Minufiya J. Agric. Res. Vol. 34 No.1(1):17-33 (2009) http://www.mujar.net"

UF “TALLAGA” CHEESE QUALITY MADE BY
INCORPORATING BIFIDOBACTERIA AND DIFFERENT
SALTING RATES

K.M.K. Kebary, R.M. Badawi, S.A. Hussein, |.I. Badran
and A.F.A. Ahmed

Department of Dairy Science and Technology, Faculty of Agriculture, Minufiya
University, Shibin EI-Kom, Egypt.
(Received: Nov. 30, 2008)

ABSTRACT: Nine UF “Tallaga” cheese treatments were made, to three of
them salt was added at the rate of 3%, one of them was served as control and
to the other two Bif. bifidum ATCC 29521 and Bif. longum BL-04 were added
individually. Another three treatments were made as described above except
salt was added at the rate of 4%. The other 3 cheese treatments were made as
above except salt was added at the rate of 5.0%. Obtained results showed
that, increasing salting rate from 3 to 5 caused a significant decrease in
ripening indices [water soluble nitrogen (WSN), Shilovich number and total
volatile fatty acids (TVFA)], also total scores of sensory evaluation,
bifidobacterial counts while increased the salt, ash content and pH value.
Moreover, cheese treatments made by adding 3% salt were not significantly
different from corresponding cheese treatments made by adding 4% salt.
Incorporation of bifidobacteria increased the ripening indices, total score of
organoleptic evaluation, acidity, but did not affect significantly fat, total
protein, ash and salt contents of cheese. Cheese treatments made by
incorporating Bif. longum were not significantly different from corresponding
cheese treatments made by incorporating Bif. bifidum. Total counts of
bifidobacteria increased up to the 1°' week then decreased till to the end of
storage period. Cheese treatments those made by adding 4% salt and
incorporating bifidobacteria were the most acceptable cheese and even after
storage for 4 weeks contained bifidobacterial counts higher than that should
be present to achieve their health benefits.

Key words: UF “Tallaga” cheese, bifidobacteria, probiotic bacteria, salting
rate.

INTRODUCTION

“Tallaga” cheese is one of soft white cheeses, which are the most popular
cheeses not only in Egypt, but also in many regions, especially in Middle
East. Sodium chloride is usually added during cheese making at different rate
which can be reach to 12% for Domiati cheese in summer.

Ultrafiltration technology has many advantages in cheese making,
therefore many efforts have been tried to make cheese varieties.
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Ultrafiltration techniques has been applied successfully in the manufacture of
many types of soft cheeses.

Bifidobacteria is becoming recognized worldwide because of their health
benefits. Their health benefits and its incorporation in many products have
been reviewed by Kebary et al. (2008). It has been claimed that the minimal
number of available cells of bifidobacteria in the product should be more
than 10° cfu/gm to achieve the therapeutic effects (Samona and Robinson,
1991; Hunger and Peitersen, 1992). Picot and Lacroix (2004) reported that
there several factors affecting the survival of bifidobacteria in any products.

The objective of this study were to investigate the effect of salting rate on
the survival of bifidobacteria in UF “Tallaga” cheese, also to determine the
effect of salting rates and incorporating bifidobacteria on UF “Tallaga”
cheese quality and to monitor the survival of bifidobacteria and the changes
of cheese quality during the storage period of UF “Tallaga” cheese.

MATERIALS AND METHODS

Bacterial strains and propagation:

Bifidobacterium bifidum ATCC 29521 was gratefully obtained from Dr.
Linda J. Brady’s Lab (Department of Food Science and Nutrition, University
of Minnesota, USA) while Bifidobacterium longum BL-04 was obtained from
Rodia, Madison, WI. (USA). Bifidobacteria strains were activated individually
by three successive transfers in modified MRS (Ventling and Mistry, 1993)
followed by three successive transfers in sterile 10% reconstituted non-fat
dry milk and incubated at 37°C. under anaerobic condition. Five milliliters
from each active bifidobacterial strain were inoculated separately into flasks
containing 95 ml. modified MRS and incubated for about 18 h. at 37°C under
anaerobic conditions. Cells counts were harvested by centrifugation at 1500
x g. for 15 min. and washed twice with sterile saline solution bifidobacterial
cell from each strain were suspended individually in sterile saline to about 1.0 x
10" cfu/ml.

