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STATEMENT OF INTENT 

Tec��ological research may be considered to be of three different forms : 

1. Fundamental research. The objective is to increase the knowledge 

base fran which industry functions. Application of findings may 

take more than 10  years. 

2. Mission-orientated research. This 

objectives undertaken in specific areas. 

is research with specific 

Application of findings by 

industry may take between 1 and 10  years. 

3. Development research. This· entails the application and adaption of 

existing scientific knowledge. The target for utilizing industry is 

normally less than 1 year. 

In this thesis most of the work described falls into categories 2 and 3. 

Relatively little attention has been applied to more fundamental 

l"esearch. 
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ABSTRAcr 

Hal louni cheese is made in sane Middle Eastern countries fran 

sheep's and goat's milk. It is a hard , unripened white cheese that 

tastes l ike imnature Cheddar , and it has the capac ity to melt and 

stretch when heated. 

The present invest igation was undertaken to provide information on 

the manufacture of Halloumi cheese from fresh cow' s milk , to define a 

process for i ts manufacture from recanbined milk , and to examine the 

appl ication of ultrafiltration procedures to Halloumi manufacture. 

The first part of the research prograrrme was conducted in order to 

determine the optimal manufacturing conditions for making Hal loumi from 

fresh CON'S milk,  and to establ ish appropriate methods of measuring 

physical properties of the cheese ( stretchabil ity ,  meltabil ity and fat 

loss) . It was found that those manufacturing variables which altered 

the rate and extent of ac id development ( percentage of starter , priming , 

cooking temperature and time) had a marked effect on cheese phys ical 

properties. These variables could be al tered by the cheesemaker to 

optimize Halloumi properties. 

Prev ious reports indicated that Halloumi with des ired properties 

could not be made from recombined mil k. The second part of this thesis 

describes a study of the manufacture of Halloumi fran recombined milk 

( milk made by recombining skim milk poY.der with anhydrous milkfat) .  Two 

main reasons for this were considered , namely, the effect of 

homogenization treatment used in the recombining process , and the 

qual ity of the powder used. 

It was demonstrated that h igh homogenization pressures resulted in 

poor stretchabil i ty and meltabi l i ty of the cheese. In contrast lON 

pressure hanogeni zation gave cheese with satisfactory properties. A 

model based on the viscoelastic behaviour of polymer systens was 

described in an attempt to explain how the hatlOJenization treatments 

influence the stretching behaviour of the cheese network , and i t  was 

possible to verify the model in suitable experiments. 
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The preheat temperatures of the skim milk used in the manufac ture 

of skim milk po�ers were also shown to markedly affect the properties 

of the cheese. High preheat temperature resulted in reduced 

stretchabil ity and meltability of the cheese. It was l ikely that this 

was due to alteration of the mineral balance and to denaturation of whey 

proteins. The concentration of total sol ids prior to spray drying was 

shown to have no significant effect on the properties of the cheese. 

In the final part of the investigat ion , the appl ication of UF to 

the manufacture of Halloumi cheese was stud ied using fresh UF milk , and 

skim milk po�er prepared fran UF skim milk. When a 5 :  1 UF concentrate 

of fresh milk was used , sane mod iEication in the setting time and 

cutting dev ice was necessary. The quality of UF Halloumi was very 

similar to that of the control cheese. 

In considering the manufacture of Hallourni fran recombined milk 

using UF skim milk p0<M:1er, the e ffects on the cheese quality of 

variations in the ratio of prote in to fat ,  in the sol ids concentration 

of the recombined milk , and in the calc ium content of the UF skim milk 

po�er were investigated. Best results were obtained when the cheese 

was manufactured fran recombined m ilk with a low prote in-to- fat ratio. 

The use of low-calcium UF skim milk po�er , as opposed to high-calc ium 

powder , resulted in sane improvement in the quali ty of the cheese. 

Varying the concentration of the recombined milk sol ids had no 

significant effect on the cheese properties. 

The present investigation has demonstrated that good qual ity 

Halloumi cheese having the desirable typical stretchability and 

meltabi l i ty can be made not only fran fresh cow's milk , but also fran 

recombined and UF milks provided that appropriate materials and 

manufacturing procedures are used. 
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1- A RE.VIEW OF HALIDUH OiEESE 
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ol. 

1. 1 �oduct Characteristics 

Halloumi cheese is an �portant cheese in Cyprus and same parts of 

the Middle East. It is a hard, unripened product with a bright white 

colour and tastes like irrrnature Cheddar cheese. Halloumi should have 

good stretchability and meltability characteristics. 

Halloumi cheese may be consumed directly with bread or may be fried 

with oil. Sometimes it is used as a material for making a special 

dessert or sweet known as Kunafa. 

1. 2 Traditional Manufacture 

Traditionally Halloumi cheese is made from sheep's or goat's milk 

or from a mixture of both. The manufacture of Hallouni cheese from 

these starting materials has been described by Davis (1 976 ) and Scott 

(1 981 ).  Figure 1 gives an outline of the process described by these 

authors. 



Sheep or goat's milk (6% fat) 
Without heat treatment or sanetimes with low temperature 
treatment 

Add rennet at 30-34°C. Hold for 40 min. 

Cut curd into 2-4 em cubes. Stir gently and raise 
temperature to 38-42°C within 20 min. 

Allow curd to settle, then press curd by hand to bottom 
of vat. 

Drain off and retain the whey. Heat the whey to 80-90°C 
to precipitate the whey proteins. Filter. 

2 .  

Cut the curd into 10 kg blocks, place these on large cloths 
and press. Cut the curd fran the press into 10 x 15 x 5 em 
blocks. Place the blocks in boiling deproteinated whey for 
40- 80 min. 

Cool the blocks at rcxxn temperature for 10-20 min and 
sprinkle 5% salt onto the curd and hold for 4 h. After that 
place the curd in containers with 30% brine at rcxxn 
temperature. 

Figure 1. Manufacturing scheme for Halloumi cheese fran sheep's milk 



product CompOsition 
1.3 

3. 

Cheesemakers usually use the parameters, moisture in non-fat 

substance (MNFS) , fat in dry matter (FDM) and salt-in-moisture (S/M) for 

evaluating cheese composition. 

There is little data available on the chemical composition of 

Halloumi cheese. Anifantakis & Kominarides (1983) analysed different 

samples of Halloumi cheese purchased from Cyprus and also made and 

analysed some Halloumi from sheep's milk (see Table 1). 

These investigators found a very wide range of composition for 

their samples, especially for the Halloumi fran Cyprus. They attributed 

this variation in chemical composition to a lack of uniformity in milk 

composition and manufacturing procedure. 

They also compared the methods of manufacture of Halloumi from 

sheep's and cow's milk and the composition of the resultant cheeses. 

The canparison showed different fat contents in the sheep's and cow's 

milk but the same ratio of fat to protein was used. There was a 

different size of curd during cutting, 1 em for curd made from sheep's 

milk and 0. 5 em for curd from cow's milk. The sheep's milk was cooked 

at a lower temperature and for a shorter period of time than the cow's 

milk. 

On comparing the composition of cheese made from sheep's and cow's 

milk, Antifantakis & Kominarides (1983) found that the pressed curd from 

sheep's milk had a higher moisture, 51. 8% as against 50. 4%. The fat 

content in the whey from cow's milk was higher 0. 43% as against 0. 34%. 



Table 1. Published figures of the composition of Halloumi cheese made from sheep's milk 

Halloumi cheese made in pilot-scale Halloumi cheese from Cyprus markets2 
studiesl 

Camponents Mean Values Range 

Moisture (%) 42. 15 39. 04-43. 84 

MNFS3 (%) 58. 42 

FI:M (% ) 48. 09 46. 10-49. 99 

S/M3 (% ) 3. 42 

Protein (% ) 23. 71 21. 95-25. 02 

Soluble protein (% ) 0. 76 0. 64- 0. 89 

pH 5. 86 5. 30- 6. 10 

Data fram Anifantakis & Kominarides , 1983 • 

113 samples. 
217 samples. 
3Calculated fram the data. 

Standard Mean Values Range Standard 
deviation deviation 

1. 39 42. 53 35. 46-48. 56 3. 75 

57. 14 

1. 95 44. 52 37. 95-50. 48 3. 98 

8. 32 

1. 02 24. 46 20. 86-30. 45 2. 28 

1. 15 0. 83- 1. 55 1. 14 

0. 22 

.t> 
. 



2. OBJEcrIVE OF 'mE INVESflGATION 



5. 

There is a good market for Halloumi cheese in many countries of the 

Middle East. The objective of the first part of the present 

investigation was to produce this cheese type fran fresh CCfW'S milk. 

The New Zealand Dairy Board would then have the variety available for 

export. 

some countries in the Middle East would prefer to make their own 

cheese from recanbined milk rather than purchase the finished product. 

The objective of the second and third parts of the study was to develop 

a procedure for making Halloumi cheese fram recombined milk (milk powder 

+ anhydrous milkfat + water) based on experience gained from the first 

section of the investigation. 

A satisfactory product cannot be made from conventional skim milk 

pov.uer. This is because the cheese so made lacks the desired 

stretchability and meltability characteristics 

communication; O'Keeffe & Phelan, 19 83). 

(Gilles, private 



PARI' A 

HAU.oUlI QiEESE FR(M aM'S MILK* 

*Part of this work has been publ ished in the New Zealand Journal of 
Dairy Science and Technology, 22, 1 81-189 (1987). 



6. 

A-I INTROOOcrION 

Halloumi cheese is traditionally made fram sheep's or goat's milk, 

whereas the objective of the present work is to make the product fram 

cow' 5 milk. There is relatively little infounation describing the 

manufacture of Halloumi fran cow's milk. Anifantakis & Kominarides 

(1983) briefly described the conditions for making such Halloumi. Also 

Kristensen (1986) described a manufacturing scheme using cow's milk to 

which ovine lipase, 1-2% yoghurt cult�.n�e and rennet were added. To 

date, a detailed study of Halloumi manufacture fran cow's milk has not 

been reported and there is no infounation on how the process should be 

optimized. 

In the past, methods have been developed to make fram cow's milk a 

number of varieties of cheese traditionally produced fram sheep's or 

goat's milk. For example, Feta cheese can now be made fram cow's milk. 

The main problems lie with the colour and flavour of the product rather 

than with the manufacturing procedure. 

Given the experience in New Zealand in manufacturing a range of 

cheese types, the infounation available on Halloumi and the importance 

of the variety, it was decided to investigate the manufacture of 

Halloumi fram cow's milk under New Zealand conditions. 
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A-2 EXPERIMENTAL APPROAOI 

This study was confined to finding ways of manufacturing and of 

improving the composition and quality of Halloumi cheese. The following 

exper�ental plan was adopted. 

Development of a preliminary procedure for making cheese from cow's 

milk under New Zealand conditions. 

Development of procedures for testing the stretchability, 

meltability and fat loss characteristics of the cheese. 

Investigation of how variations in manufacturing procedures 

influence the quality of the final product (organoleptic, chemical 

composition and physical properties). 
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A-3 DEVELOPMENT OF PRELIMINARY PROCEOORE FOR MAKI� HALLOlMI 

OiEESE FRCM crMlS MILK UNDER NEW ZEALAND OONDITIOOS 

A-3. 1 Introduction 

8. 

The objective of this study was to start with COWlS milk and make 

Halloumi that possessed the main characteristics of the cheese variety 

using a manufacturing scheme based on that shown in Fig. 1. In same of 

the trials, attempts were made to use brine salting rather than dry 

salting as the former process is much simpler on a camnercial scale. 

Experience at the New Zealand Dairy Research Institute suggests dry 

salting is not essential. 

The main characteristics of Halloumi are that it should stretch and 

melt on heating. Traditionally the folding test is used to assess the 

stretchability of the cheese after heating. 

Camp:::>sition is also imp:::>rtant. The target adopted here was that 

the product lay within the specification rep:::>rted in Table 1. 

A-3. 2 Exper�ntal 

Twenty-four vats of Halloumi cheese were manufactured in this 

section of the study (22 vats with starter and two without starter) . 

A-3. 2. 1 Milk supply 

Whole milk was obtained fran the Manawatu Co-operative Dairy 

Canpany. The milk (about 50-100 1, depending on the trial) was then 

pasteurized at 72°C/IS s (Alfa-Laval plate heat exchanger with capacity 

of 2500 kg/h) and standardized to the required casein to fat ratio using 

pasteurized skim milk. The resultant standardized milk was cooled to 

33-34°C. 
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A-3. 2. 2 Cheesernak ing 

The method used for manufacturing Halloumi was a manual procedure 

based on that described in Fig. 1, except for the differences mentioned 

below. 

1. Standardized cow's milk was used for cheesemaking. 

2. After coagulation, curd was cut into 0. 5 em cubes. 

3. In same of the trials the curd was dry stirred. 

4. Small hoops (about 10 kg cheese) were used. 

5. For pressing, a vertical pneumatic press was used. 

6. The curd was pressed for one hour (15 min at 70 kPa, 15 min at 140 

kPa and 30 min at 210 kPa). 

7. The curd fram the press was cut into 10 x 15 x 3 em blocks. 

a Attempts were made to use brine salting rather than dry salting in 

same of the trials. 

9. The cheeses were packed in polythene bags and stored at 8°C. 

A-3. 3 Analytical Procedures 

A-3. 3. 1 Sample preparation 

A block of cheese (0. 4-0. 8 kg) of at least two weeks of age was 

finely grated, mixed thoroughly to secure a representative sample and 

stored in screw-cap polyethylene bottles in a refrigerator at 4°C. 

A-3. 3. 2 Chemical analyses 

The cheese samples were analysed for moisture content, fat content 

and pH. Details of the methods are given in Table A. 5. 

A-3. 3. 3 Phys ical prOperties 

A-3. 3. 3. 1  Folding test. Folding the curd is an important step of 

Halloumi cheesemaking. A curd piece of nonnal size is folded manually 

after heating in hot whey. If the curd stretches properly it should 

have a smooth fibrous, unbroken surface. If stretching is inadequate 

the resultant cheese will be cracked after folding. 
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A-3. 4 Results and Discussion 

A-3. 4. 1 Manufact�e without starte� 

In the first trial (data is not reported), cheese was made without 

starter. Pasteurized milk was set with rennet at the rate of 16 mlilOO 

1 of milk at 33°C. After 60 min the curd was cut with 0. 5 em knives and 

the vat contents then heated to 37°C for 20 min. The pH of the curd 

during processing was high and stretchability of the curd was poor. 

Clearly, the low bacterial count in pasteurized milk is not sufficient 

to bring about the correct ripening of the curd. Therefore in future 

trials starter was added. 

A-3. 4. 2 Manufactu�e with starter 

Data for all these trials are sl..lIIDlarized in two tables: 

manufacturing data are presented in Table A. l and the chemical 

composition of cheese in Table A. 2. 

In trial I, 2% starter was used (Streptococcus cremoris 5 84 and 

134), the casein to fat ratio was 1. 2 and the resultant cheese was 

salted by soaking in brine (20%) for 24 h at 8°C. This cheese was found 

to be very hard. The hardness suggested excessive moisture loss and 

hence in future trials the concentration of salt in the brine was 

reduced to 10%. 

In trials 2-8 a single strain starter (Streptococcus cremoris 5 84) 

was used in an attempt to reduce the final pH of the cheese. The 

percentage starter added was varied. These trials showed that the pH of 

the cheese could be altered by changing the percentage starter added to 

milk. Provided the casein to fat ratio was adjusted to an appropriate 

value the FDM was in a suitable range (should be about 40-50% according 

to Antifantakis & Kominarides, 1983). However, the MNFS of all these 

cheeses were too high. 

In trials 9 and 10 a multi-strain starter (Streptococcus 

thermophilus and Lactobacillus bulgaricus) was used; this did not help 

to reduce any of the manufacturing problems. 

Trials 11 to 16, a larger addition of the starter than had been 

tried before (trial 1) was used. This gave the pH in the correct range 

but the MNFS was still high. 
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Table A. 1. Manufacturing data for 22 trials of Hal10umi cheese made from cow's 
milk 

Manufacturing steps 

AmoUnt of milk (kg) 

casein to fat ratio 
(C/F) 

1 

00 

1.2 

2 

00 

0.8 

3 4 

00 00 

1.0 0.8 

5 6 

00 00 

0.8 O. 7 

7 

55 

1.7 

8 
Trials 

9 10 

55 45 45 

1.0 1.3 1.0 

Amount of starter 
(kg) 2.0 1.0 2.0 1.0 O. 5 0.75 O. 9 O. 9 O. 9 O. 9 

Type of starter * 

Amount of rennet added 
(m1) 13 

Time of setting (min) 60 

Temperature of cooking 
(OC) 37 

Dry stirring No 

Dry sal ting � 

Time of salting 

Percentage of salt in 
brine (%) 

24 

20 

*, S. cremoris 584, 134. 
**, S. cremoris 584; 

** 

13 

60 

37 

No 

24 

10 

***, 1; bulgaricus +�. thermophilus 

** ** 

13 13 

60 60 

37 37 

No No 

No No 

24 24 

10 10 

** ** ** 

13 13 9 

60 60 60 

37 37 37 

No No No 

No No � 

24 24 24 

10 10 10 

** *** *** 

9 7 7 

60 60 60 

37 37 37 

No No No 

No No No 

24 24 24 

10 10 10 

·1 

11 12 13 14 

45 45 45 45 

1.1 0.9 1.1 0.9 

2. 2 2. 2 1. 6 2. 2 
* * * 

7 7 7 7 
60 60 60 60 

37 37 37 37 

NO No No No 

No No No No 

24 24 24 24 

10 10 10 10 

15 

45 

1.1 

16 17 

45 45 

18 

45 

O. 9 0.9 0.9 

19 

45 

0.8 

20 21 22 

45 45 45 

0.8 0.8 0.8 

3. 3 3. 3 3. 3 3. 1 3. 1 3. 1 3.1 3.1 
* * 

7 

60 

37 

No 

No 

24 

10 

7 

60 40 

7 

40 

37 40 37 

No Ib No 

No tb No 

24 24 24 

10 ]0 10 

7 

40 

37 

No 

No 

24 

10 

* * 

7 7 7 
40 40 40 

37 37 37 
Yes Yes No 

No Yes Yes 

24 3 3 

10 10 10 



Table A. 2. COmposition and folding of cheese made from fresh cow's milk 

Composition Trii'ls 1 2 3 4 5 6 1 B I " 12 13 14 15 16 17 18 19 20 21 22 9 10 ...... 

MNFS (%) 66.1 69.5 62.5 71.3 65.2 6& 3 69.1 71.4 I 170•1 70.1 64.6 70.2 6& 3 70.1 6& 3 67.0 68. 8 65.2 55.3 57.9 
FI:M 45.4 52.2 41.5 50.9 30. 7 41.2 36.5 40.6 I 3& 2 44.9 39.2 45.5 3& 1 41. B 46.5 44.8 50.4 48. 5 47.2 4& 8 I 

pH 5.2 5.5 5.8 5. 7 5.7 5.8 6.2 6.1 5.4 5.7 5.7 5.6 5.3 5.3 5.9 5.3 5.5 5.4 5.8 5. 7 
Folding Yes Yes Yes Yes Yes Yes Cracked Cracked Yes yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

l 
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In trial 17 the tline between cutting and setting was reduced to 40 

min in an attempt to encourage moisture expulsion. The temperature of 

cooking was raised to 40°C. However, this cook temperature inhibited 

the starter and hence the pH was high (pH 5. 9). 

In trials 18-19 the 40 min between setting and cutting was retained 

but the cook temperature was reduced to 37°C. This gave the appropriate 

pH but the MNFS was still too high. 

Trial 20 was carried out using the same procedure as in trial 19 

but dry stirring was used during processing to reduce the MNFS. The dry 

stirring reduced the MNFS by about three percentage points but further 

moisture expulsion methods were required since the MNFS value was still 

unacceptable. 

In the last trials, i. e. 21-22, dry salting for 16-18 h was used 

and the tline of soaking in brine reduced to 3 h. Using this procedure 

the final MNFS of the cheese was 55. 29% in trial 21 and 57. 89% in trial 

22. 

In total, these trials demonstrated a procedure for making 

Halloumi with a canposition in the middle of the range reported by 

Anifantakis & Kominarides (19 83). 

