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SUMMARY

Nine lactating Baladi goats in early lactation were divided into three groups using 3x3
Latin square design for 30 days period. The control diet (1) consisted of berseem clover (B),
as a source of roughage and concentrates (1:1, dry matter basis) (I). The two experimental
diets were the same as control diet plus 5 g/d of caraway seeds (Carwm carvi) (II} or plus 3
g/d of garden cress seeds (Lepidium sativum} (III). Individual milk samples were collected
at the last three days of each period for analysis. Pooled milk from each period was used in
the manufacture of Mozzarella cheese. Cheese samples were stored at refrigerator (4°C) for
four weeks. Addition of Caraway and Lepidium sativim in the animal diet insignificantly
increased milk yield but decreased milk pH value as compared to control milk. Feeding diet
on Lepidium sativum significantly increased milk fat and decreased milk protein contents.
Mozzarella cheese contents of fat and protein showed the same trend but the differences
were not significant. Soluble nitrogen, soluble tyrosine and soluble tryptophan of
Mozzarella cheese were not affected by treatments, while non protein nitrogen content and
total volatile fatty acids (TVFA) were significantly increased by treatments compared to
control cheese, Meitability was decreased significantly, and oiling off was significantly
increased from milk of goats fed on caraway diet compared to other treatments. Mozzarella
cheese flavor and texture were decreased with treated milk compared to control milk.
Storage period significantly affected organoleptic properties (P<(.01) showing the greatest
improvement after four weeks of storage

Keywords: caraway, Lepidium sativum, goats, milk composition, Mozzarella cheese,
storage period.

INTRODUCTION

Global production of Mozzarella cheese has grown dramatically during the period
1985 to 2000 (Rowney et al., 1999), especially in the United States, where annual
production in 1996 was ~1.03 million tonne (Serensen, 1997). The main impetus for the
growth of Mozzarella has been the increased in the popularity of pizza, in which
Mozzarella is 2 main ingredient. The functional attributes of importance in Mozzarella
cheese for pizza include the desired degrees of flow and stringiness on baking. T ¢ chesses
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best endowed with these characteristics, especially stretchability, are members of the pasta
filata group and include Mozzarella, Provolone, and Kashkaval (Fox et al., 2000). In the
manufacture of tuese cheeses, the curd (pH ~5.1 to 5.4) is subjected to a plasticization step
towards the end of manufacture during which it is scalded {to ~57°C), kneaded, and
stretched in hot (~80°C) water or dilute brine. The conditions of low pH and high
temperature limit the aggregation of para-casein and the formation of para-casein fibers of
relatively high tensile strength (Kimura et al, 1992; Taneya et al., 1992). These fibers
impart stretchability, stringiness, and chewiness to the melted cheese topping when the
cheeses are subsequently cooked on pizza (Fox et al., 2000).

The functional attributes of Mozzarella cheese are influenced by many factors,
including milk pretreatment, make procedure, manufacturing process, composition and
proteolysis (Kindstedt, 1995; Madsen and Qvist, 1998).

Lepidium sativum L, commonly called garden cress, the seeds of which are claimed to
possess varied medicinal properties like galactogogue. Also, seeds are useful in hiccup,
dysentery, diarrhea and skin diseases caused by impurities and toxins in blood and chronic
enlargements of spleen (Nadkarni and Nadkarni, 1954),

The caraway seeds (Carum carvi L.) are also used in cheeses and cheese spreads,
sauerkraut and salad dressings. Liqueurs, such as Kummel and some schmapps, use
caraway seed for their unique flavour, Caraway seeds are also high in protein and fat. The
seed and teas made from the seed have an anti-spasmodic action, which soothes the
digestive tract and its carminative (gas relieving) action relieves bloating caused by gas
and improves the appetite (Laflamme et al., 2008).

The objective of the current study was to investigate the use of milks produced from
animals fed caraway seeds or Lepidium sativum on composition and properties of
Mozzarella cheese.

MATERIALS AND METHODS

Caraway and Lepidium sativum seeds were obtained from El Harraz Market, Cairo, Egypt.
Composition of Caraway and Lepidium sativum seeds are shown in Table 1.

