
Synergistic Impact of Fat Mimetic and 
Homogenization on Functionality, Texture 
and Proteolysis of Low Fat Buffalo 
Mozzarella
Muhammad Umair Sattar1, Aysha Sameen1,*, Nuzhat Huma1 and Muhammad 
Shahid2

1National Institute of Food Science and Technology, University of Agriculture, 
Faisalabad-38040, Pakistan
2Department of Biochemistry, University of Agriculture, Faisalabad-38040, Pakistan

Article Information
Received 27 July 2016
Revised 01 March 2017
Accepted 05 April 2017
Available online 12 April 2018

Authors’ Contribution
MUS designed the project, performed 
the experimental work and wrote the 
article; AS and NH provide technical 
guidance regarding data collection, 
analysis and results interpretation
MS helped in data arrangement for 
statistical analysis

Key words
Buffalo Mozzarella, Fat mimetics, ho-
mogenization, Functionality, Texture.

Low fat cheeses have increasing demand globally but fat reduction in cheeses has negative impact on 
the composition, functionality and texture of cheese. The study was planned to investigate combined 
impact of fat mimetic (guar gum) and homogenization as fat reduction strategies on the quality of low 
fat Mozzarella cheeses (LFMCs). Guar gum was used at level of 0.15, 0.30 and 0.45% with and without 
cheese milk homogenization (2000 psi at 45°C) for LFMCs production. LFMCs produced were subjected 
to analysis for physicochemical parameters, functional attributes, texture (hardness), appearance (L* 
value) and proteolysis by RP-HPLC. Use of guar gum as fat mimetic and cheese milk homogenization 
significantly (p<0.01) affected the composition, functionality, texture and appearance of LFMCs. LFMCs 
functionality and texture also improved during ripening but appearance was negatively affected. Reverse 
phase HPLC results indicated that level of intact casein in LFMCs decreased with increase in ripening 
period. Use of guar gum at 0.15% level (G0.15) was found to be more effective as it act synergistically with 
cheese milk homogenization. They collectively increased the fat retention (10.67%) which inturn improve 
meltability (59.72 mm), stretchability (52.63 cm), texture (1650.7 g) and appearance (L*= 63.30) of G0.15. 
In conclusion, use of guar gum at 0.15% level along with cheese milk homogenization offers a perspective 
to reduce fat in Mozzarella cheese without compromising its quality.

INTRODUCTION 

Pakistan ranks the second largest buffalo milk producing 
country in the world with annual production of 32.18 

million tons contributing 61% in total milk production 
(GoP, 2015-16). The buffalo milk owing to its unique 
nutritional profile receives an increasing research attention 
and investment in many countries (Murtaza et al., 2014). 
The dairy products especially cheeses prepared from 
buffalo milk are becoming increasingly popular throughout 
the world (Hofi, 2013). Cheese is an important dairy 
invention of economic worth along with high nutritional 
significance. Mozzarella cheese represents about 80% 
of all Italian style cheeses and 32% of total cheese 
produced in the world. Mozzarella cheese has gained 
tremendous popularity all over the world because of its 
exceptional functional properties making it ideal choices 
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for pizza toppings, salads, sandwiches and stuffing. High 
fat intake has been associated with an increased risk of 
obesity, atherosclerosis, coronary heart disease and 
elevated blood pressure which increased the demand for 
low fat foods, including cheese (Katsiari et al., 2002). 

The term low fat cheese refers to cheese whose 
fat contents are lower than its corresponding full fat 
variety. Fat reduction in cheese causes major shift in the 
compositional balance which in turn adversely affect the 
cheese functionality, textural (Guinee and Law, 2002) 
and sensorial attributes. Such cheese is characterized by 
poor meltability, rubbery texture, lack of flavor (Johnson 
et al., 2010), bitter taste and undesirable color (Romeih 
et al., 2002). Successful production of low fat cheese 
requires mimicking the role of fat in texture, functional 
performance, flavor and color of cheese (McMahon, 
2010). Strategies like procedure modification and use of fat 
replacers might be helpful in improving the acceptability 
of low fat cheeses. Procedure modification involves 
incorporation of additional steps like homogenization in 
cheese manufacturing process. Homogenization reduce 
the size of fat globule ≤ 1mm and there is more uniform 
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distribution of fat in cheese (Nair et al., 2000), due to 
which, hardness of the cheese is reduced (Brito et al., 2006). 

Fat replacers are ingredients intended to be used in 
the place of natural fats for reduction in the caloric value. 
Hydrocolloids such as starch and gums are among the 
ingredients that have been used in formulation of low fat 
natural and processed cheeses (Hosseini-Parvar et al., 
2014). Gums are considered as an efficient carbohydrate 
based fat replacers and are frequently used in food 
processing industry to offset the effects of fat reduction and 
for improving functionality (Totosaus and Gumes-Vera, 
2008). These are strongly hydrophilic in nature and have 
the ability to mechanically entrap the water. Therefore, 
these are widely recommended for use in the development 
of low fat cheeses. 