A more detailed study of the physical characteristics of the 

cheeses was not attempted because the trials were only of a prellininary 

nature. 

A-3. 5 Conclusion 

Halloumi cheese was made fran cow's milk under New Zealand 

conditions. Trials were made in which different factors (casein to fat 

ratio, percentage starter, type of starter, tline of setting, cooking 

temperature, dry stirring, dry salting and different percent of salt in 

brine) were altered to reach the desirable properties of the cheese. 

Most of the cheeses fran the trial were high in MNFS but when the 

cheese was made with dry stirring and dry salting during processing, the 

correct MNFS was obtained. 



A-4 DEVEIDFMENr OF S'I'RE'I'OiABILITY, MELTABILITY AND FAT LOSS TESTS 

A- 4. 1 Intl!oouction 

14 . 

various physical properties play an �portant role in detennining 

the quality of cheese. One such physical p�operty is textu�e. However, 

textu�al measu�ements of cheese a�e complicated. To detennine textu�e 

the finished p�oduct is usually evaluated subjectively. 

Textu�al prope�ties depend on the procedure used to make the cheese 

and diffe� from variety to variety. Different crite�ia are used to 

. evaluate diffe�ent cheeses. For example, hardness, chewiness and 

adhesiveness fo� Chedda� cheese, melting and stretching for Mozza�ella 

cheese and melting alone for p�ocessed cheese. As far as Hallouni 

cheese is concerned, it is the stretchability, meltability and fat loss 

characte�istics that are important, especially when the proouct is 

incorporated into a more complicated focxl system such as a Kunafa. 

A-4. 1. 1 Stretching 

Stretching characteristics have been measured in different types of 

cheese. All the early workers studying the stretching properties of 

cheese used subjective methoos. Kosikowski & Silverman (1951) , and 

Kosikowski (1951) , evaluated the stretching of processed Mozzarella and 

traditional Mozzarella cheeses by using cubes of cheese and placing them 

in a water bath at 74°C for 5 min. After that the cubes were moulded 

together between the fingers into an amalgamated mass and stretched. A 

s�ilar technique for determining stretching properties was used when 

Covacevich (1975) , tested the stretching of Mozzarella cheese made fram 

ultrafiltered milk. 

Gupta (1971) determined the elastic properties of Cheddar and Gouda 

cheese by measuring the length of melted cheese which is wrapped around 

a steel roo. 

Yang & Taranto (19 82) used the Weissenberg test for determining the 

stretchability of Mozzarella cheese analogues made fram soy protein 

products. In this test, a roo is placed in a sample of melted cheese 
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(heated to 80°C in a water bath) and then turned a fixed nunber of 

revolutions. The final height reached by the melted cheese on the rod 

is a measure of stretchability. 

A-4. 1. 2 Melting 

A large variety of methods are available for the evaluation of 

mel ting properties in cheese. Arnott et ale (1957 ) determined the 

melting quality of processed cheese by using a standard cylinder of 

cheese and heating it to 100°C for 15 min, allowing it to stand at room 

temperature for 15 min and then placing it in a refrigerator at 7. 5°C. 

Melting was expressed as a percentage decrease in cylinder height after 

this heat treabment. 

Olsen & Price (1958 ) used a different method to determine the 

mel ting properties of pasteurized processed cheese. The sample was 

placed in a pyrex glass tube, one end of which was closed. The tube was 

placed in an oven at 110°C for 8 min and the distance the melted cheese 

had flowed along the tube was measured. 

G.lpta et al. (1 984 ) used a similar technique to determine the 

melting characteristics of canrnercial and experimental processed 

cheeses, but used a water bath held at 92°C for heating. Another method 

for determining the melting properties of Cheddar cheese is that of Weik 

et ale (1958 ) .  A cylinder of cheese was placed in a test tube and 

heated in a water bath at 8Q°C. The time required for the sample to 

melt was recorded. Harvey et ale (1982 ) described another melting 

method for processed Cheddar cheese. A piece of cheese (known 

dimensions) was heated in a petri dish for 6 min in an electric oven at 

139°C. The melting value was calculated as the difference between the 

average area before and after melting of the cheese. 

Gupta (1971) used a different method to determine the melting 

properties of Cheddar and Gouda cheeses. A slice of cheese was placed in 

an aluminium dish and heated for 4 min over boiling water. The 

meltability was calculated as the percentage increase in the area of the 

sample after heating. 

A-4. 1. 3 Fat loss 

A study of the fat leakage of pizza cheese during baking was made 
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by Breene et ale ( 1 96 4 ) .  A slice of cheese was placed on filter paper 

and held for 5 min in an air-circulation oven at 110°C. The total area 

covered by melted fat was measured. 

In another study, Fernandez & Kosikowski ( 1 986 )  used a similar 

technique to measure the fat leakage properties of low moisture 

Mozzarella cheese fran ultrafiltered milk, but used 10  min time for 

heating. 

A-4. 2 Testing Procedures Selected 

The objective methods developed for measuring stretching and 

melting in a number of cheese types may not be applicable to Hallourni 

since the texture and the ingredients of Hallot.n1li are different. For 

example, a product with good flowability during heating is needed in the 

Weissenberg test. The flowability of Halloumi cheese would be expected 

to be insufficient to allow the use of this test. 

Hallourni has a higher solids content and is more rigid. 

This is because 

Dry heating is used for determining the melting properties of 

processed cheese. However, this procedure is not appl icable for use 

with cheeses like Halloumi as surface drying of the sample occurs during 

heating. 

The . filter paper method for measuring the fat loss appears to be 

the only method in the literature. As far as Halloumi is concerned, fat 

loss is probably easier to measure accurately and objectively by 

determining the fat loss during the melting test by standard analytical 

methods. 

The details of the methods developed are as follows. 

A- 4. 2. 1 Stretchability test 

The method was based on the testing of dough stretchability in 

bakery products (Faridi, 1 985 ) .  The stretchability measurements were 

done by an Instron Food Testing Instrument (Instron Limited, High 

Wycombe Bucks HP 1 235Y Model 1 1 40 ) .  The Instron was fitted with 5 kg 

load cell and was operated with a cross head speed of 20 an/min and 

chart speed of 20 cm/min. 
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Cheese was cut into pieces with dimensions 10 x 2 x 1. 5 em and 

placed in a plastic bag to prevent any losses of moisture. A special 

pl astic plate (10 x 10 x 1 am )  was made for the test, two clips and four 

needles were used to fix the cheese over a 4 x 4 am opening in the plate 

during testing. A stainless steel hook of 6 am length was fixed in the 

crOSS head to pull the heated cheese (see Fig. A.. 1). A piece of cheese 

was placed on the plate and heated at 85°C for 4. 5 min using a water 

bath. After heating, 1 min was allowed to fix the plate on the Instron 

machine. The stretchability was calculated as the total length in 

centimetres of the sample before breaking. The Instron measurements were 

carried out with an ambient temperature of 20°C. 

A-4. 2. 2 Meltability test 

The method was based on the procedure of Gupta (1971). A cubic 

sample of Halloumi cheese (2 · x 2 x 2 am) was placed in an aluminium 

dish. The dish was covered with cellophane and a lid to ensure a 

saturated abmosphere in the dish during heating. The dish was held in a 

boiling water bath for 25 min. After cooling, the melted cheese was 

lifted fram the dish and placed on graph paper. The area of the melted 

cheese was traced with a pencil. Meltability was reported as the 

percentage increase in area after heating. 

A-4. 2. 3 Fat loss test 

The fat leaking fram a known weight of cheese during melting was 

dissolved in hexane and transferred to a separation flask to wash the 

solution with distilled water and remove any particles from the solvent. 

The solvent was decanted into the preweighed flask, then evaporated 

in a water bath and the flask was heated in the oven for 1 h at 105°C. 

The fat loss was expressed as grams of fat per 100 gram of cheese. 



Figure A.l. Instron Food Testing Instrument for stretchability test. 
1. Cross h ead 

4. Clips 

18. 
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A-5 'IRE EFFECI' OF VARIATlOOS IN MANUFACI'URI� PRCX::EOORES ON 

'!HE CXJ.1POSITION AND QUALITY OF HAI..L(){NI CliEESE 

A-5. l Introduction 

19 . 

In the previous section of this investigation, a procedure for 

making Halloumi with most of the desired product characteristics was 

devised. However, the influence that the various manufacturing steps 

have on the composition, physical properties and sensory characteristics 

of the product is incompletely understood. 

Many manufacturing variables are known to influence cheese quality. 

Some of these factors provide a suitable means of controlling certain 

characteristics of the product (van Slyke & Price, 1979) since they 

may be altered relatively simply in commercial situations. 

In the present study, the influence of such manufacturing variables 

on properties of Hallouni cheese was investigated. The relationship 

between the chemical composition and cheese quality was also studied. 

A-5. 2 Experimental Plan 

There are a number of variables that may be modified relatively 

simply to alter cheese properties. These variables were studied at two 

levels in 12 trials carried out in random order using a plackett and 

Burman design (Isaacson, 1 970) (Table A. 3 shows the details). The 

composition, physical characteristics and sensory properties of the 

cheeses were then measured. 

A-5. 3 Experimental 

Twelve vats of Hallouni cheese were manufactured during the 1 984/85 

dairying season. 
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Table A. 3. Plackett-Burman Design Matrix for 12 exper linents of manufacturing Halloumi cheese 

Starter Prlining 
Runs C/F ( % )  (min) 

1 0. 7 2. 5 60 

2 0. 7 1. 5 0 

3 0. 9 1. 5 60 

4 0. 9 1. 5 60 

5 0. 9 1. 5 0 

6 0. 7 2. 5 60 

7 0. 7 1. 5 60 

8 0. 7 2. 5 0 

9 0. 9 2. 5 60 

10 0. 7 1. 5 0 

11 0. 9 2. 5 0 

12 0. 9 2. 5 0 

*D-mrnY factor to complete the design. 

():X)king Ccx?king J?ry . pre1?sing Heatin� He�ting n..umny* temperature tlffie stlrnng tlffie tempera ure tlffie 
( °C)  (min) (min) ( °C)  (min) 

39 0 None 60 95 20 

37 0 None 60 85 20 

39 20 None 60 85 40 

39 0 Yes 90 95 20 

37 20 None 90 95 20 

37 20 Yes 90 85 20 

37 20 Yes 60 95 40 

39 20 None 90 95 40 

37 0 None 90 85 40 

39 0 Yes 90 85 40 

39 20 Yes 60 85 20 

37 0 Yes 60 95 40 

---------------- --- - --- ----_ ._------ ------. _ - - .-- - _ .  

K 

1 

0 

0 

0 

1 

0 

1 

0 

1 

1 

1 

0 

D..nnmy* 
L 

1 

0 

1 

0 

1 

1 

0 

0 

0 

1 

0 

1 

IV 
0 
. 
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A-5. 3. 1 Milk sUpply 

The milk was obtained the same as described in A-3. 3. 

A-5. 3. 2 Cheesemaking 

Cheese was made fran 50-60 1 of standardized milk in 100 1 , vats. 

The manufacturing procedures were in accord�,ce with commercial practice 

and the conditions were kept as constant as possible. The same type of 

starter was used in all the trials (S. cremoris 5 84 and 1 3 4  in 1 : 1  

ratio) . The manufacturing procedure used is shown in Fig. A. 2. 

A-5. 4 Analytical Procedu:t!'es 

A-5. 4. 1 Chemical analysis of milk. The milk was analysed for 

total solids, fat, total nitrogen, casein, calcium and phosphate. 

Details of all these methods are given in Table A. 4. 

A-5. 4. 2 Chemical analysis of cheese. Samples of cheese were 

prepared in the same manner as described in A-3. 3. 1. The cheese was 

analysed for moisture, fat, total nitrogen, salt, pH, calcium and 

phosphate. Details of all these methods are given in Table A. 5. 
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Pasteurize milk a�d cool to 33°C 
I 

Sta�dardize milk 

Inoculate milJ with starter* 

I 
Pri me if required* 

I 
Add re��et 

I 
Cut curd (0. 5 � )  40 mi� after re��et additio� I 

I�crease temperature up to target temperat�re* 
withi� 20 mi� and stir for a�other 20 mi�* at 
target temperat�re if required 

I 
Drai� whey a�d tra�sfer 
curd to the hoops 

the 

I Dry stirring if required \ 

22 . 

Press the curd for target time* Heat the whey to 85-95°C 
I (15 mi� at 70 kPa, 15 mi� at 140 kPa 

and the remai�der at 210 kPa ) Remove precipitated whey 
protei� by filtration 
through cheese cloth 

CUt the 
of 10 x 

I 
pressed curd 
15 x 3 ani into pieces 

Tra�sfer the curd pieces to heated 
deproteinated whey at target 
temperature* " 

Cook the curd pieces i� deprotei�ated whey 
for required time* 

I 
Fold the curd pieces le�gthwise and hold for one 
hour at ambie�t temperature 

I 
Add salt and keep the curd pieces overnight at 

I 
Next day, put in brine (10% ) for 3 h at 8°C 
Drain for one hour 

I 
Pack in plastic bags and store at 4-8°C for 
two weeks 

*see Table � 3  for the levels studied. 

Figure � 2. Manufacturing scheme for Halloumi cheese from cow's milk 
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Table A. 4. Chemical methods for anlaysis of milk 

Particulars 

Total sol ids 

Fat 

Total nitrogen 

Calcium 

Phosphate 

Method 

NZDr:M 
1. 12a 

NZDCM 
Babcock 

NZDr:M 
1. 11a 
Kjeldhal 

NZDr:M 
1. 2. la 

Phosphanolybdate 

Re ference 

FIL-IDF 
21-1 96 2  

FIL-IDF 
20-1 962 

Pearce ( 1 977 ) 

Chen et al. ( 1 956 ) 

princ iple of method 

Sample is dried in oven for 
5 h at 103°C 

A we ighedsample is catalyt ically 
d igested with sulphuric acid , 
converting the organic n itrogen 
into ammoniacal nitrogen. The 
ammonia is released by the 
addition of sod ium hydroxide , 
d istilled and absorbed in boric 
acid and then titrated 

A sodium hydroxide/EDTA 
solution of the sample is back 
titrated with standard calcium 
solution using Patton and Reeder ' s  
indicator ( pH greater than 1 3. 1 )  

Phosphate and ammonium molybdate 
react in ac id solution to foun 
phosphomolybdate complex , which is 
reduced to intensi fy blue complex 
by acid. Max imum absorbance at 
660 nm is proport ional ,to amount 
of phosphate present. 

N 
W 
. 
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Table � 5. Chemical methods for anlaysis of cheese 

Particulars 

Moisture 

Fat 

Salt 

Total nitrogen 

Method 

NZOCM 
4. 4. 3. 0 
Gr av ime tr ic 

NZDI:M 
4. 1. la 
Schmidt-Bonzynski 
Ratzlaff 

NZDI:M 
4. 7. 1a 
Vol hard 

NZDI:M 
1. 11. 1 9  
Semi-micro 
Kjeldahl 

Reference 

FIL-IDF 
5A-1 96 9  
8S. 770-1 976 

FIL-IDF 
17A-1 97 2  

FIL-I DF 
20- 1 962 

Pr inc iple of method 

Sample is dried in oven at 105°C for 
16 h 

Fat is extracted from an HCl 
d igest of the sample with 
ethyl ether and petroleum 
ether. The solvents evaporated 
and the residue we ighed 

organic matter in the sample 
is destroyed using nitric acid 
and potass ium permanganate. 
The l iberated sal t is determined 
by silver nitrate/ammonium 
thiocyanate titration. 

Method is same as for milk. 
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Table A.. S ( cont) 

Particulars 

pH 

Calc ill1\ 

Phosphate 

Method 

NZDr:M 
4. S. la 

NZDr:M 
4. 4. 8. I 

Phosphomolybdate 

Reference 

Pearce 
( 1 977 ) 

Princ iple of method 

Direct read ing utilizing 
the EMF between a glass 
electrode and a reference 
electrode us ing a pH meter. 

Sample is d issolved in HCl and 
d iluted with water. NaOH is 
added and titrated against 
EDTA using Patton and Reeder' s 
ind icator. 

Method is same as for milk. 

N 
U1 . 
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A-5. 4. 3  Physical measurements 

stretchabil ity , meltability and fat loss measurements were carried 

out as described previously ( A-4 ) .  

A-5. 4. 4 Sensory evaluation 

A sensory panel was used. The cheeses were carefully graded by 

f ive judges exper ienced in dairy products assessment. Scores were given 

for appearance , texture and flavour by using the scoring system in Fig. 

A. 3. 

Each panel ist was required to score : 

1. A block of  uncooked cheese for colom' , surface appearance , 

texture o f  cut surface , elasticity ( assessed ) and flavour 

( sourness , saltiness and clean flavour) .  

2. A cube of cooked cheese* ( 2 an length) for tenderness by 

mouthfee1. 

3. A block of  cooked cheese* ( 2  x 1 . 5 x 10 an) for stretchiness 

( assessed ) • 

*Samples of  cheese were cooked by heating at 85°C for 4. 5 min in a water 

bath. 



i i 

l 

2 7 .  

HAI..I1XNI OiEESE TASTF.pANEL 

please objectively judge 
the appropriate score. 

the appearance , texture and flavour by c ircl ing 

Sam12le No. 

Uncooked Cheese 

�f?8arance 

White 1 2 3 4 5 Yel low 

Dull 1 2 3 4 5 very glossy 

Texture 

Close 1 2 3 4 5 Open 

Not elastic 1 2 3 4 5 Very elastic 

Flavour 

Not sour 1 2 3 4 5 Very sour 

Not salty 1 2 3 4 5 very salty 

No unclean Strong unclean 
flavour 1 2 3 4 5 flavour 

Cooked Cheese 

Texture 

very tough 1 2 3 4 5 Very tender 

No stretch 1 2 3 4 5 Great stretch 

CCMMENTS 

F igure A. 3. Questionnaire used to evaluate Halloumi cheese samples 



5 5 Results and Discussion 
A- • 

A-5. 5. l M ilk composition and cheesemaking 

2 8 .  

The canposition o f  the milk used in the 1 2  trials was typical of 

that for milk produced during the major part of the dairy season ( see 

Table A. 6 ) .  

As expected , when the fat content of the milk was decreased during 

standard ization , the total solids of the milk was also decreased while 

the case in to fat ratio was increased. 