Feeding triai:

Nine lactating Baladi goats in early lactation were divided into three groups for
feeding trial using 3x3 Latin square design for 30 day periods. The control diet (I}
consisted of Berseem clover (B) as a forage source and a concentrate feed mixture (CFM)
fed in equal parts on a dry matter basis. The Berseem clover cut fresh and fed to animals
immediately. The two experimental diets used were the same as control diet plus 5 g/d of
caraway seeds {Carum carvi L.) (I) and control diet plus 5 g/d of garden cress (Lepidium
sativum) seeds (III). Individual milk samples were collected at the last three days of each
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period for analysis. Pooled milk from each period, was used in the manufacture of
Mozzarella cheese.

Table (I): Chemical composition (% DM basis) of ingredients used in feeding trial.

Item CFM Berseem clover Garden cress Caraway seeds
seeds

Dry matter 927 20.0 95.86 94.60
Organic matter 909 87.9 95.35 86.0
Protein 14.1 12.8 22.47 15.1

Fat 4.2 25 27.48 6.0
Crude fiber 15.1 28.2 7.01 9.80

Ash 9.1 12.1 4.65 14.0
NFE 57.5 44.4 38.39 55.1

CFM: Concentrate feed mixture consisted of 35% yellow corn, 25 % wheat bran, 23%
decorticated cotton seed meal, 15% rice bran, 1.5% ground limestone and 0.5% Mineral
and vitamin mix contained 42 ppm Co, 3500 ppm Cu, 20,000 ppm Fe, 12,000 ppm Mn,
12,000 ppm Zn, 1200 ppm I, 3800 iU/g of vitamin A, 1200 IU/g of vitamin D, and 30 IU/g
of vitamin E.

Milk samples, each period, were analyzed for milk fat, total solids (TS), and ash
contents and titratable acidity as described by Ling (1963). Total nitrogen (TN) content
was determined by Kjeldahl method IDF (1993). Lactose was determined by the method of
Nickerson et af., (1976). pH values was measured using digital pH meter (M41150, USA)
equipped with glass electrodes.

Cheese manufacture:

Mozzarella cheese manufacture was done as described by Kosikowski (1982).
Cheeses were stored at refrigerator (4°C) for four weeks and analyzed when fresh and after
four weeks. All cheese samples were analyzed for total nitrogen, and soluble nitrogen (SN)
contents by Kjeldahl method (IDF, 1993) as well as for fat, total solids (TS), ash and non
protein nitrogen (NPN) contents, sodiumn chloride and titratable acidity as described by
Ling (1963). The solubie tyrosine and tryptophan were determined spectrophotometrically
according to the method of Vakaleris and Price (1959). Total phosphorus content was
determined colorimetrically by molybedate hydrazine sulphate as described by IDF (1987).
Calcium content was determined by the complexometric titration with EDTA as described
by Roadsveld and Klomp (1971), while, total volatile fatty acids (TVFA) were determined
as described by Kosikowski {1982).

Physical properties:

The Gerber fat test method described by Kindstedt and Fox (1991) was adopted for
estimation of free oil in Mozzarella cheese using. Meltabilty was determined by using
glass tubes as described by Olson and Price (1958). Rennet coagulation time (RCT) and
curdling time (CT) of cheese milk were determined according to Al-Sawaf (i477). The
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yield of Mozzarella cheese was calculated according to the formula given by Vandeweghe
and Maubois (1987).

Sensory evaluation of cheese:

Cheese samples were judged by a panel taste of 15 staff members of the Dairy Science
Department, National Research Center, Egypt. The cheese was scored for appearance (15
points), body and texture (35 points) and flavor (50 points) as suggested by ADSA. (1987).

Statistical analysis:

Data were analyzed using the mixed model procedure of Statistical Analysis
System (SAS, 1998) to account for effects of treatments and storage peried. Complete
random block design was applied for milk and cheese data using the following general
linear mode!l procedure:

Yijk= H,'!’ R-l + Tk + eijk'

Where Y is the parameter under analysis of the ijk milk, p is the overall mean, R, is
the effect due to the storage period, Ty is the effect due to treatment, ey is the
experimental error for ijk on the observation.

The Duncan's multiple range tests was used to test the significance between means
{Duncan, 1953).

RESULTS AND DISCUSSION

Milk yield and composition:

The yield and composition of milk used in mozzarella cheese manufacture is shown in
Table 2. Milk yield was not significantly affected by treatment. Milk fat was higher
{P<0.01) with Lepidium safivum compared with other treatrments. In contrast, milk protein
was lower (P<0.05) with Lepidium sativum compared with other treatments. Milk pH was
significantly lower with experimental treatments compared with control. Other milk
parameters were not affected by treatments.