Cheese making:

The retentate used in this study was gratefully provided by a private plant
at Tanta City, Egypt (total solids 40%, fat 22% and protein 11%). The retentate
was prepared by mixing the calculated amount of non-fat dry milk, water,
completely melted palm kernel oil and fresh skim cow’s milk. The mixture
was thoroughly agitated at 60 + 2°C for 1.0 hr, then homogenized (Rannie,
Copenhagen, Denmark) at 3000 psi and heated treated at 80°C for 11 sec. The
mixture was ultrafiltered at 52°C (Carbosep, Rhodia, France) at 5 par until we
get a retentate containing about 40% total solids and 22% fat which
compromised the Egyptian legal standard (EOSQC No. 1867 / 2005) for soft
white cheese. The retentate was immediately cooled to 5 + 1°C and transported
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to the pilot plant of Department of Dairy Science and Technology, Faculty of
Agric., Minufiya Univ., Shibin ElI-Kom, Egypt, where cheese was made. 9
batches of cheese were made to study the effect of salt added to cheese on
the viability of bifidobacteria and investigate the effect of salt and
bifidobacteria on the quality of “Tallaga” cheese as follows: T;: cheese made
with adding 3.0% salt, T,: cheese made with adding 3.0% salt + Bif. bifidum, Ta:
cheese made with adding 3.0% salt + Bif. longum, T,: cheese made with adding
4.0% salt, Ts: cheese made with adding 4.0% salt + Bif. bifidum, Ts: cheese made
with adding 4.0% salt + Bif. longum, T;: cheese made with adding 5.0% salt, Tg:
cheese made with adding 5.0% salt + Bif. bifidum, Ty: cheese made with adding
5.0% salt + Bif. longum. Retentate was heated to about 45°C. and potassium
sorbate and calcium chloride were added at the rate of 0.10 and 0.02%,
respectively. Bif. longum BL-04 and Bif. bifidium ATCC 29521 were added
individually at the rate of 4.0 x 10® cfu / ml. milk. Rennet powder was added to
all the retentate batches, then filled in stainless steal trays and incubated at
40°C. until complete coagulation (4.0 hr.). Cheese batches were cooled and
kept in the cooler overnight. Each cheese treatment was cut into five cubes
those were pickled in polyethylene bags, filled with 7.0% pasteurized brine
solution that contained potassium sorbate at the rate of 0.1% and stored in
refrigerator (6 — 8°C.) for 4 weeks. The whole experiment cheese was
duplicated.

Chemical analysis:

Cheese were sampled when fresh and every week and analyzed for
moisture content, fat content, total and WSN content, titratable acidity and pH
values according to Ling (1963). Ash content was determined according to
the Official Method as described by the A.O.A.C. (1990), while the salt content
was estimated as described by Helrich (1990). Shilovich number was
determined by the method of Tawab and Hofi (1966). Total volatile fatty acids
were estimated by direct distillation methods as described by Kosikowski
(1982).

Microbiological examination:

The total bacterial counts was determined using standard plate counts
agar (Marth, 1978), while modified MRS agar was used for enumerating
bifidobacteria (Ventling and Mistry, 1993). To each 100 ml. of modified MRS, 5
ml. of the following solution was added before pouring plates: Neomycine
suplphate (0.80% w/v), Paromomycine sulphate (0.20% w/v), Nalidixic acid
(0.30% w/v) and Lithium chloride (6.00% w/v) (Samona and Robinson, 1991).
Yeasts and moulds were enumerated on Potato Dextrose Agar (acidified)
medium (Difco, 1953).
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Sensory evaluation:

Cheese samples were evaluated for the appearance body, texture and
flavour by a regular score panel including the staff members of the
Department of Dairy Science and Technology, Minufiya University, Shibin El-
Kom, Egypt, according to the scoring sheet of Abdou et al. (1977).

Statistical analysis:

2 x 2 factorial design was used to analyses all the data and Newman-keuls
test was followed to make the multiple comparisons (Steel and Torrie, 1980)
using Costat program. Significant differences were determined at (p < 0.05).