Guar gum, galactomannan, is a non-gelling neutral 
polysaccharide composed of a linear (1→ 4) β-D-mannan 
backbone with varying amounts of side chains. These consist 
of a single D-galactose unit, linked by (1→6)-α-glycosidic 
bonds to the backbone. It has been used also as a versatile 
fat mimetic for different dairy products including cheese 
(Srivastava, 2002). Oliveira et al. (2010) used guar gum 
in the development of low fat green Edam cheese and 
reported significant improvement in its physicochemical, 
thermal, rheological and textural properties. This study 
was planned to investigate synergistic impact of guar 
gum and cheese milk homogenization in reducing fat of 
Mozzarella cheese. 

MATERIALS AND METHODS

Raw materials
Raw buffalo milk was obtained from the Dairy 

Farm, University of Agriculture, Faisalabad. Guar gum 
(G4129) was procured from Sigma-Aldrich (USA) and 
commercially available thermophilic starter culture 
(Streptococcus thermophilus and Lactobacillus delbrueckii 
subsp. bulgaricus) and enzyme chymosin (Double strength 
Chy-max, 500000 MCU/mL, Pifzer Inc, Milwaukee, WI, 
USA) were used for Mozzarella cheese manufacturing. 

Low fat Mozzarella cheese (LFMC) manufacturing
Buffalo milk was standardized at 1.5% fat and guar 

gum was added at 0.15%, 0.30%, 0.45% levels with 
and without cheese milk homogenization. LFMC was 
manufactured by following the method of Zisu and Shah 
(2007) with slight modification in order to incorporate guar 
gum and cheese milk homogenization (2000 psi at 45°C).

Physicochemical analysis of LFMC
Fat content in cheese was measured according to 

Method No. 933.05 (AOAC, 2000). The moisture content 

in LFMCs were determined by drying samples in oven at 
103 ± 5°C till the constant weight is obtained (Method No. 
926.08; AOAC, 2000). The protein (nitrogen) contents 
were determined by Kjeldahl method using kjeltec system 
(D-40599, Behr Labor Technik, Germany) as given in FIL-
IDF (1993). Acidity percentage was calculated by titration 
(Method No. 920.124; AOAC, 2000). Total calcium 
was determined by running LFMC sample on atomic 
absorption spectrophotometer calibrated with reference 
standards prepared from calcium reference solution (1000 
mg/L Ca, 514870, Sherwood Scientific Ltd., Cambride, 
UK) by following the method of Metzger et al. (2000).

Functional analysis of LFMC
Meltability of all cheese samples were determined 

by using glass tube of known length and thickness which 
has one sealed and one unsealed end. Cheese sample was 
compressed in glass tubes by plunger and length was noted 
by using verniercaliper. Glass tube was stored at 40C for 4 
hrs and then heated at 110oC for 100 minfollowed by cooling 
at 22oC. Melting length was noted by verniercaliper (Zisu 
and Shah, 2007). Stretchability was measured by some 
modifications in tube test method (McMahon et al., 1999). 
The distance that cheese strands could be extended was 
recorded (cm) by insertion of a fork into melted cheese. 

Texture (hardness) analysis
Texture in terms of hardness of LFMCs were 

determined on TA-XT Plus Texture Analyzer (Stable Micro 
Systems, Godalming, Surrey, UK) using compression plate. 
Cubes of 25mm length x width x height were cut from each 
sample using a stainless steel wire cutter and equilibrated 
at 8°C for a further 30 min before analysis. Samples were 
removed from the incubator and immediately compressed 
to 30% of the original height at a rate of 1 mm/s (Zisu and 
Shah, 2007).

Appearance (L* value)
Appearance of LFMCs were assessed on the basis 

of Hunter L* value (white to black) by using Minolta 
colorimeter (Model CR-300, Minolta Camera Co., Tokyo, 
Japan). Each index was measured at 3 points around the 
circumference of the cheese (Shaker et al., 2012).

Proteolysis by RP-HPLC
Proteolysis in freeze dried soluble fraction (pH 4.6) 

of LFMCs were determined on an RP-HPLC system 
(Shimadzu, Japan) consisted of C18 column (Shim-pack 
CLC-ODS, 250 cm × 4.6 mm, 5 µm) equipped with pump 
(LC-10AT, Shimadzu, Japan), an auto-sampler and UV 
detector (SPD-10AV, Shimadzu, Japan). Purposely, 10 
mg freeze dried sample was dissolved in 0.5 mL urea 
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solution (48 g Urea, 2 g Tris, 1.3 g sodium citrate and 
300 µl mercaptoethanol/100 mL) and 1.5 mL TFA/water 
solution. The solution was mixed and filtered through 
0.2 µm filter (Fisher Scientific, Ireland) and injected (20 
µL) into the HPLC system (Shimadzu, Japan). Gradient 
elution was used with solvent A: 0.1% trifluoroacetic acid 
(TFA) in water and solvent B: 0.1% TFA in acetonitrile 
and chromatographic separation was conducted at room 
temperature, 1.0 mL/min flow rate and 214 nm wavelength 
(Costabel et al., 2007).