Chemical Composition of Mozzarella cheese:

Data on the composition of the various cheeses are summarized in Table 3. The dry
matter (DM) content of Mozzarella cheese made from treated milk (caraway and Lepidium
sativurn) was slightly higher than control milk. Cheese fat content was slightly higher
while total protein content was slightly lower with Lepidium sativum than other treatments.
Ca and P contents in mozzarella cheese were insignificantly higher with Lepidium sativum
than other treatments. Other cheese constituents were not affected by treatments. The
compositions of the DM (fat, protein, ash and salt contents relative to the DM) were not
significantly different between the control and treated cheeses. The calcium and
phosphorus contents or expressed on DM basis of Mozzarella cheese showed a slightly
higher but not significant with caraway milk than other treatments. While, ash and salt
contents of Mozzarella cheese were slightly higher with Lepidium sativum compared to
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other treatments. From the forgoing results one can conclude that the composition of
Mozzarella cheese was not affected by treatments.

Table (2): Chemical composition of milk used in Mozzarella manufacture.

Item Treatments +SE  Pro.>F
Control Caraway Garden cress
seeds seeds
Miik yield (gm/d) 700.0 770.0 789.8 0.160 0.351
Fat % 2.40° 2428 2.62* 0.146  0.009
Total protein % 347" 3.39* 3.13° 0.063 0.020
Total solids % 10.65 10.58 10.74 0.194 0.890
Solids not fat % 8.25 8.56 8.12 0.153 0.469
Lactose % 4.17 4.10 429 0.123 0.818
Ash % 0.725 0.749 0.710 0.017 0.538
pH 6.77* 6.61° 6.67° 0.021  0.005

a,b,

means with different superscripts are significant (P<0.05) difference.
AB,

means with different superscripts are significant (P<0.01) difference.

Table (3): Effect of experimental treatments on Mozzarella cheese composition.

Item Treatments +SE Pro.>F
Control  Caraway  Garden cress
seeds seeds
Dry matter % 45.92 46.35 46.79 0.869 0.927
Fat % 10.60 10.00 13.53 1.106 0.233
Fat/ DM 23.08 21.58 2892 2,562 0.224
Total protein % 27.35 27.72 25.80 0.954 0.322
Total protein / DM 59.56 59.81 55.14 1.447 0.193
Ca% 0.594 0.606 0.581 0.008 0.404
Ca*100/ DM 1.29 1.31 1.24 0.033 0,722
P % 0.696 0.719 0.699 0.007 0.493
P*100/ DM 1.52 1.55 1.49 0.031 0.448
Ca/P . 0.853 0.843 0.831 0.010 0.812
Ash % 2.80 2.79 2.82 0.015 0.690
Ash*100 /DM 6.10 6.02 6.03 0.124 0.958
Salt % 0.385 0.390 0.403 0.010 0.864
Sait*100 / DM 0.838 0.841 0.841 0.028 0.971

Nitrogenous fractions and TVFA:

Table (4) shows the nitrogenous fractions and TVFA's of Mozzarella cheese. It is
evident that soluble nitrogen, non protein nitrogen, soluble tyrosine and soluble
tryptophane were not significantly affected by experimental treatments. While, the storage
period had highly significant effect on soluble nitrogen, non protein nitrogen, soluble
tyrosine and soluble tryptophane contents of Mozzarella cheese. This trend coincided with
an increase in the degree of proteolysis (Feeney et al, 2002). The lower levels of intact
casein in the cheese reflect the lower protein content and the higher degree of proteolysis

197



Kholif et al.

(Feeney et al., 2002). These results are in line with the finding of El-Zoghby (1994) and
Di-Matteo et al. (1982) who mentioned that soluble nitrogen gradually increased as time of
storage advanced. The TVFA content of Mozzarella cheese was significantly higher with
Lepidium sativum milk compared with other treatments (Table 3). The TVFA
concentration of Mozzarella cheese increased with increasing of fat percent of the original
milk used (Table 2). It could be seen that the TVFA content increased with advancing the
storage time from 7.19 in fresh cheese to 23.53 mi/100gm cheese at 4™ week. El-Abbassy
et al. (1991} found similar results with Mozzarella cheese.

Table (4): Effect of experimental treatments and Storage time (weeks) on soluble
nitrogen, non protein nitrogen, total volatile fatty acids, soluble tyrosine
and soluble tryptophane of Mozzarelia cheese.