The details of cheesemaking are presented in Table A. 7. This table 

shoWS how the rate and extent of acid development varied in the 

different trials. On average , the titratable acid ity of the whey after 

cutting the gel was 0. 12% with priming , while it was 0. 10% without 

pr1ffilng. The average of titratable acidity after draining the whey was 

0. 1 3% w i th pr iming and 0. 11%  without priming. The moisture content of 

the dry stirred curd before press was about 42% and about 50% at the 

manufactur ing stage with no dry stirring. The moisture content of all  

the cheeses after heating in the whey , but be fore salting , was in the 

region of 40%. The heat ing operation expelled the add itional moisture 

in the curd that was not dry stirred. 
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Table A. 6. Composition for 12 runs of fresh COW l S  milk 

Composition Tt" ials 
1 2 3 4 5 6 

TS ( % )  1 1. 9 12. 0 1 1. 3 11 . 5 1 1. 1 11 . 5 

Casein ( % )  2. 5 2. 5 2. 6 2. 6 2. 6 2. 5 

Fat ( % )  3. 4 3. 4 2. 7 2. 8 2. 7 3. 4 

Calcium 
( rrM/kg ) 32. 1 31. 6 31. 1 31. 3 30. 0 31. 0 

Phosphate 
( rrM/kg ) 1 9. 8 1 9. 6  20. 0 1 9. 6  1 8.  7 1 9. 0  

7 8 9 

12. 0 1 1. 7 11 . 6 

2. 5 2. 5 2. 7 

3. 4 3. 0 3. 3 

30. 6 30. 4 2 9. 8 

1 9. 5  1 9. 9 20. 4 

10 11 

1 l. 8 1 l. 2 

2. 7 2. 6 

2. 8 2. 9 

27. 2 2 9. 5 

20. 8 20. 2 

12  

1 l. 4 

2. 7 

3 1. 3 

20. 9 

N 
\.0 
. 
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Table A. 7. Manufacturing data for 12 trials of Halloumi cheese made from fresh cow' s m i l k  

Manufacturing Steps Trials 
1 2 3 4 5 6 7 8 

Amount of milk ( 1 ) 50 50 50 50 50 55. 6 55 55 

Ac id ity of milk ( % )  0. 1 4  0. 1 4  0. 1 4  0. 15  0. 1 4  0. 1 4  0. 1 4  0. 1 4  

Amount o f  starter ( kg )  1. 25 O. 75 0. 75 0. 75 0. 75 1 . 3 9  0. 83 1. 3 8  

Ac idity o f  starter ( % )  0. 7 4  0. 6 3  0. 7 4  0. 6 4  0. 67 0. 75  0. 6 4  0. 6 9  

Time of starter added 10. 20 10. 10 10. 05 10. 35 9. 35  9. 30 10. 20 10. 05  

Amount of rennet ( ml )  9 9 9 9 9 10 9. 9 9. 9 

Time of rennet added 11. 20 10. 10 1 1. 05 11 . 35 9. 35 10. 30 11. 20 10. 05  
Ac id ity of  milk  before add ing 

rennet( % )  0. 17 0. 15  0. 16 0. 16 0. 15 0. 1 8  0. 16 0. 15  

Time curd cut 1 2. 00 10. 50 11. 45 1 2. 15  10. 15 1 1. 10 1 2. 00 10. 45 

Ac idity of whey after cutting ( % )  0. 125 0. 105 0. 1l0  0. 1 1 5  0. 10 0. 13  0. 1l5  0. 110  

Time of cooking started 12. 05  10. 55 1 1. 50 12. 20 10. 20 11. 15 1 2. 05 10. 50 

Time of cooking finished 12. 25 1l. 15  12. 30 1 2. 40 1 1. 00 1 1. 55 1 2. 45 1 1. 30 

Cooking temperature ( OC )  3 9  37 3 9  3 9  37 37 37 3 9  

Time o f  drained whey 12. 35 11 . 25 12. 40 1 2. 50 11 . 10 1 2. 05 12. 55 1 1 . 40 

Dry stirring None None None Yes None Yes Yes None 

Ac id ity of whey at draining ( % ) 0. 130 0. 1 10 0. 120 0. 120 0. 1l0 0. 16 0. 1 l7 0. 115  

T ime of pressing started 1 2. 50 1l. 40 1 2. 55 13. 05  11. 25 1 2. 20 1 3. 10 1 1 . 55 

Time of pressing f inished 13. 50 12. 40 1 3. 55 1 4. 35 1 2. 55 13. 50 1 4. 10 13. 25 

9 10 

55 5 8  

0. 1 4  0. 1 4  

1. 3 8  O .  87 

0. 65 0. 67 

9. 40 9. 45 

9. 9 10. 5 

10. 40 9. 45 

0. 17 0. 15  

11. 20 10. 2 5  

0. 1 25 0. 0 95 

11 . 25 10. 30 

11 . 45 10. 50 

37 3 9  

1l . 55 1l. 00 

None Yes 

0. 1 4  0. 105 
12. 10 1 1. 15 
13. 40 12. 45 

-. .�- � - � .. --.-

1 1  1 2  

5 5  5 5  

0. 1 4  0. 1 4  

1 . 3 8  1. 3 8  

0. 71 0. 65 

9. 40 9. 40 

9. 9 9. 9 

9. 40 9. 40 

0. 17 0. 15  

10. 20 10. 20 

0. 110 0. 105 

10. 25 10. 25 

11 . 05 10. 45 

39  37 

1 l . 15  10. 55 

Yes Yes 

0. 125 0. 1 1 2  Lv 
1l. 30 1l. 10 0 

. 

1 2. 30 12. 10 
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Table A. 7 ( contd ) 

Manufacturing steps 

weight of cheese before pressing ( kg )  

Weight o f  cheese after pressing ( kg )  

Percent of whey lost during pressing 
( % )  

Time of heating started 

Time of heating finished 

Temperature of whey ( Oe) 

1 

8. 60 

5. 65 

3 4. 3 

13. 55 

1 4. 1 5  

95 

2 3 4 

9. 60 8. 10 6. 10 

6. 25 5. 15  4. 80 9 

3 4. 9 36. 4 21. 3 

1 2. 45 1 4. 00 1 4. 40 

13. 05 1 4. 40 15. 00 

85 85 95 

5 

8. 00 

5. 3 4  

33. 3 

1 3. 00 

13. 20 

95 

Trials 
6 7 8 9 

7. 40 7. 70 9. 00 9. 50 

5. 65 5. 92 6. 16 6. 26 

2 3. 6 23. 12  31. 56 3 4. 1 1  

1 3. 55 1 4. 15  1 3. 30 1 3. 45 

1 4. 15 1 4. 55 1 4. 10 1 4. 25 

85 95 95 85 

10 11 

7. 95 6. 8 

6. 025 5. 22 

2 4. 21  23. 2 4  

1 2. 50 1 2. 35 

13. 30 1 2. 55 

85 85 

1 2  

7. 8 

5. 95 

23. 72 

1 2. 15 

1 2. 55 

95 

w 
� 
. 



A-5. 5. 2 Effect of the selected manufacturing v�iables on the 
chemical composition of the cheese 

32 . 

To evaluate the effect of treabment level on the chemical 

canposition of Halloumi cheese , the mean values of the experimental 

results fo-r- each level were calculated as shown in Table A. 8. The 

t-value was calculated to indicate whethe-r- there was a s ignificant 

correlation between treabment and response ( chemical compos ition ) . The 

data from the latte-r- analysis a-r-e presented in Table A. 9. 

The effect of manufactu-r- ing va-r-iables on each components pa-r-ameter 

was considered as follows. 

A-5. 5. 2. l The moistu-r-e in the non-fat substance ( MNFS) . Table A. 9 

shows three variables s ignificantly affected the MNFS level in the 

cheese , namely the case in to fat rat io ( C/F ) , priming and the whey 

heating temperature. 

The increase in MNFS with dec-r-ease in C/F rat io and v ice versa 

would be expected on the basis of experience with other cheese 

variables. As the C/F ratio is decreased , more fat is present in the 

curd. 

The presence of fat in the cheese appears to l imit the protein­

protein interactions that are responsible for syneresis. Hence with a 

f ixed manufactu-r-ing reg ime , as the FI:M increases so does the MNFS 

( Lel ievre , 1 983 ) .  

The MNFS was found to increase s igni ficantly when p-r-iming was used. 

Th is agrees w i th the observation of C-r-eamer et al. , 1 985 , in their 

investigation of Cheddar cheesemaking. The mechanism by which prim ing or 

ac id if ication influences the MNFS is unce-r-tain. The hydration of the 

casein micelles i n  renneted milk increases until the pH reaches about 

5 . 2 and then dec-r-eases ( Creamer, 1 985 ) .  The same effect could possibly 

occur in Halloumi cheese and would explain the observed results. 

Table A. 8 shows that as the whey heating temperature increased so 

d id the MNFS content in cheese. Heat i s  generally associated w i th the 

removal of wate-r- f-r-an cheese at lower temperatures. Moreover , the 
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Table A. 8. Mean values of the composition of Halloumi cheese ( responses)  for the d i f ferent manufactur ing 
treabments ( variables ) 

Manufactur ing Level MNFS FCM S/M Calcium Ca1cium/SNFNS Phosphate Phosphate/SNFS 
treabment ( % )  ( % )  ( % )  ( rrM/kg ) ( g/1 00 g )  (rrM/kg ) ( g/100 g )  

C/F 0. 7 5 4. 9 46. 5 7. 2 226 2. 83 95 3. 13 
0. 9 52. 8 41. 2 6. 2 228  2. 85 102 2. 9 8  

Starter ( %)  1. 5 53. 7 44. 2 6. 2 229  2. 91 104 3. 1 4  
2 . 5 5 4. 1 43. 5 7. 2 2 1 5  2. 77 97 2. 96 

Pr iming time ( min) 0 53. 0 43. 3 6. 7 232 2. 91 10 8 3. 20 
60 5 4. 8 44. 3 6. 7 212  2. 77 93 2/90 

Cooking temperature 37 5 4. 4 44. 8 7. 1 20 8 2. 7 4  96 2. 95 
( °C)  3 9  53. 4 42. 8 6. 4 235 2. 95 105 3. 10 

Cooking time 0 54. 0 44. 2 6. 9 222 2. 84 101 3. 0 8  
( min) 20 53. 8 43. 5 6. 5 224  2. 84 101 3. 03 

Dry stirring without 5 4. 1 44. 4 7. 1 215  2. 7 9  96 2. 94  
with 53. 8 43. 3 6. 4 2 2 9  2. 89 106 3. 16 

pressing time 60 53. 8 44. 0 6. 8 224 2. 86 100 3. 02 
( min)  90 5 4. 0 43. 0 6. 7 221 2. 82 102 3. 0 9  

Whey heating 85 53. 4 43. 6 6. 8 2 1 9  2. 76 102 3. 06 
temperature ( °C) 95 5 4. 5 44. 1 6. 7 225 2. 92 99 3. 0 4  

Heating time 20 53. 8 43. 7 6. 7 217 2. 76 96 2. 90 
( min) 40 5 4. 0 44. 0 6. 8 227 2. 92 106 3. 21 

pH 

5. 6 
5. 6 

5. 8 
5. 5 

5. 8 
5. 4 

5. 6 
5. 7 

5. 7 
5. 6 

5. 6 
5. 6 

5. 7 
5. 5 

5. 6 
5. 6 

5. 6 
5. 6 

w 
w 
. 
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Table A. 9. Relationship between the composition of Ha1 10umi cheese 

Manufacturing MNFS F[M S/M Ca++ 
treatment 

C/F -10. 26* * *  - 9. 0 9** -2. 55 1 8. 1 1 ** 

Starter 0. 83 -2. 01  2. 25 -7. 89** 

priming 6. 86**  0. 53 -0. 2 4  -11. 44***  

Cooking tanperature -3. 52 -2. 0 9  -1. 46 16. 1 1***  

Cooking time -1. 31 -1. 42 -1. 1 4  2. 70 

Dry stirring -1. 6 3  -1. 95 -1. 96 1 0. 3 8***  

Pressing time 0. 1 2  -1. 30 -0. 3 9  -0. 6 2  

Whey heating 5. 15* *  0. 83 -0. 27 4. 42**  
temperature 

Heating time 0. 96 0. 62 -0. 2 4  7. 72**  

* P < 0. 1 ;  ** P < 0. 05 ;  ***  P < 0. 01.  

and the manufacturing treabnent ( t-value) 

Ca/SNFNS Phosphate p/sNFNS pH 

0. 5 9  -0. 49  1. 10 1. 55 

-4. 36**  -1. 1 9  -6. 0 9** -6. 52**  

-3. 98**  0. 20 -4. 7 9** -8. 71 ** 

6 . 04**  1. 43 4. 32** 1 . 1 2  

-0. 25 0. 95 0. 98  -2. 1 8  

3. 1 2* -0. 32 2. 7 9  -0. 57 

-1. 1 1  1 . 03 -0. 6 1  -4. 0 8* 

4. 89** -0. 96 -2. 5 4  -1. 00 

5. 01** -0. 36 8. 86** -1. 00 

w "'" 
. 
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cheese formed with a higher whey heating temperature had a high 

calcium/sol ids non-fat non-salt ratio Ca/SNFNS and this would be 

expected to reduce rather than increase the hydration as found here. 

These factors suggest heating caused a marked change in the curd 

structure and conseq�ently i n  the curd hydration. 

A-S. S. 2. 2  Fat in dry matter FDM. The C/F ratio was found to be 

the only variable that influenced the FJ:M percentage in cheese. As 

would be expected fran mass balance consideration , the FDM content in 

cheese increased as the C/F ratio deceased. 

A-S. S. 2. 3 Salt- in-moisture ratio (S/M ) . None of the variables 

showed any effect on the S/M , this would be expected because the dry 

salting and brin ing processes were kept constant. 

A-5. S. 2. 4 Calc iL.nn. There are three forms in which calcium is 

present in milk at normal pH. About 9% of the total occurs as free 

calc ium ions , the remainder i s  assoc iated with casein and colloidal 

calcium phosphate. All three forms are in equil ibrium with each other 

( Pyne , 1 96 2 ;  Parry , 1 97 4 ) . 

As Tables A. 8 and A. 9 show, all  the variables s tudied affected the 

calcium content of Halloumi except the cooking t ime and the pressing 

t ime. 

Increasing the C/F ratio caused a h igher calcium percentage in 

cheese. Gupta ( 1 971 ) found the same trend in the calc ium content of 

Cheddar and Gouda cheeses made from milk at high and low C/F ratio. The 

influence of C/F ratio on Ca/SNFNS was calculated. I t  was found that 

C/F ratio d id not show any e ffect on the ratio. Thus the apparent 

effect of elF ratio on calc ium level resulted fran changes in the weight 

of fat and moisture in the cheese rather than from d i fferences in the 

amount of calcium present in each gram of protein. The fat and prote in 

contents of cheese made fram low e/F ratio contained 49. 1% fat and 42. 5% 

protein , while the cheese made fram high C/F ratio contained 42. 6% fat 

and 4 8. 2% prote in. 

The percentage of starter added to milk was found to have an effect 
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on the calc iun content in cheese. As the level of starter added was 

increased , a s ignificant decrease in the calc ium content in cheese was 

found. The level of Ca/SNFNS a l so followed the same trend. A higher 

amount of starter produces acid more rapidly in the initial stages of 

cheesemaking ,  hence greater solubilization of calcium occurs early in 

the process. This soluble calcium is lost in the whey expelled fram the 

curd. I f  the ac id is produced later in the process , although the 

calcium is solubil ized ,  the bulk  of  whey expulsion has already occurred 

and hence more calcium renains in curd or can only d iffuse down i ts 

concentration gradient. 

A negative correlation was found between priming and the calcium 

content of  the cheese. Creamer et ale (1985 ) , used ac idified milk for 

making Cheddar cheese. They found that the calc ium content in cheese 

was less than in the cheese made fram normal milk. Th is is in agreement 

with the present study. As far as Halloumi is concerned , priming 

influences cheese calciun levels in a manner similar to the effect of 

greater starter addition. 

Cook ing temperature is an important factor influenc ing both the 

water removal fram the curd and the acid developnent. The results 

showed that with the lower cooking temperature e ffect the calcium 

content i n  the cheese was lower. The cooking temperature also showed a 

s ignificant e ffect on the Ca/SNFNS ratio. The starter used in the trials 

was sensitive to cooking temperature. At 37°C, the starter had a high 

rate of acid production and therefore the calcium was solubilized. 

However , at 3 9°C , the starter was inhibited to some extent and the rate 

of acid development was slowed. 

The time of cooking the curd d id not show any effect on the calc ium 

content , presunably because this d id not affect the ac id production 

s ignificantly. 

It was found that the cheese made fram dry stirred curd contained 

more calcium than the cheese made fram curd which was not dry stirred. 

The Ca/SNFNS ratio was also affected by dry stirring at  the level 

p <0. 1.  
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A further trial was carried out in an attempt to understand why d ry 

stirring influenced the calc ium levels. The curd after dra ining the 

whey was divided into two parts , the f irst part was dry stirred and the 

other part was not. '!he chemical canposi t ions of the curds were 

determined before and after heating. The resul tant cheeses were also 

analysed. The results were tabulated in Table A. 10. 

Table A. IO  shows that dry stirring promoted the expulsion of 

moisture early in the cheesemaking process at which relatively small 

amounts of calcium had been solubilized. In contrast,  when dry stirring 

was not used more fluid was expelled at later stages of manufacture at 

which tline more calcium had been solubil ized by the ac id produced. 

The pressing tline d id not show any s ignificant effect on the 

calciun content i n  cheese. If press ing was carried out for a long 

t line ( i. e. several hours) a d ifference would be expected. However , the 

pressing times of 60 and 90 min used in this study showed no s ignificant 

d ifference. 

I t  was found that calcium content and Ca/SNFNS ratio in the cheese 

increased as the heating temperature increased and as the heating 

period increased. This would be expected s ince calcium phosphate 

precipitates in milk, cheese and whey as the temperature is increased. 

Jabolonka & Munro ( 1 985 ) stud ied the effect of different heating 

temperatures on the calciun content of acid casein. They found that 

more calcium was prec ipitated at 55°C than at 45°C , showing the same 

trend as found here. 

A-5. 5. 2. 5 Phosphate. Generally the phosphate levels showed the 

same kind of change with treatment as the calc ium levels. However , the 

results were not significant in as many cases. The mechanism by which 

phosphate and calcium levels changed would be expected to be the same , 

namely solubi l ization by acid and precipitation by heating. 

A-5. 5. 2. 6 pH of the cheese. The results showed that more prlining 

and more starter lowered the pH as would be expected. Increases in the 

pressing time would also be expected to decrease the pH as shown because 

the extra tllne would allow the continued conversion of lactose to lactic 

acid before the starter was inhibi ted by heating. 
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Table A. IO. Canposition of curd during processing and the resultant 
- cheese 

. Chemical Unstirred curd Stirred curd 
canpos i t ion Be fore After Cheese Before Af ter Cheese 

heating heating heating heating 

MNFS ( %  ) 67. 1 57. 4 56. 1 57. 1 56. 8 56. 1 

S/M ( % )  8. 4  7 .  8 

Ca (TIM/kg )  1 6 4  1 87 173 1 83 1 95 1 80  

Ca/SNFNS 2. 5 2. 7 
(g/1 00 g )  

pH 5. 7 5. 7 5. 7 5. 7 
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A-S. 5. 3 Effect of the selected rnanufactuz.ring variables on the 
physical p�operties of the cheese and the relationship of 
these properties to the product composition 

The effect of the manufacturing variables on the phys ical 

properties ( stretchab i l i ty ,  meltability and fat loss) of Halloumi cheese 

were statistically analysed. The data are presented in Tables A. 11  and 

A. 12. 

A-S. S. 3. 1  Stretchab i l i ty. As far as the stretchability properties 

of the cheese are concerned , results g iven in Tables A. 11 and A. 12  

showed that all  the ma"1ufacturing variables apart fran the e/F ratio 

affected the stretchabil ity of Halloumi cheese. In general , the abi l ity 

of any cheese to stretch appears to depend on the pH and the Ca/Dry 1: a t t 

ratio of the product ( Keller et  ale 1 973 ) .  The results in Table A. 1 3  

indicated that Halloumi conformed to this pattern , i n  the range tested 

decreases in the Ca/SNFNS ratio and decreases in the pH increased the 

tendency of the cheese to stretch. 

The mechanisn by which changes in pH and Ca/SNFNS values alter 

stretch is uncertain , though i t  is clear they would alter cheese 

structure. Presumably the influence of all the manufacturing variables 

on stretch is via their influence on the pH and Ca/SNFNS values. 

A-S. 5. 3. 2 Meltabil ity. Data presented in Tables A. ll  and A. 1 2  

showed that manufacturing variables which tended to influence acid deve­

lopment generally influence product meltability. The assoc iat ion bet-

ween mel tabil i ty and both Ca/DM= and pH g iven in Table A. 1 3  are 

consistent with this pattern. Similar trends have been reported for 

other cheese varieties ( Arnott e t  al. , 1 957 ; Weik et al. , 1 95 8; Thomas , 

1 970 , and Keller et al. , 1 973 ) .  

A-S. S. 3. 3 Fat loss. e/F ratio was the only manufacturing variable 

that influenced the percentage fat loss from the cheese on melting ( see 

Table A. l 1 ) .  The significant correlation between fat loss and FDM would 

be expected ( Table A. 1 3 ) .  These results are similar to those found by 

Breene et ale ( 1 96 4 ) .  
- -

The MNFS , pH and S/M also had a relatively large influence on the 

fat loss (Table A. 13 ) ,  suggesting that the structure of the curd may be 

important in this respect. 