Statistical analysis
The analyses were performed in triplicate to 

investigate the impact of guar gum levels, cheese milk 
homogenization and ripening time on biochemical changes 
and proteolysis in LFMCs. The resultant data analyzed 
statistically by ANOVA using Minitab statistical package 
and least significant difference (LSD) test was used for 
multiple comparisons (α= 0.05) between means.

RESULTS AND DISCUSSION

Physicochemical composition of LFMCs
Fat contents in LFMCs was significantly (p<0.01) 

affected by treatments and processing (homogenization) 
while cheese ripening showed non-significant (p>0.05) 
decrease in LFMCs fat as shown in Table I. The highest 
fat contents (10.67%) were found in Mozzarella cheese 
containing guar gum at 0.15% level while HF cheese 
contain the lowest fat contents (8.46%). Supplementation 
of cheese milk with GG retards the curd syneresis 
during whey expulsion leading to retention of more milk 
fat globules in cheese matrix (Lashkari et al., 2014). 
Homogenization of the cheese milk increased the fat 
contents in LFMCs because it results in small disrupted fat 
droplets covered with casein and whey proteins, thereby 
promoting their interaction with casein matrix which 
ultimately reduces the fat loss in whey (Michalski et al., 
2003). Karaman and Akalin (2013) also reported higher 
fat (14.07%) in homogenized cream low fat Turkish white 

cheese as compared to non-homogenized cream cheese 
(12.12%)

Guar gum addition and cheese ripening significantly 
(p<0.01) increased the protein contents whereas processing 
of cheese milk decreased the protein contents of LFMCs. 
Guar gum containing LFMCs showed higher protein 
contents (30.37 to 32.45%) as compared to HF (29.86%). 
Lower protein contents in homogenized milk LFMCs are 
mainly due to the fact that homogenization results in lower 
protein to fat ratio in cheese milk and ultimately less protein 
in homogenized milk Mozzarella cheeses as compared to 
non-homogenized milk cheeses. Rowney et al. (2003) also 
reported lower protein content (20.2%) in homogenized 
milk Mozzarella cheese compared to non-homogenized 
milk cheese (23.7%). During storage, gradual increase in 
protein contents is due to the progressive loss of moisture 
during storage which increased the relative proportion of 
protein in the cheese (Abbas, 2003).

Moisture contents of LFMCs varied significantly 
(p<0.01) from 50.35 to 53.72% for treatments, 51.90 to 
52.20% for processing and from 51.47 to 52.73% for 
ripening days as shown in Table I. Highest moisture 
contents were found in G0.15 (53.72%) followed by G0.30 
and HF (52.06%). The gums are polysaccharides of linear 
chains with side chains residues so they increased moisture 
contents of the product because of their higher moisture 
retention (Santos, 2009). Comparatively lower moisture 
contents in homogenized milk LFMCs is mainly due to the 
reason that homogenization results in smaller fat globules 
than non-homogenized milk. These smaller globules have 
greater casein deposition on their surface, this casein 
establish strong interactions with each other. These strong 
protein-protein interactions lead to less moisture retention 
and higher fat recovery in homogenized milk cheeses 
(Madadlou et al., 2007). Decrease in moisture contents 
during storage is due to involvement of water in various 
biochemical activities in the curd such as hydrolysis of fat 
and protein during ripening, increased hydration of casein 
and curd synersis (Buriti et al., 2005).

Table I.- Effect of treatments, processing and ripening days on the physicochemical composition of LFMCs.

Analysis Treatments SEM Processing SEM Ripening days SEM
HF G0.15 G0.30 G0.45 NH H 0 15 30 45 60

Fat (%) 8.46C 10.67A 10.52A 10.25B 0.14 9.67x 10.28y 0.11 10.06 10.01 9.96 9.94 9.90 0.18
Protein (%) 29.86D 30.37C 31.26B 32.45A 0.10 31.47x 30.50y 0.08 30.82ab 30.58b 31.06ab 31.16a 31.31a 0.09
Moisture (%) 52.06B 53.72A 52.06B 50.35C 0.15 52.20x 51.90y 0.12 52.73a 52.26b 52.01bc 51.76cd 51.47d 0.14
Acidity (%) 0.94 0.94 0.94 0.95 0.01 0.94 0.94 0.01 0.92e 0.93d 0.94c 0.95b 0.97a 0.01
Ca (mg/100g) 1033.3A 912.6D 933.4C 948.4B 4.03 964.7x 949.1y 3.28 949.9c 953.5bc 956.3bc 960.0ab 964.8a 5.91

Analyses were performed in triplicate and results are expressed as means with standard error of mean (SEM). Superscripts A-D and a-e describe 
significance among treatments and ripening days; x, y used for process comparison.
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Addition of guar gum and cheese milk homogenization 
non-significantly (p>0.5) affected the LFMCs acidity 
while significant (p<0.01) increase in acidity (%) of 
LFMCs were observed during ripening as shown in Table I. 
Acidity increased from 0.92 to 0.97% in all LFMCs during 
60 days storage due to conversion of lactose into lactic 
acid and loss of buffering capacity of milk. The lactate 
that produced in early stages of ripening is an important 
precursor for different reactions such as oxidation or 
microbial metabolism that leads to variation of acidity in 
the later stages of cheese ripening (Ong et al., 2007).

