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ABSTRACT 
 

     The use of heat and freeze-shocked starter in manufacture of Edam cheese 
from concentrated milk by ultrafiltration was investigated. Traditional and untreated UF 
Edam cheeses (control) were also manufactured. All cheeses were ripened for 3 
months at 10+loC and 87% relative humidity. Cheese samples were analysed fresh 
and monthly for chemical and sensory analysis. The results showed that addition of 
heat and freeze-shocked starter did not affect the moisture, fat /DM, TN/DM and salt 
in moisture of UF Edam cheese. Cheeses treated with heat and freeze-shocked 
starter showed high ripening indices. On the other hand, cheese made from freeze-
shocked starter had  acidity, soluble nitrogen, non protein nitrogen , amino acid 
nitrogen (as a percentage of total nitrogen) and total volatile fatty acids ratios higher 
than those of  control  

     With respect to free fatty acids, oleic acid (C18:1) was the highest in quality in 
all cheese samples. The total amount of short chain fatty acids was lower in untreated 
UF Edam cheese. The UF Edam cheese showed high amounts of short chain fatty 
acids which play an important role in the formation of cheese taste. Good quality UF 
Edam cheese could be obtained by adding 1% freeze-shocked starter to the UF 
cheese milk.  
Keywords:  Heat-shocked, freeze-shocked, Edam cheese 

                                        

INTRODUCTION 
 

     Edam cheese is a semi hard type cheese originated in Netherlands 
and was made usually from cow’s milk. Recently, the demand of this cheese 
has been increased in Egypt and some local dairy factories manufactured it 
on a commercial scale. 

     Among the numerous methods described for the acceleration of 
cheese ripening, especial attention has been recently given to attenuated 
starter and more particularly heat and freeze-shocked cells (Ezzat and El-
Shafei, 1991). Heat and freeze-shocked lactic acid bacteria were used to 
accelerate ripening by increasing proteolysis and cheese flavour without 
introducing bitter taste in the resultant cheeses.  
     In cheese prepared from UF concentrated milk, whey protein content was 
reported to be about 18% of total protein (O’keeffe et al., 1979). The trend 
had proved several benefits in the manufacture of soft cheese varieties, the 
most important of which is the marked increase  in cheese yield (Leliever 
&Lawrence, 1988). However, attempts to use ultrafiltration in the manufacture 
of hard or semi hard cheese had faced several difficulties (Glover, 1985). In 
general UF hard and semi hard cheeses showed slow ripening and poor 
quality that differed from the original cheese made by the traditional method 
(Green et al., 1981). Several attempts have been made to modify the cheese 
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processing steps for successful use of concentrated milk by ultrafiltration (El-
Shibiny et al., 1991 and Mostafa et al., 2000). 
     Most of studies on accelerating cheese ripening were carried out on 
cheese made by the conventional method and little has been done on UF 
cheeses. The use of modified starter may prove  the quality of UF hard and 
semi hard cheeses. Therefore, the present paper attempts had been made to 
study the effect of using heat and freeze-shocked starter on the quality and 
ripening of UF Edam cheese. 
 

MATERIALS AND METHODS 
 

Materials:  
     Fresh cow’s milk (3.o% fat and 8.5% SNF) was obtained from the herd of 
Animal production Research lnstitute, El-serw, Egypt. Culture of Lactococcus 
lactis subsp. cremoris was obtained from (Chr. Hansen’s laboratory, 
Copenhagen, Denmark). A Microbial rennet (HA-LA, Chr. Hansen’s 
Denmark) was used.  
 

Preparation of milk retentate:  
     Retentate was prepared at Dept of Dairy Technology, Animal Production 

Res. Inst. Dokki, Cairo, Egypt. Cow’s milk was heated at 72oC/15 sec, cooled 

to 50 oC and Ultrafiltered using a UF unit DDS-Lab 20 (Pasila, Silkburg, 
Denmark) equiped with 61 PGr, polysul phone membrane (Mol cut-of 
200.000). inlet oullet pressures were 3.6 and o.6bar respectively.  
 

Preparation of heat and freeze-shocked starter: 
     Heat and freeze-shocked bacteria were prepared according, to (Hantir 
(1991).  
 