=Dry Mat t er 
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Table A. l l.  Mean values of the phys ical properties of Hal loumi cheese 
-- ( responses)  for d i fferent manufacturing treatment 

( variables) 

-
Physical property 

Manufacturing Level Stretchability Meltabil ity Fat loss 
treatment ( an) ( %  ) ( % )  

C/F 0. 7 31. 2 260 4. 3 
O. 9 2 9. 8 249 2. 2 

Starter 1. 5 25. 5 217 3. 0 
( % )  2. 5 35. 6 29l 3. 5 

priming time 0 26. 1 203 2. 5 
(min) 60 3 4. 9 305 4. 0 

Cooking temperature 37 32. 3 2 86  3. 4 
( °C)  39  28. 7 222 3. 2 

Cooking time 0 27. 6 2 45 3. 1 
(min) 20 33. 5 263 3. 5 

Dry stirring without 26. 1 2 40 3. 4 
w i th 35. 0 26 8 3. 1 

Press i ng time 60 27. 6 226 2. 9 
(min)  90 33. 4 2 82 3. 6 

Whey heating 85 32. 3 2 84 2. 9 
temperature 

(
OC ) 95 2 8.  8 224  3. 6 

Heating time 20 31. 4 259  3. 1 (
OC ) 40 2 9. 6  249  3 .  4 
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Table A. 1 2. 
-

-

Manufacturing 

Relationship between the physical properties of Halloumi 
cheese and the manufacturing treatments ( t-value) 

41 . 

treatment Stretchab il i ty 
Phyiscal Eroperty 

Meltability Fat loss 

CIF -5. 0 -1. 1 -4. 0* 

s tarter ( %  ) 35. 0 ***  6. 7* 0. 7 

priming time (min ) 30. 3* *  9. 2* 2. 4 

cooking temperature -11. 9* *  -5. 7* 0. 2 
( °C) 

cooking t ime ( min) 20. 5* *  1. 7 0. 7 

Dry stirring 31. 1 ** 2. 6 0. 8 

pressing t ime (min) 1 9. 9**  5. 2* 1. 0 

Whey heating temperature ( OC) -12. 5* *  -5. 6 * 1. 2 

Heating temperature 
( min) - 6. 2* -0. 9 0. 6 

* P < 0. 0 5 ;  **  P < 0. 0 1 ; ***  P < O. 001. 
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Table A. 1 3. Correlation coeff ic ients between the composition and physical properties of Halloumi cheese 

Physical Correlation coef f ic ient 
property MNFS FLM S7M pH ea ea7SNFNS Phosphate P7SNFNS 

Stretchability 0. 31  -0. 0 1  0. 1 4  -0. 81 **  -0. 3 9  -0. 50* -0. 1 8  -0. 3 8  

Meltability 0. 43 0. 15 0. 31 -0. 83** -0. 6 4* -0. 7 4* -0. 41 -0. 48  

Fat loss O. ff7** 0. 6 9* 0. 57* -0. 6 9* -0. 67* -0. 27 -0. 44 -0. 21 

* P < 0. 05 ; * *  P < 0. 01.  

.t>. 
IV 
. 
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A-S. S. 4 Effect of the selected manufacturing variables on the 
sensory properties of the cheese and the relationship of 
these properties to the chemical and physical 
characteristics of the product 

The appearance , flavour and texture of uncooked cheese and the 

texture of cooked cheese , were the factors evaluated by the panel ists. 

In Table A. 1 4  is listed the effect of manufacturing variables on the 

organoleptic properties of Halloumi cheese. 

The t-values were calculated to indicate whether there was a 

sign i f icant relationship between the manufacturing variables and the 

sensory parameters. The data from the latter analysis are presented in 

Table A. IS. 

None of the manufacturing variables s ignificantly affected the 

sensory parameters of uncooked cheese (Table A. I S ) .  

As far as the cooked cheese i s  concerned , the tenderness of the 

product was the only parameter a ffected. None of the manufacturing 

variables had a significant influence on the taste panel assessment of 

the stretchiness of the cheese. A possible explanation for this is the 

panel experienced some diff iculty in d istinguishing between cheeses with 

h igh stretch characteristics. However , the panel measurements of 

s tretchiness are correlated with the instrunental readin;J of stretclr 

abi l i ty (Table A. 1 6 ) .  

I n  addi t ion, the relationship between the taste panel assessment of 

cooked and uncooked cheeses and i ts chemical and physical properties is 

g iven in Table A. 16. 

Cbnsidering the uncooked cheese , the sensory panel saltiness 

i ncreased as the MNF8 increased. Th is is because the 81M content of the 

c heese was fairly constant and hence with a higher MNF8 the product has 

a greater salt content. 

The sourness of the cheese would be expected to increase as the pH 

decreased. This trend was not statist ically signi ficant in the present 

case. The results g iven in Table Ao 1 6  showed that the greater the 
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Table A. 1 4. Mean values of the sensory parameters of Halloum i  cheese ( responses) for d i f ferent manufactur ing treatments tvariables) 

Manufacturing Sensor� parameter 
treatment Level Colour Appearance Texture Elastic ity Sourness Sal t iness Clean Tenderness Stretchiness 

flavour 

CIF 0. 7 2. 8 3. 4 2. 1 3. 1 1. 9 2. 8 1. 3 3. 3 3. 2 
0. 9 3. 3 3. 7 2. 0 3. 9 1 . 8 2. 6 1. 2 2. 5 3. 4 

Starter ( % )  1. 5 3. 1 3. 7 2. 1 3. 6 1. 8 2. 8 1. 2 3. 8 3. 0 
2. 5 3. 0 3. 4 2. 0 3. 4 1. 9 2. 7 1 . 3 2. 9 3. 8 

Priming time 0 3. 0 3. 6 2. 3 3. 5 1. 7 2. 7 1. 2 3. 9 3. 1 
( min) 60 3. 1 3. 5 1. 8 3. 6 2. 0 2. 7 1. 3 2. 8 3. 7 

Cooking 37 3. 1 3. 4 1 .  8 3. 5 2. 1 2. 9 1 . 2 3. 2 3. 1 
tenperature 3 9  3. 0 3. 7 2. 3 3. 6 1 . 6 2. 5 1. 3 3. 5 3. 6 
( OC )  

Cooking time 0 2. 7 3. 8 2. 1 3. 6 1 . 8 2. 8 1. 4 3. 4 3. 3 
( min) 20 3. 4 3. 4 2. 0 3. 4 1 .  8 2. 6 1. 1 3. 3 3. 4 

Dry stirring without 2. 9 3. 6 1. 9 3. 5 1. 9 2. 8 1. 4 3. 2 2. 9 
with 3. 2 3. 6 2. 2 3. 5 1. 8 2. 7 1. 1 3. 5 3. 8 

pressing time 60 2. 9 3. 4 2. 2 3. 4 1. 7 2. 7 1 . 3 3. 4 3. 0 
(min) 90 3. 2 3. 7 2. 0 3. 7 1. 9 2. 7 1. 2 3. 3 3. 7 

Whey heating 85 3. 1 3. 6 1. 9 3. 6 1. 9 2. 5 1. 3 3. 1 3. 6 
temperature 95 3. 0 3. 5 2. 2 3. 4 1. 7 2. 9 1 . 2 3. 6 3. 1 
( OC )  

Heating t ime 20 3. 1 3. 5 2. 0 3. 5 1. 9 2. 6 1. 3 3. 3 3. 8 
(min )  40 3. 0 3. 6 2. 2 3. 5 1 . 8 2. 9 1. 2 3. 4 2. 9 � 

� 
. 
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Table A. l5. Relationship between the sensory parameters of Hal loumi cheese and the manufactur ing treatments t t-value) 

Manufacturing Sensory Qarameter 
treatment Colour Appearance Texture Elas t ic i ty Sourness Sal t iness Clean Tenderness Stretchiness 

flavour 

CIF 1. 83 5. 7 4* -0. 29 3. 99 -0. 33 -0. 65 -0. 88 15. 00** 0. 52 

Starter 0. 1 3  -5. 1 8* -0. 3 8  -0. 7 8  0. 16  -0. 25 -0. 41 -1 8. 15** 2. 86 

Pr iming 0. 40 -1 . 60 -2. 82 1. 1 9  0. 94 -0. 0 8  0. 21  -25. 65** 2. 16  

Cooking temperature -0. 56 3. 7 8  2. 47 0. 1 4  -1. 52 -0. 98 O. 44 6. 49* 1. 7 9  

Cooking time 1. 30 -6. 84* -0. 36 -1. 5 9  -0. 01  -0. 56 0. 30 -3. 65 0. 25 

Dry stirring 0. 70 0. 1 2  1. 3 9  -0. 16 -0. 20 -0. 37 -2. 26 5. 84* 2. 62 

pressing time 0. 81 5. 0 9* -1. 07 2. 46 0. 56 -0. 05 -1. 03 -1. 15  2. 62 

Heating temperature -0. 1 8  -2. 32 1. 40 -1. 67 -0. 5 9  1. 0 9  -0. 32 10. 2 8**  -1. 65 

Heating time -0. 30 2. 32 1. 05  0. 24  -0. 40 0. 72 -0. 967 2. 37 -3. 06 

* P < 0. 05;  ** P < 0. 01.  

"'" 
lJl . 
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Table A. 16. Correlation coefficient between the sensory parameters and composition , and phys ical properties of Halloumi cheese 

Sensory Correlation coefficient 
parameter MNFS FCM S/M pH ca ca/SNFNS Phosphate P/SNFNS Stretchability Meltability Fat loss 

Colour -0. 3 9  0. 42 0. 3 4  -0. 16 0. 32 -0. 06 0. 21  -0. 1 4  0. 32 -0. 27 -0. 42 

Appearance -0. 44 -0. 43 -0. 4 8  0. 44 0. 4 8  0. 42 0. 37 0. 43 -0. 45 0. 35 -0. 53* 

Texture -0. 37 0. 23 -0. 2 9  0. 07 0. 49 0. 40 0. 3 4  0. 47 -0. 45 -0. 35 -0. 27 

Elastic ity -0. 51*  -0. 60* -0. 53* -0. 07 0. 3 9  -0. 02 0. 2 8  0. 05 0. 0 8  0. 7 1  * -0. 55* 

Sourness 0. 43 0. 2 8  0. 43 -0. 50* 0. 71*  -0. 76* -0. 45 0. 45 0. 43* 0. 67* 0. 45 

Saltiness 0. 50* 0. 42 0. 4 8  -0. 10  -0. 3 4  -0. 0 1  -0. 1 3  -0. 0 1  -0. 2 -0. 0 9  0. 46 

Tenderness 0. 67* 0. 44 0. 5 9* -0. 83** -0. 82**  -0. 7 4* -0. 76* -0. 52* 0. 6 9* O. 84** 0. 71* 

Stretchiness -0. 0 4  -0. 32 -0. 1 3  -0. 53* -0. 07 -0. 3 4  -0. 07 -0. 40 -0. 73* 0. 5 8* 0. 1 3  

* P < 0. 05 ; ** P < 0 . 01 .  
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sourness ranking o f  the product the lower the value of the ca/SNFNS 

ratio. This may reflect that ca/SNFNS and pH values increased and 

decreased concomitantly in the cheeses stud ied. However , the 

poss ib i l ity that calcium ions may also be hav ing a d irect effect on the 

perception of sourness cannot be excluded. 

Considering the cooked Hal loumi , the cheeses with h igh tenderness 

ranking had high MNFS values and v ice versa (Table A. 16 ) .  The 

relationship between tenderness and F[M suggested a similar trend but 

this was not sta tistically s igni f icant. Toughness was assoc iated with 

high ca/SNFNS and high pH values. This may be because cheeses with 

these compositions did not stretch or  flow readily when a stress was 

appl ied and d id not have a high mel tabil ity when cooked. The sensory 

tenderness was found to have a s ignif icant correlation with meltabil ity. 

The only factor that showed a statistically significant correlation 

with the sensory stretchiness was the pH , stretchabil ity and 

meltab i l i ty. Greater stretchiness would be expected as calcium was 

removed fram the cheese. However , in the present case the relationship 

between calcium and stretchiness was not statistically s ignif icant. 

A-S. 6 Conclusion 

The results of the present study show that Halloumi cheese can be 

manufactured from cow' s milk by adapting the manufacturing schedule that 

is traditionally used for sheep ' s  m ilk. Manufacturing variables that 

alter the rate and extent of acid development have a marked influence on 

the characteristics of the cheese. 
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B-1 INl'ROOOcrIOO 

worldwide demand for milk products is increas ing. In developing 

countr ies local milk suppl ies are usually unable to cope with the 

growing demand. Therefore dairy products made from recomb ined milk play 

a large part in these countries ( &,dersen , 1 985 ) .  

Fermented milk products and some types of fresh cheeses can be 

manufactured without problem from recombined milk but it is more 

difficult to produce hard and semi-hard cheeses. 

The present v iew d iscusses the manufact�.rre of var ious types of 

cheese from recombined milk by considering the raw materials used , the 

conversion of these raw materials to recombined milk and f inally the 

product ion of the cheese. 

8-1. 1 Raw Materials 

In the manufacture of recanbined milk for cheesemaking , the main 

dairy materials are skim milk powtier ( SMP) and milkfat. Whole milk 

powtier may be used but i t  is not recamnended because of potential 

coagulation problems and flavour deterioration which may occur in the 

powtier on prolonged storage. 

8-1. 1. 1 Sk� milk powder 

The most important factor in the manufacture of  recombined milk 

products is the quality of the SMP used. The preheat treatment g iven to 

the skim milk during the manufacture of SMP varies depending on the 

products for which the powtier will be used. Powtier used for cheese-

making should be of the low heat type. Normally low heat MPs are 

c lassi fied as those having a whey prote in n itrogen indexl greater than 6 

mg/g. Gilles & Lawrence ( 1 980 )  po inted out that a low heating 

temperature is necessary to mainta in good rennetability of  the 

lWhey prote in n i trogen index ( WPNI ) • 

protein in the milk powtier. 
The amount of undenatured whey 
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reconstituted milk. The heat treatment is assoc iated with whey prote in 

denat�rat ion during process ing the SMP. Denat�ration of whey prote in is 

not signi ficant unti l  milk temperatures exceed 6 5°C ( Davis & White , 

1 95 9) and above this temperature the extent of denaturation is related 

to the time o f  heating and the temperature of the milk (Harland e t  ale , 

1 952 ) .  Al so the heat treatment has a large effect on the ionic calc ium 

which is essential for coagulation ( Kannan & Jenness , 1 96 1 ) .  In 

general , low heat ��Ps conta in a large concentration of ionic calc ium , 

and resul t in recombined milks with higher curd tensions than would be 

the case i f  h igh heat SMP were used ( Muldoon & Liska , 1 972 ) .  

&iother 

concentration 

important variable in 

of milk prior to 

the manufacture of 

drying. The chief 

SMP is the 

effect of 

concentrat ion is on the viscosity of the milk,  which in turn influences 

the physical characteristics of SMP (Mu i r ,  1 980 ) .  Increasing the milk 

total sol ids leads to a higher viscosity in the concentrate and a higher 

solubility index ( S I ) l of SMP ( Ba ldwin et al. , 1 980 ) .  Usually the 

increase of  v iscosity with concentration is not l inear , espec ially when 

the concentration of  milk sol ids exceeds 45% and this can affect the 

powder qual i ty (Mu ir ,  1 980 ) .  

In industrial practice , i t  i s  desirable to maximize the milk total 

sol ids because it is more economical to remove water in the evaporator 

than in the spray drier. There is no information on the effect of the 

concentrat ion of milk solids before drying on the recanbined cheese 

products. 

B-1 . 1 . 2 Milk fat 

M ilkfat is used as a fat source where recombined milk products are 

manufactured. The most carmonly used is anhydrous milkfat ( AMF ) . 

&ihydrous m ilkfat when used in the manufacture of recombined cheese 

presents no spec ial problems , provided i t  meets an appropriate minimum 

qual ity s tandard ( Sanderson , 1 97 9) .  When fat is d ispersed in a case in­

water matr ix , the physical properties of the AMF have no effect on the 

qual ity o f  the recombined milk (Gilles & Lawrence , 1 980 ) .  

1Solub il i ty index ( SI ) .  The amount of sediment remaining after the milk 

powder has been d issolved in water. 
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The methods of preparing recanbined milk,  which is subsequently 

used to produce different dairy products are similar. All the methods 

involve reconstitution , homogenization and finally heat treatment. 

B-1. 2. 1 Reconstitution 

Reconstitution involves mixing the &�P with water. The temperat�re 

of the water used appears to be unimportant. Poulsen & Mondorf ( 1 96 4 )  

s�ggest a temperat�re of 8-1 0 0e ,  ass�ing that reconstit�ted milk is 

allowed to hydrate for no less than 4 h. Accord ing to Newstead et al. 

( 1 97 9 ) ,  a temperat�re of 40-500e  would require a hydration time of only 

15 min. Gilles & Lawrence ( 1 980 )  found it convenient to reconstit�te 

the powder for cheesemaking at 2 8-300e so that the add it ion of 

recanbined cream at 5 0 0e would bring the f inal mixt�re to the sett ing 

temperat�re reqJired. Normally the reconstitution temperat�re is 

45-55°e which is suitable for blending the fat into the reconstituted 

skim milk. 

8-1. 2. 2 Homogenization 

Homogenization is necessary for reforming the fat emulsion and 

therefore is one of  the essential steps in process ing the recanbined 

milk. Recanbined milk is an oil- in-water emulsion with the fat 

globules ( i. e. o il )  dispersed in reconstituted skim milk. The 

properties of the recanbined milk are d ifferent fran those of natural 

milk. The d i fferences concern the state of d ispersion of the fat 

( Oortwijn & Walstra , 1 982 ) .  When milkfat is emulsified into skim milk,  

most of the materials of the natural fat globule membrane are absent , 

and the canposition of  the new membrane is canpletely different fran 

that of the natural membrane ( Mulder & Walstra , 1 97 4 ) . Skim m i lk 

prote in is the main mater ial of  the newly-formed membrane , while 

phosphol ipids are absent (Wiese & Palmer , 1 93 2 ) . The amount of adsorbed 

material is influenced by the cond i tions of hanogenization such as 

pressure which a ffects both the fat g lobule size and the membrane 

canposition. When homogenization is used to produce recanbined milk for 

cheesernaking , a hanogenization pressure 800-1000 psi is used to minlinize 

damage to the prote in structure ( S anderson, 1 970 ; George , 1 97 2 ) • For 
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most varieties of cheese , it is generally undesirable to use high 

hcxnogenization pressures because the properties of the resultant 

�ecambined milk adversely a f fect curd f inTh,ess and the characteristics 

of the resul tant cheese. Nevertheless , in same varieties of cheese such 

as Feta , h igh homogenization pressures will actually improve the cheese 

texture. 

8-1. 2. 3 Heat treatment 

A heat treatment at 72°C for 15 s after homogeni zation is 

recommended to ensure sat isfactory bacter iolog ical qual ity of the 

recombined milk (Gilles & Lawrence , 1 980 ) .  

8-1. 3 Manufacture of Cheese 

The manufacturing procedure for producing cheese from recombined 

m ilk is essentially the same as that for fresh milk. Gilles & Lawrence 

( 1 980 ) demonstrated that the cheesemaking propert ies of recombined milk 

are somewhat different fram those of the original milk from which the 

powder is manufactured. For example , the rate of coagulation is slower , 

the gel strength is reduced and the rate of syneres is of the curd during 

manufacture is sl ightly decreased. To compensate for these differences 

minor modi fications to the cheese manufacturing procedures are required. 

The possibility of manufacturing different types of cheese f rom 

recombined milk gained much attention several years ago. Some reports 

show that the use of recombined milk for cheesemaking changed cheese 

characteristics such as texture and flavour. Czulak & Hammond ( 1 97 4 )  

found that Cheddar cheese made from skim milk powder and butter o i l  d id 

not develop the typical flavour and had a d ifferent texture. Another 

s tudy ( G illes & Lawrence , 1 980 )  showed that recombined milk is not 

acceptable for fresh whi te cheese production due to the anhydrous 

milkfat flavour. 

Cheese varieties l ike Mozzarella and Halloumi are character ized by 

the ir special properties of  stretching and melting when made 

traditionally from fresh m ilk. Gilles & Lawrence ( 1 9 80 )  concluded that 

they cannot be made successfully from recombined milk as these 

properties are largely lost. I t  is nevertheless possible to produce 
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Mozzarella cheese fran low heat skim m ilk pc>YXler and fresh cream 

accord ing to other workers ( Flarlagan et  al. , 1 97 8; Thanpson ,  1 97 8; 

oemott , 1 983 ) .  The phys ical properties of the cheese are good and 

s imilar to those of Mozzarella made fran fresh milk. This suggests the 

d i f ference between fresh cream and recanbined cream is of critical 

importance. 

