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ABSTRACT: Technological modifications, direct acidification with
Gluconic acid &- lactone (G&L), substitution of milk fat with palm oil and
fortification of mitk with calcium caseinate on the chemical composition,
microbiological content and rheological properties of Mozzarella cheese
were studied.

The results revealed that using direct acidification by G8L decreased the
time of manufacturing from 339 to 177 min.

Direct acidification caused the increase the yield, pH values and moisture
content but decreased ash content, and total volatile fatty acids (TVFA) in all
treatments was observed.

Direct acidification with G3L caused a significant decrease on the ftotal
bacterial count (TVBC), lactic acid bacteria count (LABC), coliform count and
staphylococci count and from aerobic spore former. All samples didn’t
manifest colony on yeast and muolds count which indicated the absence of
yeasts and fungi because of the milk pasteurization and high heating in the
step of kneading. Also, Direct acidification led to a significant increase in all
values of rheological properties that were estimated in all treatments.
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INTRODUCTION

Mozzarella cheese is defined by Scott (1981) as a member of pasta-fifata
family {pulled curd, soft cheese). Mozzarella cheese has various shapes,
round cake form, oval shape or rectangular. It was first made from buffalo's
milk and then successfully made from cow's and ewe's milk. in Egypt,
Mozzarella cheese for pizza pie is produced from cow's miik in modern dairy
piants and from mixed milk in small private dairy plants. The cheese has
loaves shape and stored in deep freezers (El-Zoghby, 1994).

Mozzarella cheese is a soft, unripened cheese variety of the pasta filata
famity which had its origin in the Buttipaglia region of ltaly. The finished
cheese is white, soft with a very lively sheen surface and has a unique
property called stretchability to form fibers or strings when it is hot, therefore
it is considered the most suitable cheese variety as a topping on pizza.
{Kosikowski, 1970). Some technological applications were carried out to
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modifi Mozzarella cheese production. This was done either by using direct
acidification methods instead of using factic acid starter (Demott (1983);
Singh and Ladkani (1984); Anon (1987) Guinee et al, (2002) and Angelis et
al., {2008)) or by fortification with some protein sources (milk protein
concentrate, whey proteins, sodium caseinate, calcium caseinate, nonfat dry
milk and Soya protein concentrates). Jensen et al, (1987) and Yun et al.,
(1998) Hassan and Abd El-Gawad (2000); Shakeel-Ur-Rehman et al., (2003);
Badawi et al, (2004, a). In Egypt, some piastic curd cheese varieties are
adopted and produced with some slight modifications in the manufacturing
process, therefore it is considered locai Egyptian adopted cheese varieties,
such as Egyptian provolone, Mozzarella, Medaffarah, Haloumi and
Kashkaval. The production of the plastic curd cheese was highly increased in
all of the Egyptian provinces during the last decade because the fresh curd
after kneading treatment in hot water of the above cheese varieties could be
utilized as a topping on pizza, but the rmost known one is Mozzarella cheese.
{Abou-Donia, 2005).

The aim of the present investigation was carried out to study the
technological modifications, direct acidification with GbBL, substitution of
milk fat with palm oil and fortification of milk with calcium caseinate on the
chemical composition, microbiclogical content and rheological properties of
Mozzarella cheese.

MATERIALS AND METHODS
Materials
Buffaloes' milk

Buffalo's milk was obtained from the buffaloes™ herd, Mottobes (kafr
Elsheikh Governorate). The average of chemical analysis was acidity, 0.18%,
pH 6.7, fat 6.7%, protein 4.89% and total selids 16.75%.

Cows' milk

Cows' milk was obtained from the Frezian herd, Mottobes (kafr Elshetkh
Governorate). The average of chemical analysis was; acidity 0.16%, pH 6.6,

Mixed milk

Mixed milk was obtained by mixing Cows' and Buffaloes’ milk in ratio
(2:1). The average of chemical analysis was; acidity 0.17%, pH 6.51, fat 3%,
protein 3.98% and total solids 12.93%.