RESULTS AND DISCUSSION

The obtained results revealed that moisture content of all cheese
treatments decreased by increasing the amount of salt added and this
decrease was proportional to the salt rate (Tables 1, 6). However, no
considerable difference was noticed in the average moisture content among
cheeses made by adding the same amount of salt, which means there was no
significant (p > 0.05) effect of incorporating bifidobacteria on moisture
content. Moisture content of all cheese treatments decreased during the
storage period progressed (Tables 1, 6). This decrease might be due to the
contraction of curd as a result of developed acidity during the storage period
which helps to expel the whey from the curd and/or the difference in osmotic
pressure between the curd and the brine solution. The general trend for the
changes in moisture content of all cheese treatments agreed with those
obtained by Badawi and Hussein (1999), El-Zayat and Osman (2001), Al-Otaibi
and Wilbey (2004), Yilmaztekin et al. (2004) and Madadlou et al. (2007).

Fat content of all cheese treatments increased (p < 0.05) during the
storage period (Tables 1, 6). This increase in fat content might be due to the
reduction of moisture content throughout the storage period. These results
are in agreement with those reported by Badawi and Hussein (1999), Osman
(2000), El-Zayat and Osman (2001) and El-Kholy et al. (2005). All cheese
treatments were not significantly (p > 0.05) different from each other which
means that neither incorporation of bifidobacteria nor the rate of adding salt
affected significantly the fat content of the resultant cheeses.

Protein content of all treatments are decreased gradually during the
storage periods (Tables 1, 6). These results may be due to the degradation of
protein in to water soluble nitrogen (WSN) compounds and subsequently the
loss of some WSN from the degraded protein in the storage solution. Total
protein content of all cheese treatments decreased sharply after 4 weeks.

Adding bifidobacteria did not significantly affect the total protein content
of cheese treatments (Tables 1, 6). The obtained results are in agreement
with those obtained by Hofi (1995), Al-Otaibi and Wilbey (2004) and Kebary et
al. (2006 a).
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Ash and salt contents of all cheese treatments increased slightly (p < 0.05)
during the storage periods (Tables 2, 6). This increase in ash content could
be attributed to the loss in the moisture content during the storage period.
These results revealed that ash and salt contents increased significantly (p <
0.05) as the salting rate was increased. Cheese treatments those made by
adding salt at the rate of 5.0% contained the highest one of ash and salt
contents followed with corresponding treatments. Those made with adding
salt at the rate of 4%, then those made with adding salt at the rate of 3%. On
the other hand, treatments those made with the same salt rate were not
significantly (p > 0.05) different from each other which means that
incorporation of bifidobacteria did not affect significantly on the ash and salt
contents of cheese (Tables 2, 6). These results are in agreement with those of
Abbas et al. (1993), El-Zeny (1991), Badawi and Hussein (1999) and Kebary et
al. (2006 a, b).

Titratable acidity content of all cheese treatments increased significantly
(p < 0.05) as the storage period progressed. Titratable acidity of all cheese
treatments increased markedly during the first 3 weeks after that its
increased gradually up to the end of storage period (4 weeks). It is evident
from the obtained results that incorporation of bifidobacteria caused a
significant (p < 0.05) increase in titratable acidity (Table 2, 6). In the other
hand, cheese treatments made with adding Bif. longum were not significantly
different from corresponding treatments these made with adding Bif. Bifidum
(Tables 2, 6) which means that bifidobacterial strains did not affect
significantly (p > 0.05) the titratable acidity. On the other hand, cheese
treatments made with adding 3% salt had the highest titratable acidity
followed with corresponding cheese treatments those made with adding 4%
salt, then cheese treatments those made with adding 5.0% salt, which means
that titratable acidity decreased with increasing the salting rate. These results
might be due to the suppression of lactic acid bacteria growth by adding salt
and consequently the reduction of acidity development (Hussein, 2004). The
general trend of cheese acidity are agreed with those obtained by Badawi and
Hussein (1999) and Malium (2006).