Ttem Treatments +SE Pro>F
Control  Caraway Garden
seeds cress seeds
SN (mg/100g) 0.272 0.265 0.271 0.010 0290
NPN (mg/100g) 0.126° 0.1324 0.130* 0.004  0.007
ST (mg/100g) 27.51 27.51 27.50 4815 0.650
STr (mg/100g) 18.23 18.24 18.23 3.191 0787
TVFA (ml 0.1 NaoH/100g) 14.62° 14.378 15.94% 1.410  0.002
Storage time (weeks)
0 2 4
SN (mg/100g) 0216° 0.265° 0.326* 0.020  0.0001
NPN (mg/100g) 0.106° 0.1278 0.1574 0.009  0.0001
ST (mg/100g) 3.97° 19.672 58.88% 8.191  0.0001
STr (mg/100g) 2.18° 13..69% 38.83* 6.231  0.0001
BTVFA (ml 0.1 NaoH/100g) 7.19° 14.40% 23.534 3.140  0.0001
A8,

means with different superscripts are significant (P<0.01) difference.
SN = Soluble nitrogen, NPN = Non protein nitrogen, ST = Soluble tyrosine, STr = Soluble
tryptophane :

RCT, CT and cheese yield:

Data in Table (5} show that the cheese rennet coagulation time (RCT) of cheese milk
recorded the lowest but not significant value with Lepidium sativum followed by caraway
and then control. In the other hand, curdling time {CT) was higher but not significant with
caraway followed by Lepidium sativum milk and then control. The cheese yields non-
significantly increased when milk was treated with experimental additives. It is take the
same trend of dry matter contents of cheese Table (2).

Acidity and pH:

Table (5) indicates that cheese made from milk produced from goats fed diets
supplemented with Lepidium sativum showed the highest (P<0.05) acidity than cheese
made from control milk, while, cheese made from milk produced from goats fed diets
supplemented with caraway seeds milk was recorded the moderate value. The acidity of
cheese gradually increased (P<0.01) during storage to reach its maximum after 4 weeks.
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On contrast, pH value was not significantly affected by experimental additives, while, it’s
significantly decreased with storage period to reach the lowest value at 4 weeks. These
results are in the line with that reported by Yun et al. (1992) with Mozzarella cheese.
Generally, at pH values > ~5.4, it is more difficult to plasticize the curd (Kimura ef al,
1992); the curd becomes progressively less smooth and more tlumpy with increasing pH,
However, curd may be plasticized successfully at a higher pH (e.g, 3.6) and higher
colloidal to soluble Ca ratio if the total concentration of Ca is lower than that in curd made
by the traditional procedure, e.g., as in directly acidified Mozzarella, where the milk is
setting at pH ~5.6 (Kindstedt and Guo, 1997a)., Guinee et al. (2002) found that pH of the
cheese increased gradually during storage. The increase in pH during storage was noted by
Guo et al. {1997) for full fatin Mozzarella cheeses made using a starter culture.

Table (5): Effect of experimental treatments and Storage time on meltability, oiling
off and other properties of Mozzarela cheese.

tem Treatments +SE Pro.>F
Control Caraway Garden cress
seeds seeds
ACT (sec.) 114 104 92 6.668 0.519
T (sec.) 120.5 140.3 127.0 11.59 0.834
“heese yield (%) 11.0 11.4 12.1 0.358 0.547
Vieltability (mm)  20.62* 17.30° 19.82° 1.808 0.031
Jiling off (%) 71.02 67.31 71.74 3.325 0.108
Acidity (%) 1.005° 1.032% 1.054° 0.053 0.016
»H 5.22 5.24 5.22 0.016 0.130
Storage time (weeks)
0 2 4
Aeltability (mm) 8.48¢ 19.86° 28.89% 3.213 0.0001
Jiling off (%) 49.0° 74.9% 85.8% 6.631 0.0001
\cidity (%) 0.684° 1.145% 1.273% 0.105 0.0001
H 5.30" 5.25° 5.13¢ 0.031 0.001

means with different superscripts are significant (P<0.05) difference.
“EC means with different superscripts are significant (P<0.01) difference.