Calcium caseinate:

Calcium caseinate was obtained from (Lactoprot Deutschland Gmoh
Kaltenkirchen/Germany). It contained 73% protein, 12.9% lactose, 4%
moisture, 2.1% fat and 8% ash.
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Palm oil:

Palm cil was obfained from Extracted oils & Derivatives Co. Alex. ;35
Canal Eisuwis Str. (Melting points 38°C, color 2.3, peroxide number 0.56 and
acidity 0.048%).

Starters: .

Yoghurt starter culture of Streptococcus salavarius ssp. thermophilus and
Lactobacillus delbrueckii ssp. bulgaricus (was obtained from Wiesby GmbH
and Co. KG. Niebull, Germay).

Rennet:

Animal rennet was purchased from the local market, Alexandria. It was
checked for strength before use and added to cheese milk in a sufficient
amount to coagulate milk within 0.5 hour at 35°C.

Salt:
Fine food grade edible salt was obtained from Ei-Nasr Company,
Alexandria.

Calcium chloride:

Fine good grade of caicium chloride was obtained from El-Nasr
Pharmaceutical Company, Alexandria.

Acidulant

Gluconic acid d-lactone (1, 5-Gluconolactone {GSL) (Searle Company,
Chadwell Heath Essex England} was used for the acidification of the milk and
the curd. It was added only to the milk as a powder at rate of 6.5 gm/1 kg of
milk. While, the amount of GOL which added to standardized milk plus 1%
calcium caseinate added at a rate of 8.7 gm/1 kg

Methods:
Cheese manufacture:

Mozzarella cheese was made from mixed milk (buffaloes’ cows' milk with

a ratio of 1:2) and then divided into 2 portions;

1)The first portion served as a control was standardized to 3% fat and it was
left without additives.

2)The second portion was standardized to 3% fat and contained calcium
caseinate which was added at a level of 1.0% at 33°C..

3)The third portion contained 3% palm oil as a substitute for milk fat. It was
emulsifled in skim milk by blender with lecithin as emulsifier
{Limited by GMP )

Standardized mixed milk was heat treated at 72°C for 15sec., and then
cooled to 33°C; each portion was divided into two treatments which were
differed only in their acidification process .i.e. acidification with starter
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composed of (1% Streptococcus salavarius ssp thermophilus and
Lactobacillus delbrueckii ssp. bulgaricus) or direct acidification with
gluconic acid 8- lactone {G3L.). Mozzarella cheese was made as described by
Kosikowski (1970}

Sampling:
Milk:
Samples of milk before the addition of starters were kept in a deep freezer

for chemical analysis, for immediate titratable acidity, pH, fat, moisture and
protein determination.

Cheese:

Samples of fresh cheese and after 30 days were taken for microbiclogical,
rheological and chemical analysis.

Yield calcufations:
The actual yield:

The actual yield of cheese was determined by weighing the cheese
obtained in each vat after removal from the brine and expressed as a
percentage of the milk weight in the respective vat (Shakeel-Ur-Rehman et
al., 2003). :
. _ Cheese weight {kg)
Cheese yield = Milk weight (kg)

x 100

The adjusted yield:

According to Metzger ef al., (200'0,b), Moisture and salt adjusted cheese
yield was calculated by the following formula:

100 - {% Actual moisture + salt)
100 - (% Desired moisture + salt)

The adjusted yield = Actual yield x -

Microbiological examinations:
Total viable bacterial count (TVBC):
Piate count Agar {(PCA) was used for enumeration the totai microbiai
counts as described in Difco Manual (1984),
Lactic acid bacteria count (LABC):

MRS medium as described hy Bridson {1990) was used for enumeration
lactic acid bacteria.

Coliform count:

Violet Red Bile Agar (VRBA)} was used for enumerating coliform bacteria
according to Difco Manual (1984).
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Moulds and yeasts count:

Sabouraud Agar medium was used for the enumeration of yeasts and
moulds as recommended by Difco Manual (1984).
Staphylococci count.

Mannitol salt Agar (MSA) was used for enumeration of staphylococci
according to Difco Manual (1984).
Aerobic sporeforming count.