Calcium (Ca) contents in LFMCs varied significantly 
(p<0.01) with respect to treatments, processing and cheese 
ripening. Highest Ca contents were found in HF (1033.3 
mg/100g) and cheese milk supplementation with gaur gum 
resulted in lower Ca contents (912.6 to 948.4mg/100g) of 
LFMCs. Homogenization of cheese milk increased the fat 
level in LFMCs which ultimately resulted in relatively 
lower calcium when compared with non-homogenized 
milk cheeses. Variation in Ca contents during ripening 
is due to significant changes in the proportions of Ca in 
the insoluble and soluble phase i.e. shift in the mineral 
equilibrium during ripening (Hassan et al., 2004).

Functional properties of LFMCs
Meltability and stretchability of LFMCs were 

determined and results are presented in Table II. Results 
showed that all guar gum containing LFMCs showed 
significantly (p<0.01) higher meltability (51.93 to 59.72 
mm) as compared to HF (51.08 mm). Cheese meltability 
decreased when guar gum level increased from 0.15 
to 0.45%. Higher meltability in guar gum containing 
LFMCs as compared to HF is due to the fact that it acted 
as a surface film on casein micelle thereby prevented it 
from becoming a part of protein matrix and facilitate 
cheese meltability. G0.15 increased the fat retention in 
cheese as compared to other treatments so it resulted in 
more meltability. Oliveira et al. (2010) found that when 
level of guar gum increased in green Edam cheese, 
intermolecular interaction also increased, thereby creating 
a more compact three-dimensional matrix that decreased 
the cheese meltability. Results showed that homogenized 

(H) milk LFMCs showed higher meltability (55.80 mm) 
as compared to non-homogenized milk LFMCs (53.26 
mm). Meltability increases with homogenization due to 
more uniform distribution of fat in cheese that represent a 
uniform flow upon heating. This collapse occurs faster in 
small fat globule (homogenized milk) cheese because the 
inter-fat inclusion distance is smaller and casein strands 
are thinner (Michalski et al., 2003). Meltability of LFMCs 
increased significantly (p<0.01) during ripening from 
48.65 to 59.09 mm. Meltability increased with increase 
in ripening days due to proteolysis of CN-matrix and 
more hydration of protein network as a result of which 
the ability of the cheese to maintain its structure during 
heating decreased (Zisu and Shah, 2007).

Stretchability varied significantly (p<0.01) from 
38.78 to 52.63 cm for treatments, 44.94 to 45.71 cm 
for processing and from 37.86 to 49.99 cm for ripening 
(Table II). It is evident from the results that stretchability 
decreased with increase in the levels of guar gum as G0.15 
showed highest stretchability (52.63 cm) while lowest 
stretchability was found in G0.45 (38.78 cm). Different 
stretching behavior in LFMCs manufactured by using 
different levels of guar gum is due to the reason that cheese 
stretching involves fusion of protein matrix. Any material 
that is incompatible with protein such as gums when 
present in sufficient quantity; they interfere the protein 
fusion process during cheese stretching and ultimately 
decreased its values. Homogenization (processing) of 
cheese milk resulted in higher stretchability (45.71 cm) as 
compared to non-homogenized milk LFMCs (44.94 cm). 
More stretchability of homogenized milk LFMCs is due 
to the fact that homogenization results in small disrupted 
fat droplets covered with casein. The casein adsorbed onto 
the fat globule surface after homogenization form protein-
protein bond and increase stretchability (Michalski et al., 
2002). Stretchability depends on amount of intact casein, 
arrangement of the protein within network and extent of 
proteolysis. Its value increased significantly during storage 
because as a result of aging, the casein matrix porosity 
increased due to proteolysis and thereof exhibits less 
resistance to stretching (Guinee, 2003).

Table II.- Effect of treatments, processing and ripening days on the functionality of LFMCs.

Analysis Treatments SEM Processing SEM Ripening days SEM
HF G0.15 G0.30 G0.45 NH H 0 15 30 45 60

Meltability (mm) 51.08D 59.72A 55.40B 51.93C 0.22 53.26x 55.80y 0.28 48.65e 52.85d 55.10c 56.97b 59.09a 0.30
Stretchability (cm) 44.21C 52.63A 45.69B 38.78D 0.16 44.94x 45.71y 0.21 37.86e 42.47d 46.71c 49.99a 49.60b 0.18

Analyses were performed in triplicate and results are expressed as means with standard error of mean (SEM). Superscripts A-D and a-e describe 
significance among treatments and ripening days; x, y used for process comparison.

M.U. Sattar et al.



1057                                                                                        Impact of Fat Mimetic and Homogenization on Mozzarella Cheeses 1057

Table III.- Effect of treatments, processing and ripening days on the texture and appearance of LFMCs.