Cheese manufacture:  
     The retentate was divided into three equal portions (25 kg each) . To each 
batch of retentate of cheese starter was added at 35 oC in a ratio of 1% . The 
first portion of retentale was used as a control.  To the second portion heat-
shocked starter was added at the rate of 1%. To the third portion freeze-
shocked starter was added at the rate of 1%. Annatto cheese colour at the 

rate of o.5 ml/10 kg of retentate was added. Microbial rennet was added to 

retentate at rate of o.5 ml/20 kg . The retentate was left (30 min.) to complete 

coagulation at 35 oC. The curd of all treatments were converted into Edam 
cheese as described by Scott, (1981). The traditional Edam cheese was also 
made by the same method (Scott, 1981) and used as a control. The resultant 
cheese were ripened at 10oC and relative humidity 87 % for 3 months. 
Samples were taken periodically for scoring and chemical analysis when the 
cheese was fresh and after 1,2 and 3 months of ripening. Three replicates 
were made from each treatment.  
 

Chemical analysis:  
     Cheese samples were chemically analysed for moisture, fat salt, acidity, 
total N(TN) , soluble N(SN) and amino acid N (AN) according to Ling (1963). 
Total volatile fatty acids (TVFA) were determined as described by Kosikowski 
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(1978). Free fatty acids pattern were determined by Gas liquid 
chromatography (GLC) according to De Man (1964).  
 

Organoleptic properties:  
     Sensory evaluation of cheese samples was carried out by a taste panel of 
six persons. The maximum score points was 5o,4o and 10 for flavour, body & 
texture and appearance respectively as described by Abd El- Fattah (1966).  
                                    

RESULTS AND DISCUSSION 
 

Chemical composition of UF Edam cheese:  
      Table (1) shows the chemical composition of Edam cheese of different 
treatments throughout ripening period. The moisture percent of fresh UF and 
treated UF Edam cheese was higher than that of traditional cheese.  
 
Table (1) : Changes in the composition of traditional and UF Edam 

cheese from different treatments during ripening period  
(Average of three replicates)  

UF Edam Cheese  with 
Traditional 

Edam 
Cheese 

Ripening 
Period 
Months 

Properties Freeze-
shocked 
starter 

heat 
shocked 
starter 

Edam 
Cheese 

49.35 
45.62 
43.78 
42.93 

49.18 
45.51 
43.72 
42.81 

49.15 
45.49 
43.61 
42.73 

47.52 
43.67 
41.48 
40.22 

Fresh 
1 
2 
3 

Moisture   % 

47.25 
47.38 
47.50 
47.56 

47.22 
4733 
47.48 
47.52 

47.28 
47.36 
47.47 
47.51 

49.28 
49.61 
49.85 
50.03 

Fresh 
1 
2 
3 

Fat/DM    % 

6.91 
7.07 
7.14 
7.24 

6.98 
7.06 
7.13 
7.21 

6.95 
7.02 
7.09 
7.15 

6.45 
6.61 
6.74 
6.81 

Fresh 
1 
2 
3 

TN/DM  % 

4.70 
5.98 
7.72 
8.69 

4.95 
6.03 
7.81 
8.72 

4.81 
6.05 
7.73 
8.87 

5.01 
7.58 
8.79 
9.05 

Fresh 
1 
2 
3 

Salt in 
moisture 

0.39 
0.67 
0.88 
1.11 

0.37 
0.64 
0.83 
1.09 

0.35 
0.62 
0.81 
1.05 

0.31 
0.56 
0.70 
0.92 

Fresh 
1 
2 
3 

Acidity %  

 
During ripening period, the moisture contents decreased in all Edam 

cheese samples. The moisture contents of all cheese decreased rapidly in 
the first month and then gradually up to the end of the ripening period. On the 
other hand, the addition of heat and freeze-shocked starter to UF Edam 
cheese did not affect moisture of the resultant cheese. These results are in 
agreement with those reported by El- Etriby  et al. (1998) and El-Abbassy and 
Mostafa (1999). The development of  the acidity in Edam cheese was 
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continued to increase up to 3 months. Experimental cheese containing heat 
and freeze-shocked starter exhibited a slight increase in acidity comparing 
with untreated UF Edam cheese. Increasing  the acidity of treated UF Edam 
cheese might be due to the enhancing effect of modified starter on the acid 
producing organisms during cheese ripening. The acidity of UF Edam cheese 
with freeze-shocked starter was higher than that of cheese made with heat-
shocked starter. These results may be due to heat shocking that effect 

enzyme activity and then the acid development (Salem et al., 1997). Fat /DM 

contents of UF Edam cheese did not affect by the addition of modified starter 

and  also the ripening period (Table, 1). The fat/DM and salt/DM contents 

increased up to 3 months. This could be attributed to the decrease of 

moisture content. Also, the TN/DM contents of all cheeses showed the same 

trend (Table 1). The changes of these parameters in tradition Edam cheese 
were less than UF and treated UF Edam cheese. Similar results were found 
by Bartels et al. (1987).  
 

