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Abstract: 

Harzer-like cheese was made from cow’s, buffalo's, reconstituted milk and 

skim milk retentate. Submicroscopic structure and sensory evaluation during   

ripening were studied. The obtained results show that in the early stage of ripen-

ing period,  the protein network of cow's skim milk cheese appeared as a large 

casein fibers, while in buffalo's milk, cheese was less dense, with open network, 

casein micelles in reconstituted milk cheese were coalesce and retentate cheese 

was more compact than other cheeses. After 8 weeks of the ripening period, the      

extent of hydrolysis of casein in cheese, casein micelle cow's skim milk cheese 

fused, formed homogeneous structure. The microstructure of buffalo’s milk 

cheese was compact with few gaps. Reconstituted milk cheese casein particles 

counseled together in sheets but retentate cheese had coarser protein network.  

Finally the disintegration of the casein occurs much faster in cow’s skim milk 

cheese, with more extensions of aggregated casein micelle than in the other 

cheeses, and was of good sensory quality. 
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Introduction: 

Harzer-cheese is non-rennet va-
riety (acid curd cheese) made from 
skim milk, relying on acid production 
by lactic acid bacteria for milk coagu-
lation, has a soft waxy body with no 
evidence of crudeness at the center. 
The surface of smear ripened cheeses, 
like Tilsit, Limburg, Romadur, 
Chaumes, and acid curd cheese (Har-
zer) is covered by a layer of yeasts 
and bacterial flora (Brennan et al., 
2002). Enzymes produced by the bac-
terial flora, grow on the surface of 
smear cheeses play essential roles in 
the flavour development during 
cheese ripening (Curtin et al., 2002). 
The proteolytic action of microorgan-
isms leads to disruption of cheese 
protein structure during ripening 
(Omar, 2012). 

Microstructure analysis plays an 
important role in the quality evalua-
tion of dairy products: better quality 
usually brings higher revenues and 
consumer satisfaction. Consumer ac-
ceptance of a cheese product depends 
directly on its appearance, flavour 
and texture which are in turn origi-
nated by a thorough combination of 
microbiological, biochemical and 
technological parameters, which af-
fect microstructure directly or indi-
rectly (Impoco et al., 2012 and       
Ismail, 2013).  

Texture is intrinsically related to 
the arrangement of various chemical 
components within distinct micro- 
and macrostructure levels, e.g., pro-
tein networks or fat fractions; it is the 
external manifestation of such struc-
tures that eventually determines the 
uniqueness and distinctive character 
of a cheese product. However, 

cheeses are particularly complex sys-
tems, so full and meaningful assess-
ment of the effects of microstructure 
(and texture) upon flavour and ap-
pearance is still incipient (Pereira et 
al., 2009). The changes of protein and 
the degree of proteolysis in cheese, 
which is considered a measure of rip-
ening can be determined also by 
physical methods such as electron 
microscopy.  

Scanning electron microscope 
(SEM) helped elucidate how total or 
partial substitution of regular milk fat 
produces cheeses with different mi-
crostructures and inherently distinct 
textural characteristics (Lobato-
Calleros et al., 2007). The micro-
structure of low or free fat cheese was 
completely different than that of the 
full fat cheese, with the number of 
milk fat globules decreasing and the 
protein matrix becoming more com-
pact. This probably explained the 
harder texture observed in low or free 
fat cheese, even though it was signifi-
cantly higher in moisture content 
(Bryannt et al., 1995). As fat content 
decreases, the protein matrix becomes 
more compact and the cheese texture 
is more chewy (Zalazar et al., 2002). 
However, decreasing the fat percent-
age often leads to textural drawbacks, 
viz. a hard body with poor meltability 
and stretchability, as well as a rub-
bery texture. The flavour, colour and 
mouthfeel of cheese will also be ad-
versely affected, since a few com-
pounds dissolve preferentially in fat, 
although a higher smoothness may 
also be imparted to the cheese matrix 
(Mistry, 2001).  

The development of microstruc-
ture of various types of cheese during 
ripening was characterized by a vary-
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ing degree of disintegration of casein 
micelles resulting in a penetration of 
whey into the disintegrated casein 
mass (Omar and Buchheim, 1983).  

The main objectives of the pre-
sent work was undertaken to study 
the changes in the microstructure and 
the sensory evaluation of  Harzer-like 
cheese made from different skim milk 
types under local conditions during 
ripening. 

