J.'Agric. Sci. Mansoura Univ., 31 (2): 875 - 887 2006

CHEMICAL, SENSORY, RHEOLOGICAL AND
MICROSTRUCTURAL ATTRIBUTES OF LOCAL WHITE SOFT
CHEESE VARIETIES

El-Zeini, Hoda M.; M.A. El-Aasser; S.M.K. Anis and E.A. Romeih
Dairy Science Dept., Fac. of Agric., Cairo University, Giza, Egypt.

ABSTRACT

Nine white soft cheese varieties resemble the local production from the large
and small scale plants were collected. The cheeses were grouped in five comparative
groups represented the most important elements which affect the cheese attributes.
Chemical composition, sensory evaluation, texture profile analysis (TPA} and
microstructure of all cheese brands were determined. Data obtained were analyzed
and compared between and within cheese groups. A wide range of varations were
found in all parameters measured (P< 0.05). Chemical compesition differences were
more pronounced as a function of manufacture technique and fipening conditions. As
for sensory evaluation, the UF Tallaga cheese scored the hignest, whilst traditionat
cheese scored the least. Texture profile analysis (TPA} indicated that the highest
parameters were hardness and bnttleness for TSP brand, cohesiveness and
springiness for TTP brand and adhesiveness, gumminess and chewiness for HFP
brand among UF and traditional cheeses. Within cheese groups the biggest vanation
in TPA were found in groups 4 and 5, which represent the manufacture technique and
ripening conditions. The only clear vanation in cheese microstructure was obtained
between fresh UF and traditional ripened cheeses.

INTRODUCTION

In Egypt, a very large dramatically amount of white soft cheeses are
produced by large and small scale piants. These cheeses vary in physical,
rheological and organoleptical properties throughout the local plants and
present a wide range of texiure. Texture is one of the most important factors
that determine the quality of cheese. Cheese has a complicated structure due
to the interaction of milk components (water, protein, fat and salts). The
cheese structure may resemble that of a three dimensional network (Masi
and Addeo, 1987), it is non-homogeneous and may vary tremendously in the
same plant. Even so, each batch of cheese might exhibit different structure
properties.

Although, white soft cheese is the most popular variety of cheeses for
the Egyptian consumers, its manufacturing procedure, additives and recipes
are considered as a function of the producer. The milk may optionally be
pasteurized, homogenized, hydrogen peroxide-catalase treated, phosphated,
citrated, ripened with cuiture, partially skimmed or fortified with skim milk
powder. While most of the knowledge of the physical, rheological and
microstructural properties of hard cheeses and some soft cheeses have been
reported (Cooper, 1987; Lucisano et al., 1987), there have been no similar
reports on-the Egyptian white soft cheese. Quantitative descriptions of its
rheological and microstructural qualities as well as physical standards have
not been established. For this reason, cheese quality varies from one
manufacturer to another, leading to a delay in the improvement in cheese
quality and has provided no protection for the consumer.
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Accordingly, the objective of the present study is to investigate the
rheological varations of the local white soft cheese brands either produced in
large or small scale dairy plants. In addition, to figure out a comprehensive
identification of its different chemical, rheological and organoleptic criteria as
well as microstructure which in tumn may help in the hypothesis of
enhancement and standardization of white soft cheese texture attributes.

MATERIALS AND METHODS

Cheeses

Nine commercial trade markets of white soft cheeses (seven UF and
two traditional cheeses) were chosen for this study. UF-cheeses were fresh
(1-7 days) except Halayeb full-fat cheese (3 months refrigeration). Traditional
cheeses were Tallaga cheese; 3 months refrigeration; and Stanboully
cheese; 7 months at room temperature. UF-cheeses were obtained from 4
large scale plants while traditional cheeses were obtained from local market.
Each two brands of the same attributes were formulated in one group,
creating 5 groups as shown in Table (1). All cheeses were full fat except
group 3 (HRP & MRP) which were low salt and reduced fat cheeses.

Table (1): White soft cheese samples; groups; codes of trade markets.
Cheese group * Code Trade market
GFP Green land UF Tallaga cheese.

1. Tallaga DFP Domti UF Tallaga cheese.
. MFA El-Masrein UF cheese.
2. Aseptic package GFA  Green land UF cheese.
HRP Halayeb UF cheese.
3. Haif-cream MRP El-Masrein UF cheese.