Water soluble nitrogen content (WSN) is one of proteolysis indices which
playing an important role in developing proper body and texture. WSN of all
resultant cheese treatments increased significantly (p < 0.05) as the storage
period progressed. However, WSN increased sharply during the first 3 weeks
of the storage period then increased gradually up the end of storage period (4
weeks) (Tables 3, 6). Similar results were reported for soft white cheese by El-
Sonbaty (1999), EI-Abd et al. (2003) and Kebary et al. (2006 b). Increasing of
salting rate caused a significant (p > 0.05) decrease in WSN content which
might be due to the suppression of the growth of proteolytic bacteria and
might inhibit the proteases acidity themselves. Similar trends were reported
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for “Tallaga” cheese by Badawi and Hussein (1999) and Al-Otaibi and Wilbey
(2004). However, differences was noticed in the average soluble nitrogen
percentage between cheese treatments made with adding bifidobacteria and
in control cheese (Yilmaztekin et al., 2004 and Malium, 2006). While the
cheese treatments made with bifidobacteria were not significantly (p > 0.05)
different from each other, which means bifidobacterial strains did not affect
significantly the WSN contents of the resultant cheese by Malium (2006).

Shilovich  number of all resultant cheese treatments increased
significantly (p < 0.05) as the storage period progressed (Hussein, 1985). It is
evident from these results that Shilovich number of all treatments cheese
made with bifidobacteria were higher than those in the control cheese
(Tables 3, 6). These results are agreement with those reported by Badawi and
Hussein (1999). Cheese treatments those made by incorporating Bif. longum
were not significantly (p > 0.05) different from corresponding treatment these
made by incorporating Bif. Bifidum, which means bifidobacterial strains did
not affect significantly the Shilovich number of cheese (Tables 3, 6). There
were negative correlations between the Shilovich number and the salting rate
and increasing the salting rate to 5.0% was more effective to decrease on the
Shilovich number. These results might be due to the inhibitory effect of
salting rate on the growth of proteolytic bacteria.

Total volatile fatty acid (TVFA) contents increased significantly (p < 0.05)
in all cheese treatments as the storage period progressed. Similar results
were reported by Mehanna et al. (2002) and EI-Abd et al. (2003). Cheese
treatments (T4, T, and T3) which made from milk containing 3% salt had a
higher content of TVFA than (T;, Tg and Tg) which made from milk containing
5% salt these results could be attributed to the preservative effect of salt and
suppression of the growth of lipolytic bacteria (Banwart, 1981). TVFA of cheese
treatments decreased by increasing the salting rate, however, increasing the
salting rate to 5.0% was more effective than 4.0% to decrease the TVFA,
therefore, cheese treatments those made by adding 4% salt were almost not
significant different from corresponding cheese treatment made by adding 3.0%
salt (Tables 3, 6).

Cheese treatments which made by adding bifidobacteria had higher total
volatile fatty acids (TVFA) than in the control cheeses (Malium, 2006).

Total bacterial counts of all treatments at the first week of the storage
period was increased and decreased after that gradually up to the end of
storage period (Table 4 ). Similar results were reported by Badawi and
Hussein (1999) and Malium (2006). These results might be due to the low
temperature, developing acidity and the effect of salting rate in cheese. It can
also be noticed that cheese treatments containing bifidobacteria had lower
total bacterial counts than untreated control cheese; when fresh and
throughout the storage period. These results might be due to the production
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of antimicrobial agents by bifidobacteria, which inhibits the growth of
microflora in the cheese and decreased the total bacterial counts (Kebary et al.,
2006 b). Similar results were reported by Badawi and Hussein (1999). Total
bacterial counts of cheese treatments made with different bifidobacterial
strains and the same salting rate were not significantly different from each
there. On the other hand, increasing the salting rate decreased the total
bacterial counts. Cheese made by adding 3.0% salt had the highest of total
bacterial counts, followed by corresponding cheese treatments those made
by adding 4% salt and finally corresponding cheese treatments made by
adding 5% salt. These results might be attributed to the preservation effect of
salt which inhibits the growth of cheese microflora.

Bifidobacterial counts in all cheese treatments increased during the first weak
of the storage period then its decreased gradually up to the end of storage period
(Table 4 ). These results might be due to the cold of storage, developed acidity
and effect of salt. Similar results were reported by Badawi and Hussein (1999),
Abou Dawood (2002) and Malium (2006). Cheese treatments made by
incorporation bifidobacteria had the highest bifidobacterial counts and there
were no significant effect for bacterial strains, which means cheese made with
either Bif. longum or Bif. bifidum were not different in the counts of
bifidobacteria. On the other hand, increasing the salting rate caused a pronounce
decrease in the counts of bifidobacteira, which might be due to the inhibition
effect of salt (Mehanna et al., 2002). The count of bifidobacteria of cheese
treatments made by incorporating bifidobacteria even at the storage for 4 weeks
were higher than that showed by present to achieve the beneficial roles, of
bifidobacterial which means that “Tallaga” cheese even at the storage for 4
weeks could be a good source for delivering this probiotic bacteria to
consumers.