Materials and Methods: 

Fresh and cooled raw cow and 
buffalo’s milk were obtained from the 
herd of Assiut Governorate farm. Re-
tentate resulting from ultrafiltration 
(×3) of raw cow's skim milk was car-
ried out at Animal Production Re-
search Institute, using carbosep UF 
unit Cairo, Egypt, and skim milk 
powder was purchased from the local 
market and reconstituted in water at 
the ratio of 1:8. Pure fine of cooking 
salt (NaCl) produced by Tag El 
Melouk Food Industries was used in 
manufacturing of the investigated 
cheese. Yoghurt starter of mixed 
Streptococcus thermophilius and Lac-
tobacillus delbrueckii subsp. bulgari-
cus were obtained from Chr. Hansens 
laboratory, (Copenhagen, Denmark). 
Yoghurt starter was propagated sepa-
rately in sterilized reconstituted skim 
milk at the optimum temperature (Str. 
thermophilius at 45oC ± 1oC and L. 
delbrueckii subsp. bulgaricus at 38oC 
± 1oC) for 16-18 hours, and mixed at 
rate of 1:1 just before adding to 
cheese milk. Smear of isolated mi-
croorganisms and preparation from 
ripened Limburger cheese produced 
during the preliminary experiments 
were carried out as described by    
Ismail (2013). 

Saline suspension of smear mi-
croorganisms was prepared immedi-
ately before cheese manufacture as 
follows: Six-5-mm thickness surface 
slices from smear Limburger cheese 
were placed in sterile blender jar con-
taining 500 ml of 0.85% NaCl solu-
tion and homogenized for ca. 1min at 
high speed (Ryser and Marth, 1989).   

Four Harzer-like cheeses made 
from skim milk cow's, buffalo's, and 
reconstituted milk, and skim milk re-
tentate were made by using the 
method described by Valdés-Stauber 
et al. (1997). Skim milk samples 
were heated to 73oC/15 Sec. and 
cooled to 30oC, then inoculated with 
1% yoghurt starter, and left at room 
temperature (25-30oC), until com-
plete coagulation. The resultant curd 
of all treatments were cut and ladled 
in quarter stainless steel molds at 
room temperature (25-30oC). The 
molds were inverted after shaping for 
24 hr. Cheeses blocks were immersed 
in pasteurized brine (10% NaCl) 
within 1% saline suspension (contain 
smear microorganisms) overnight at 
room temperature (25-30oC). Cheeses 
were ripened on shelves at 15-18oC 
and a 85-90% relative humidity (RH) 
for 8 weeks. During ripening, the 
cheese was sprayed weekly with sa-
line suspension of flora to close the 
surface openings and to help in dis-
tributing the ripening microorganisms 
all over the surface. Cheese samples 
were taken to SEM and sensory 
evaluation when fresh, and after 4 
and 8 weeks of ripening.  

The Electron Microscopic ex-
amination was performed in the 
Egyptian Mineral Resources Author-
ity Central Laboratories Sector ac-
cording to Karami et al. (2009). Har-
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zer-like cheeses were examined by 
using SEM (FEI Company, Nether-
lands) Model Quanta 250 FEG (Field 
Emission Gun) attached with EDX 
Unit (Energy Dispersive X-ray 
Analyses), with accelerating voltage 
10 K.V. During SEM analysis, sam-
ples were freeze-fractured in liquid 
nitrogen to approximately 1-mm 
pieces and these pieces were then 
mounted on aluminum stubs with sil-
ver paint, dried to critical point and 
coated with gold for 300A° in a Sput-
ter- Coater (SCD 005 Sputter Coater) 
and scanned under low vacuum con-
dition with pressure chambers 60 pa.  

The sensory evaluation of 
cheese was assessed by 15 panelists 
of staff members and some other con-
sumers, for flavor (50 points), body 
and texture (35 points), and appear-
ance (15 points) using the scores 
sheet according to Scott (1981). 

Statistical analysis were per-
formed using statistical package for 
Social Studies (SPSS) software 
(SPSS, 1999) at P<0.05. General Lin-
ear Models were used to estimate of 
proteolysis and sensory characteris-
tics during ripening cheese. Differ-
ences between means were deter-
mined by Duncan’s multiple range 
test at a level of 0.05 probability 
(Steel & Torrie, 1980). 