Meltability:

Meltability is the capacity of cheese particles to flow together and from a uniform
continaous melt. Table (5) shows that the meltability of Mozzarella cheese decreased
{P<0.05) with milk produced from goats fed diets supplemented with caraway seeds
compared to other milks. Also, meltability of Mozzarella cheese was increased by
advanced of storage period from 8.18 at fresh to 28.89 mim at 4 weeks storage. These
results are in accordance with those obtained by ¥Yun et al. (1992) and Abd El-Gawad
{1998). Furthermore, Patel et al. (1986) found that high cheese had slightly higher
meltabilities which attributed to initially higher fat content in cheese milk resulting in
cheese with low viscosity or with soft texture thus rendering it more meltable. There was a
significant increase (P<0.05) in stretchability of pasta filata Mozzarella cheese from 7 to 14
d but no significant change was observed from 14 to 21 d (Kuo and Gunasekaran, 2003).
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Proteolysis in Mozzarella cheese is a result of residual coagulant and milk plasmin
hydrolyzing (Oberg et al., 1992). Protein breakdown in Mozzarella cheese as a result of
residual coagulant and milk plasmin breakdown of o -casein and B-casein (Tunick et al.,
1993) reduced cohesiveness and softened the body, thus increasing meltability {Oberg e:
al., 1992). Accordingly, the effect of aging and tempering on the meltability of both frozen-
stored pasta filata and nonpasta filata Mozzarella cheeses might be due to proteolysis of the
protein matrix during refrigerated storage.

Oiling off:

The fat oiling off of Mozzarella cheese prepared from different experimental milks is
presented in Table (35). It was clear that a direct relation was found between ociling off of
cheese and fat content of original milk used in making cheese. Kindstedt (1995) reported
that free oil increased with increasing cheese fat on dry matter basis. Storage of cheese for
4 weeks seemed to affect oiling off of Mozzarella cheese. The oiling off was increased
from 49 at zero time (fresh) to 85.8 after 4weeks of storage. The amount of free oil
released from the cheese increased with increasing storage period for 50 days at 4 °C but
little changes were observed after two weeks (Yun et al., 1993).

Organoleptic quality of Mozzarellq cheese:

Summary of the sensory scores of Mozzarella cheese made from different
experimental milks are showed in Table (6). Significant differences were observed in the
appearance score of all cheeses while the scores of flavor and texture were significantly
decreased with cheeses made from milks obtained from goats fed diets supplemented with
caraway and Lepidium sativum compared to control milk, This decrease of flavor and
texture may be due to the oil of caraway and Lepidium sativum. Also, total score take the
same trend of flavor and texture scores. The flavor, texture and total scores were increased

Table (6): Organoleptic properties of Mozzarella cheese made from treated milk
through storage time (weeks).

Treatments

Item Control Caraway  Garden cress +SE Pro. > F

. seeds seeds
Flavor 33.50% 31.33° 32,228 0.561 0.008
Texture 29.33* 28.00° 27.67° 0.340 0.022
Appearance 10.83 10.33 10.060 0.206 0.325
Total 73.67* 69.67° 69.898 0.804 0.0003

Storage time {weeks)

0 2 4
Flavor 29.25¢ 32.258 35.13% 1.121 0.0001
Texture 26.88"% 27.88° 29.88* 0.693 0.0001
Appearance 11 10 i0 0.413 0.109
Total 67.13° 70.138 75.0* 1.612 0.0001

“% means with different superscripts are significant (P<0.05) difference.
ABC means with different superscripts are significant (P<0.01) difference.
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(P<0.01) with advanced of storage period of all cheeses. This increase can be attributed the
proteotysis of the cheese curd. While, the storage period of Mozzarella cheese had
insignificantly decrease on the appearance score. Abd El-Gawad (1998) reported similar
results,

CONCLUSION

This study demonstrated that differences in cheese functional properties of Mozzarella
cheese such as hardness, melt, and stretch were not affected by milks obtained from
lactating goat's fed caraway or garden cress seeds. Also, Mozzarella cheese can be stored
for 4 wk at 4°C to obtain good melt and stretch properties of the cheese.

REFERENCES

Abd El-Gaawad, M.A.M. {1998). Manufacture and properties of Mozzarella cheese from
buffaloe’s milk. Ph D. Thesis, Faculity of Agric., Cairo Uni., Egypt.

ADSA (1987). Score card for cheese. American Dairy Science Association. Champaign,
TL.P. 84.

Al- Sawaf, S.D. (1977). Studies o the acceleration of Domiati cheese making. M. Sc.
Thesis, Cairo Univ, Egypt.