Moulds and yeasts were not detected in all resultant cheeses treatments
throughout the storage period. These results might be due to the addition of
potassium sorbate at the rate of 0.1%, which mainly inhibits the growth of
moulds and yeasts (Hanafy et al., 1995; El-Abbassy and Shenana, 2001 and
Kebary et al., 2001).

Total scores was stable up to the 2" week of the storage then its
decreased at the end of the storage period (4 weeks) (Tables 5, 6). These
results are in accordance with those reported by Badawi and Hussein (1999)
and El-Zayat and Osman (2001). Cheese treatments which made by adding
4% salt and bifidobacterial gained the highest scores for organoleptic
properties than cheese made by adding 3% salt and finally cheeses made
with adding 5% salt. Cheese treatments made by incorporating bifidobacteria
gained higher of total scores than those of corresponding cheese treatments
made without adding bifidobacteria (Malium, 2006). On the other hand,
cheese made by adding Bif. bifidum were not significantly different from
corresponding cheese treatments made by adding Bif. longum.

11
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It could be concluded that, “Tallaga” cheese treatments those made by
salting rate at 4.0% and incorporating bifidobacteria were the most
acceptable cheese.
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Table (1). Effect of salting rate and incorporation of bifidobacteria on moisture, fat and total protein
contents (%) of UF “Tallaga” cheese during storage period.

Cheese Moisture content (%) Fat content (%) Protein content (%)
Storage period (weeks) Storage period (weeks) Storage period (weeks)
Treatment Fresh 1 2 3 Fresh 1 2 3 Fresh 1 2 3
T1 60.23 222 11.60
60.24 222 11.50
60.25 223 11.50
59.80 224 11.60
59.70 222 11.67
59.70 223 11.60
58.90 224 11.60
58.70 22.3 11.60
58.80 224 11.60
T1: cheese made with adding 3.0% salt. T,: cheese made with adding 3.0% salt + Bif. bifidum.
Ts: cheese made with adding 3.0% salt + Bif. longum. T4: cheese made with adding 4.0% salt.
Ts: cheese made with adding 4.0% salt + Bif. bifidum. Te: cheese made with adding 4.0% salt + Bif. longum.
T7: cheese made with adding 5.0% salt. Tg: cheese made with adding 5.0% salt + Bif. bifidum.

To: cheese made with adding 5.0% salt + Bif. longum.
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Table (2). Effect of salting rate and incorporation of bifidobacteria on ash and titratable acidity contents (%)
of UF “Tallaga” cheese during storage period.

Cheese Ash content (%) Titratable acidity content (%)

Storage period (weeks) Storage period (weeks)

Treatment
1 2 3 1 2 3

* See Table (1).

rel1910RgOoplyIq Bulteiodiooul Ag apew Alljenb asaayo ebejel , 4N




Table (3). Effect of salting rate and incorporation of bifidobacteria on water soluble nitrogen content (WSN)
(%), Shilovich number (%) and total volatile fatty acid content (TVFA) (ml 0.1 N NaOH / 100 g) of
UF “Tallaga” cheese during storage period.

Cheese Water soluble nitrogen Shilovich number Total volatile fatty acid content
(%) (%) (ml 0.1 N NaOH / 100 g)

Treatments Storage period (weeks) Storage period (weeks) Storage period (weeks)

Fresh 1 2 3 1 2 3 Fresh 1 2 3

0.22
0.24
0.23
0.23
0.24
0.23
0.22
0.23
0.24

14 19 23
16 20 24
15 21 25
12 17 21
14 18 22
15 19 23
10 12 17
11 14 18
12 15 19

0 00 N 0O 00 N 0o © o©

* See Table (1).
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Table (4). Effect of salting rate and incorporation of bifidobacteria on total and bifidobacterial counts of UF

“Tallaga” cheese during storage period.