 

 

 

Results and Discussion: 

In the manufacture of Harzer-
like cheese being coagulated by de-
creasing its pH by lactic acid starter 
bacteria. Lactic acid bacteria have 
been claimed to contribute to cheese 
microstructure, their role in proteoly-
sis, and their capability to improve 
cheese body and texture (Hassan et 
al., 2004).  

Fig. (1) shows that fresh cheeses 
are composed of distributed casein 
micelles in the form of clusters and 
chains similar to that observed by 
Abd El-Salam and Omar (1985) in 
Kariesh cheese and Omar and Hosaja 
(1986) in Twarog cheese. Scanning 
electron microscope (SEM) image 
microstructure of Harzer-like cheese 
made from cow’s skim milk, ap-
peared as large masses of dense fila-
ments segregated from the protein 
network (Hassan et al., 2003). The 
protein network of buffalo’s skim 
milk cheese was less dense, more 
open, and with more void spaces than 
in whey of the cow’s skim milk 
cheese, as consequence of smaller 
fused casein micelles aggregates.   
Lucey et al. (1998) and Modler & 
Kalab (1983) observed in yoghurt 
made from skim milk and stabilized 
with gelatin that casein micelles 
linked in long chains rather than in 
casein micelles aggregates. As seen 
in reconstituted skim milk cheese, the 
casein micelles aggregate and coa-
lesce with structure composed. 
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Fig. (1): SEM micrographs of fresh Harzer-like cheese made from different skim milk 

types; (I): Cow’s , (II):Buffalo’s, (III): Reconstituted, (IV): Retentate. 
(C): Casein, (W): whey Bar: 4 μm 

 
The microstructure of retentate 

cheese was more compact, consistent 
with the increased hardness, and ca-
sein micelles were denser with 
smaller pores. This dense network 
might arise due to the increased ag-
gregation of casein micelles (Ong et 
al., 2013). The microstructure of the 
cheese changed during ripening of 4 
weeks, the gel network consisted of 
particles considerably larger than the 
network of fresh cheese, indicating an 
extensive aggregation of protein. 
Also, the protein mass disintegrates 
into subunits fused with extensive in-

teraction inside the protein matrix. As 
soon as the protein aggregates, its 
loses their spherical shape suggesting 
extensive fusion (Abd El-Salam and 
Omar, 1985).  

The protein matrix of cow’s 
skim milk cheese (Fig. 2) shows ho-
mogensity in the structure, the rela-
tively small subunits aggregated to-
gether through the aqueous phase, 
consistency of nearly continuous fi-
bers mass of single casein particles. 
Buffalo’s skim milk cheese showed a 
relatively open, loose structure, with 
the casein micelles linked in chains, 
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with a large number of interspaced 
voids of varying dimensions. Some of 
the solubilized molecules may inte-
grate into the casein micelles net-
work, and be responsible for structure 
openness. Granular structures attrib-
uted to deposited casein micelles and 
casein chains can be seen on the sur-
face (Dinkçi et al., 2011). Thus re-

constituted skim milk cheese exhib-
ited a protein network formed by pre-
dominantly casein micelles layers, 
but some of them were fused into ag-
gregates. The disintegration of the 
casein occurs much faster in cow’s 
skim milk cheese, with more exten-
sions of aggregated casein micelles, 
than in the other cheeses. 

  

 
Fig. (2): SEM micrographs of four weeks age Harzer-like cheese made from different 

skim milk types; (I): Cow’s, (II):Buffalo’s, (III):Reconstituted, (IV): Retentate. 
(C): Casein, (W): whey Bar: 4 μm 

 

The physical structure of Har-
zer-like cheese were changed during 
ripening and after 8 weeks of storage 
indicate that the extent of hydrolysis 
of casein in cheese (Fig. 3). Disinte-

gration of protein was more pro-
nounced in cow's skim milk cheeses 
than buffalo's and skim retentate 
cheese. Casein micelles in cow's skim 
milk cheese fused from large aggre-
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gates with homogeneous structure 
where the whey could be seen within 
the casein matrix, as reported by 
Knoop and Buchheim (1980).  Buf-
falo’s skim milk contains small pores 
and had compact appearance. In 
cheese made from reconstituted milk, 
casein micelles collected together in 
sheets with more curd junction. The 
cheese matrix appears in closely 
packed lumps, finally granulated 
mass, forming a network with closely 
visible gaps between the clusters, 

structural information or orientation, 
whereas casein having a loose ran-
domly coiled structure. Thus the mi-
croscopic structure of cheese protein 
changes during ripening period paral-
lel to the chemical degradation. UF 
skim milk cheese had a coarser pro-
tein network, and a reduced volume 
of whey, compared to cheese made 
using cow’s skim milk. Final texture 
of the cheese tended to be granular 
and hard and the fusion of casein was 
lower.