TTP Traditional Tallaga cheese.
HFP Halayeb UF Tallaga cheese.
TTP Traditional Tallaga cheese.
TSP Traditional Stanboully cheese.
®Group 1, 3, 4 and 5§ cheeses were packed in plastic package.

4. Manufacture technique

5. Ripened types

Chemical composition

Fat, total calcium (T.Ca) and NaCl content were determined
according to Ling (1963), Ntailianas & Whitney (1964), and IDF standard
methods (17A: 1972), respectively. The pH value was measured using a
digital pH meter with combined glass electrode (Jenway 3305, England).
Moisture and ash contents, titratable acidity (TA) and total nitrogen (TN) as
well as water soluble nitrogen (WSN) prepared by Polychroniadou ef al.,
(1999) were determined according to (AOAC, 1990). WSN was expressed as
(WSN/TN)%.

Rheoiogical assessments

Cheesée cubes (25 x 25 x 25 mm) 20 mm depth of the cheese blocks
were used to measure the texture employing Instron Universal Testing
Machine model 4302 (Instron Ltd, High Wycombe HP12 35Y, UK), equipped
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with a flat plunger 35 mm in diameter attached lo the cross-head and a 100 N
{10 kg) load cell. Testing conditions were as foliows: samples were
compressed axially in two consecutive cycles with 75% deformation (18.75
mm) from the initial sample’s height. The speed of the cross-head was set at
25 mm/min. Allbrit Planirneter (UK) was used to measure the area under the
response curve. The lextural paramelers assessed from the TPA test are
hardness, brittieness, cohesiveness, adhesiveness, springiness, gumminess,
and chewiness.

Cheese microstructure

Cheese samples were prepared for SEM examination according to
El-Zeny, (1991). Specimens were viewed in a JEQL - jsm $200 scanning
electran microscope operating at 10 KV acceleraling voltages.

Sensory evaluation

Crganoleptic assessment of the cheeses was carried out using a
seven graduated scale (scores, 1 1o 7) and reference substances to define
the scale (Volikakis ef a/, 2004) by an interest and experienced seven
panelists, who are the members of dairy science depariment. The cheeses
were evalualed for appearance (color and surface holes}, body and texture
(hardness and crumbliness), elasticity, taste (flavor and saltiness) and total
impression, Preference scale (very undesirable, undesirable, a liltle
undesirable, neutral, a litfle desirable, desirable and very desirable) was used
for sconing total impression. Cheese samples were tempered by holding at
ambient temperature (20 + 5 °C) and then presenied to the panelists in
random order for testing. Water was provided for palates washing belween
samples. Cheese scoring was achieved at the same time of doing the
rheological and chemical analysis.

Statistical analysis

The two-way analysis of variance (ANOWVA) was performed by
runring the MSTAT-C (ver.2.10, MSU, USA) package on a personal
coputer. The same program was used 1o analize one Factor Randomized
Compiete Block Design. The statistical significance of the data was
determined using P value at o = 0.05.

RESULTS AND DISCUSSION

Chemical composition of white soft cheese

As shown in Tabie (2), moisture content of the white soft cheese
brands collected from large scales plants or local markets was significantly
(P<0.05) fluctuated among all cheeses as a function of the commercial trade
brand. Half-cream brand (group 3; HRP) exhibited the highest moisture
content (65.88%), whilst that of traditional brand {group 5; TSP) was the
lowest (53.89%). This was expecied since whey exudalion is the case wim
the extension of fpening of traditional cheese (7 months). UF cheeses had
also moisture content higher (60.38% vs 57.62%) than that of cheese made
by traditionat technique (Table 2, group 4) due to the higher waler holding
capacity of whey proteins retained in UF cheeses (El Soda and Abd El-
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Salam, 2002;Abd El-Salam et al., 1993; Werner, 1999). In addition, Moisture
content of cheese ripened at fow temperature significantly (P<0.05) increased
compared with that ripened at room temperature (57.62 vs. 53.89%) (group 5
cheeses), which probably due to the swelling of protein at low temperature
and the shrinking of protein and exclusion of moisture content by developing
acidity at room temperature (Abd Ei-Satam et al,, 1993; Salama &f af, 1682).
Furthermore, heat {reatment if used in cheese processing gives a higher
moisture cheese due to denaturation of whey proteins and its incorporation
into the curd {Motiar ef af., 1989; Donovan and Mulvihill, 1987).

Table {2): Gross composition and chemical indices of local market white
cheese samples.