Analysis Treatments SEM Processing SEM Ripening days SEM
HF G0.15 G0.30 G0.45 NH H 0 15 30 45 60

Hardness (g) 2768.2A 1650.7D 1713.0C 1730.7B 9.73 1991.4x 1939.8y 5.82 2142.8a 2045.1b 1971.6c 1869.2d 1799.5e 8.36
L* value 59.78C 63.30A 62.13B 61.74B 1.60 61.16x 62.32y 1.81 63.35a 62.39ab 61.74bc 60.97cd 60.24d 1.93

Analyses were performed in triplicate and results are expressed as means with standard error of mean (SEM). Superscripts A-D and a-e describe 
significance among treatments and ripening days; x, y used for process comparison.

LFMCs texture (hardness)
Texture (hardness) of LFMCs manufactured by 

using different levels of guar gum showed significant 
variation (p<0.01) with respect to treatments, processing 
and ripening as shown in Table III. Use of guar gum 
significantly (p<0.01) decreased the LFMCs hardness 
(1650.7 to 1730.7 g) as compared to HF (2768.2 g). 
Addition of guar gum decreased the cheese hardness by 
increasing the total filler volume that is composed of fat 
and moisture contents. Guar gum decreased the protein 
matrix compactness by increasing its water holding 
capacity thereby decreasing LFMCs hardness. It has been 
frequently reported that use of different fat replacers had 
decreased the hardness of cheeses (Bhaskaracharya and 
Shah, 2001; Romeih et al., 2002; Zisu and Shah, 2005). 
Processing (homogenization) resulted in decreased 
hardness of LFMCs. The higher FDM in cheese as a result 
of homogenization can account for their decreased hardness 
(Madadlou et al., 2007). Results regarding decrease in 
cheese hardness by homogenization (processing) are 
in line with the findings of Karaman and Akalın (2013) 
who also reported decreased hardness in homogenized 
cream low fat Turkish white cheeses. Decrease in LFMCs 
hardness from 2142.8 to 1799.5 g is due to proteolysis. 
The casein network weakens as proteolysis continues 
under the combined influence of the coagulant, starter and 
non-starter bacterial enzymes. Consequently, an increased 
ripening index made all cheeses softer (Attaie, 2005). 
Hardness decreased significantly between 7 to 90 days in 
all cheese types due to the hydration of the protein matrix 
and as a result of proteolysis (Zisu and Shah, 2007).

LFMCs Appearance (L* value)
Mean values for appearance showed (Table III) that 

use of guar gum in LFMC significantly (p<0.01) improved 
the appearance. G0.15 was found to be more whitish (L* 
= 63.30) in appearance followed by G0.30 (L* = 62.13). 
Cheese milk processing also improved the LFMCs 
appearance as H milk LFMCs were more whitish (L*= 
62.32) as compared to NH milk LFMCs (L*= 61.16). 
Rudan et al. (1998) reported that the largest effect of fat 
type was on the appearance of cheese and homogenization 

cause change in the fat dispersion of the cheese through 
reduction of fat globules size which makes the cheese 
more whitish in appearance. Results showed that LFMCs 
whiteness significantly (p<0.01) decreased from 63.35 
to 60.24 during 60 days ripening. The intact casein and 
calcium level are responsible for the white color of cheeses 
and decrease in the intensity of whiteness during ripening 
may be associated with their decreased levels. Zisu and 
Shah (2005) also reported significant decrease in color L* 
value of low fat Mozzarella cheese during storage period 
of 45 days. 

Fig. 1. Percentage reduction in peak areas of different 
casein fractions in different treatments

Proteolysis in LFMCs
Proteolysis is the most important chemical and 

biochemical change occur during cheese ripening (Rafiq 
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et al., 2016). In Mozzarella cheese αS1-, αS2- and β-casein 
hydrolysis is an important event of casein degradation. 
Significant inter-species differences in the concentration 
and types of caseins contents of milk are reflected in the 
characteristics of the cheeses produced from them (Tahira 
et al., 2014). In this study, amount of casein breakdown in 
LFMCs was monitored by using water soluble fractions 
through RP-HPLC. In all LFMCs, three peaks (αS1-, αS2- 
and β-casein) were identified by comparing their retention 
time with standard. Results for the αS1-, αS2- and β-casein 
degradation during ripening are explained on the basis 
% of remaining peak areas in different LFMCs as shown 
in Figure 1. It is evident from the result that when peak 
area for αS1-, αS2- and β-casein fraction was considered as 
100% at zero days, percentage of remaining peak area of all 
fractions decreased in all LFMCs during ripening. Major 
factors that determine the rate of proteolysis in cheese are 
residual starter culture, coagulating enzymes and moisture 
to protein ratio (M/P). The starter culture and coagulating 
enzymes remained constant in this study so difference 
in % of remaining peak area of casein fractions among 
different LFMCs is possibly due to difference in their M/P 
as cheese with higher M/P showed more proteolysis rate as 
compared to LFMCs having low M/P as shown in Figure 2. 
Processing not alters the M/P of different LFMCs therefore 
its effect was found to be non-significant (p>0.05) on the 
rate of proteolysis. Results of the present study regarding 
decrease in αS- and β-casein fractions peak area as a result 
of proteolysis during Mozzarella cheese maturation are 
well supported by the finding of Dave et al. (2003). They 
also expressed the extent of proteolysis in Mozzarella 
cheese during storage on the basis of % of remaining peak 
areas and reported that as cheese ripening proceeds there 
was corresponding decrease in the peak areas for αS- and 
β-casein. It might be due to formation of water soluble 
peptides and amino acids from casein that reduced the 
intact casein fractions.