Ripening indices:  
a) Nitrogen compounds and total volatile fatty acids:  

Table (2) shows the changes in the soluble nitrogen (SN), non protein 
nitrogen (NPN) and amino acid nitrogen (AN) as  percentages of total 
nitrogen (TN) and total volatile fatty acids in cheese . Results indicated that 
the ripening indices in all treatments increased during ripening period . It 
could be seen that addition of heat and freeze-shocked starter accelerated 
the ripening, this effect was more pronounced with UF Edam cheese 
contained freeze–shocked starter. The increase of TVFA might be due  to the 
protein breakdown in all cheese samples associated with more accumulation 
of free amino acids which serve as precursor for volatile fatty acids (Nakae 
and Elliott, 1965). Bartels et al. (1987) found that 2 months Gouda cheese 
with 2 % added lactobacilli contained 85% more TCA soluble material than 
control cheese.   
 
b- Free fatty acids: 
Saturated fatty acids (SFAs ) :  

The percentage of saturated free fatty acids increased in Edam cheese 
as the ripening period advanced until the 2nd months ( Tables 3 and 4 ) . 
Also , it is evident from these results that UF Edam cheese freeze-shocked 
starter had relatively higher saturated free fatty acids than the other treated 
Edam cheese during the ripening period. The major saturated free fatty acids 
present in Edam cheese were capric acid ( C10 ) , lauric acid ( C12) , myristic 
acid ( C14 ) , palmitic acid ( C16 ) and stearic acid (C18 ) After 1 month C 14, 
C16 ,C18 remained the predominant in Edam cheese. 
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Table (2): changes in the ripening indices of traditional and UF Edam 
cheese from different treatments during ripening period 
(Average of three replicates)  

UF Edam Cheese  with 

Tradition
al 

Edam 
Cheese 

Ripeni
ng 

Period 
Months 

Properti
es 

Freez
e-

shock
ed 

starte
r 

Heat 
shocke

d 
starter 

Edam 
Chee

se 

7.62 
13.73 
16.06 
18.11 

7.12 
13.48 
15.78 
17.37 

6.95 
13.11 
14.88 
16.81 

6.89 
12.93 
14.73 
16.65 

Fresh 
1 
2 
3 

SN/TN   
% 

2.97 
4.36 
6.62 
7.95 

2.86 
4.16 
6.22 
7.45 

2.51 
3.78 
5.83 
7.05 

2.43 
3.65 
5.72 
6.81 

Fresh 
1 
2 
3 

NPN/TN
% 

0.22 
0.47 
0.69 
0.81 

0.20 
0.41 
0.63 
0.75 

0.19 
0.36 
0.59 
0.68 

0.18 
0.34 
0.56 
0.64 

Fresh 
1 
2 
3 

AN/TN    
% 

14.0 
24.0 
34.0 
48.0 

12.0 
22.0 
32.0 
44.0 

12.0 
21.0 
30.0 
42.0 

12.0 
20.0 
28.0 
40.0 

Fresh 
1 
2 
3 

TVFA 
(ml of 0.1 

N  

Na 
OH/100g 
cheese) 

 
Unsaturated fatty acids (USFAs ) : 

The amount of USFAs decreased in all cheese sample as the ripening 
period advanced until the 2nd months . The decrease of USF as in all cheese 
samples may be due to the transformation of USFAs to SFAs or lower fatty 
acid by lipolytic enzymes of cheese ( Hiekal et al., 1992 ). The predominant 
USFAs was oleic acid (C18 : 1 ) . C14 : 1 and C16 : 1 were also detected in 
most cheese samples . El-Abbassy et al., ( 2000 ) , reported that the major 
fatty acids present in Ras cheese were C18 : 1 , C16 , C18 and C14·  
 

Short chain fatty acids (C4-C10)(SCFACS): 
Tables (3 and 4) show the amount of the different patterns of short chain 

fatty acids which play an important role in flavour formation of cheese (Omar 
1984).  