Plate count Agar medium was used in this determination detection of
these bacteria as described by Difco Manual (1984).
Chemical analysis:
Moisture content:

Moisture content of cheese was determined according to the Association
of Official Analytical Chemists AOAC (2000)
Titratable acidity:

It was estimated as lactic acid % according to Ling (1963).

pH value:

The pH value of cheese was estimated using glass electrode pH meter,
Accumet® model 810 pH meter {Fisher scientific) according to ACAC (2000).
Fat content:

The conventional Gerber's method was used to determine the fat content
(AOACGC, 2000).

Sait content:

The modified Volhards method as described by Kosikowski {1970) was
used to determine the salt content.
Ash content:

It was determined as described by AOAC. (2000).
Totai nitrogen {TN.}:

Total nitrogen (TN) was determined according to Ling (1963).
Total volatile fatty acids (T.V.F.A.):

Total volatile fatty acids (TVFA) in cheese was determined as described
by Ostoeux et al., (1958) and modified by EI-Nemr (1968).

Rheological properties: :
Meltability (mm):

Meltability of cheese was measured in duplicate as described by Olson
and Price (1958) with the modification of Rayan et al., (1980).
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Oiling-off property (ratio):
The fat leakage method as described by Ghosh and Singh (1992, b) was
used to determine the oiling-off ratio.

Strechability test (cm):

The stretch quality of Mozzarella cheese was evaluated by Sabikhi and
Kanawjia (1992) method as the following procedure. A 250m| beaker was
filled to 3/4 its volume with hot water at 85 °C. About 10 gm of the cheese was
put in the beaker and allowed to remain immersed for a minute. A glass rod
was immersed in the center of the molten mass of cheese and the cheese
lifted with the rod. The length of the thread formed was measured as cm.
longer threads indicated better stretching characteristics.

RESULTS and DISCUSSION
Effect of Direct acidification on chemical, microbial and
rheological properties of Mozzarella cheese.

Table {1) shows the effect of acidification methods either by using the
starter or gluconic acid 5- lactone. Using direct acidification by G&L
decreased the time of manufacturing from 334 to 177 min. Substituting the
milk fat by palm oif then acidifying by the starter or G5L also decreased the
time of manufacture from 314 to 136 min. which was shorter than the caontrol.
On the other hand, fortifying the standardized milk with 1% calcium caseinate
caused an increase in the fime of manufacture in comparison with the control
either by using starter or GSL but also the direct acidification by G&L
decreased the time by 50%. Furthermore, the effect of direct acidification on
the time of manufacturing was very clear in the step of milk acidification and
renneting then in cheddaring step which show about 60% shorter in the time
of the steps mentioned previously. The obtained results agree with those
reported by Metzger ef al,, (2000,b & 2001); Guinee ef al., (2002) and Fox et
al., (2000). '

Table (1): Effect of direct acidification on the time required for each cheese
processing sieps {minutes).

Treatment
. Standardized
Processing steps Control Skim milk+Palm oil milk#+calcium
caseinate
Starter GOL Starter GOL Starter [¢].]8
Acidiflcation and reaneting 70 20 60 20 75 20
Coagulate time 30 25 30 20 30 25
Cutting, scalding and whey draining 100 80 95 60 110 90
Cheddaring 125 45 120 39 140 40
Kneading 9 7 9 ) 7 5
Total time 334 177 314 1316 362 180
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pH and Titratable acidity (TA):