Group {2) Group {4) Grounp (5)
Criteria c[;'I(:IlII'?g(;), {Aseptic (Hi:?—l;?e(aarzl) {Manufacture (Ripened
- __pack) Tech) types)
GFP_DFP MFA GFA HRP MRP TTP __HFP __TIP TSP
Moisture% 62.76 ©4.70 5673 5672 6598 6450 5762 6038 57.62 53.89
Fat% 1950 18.33 1917 2217 16.67 1417 18.17 2217 1817 18.67
FIDM 5236 52.07 46.44 5122 48.98 40.01 4286 6592 4286 40.48
(fat/dry matter)
salt% 347 323 667 533 183 180 627 247 627 640
T.Ca(mgi1006) 5.5 o3 979 37 249 40 213,87 241 03 316.50 463.57 25150 46357 316.50
{total calcium)
Ash% 404 388 246 484 248 257 723 167 723 574
pH 495 619 420 495 598 506 507 421 507 392
TAY
tiratable acidy) | 043 018 124 176 029 028 138 135 138 261
TN% 186 139 138 130 163 178 207 119 207 243
WSN/TN% 681 671 089 921 654 728 627 814 627 755

All cheese brands had F/DM conformable to the Egyptian Legal
Standard (EQSQC, 2000), except half-cream cheeses (group 3; HRP and
MRP) which were higher F/OM (40 — 48%) than their corresponding Egyptian
legal standard {20 - 35%). This increase may ascribed to the crucial role of
milk fat in cheese guality attributes and to achieve the acceptability and
agreement of consumer for that cheese brand (Drake and Swanson, 1995),
Even though, F/CM significantly {P< C.05) varied as e function of commercial
irade markets.

H is obvious from Table (2) that UF-full fat cheeses contain higher fat
and F/DM than that of traditional full-fat cheeses. which were consistent with
Omar (1988) and Renner and Omeroglu {1981), who attributed the higher fat
and protein contents of the UF cheeses to the greater recovery (retention) of
fat and protein from the milk, Values of salt, T.Ca, ash, TA and pH of half-
cream cheese brands significantly (P< 0.05) varied between both commercial
brands (HRP and MRP).

Chemical composition (DM, TA, pH and TN) of Tallaga cheese
brands {GFP and DFP) were significantly (P< 0.05) different as a function of
the cheese brands. Unlike, the salt, T.Ca, ash contents which non
significantly differed. In aseptic package cheese group 2 (MFA and GFA),
chemical composition had a similar trend except that for TN%, which was not
significantly changed, whilst the ash content significantly (P< 0.05) varied,
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probably due to some additives used in manufacturing processes by the
producers. Moreover, the aseptic cheese brands exhibiled the highest sait
and WSN/TN% and lowest maisiure content among all UF cheese brands.
Manufacturing technique and ripening conditions as shown in cheese
group 4 and 5, respectively were responsible for the significant (P< 0.05)
variation in all chemical composition elements determined (Table, 2). In
general, traditional brands (TTP and TSP) possessed higher salt, T.Ca, ash
and TN content than those of UF ones. Also, cheese ripened at room
temperature (TSP) exhibiled the lowest moisture content and pH values,
whilst salt, TA and TN values compared not only to Taflaga cheese; TTP,
ripened in refrigeration; but also to all cheese brands, were the highest. The
forgoing results showed a large scope of variations between the plants in

Egypt. Several authors reported some variations i chemical composition of

white soft cheese as a result of processing technique used, UF & traditional
methods, pickling conditions (such as temp., pH, pickling medium & time)
(Erdem, 2004, Abd El-Salam et af., 1993; Omar, 1988, Omer ef al., 19886).

Sensory evaluation

Table (3) presents simple profiles of sensory evaluation scores for

the five cheese brands groups. There were significant (P< 0.05) variations
detected among all organoleptic properties within each group of cheese
brands except for GFP & DFP (group, 1) and HRP & MRP (group, 3)
cheeses, which were more preferable to panelists. However, all UF cheeses
exhibited higher score of appearance crileria than that of traditional ones,

with the greatest score for full-fal Tallaga cheese (GFP and DFP) at 0.05 «

level, Moreover, UF Talfaga cheeses obtained the highest taste score, which
may be attributed to its clear white color, good saltiness perception and soft
body & texture criteria, followed by {iraditional Stanboully cheese (TSP),
properly due to its satisfactory levels of F/DM and its good pronounced flavor.