The amount of these acids were high in freeze-shocked starter UF Edam 
cheese followed by treated cheese heat-shocked starter, traditional Edam 
cheese and untreated UF Edam cheese. Control UF Edam cheese had the 
lowest amount of short chain fatty acids. The amount of SCFAs in cheese 
samples increased as the ripening period advanced. This increase might be 
due to the decomposition occurred in higher fatty acids by lipolytic enzyme 
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present in cheese (El-Abbassy et al., 1999). It could be noticed, also that 
some fatty acids disappeared during ripening which might be due to the 
utilization of these acids by certain organisms in the cheese 
(Kosikowski,1978) .                         
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Intermediate chain fatty acids (C11-C16:1):  
     The percentage of middle chain fatty acids during the first 2 months, 

were high in all samples, then decreased after 3 months. On the other hand, 
these acids were higher in freeze-shocked starter UF Edam cheese than that 
of the other treatments during ripening.C16 and C14 were prevailed in all 
treatments during ripening. 

 

Long chain fatty acids (>C16):  
    Long chain fatty acids content of UF Edam cheese decreased after 2 

months of ripening. The amount of these acids were higher in the control F 
Edam cheese than the other treatments. Oleic acid (C 18:1) and stearic acid 
(C18) were present in higher levels in cheese during ripening (El-Abbassy et 
al., 2000).  
Odd and even number fatty acids:  

     Tables (3 and 4) show the odd and even number fatty acids of UF 
Edam cheese. The odd number fatty acids were higher in the UF Edam 
cheese with freeze- shocked starter than the other treatments during the 
ripening.  
 

Organoleptic properties:  
     The data in Table (5) show the effect of added modified starter on the 

organoleptic properties of UF Edam cheese. The highest total score was 
obtained for UF Edam cheese with freeze-shocked starter. These results 
could be explained on the basis that UF Edam cheese with freeze-shocked 
starter accelerated the hydrolysis and breakdown of cheese fat and proteins. 
This accelerates flavour development and improved the characteristics of 
cheese body and texture.  

     From the previous results, it could be concluded that the addition of 
1% freeze-shocked starter to UF Edam cheese milk could be used to produce 
good flavour and ripened UF Edam cheese.  
 
Table(5) :Organoleptic properties of traditional and UF Edam cheek 

from different treatments during ripening .  
UF Edam Cheese  with 

Traditional 
Edam 

Cheese 
Properties 

Ripening 
Period 
Months 

Freeze-
shocked 
starter 

Heat 
shocked 
starter 

Edam 
Cheese 

38 
32 
8 

78 

37 
31 
8 

76 

31 
28 
7 
66 

35 
30 
8 
73 

Flavour            50 
Body& texture 40 
Appearance     10 
Total              100  

 
1 

42 
34 
8 

84 

40 
33 
8 

81 

33 
30 
7 
70 

38 
32 
8 
78 

Flavour            50 
Body& texture 40 
Appearance     10 
Total              100  

 
2 

45 
36 
8 

89 

43 
35 
7 

85 

37 
32 
6 
75 

42 
35 
7 
84 

Flavour            50 
Body& texture 40 
Appearance     10 
Total              100  

 
3 
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لد  مداد  الحراريد    تأثير استعمال البادئ المعامل بصددم  التمميدد  ا الصددم 

 اتساي  مبن ايدام المصنع بطريق  الترشيح الفاقي
 محمد السيد الدمرداش*** –سانيا  بدالحميد متال **  –محمد بهمت مصطف * 

 ق لدا-قسم تكنالاميا*اميكرابيالاميا*** الالبان معهد بحاث الانتاج الحياان  
 لميز ا-معهد تكنالاميا الاغذي  –**قسم بحاث الالبان 

 

تم دراسة استتددام اتئدم امئاتص اةتداة ايت اوتد صد ايةتداة اي راروتة ةتج ةت ئ ة  تا   
يا يتر ااودام ا  يا  اقري اركز ائيترشوح ايفئئق  وت  صيتوفه هتال ايائدئتئه ايامئالتة ليتج ايلتا  