Table {2) shows that the pH values of cheese made by lactic acid starter
decreased from 5.21 to 5.15 then increased from 5.07 in fresh cheese to 5.20,
5.13 and 5.12 respectively after 3¢ days of cold frozen, while those acidified
by direct acidification increased from 5.43, 5.45 and 5.16 in fresh cheese to
5.45, 5.53 and 5.23 respectively after storing. However, the pH values of the
treatments acidified by direct acidification were higher than those made by
lactic acid starter. These differences were only significant higher (P< 0.05)
when the skim milk + palm oil was acidified by direct acidification in
comparison with starter culture in fresh and after frozen storage of the
cheese. Also the acidification by both methods for miltk + calcium caseinate
showed lower pH than the other treatments which may be attributed to the
addition of calcium caseinate to the milk. Storing the cheese for 30days
under freezing caused insignificant decrease in the pH values for the cheese
acidified by starter culture in controi and made from milk +palm oil and
insignificant increased it in the case of adding calcium caseinate which may
increase the buffering capacity. Also the data revealed that the titratable
acidity % of Mozzarella cheeses made by lactic acid starter were increased
from 1.44, 1.48 and 1.05 in fresh cheese to 1.49, 1.51 and 1.28 respectively
after 30 days storage under freezing. These differences were only significant
(P< 0.05) when fortified by calcium caseinate. Any way, These result are
concurs with Guinee et al., (2002); Feeney et al., (2002) , Fox and Wallace,
(1997).

Table (2): Effect of direct acidification on the titratable ac.idity1 (TA) and pH of
Mozzarella cheese during frozen storage.

type of Storage s
Treatments acidification period{Day) pH TA%

Fresh §.21° £0.017 144 £0.01
30 5.207 £0.014 1.49° £0.062
Fresh 5.43" 10.06
30 5.45" 30,028

cd
Fresh 51E™ 10 048

Starter

Standardized Milk

GoL

Starter

30 5.13° 10.021
Fresh 545" +0.13

Skim milk+ 3%palm oil

G5L
30 5.53" 20.148

Fresh 5.07" 10066 1.05° £0.13
Starter - -
Standardized Mitk+ 30 5.12° +11.043 1.28" 10.07
calcium caseinate Fresh 5.16°% 20.031

GoL -
30 533" +0.075

Mean valuest standard deviations for two batches of each cheese, analysed in
duplicate.
20 Means with the same superscripts are not significantly different (P £0.05).
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Moisture content:

Table (3) revealed that the moisture content values of cheeses made by
lactic acid starter were 50.43, 50.05 and 50.22 respectively, while those
acidified by direct acidification were 5§1.01, 50.8 and 54.92 respectively. it was
clear that the cheeses made by direct acidification were higher in its
moisture content than those made by starter, while only the direct
acidification of milk + caicium caseinate was significantly higher (P<0.05)
than the other treatments, This result concurs with those of Shehata et al/,
(1967) and Keller et al, (1974); Joshi ef al., (2004.a,b,c,d); McMahon et a/.,
{2005).

Ash and salt content:

Table {3) illustrated that the ash and ash/DM values of cheeses made by
lactic acid starter were (2.73, 5.5); (2.86, 6.21) and (3.04, 6.1) respectively,
while those acidified by direct acidification were (2.71, 5.54); {2.52, 5.12) and
{2.9, 6.43) respectively, which seems that applying direct acidification on the
cheese making reduce the percentage of ash which may be due to increase
the calcium solubility. Whereas the addition of calcium caseinate increased
the ash content significantly than other treatments. Demott (1983) reported
that ash concentrations of the products made by the two methods were not
significantly different (P<0.05). Angelis ef al., (2008) used three different
starters to prepare Mozzarella cheese in comparison with a treatment made
by DA.

Table (3): Effect of applying direct acidification on moisture’, ash, ash/DM,
salt and salt/DM in Mozzarella cheese.

Treatments mfrd‘l'ﬂ‘?c‘*a‘:ifu n Moisture% Ash% Ash/iDM% Salt% SaltDM%

Standardized Milk Starter 50.43" £1.194 273" 0,38 5.50" +0.882 1.65° +0.17 3.47° £0.382

Gt 101712800 | 2.71°+0.013 5.54" £0.315 1.55%10.25 3.16° £0.70

Skim milk+ Starter 50.05° £0.042 | 286" 10286 | 6.21°$0.007 1.79° +0,243 4.40" £0.060