Table (3): Sensory attributes score (out of 7 degrees) of local market

white cheese samples,

Group {2) Group (4) Group (5) !
Group (1) i Group (3) )
Criteria ({Tallaga) (Asaiﬁf;c {Half-cream} (Ma.rll.:::i(-:)ture (ﬁ;‘;’ins?d
GFP | DFP | MFA | GFA | HRP | MRP | TTP | HFP | TTP | TSP
\Appearance {7}
{color & surface| 6.375 | 6.438 |6.063 | 5750 | 6.500 | 6,125 | 4.219 | 5750 [4.219| 4125
holes)
Body and texture|
7} {(hardness 5.875 [ 56254438 | 44385250 531314188 5000 | 4188 | 4.875
crumbliness)
Elasticity (7) 5.375 | 5250 | 4.188 | 3.625 | 5.375|5.375 | 4000 | 4.063 | 4.000([ 3.125
Ta:;fmg;s)(“a"“ 5.250 |5.250 | 3.875 | 3.875 | 4.125 | 4250 | 3.000 | 4.125 | 3000 | 5.000
[Total score (28} | 22.875 |22,563]18.564]17.688) 21.25 |21.063[15.407| 18.938 |15.407| 17.125

On the other hand, traditional Tallaga cheese (TTP) received the

lowest acceptance score followed by UF aseptic packed cheese (GFA),

which may be due to their poor flavor, high salt leveis and their crumply body

& texture. In spite of reducing fat content of half cream cheeses (HRP and
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MRP), they received high scores for both taste and total impression as a
reflection of their good appearance and texture properties. Regardless the
high level of fat content of that type of cheese, the high score maintained
relied on their satisfactory levels of moisture, salt and F/DM as well as some
food additives that might be used.

Variations in organoleptic properties of white soft cheese were also
recorded in literature (Mehaia, 2002; Romeih et al., 2002; Hofi et a/, 2001;
Hydamaka et al., 2001; Abd El-Salam et al, 1993; Kyle and Hickey, 1993;
Omar, 1987; Hagrass ef al, 1986, Omar and Buchheim, 1986; Mahmoud,
1980).

Texture Profile Analysis (TPA)

Data of texture parameiers in Fig. (1, a-e) clearly indicated that
significant (P< 0.05) differences were found as a function of brand alteration.
Stanbouily cheese (TSP) characterized with the highest hardness; this finding
was not surprising since Stanboully cheese exhibited the lowest moisture
content and the highest acidity (Table, 2). Additionally, Stanboully cheese
had the lowest cohesiveness, which was expected as a 7 moenths ripened
cheese that possesed weak intemal bonds. This relationship is in accordance
with those of Volikakis et al-{2004); Ozer ef al. (2003) and Romeih et al.
{2002). Both traditional cheeses (TTP and TSP) were significantly (P< 0.05)
varied in hardness, adhesiveness and springiness, whilst brittleness,
gumminess, chewiness and cohesiveness vafues showed insignificant
change. These variations were a function of cheese ripening at low-
temperature (protein swelling), whilst cheese ripened at room temperature
exhibited hard texture due to exudation of cheese serum as a result of acidity
increasing and shrinking of protein matrix (Abd El-Salam et al., 1993).

Texture profile also changed as a result of manufacture technique
used (group 4). UF-cheese (HFP) exhibited significant (P< 0.05) increase in
adhesiveness and gurmminess vatues and non-significant higher hardness &
chewiness and lower brittleness & springiness values than those of
corresponding traditional cheeses (TTP). These resulls indicated that the
wark needed by the plunger to overcome the cheese attraction for HFP type
was double that of TTP cheese, which may be due 1o the higher fat content of
the cheese and the higher (WSN/TN) %. Tallaga cheeses (group 1, GFP and
DFP) exhibited significant variation (P< 0.05) in all TPA parameters, except
adhesiveness, with significant higher values for GFP compared with DFP
cheese, which are in agreement with the significant decrease in its moisture
content and increase in its F/DM, TN and TA% (Table 2). However, it was not
the case regarding cheeses of aseptic package (group 2, MFA and GFA),
which no showed significant changes among their TPA parameters, These
results are in contrast with those of chemical composition (Table 2). It was
also noted that brittleness values of Tallaga group (GFP and DFP) and half-
cream group (HRP) cheese were not detected in TPA charls, refiecting that
the force required for the first significant fracture in cheese sample is either
equal to that needed to attain the given deformation or lower than the
sensitivity of the test.
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Fig. (1): Textural parameters as obtained by an instrumental texture
profile analysis {TPA). Symbols a, b, ¢, d and e referred to
cheese groups 1, 2, 3, 4 and §, respectively.