Fig. 2. Effect of cheese milk homogenization on moisture 
to protein ratio (M/P) of LFMCs.

CONCLUSIONS

Low fat Mozzarella cheese can be manufactured by 
using guar gum as fat mimetic. Use of guar gum at 0.15% 
level was found to be more effective for development 
of LFMC. In addition cheese milk homogenization act 
synergistically in improving the LFMC functionality, 
appearance and texture. 

Statement of conflict of interest
Authors have declared no conflict of interest. 

REFERENCES

Abbas, K.A., 2003. Studies on Mozzarella cheese. 
M.Sc. Thesis of Fac. of Agric, Fayoum, Cairo 
Univ., Egypt.

AOAC, 2000. Official methods of analysis. Association 
of Official Analytical Chemists International (17th 
ed.). Arlington, VA, USA.

Attaie, R., 2005. Effects of aging on rheological and 
proteolytic properties of goat milk Jack Cheese 
produced according to cow milk procedures. Small 
Rumin. Res., 57: 19-29. https://doi.org/10.1016/j.
smallrumres.2004.04.012

Bhaskaracharya, R.K. and Shah, N.P., 2001. Texture and 
microstructure of skim milk Mozzarella cheeses 
made using fat replacers. Austr. J. Dairy Technol., 
56: 9-14.

Brito, C., Uribe, P., Molina, L.U.Z.H., Molina, I. and 
Pinto, M., 2006. Production of low-fat Chanco 
cheese using homogenized milk and adjunct lactic 
culture. Int. J. Dairy Technol., 59: 242-249. https://
doi.org/10.1111/j.1471-0307.2006.00281.x

Buriti, F.C.A., Darocha, J.S. and Saad, S.M.I., 2005. 
Incorporation of Lactobacillus acidophilus in 
Minas fresh cheese and its implications for textural 
and sensorial properties during storage. Int. Dairy 
J., 15: 1279-1288. https://doi.org/10.1016/j.
idairyj.2004.12.011

Costabel, L., Pauletti, M.S. and Hynes, E., 2007. 
Proteolysis in Mozzarella cheese manufactured 
by different industrial processes. J. Dairy Sci., 90: 
2103-2112. https://doi.org/10.3168/jds.2006-795

Dave, R.I., Mcmahon D.J., Oberg C.J. and Broadbent, 
J.R., 2003. Influence of coagulant level on 
proteolysis and functionality of Mozzarella cheeses 
made using direct acidification. J. Dairy Sci., 
86: 114-126. https://doi.org/10.3168/jds.S0022-
0302(03)73590-5

FIL-IDF, 1993. Milk. Determination of nitrogen content 
(Kjeldahl method). Standard 20B. International 

https://doi.org/10.1016/j.smallrumres.2004.04.012
https://doi.org/10.1016/j.smallrumres.2004.04.012
https://doi.org/10.1111/j.1471-0307.2006.00281.x
https://doi.org/10.1111/j.1471-0307.2006.00281.x
https://doi.org/10.1016/j.idairyj.2004.12.011
https://doi.org/10.1016/j.idairyj.2004.12.011
https://doi.org/10.3168/jds.2006-795
https://doi.org/10.3168/jds.S0022-0302(03)73590-5
https://doi.org/10.3168/jds.S0022-0302(03)73590-5


1059                                                                                        Impact of Fat Mimetic and Homogenization on Mozzarella Cheeses 1059

Dairy Federation, Brussels, Belgium.
GoP, 2015-16. Pakistan economic survey. Economic 

Advisors Wing, Finance Division, Government of 
Pakistan.

Guinee, T.P. and Law, B.A., 2002. Role of milk fat in 
hard and semi-hard cheeses. Sheffield Academic 
Press, Sheffield, UK, pp. 275-331.

Guinee, T.P., 2003. Role of protein in cheese and cheese 
products. In: Advanced dairy chemistry. Proteins, 
vol. 1 (eds. P.F. Fox and P.L.H. McSweeney). 
Kluwer Academic, Plenum Press, New York, pp. 
1083-1174. https://doi.org/10.1007/978-1-4419-
8602-3_31

Hassan, A., Johnson, M.E. and Lucey, J.A., 2004. 
Changes in the proportions of soluble and insoluble 
calcium during the ripening of cheddar cheese. J. 
Dairy Sci., 87: 854-862. https://doi.org/10.3168/
jds.S0022-0302(04)73229-4

Hofi, M., 2013. Buffalo milk cheese. Buffalo Bull., 32: 
355-360.