 

 
Fig. (3): SEM micrographs of eight weeks age Harzer-like cheese made from different 

skim milk types; (I): Cow’s, (II):Buffalo’s, (III):Reconsituted, (IV): Retentate  
(C): Casein, (W): whey Bar: 4 μm. 
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Sensory evaluation: 

Lactic acid bacteria metabolize 
the lactic acid to produced CO2 and 
H2O, and deaminate amino acids, 
producing NH3, both of which results 
in an increase in the pH of the cheese. 
The increase in pH modifies the 
rheological properties of the cheese, 
resulting in a soft body, which is 
typical of this type of cheese (Elis-
kases-Lechner and Ginzinger, 1995). 
Proteolysis is a major factor in the 
development of the texture and or-
ganoleptic properties of bacterial sur-
face ripened soft cheese (McSweeney 
and Fox, 1997).  B. linens is a major 
micro-organism in the smear of sur-

face- ripened cheeses. Its enzymes, 
especially proteolytic and lipolytic 
ones, and biochemical characteristics 
influence the ripening and final char-
acteristics of smear surface-ripened 
cheeses (Rattray and Fox, 1999). The 
results of the sensory evaluation as-
sessment of cheese quality when 
fresh, and after four and eight weeks 
of ripening (Table 1). The good tex-
tural quality of acid curd Harzer-like 
cheeses was observed, as smooth and 
elastic in cow's skim and reconsti-
tuted milk cheese respectively. This 
probably due to their high moisture 
content than that in retentate and buf-
falo's cheeses.  

  
Table (1): Sensory evaluation of Harzer-like cheese made from different 

types of skim milk. 

Cheeses made from  
Cow's skim 

milk 
retentate 

Reconstituted 
skim milk  

Buffalo's 
skim Milk 

Cow's skim 
milk  

Organoleptic 
properties 

Cheese 
age   

5.67±0.33a 6.67±0.67a 6.33±0.33a 6±0. 58a Appearance (15) 
12.67±0.88 ab 13.67±0.88 ab 15±.58 a 12±0.58 b Body & texture (35) 
20.67±0.67a 21±0.58a 21.17±0.44a 22±0.57a Flavour (50) 

39±1.53a 41.3±0.88a 42.5±0.50a 40±1.00a Total (100) 

Fr
es

h 

8±.58 c 11±0.58 ab 10±0.58 b 12±0.58 a Appearance (15) 
21±1.00 b 25±0.58 a 25±0.58 a 26±0.88 a Body & texture (35) 

31.33±0.88 c 39.33±0.67 ab 39±0.58 b 42±1.16 a Flavour (50) 

60.3±0.88 c 75.3±1.20 b 74±1.53 b 80.3±1.76 a  Total (100) Fo
ur

  w
ee

ks
 

10.33±0.33 b 13±.00 a 12±0.58 a 12.83±0.73 a Appearance (15) 
24±1.16 c 30.83±0.60 ab 29±0.58 b 32±0.58 a Body &texture (35) 
35±0.58 c 42±1.00 b 39.67±0.88 b 45.33±0.33 a Flavour (50) 

69.3±1.76 d 85.8±1.48 b 80. 7±o.88 c 90.2±0.44 a Total (100) E
ig

ht
  w

ee
ks

 

Means with the same letter are not significantly different 
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Buffalo's cheese had opening 
texture but in retentate cheese ap-
pearance rough and coarser texture. 
The appearance scores for the cheese 
made from cow's skim milk was sig-
nificantly (P<0.05) higher than those 
of the other cheese types. Moreover, 
no significantly (P>0.05) differences 
in score were observed between the 
cheeses made from buffalo's milk and 
retentate. The texture of cow's skim 
milk was more uniform, most likely 
due to continuing proteolysis of the 
casein matrix. The ripening of acid 
curd like cheese was visualized by 
the conversion of the white to a yel-
low-red cheese from the surface dur-
ing ripening. 