881



Eil-Zeini, Hoda M. et al.

However, MRP cheese exhibited significant higher value or hardness
compared with those of HRP cheese, which may be attributed to their
significant lower moisture (Table 2). These findings are in agreement with
those reported by Volikakis et al. (2004) and Romeih et al. (2002).

As for group 2 (MFA and GFA), aseptic packaging had no significant
effect on both types of cheese in all TPA parameters tested. However, ali
TPA parameters were highly influenced (P< 0.05) by the brand of the cheese,
when multi-regression test is applied. Negative connections were found
between moisture content of the cheese and its hardness, adhesiveness,
springiness, gumminess and chewiness with fair correlations (-0.747, -0.694
and -0.656) for hardness, adhesiveness and gumminess respectively, and
bad correlations for springiness and chewiness (-0.044 and -0.454).

Cheese microstructure

As shown in fig. (2 a & b), the microstructure of GFP cheese
appeared as a loose network of aggregates of casein micelles. it consists of
nomogeneous masses of clusters and the protein structure didn't differ
systematically. it is obvious that spherical shapes of casein micelles are lost
due to loosing boundaries. Fat globules formed weak points throughout the
body of the matrix. Although, both GFP and DFP are ultrafiltered plastic
packed cheeses, the differences in the microstructure were clear. in DFP and
HFP, more large size fat globules were embedded in the matrix which could
be seen in the micrographs indicating that either the milk was not
homogenized or different processing procedure was performed. Beside, in
DFP type, the changes occurred in the protein matrx as casein micelles
spherical shape and loosing surrounded boundary were far less than in GFP
type. These varations might be due to differences in cheese recipes,
techriiques or additives used in the production.

The apparent microstructure of the protein matrix in MFA (Fig. 3, e)
cheese was quite similar to GFP (Fig. 2, a) in spite of the aseptic package
used with MFA cheese. The micelles appeared like a matrix with globular
proteic unities of various sizes displayed in a loose network. Fat globules are
found inside (invisible) and gathered within the casein framework. Protein in
both brands disintegrated into small particles joined with each others. So, no
microstructure modification was noticed by the presence of plastic package.
Whereas HRP and MRP are reduced-fat brands, experimental cheese
showed the casein distribution is roughly similar to that of other UF types.
The cheese matrix consists of dispersed opaque casein granular with
filamentous appearance. The gaps in all cheese brands filled with whey
forming a continuous phase. The development of the microstructure of
various cheeses during ripening is characterized by varying degree of
disintegration of casein micelles resulting in a penetration of whey into the
disintegrated casein mass (Abd El-Salam et al, 1993; Omar, 1987). After
different storage periods the content and structure of cheese modifies.
Therefore, as shown in TSP cheese (Fig. 3, g) ripened for 7 months at room
temperature, fat looks like globules, some of them being broken or mis-
shaped. The casein network forms short strands, mainly structured in smalier
or larger proteic globules and becomes denser. The casein aggregates lose
wngir spherical shape and tend 1o enlarge their size losing their initiai form.
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Fig. (2, a-d): SEM micrographs (magnification 3500) of white soft cheese
brands; a) GFP, b) DFP, ¢) HRP and d) MRP.
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fication 3500) of white soft cheese

brands; e) MFA, f) HFP and g) TSP,

Fig. (3, e-g): SEM micrographs (magni
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The casein network is much looser and contains whey as a result of
proteolysis proceeds. Besides, the protein in cheese is not so well organized;
it has a tendency to formn a large casein reticular structure, including large
spaces inside.

The micrographs of UF cheeses showed similar structure in spite of
their differences in the package type and even ihe fat content. The only clear
vanation in microstructure was found between fresh UF cheeses and
traditional ipened one. These results were in agreement with Abd El-Salam
et al. (1993); Omar (1987 & 1986); Omar and Buchheim (1986); Omar ef a/,
(1986).

CONCLUSION

A great variation in all surveyed cheeses was found which indicated a
mulli range of chemical and textural properties. Chemical attributes often
didnt match well the cheeses textural properties. More effort should be
exerted o uniform the physical, chemical and textural characteristics of the
white soft cheeses produced in all Egyptian dairy ptants.
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