ايفتئئق  ة ايى ايك تتم تةت وج  تا  اوتدام اطروقتة ايترشتوحائلايئة %1اطروقة ايترشوح ايفئئق ا ساة 
داع اي تا  ثم تستدوة كتص ص ت 0ادد  ليئةئه )اقئر ة( دكايك تم تة وج  ا  اودام ائيطروقة ايتقلودوة 

صدتاه ايمو تئه ات  اي تا   –شهدر  3يادل  %85م درطداة  ساوة 10اياة مة  لج در ة  رارة 
  0ايكوائدوة داي سوة  دهد طئزج ثم شهروئ لإ راء ايت لولاه

وتتة صظهتتره اي تتتئئ  ص  الإيتتئةئه ايستتئاقة يتتور يهتتئ تتتاثور دايتتح  لتتج اياكد تتئه ايكوائد      
 0الأسئسوة اثص ايرطداة دايده  داياردتو  دايالح 

صظهتتتره اي تتتا  ايامئالتتتة ائلإيتتتئةئه ايستتتئاقة ارتفئ تتتئ ال دظتتتئ ةتتتج اي اديتتتة داياركاتتتئه     
  0ائض ايده وة ايطوئرة     ا  اياقئر ة اي وترد و وة اياائاة دالأ 

 هتتد اي اتتض ايتتده ى (C16)ائي ستتاة يم اتتئض ايده وتتة اي تترة ةقتتد د تتد ص   اتتض ايائياتوتتك      
مت  ددرا ايسئئد اكاوة كاورل ةج  اوج  و ئه اي ا  دص  الأ ائض ايده وة قةورة ايسلسلة دايتتج تل

  0م ايامئاص دئةة اةداة ايت اود هئائ ةج طمم درائ ة اي ا  تزداد   د ليئةة ايائد
ئدم ات %1د ادائ د د ص  اي ا  اياة مة ا  يا  امئاص اطروقتة ايترشتوح ايفتئئق اتج ليتئةة      

لتج امئاص اةداة ايت اود ت تدي  لج كاوتئه اكاتر ات  اياركاتئه اي وترد و وتة اياائاتة د ةتله  
ائيةتتداة اي راروتتة ذ دكتتايك اتتئدم امئاتص  %1در تئه ت كتتوم ا لتتج اتت  اي تا  اياةتت مة ائيتتئة  

  0ص لى ا  ائقى ايامئالاه
ايامئاتص  ائدم امئاص اةتداة ايت اوتد ليتج ايلتا  %1ا  اي تئئ  ايسئاقة واك  ايتدةوة اإيئةة      

  0اطروقة ايترشوح ايفدقج   د ة ئ ة  ا  اودام
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Table (3): Free fatty acids (as a percent of total) of traditional and UF 
Edam cheese during ripening .   

