricus and also, S.
thermophilus create favorable conditions for the growth
of L. delbrueckii ssp. bulgaricus throughout assimilates
oxygen in milk which in turn produces peptides and
amino acids that stimulate the growth of S. thermophiles
(Radke-Michell and Sandine, 1984).

S. thermophilus was obviously dominated in
yoghurt and bio-yoghurt. Oliveira et al. (2002) reported
that S. thermophilus predominated in all products pre-
senting counts higher than 9 log;, cfu ml” in yoghurt
prepared with mixed culture. However, by the end of
the storage period, the counts decreased to 8.65, 8.56,
8.48 and 8.53 log, cfu ml™ in control, T1, T2 and T3
treatments, respectively. Birollo et al. (2000) observed
that S. thermophilus remained viable (10° cfu mlI™) after
40 days of storage period at 6°C. On other hand, L.
delbrueckii ssp. bulgaricus counts reached 10* cfu ml™
within the first 10 days, under the same storage
conditions, and after 15 to 45 days the counts continued
to be 107 cfu ml™.

During the storage course, the viability of L.
delbrueckii ssp. bulgaricus was reduced by 1.19 log,
cfu g when grown with S. thermophilus. Venir et al.
(2007) found in fresh yoghurt, S. thermophilus counts
between 10*-10° cfu ml” and 10°107 cfu ml" for L.
delbrueckii ssp. bulgaricus. In this study, yoghurt
culture count was 8.53-9.21 and 6.83-8.07 log cfu g™ for
S. thermophilus and L. delbrueckii ssp. bulgaricus,
respectively.

L. acidophilus of bio-yoghurt:

L. acidophilus showed a steady decline in counts
during the interval storage periods and contained >10°
cfu g'for 14 days of storage period. This result was
mainly attributed to low pH values and organic acids
accumulation in which they are amongst the important
factors contributing to the loss of cell viability of
probiotics. This data are in agreement with
Nighswonger et al. (1996) and Donkor et al. (2006).
The decrease of L. acidophilus counts was in agree with
Zacarchenco and Massaguer-Roig (2004) who observed
a reduction of 2 log;o cycles ml” in the counts of L.
acidophilus when grown with S. thermophilus and B.
longum at the end of the storage period. The growth of
L. acidophilus in T1 (5.85 log;, cfu g') was higher than
that of T3 (5.79 log,, cfu g") at the end of storage
period. On the other hand, Gilliland and Speck (1977)
reported that hydrogen peroxide, a substance produced
by L. delbrueckii ssp. bulgaricus metabolism, was the
main chemical compound responsible for the reduction
of L. acidophilus viability in yoghurt.

B. bifidum of bio-yoghurt:

Several factors have been claimed to be
responsible for the loss of viability of probiotic
organisms: acidity of products, acid produced during
refrigerated storage (post acidification), level of oxygen
in products, oxygen permeation through the package,
sensitivity to antimicrobial substances produced by
bacteria (Dave and Shah, 1997). Counts of B. bifidum
remained at 7 logo cfu g from an initial inoculum of 7
logocfu g during 3 days of cold storage and decreased
up to the end of the storage periods to reached 6.53 log,
cfu g''in T2 and reduced to 5.73 log,, cfu g in T3.

However, the addition of S. thermophilus may also
increase the survival of certain strains of
Bifidobacterium through the reduction of oxygen
pressure as mentioned by Ishibashi and Shimamura
(1993) and Nogueira et al. (1998).

The counts of viable L. acidophilus and B. bifidum
were more than 10° cfu g’ until 14 days of storage
period in all treatments. These counts were decreased to
less than 10° cfu g after 21 days of storage period in all
treatments except T2.

Sensory evaluation:

The scores of sensory evaluations of bio-yoghurt
during storage at ~5+1°C for 21 days are presented in
Table (3). Generally, all samples were acceptable by the
sensory evaluation panelests. The storage was the
principle factor influencing the sensory properties, this
may be attributed to the developed acidity and whey
separation, which may participated the pleasant acid
flavour of yoghurt. Similar observations were reported
by Routray and Mishra (2011) who found that the
storage time had a negative impact on the flavour scores
of yoghurt, thereby attributed to the changes in the
aroma compounds.

Significant differences (P < 0.05) were observed
among all the treatments. The results showed that
addition of B. bifidum to yoghurt culture in T2 was most
preferable bio-yoghurt from sensory properties than the
addition of L. acidophilus in T1. The highest score was
97.16 points for T2 containing B. bifidum followed by
T1 containing L. acidophilus with 96.53 points. Bio-
yoghurt made with L. acidophilus or B. bifidum had the
highest score for flavour acceptability than other
treatments. High flavour acceptability of yoghurt made
with probiotic bacteria could be due to their
acetaldehyde contents. These data are in agreement with
Tawfik et al. (2003) who suggested that the
combination of yoghurt culture bacteria with
bifidobacteria produced fermented dairy products with
preferable flavour and presence of acetaldehyde was the
important component for good yoghurt flavour, and
Ayad et al. (2010) reported that using B. bifidum with
yoghurt culture enhanced body and texture of all
treatments. Hassan er al. (2003) indicated that the
texture of yoghurt results from a complex interaction
between milk protein, acid and exocellular
polysaccharide produced by the starter culture. As
storage progressed the texture score decreased in bio-
yoghurt. This could be attributed to that the level of
metabolites (mainly acetic acid) produced by the
bacterial strains which can influence the organoleptic
assessment.
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Table (3): Sensory evaluation scores of bio-yoghurt stored at 5 + 1°C for 21 days

Storage . Flavour Body & texture Appearance Total score
. Treatments
period (day) 50 points 30 points 20 points 100
C 48.20 28.00 19.33 95.53"
T1 49.00 29.00 18.33 96.53"
Fresh T2 49.00 29.00 19.16 97.16"
T3 47.66 27.50 18.33 93.49°
C 47.83 28.00 19.33 94.16°
T1 48.66 29.00 18.33 95.99°
3 T2 48.66 29.00 19.33 96.99°
T3 45.16 27.50 16.66 89.32°¢
C 46.33 27.33 18.50 92.16°
T1 47.50 28.00 17.83 93.33°
7 T2 47.50 28.16 18.50 94.16°
T3 45.33 26.16 17.16 88.65°¢
C 44.66 26.00 17.33 87.99¢
T1 45.16 26.50 17.00 88.66°
14 T2 45.00 26.33 17.16 88.49°
T3 43.33 24.50 15.33 83.16"
C 41.00 25.00 15.83 81.83¢
21 T1 43.66 2433 15.83 83.82¢
T2 44.00 24.83 15.83 84.66"
T3 41.33 22.00 13.66 76.99¢

*C: (yoghurt starter culture), T1: (yoghurt culture + L. acidophilus), T2: (yoghurt culture + B. bifidum) and T3: (yoghurt culture + L.
acidophilus + B. bifidum). Values with different letters in the same column are significantly different (P < 0.05).

The results indicated that treatment 2 (yoghurt
culture and B. bifidum) and treatment 1 (yoghurt
culture and L. acidophilus) were the best combination
of starter culture in bio-yoghurt production due to the
viability, technological properties and sensory
evaluation. At the same time, bio-yoghurt should be
consumed until 14 days of storage period to achieve
the acceptable standard viable counts of probiotics.
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