After examining a number of commerc ial low heat skim milk powders ,  

O ' Keefe & Phelan ( 1 982 ) concluded that they were not suitable for use in 

the manufacture of Halloumi cheese. These experiments on Ha1loumi were 

carried out us ing AMF rather than fresh cream to prepare the recombined 

m ilk. 
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B-2 EXPERIMENTAL APPROACli 

There are a number of factors that may affect the qual i ty of  

Halloumi cheese from recombined milk as  opposed to fresh milk. These 

factors are l isted as follows. 

The separation of whole m ilk into cream and skim m ilk. The 

treatment is an essential step in the manufacture of &�P. 

The suitab il ity of poYJder for making cheese from recombined 

milk appears to be affected by the preheat treatment o f  the 

milk , and the total sol ids of the concentrate before drying. 

Homogen ization is used to prepare recanbined milk. Thus the 

part icle size distribution of fat and the membrane of the fat 

globules are d ifferent in recombined and fresh milk. There are 

suggest ions in the l iterature that hanogenization alters the 

stretchabil ity and meltabil ity behaviour of Mozzarella cheese. 

The approach adopted herein is to f irst check the influence of 

separation , hc:mogenizatio:1 a:1d replaceme:1t of cream with AMF. Any 

problems that these factors prese:1t to Halloumi ma:1ufacture from 

recombi:1ed milk :1eed to be solved before the quest io:1 of poYJder qual ity 

is addressed. 
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B-3 PRELIMINARY S'IUDY ON THE EFFECT OF SEPARATION , 

HCMCGENIZATIOO AND REPLACEMENT OF rnEAM WIlli AMF ON OiEESE QUALITY 

B-3. 1 Introduction 

In the previous part o f  this study , it was demonstrated that 

Ha1 10umi cheese can be made from fresh cow' s milk and that manufacturing 

condi tions can be var ied to opt im i ze product quality. 

In this section, prelim inary tr ials were conducted to assess the 

e f fect of separation , homogeni zation and replacement of cream by AMF on 

the quality of cheese. 

B-3. 2 Experimental Plan 

The investigation was conducted in three stages. The f irst stage 

considered the effect of separation , the second looked at the effect of 

homogenization and the third stud ied the effect of replacement of cream 

wi th AMF and subseq-.lent homogeniza tion. 

Standard ized milk was spl it in hal f. Half  was kept as control and 

the other half was subjected to separation. On completion of 

separation , the skim milk and cream were remixed. Halloumi was then 

made from the remixed milk and control milk. 

Standard ized milk was spl it into tVtD lots. One lot was kept as 

control. The other lot was hanogenized. Cheese was made from the 

homogenized milk and control milk. 

Standardized milk was spl it into tVtD lots. One lot was kept as 

control. The other lot was separated and the skim milk was collected 

and homogenized with AMF. 

control milk. 

Cheese was made from recomb ined m i lk and 

B- 3. 3 Experimental 

The cheeses were made during the 1 984/85 season. 

i nvolving homogenization were carried out in dupl icate. 

The trials 
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B-3. 3. 1 M ilk supply 

The milk was pasteurized and standardized as described in A-3. 3. 

About 200 I milk was needed for each of the trials. 

B-3. 3. 2 Separation 

Skim milk was prepared by separation ( AHa Laval Separator Type 

31 81 M )  after warming the milk to 50°C. 

B-3. 3. 3 Homogenization 

Milk was hano;Jenized with a MantorrGaul in hano;Jenizer (Model K3 , 

AVP Ltd , UK ) ,  eqJipped with a poppet valve and operated with one stage. 

Fresh milk was heated to 55°C in a double j acketed vat and 

homogenized at 13  000 kPa , then cooled to 32°C. 

A recombined cream was made by homo;Jenizing skim milk with AMF at 

10 000 kPa at 55°C ( 3 : 1  ratio) . Then the recanbined cream was mixed 

w i th the rest of the skim milk and cooled to 32°C. 

8-3. 3. 4 Cheesernaking 

The detailed experimental conditions for the manufacture of 

Halloumi cheese are presented in Fig. B. 1. 

B-3. 4 Analytical Prcx::edw:es 

All the methods for chemical analysis, physical measurements and 

sensory evaluation were followed as outlined in A-S. 4. 

8-3. 5 Results and Discussion 

8-3. 5. 1 Separation treatment 

B-3. S. 1. 1 Milk cOmposition and cheesemaking. The composition of 

the control milk and remixed milk were similar ( Table B. 1 ) .  D..lr ing 

cheesemaking no differences were observed in the gels obtained and the 

acid development in the two systems. 

B-3. 5. 1. 2 Cheese composition. The compos itions of the cheeses 

from the tv.o treatments were quite similar ( Table B. 2 ) .  This was 

expected since there was no major difference in the milk canposition and 

the tv.o treatments had sim ilar manufactur ing conditions. 

I 



Pasteurize milk at 72/15 and cool to 32°C 1 
Standardize milk 

1 
Inoculate milk with 2% starter 

1 
Pr line for 6 0  min 

1 
Add rennet 

1 
Cut curd ( 0. 5 ern length) 40 min after 

rennet add ition 1 
Increase temperature up to 37°C within 

20 min and stir for another 20 min 

1 
Drain whey , dry stirr and allow the curd 

to knit for 1 0  min. Transfer to the hoops. 
\: 

56 . 

1 Heat the whey to 95°C. 

Press the curd for 1 h ( 15 min at 
70 kPa , 15 min at 1 40 kPa and 30 min 

at 210 kPa ) 
! 

i Remove precipitated 

J.. whey prote in by 
f iltration through 

Cut the pressed curd in cheese cloth 
pieces of 11 x 15 x 3 an / 

Transfer the curd pieces to heated 
deprote inated whey at 95°C. 

CCXJk for 40 min. 

t 
Fold the curd pieces lengthwise and hold for 1 h 

at ambient temperature 
� 

Add salt and keep the curd pieces overnight at 4-8°C 
.it 

Next day , put in brine ( 10% ) for 3 h at 8°C. 
Drain for 1 h. 

J, 
Pack in plastic bags and store at 4-8°C for 2 weeks 

F igure B. l. Manufacturing scheme for Halloumi cheese. 



Table B. 1 .  Composition of  control and remixed milks 

canposi t ion M ilk 
Control 

TS ( % )  1 2. 4 

Case in ( %  ) 2. 8 

Fat ( %  ) 4. 5 

C/F 0. 62 

Calc ium (rrM/kg ) 33 

Phosphate (roM/kg ) 20 

57 . 

Remixed 

1 2. 9 

2. 8 

4. 6 

0 . 60 

31 

1 9  



Table B. 2. Composition and physical properties of cheeses made from 
control and remixed m ilks 

composi tion and 
physical property 

MNFS ( % )  

FrM ( % )  

S/M 

Calcium (m'<1/kg ) 

Ca/SNFNS ( g/100g ) 

Phosphate ( mM/kg ) 

Phosphate/SNFNS ( g/100 g )  

pH 

Stretchability ( am) 

Meltability ( % )  

Fat loss ( % )  

Control milk 

5 8.  5 

49. 6 

8. 4 

1 86 

2. 87 

86 

3. 15 

5. 3 

30. 2 

459 

6. 2 

Cheese 
Remixed milk 

57. 1 

52. 3 

9. 3 

171 

2. 6 8  

93 

3. 46 

5. 4 

27. 5 

6. 2 

58 . 
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B-3. 5. 1. 3 Cheese physical properties. The stretchab i l i ty ,  

meltability and fat loss properties of cheese fran the two treatments 

were qui te al ike (Table B. 2 ) .  

B-3. 5. 1 .  4 Conclus ion. The above results suggest that separation 

has l ittle influence on Halloumi character istics. This would be expected 

fran a consideration of first princ iples and also fran the fact that 

separation is a part of standard ization. Only one trial was carr ied 

out. However ,  it is clear fran this trial that the cheese fran fresh 

milk that had been separated and reformed by blend ing had fully 

acceptable stretch and melt characteristics. Clearly the problems 

assoc iated with making Hal loumi fran SMP do not arise from separation. 

B-3. 5. 2 Homogenization treatment 

For convenience , the results of hanogenization treatment and 

replacement of cream with AMF a re d iscussed together s ince these show 

the same trends. 

B-3. 5. 2. 1 M ilk composition and cheesemaking. There were no major 

d ifferences between the compos i tion of the homogenized fresh milk and 

the control milk (Table B. 3 ) .  Furthermore , the homogenized recanbined 

milk and the control milk had similar compositions (Table B. 4 ) .  

During cheese manufacture , acid development in both the homogenized 

milks was the same as in the controls. With homogenized milk , the gel 

obtained before cutting appeared to be softer than the control gel as 

j udged by subjective methods. This was attributed to an increase in the 

nunber of weak points in the hanogenized milk gel (Mulder & Walstra , 

1 97 4 ) . Also after cutting the homogenized milk gel , the curd particles 

were found to be smal ler and to adhere to each other poorly after 

draining off the whey. 

B-3. 5. 2. 2 Cheese composition. The composition of the cheeses made 

f.rom hanogenized milks was d ifferent fran that of the cheeses made fran 

control milks (Tables B. 5 and B. 6 ) .  MNFS and S/M values of the control 

cheese were higher than the cheese made from homogenized milk. The pH 
and ca/SNFNS values were also d if ferent. 



Table B. 3. Compos ition of control and homogenized rnilks+ 
-

particulars 

TS ( % )  

case in ( % )  

Fat ( % )  

CIF 

Calc iLnTl (rrM/kg ) 

phosphate (rrM/kg ) 

+ �,r ean of t w o  t r i al s  

Control 

1 2. 9 

2. 8 

4. 0 

0. 7 

33. 6 

1 9. 0  

Milk 
Hanogemzea at 13 000 

12. 9 

2. 8 

4. 0 

0. 7 

33. 6 

1 9. 0  

60 . 

kPa 



Table B. 4. Composition of control and recombined milks � 

canposition Milk 
Control 

TS ( % )  1 1 . 6 

Casein ( % )  2. 7 

Fat ( %  ) 3. 3 

C/F 0. 82 

Calc ium ( TIM/kg )  2 9. 8 

Phosphate ( mM/kg ) 17. 2 

+Mean of two tr 1. als 
*Fresh skim milk with AMF were homogenized at 10 000 kPa. 

61 . 

Recomblnedw 

1 1. 9 

2. 7 

3. 4 

0. 8 

31 . 6 

17. 9 
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Table B. 5. Compos ition and physical pro�rt ies of cheeses made from 
control and homogenized milks+ 

compos i t ion and 
�ys ical property Control milk 

MNFS ( % ) 5 9. 6 

Fr:M ( % )  49. 1 

S/M ( % )  7. 2 

Calc ium ( mM/kg ) 202 

Ca/SNFNS ( g/100 g )  3. 1 1  

Phosphate (roM/kg ) 94 

Phosphate/SNFNS ( g/100 g )  3. 43 

pH 5. 6 

Stretchability ( em ) 47. 3 

Meltab i l i ty ( % )  3 3 9  

Fat loss ( % )  1 . 4 

+ M e an o f  t wo trial s  

Cheese 
Homogenized milk ( 1 3 000 kPa ) 

53. 9 

50. 5 

4. 9 

212 

2. 87 

97 

3. 12 

5. 8 

No stretching 

264 

0. 8 



Table B. 6. Composition and phys ical properties of cheeses made from 
control and recanbined milks + 

canposi t ion and 
physical property Control milk 

MNFS ( % )  60. 5 

Fr:M ( % ) 48. 1 

S/M 8. 6 

Calcium ( rrM/kg ) 20 8 

Ca/SNFS ( g/l 00 g )  3. 32  

Phosphate (rrM/kg ) 93 

Phosphate/SNFNS ( g/1 00 g )  3. 52 

pH 5. 4 

Stretchabil i ty ( em )  27. 8 

Meltab i l i ty ( % )  212  

Fat loss ( % )  4. 3 
+Mean of' two trJ. als. 

Clleese 
Recombined milk* 

53. 4 

48. 5 

5. 9 

214  

2. 7 4  

100 

3. 0 4  

5 .  9 

8. 2 

1 20 

0. 1 

*Fresh sklin milk with AMF were homogenized at 10 000 kPa. 

63 . 
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8-3. 5. 2. 3 Cheese physical properties. The results in Tables B. 5 

and B. 6 demonstrate that homogenization treabment had a great effect on 

the cheese properties. It was found that stretch properties were 

impa ired , mel tability was decreased and fat loss reduced when 

homogenization was used. 

B-3. 5. 4 Conclusion 

The results of the present study suggest that homogenization 

treabments have a great influence on the stretch and melt  propert ies of 

Halloumi. The prel iminary tr ials also show the camposition of the 

cheeses is altered. 

The results indicate that further study on the effects of 

homogenization is needed s ince this process is one of the essential 

steps for preparing recambined milk for cheesemaking. 

Because of the daminant effect of homogenization , it is not clear 

at this stage whether replacement of cream by AMF also influences 

Halloumi characteristics. 
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B- 4  MANUFAClURE OF HALLOUMI OiEESE FRCM HCM(x;ENIZED FRESH M ILK 

B-4. 1 Introduction 

In the prev ious investigat ion ( B-3 ) , it was demonstrated that 

Halloumi cheese with the desired phys ical properties cannot be made from 

homogenized milk. 

Mulder & Walstra ( 1 97 4 ) , suggest that the hanogenization process 

creates small fat g lobules , thus increas ing the surface area which needs 

to be covered by a su.r face active agent l ike prote in. However , the 

adsorption of a protein by this enlarged s\..lrface area may change the 

properties of the fat globules in the milk. 

The effect of homogenization on the globule size and sur face area 

is influenced by homogenizing pressure , l iquid flowrate , temperat\..lre of 

the l iquid and fat content ( Phipps , 1 985 ) . The most impor tant of these 

factors is the homogenizing pressure in  that only a relatively small 

change in homogeniz ing eff iciency occurs when the temperat\..lre , flowrate 

and fat content of the l iquid are altered. 

One factor which could possibly contribute to the problems of  

cheese qual ity and could be simply varied is the hanogenization 

pressure. I n  the l iterature , it is suggested that high homogenizat ion 

pressures are not suitable for cheesemaking since they adversely affect 

the resultant cheese properties. According to Kosikowski ( 1 975 ) when 

Mozzarella is made from milk homogenized at 3300-6700 kPa , the resul tant 

cheese lacks stretch and melt characte ristics. Therefore , it would be 

seen relevant to study the effect of homogenization pressures on the 

quality of Halloumi cheese. 

B-4. 2 Experimental Plan 

Homogenization pressures of 400 , 3300 and 6700 kPa were chosen for 

this study s ince results of previous experiments suggested that h igh 

pressures contributed to the problems associated with the physical 

properties of Halloumi cheese. 
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Standardized milk was homogenized at the three pressures mentioned. 

Cheese was made fran control and hanogenized milks. The canpos ition , 

physical characteristics , and sensory parameters of the cheeses were 

then measured. 

8-4. 3 Experllnental 

The experiment was carried out in dupl icate. Eight vats ( i. e. 2 x 

4 )  of Halloumi cheese were manufactured dur ing the 1 985/86 dairy ing 

season. 

B- 4. 3. 1 M ilk sUpply 

The milk was pasteur ized and standardized as descr ibed in A-3. 3. 

About 50 1 milk was needed for each of the trials. 

B-4. 3. 2 Homogenization 

M ilk was heated to 55°C in a double j acketed vat , homogenized and 

then cooled to 32°C. 

For milk homogenized at pressures of 3300 and 6700 kPa , a Manton­

Gaulin homogenizer ( described in B-3. 3. 3 )  was used. 

For milks homogenized at pressure of 400 kPa a simple pump 

homogenizer ( NZDRI ) was used. 

8-4. 4 Analytical Pl!ocedures 

All the methods for chemical analys is , physical measurements and 

sensory evaluation were followed as outl ined in A-5. 4. 

B-4. 5 Results and Discussion 

B-4. 5. 1 M ilk composition and cheesemaking 

As expected , the composi tions of the control milk and homogenized 

milks were s imilar (Table B. 7 ) .  DJring cheesemaking , differences were 

observed in curd particles a fter cutting and the curd structure after 

whey drainage. After the gels were cut with the same cheese knives , 

curd particles made fran control milk and fran milks homogenized a t  400 

and 3 300  kPa were quite similar , whereas the curd particles made fran 



Table B. 7. Composition of control and homogenized fresh milks + 

CcrnfCsition 

TS ( % )  

Case in ( %  ) 

Fat ( % ) 

CIF 

Calc ium 
( rrM/kg ) 

Phosphate 
( rrM/kg ) 

+Mean. of' 

Control 

1 2. 4 

2. 5 

3. 5 

0. 71 

31 

20 

two tri al s 

M ilk 
Homogenized Homogenized HOInc:x;;Jenized 
at 400 kPa a t  3300 kPa at 6700 kPa 

1 2. 4 12. 6 1 2. 6 

2. 5 2. 6 2. 6 

3. 5 3. 6 3. 6 

0 .71 0. 73  0. 73 

31 31 31 

20 21 21 

0 1 .  

F-
ratio 

0. 46 

0. 96 

0. 91 

0. 07 

0. 0 4  
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milk homogenized a t  6700 kPa were small and frag ile. After the whey was 

drained and following dry stirring , the curd was allowed to knit for a 

s hort t ime. In the control milk , and milks homogenized at 400 and 3300 

kPa , the curd properties were satisfactory while in milk homogenized at 

6 700 kPa curd propert ies were poor. Homogenizing the milk at 

h igh ptessute resulted i:1 a decrease of the elasticity a:1d matting 

propetties of curd dur i:1g cooki:1g. This is i:1 agreeme:1t with previous 

work ( Peters , 1 956 ) .  

B-4. 5. 2 Cheese composition 

The chemical compos ition of the cheeses made from cO:1trol milk a:1d 

milks hamoge:1ized at pressutes of 400 , 3300 and 6700 kPa are g ive:1 i:1 
Table B. 8. 

&ialysis of the compos itional data shows that the calcium conte:1t 

a:1d the Ca/SNFNS ratio of the cheese made fram cO:1trol milk are 

s ig:1i ficantly less than those of cheeses made from homoge:1ized milks. 

The effect of homogenization treatment on calc ium values may be 

explained in  terms of salt content. During processing , sodium tends to 

exchange fot calcium in the cheese , thus decreasing the calc ium content. 

with homogenization the numbet of fat globules in the cheese is 

increased. This leads to a slower d iffus ion rate of salt into the 

cheese because the ions have to move around the fat globules ( Geurts , 

1 972 ) • ConseqJently homogenization results in a decrease in salt 

content in the cheese and hence an increase in  calcium content. 

B-4. 5. 3 Cheese physical properties 

The results of the physical properties ( stretchabil ity ,  meltability 

and fat loss ) of cheese made from control and homogenized milks are 

g iven in Table B. 9. 

The results show that the stretchability of cheeses decreased as 

the homogenization pressure increased ( Fig. B. 2 ) .  The results are in 

accordance with the earl ier observation that milk homogenized at h igher 

pressure ( 6700 kPa ) gave a curd with poor elastic properties ( Peters , 

1 956 ) .  I t  is poss ible that homogenization influences the properties of 

the case in micelles , thereby affecting the curd characteristics. 
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Table B. 8. 
-

Composition of cheeses made from control and homogenized 
f resh milks+ 

Cheese 

Cc:rnposition M ilk Milk Milk F-
Control homogenized hanogenized hanogenized ratio 

milk at 400 kPa a t  3300 kPa at 6700 kPa 
a b ab 

MNFS ( % )  56. 3 54. 4 56. 9 5 4. 3 6 . 33 

Fr:M ( %  ) 46. 5 46. 4 46. 7 47. 7 2. 7 3  
a a 

S/M 8. 1 7. 3 7. 0 5. 7 4. 47 

Calcium 162 1 82 1 81 17 9 7. 02* 
( nt-1/kg ) 

ab a b e c 
Ca/SNFNS 2. 3 4  2. 52 2. 63  2. 41 7. 99* 

( g/100 g )  

Phosphate 113  125 1 1 5  1 2 3  3. 61  
(Il'M/kg ) 

Phosphate/ 
SNFNS 3. 39  3. 62 3. 49 3. 5 8  0. 37 
( g/100 g )  

pH 5. 30 5. 3 4  5 . 2 8  5. 3 4  0. 56 

+Mean of two trial s  
* P < 0. 05. . 
T h.e. s up er c r 1 pt s a-d i ndi c a t e  di ffe r e nc e s b.etween means 

ai,gnti"i c ant. at the 0 . 0 5 . 