3 month 2 month 1 month 

Fatty acids UF Edam cheese with 
 

Heat            Freeze 

UF 
Edam 

cheese 

Traditional  
Edam 

cheese 

UF Edam cheese with 
 

Heat            Freeze 

UF 
Edam 

cheese 

Traditional  
Edam 

cheese 

UF Edam cheese with 
 

Heat            Freeze 

UF 
Edam 

cheese 

Traditional  
Edam 

cheese 
1.53 
5.23 
2.85 
4.71 

1.19 
4.88 
3.14 
3.67 

- 
4.91 
3.06 
3.18 

1.32 
5.11 
2032 
3.17 

1.67 
1.42 
1.05 
3.28 

1.19 
1.55 
1.21 
3.05 

1.05 
1.19 
0.98 
2.68 

1.52 
1.69 
1.11 
3.01 

0.78 
1.72 
1.15 
2.63 

0.63 
1.22 
1.03 
1.51 

- 
1.01 
0.68 
1.32 

- 
1.39 
1.15 
1.44 

C4 
C6 
C8 
C10 

14.32 12.22 11.15 11.92 7.42 7.0 5.90 7.33 6.28 4.39 3.01 3.98 Shortchain  

0.23 
2.69 
0.18 
0.54 
8.92 
1.05 
0.7 

 
25.85 
1.76 

- 
2.48 

- 
- 

8.66 
1.11 
0.54 
0.36 

24.17 
1.69 

- 
2.81 

- 
- 

7.52 
1.32 
0.75 
0.63 

22.78 
1.52 

- 
3.05 

- 
0.13 
8.05 
0.52 

- 
0.66 

24.03 
1.75 

- 
3.15 
0.22 
0.65 

10.23 
1.75 
0.89 
0.76 

28.25 
2.13 

0.17 
3.09 
0.11 

- 
10.11 
1.62 
0.72 
0.85 

28.03 
2.06 

0.15 
2.91 
0.13 

- 
9.91 
0.85 
0.73 
0.83 

26.51 
1.86 

0.22 
3.58 

- 
0.11 
9.83 
0.79 

- 
0.79 

27.15 
1.98 

0.15 
3.02 
0.11 
0.22 
9.61 
1.13 
1.03 
0.55 

26.11 
2.03 

- 
3.12 

- 
0.11 
9.53 
1.02 
0.88 
0.61 

25.17 
1.87 

- 
2.87 

- 
0.13 
8.85 
0.77 
0.59 
0.71 

24.83 
1.66 

0.25 
3.11 

- 
0.23 
9.07 
1.03 

- 
0.76 

25.03 
1.95 

11 
12 
13 
14 iso 
14 
14: 1 
15 
16 iso 
16 
16 : 1 

41.99 39.01 37.33 38.19 48.03 46.76 3.88 44.45 43.96 42.31 40.41 41.43 Middle 

0.63 
13.81 
29.03 
0.22 

- 

0.27 
14.25 
32.94 
0.63 
0.19 

0.23 
16.81 
33.79 
0.51 
0.18 

0.18 
15.77 
33.05 
0.89 

- 

0.75 
14.05 
29.18 
0.45 
0.12 

0.21 
15.88 
29.22 
0.79 
0.14 

0.16 
17.37 
31.65 
0.89 
0.15 

0.45 
16.25 
30.11 
1.03 
0.11 

0.5 
15.62 
32.44 
0.65 

- 

- 
16.52 
35.19 
1.06 
0.53 

- 
18.06 
36.98 
1.32 
0.21 

0.89 
17.11 
34.94 
1.52 
0.13 

17 
18 
18: 1 18 :2 
18: 3      

43.69 48.28 51.52 49.89 44.55 46.24 50.22 48.22 49.76 53.30 56.58 54.59 Long chain 

 
 

Table (4) : Free fatty acids (as a percent of total) of traditional and UF 
Edam cheese during ripening .   

Odd 
Number 

Fatty 
Acids 

Even 
Number 

fatty 
acids 

Total 
Unsat. 
fatty 
acids 

Total 
saturated 

fatty 
acids 

Long 
Chain 

Fatty 
Acids 

middle 
Chain 
Fatty 
Acids 

Short 
Chain 
Fatty 
Acids 

 Ripening جج
Period 
Months 

Treatments 

1.14 

0.59 

0.88 

2.34 

98.86 

99.41 

99.12 

97.66 

39.57 

40.95 

39.67 

36.25 

60.43 

59.05 

60.33 

63.75 

54.59 

56.58 

53.30 

49.76 

41.43 

40.41 

42.31 

43.96 

3.98 

3.01 

4.39 

6.28 

1 

Tradition Edam cheese 

 Uf Edam cheese  

UF Edam cheese with heat–shocked starte  

UF Edam cheese  with freeze-shocked starter  

0.67 

1.17 

1.21 

1.86 

99.33 

98.83 

98.79 

98.14 

34.02 

35.40 

33.83 

3.63 

65.98 

64.60 

66.17 

66.37 

48.22 

50.22 

48.24 

44.55 

44.45 

43.88 

46.76 

48.03 

7.33 

5.90 

7.0 

7.42 

2 

Tradition Edam cheese  

Uf Edam cheese  

UF Edam cheese with heat–shocked starte  

UF Edam cheese  with freeze-shocked starter  

0.18 

0.98 

0.81 

1.81 

99.82 

99.02 

99.19 

98.19 

36.21 

37.32 

36.56 

32.06 

63.79 

62.68 

63.44 

67.94 

94.89 

51.52 

48.28 

43.69 

38.19 

37.33 

39.01 

41.99 

11.92 

11.15 

12.88 

14.32 

3 

Tradition Edam cheese  

Uf Edam cheese  

UF Edam cheese with heat–shocked starte  

UF Edam cheese  with freeze-shocked starter  
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