$%palm oil GBL 50.80° £0.707 | 252°%0.015 { 51270400 | 1.53° x0.017 3.12° £0.054

Isifrkfldfﬁgﬁe: Starter 50.22° +0.506 3.04" £0.08% 6.10° +0.153 323‘ +0.033 4.07° £0.046

caseinate GOL 5492°10.640 | 2.90% 20050 | 8.43° £0.200 2.03° +0.030 4,95 10.048
Moans sg::r 51.45: 287 5.94° 1.82: 3.93:
52,24 27 57 1.71 3,58

Mean valuest standard deviations for two batches of each cheese, analysed in duplicate.
3¢ peans with the same superscripts are not significantly different (P $0.05),

The salt and salt/DM values of the cheeses made by lactic acid starter
were (1.65, 3.47); (1.79, 4.4) and (2.2}, 4.07) respectiveiy (Table 3), while those
acidified by direct acidification were (1.55, 3.16); {(1.53, 3.12) and (2.03, 4.95)
respectively, the results showed that a variation in salt content, further more
the cheese made by adding caicium caseinate was significantly higher
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{P<0.05) than other cheese treatment which may be attributed to its ability to
absorb more salt.

Fat content:

Fat has a great effect on the palatability of any type of cheese, it is
responsible for the smoothness and richness of the body and texture as
reported by Gunasekaran and mehmet (2003}). Table (4) revealed that the fat
and F/DM content values of the cheeses made by lactic acid starter were
(23.29, 46.82); (22.2, 44.44) and (16.5, 33.15) respectively. While those
acidified by direct acidification were (20.88, 42.75); (21.75, 44.22) and (14.13,
34.34) respectively. These results concluded that the direct acidification
methods resulted lower fat and F/DM content in the cheese which may be
due to the differences in its moisture and total solids contents as in the case
of adding calcium caseinate. Guinee et al,{2002); Feeney et al., (2002)
reported that the fat content of the control cheese was significantly higher
than that of the direct acidification cheeses which had a similar fat content.
Moreover, the FDM level in direct acidification cheeses was lower than that of
the control cheese, suggesting higher losses of fat to the cheese whey
and/or the stretch water during the manufacture of the former cheeses.

Protein content:

Table (4) revealed that the TP and TP/DM content of the cheeses made by
lactic acid starter were (20.38, 41.15); (20.73, 43.79) and {26.1, 52.43)
raspectively. While those acidified by direct acidification were (20.09, 41.14);
(20.15, 40.96) and {24.58, 54.52) respectively. The TP and TP/DM % in lactic
starter methods were slightly higher than made from direct acidification,
further more only the cheese made from milk +calcium caseinate was
significantly higher concerning the TP and TP/DM % content by about 25%
comparing with the other milk used in Mozzarella cheese preparation. This
attributed to the addition of calcium caseinate which raised the protein
content of the cheese. Angelis ef al, (2008) reported that the concentration of
protein in direct acidification Mozzarella cheese was significantly lower at
(P<0.05) than in the cheeses started with commercial starter and especially,
autochthonous multiple strain cultures.

Total Volatile Fatty Acids (TVFA):

As shown in Table (4), the TVFA values of the cheeses made by lactic acid
starter were 3.67, 3.75 and 4.17 respectively, while those acidified by direct
acidifications were 3.0, 3.67 and 3.5 respectively. The TVFA values of the
treatments made by starter were higher than those made with direct
acidification but this difference was not significant {P20.05) within the
treatments, but this difference was significantly higher between the means of
the treatment. The TVFA average of the cheese prepared with starter was
3.86 while it was 3.42 for direct acidification by G&L which may be because of
the starter metabolic action on some milk component.
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Tahle (4): Effect of applying direct acidification on the chemical Praperties total solids (TS1), fat, fat/DM,
totai protein (TP), total

Treatments

Type of
acidification

TS5%

Fat%

FIDM%

TP%

rotein/Dry matter (TP/DM) and TVFA* in Mozzarella cheese.