Conclusions: 

Each cheese variety has its 
characteristic structural features, 
which reflect the biochemical 
changes in the cheese. In this study, 
casein micelles in Harzer-like cheese 
made from cow's skim milk tightly 
fused, from large aggregates with 
homogeneous structure, where the 
whey can be seen within the casein 
matrix. Scanning electron micro-
graphs showed that the protein matrix 
of Harzer-like cheese made from buf-
falo's milk was of differing structures, 
which in general terms were more 
open. The fusion of casein was lower 
in skim retentate cheese, which had a 
loose structure. Generally, micro-
structures of Harzer-like cheese made 
from cow's skim milk forming large 
and extensively fused casein micelles 
than that in other cheeses. Change in 
structure observed for all cheese 
samples regardless of protein content 
and rate proteolysis. This difference 

may influence the flavour perception 
and texture of the cheese. 
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 Harzer    الشبیه بالـالتركیب المیكروسكوبى للجبن 
  ٢، عادل علي تمام ١هشام عبدالرحمن إسماعیل

   مصر– الجدید  الوادي فرع – جامعة اسیوط – كلیة الزراعة –قسم الألبان ١
   مصر– جامعة اسیوط  – كلیة الزراعة –قسم الألبان ٢

  :الملخص
یѧѧساهم فѧѧى صѧѧفاتها  ، جینѧѧى مѧѧن الѧѧداخل   بقѧѧوام طѧѧرى شѧѧمعى غیѧѧر ع  Harzerتتمیѧѧز الجѧѧبن  

فѧى هѧѧذه الدراسѧة تѧم تѧصنیع الجѧѧبن     . البكتریѧا الѧسطحیة والتѧى تلعѧب دورا هامѧѧا فѧى عملیѧة التѧسویة        
بѧالتجبن   ) UF مركѧز  – مѧسترجع  -جاموسѧى –بقѧرى  (  مѧن البѧان فѧرز مختلفѧة      Harzer الشبیه بال ـ

یم الحѧѧسى یѧѧمیكروسѧѧكوبى والتقالحامѧѧضى بواسѧѧطة بكتریѧѧا حѧѧامض اللاكتیѧѧك  ثѧѧم درس التركیѧѧب ال    
اظهرت صور المیكروسكوب الالكترونى  للمرحلة الاولى من التѧسویة   ، للجبن الناتج اثناء التسویة     

ا  وتماسѧك لاان قوام الجبن  المصنع من الفرز البقرى شبكة بروتین متكتلة واللبن الجاموسى اقل تكѧت    
فى حین ان جبن مركز الترشیح الفѧائق  ، ة للبن المسترجع به میسلات الكازین متجمعة ومندمج   اما ا 

)(UFاكثر التحاما وصلابة .  
 عملیѧѧة التѧѧسویة  یتغیѧѧر التركیѧѧب وتѧѧصبح شѧѧبكة البѧѧروتین اكثѧѧر اتѧѧساعا بѧѧالجبن عѧѧن       خѧѧلالو

تجمѧع نѧسبیا   محیث ظهر تجانس فى تركیب الجѧبن النѧاتج مѧن اللѧبن البقѧرى و         ، حالتها وهى طازجة    
بن الجاموسѧى ضѧعیف ونѧسبیا مفتѧوح واللѧبن المѧسترجع یظهѧر        اما قѧوام الجѧ   ، مع وجود وسط مائى     

 میѧѧسلات الكѧѧازین بѧѧه متجمعѧѧة فѧѧى صѧѧورة   UFفѧѧى صѧѧورة سلاسѧѧل بعѧѧضها ذائѧѧب امѧѧا جѧѧبن مركѧѧز   
  .عناقید 

 یѧزداد تحلѧل الكѧازین بѧشدة ویلاحѧظ بѧالجبن       حتي الأسبوع الثѧامن   مع استمرار عملیة التسویة     
توزیعا وتجانѧسا واللѧبن الجاموسѧى یظهѧر بالتركیѧب تكتѧل       المصنع من اللبن البقرى انه اكثر ذوبانا و 

 UFمع قلیل من الفراغات واللبن المسترجع یقѧل معѧدل تجمѧع الكѧازین ویѧوزع جزئیѧا ولكѧن مركѧز          
وفى النهایة تظهѧر الѧصور ان الكѧازین بѧالجبن المѧصنع مѧن اللѧبن        . به شبكة البروتین مكتظة خشنة      

  . عن الجبن الاخرى ولذلك جاءت افضل الجبن حسیاالفرز البقري اسرع تحللا واكثر توزیعا
 