Table B. 9. 
-

Physical properties of cheeses made from co�trol a�d 
homoge�ized fresh milks+ 

Physical 
property Co�trol 

milk 

stretchabi l i ty 
e 

25. 2 
( em) 

e 
Meltability 3 42 

( %  ) 
ei 

Fat loss 4. 8 
( % )  

+ !·.�e an of t w o  t ri a l s  
* P < 0. 05 ; * *  P < 0. 01.  

M i lk 
homoge�ized 
at 400 kPa 

a 
20. 7 

a 
27 4 

af 
3. 5 

Cheese 
M ilk M ilk 

hanoge�ized homoge�ized 
at 3300 kPa at 6700 kPa 

ea 
1 8. 6  1 1 .  :) 

ea 
237 1 45 

abe bfi 
1 . 8 0. 1 

T he, sup er c r i p t s  a-d j  e- h ;  i-I i ndi c a t e  differ e c e s  between 

means; si gni f i c at at  t he 0 . 0 5 ,. 0 . 0 1 and 0 . 001  lev els 

r e s.p e c t iv e ly . 

/ u .  

F-
ratio 

9. 1* 

9. 3* 

27. 5**  
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Figure B . 2 .  Effect of harogenization pressures on the physical 
properties of Halloumi made fran hcmJgenized fresh 
milk. 
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,!9ble B. I0. Mean scores of sensory parameters of cheeses made fran 
control and hanogenized fresh milks + 

sensory 
parameter 

colour 

Appearance 

Texture 

Elastic ity 

sourness 

Saltiness 

Clean 
flavour 

Stretchiness 

Tenderness 

Control 
milk 

2. 4 
a 

3. 2 
6. 

2. 7 

3. 1 

2. 4 

3. 4 

1. 5 

ae 
4. 7- . 

ab c 
4 · 3 

� Mean or two tri als 
* P < 0 . 05. 

Milk 
hanogenized 
at 400 kPa 

2. 1 
e 

3. 3 

2. 5 

2. 9 

2. 5 

3. 6 

1. 4 

b 
3. 6 

a 
3 . 6 

Cheese 
M ilk 

hanogenized 
at 3300 kPa 

1. 9 
a e  

2. 1 
a, 

2. 2 

3. 1 

1. 9 

3. 4 

1. 4 

a. 
3. 4 

b 
3.3 

M ilk 
hanogenized 
at 6700 kPa 

1 . 9 

2. 8 
a 

2. 3 

2. 6 

2. 3 

3. 2 

1. 3 

b e  
2. 2 

T he supercrip t s  a-d and e-h indi c a t e d i ffere c e s  

be tween means a t  t he 0 . 0 5 and 0 . 01 levels 

resp e c t ively . 

. F­
ratio 

1. 1 8  

9. 76* 

5. 48  

O.  83 

1 . 20 

0. 31 

0. 1 8  

10. 55* 

5. 85 



Table B. ll. 
-

sensory 
parameters 

colour 

Appearance 

Texture 

Elastic ity 

Sourness 

Saltiness 

Flavour 

S tretchiness 

Tenderness 

* p < 0. 05 ;  
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Correlat ion coefficients be tween the sensory parameters and 
physical properties of cheeses made from control and 
homogenized fresh milks 

Correlation coefficient 
Stretchability Meltabil ity Fat loss 

0. 5* 0. 7* 0 . 6* 

0. 6* 0. 3 0. 5* 

O. 7* 0. 8** 0 . 8* 

0. 6* 0. 5* 0 . 4 

0. 0 0. 0 0. 2 

0. 3 0. 3 0 . 4 

0. 2 0. 2 0. 4 

0. 9** 0. 8** 0. 9**  

0. 4 O. 4 0. 5* 

* *  P < 0 . 01.  
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The results for meltabi l i ty of cheese followed the same trend as 

those for stretchabil ity when homogenization pressures were varied ( Fig. 

B. 2 ) .  

progressive increases in hanogenizing pressure resulted in 

corresponding decreases in cheese fat loss ( F ig. B. 2 ) .  This trend may 

be due to the s ize of fat g lobules and the canposition of fat globule 

membrane , which are both influenced by homogenization ( Mulder & Walstra , 

1 97 4 ) .  Also high homogenization creates a more uniform d istribut ion of 

fat g lobules throughout the curd ( Peters , 1 96 4 ) . 

B-4. 5. 4 Sensory evaluation 

The results of the sensory panel (Table B. IO ) ind icated that 

homogenization had a significant effect on the appearance and the 

stretchiness of cheese. The other sensory parameters d id not show any 

s igni ficant variation. 

The sensory parameters were correlated with the physical properties 

of  cheese ( Table B. ll ) .  Some h igh correlations were found. For 

example , the elasticity and stretchiness parameters correlated well  with 

the stretchability and meltability. 

B- 4. 6 Conclusion 

The results of this sect ion suggest that when milk , homogenized at 

a pressure o f  6700 kPa , is used for making Halloumi cheese , there are 

unfavourable effects on the quality of the resultant cheese. However , 

when a low homogenization pressure is used ( e. g. 400 kPa ) these effects 

a re almost neglig ible. 
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8-5 MANUFACIURE OF HALI..CXJo1I CBEESE FRO-1 FRESH SKIM MILK AND MILKFAT 

8-5. 1 Introduction 

It was shown earl ier ( B- 4 )  that homogenization of milk at high 

pressure leads to problems with the qual ity of Halloumi cheese. It was 

also shown that some of the problems with the physical properties of the 

cheese can be overcome by using low pressure homogenization. However ,  

these f indings apply to the homogenization o f  fresh milk but may not 

apply when the milk system is changed. 

The obj ective of the present investigation is to study the e f fect 

of homogenization treatment on the quality of Halloumi made from skim 

milk and AMF. 

B-5. 2 Experimental Plan 

Homogenized milks were prepared by initially homogenizing fresh 

skim milk w ith AMF ( ratio 3 : 1 )  and then add ing the recombined cream to 

skim milk. Cheese was made from control and homogenized milks. The 

composition , physical charactet"istics and sensory parameters of the 

cheeses were then measured. 

B-5. 3 Experimental 

The experiment was carried out in duplicate. Eight vats ( i. e. 2 x 

4 )  of Hallourni cheese were manufactured dur ing the 1 985/86 dairying 

season. 

B-5. 3. 1 prepaEation of recombined milk 

B-5. 3. 1 . 1 Skim milk. Skim milk was prepared by separating the 

whole milk , pasteuri z ing at 72°C/15 s and cool ing to 45°C. 

B-5. 3 . 1 .  2 M ilkfat. A.'1hydrous milkfat ( lIMF)  was suppl ied by the 

New Zealand Da i ry Boat"d. 

B-5. 3. 1 .  3 Homogenization. Recambined cream was made by 

homogenizing skim m ilk with AMF ( ratio 3 : 1 )  at 55°C. Then recombined 

cream was m ixed with the rest of skim milk and cooled to 33°C. 
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For recanbined creams , hatl<JC;lenized at pressures of 3300 and 6 700 

kpa , a Manton-Gaul in homogenizer ( described in B-4. 3. 2 )  was used. 

For recanbined creams homogenized at pressure of 400 kPa a s imple 

pump homogenizer ( NZDRI ) was used. 

8-5. 3. 4 Cheesemaking 

The detailed experimental conditions for the manufacture of cheese 

are g iven in F ig. B. l. 

8-5. 4 Analytical PI!ocedures 

All the methods for chemical analysis,  phys ical measurements and 

sensory evaluation were followed as outl ined in A-5. 4. 

8-5. 5 Results and Discussion 

B-5. 5. 1 M ilk composition and cheesernaking 

The composi tions of the control milk and homogenized milks were 

s imilar (Table B. 1 2 ) .  During cheesemaking , no differences were observed 

in manufactur ing steps , apart from the particle size of the curd after 

cutting and the curd properties after whey drainage , as discussed 

previously ( B- 4. 5. 1 ) .  

8-5. 5. 2 Cheese camposition 

The average compositions of the four cheeses are g iven in Table 

B. 1 3. Statistical analys is of the data showed that no significant 

d i fferences were noted in any of the cheese compositions , except for the 

salt in moisture ( S/M ) values. The S/M value of the cheese made from 

control milk is s ignif icantly greater than the S/M values for cheeses 

made from homogenized milks. The higher level S/M of the control cheese 

was attributed to the greater diffus ion of salt as discussed in B-4. 5. 2. 

B-5. 5. 3 Cheese physical prOperties 

The physical properties of the cheeses are l isted in Table B. 1 4. 

The data followed the same trend as in the results for cheeses made from 

homogenized fresh milks ( 8- 4 ) . 

The stretchabil ity propert ies of cheeses decreased as the 

hanogenization pressures increased ( Fig. B. 3 ) .  Comparing the 



Table B. 1 2. Compos ition of control and homogenized rnilks+ 
-

Canpos ition 

TS ( %  ) 

Case i:1 ( % )  

Fat ( %  ) 

CIF 

Cal c ium 
( rrM/kg ) 

Phosphate 
( rrM/kg ) 

+Me an of' 

Control 

1 1. 5 

2. 55 

3. 6 

0. 71 

2 9  

20 

two t r i al s  

M ilk 
Homogenized Homogenized Hornoge:1ized 
at 400 kPa at 3300 kPa at 6700 kPa 

11. 5 1 1. 7 11. 7 

2. 55 2. 51 2. 51 

3. 7 3. 6 3. 6 

0. 70 0. 70 O.  70 

30 29 29 

20 21 20 

/ I • 

F-
ratio 

1. 30 

0. 2 4  

0. 44  

0. 05  

0. 25 
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Table B. 13. Composition of cheeses made from control and homogenized 
-- milks + 

--------------------------------------------------------
Cheese 

compos i t ion 

MNFS ( % )  

FI1'1 ( % )  

S/M 

Calcium 
( rrM/kg ) 

Ca/SNFNS 
( g/100 g )  

Phosphate 
(m'1/kg ) 

Phosphate/ 
SNFNS 
( g/100 g )  

pH 

Control 
milk 

54. 8 

45. 0 
ef'g 

8. 1  

1 86 

2. 5 9  

1 2 9  

3. 7 4  

5. 4 

+ M e an  o f  two t r i al s  
* p < 0. 05. 

Milk 
homogenized 
at 400 kPa 

54 . 5 

45. 1 
e 

6. 8 

1 88 

2. 47 

126 

3. 60 

5. 5 

M ilk 
homogenized 
at 3300 kPa 

55. 1 

45. 7 
f 

6. 3 

1 92 

2. 55 

129 

3. 75 

5. 5 

Milk 
homogenized 
at 6700 kPa 

53. 1 

45. 8 

6. � 
1 91 

2. 46 

127 

3. 6 1  

5. 5 

T he s upers.c ri p t a  a- d ;  e- h ; i - l  i ndi c a t e  di ferenc es 

b e twe en means signi fic ant at 0 . 0 5 , 0 . 0 1 ,  0 . 001 levels 

r e s pe c t i v e ly .  

F-' 
rat io 

2. 0 3  

0. 99 

25. 8* 

0. 0 9  

0. 25 

0. 02 

0. 26 

0. 02 



Table 8. 1 4. Physical properties of cheeses made fram control and ---- homogenized milks + 

Cheese 
Phys ical  Milk  M i lk M ilk 
property Control hamogenized hauogenized hamogenized 

milk at 400 kPa at 3300 kPa at 6700 kPa 
a b a D 

stretchabi l ity 27. 5 23. 4 1 4  6. 4 
( em )  

Meltab i l i ty 229 225 221 153 
( %  ) 

efg e f 
O. f Fat loss 4. 8 0. 5 0. 4 

( %  ) 
+ Mea n of two trl als 

* P < 0. 0 5 ;  **  P < 0. 01. 
T he s up e r s c rip t s  a-d i ndi c a t e  di fferenc e s  b e twe e n  

means s i gnif i c ant at 0 . 0 5 l evel . 
e- h  a t  0 . 0 1 level . 

79.  

F-
ratio 

6. 30 

0. 83 

26. 46* *  
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Figure B. 3 .  Effect of hcm:>genization pressures on the physical 
properties of Halloumi made fran control and 
hcm:>genized milks 
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�. 
--

Mean scores of sensory parameters of cheeses made from 
control and homogenized milks + 

Cheese 

81 . 

sensory Milk  M ilk Milk F'-
parameter Control homogenized homogenized hanogenized ratio 

milk at 400 kPa at  3300 kPa at 6700 kPa 
a e  f ab ' b e f  

Colour 3. 3 3. 0 2. 6 2. 0 17. 7 4* 

APpearnce 2. 5 2. 8 2. 70 3. 0 0. 67 

Texture 2. 0 1. 8 2. 1 1. 9 0. 44 

Elasticity 2. 1 1. 0 2. 5 2. 2 0. 30 

Sourness 1. 9 1. 8 1 .  8 1. 70 0. 44 
abc.: a ,- c " 

saltiness 3. 3 2. 5 2. 5 2. 5 4. 72 

Clean 1. 2 1. 5 1. 3 1. 1 0. 6 1  
flavour 

a a 
5 tretchiness 5. 1 4. 6 3. 4 1 . 6 3. 52 

a b ab 
Tenderness 4. 7 4. 3 3. 5 2. 7 4. 99 

+Mea n  of' two tr� als 
* P < 0 . 05. 
The s upers crip t s  a-d ;  e - h  indi ca t e  differenc e s  b etween 

means s i gni f i cant at 0 . 0 5 and 0 . 0 1 l evels re spe c t i vely . 
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Table B. 16. Correlation coefficient between the sensory paramete�s and 
physical properties o f  cheeses made from control and 
homogenized milks 

sensory Correlation coefficient 
Attrbiutes Stretchabil ity Meltabil ity Fat loss 

Colou� 0. 7 9* 0. 46 O. 70* 

Appearance -0. 49 -0. 20 -0. 37 

Texture -0. 1 9  -0. 04 0. 25 

Elasticity -0. 15 0. 50* -0. 21 

Sourness -0. 55* 0. 20 0. 47 

Saltiness 0. 5 9* 0. 43 O. 94** 

Flavour 0. 44 0. 7 4* -0. 1 2  

S tretchiness 0. 97* *  0. 7 9* 0. 5 8* 

Tenderness 0. 97**  0. 70* O. 6 h  

p < 0. 05 ; * *  P < 0. 01.  
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stretchabil ity o f  control cheese with that produced by other treatments , 

a slight decrease was noted in cheese made from milk homogenized at 400 

kpa , whi le a greater decrease was observed in the cheeses made fram milk 

homogenized at 3 300 �Jd 6700 kPa. The reason for this decrease could be 

attributed to the homogeni zation pressure chang ing the structure o f  the 

milk casein by fac i l itating i ts adsorption on the new s\.lrface area of 

the fat globules ( Mulder & Walstra , 1 97 4 ) .  

There was no significant d i fference in the meltability o f  the 

cheeses. However , the resul ts showed the same trend as the 

stretchabil ity results ( Fig. B. 3 ) . 

The fat loss in cheese made from control milk was found to be 

s ignificantly greater than the fat loss in cheeses made from homogenized 

m ilks ( Table B. 1 4  and Fig. B. 3 ) .  

8-5. 5. 4 Senso!y evaluation 

The results of the sensory panel (Table B. 1 5 )  indicated that 

homogenization had a significant e f fect on the colour parameter of 

cheese. The other sensory attributes d id not show any s ignificant 

d if ference. 

The correlation coeff ic ients between sensory parameters and physical 

characteristics of the cheese are shown in Table B. 16.  Some high 

correlations were observed , for example the stretchiness and tenderness 

parameters correlated s ignificantly with the stretchabil ity ,  mel tabi l i ty 

and fa t loss. 

8- 5. 6 Conclusion 

The results of the present study show that the physical properties 

of the cheese are affected by the homogenization pressure used in the 

preparation o f  the milk. When high hanogenization pressure is used a 

cheese of unsat isfactory quality is produced , while low pressure 

homogenization g ives cheese with satisfactory physical properties. 

These resul ts confirm the previous resul ts ( B- 4 ) . 
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&-6 MANUFACIURE OF HALLOlMI OiEESE F'RQw1 RE<n1BINED MILK 

8-6. 1 Introduction 

I t  has been reported that hard and semi-hard cheese can be 

manufactured fran recanbined milk using hanogenization pressure 5100-

6700 kPa (Sanderson, 1 970 ) .  However , experiments carr ied out in 

Sections 8-4 and B-5 suggest that it is unl ikely Hallourni cheese can be 

manufactured fran recanbined milk which has been hanogenized at 

pressures of 5000-6700 kPa. Consequently the effect of hanogenization 

treatment on the quality of Hallourni made fran recanbined milk was 

investigated in the present study. 

8-6. 2 Experimental Plan 

Recombined milks were prepared by initially homogenizing 

reconstituted skim milk with AMF ( rat io 3 : 1 )  and then add ing the 

recombined cream to the skim milk. Cheese was made fran the recanbined 

milks. The compos ition, phys ical characteristics and sensory parameters 

of the cheeses were then measured. 

8-6. 3 Experimental 

The experiment was carried out in dupl icate. S ix vats ( i. e. 2 x 3 )  

of Hallourni cheese were manufactured. 

8-6. 3. 1 preparation of recombined milk 

8-6. 3. 1. 1 Reconstitution of skim milk. Reconstituted skim milk 

was prepared by mixing 11. 9 kg of low heat skim milk powder 

( manufactured at NZDRI with a preheat treatment of 72°C/l 5 s ) , with 

1 22. 5 kg of water at 40°C using a powder l iquid circulation pump. ( The 

system is particularly sui table for reconstituting the powder rapidly. ) 

The skim milk was kept c irculating for 1 5  min to ensure that all  the 

powder was d issolved. 

B-6. 3. l. 2 M ilkfat. AMF was used. 

B-6. 3. l. 3 Homogenization. The homogenization process was the same 

as that g iven in  8-5. 3. 1. 3. 
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8-6. 3. 2 Cheesanaking 

The detailed experline�tal conditio�s for the ma�ufacture of cheese 

are g ive� i� Fig. B. l .  

B-6. 4 Analytical Procedures 

All the methods fot: chemical a�alysis , physical measureme�ts and 

sensory evaluation were followed as outl ined in A-5. 4. 

B-6. 5 Results and Discussion 

B-6. 5. 1 Milk composition and cheesemaking 

The canpos itions o f  recanbi�ed milks were similat: ( Table B. 17 ) .  

our ing cheesemaki�g , no d i fferences were observed i� ma�ufacturing 

steps , apart fran the part icle size of the curd after cutt ing a�d the 

curd pt:operties after whey drainage , as discussed previously ( B-4. 4. 1 ) .  

B-6. 5. 2 Cheese composition 

The average canpositio�s of the three cheeses are g ive� in Table 

B. 1 8. Statistical a�alysis of the data showed that there were no 

s ig�ifica�t diffet:ences i� the cheese canpositio�s. 

8-6. 5. 3 Cheese physical properties 

The physical properties of the cheeses are g ive� i� Table B. 1 9. 

The data showed s ignificant var iation i� the stretchability and 

meltability propet:ties of the cheeses f ran the tht:ee treatments ( Fig. 

B. 4 ) . Fat loss properties d id not show a�y signi ficant difference but 

followed the same trend as for stretchabi l ity. 

8-6. 5.  4 sensory evaluation 

The results of the se�sory evaluation ( Table B. 20 ) i�dicated that 

homogenizatio� had a sig�i f icant effect on the stretchiness and 

te�derness of cheese. The other sensory parameters did not show a�y 

s ignif icant variation. The s ignificant results fran the se�sory panel 

confirmed , to a l arge extent ,  the f ind ings of the physical propert ies 

data. 