Di-Matteo, M., G. Chioviti and F. Addeo (1982). Changes in Mozzarella cheese
chomposition during storage. Sci., Tech. Latt, Casearia, 33:197-213.

Duncan, D. B. (1955). Multiple range and multiple F test. Biometrics, 11: 1-42.

El-Abbassy, M.Z., M.E. Aly and S.N. Taha (1991). Effect of lecithin on the yield and
quality of soft cheese. Nahrung, 35(6):633-640.

El-Zoghby, A.S. (1994). Studies on the Mozzarella cheese. Ph D. Thesis, Food Sci,,
Dept., Faculity of Agric., Zagazig Uni., Egypt, pp 74-75.

Feeney E. P, P. F. Fox, and T. P. Guinee (2002). Effect of pH and calcium level on the
proteolysis in Mozzarella cheese, J. Dairy Sci. 85:1646-1654.

Fox, P. F.,, T. P. Guinee, T. M. Cogan, and P. L. H. McSweeney (2000). Fundamentals of
Cheese Science. Aspen Publishers, Inc., Gaithersburg, MD.

Guinee, T. P, E. P. Feeney, M. A. E. Auty and P. F. Fox, (2002). Effect of pH and
Calcium concentration on some textural and functional properties of Mozzarella
cheese. J. Dairy Sci., 85, 7: 1655-1669.

Guo, M. R, J. K. A. Gilmore, P. S, Kindstedt (1997). Effect of sodium chioride on the
serum phase of Mozzarella cheese. J. Dairy Sci. 80:3092-3098.

International Dairy Federation (IDF) (1993). Milk determination of nitrogen content. IDF
standard 20B.

International Dairy Federation (IDF) (1987). Determination of the phosphorus content of
cheese and processed cheese products. IDF standards A33.

201



Kholif et al.

Kimura, T., Y. Sagara, M. Fukushima, and S. Taneya (1992). Effect of pH on the
submicroscopic structure of string cheese. Milchwissenschaft 47:547-552.

Kindstedt, P. S. (1995). Factors affecting the functional characteristics of unmelted and
melted Mozzarella cheese. Pages 27-41 in Chemistry of Structure-Function
Relationships in Cheese. E. L. Malin and M. H. Tunick, eds. Plenum Press, New
York and London.

Kindstedt, P.S. and P.F. Fox (1991). Modified Gerber test for free oil in melted
Mozzarella cheese. J. Food Sci., 56, 4:1115-1116.

Kindstedt, P. S. and M. R. Guo (1997). Chemically-acidified pizza cheese: production and
functionality. Pages 24—30 in 5th Cheese Symp. T. M. Cogan, P. F, Fox, and P. Ross,
eds. Teagasc, Sandymount Avenue, Dublin, Ireland.

Kosikowski, F.V. (1982). Cheesc and Fermented Milk Foods. 2* Ed. Published and
Distributed by F.V. Kosikowski and Associates, P. 225 Brooktondate. New York,
Us.

Kuo, M. and S. Gunasekaran (2003). Effect of frozen storage on physical properties of
Pasta Filata and Nonpasta Filatza Mozzarella Cheeses. J. Dairy Sci. 86:1108-1117,

Laflamme, P., R. Spencer, M. Bandara and 8. Hu {2008). Caraway {Carum carvi L.).
Agdex 147/20-4.

Ling, E.R. (1963). “Text Book of Dairy Chemistry” Vol. II. Practical, 3 Ed Chapman of
Hail, L.T.D., London, UK.

Madsen, I. S. and K. B. Qvist. (1998). The effect of enzymes on meltability of Mozzarella
cheese manufactured by ultrafiltration. Lait 78:259-272.

Nadkami, K.M., A K. Nadkami (1954) Lepidium sativim Linn. In: The Indian Materia
Medica With Ayurvedic, Unani and Home remedies, 3rd edn. Bombay, India:
Popular Prakashan, pp 736-737.

Nickerson, T.A., L.F. Vujicie and A.Y. Lin (1976). Colorimetric estimation of lactose and
its hydrolytic products. J. Dairy Sci., 59:386-390.

Olson, N.F. and W.V. Price (1958). A melting test for Pasteurised process cheese spreads.
J. Dairy Sci., 41:999-1000.

Oberg, C. J., A. Wang, R. I. Brown, and G. H. Richardson (1992). Effects of proteolysis
activity of thermolactic cultures on physical properties of Mozzarella cheese. J. Dairy
Sci. 74:389--397.