%TPIDM

TVFA*

Standardized Milk

Starter

49.57° £1.194

23.29° 10,368

46.82" £1,120

20.38° £0.660

41,159 12,284

3.67" £0.390

GSL

49.00" £2.900

20.88° £0.629

42.75° £3.480

20.09° £0.210

41.14" £2.860

3.00" $0.270

Skim milk
+ 3%palm oil

Starter

49.95" £0.042

222" 10.424

4.44" 20.812

20.73° +1.340

43.78° 10,657

3.75" +0.500

GaL

49.20" 10.707

2475 £0 645

44.22° +1.710

20.15° +0.101

40,967 £0.761

367" +0.500

Standardized Milk+
calcium caseinate

Starter

49.79" £0.506

16.50° $0.408

33.15° £1.064

26.1" 10,260

52.43" £0.983

4.17" 40.340

Gol

45.08" 0.641

14.13° £0.854

31.34° £2.080

24.58" £0.170

Starter

19.95°

41.15°

24

R

54.52" 0,840

46.13"

3.50™ £0.340

GoL

19.58*

40.784°

21.605°

Mean valuest standard deviations for two batches of each cheese, analysed in duplicate.

a,b,c

Means with the same superscripts are not significantly different {P <0.05).
*MI 0.1 N Na OH / 100gm cheese.

45.54*
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Actual & adjusted yield in Mozzarella cheese.

Table (5) showed the actual yield and adjusted yield values of Mozzarella
cheese made by lactic acid starter they were {11.32, 12.28); (11.83, 12.15) and
(13.23, 14.52) respectively, while those acidified by direct acidification were
{(11.75, 12.95); (11.9, 13.04) and (14.07, 13.86) respectively. No significant
difference were noticed between the starter and direct acidification except in
case of actual yield percentage in milk fortification by calcium caseinate,
Any way, obtained resuits agree with those reported by Shakeel-Ur-Rehman
et al., (2003).

Table (5): Effect of direct acidification on actual' & adjusted yield on
Mozzarella cheese.

Type of

Type of milk acidification

Actual yield% Adjusted yield%

Starter 11.32° +0.686 12.28° £0.254
GoL 11.75° 20.354 12.95° +0.821

Milk

Skim milk+ palm Starter 11.83° +0.058 12.15° £0.982
oil GaL 11.90° +0.283 13.04" £0.509

Milk+ calcium Starter 13.23" 20.035 14.52° £0.0001
caseinate G3L 14.07° £0.,098 13.86" £0.143

Mean valuest standard deviations for two batches of each cheese, analysed in
duplicate.
2B Means with the same superscripts are not significantly different (P £0.05).

Microbial content

The result reported in Table (6) showed an increase of log,, cfu/gm in
Mozzarella cheese made with the starter on all tested media in compared with
the cheese made with direct acidification. The yeast and mold were not
detected in the Mozzarella cheese treatment made either with starter or direct
acidification. in geieral, making the chesse by starter resulted in higher total
bacterial count (TVBC), lactic acid bacteria count (LABC), coliform count and
staphylococci count in comparison with those made by direct acidification
for all the treatments tested because of adding the lactic acid starter.
Predominant colonies from either VRBA media were gram positive rods,
while those picked from MSA media were negative for coagulase test. All the
treatments were free of yeast and fungi which may be due to the high

cooking temperature applied.
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Table (6): Count {log,, CFU/gm} of some microbial groups on certain specific media found in Mozzarella
cheese made by using starter culture or DA {G5L).

"Mean valuesz standard deviations for two batches of each cheese, analysed in duplicate.
ND, Not detected.

r‘—_—_ T
. J
Type of Count {logs, CFU/gm cheese) J
Treatments idificati Coiif Staphyl T Woldand | Aerobic §
acigmcation olitorm 4 oCoCCH 01G an [=1xs]al{d re
VB LABC Py oRie Spe i
count count yeast Former
Standardized Starter 6.0310.014 | 5.46$0.226 | 2.95:0.000 3.00 +0.262 ND 2.69 +0.048
Milk GoL 4.22$0799 | 3.56 t0.057 | 2.16%0.050 2.15 £0.212 ND 2.21 £0.207
[ 4]
b
b skim mitke 3% Starter 586 +0.67¢ | 5.810.608 | 4.36 +0.594 2.15 £0.212 ND 2.68 £0.035 i\
paim oii G3L 491+0.014 | 3.01:0177 | 2.39:0.184 ND ND 2.50 £0.014 ’
i 1
Standardized Starter 67210028 | 4.4810.615 | 3.50 £0.771 2.63 £0.078 ND 2,50 +0.014
Milk+ calcium
caseinate GOBL 5.380.389 | 3.03:0.071 | 2.22$0.304 2.41 £0.149 ND 2.39 $0.014