The se�sory parametet:s were cot:related with the physical properties 

of cheese (Table 8. 21 ) .  A s ignificant posi t ive correlation was observed 
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Table B. 17. Composition of recombined milks
+ 

-

Recombined milk 
canp:>si t ion Horncgenized Han<:X.;1enized 

at 400 kPa at 3300 kPa 

TS ( % )  1 1. 7 1 1 . 7 

Case in ( % )  2. 65 2. 60 

Fat ( %  ) 3. 9 3. 8 

elF 0. 6 9  0. 6 8  

Calcium 31 30 
( rrM/kg ) 

Phosphate 17  17 
(rrM/kg ) 

+ M e an. o f  t wo t r i a l s  

86 . 

Hancgenized F-
at 6700 kPa ratio 

1 1. 8 0. 45 

2. 6 5  2. 11  

3. 9 3 . 0 4  

0. 6 8  0. 5 9  

32 0. 42 

1 8  1 . 13  



Table B. l &  Composition of cheeses made from recombined milks+ 
-

Cheese 

composition Recombined milk Recombined milk Recombined milk 
homogenized hanogenized hanogenized 

at 400 kPa at 3300 kPa at 6700 kPa 

MNFS ( %  ) 5 4. 1 55. 1 5 4. 0 

Fr:M ( %  ) 4 & 7 4 & 5 4 & 3 

S/M ( %  ) 5. 3 5. 5 6. 0 

calc ium 1 90 1 85 1 91 
( rrM/kg ) 

Ca/SNFNS 2. 46 2. 44 2. 56 
( g/100 g )  

Phosphate 101  98 104 
( rrM/kg ) 

Phosphate/ 2. 95 2. 95 2. 98 
SNFNS 
( g/100 g )  

pH 5. 6 5. 6 5. 6 
+ M e an o f'  two trials 

CS I • 

F-
ratio 

7. 5 

3. 9 

0. 26 

1 . 30 

1 . 1 

1. 2 

1 . 0 

0. 8 



Table B. 1 9. Phys ical properties of cheeses made fran recanbined milkS+-
-

- Cheese 
Phys ical Recanbined milk Recanb ined milk Recanbined milk 
proper ty hanogenized hanogenized hanogenized 

at 400 kPa at 3300 kPa at 6700 kPa 
a e a b 

6. �e 
stretchability 5 4  35. 5 

( em) 
a a 

Meltability 276 2 43 1 33 
( %  ) 

Fat loss ( % )  0. 6 0. 6 0. 1 

+Me an of t w o  t r i a l s  
* P < 0. 0 5 ;  * *  P < 0. 01.  
T he s up ers cri p t s  a-d j e- h indi c a t e  di ffe renc e s  b etween 

means s i gni fi c ant at 0 . 0 5 and 0 . 01 levels re s p e c t ively . 

F-
ratio 

84. 9** 

11 .  :2 

1. 0 
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Figure B . 4 .  Effect of homogenization pressures on the physical 
properties of Hallourni made fran recanbined milks . 
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Table B. 20. Mean scores of sensory parameters of cheeses made from 
recombined milks + 

sensory 
parameter 

Colour 

Appearance 

Texture 

E l astic ity 

Sourness 

Saltiness 

Clean 
f l avour 

Stretchiness 

Recanbined milk 
homogenized 

at 400 kPa 

3. 6 

3. 2 

2. 4 

2. 4 

1. 8 

2. 8 

1 . 4 

e 
5. 3 

+M ean of two t r i alb 
* P < 0 . 0 5 ;  * *  P < 0. 01.  

Cheese 
Recanbined milk 

homogenized 
at 3300 kPa 

3. 2 

2. 9 

2. 5 

2. 1 

1 .  8 

2. 8 

1 . 3 

a 
4. 2 

Recombined milk F­
homogenized ratio 
at 6700 kPa 

1. 9 3. 06 

3. 0 0. 31 

2. 6 0. 0 8  

2. 0 0. 41 

2. 6 4. 3 8  

3. 6 2. 67 

1. 8 8. 12 

a e 
1. 2 53. 87* 

9. 8· 

T he sup erscrip t s  a-d ; e-h indicate differenc e s  b etwe en 
me.ana> s i gni f i c ant at t he 0 . Q5and 0 . Q1 levels resp e c t ively. 



Table B. 21. 
-

sensory 
parameters 

Colour 

Appearance 

Texture 

Elast ic ity 

sourness 

saltiness 

Flavour 

Stretchiness 

Tenderness 

* p < 0. 0 5 ;  

f l. . 

Correlation coef f ic ients be tween the sensory parameters and 
physical properties o f  cheeses made from recombined milks 

Correlation coef f ic ient 
Stretchability Meltability Fat loss 

O. 80**  0. 7 8* 0. 75* 

0. 1 4  -0. 0 4  0. 05 

-0. 22 -0. 35 -0. 10 

0. 44  0. 46 0 . 73* 

-0. 13 -0. 3 9  -0. 35 

-0. 32 -0. 36 -0. 40 

-0. 40 -0. 44 -0. 35 

O. 96* *  0. 94** 0. 72* 

O. 80* *  0. 85** 0. 77 

** P < 0. 01. 
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between stretchiness and stretchabil ity ,  meltability and fat loss 

characteristics. Tenderness gave s imilar positive correlations. 

8-6. 6 Conclusion 

The results of the present s tudy show that the stretchability and 

meltability properties of the cheese were affected by high 

homogenization pressure. The result g ives further evidence to support 

the hypothesis that there is a relationship between hcxnogenization 

treabment and the properties of the resultant cheese. 

However , the results also show that it is poss ible to manufacture a 

cheese with satisfactory properties from milk reconstituted from SMP and 

AMF using low homogenization pressures. 

8-6. 7 OVerall Conclusion of the Effect of Homogenization on the 

Physical Properties of Halloumi Cheese 

In the preced ing Sections ( 8-4,  B-5 and B-6 ) ,  stud ies were carr ied 

out to determine the effect of homogenization pressure on the physical 

properties of Halloumi cheese when made from different types of milk. 

The resu l ts of  these studies are g iven in Tables B. 9,  B. 1 4  and B. 1 9, 

whi le the averaged data for the three set of experiments are shown in 

Table B. 22. The results show that for fresh milk , milk made from fresh 

skim milk and AMF , and milk produced from SMP and AMF , homogenization 

treabment had a s ignificant effect on the physical properties of cheese. 

For each type of mil k ,  stretchabil i ty ,  meltabil ity and fat loss 

decreased as homogenization pressure increased from 400 to 6700  kPa. 

Cheeses produced from milks hanogenized at pressure of 400 kPa were 

considered to have satisfactory physical properties. 

Further investigations have been undertaken to determine why 

hanogeni zation treabment a ffects the phys ical properties of Halloumi 

cheese. These studies are reported later ( B-9) . 



Table B. 22.  
-

Physical 
property 

Merui scores of physical properties of cheeses made at 
different homogenization pressures 

Cheese 
Milk M i lk M ilk 

hanogenized harogenized harogenized 
at 400 kPa at 3300 kPa at 6700 kPa 

e i  e j  
stretchability 32. 7 22. 7 

i j  
8. 2 

( em) 

Meltabi l ity 
e 

25 8 2 3.f 1 4re 

( %  ) 
ai. ab �i 

Fat loss ( % )  1. 5 0. 9 O. 

F-
ratio 

3 8.  9** . 

7. 6( 

16. 1 * '* 

* P < 0 . 0 5 ;  **  P < 0. 01 . . . 
T he s up erscrip t s, a- d; e-h ; 1-l i nd icate dif'f'erenc es, b etwe en 
m.eans, s.ignif'i.c ant at the 0 . 0 5 ,  0 . 0 1 andO . 0 01  l ev els, resp e ctively 



B-7 MANUFACI'URE OF HALLOlMI QiEFSE FRCM DIFFERENT TYPFS 

OF SKIM MILK PGIDER 

B-7. 1 I ntroduction 

I n  the previous investigation ( B- 4 ,  8-5 and B-6 ) it was 

demonstrated that homogenization of milk at high pressures ( about 6700 

kpa ) had a detrlinental effect on the stretching and melting properties 

of Halloumi , while low pressures ( 400 kPa ) caused a min linal change to 

cheese properties. Therefore when making Hallourni from recombined milk , 

low pressure hrnogenization must always be used. While homoge:1ization 

has an importa:1t influe:1ce 0:1 the qual ity of Hallourni cheese made from 

recombined milk , the nature of the skim milk powder used may also be 

s ig:1i f  icant. 

The product io:1 of a powder suitable for cheesernaking depe:1ds on the 

process variables. I n  commercial practice , two process parameters ca:1 be 

altered to cha:1ge the powder qual ity ,  :1amely ( i ) preheat treatme:1t of 

milk , a:1d ( i i )  sol ids cO:1centratio:1 prior to drying. 

The preheat treatment is importa:1t , both i:1 terms of the qual ity of 

the powder ( Baucke & Sa:1derson, 1 970 ) a:1d of the resulta:1t cheese 

( G i l les & Lawrence , 1 980 ) .  Furthennore , Flanaga:1 et al. ( 1 97 8 ) 

suggested that when part of the low heat milk powder is replaced by high 

heat powder for Mozzarella cheese manufacture , the stretching a:1d 

mel t ing properties are impaired. 

Goncentratio:1 of total sol ids pr ior to drying is a:1other variable 

that can affect the powder qual ity ( de Vilder et al. , 1 97 9; Muir,  1 980 ) , 

a:1d may also affect recombined cheese qual ity (Gilles , personal 

commu:1ication , 1 985 ) .  

The objective of the prese:1t s tudy was to investigate the effect of 

preheat treatment of the milk a:1d the total sol ids cO:1ce:1tration prior 

to drying on the qual i ty of recanbined Hallouni cheese. 



B-7. 2 ExperDnental Plan 

Skim m ilk was div ided into two portions , which were preheated at  

different temperatures. Each of these portions was subdiv ided into two 

lots and concentrated to different levels. The four lots were dried. 

The composition , physical characteristics and sensory parameters of the 

cheeses were then measured. 

B-7. 3 Experimental 

The four different types of SMP were ma:1Ufactured twice in March 

1 9 85 and twice in November 1 985. 

S ixteen vats ( i. e. 4 x 4) o f  Halloumi cheese were manufactured from 

the SMP made in March 1 985 and e ight vats ( i . e. 4 x 2 )  from the SMP made 

in November 1 985. 

B-7. 3. 1 Manufacture of sklin milk powder 

The manufactur ing procedure for SMP is shown in Fig. B. 5. 

B-7. 3. 1. 1 M ilk supply. On the day of processing , bulk whole milk 

was obtained from the Manawatu Co-operative Da iry Company. Sk im milk 

was prepared by separation of whole milk after warming the milk to 3 8°C. 

The skim milk was div ided into two portions , and pasteur ized at 

6 8° C/15 s and 72°C/1 5  s respect ively in a plate heat exchanger. 

B-7. 3. 1 . 2 Preparation of concentrate. Each portion of skim milk , 

which had been subjected to preheat treatment , was subdiv ided into two 

lots. These lots were concentrated conventionally in a pilot- scale 

triple e f fect fall ing f i lm evaporator (Wiegand , Karlsruhe , GnbH , West 

Germany) to 3 8% and 45% total sol ids. D..lr ing evaporation, milk 

temperatures were maintained in  the range 35-37°C. 

8-7. 3. 1. 3 Spray drying. The concentrated skim milk was dried 

us ing a de Laval TCD configuration spray drier ( Sweden ) .  Typical drying 

cond itions were : 



Whole milk 

/ 
separated at 3 8°C cream 

skim milk 

/ 
( SM )  

� 
skim milk 

pasteur ized at 72°C/ I S  s 
skim milk pasteurized 

at 6 8°C/15 s 

SM 
concentrated 
to 3 8% TS 

SMP 
1 

St'1P 1 - preheated 
SMP 2 - preheated 
SMP 3 - preheated 
SMP 4 - preheated 

SM 
concentrated 
to 45% TS 

�/  
concentrated 
to 3 8% TS 

SMP SMP 
2 3 

to 72°C/15 S ,  concentrated to 38% TS 
to 72°C/15 S ,  concen trated to 45% TS 
to 6 8°C/15 S ,  concentrated to 3 8%  TS 
to 6 8°C/15 S ,  concentrated to 45% TS 

SM 
concentrated 
to 45%TS 

SMP 
4 

F igure B. S. Manufacturi ng procedure for skim milk powder ( SMP ) .  



inlet temperature 200°C 

outlet temperature 97-10loC 

feed atomization pressure 170-1 80 bar 

B-7. 3. 2 p�epa!ation of �ecambined milk 

B-7. 3. 2. 1 Reconstitution of skim milk. 

was prepared as described in B-6. 3. 1 . 1.  

Reconstituted skim milk 

B-7. 3. 2. 2 M ilkfat. &�hydrous milkfat (AMF )  was used. 

B-7. 3. 2. 3 Hanogenization. Recanbined cream was made by 

homogenizing reconstituted skim milk and AMF at a pressure of 400 kPa. 

De ta ils of the procedure are g iven in B-5. 3. l. 3. 

B-7. 3. 3 Cheesemaking 

The detailed experimental cond itions for the manufacture of cheese 

are g iven in F ig. B. l. 

B-7. 4 Anal yt ical Procedures 

B-7. 4. 1 Chemical and physical methoos for skim milk powdel! 

The skim milk powders were analysed for moisture , total nitrogen , 

ash , lactose , calcium, phosphate , whey prote in n itrogen index and 

solubility index. Standard methoos as detailed in the New Zealand Da iry 

Division Manual (NZDCM ) were followed (Table B. 23 ) .  

B-7. 4. 2 Analytical methoos fo]! milk and cheese 

All the methods for chanical analys is , phys ical measurements and 

sensory evaluation were followed as outl ined in A-5. 4. 

B-7. 5 Resul ts and Discussion 

The results obtained for the two sets of experiments ( i. e. SMPs 

made in March and November) are d iscussed below. 

B-7. 5. 1 Powder composition and physical prope1!ties 

Within each set of experiments there were no major differences 

between the four d ifferent types of powders ( Table B. 2 4  and B. 25 ) .  

However the protein contents of the powders made late in the dairying 

season (March) were higher than those of powders made at the peak of the 
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Table B. 23. Chemical and physical methods for analysis of skim milk powder 
-

particulars 

Mois ture 

Total 
n itrogen 

Ash 

Lactose 

Calcium 

Phosphate 

Whey prote in 
n i trogen 
i ndex (WPN I )  

Solubil ity 
I ndex ( S I ) 

Method 

NZDr:M 
2. 9. la 

NZ[)[M 
1-1 1a 
Kjeldhal 

NZDr:M 
2. 3. 1a 

NZDr:M 
2. 5. 1a 

NZDr:M 

NZDr:M 
2. 15. 1a 

NZDr:M 
2. 16. 2a 

NZDEM 
2. l7. 1a 

Reference 

American Dry M il k  
Insti tute (AEMI ) 
1 965 

FIL-IDF 
20-1 962 

Br i tish Standard 
l743 : 1 % 8  

Pearce ( 1 977 ) 

AOAC 
2. 0 1 9  

Sanderson 
( 1 970 ) 

AEMI 
1 965 

pr inc iple of method 

The sample is heated with 
toluene to extract water 
vapour as an azeotropic 
mixture with toluene 
vapour. Following conden­
sation the water separates 
and is collected as the more 
dense layer in a Dean-Stark 
trap. 

Method is described in Table 
B. 5. 

After all the organic 
material has been burnt off 
the resid�e is weighed. 

The fat and prote in are 
removed from a reconstituted 
sample by prec ipitation and 
filtration. The optical 
rotation of the filtrate is 
measured to give the 
percentage lactose present. 

Method is descr ibed in Table 
B. 5 

The sample is wet oxid ized 
using nitric and perchlor ic 
ac ids and reacted with a 
molybdovanadate reagent for 
colorimetric determination. 

case in prote in and denatured 
whey protein are prec ipitated 
fram the reconstituted milk 
powder using sod ium chloride. 
Undenatured whey prote in is 
precipitated us ing amido black 
dye , and the excess dye 
determined spectrophoto­
metrically. 

Under standard conditions the 
reconstituted milk powder is 
centrifuged in a graduated 
tube , and the volume of 
insoluble material noted. 



Table B. 24. Cbmposition and physical propert ies of sklin milk powders manufactured from milk subjected to d ifferent 
heat treatments and concentrations ( March 1 985 ) 

Sklin milk powder 
Canposition M ilk heated to 6 8°C M ilk heated to 6 8°C M ilk heated to 72°C M ilk heated to 72°C 

and concentrated to 3 8%  and concentrated to 45% and concentrated to 3 8% and concentrated to 45% 

Moisture ( % )  3. 7 3. 6 3. 4 3. 8 

Protein ( % )  3 9. 6 3 9. 8 40. 1 3 9. 2 

Lactose ( % )  46. 8 46. 9 46. 8 46. 3 

Ash ( % )  8. 1  8. 0 8. 0 8. 0 

Calc ium ( rrM/kg ) 351 327 337 343 

Phosphate 210 1 99 200 215 
( rrM/kg ) 

WPN1 9. 6 8. 5 8. 5  9. 4 

S I  0. 1 0. 7 0. 2 0. 5 

,. c: 



_t ____________________________________________________ {� 
Table B. 25. 

Composition 

Moisture ( % )  

Prote in ( % )  

Lactose ( % )  

Ash ( % )  

Composition and phys ical properties of sk lln milk powders manufactured from milk subjected to d i fferent 
heat treatments and concentrations ( November 1 985 ) 

Sk im milk powder 
M ilk heated to 6 8°C M ilk heated to 6 8° C  M ilk heated to 72°C M ilk heated to 72°C 
and concentrated to 3 8%  and concentrated to 45% and concentrated to 3 8% and concentrated to 45% 

3. 4 3. 4 3. 4 2. 8 

36. 5 36. 5 36. 9 37. 4 

51. 1 51. 1 51 . 6 48. 6 

8. 1 8. 0 8. 1 8. 1 

CalciLDU ( rrM/kg ) 356 352 334 3 43 

Phosphate 246 2 40 225 232 
(rrM/kg ) 

WPNI 7 96 8. 0 8. 0 7. 9 

SI 0. 1 0. 8 0. 1 0. 5 
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season ( November ) .  This marked increase was probably due to the 

canbi:1ed e ffects of cows approaching the end of lactation ( Newstead , 

1 97 3 )  a:1d changes in  pasture growth ( Bloor , 1 981 ) .  Solubi l i ty i:1dex 

(S r )  was affected by the cO:1ce:1tration factor. The increase in total 

sol ids of the concentrate resulted i:1 an i:1crease in solub i l i ty index of 

the powder. These .results were in agreement with data of Baldwin et 

al. , 1 980. 

B-7. 5. 2 M ilk compos i t ion and cheesemaking 

As expec ted , wi thin each set of experiments , the cat1pJsi t ions of 

recanbined milks were s imilar ( Tables B- 26 and B-27 ) .  DJr ing 

cheesemaking , :10 differe:1ces were observed in the curd f irmness , and the 

ac id prcx::luction at different stages of process ing also fol lowed a 

s im ilar patter:1. 

B-7 . 5. 3 E f fect of preheat treatment 

The mea:1 values for the caTIpJs itio:1s of cheeses made from SMPs 

subjected to d i fferent heat treatments are show:! in Tables B-2 8  a:1d 

B-2 9. 

Within each set of experiments , statistical a:1alys is of the 

compJs i tio:1al data showed that the preheat treatment temperature d id :1ot 

s ig:1if  ica:1tl y affect cheese canposi tion. This was expected s i:1ce the 

milk  compos i tions were s imilar a:1d the milks behaved in  a s imilar way 

during cheesemaki:1g. 

The i:1fluence of preheat treatment on s tretchabil ity ,  meltabi l i ty 

a:1d fat loss properties is demonstrated in Tables B. 30 and B. 31.  The 

preheat temperature had a s ignifica:1t effect on the stretchab i l i ty and 

mel tabi l ity of  cheese. For each set of experiments , these properties 

decreased app.rec iably as the temperature increased ( Figs B. 6 and B. 7 ) .  

There are two possible reasons why the reduction occurred. 