Hosseini-Parvar, S.H., Merino, L.M. and Golding, M., 
2014. Effect of basil seed gum (BSG) on textural, 
rheological and microstructural properties of model 
processed cheese. Fd. Hydrocoll., 1: 1-11.

Johnson, M.E., Kapoor, R., Mcmahon, D.J., Mccoy, 
D.R. and Narasimmon, R.G., 2010. Reduction 
of sodium and fat levels in natural and processed 
cheeses: Scientific and technological aspects. 
Comp. Rev. Fd. Sci. Fd. Safe., 8: 252-268. https://
doi.org/10.1111/j.1541-4337.2009.00080.x

Karaman, A.D. and Akalim, A.S., 2013. Improving 
quality characteristics of reduced and low fat 
Turkish white cheeses using homogenized 
cream. Fd. Sci. Technol., 50: 503-510. https://doi.
org/10.1016/j.lwt.2012.08.017

Katsiari, M.C., Voutsinas, L.P., Kondyli, E. and 
Alichanidis, E., 2002. Flavor enhancement of low 
fat Feta-type cheese using a commercial adjunct 
culture. Fd. Chem., 79: 193-198. https://doi.
org/10.1016/S0308-8146(02)00131-0

Lashkari, H., Khosrowshahi, A., Madadlouand, A. 
and Alizadeh, M., 2014. Chemical composition 
and rheology of low-fat Iranian white cheese 
incorporated with guar gum and gum arabic as 
fat replacers. J. Fd. Sci. Technol., 51: 2584-2591. 
https://doi.org/10.1007/s13197-012-0768-y

Madadlou, A., Khosrowshahi, A., Mousavi, M.E. 
and Farmani, J., 2007. The influence of brine 
concentration on chemical composition and texture 
of Iranian White cheese. J. Fd. Eng., 81: 330-335. 
https://doi.org/10.1016/j.jfoodeng.2006.11.010

McMahon, D.J., 2010. Issues with lower fat and lower 

salt cheeses. IDF, New Zealand.
McMahon, D.J., Fife, R.L. and Oberg, C.J., 1999. 

Water partitioning in Mozzarella cheese and its 
relationship to the cheese meltability. J. Dairy Sci., 
82: 1361-1369. https://doi.org/10.3168/jds.S0022-
0302(99)75361-0

Metzger, L.E., Barbano, D.M., Rudan, M.A., Kindstedt, 
P.S. and Guo, M.R., 2000. Whiteness change during 
heating and cooling of Mozzarella cheese. J. Dairy 
Sci., 83: 1-10. https://doi.org/10.3168/jds.S0022-
0302(00)74847-8

Michalski, M.C., Gassi, J.Y., Famelart, M.H., Leconte, 
N., Camier, B. and Michel, F., 2003. The size of 
native milk fat globules affects physico-chemical 
and sensory properties of Camembert cheese. Lait, 
83: 131-143. https://doi.org/10.1051/lait:2003003

Michalski, M.C., Michel, F. and Briard, V., 2002. 
On the size distribution and zeta-potential of 
homogenized milk fat globules. In: Food emulsions 
and dispersions research (ed. M. Anton). Signpost, 
Kerala, India, pp. 49-65.

Murtaza, M.A., Huma, N., Hayat, Z., Murtaza, M.S. 
and Meraj, A., 2014. Cheese from cow milk with 
elevated conjugated linoleic acid levels. J. Fd. Nutr. 
Res., 2: 506-509. https://doi.org/10.12691/jfnr-2-8-
12

Nair, M.G., Mistry, V.V. And Oommen, S.B., 2000. 
Yield and functionality of cheddar cheese as 
influenced by homogenization of cream. Int. Dairy 
J., 10: 647-657. https://doi.org/10.1016/S0958-
6946(00)00090-X

Oliveira, N.M., Dourado, F.Q., Peres, A.M., Silva, 
M.V., Maia, J.M. and Teixeira, J.A., 2010. Effect 
of guar gum on the physicochemical, thermal, 
rheological and textural properties of green Edam 
cheese. Fd. Biopro. Tech., 4: 1414-1421. https://
doi.org/10.1007/s11947-010-0324-6

Ong, L., Henriksson, A. and Shah, N.P., 2007. Chemical 
analysis and sensory evaluation of Cheddar 
cheese produced with Lactobacillus acidophilus, 
Lactobacillus casei, Lactobacillusparacasei or 
bifidobacterium sp. Int. Dairy J., 17: 67-78. https://
doi.org/10.1016/j.idairyj.2005.12.009

Rafiq, S., Huma, N., Pasha, I., Shahid, M., 2016. 
Compositional profiling and proteolytic activities 
in cow and buffalo milk cheddar cheese. Pakistan 
J. Zool., 48: 1141-1146.