Patei, G.C., S.H. Vays and K.G. Upadhyay (1986). Evaluation of Mozzarella cheese made
from buffalo milk using direct acidification technique. Indian J. Dairy Sci,
39(4):394-403.

Roadsveld, C.W. and H. Klomp (1971). A simple method for the estimation of the
calcium content of cheese. Neth. Milk Dairy J., 25:81.

Rowney, M., P. Roupas, M. W. Hickey, and D. W, Everett (1999). Factors affecting the
functionality of Mozzarella cheese. Aust. J. Dairy Technol. 54:94-102.

202



Egyptian J. Nutrition and Feeds (2010)

SAS Institute Inc., (1998). SAS User's Guide . SAS Institute Inc. Cary , NC.

Serensen, H. H. (1997). The World Market for Cheese. Pages 8—17 in Builetin 326. Int.
Dairy Fed. Brussels, Belgium,

Taneya, S., T. Izutsu, T. Kimura, and T. Shioya (1992). Structure and rheology of string
cheese. Food Microstructure 11:61-71.

Tunick, M. H., E. L. Malin, P. W. Smith, J. J. Shieh, B. C. Sullivan, K. L. Mackey, and V.
H. Holsinger (1993). Proteolysis and rheology of low fat and full fat Mozzareila
cheeses prepared from homogenized milk. J. Dairy Sci. 76:3621-3628.

Vakaleris, O.G. and W.W. Price (1959). A rapid spectrophotometric method for
measuring cheese ripening. J. Dairy Sci., 32:264.

Vandeweghe, J. and J.L. Moubois (1987). The yield of the cheese predetermination and
measurement. J. Dairy Sci., 70(supp. 1)98.

Yun, I. J, D. M. Barbano and P. S. Kindstedt (1992). Impact of cook terraperature on
chemical composition proteolysis and texture of Mozzarella cheese. J. Dairy Sci.,
75(supp. 1):102-107.

Yun, J. J, L. J. Kiely, D. M. Barbano, and P. S. Kindstedt (1993). Mozzarella cheese:
impact of coagulant type on functional properties. J. Dairy Sci. 76:3657-3663.

203



Kholif et al.

Ay S gl all cildaa 333 e 15l Jelall o (e pheaall S 1yl i b
RS s

Gl Sans dgena Ana g RIS (e g Cibl daa 3 gaaa A ae
i — Bl il £ AL LY and ¢ Gigaall e sl 38 Al

ps v Bad Vo7 S o gl Gy e pana ¥ ) Conad 43a el i Gl gaa 9 pladdiuil o3

A 3l e il gaalh 085 Cua (Lo ja/ ap T )

(% Bl Salll il o) %60 + i sy 4940 + S e ile () oY) Ao a2

o)/ RS s yatae ax 0+ 3R e AN Ao panall Y

s )/ 20y ¢ gada aa @ + A3 A aile AN do panall LY

1355 2%y Lgte M5l all i gpiecly Alalma S e Bl a3y 58 OS (e ot 7 AT A Call) Slie panl 3y

sy WS Lgtle Jrantalt miliill pal ilS g agial £ 3aad

a8 )il e ganally 43 jlia 330 iy T gh KI5 33 Blialy Usina e el gl £l ais )l 2
Ll el selall (3adad AUl i cus g3y Ay Ly gina 58 0nll G g 50 i) 5 L gima Gallh (0
5 Jdall Ao gaaadly

oo Adlab Lgina 5 alll 055y adsdl s Ly piea gt Lol oaal) (e Myl G gall i s e i) -
A o paaalls D3l ¥l e lall (35l sl

s Acaly b s g il 5 e sl 5 I g Sl e M gl G gpdea DAl T
L a5 A0 S

S Ay Uy i 5 k) Loaall palaal 5 Al e Gl o Mt pall a5 ina pii ) -8
_ Al e panally 4 e O elall @al LT el 340 SH

AV Dy 4 e S sall G G S ) Jomay Lllaall (o Cazaih By SN p0 A} -

£ 3 (Al o sl e gl g 1) gl Gre s pen e Lsina ili Ll S g saill s
et Gil e aglasd
s Led 0 ad oMald) otall (3l Al con 5 Ayl S 33 ) gatae dila) o peaialy i 538 (i

Oral e Joadl Ao Jpaall aulal £ sie i€ o el il 5 il G5 Bl palt e lis o | pS

Sl sl

204