Cheese Total counts

Bifidobacterial counts

Storage period (weeks)
Treatments

Storage period (weeks)

1 2 3

1

2

3

28x10° | 72x10° | 33x10°
20x10" | 68x10° | 31x10°

22x10" | 69x10° | 30x10°
19x10° | 70x10° | 31x10°
17x10" | 68x10° | 28x10°
18x10" | 69x10° | 29x10°
18x10" | 69%x10° | 30x10°
16x10" | 65%x10° | 27x10°
15x10" | 66x10° | 26x10°

* See Table (1).

1.2 x10°
22 x 10°
21x10°
1.1x10°
20 x 10
21x10°
1x10°
19 x 10°
18 x 10°

6.5 x 107
92 x 10°
90 x 10°
5.9 x 10°
88 x 10°
89 x 10°
4x 107
69 x 10°
65 x 10°

29 x 107
35 x 10°
33x10°
23x10°
32x10°
31x10°
1.7 x 107
30 x 10°
31x10°

paWyy V'4'V pue ueipeg|’| ‘UIBSSNH V'S ‘Imepeg N Y ‘Aredad M IN"M



Table (5). Effect of salting rate and incorporation of bifidobacteria on organoleptic scores of “Tallaga”
cheese during storage period.

Flavour (60) Body and texture ( ) Appearance (10) Total score (100)

Storage period (weeks) Storage period (weeks) Storage period (weeks) Storage period (weeks)

Treatments’

Fresh| 1 2 3 4 |Fresh| 1 2 3 4 |Fresh| 1 2 3 4 |Fresh| 1 2 3 4

42 | 43 | 43 | 41 | 40| 35 | 36 | 36 | 32 | 31
43 | 44 | 45 | 42 | 421 36 | 36 | 35 | 33 | 32
42 | 43 | 43 | 43 | 42 |1 35 | 35 | 36 | 35 | 32
42 | 45 | 44 | 43 | 42 | 34 | 35 | 35 | 35 | 34
44 | 45 | 45 | 44 | 43 | 37 | 36 | 36 | 35 | 35
43 | 45 | 45 | 44 | 43 | 35 | 35 | 35 | 34 | 34
40 | 43 | 43 | 41 | 40| 35 | 33 | 34|32 | 3
41 | 42 | 43 | 42 | 41 | 36 | 34 | 34 | 32 | 32
40 | 41 | 42 | 41 | 40| 35 | 35 | 34 | 32 | 32

85 | 87 | 88 | 80 | 77
87 | 88 | 89 | 82 | 81
85 | 87 | 88 | 85 | 82
86 | 87 | 88 | 86 | 84
89 | 89 | 90 | 87 | 85
86 | 88 | 89 | 86 | 84
82 | 83 | 8 | 80 | 77
89 | 84 | 8 | 81 | 80
82 | 83 | 8 | 80 | 79

N O N ™ o © m o ™
N O N ® m o © o ™
® O O © © W © © ©
N N N 0 o oo N NN
N N o NN oo N,

* Each value in the table was the mean of three replicates.
+ See Table (1).
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Table (6). Statistical analysis of “Tallaga” cheese made with different salting rates.
Effect of treatments Effect of storage period (days)

Stirred yoghurt of Multiple comparisons® Multiple comparisons®
properties Mean Mean
Fresh| 1 2 3

squares T2 | Ta | Ta | Ts squares

8.816* BC 56.310* | A

_|
~
_|
©

>
W
w
@)

0.614 15.653*

0.07257 16.0145*
9.175* 0.0935*
4.718* 0.0728*
6.496* 0.209*
0.1407* 0.522*
Water soluble nitrogen(%)| 9.5966* 0.6202*
Shilovich number (%) 61.334*

Total volatile fatty acid(%) | 74.116*

5134.96*

> » > m >» >» > m » O

A
A
A
C
C
A
D
A
A
A

> >» » T » O O » >» >»
O O o0 m®m 0o ©® W >» r
m m m » O » » >» >»
O oo O mw O » » r» > O
m m m >» m O O >

996.233*

Organoleptic properties :
Flavour 18.657* 18.618*
Appearance 2.066* | A | A A A | A A |14.233
Body and texture 16.966* 43.433*

Total organoleptic scores | 98.849* 179.233*

+ See Table (1).

e For each effect the different letters in the same row means the multiple comparisons are different from each other,
letter A is the highest mean followed by B, C, ... etc.

* Significant at 0.05 level (p < 0.05).
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