Romeih, E., Michaelidou, A., Biliaderis, C. and 
Zerfiridis, G., 2002. Low fat white-brined cheese 
made from bovine milk and two commercial fat 
mimetics: chemical, physical and sensory attributes. 
Int. Dairy J., 12: 525-540. https://doi.org/10.1016/

https://doi.org/10.1007/978-1-4419-8602-3_31
https://doi.org/10.1007/978-1-4419-8602-3_31
https://doi.org/10.3168/jds.S0022-0302(04)73229-4
https://doi.org/10.3168/jds.S0022-0302(04)73229-4
https://doi.org/10.1111/j.1541-4337.2009.00080.x
https://doi.org/10.1111/j.1541-4337.2009.00080.x
https://doi.org/10.1016/j.lwt.2012.08.017
https://doi.org/10.1016/j.lwt.2012.08.017
https://doi.org/10.1016/S0308-8146(02)00131-0
https://doi.org/10.1016/S0308-8146(02)00131-0
https://doi.org/10.1007/s13197-012-0768-y
https://doi.org/10.1016/j.jfoodeng.2006.11.010
https://doi.org/10.3168/jds.S0022-0302(99)75361-0
https://doi.org/10.3168/jds.S0022-0302(99)75361-0
https://doi.org/10.3168/jds.S0022-0302(00)74847-8
https://doi.org/10.3168/jds.S0022-0302(00)74847-8
https://doi.org/10.1051/lait:2003003
https://doi.org/10.12691/jfnr-2-8-12
https://doi.org/10.12691/jfnr-2-8-12
https://doi.org/10.1016/S0958-6946(00)00090-X
https://doi.org/10.1016/S0958-6946(00)00090-X
https://doi.org/10.1007/s11947-010-0324-6
https://doi.org/10.1007/s11947-010-0324-6
https://doi.org/10.1016/j.idairyj.2005.12.009
https://doi.org/10.1016/j.idairyj.2005.12.009
https://doi.org/10.1016/S0958-6946(02)00043-2


1060                                                                                        M.U. Sattar et al.

S0958-6946(02)00043-2
Rowney, M.K., Hickey, M.W., Roupas, P. and Everett, 

D.W., 2003. The effect of homogenization and milk 
fat fractions on the functionality of Mozzarella 
cheese. J. Dairy Sci., 86: 712-718. https://doi.
org/10.3168/jds.S0022-0302(03)73651-0

Rudan, M.A., Barbano, D.M., Guo, M.R. and Kindstedt, 
P.S., 1998. Effect of the modification of fat 
particle size by homogenization on composition, 
proteolysis, functionality and appearance of 
reduced fat Mozzarella cheese. J. Dairy Sci., 81: 
2065-2076. https://doi.org/10.3168/jds.S0022-
0302(98)75782-0

Santos, G.G., 2009. Substitutos de gordura: Revisão. 
Nutrição Brasil, 8: 329-334. 

Shaker, R.R., Attlee, A., Kasi, H., Osaili, T.M., Nabulsi, 
A.A.A. and Ababneh, H.A., 2012. Comparison 
of the quality of low moisture Mozzarella cheese 
made from bovine, ovine and caprine milks. J. Fd. 
agric. Environ., 10: 89-93.

Srivastava, M.L., 2002. Handbook of milk microbiology. 

Daya Publishing House, New Delhi, India.
Tahira, I., Mahmood, A., Saqlain, M., Hanif, N.Q. and 

Raja, G.K., 2014. Study of β lactoglobulin milk 
protein variants in buffalo. Pakistan J. Zool., 46: 
549-552.

Totosaus, A. and Gümes-Vera, N., 2008. Effect of κ- and 
ƛ-carrageenans as fat-replacers in low-fat oaxaca 
cheese. Int. J. Fd. Prop., 11: 656-668. https://doi.
org/10.1080/10942910701594111

Zisu, B. and Shah, N.P., 2007. Texture characteristics 
and pizza bake properties of low fat Mozzarella 
cheeses as influenced by pre-acidification with 
citric acid and use of encapsulated and ropy 
exopolysaccharide producing culture. Int. 
Dairy J., 17: 985-997. https://doi.org/10.1016/j.
idairyj.2006.10.007

Zisu, B. and Shah, N.P., 2005. Low fat Mozzarella as 
influenced by microbial exo-polysaccharides, pre-
acidification, and whey protein concentrate. J. 
Dairy Sci., 88: 194-198. https://doi.org/10.3168/
jds.S0022-0302(05)72873-3

https://doi.org/10.1016/S0958-6946(02)00043-2
https://doi.org/10.3168/jds.S0022-0302(03)73651-0
https://doi.org/10.3168/jds.S0022-0302(03)73651-0
https://doi.org/10.3168/jds.S0022-0302(98)75782-0
https://doi.org/10.3168/jds.S0022-0302(98)75782-0
https://doi.org/10.1080/10942910701594111
https://doi.org/10.1080/10942910701594111
https://doi.org/10.1016/j.idairyj.2006.10.007
https://doi.org/10.1016/j.idairyj.2006.10.007
https://doi.org/10.3168/jds.S0022-0302(05)72873-3
https://doi.org/10.3168/jds.S0022-0302(05)72873-3