‘e j@ ‘eiuop-noqy
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Meltability of Mozzarella cheese

As shown in Table (7} using direct acidification raised the rmeltability of
the resultant cheese significantly (P<C.05) compared with those made by
using lactic acid starter. The meltability of the fresh cheese from
standardized milk, skim milk + palm oil and standardized milk with calcium
caseinate were 106.25, 75 and 81.5 mm., respectively by using the starter
culture, while the corresponding values of the treatments made by direct
acidification were150.25, 149.75 and 124.25 mm., respectively. Storing the
cheese under freezing for 30days decreased the meltability values for all
treatments and acidification methods used. The meltability values of the
cheese made by using the starter culture decreased from 106.25, 75 and 81.5
mm. in fresh cheese to 96, 69.5 and 68.25 mm. after storing, respectively. In
the case of direct acidification. The corresponding values were 150.25, 149.75
and 124.25 mm. in fresh cheese which decreased to 145, 136.75 and 93.75
mm. after storing, respectively; Mostly the treatments had no significant
effect on the meltability at (P <0.05), however, adding calcium caseinate to
milk decreased the meltahility markedly. On the other hand, adding palm oil
and using the starter culture decreased the meltability significantly at
(P<0.05) in comparison with the control, while the addition of calcium
caseinate had insignificant decrease on it. These significant differences were
not noticed between the treatments when acidified by GB&L in direct
acidification.

Storing the cheese for 30 days under freezing decreased the meitability
values for the cheese acidified by starter culture, furthermore the meltability
of the control was significantly higher (P<0.05) than those made by either
palm oil and calcium caseinate , while storing the cheese made by direct
acidification resulted in a decrease in meltability which was significantly
lower (P<0.05) in the case of adding calcium caseinate compared with the
other treatments. Obtained results agree with, McMahon et al., (2005); Guinee
ef al., (2002) and Oberg ef al., {1992)

Stretchability of Mozzarella cheese
Using direct acidification raised the stretchability of the resultant cheese

significantly (P<0.05) compared with those made by using lactic acid starter
Table (7). The stretchability of the fresh cheese from standardized milk, skim
milk + palm oil and standardized milk with calcium caseinate and acidified by
the starter culture were : 92.75, 131.5 and 92.5 cm., respectively, while the
corresponding values of the treatments made by direct acidification were

:146.5, 166.25 and 178.75 ¢m., respectively.

Storing the cheese under freezing for 30 days led to insignificant increase
at (P<0.05) in the stretchability values for all the treatments and both
acidification methods used.
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Table (7). Effect of direct acidification on rheological

roperties during storage period.

"Mean valuest standard deviations for two batches of each cheese, analysed in duplicate.

type of Storage ] Stretchability Oiling off
Treatments Meltability (mm)
acidification | period(Day) {cm) {Ratio)
Start Fresh 106.25°° £76.64 | 92,75 24,500 2,40° £0.050
arter
Standardized 30 96.00° +66.42 95,507 20.43 2.49° £0.048
Milk Gl Fresh 150.25" +5.91 146.50° +17.54 3.08% +0.560
] 30 145.00" £4.08 156.25° +11.93 3.16" £0.449
Start Fresh 75.007 £22.620 131.50° £5.970 1.799£0.270
arter
Skim milk+ 30 69.50% £20.52 132.75° 6.5 1.98° 20,222
3% palm oil Gl Fresh 149.75° +4.720 | 166.25" +27.780 2.26™ +0.140
) 30 136.75" +6.990 | 175.75" £26.370 2.49" £0.163
Fresh 81.50° £10.600 92.50° £6.460 1.25° 20,282
Standardized Starter . - .
30 68.25719.610 93.00° £11.940 1.387+0.273
Milk+ calcium -
Fresh 124.25" +2.990 | 178.75" £23.230 1.42° 20.101
caseinate Gbl. T
30 93.75°718.540 | 185.25% +21.600 1.54" £0.099