Firstly , the effect of preheat temperature coutd. be attributed to .the denat_ 
whey prote i:1 and the formation of whey prote in-case in  canplexes 

( Sanderson, 1 970 ; Gilles & Lawrence , 1 980 ) , and the subseque:1t e f fect 

on cheese properties. This effect has bee:1 observed for Mozzarella 

cheeses. When h igh heat pov..der was used in i ts manufacture , the 
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Table B. 26. Canposition of milks prepared fran skim milk powders 
manufactured at d i fferent heat treatments and concentrations 
( March 1 985 ) + 

M ilk 
composition SMP SMP SMP SMP F-ratio 

( 6 8°C-3 8% ) ( 6 8°C-45% ) ( 72°C-3 8% ) ( 72°C-38% ) 

TS ( % )  1 1. 6 1 1. 6 11. 7 ll. 5 0. 80 

Fat ( % )  4. 0 3. 9 3. 9 4. 0 1. 25 

TN ( % )  0. 57 0. 56 0. 56 0. 5 8  1. 05 

Calc ium ( rrM/kg ) 30 29  32  31  1. 75  

phosphate 1 9  1 8  1 8  1 9  1. 30 
( rrM/kg ) 

+ M ean o f  f'our trials 
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Table B. 27. Oompos ition of milks p�epared fram skim milk powders 
manufactured at d ifferent heat treatments and concentrations 
( November 1 985 )+ 

Milk 
Canposition SMP SMP SMP SMP F-rat io 

( 6  8°C-3 8% )  ( 6 8°C-45% ) ( 72°C-38% ) ( 72°C-38% ) 

TS ( % )  1 1. 8 1 1 . 8 1 1. 3 1 1. 7 1. 80 

Fat ( % )  4. 0 4. 0 3. 9 4. 0 0. 67 

TN ( % )  0. 53 0. 53 0. 52 0. 53 1 . 47 

Calc ium ( rIM/kg ) 2 8  2 8  2 8  2 8  0. 2 8  

Phosphate 20 20 20 22 1 . 23 
( rrM/kg ) 

+Mean of two trial s  

1----------------- ------
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Table B. 2 8.  CanfX)sition of cheeses made fran sk:im milk fX)....oers 
manufactured fran milks subjected to d ifferent heat treatments 
( March 1 985 ) + 

CanfX)si t ion 

MNFS ( %  ) 

FI:M ( % )  

Protein ( % )  
( as dry matter ) 

S/M ( % )  

Calcium ( rrM/kg ) 

Ca/SNFNS ( g/100 g )  

Phosphate (rrM/kg ) 

Phosphate/SNFNS 
( g/100  g )  

pH 

Cheese 
SMP manufactured fran SMP manufactured fran F-ratio 
milk heated to 6 8°C milk heated to 72°C 

51. 7 51. 8 0. 07 

47. 6 47. 4 1. 88 

42. 1 42. 2 0. 01 

4. 0 4. 2 1 . 1 3  

1 86  1 89 0. 01 

2. 3 2. 4 0. 1 9  

93 92 0. 21 

2. 8 2. 7 0. 17 

5. 5 5. 4 0 . 11 

+M e an of four t ri a l s  
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Table B. 2 9. Canp::>sition of  cheeses made fran skim milk p::>wders 
manufactured fran milks subjected to d ifferent heat treabments 

( Nov em"ge :rJ. 985 ) + 

Canp::>s ition 

MNFS ( % )  

FI:M ( %  ) 

Prote in ( % )  
( as dry matter) 

S/M ( % )  

Calc iun (rctvt/kg ) 

Ca/SNFNS ( g/1 00 g )  

Phosphate (TIM/kg ) 

Phosphate/SNFNS 
( g/100 g )  

pH 

Cheese 
SMP manufactured fran SMP manufactured fran F-ratio 
milk heated to 6 8°C milk heated to 72°C 

5 2. 2 53. 3 1. 57 

4 9. 7 50. 1 3. 85 

3 9. 7  3 9. 9 0. 43 

4. 7 4. 5 0. 1 3  

1 88 1 84 0. 36 

2. 4 2. 4 0. 0 1  

93 92 0 . 0 1  

2. 9 2. 9 0. 22 

5. 6 5. 6 0. 1 1  

+M ean of two t ri als 



106 . 

Table B. 30. Physical properties of cheeses made from skbn milk powders 
manufactured fram milks subjected to d i fferent heat treabments 
( March 1 985 )+ 

Physical 
property 

stretchability 
( an )  

Meltability ( % )  

Fat loss ( % )  

Cheese 
SMP manufactured from SMP manufactured from 
milk heated to 6 8°C milk heated to 7 2°C 

5 4. 9 50. 6 

354 300 

2. 0 1. 6 
+ M ean of four t r i a l s  
* P < 0. 05. 

F-ratio 

9. 1 4* 

5. 6 8* 

1. 05 
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Table B. 31.  Physical properties of  cheeses made fram skim milk powders 
manufactured fr� milks subjected to d ifferent heat treabments 
( November 1 985 )  

Phys ical 
property 

Stretchabi l i ty 
( em )  

Meltabil ity ( % )  

Fat loss ( % )  

Cheese 
SMP manufactured from SMP manufactured from 
milk heated to 6 8°C milk heated to 7 2°C 

32. 2 2 4. 1 

217 1 91 

1. 9 1. 5 
+Mean. of two trials 

. * P < 0. 05. 

F-rat io 

7. 40* 

16. 0 4* 

1. 84 
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resultant cheese had poor physical properties ( Flanagan et al. , 1 97 8 ) .  

secondly , the effect o f  preheat treatment on the distribution of calcium 

in milk ( Kannan & Jenness , 1 96 1 ) .  It is generally recognized that low 

heat powder contains more ionic calcium than high heat powder ( Muldoon & 

l iska , 1 97 2 )  and this may affect the resultant curd and cheese 

properties. These results suggest that the increase of preheat 

treatment temperature of milk , even by a few degrees ,  adversely affects 

the stretching and mel ting properties of Halloumi cheese. 

8-7. 5. 4 Effect of concentration of total sol ids 

The compositions of the cheeses made from SMPs , which were 

manufactured from milk concentrates with d ifferent total sol ids are 

g iven in Tables B. 3 2  and B. 33. With in each set of experiments , the 

composi tions d id not show any s ignif icant differences. 

The physical properties of these cheeses are shown in Tables B. 3 4  

and B. 35. Within each set o f  experiments statistical a..'1alys is o f  the 

data showed that the total sol ids of the concentrate did not 

s ignificantly affect the stretchability ,  mel tability and fat loss of the 

cheeses. 

B-7. 5. 5 Sensory evaluation 

The mean scores of the sensory parameters are presented in Tables 

B. 36 and B. 37. For each set of experiments , the results showed that the 

sensory assessment of s tretchiness was the only parameter s ignif icantly 

affected by the tW'O treatment factors stud ied. Further statistical 

analys is has shown that the preheat treatment had a s ignificant effect 

on sensory stretchiness , while the concentration of total solids had no 

s ignificant effect. These results conf irmed the findings of the 

instrumental measurements of stretchability. 

The correlation between the sensory parameters and the physical 

properties of the cheeses are g iven in Tables B. 3 8  and B. 3 �  For each 

set of experiments a s ignificant positive correlation was found between 

sensory stretchiness , and the stretchability and meltability properties 

of the cheeses. In contrast ,  sensory tenderness gave different results 

for cheeses produced from March and November powders. In the case of 

cheeses made from November powders , a s ignificant correlation was 



Table B. 32. 
-

Composition of cheeses made from skim milk powders 
rnanufactured +from milks subjected to different concentrations 
( March 1 985 ) 

composition 

MNFS ( %  ) 

FCM ( %  ) 

protein ( % )  
( as dry matter) 

S/M ( % )  

Calc ium ( rrM/kg ) 

Ca/SNFNS ( g/100 g )  

Phosphate ( rrM/kg ) 

Phosphate/SNFNS 
( g/100 g )  

pH 

Cheese 
SMP manufactured from SMP m��ufactured from F-ratio 
milk concentrated to milk concentrated to 

3 8% 45% 

51. 8 51. 6 

47. 4 47. 5 

42. 2 42. 1 

4. 2 4. 1 

1 90  1 85 

2. 3 8  2. 2 9  

96. 9 88. 1 

2. 88 2. 6 8  

5. 56 5. 46 

0 . 15  

0. 3 4  

0. 33 

0. 0 9  

0. 43 

0. 6 2  

3. 07 

2. 1 9  

1 . 0 
+Mean of f'our tr� als 



Table B. 33. Composition of cheeses made from skim milk powders 
manufactured from milks subjected to different concentrations 
( November 1 985 ) + 

composition 

MNFS ( % )  

Fr:M ( % )  

Prote in ( % )  
( as dry matter)  

S/M ( % )  

Calcium ( rrM/kg ) 

Ca/SNFNS ( g/100 g )  

Phosphate ( mM/kg ) 

Phosphate/SNFNS 
( g/100 g )  

pH 

Cheese 
SMP manufactured from SMP ma�ufactured fram F-rat io 
milk concentrated to milk concentrated to 

3 8%  45% 

52. 4 53. 0 

4 9. 8 49. 9 

3 9. 7  3 9. 8 

4. 5 4. 7 

1 88 1 85 

2. 44 2. 44 

92. 8 93. 0 

2. 88 2. 92 

5. 6 5. 6 

0. 46 

0. 75 

0. 1 8  

0. 0 4  

0. 17 

0. 00 

0. 00 

0. 0 9  

0 . 00 

+Mean of two t r1 als 



Table B. 3 4. Physical properties of  cheeses made fran skim milk powders 
manufactured from milks subjected to d i f ferent concentrat ions 
( March 1 9 85 )+ 

Physical 
property 

Stretchability 
( em) 

Meltabil i ty 
( % )  

Fat loss ( % )  

Cheese 
SMP manufactured from SMP manufactured from F-rat io 
milk concentrated to milk concentrated to 

3 8%  45% 

54. 4 5 1. 0 

337 316 

1. 9 1. 7 

2. 98 

0. 88  

0. 0 9  
+Me an o f  four trials 
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Table B. 35. Physical properties of cheeses made fram sklin milk powders 
manufactured fram milks subjected to d ifferent concentrations 
( Novanber 1 985 ) + 

Physical 
property 

S tretchabil ity 
( em) _ 

Meltabil ity 
( % )  

Fat loss ( % )  

Cheese 
SMP manufactured from SMP manufactured from F-rat io 
milk concentrated to milk concentrated to 

3 �  �% 

33. 8 2 8. 5 

21 3 1 96 

1. 3 1. 0 

2. 43 

0 . 30 

0. 25 
+Mean of two trl.aIa 



Table 8. 36. Mean scores of sensory parameters of cheese made from d i f ferent treatment powders (March 1 985 ) + 

Cheese 

Sensory SMP manufactured from SMP manufactured from SMP manufactured from SMP manufactured from 
parameter milk heated to 6 8°C milk heated to 6 8°C milk heated to 7 2°C  milk  heated to 72°C 

and concentrated to and concentrated to and concentrated to and concentrated to 
3 8%  45% 3 8%  45% 

Colour 3. 6 3. 5 3. 3 3. 5 

Appearance 3. 1 3. 3 3. 2 3. 1 

Texture 2. 0 2. 6 2. 1 2. 3 

Elastic ity 3. 1 2. 7 2. 7 2. 8 

Sourness 1 . 5 1. 4 1 . 3 1. 7 

Saltiness 1. 6 1. 7 1. 9 2. 0 

Clean flavour 1 . 5 1. 6 2. 1 1 . 5 

F-ratio 

0. 52 

0. 71  

2. 94  

0. 6 8  

0. 6 8  

1 . 32  

2. 82 

Stretchiness 4. 9 4. 5 4. 3 3. 9 17. 3 4* 

Tenderness 4. 0 4. 2 3. 7 3. 8 1 . 0 8  

.. ,Mean of 
* P < 0. 05. 

four tri als 



Table B. 37. Mean scores of sensory parameters of cheese made from d i f ferent treatment powders ( November 1 985 )+ 

Cheese 
Sensory SMP manufactured fram SMP manufactured fram SMP manufactured fram SMP manufactured from 
parcroeter milk heated to 6 8°C milk heated to 6 8°C milk heated to 72°C milk heated to 72°C F-ratio 

and concentrated to and concentrated to and concentrated to and concentrated to 
3 8% 45% 3 8%  45% 

Colour 3. 6 3. 1 3. 5 3. 8 2. 85 

Appearance 2. 9 2. 9 2. 9 3. 0 0. 33 

Texture 1. 9 2. 2 1. 9 2. 2 2. 0 

Elastic ity 2. 9 2. 8 2. 8 2. 9 0. 13  

Sourness 1 . 4 1. 6 1. 7 1. 3 1 . 33 

Saltiness 1 . 3 1 . 6 1. 6 1. 2 3. 40 

Clean flavour 1. 4 1. 6 1. 3 1. 4 0. 25 

Stretchiness 4. 1 3. 9 3. 2 3. 9 8. 90* 

Tenderness 4. 0 4. 0 3. 4 3. 9 2. 10 

+Mean. of' two 
* P < 0. 05.  

tri als 

f­
f­o 
. 



Table B. 3 a  Gorrelation coeffic ients between the sensory parameters and 
physical propert ies of cheeses made fran skim milk powders 
manufactured fran m ilks subjected to different heat 
treatments and concentrations (March 1 985 ) 

sensory Gorrelation coefficient 
parameters Stretchability Meltability Fat loss 

colour 0. 0 9  0. 07 -0. 06 

Appearance -0. 3 4  -0. 30 -0. 0 9  

Texture -0. 1 8  0. 13 0. 0 8  

Elastic ity 0. 36 0. 27 0. 10 

Sourness 0. 0 9  -0. 1 9  -0. 1 8  

Saltiness -0. 3 4  -0. 2 8  -0. 20 

Stretchiness O. 86** 0. 5 8* 0. 33 

Tenderness -0. 25 0. 20 0 . 2 4  

* p < 0. 05 ; * *  P < 0. 01.  



Table B. 3 9. Gorrelation coeff ic ients between the sensory parameters and 
physical properties of cheeses made fram skim milk powders 
manufactured fram milks subjected to d ifferent heat 
treatments and concentrations ( November 1 985 ) 

sensory Gorrelation coefficient 
parameters Stretchability Meltability Fat loss 

colour -0. 33 0 . 04  -0. 11  

Appearance -0. 0 4  -0. 24  0. 02 

Texture 0. 07 -0. 31 -0. 30 

Elasticity 0. 22 0. 29 -0. 13 

Sourness -0. 62* -0. 46 -0. 20 

Saltiness -0. 25 -0. 29 -0. 43 

Flavour 0. 01 -0. 12 0. 10 

Stretchiness 0. 95** 0. 67* 0. 6 8* 

Tenderness -0. 85** -0. 53* -0. 67* 

* P < 0. 05 ; ** P < 0. 01.  



Table B. 40. Canposi tion of cheeses made fran skim milk pov.tiers 
manufactured at different time of dairying season 

Cheese 
Canposition SMP manufactured SMP manufactured 

in March in November 

MNFS ( % )  51. 7 52. 7 

FI11 ( % )  47. 5 49. 9 

Protein ( %  ) 42. 2 3 9. 8 
( as dry matter ) 

S/M ( % )  4. 1 4. 6 

Calcium ( rrM/kg ) 1 87. 4 1 86. 4 

Calc ium/SNFNS ( % )  2. 3 2. 4 

Phosphate ( roM/kg ) 92. 3 92. 9 

Phosphate/SNFNS 2. 7 2. 9 
( g/100 g )  

pH 5. 4 5. 6 

* P < 0. 01 .  

F-ratio 

3. 98  

371. 97 * 

1 35. 81 * 

2. 63  

0. 0 3  

1. 48  

0. 0 4  

2. 89 

4. 44 



Table B. 41. Phys ical properties of cheeses made frau skim milk powders 
manufactured at d ifferent t ime of dairying season 

Physical 
property 

Stretchabil ity 
( em ) 

Meltabil ity 
( % )  

Fa t loss ( % )  

* P < 0. 0 5 ;  * *  , 

SMP manufactured 
in March 

52. 7 

326 

1 . 8 

P < 0. 01.  

Cheese 
SMP manufactured 

in rbvember 

27. 1 

2 85 

1. 7 

F-rat io 

40 4. 23* 

5 1 . 65** 

2. 81 



observed between tenderness and stretchabil ity ,  meltability and fat 

loss. However , in the case of  cheese made from March powders , 

tenderness d id not show any s ignificant correlation with physical 

properties. This later result was not expected. 

8-7. 5. 6 Effect of  stage of dairying season 

Cheeses made from powder manufactured late in the dairying season 

( March) had a lower FCM and higher protein content than cheese made from 

po<M)er manufactured at the peak of the season (November ) .  This was 

expected since the two types of powders had different protein contents 

( see Tables B. 24 and B. 25 ) .  The cheese with higher FCM had higher MNFS 

suggesting that these two composition character istics are interl inked 

( Lel ievre , 1 9 83 ) .  However ,  d ifferences in MNFS between the two stages 

were too smal l  to be s ignificant. Other compositional data d id not show 

any signif icant d i fferences. 

The phys ical properties of cheeses made at the two stages of  the 

dairying season were d ifferent (Table B. 41 ) .  Cheese made from pov..der 

manufactured late in the dairying season (March) had higher 

stretchabi l ity and meltabil i ty values than the cheese made fran early 

season powder ( November) .  The reason for these differences could be 

a ttributed to the d ifferent f�,ctional properties of prote in at 

d ifferent stages of the dairying season or d ifferent prote in contents of 

cheeses. 

B-7. 6 Conclusion 

The results of the present i nvestigation show that h igher preheat 

treabment contributes to the problems assoc iated with the stretchabi l i ty 

and mel tabi l i ty properties of Halloumi cheese made from recombined milk. 

It is well known that the physical properties of the powder and the 

resultant cheese are extremely sensi t ive to variation in salt balance 

and denatured whey protein , and both are essentially affected by preheat 

treatment of  milk ( Baldwin et al. , 1 900 ;  Gilles & Lawrence , 1 900 ) .  

The total sol ids concentration of milk prior to spray drying does 

not show any s ignif icant effect on the cheese qual ity. 



The stage of the dairying season at which milk powder was 

manufactured influences the physical properties of cheese made fran 

recombined milk • 

• 



&- 8  MANUFACIURE OF MOZZAREllA CliEESE FRCM RECCMBINED MILK 

B- 8. 1 Introduction 

Mozzarella is a:1 u:1ripe:1ed cheese. I t  is characterized by its 

bla:1d flavour a:1d the abil ity to melt a:1d stretch whe:1 cooked. These 

phys ical characteristics are similar to those of Halloumi cheese. It  is 

ge:1erally k:1OW:1 that the stretchi:1g and melti:1Q properties of Mozzarella 

cheese are reduced when hanoge:1ized milk is used ( Bree:1e et al. , 1 % 4 ;  

Kos ikowski , 1 975 ) .  I t  has also been reported (Gilles & Lawre:1ce , 1 9 80 )  

that the stretchi:1g character istics of Mozzarella cheese are d iminished 

when recanbined milk is used for manufacture , although the reason is :1ot 

knoW:1. 

In the prese:1t i nvestigation , an attempt was made to study the 

ma:1ufacture of Mozzarella cheese from recambi:1ed milk us ing the 

principles established for Halloumi product io:1. 

&- 8.  2 Experimental Plan 

Recombined milks were prepared by initially homogenizing 

r eco:1sti tuted skim milk with AMF ( ratio 3 :  1 )  a:1d the:1 add ing the 

recombined cream to the skim milk. Cheese was made from the recombined 

milks. Also cheese was made from sta:1dardized milk as a cO:1trol. The 

canpositio:1 , physical characte.rist ics and sensory parameters of  the 

cheeses were the:1 measured. 

B- 8. 3 Experimental 

The experiment was carried out in dupl icate. Six vats ( i. e. 3 x 2 )  

o f  Mozzarella cheese we re ma:1ufactured 

8- 8. 3. 1 Preparation of l!'ecanbined milk 

B- 8. 3. 1 . 1 Reconstitution of skim milk. 

was prepared as described i:1 B. 6. 2. 1. 1. 

Reconstituted ski milk 

8-8. 3. 1. 2 M ilkfat. A..'1hydrous milkfat was used. 
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