35S Means with the same superscripts are not significantly different (P $0.05).
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The stretchability values of the cheese made by using the starter culture
were ; 92.75, 131.5 and 92.5 cm. In fresh cheese which slightly increase to
95.5, 132.75 and 93.0 cm. after storing, respectively. In the case of direct
acidification, the stretchability values were : 146.5, 166.25 and 178.75 cm. in
fresh cheese increase slightly to 155.25, 175.75 and 185.25 cm. after storing,
respectively. However, the stretchability of Mozzarella cheese made from the
standardized milk or in the milk fortified with calcium caseinate had no
significant difference (P<0.05), furthermore substitution of the milk fat with
palm oil increased the stretchability of Mozzarella cheese in corresponding
with the other two treatments, but this increase was significant (P<0.05) in
the case of starter acidification in fresh and stored cheese. The stretchability
of Mozzarella cheese made with direct acidification value were significantly
higher (P<0.05} either by adding calcium caseinate or palm oil to the milk in
comparison with the control in fresh and stored cheese, while the differences
between the Mozzarella cheese from skim milk + palm oil and standardized
milk + calcium caseinate was not significant (P<0.05).

The results obtained were correlated with those obtained by Joshi et al.,
{2004,a,b), Guinee et a/,, (2002)and Oberg ef al., (1992)

Oiling off property (Ratio) of Mozzarella cheese

As shown in Table {7) using direct acidification in the manufacture of
Mozzarella cheese raised the oiling off ratio of the resultant cheese. This
increase was significant (P<0.05) for the cheese made from milk and skim
milk + palm oil, while it was insignificant in the case of adding calcium
caseinate to the milk. The oiling off property of the fresh cheese from
standardized milk, skim milk + palm oil and standardized milk with calcium
caseinate were 2.4, 1.79 and 1.25, respectively by using the starter culture,
while the corresponding values of the treatments made by direct acidification
were : 3,08, 2.26 and 1.42, respectively. Storing the cheese under freezing for
30days led to insignificant increase in the oiling off values for all the
treatments and both acidification methods used for example the cheese
made by using the starter culture were : 2.4, 1.79 and 1.25 in fresh cheese
which increase to 2.491, 1,98 and 1.38 after storing, respectively, while in the
case of direct acidification, the oiling off vaiues were : 3.08, 2.26 and 1.42 in
fresh cheese which slightly increase to 3.16, 2.5 and 1.54 after storing,
respectively. The oiling off values were differed according to the difference of
treatments, for example, adding the calcium caseinate or palm oil decreased
it in corresponding with the control. This decrease was significant (P<0.05)
in the case of adding calcium caseinate and using direct acidification in fresh
and stored cheese, furthermore fortification with calcium caseinate
decreased the oiling off ratio of Mozzarella cheese significant (P<0.05) in
corresponding with substitution of milk fat with palm oil. This decrease was
not significant in the case of using starter culture which was significantly
lower (P<0.05) than the acidified by direct acidification in fresh and stored
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cheese. However, the substitution of milk fat with palm oil decreases the
oiling off significant (P<0.05) in comparison with the control when the
Mozzarella cheese made by starter culture in fresh and stored cheese. This
significant differences were not noticed when storing the cheese for 30days
under freezing which resulted in the cheese made by starter culture
insignificant increase on the oiling off values on Mozzarella cheese made by
different types of milk and both acidification methods i.e. starter culture and
direct acidification with Gluconic acid 8- lactone. The obtained resuits were
correlated with these obtained by Ghosh and Singh (1992,b) whe reported
that the fat leakage increased slowly with the storage period in deep frozen
samples at (-10 to -20°C).
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