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REVIEW OF LITERATURE
As mentioned elsewhere grocessed cheese ig made by
blending natqral cheeses of different ages and sources, adding
water, colouring agents and emul sifying salts and thep heating
and agitating until a homogenous mixture ig produced, The
fimal product has a consistency suitable faor packing and can

be stored at or near room temperature for a long period.

Over the past few decades, many aspects of the
manufacture of processed cheese have been reviewed by many
authers (Jackson ang Wearmouth, 1959; Price and Bush, 1974 a
and b; Shimp, 1985), and the same subject has seen di scussed
in recent text books (Meyer, 1973; Kosikavwski, 1977; Thoma s,
1977; Fox, 1987). 1Im addition, Mann (1969, 1970, 1974, 1975,
1978 a and b, 1981, 1983 a and b, 1986 ang 1987) has compiled
several Successively up dated international digest on proe~

essed cheese,

The quality of pbrocessed cheese is governed by many
parameters such as raw materials, brocessing conditions, micro-

biological,quality and rheological Propertieg,

Factors Affecting The Manufacture aof Processed Cheesge:

Selection of raw materials:
===l O Yaw materialg

A) Natural cheeses:

The most important step in the manufacture of Processed

cheese is the selection of natural cheeses. In some countries,
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bProcessed cheese is manufactured from only one very popular
variety of cheese of different degrees of maturity, for
example Cheddar cheese ig normally used in the Uniteg Kingdom,
while a mixture of Cheddar, Gruyers and Mozzarella useq in
USA and Camada, and Fmmentaler in Westenn Europe (Fox, 1987),
In Eurcpe as well as in Egypt the use of Cheddar cheese ag

a basic raw material has become considerably papular (Gouda,

1980) .

Templeton and Sommer (1930) concluded that blends of
very young cheese showed excegsive fat separation in bProcesg-
ing, and a rubbery texture in the finished product, but using
very old cheese gave weak body and grainy texture. The best

product was from cheese between 4 to 7 months old,

The same authers in 1932 reported that the casein to
fat ratio in the milk used for the original cheese hasg a
marked effect upan the body of the brocessed cheese, the

greater the broportion of fat the weaker the p0dy.

Palmer and Sly (1943) reported that the maturity of
the cheese usged has an important bearing on the stability of
the processed cheese emulsion, If the age Cieese was old,
texture was liable to be graing and oil Separation could
occur. On the other hand, very young cheese, generally gave
& very stable emulsion, They explained that the protein of

freshly made cheesge consiste chiefly of calcium paracaseinate,




.

while during the course of ripening, decomposed into uncoms
bined paracasein and calcium salts. The paracasein is the
further broken down into water soluble peptides, aminc-acids
and eventually amonia. Thus, the result of the ripening
process was am increase in the concentration of calcium
salts, accompanied by loss protective casein, both factors

reduced tne stability of processed cheese emulsion,

Wearmouth (1956) noticed that the main cheese used
for processing in France and Switzerland are Gruyere,
Emmental and Bxie and great care is taken to Preserve their
flavours. Carful control was exercised by routine treting,

particularly on the fat content of the finsihed mix,

Arnott et al (1957) concluded that cheese less than
2> days c¢f age would not improve the blend, and might harm
the melting qualities of processed cheese, They added that
the age of current cheese used in a blend is of more import-

ant than the average age of the blend.

Dimov and Mineva (1968) manufactured a special cheese
from semi-skimed HPST pasteurized milk (1.5-2,0 % butter
fat). Which involves the addition of remnet incubation with

O0e1 % Str. lactis + L. casei culture, 0.2 % butter culture

and 1 % culture of propionic acid bacteria and the addition
of 0,02 % CaCla, The milk coagulates in 30-35 min, the curd

is pressed, the cheese brine salted and after 2 week at 12-




14°C and 1 month at 18—2290, it 'is stored at 10-12°¢ for
further 6 wk. Mature cheese stored for 6 months at 5°%¢
contained on an over age about 42 % maisture, 2 % salt, 4.9 %
tatal N, 2.3 % soluble N, the last being higher in the cheese
made from 2 % fat milk than in that from 1.5 % fat milk, The
cheese had good consistency and a specific, pleasant and
pronounced flavour. The ripe cheese was made into processed
cheese without or with the addition of 20-50 wﬁite pickled
cheese and kachkaval cheese or with up to 30 % fresh curd,
All processed cheese had a good guality, the combination with

20 % curd giving in addition, considerable finencizl savings.

A selection of the initial cheese for Processing was
discussed by Daclin (1968), he reported that a mixture from
Emmental and Gruyere cheese containing 60-70 and 30-40 %
respectively produces a good flavour in the final processed

cheese,.

Lauck (1972) claimed that a high proportion of sclvage
cheese can be used as a raw material for the manufacture of
pasteurized processed cheese by incorporating up to 2.0 % by
wWt.e, Of a surface active agent such as polyoxyethylene mono-
stearate in the mix, in addition to the usual emulsifying

salts.,

Lukaszczyk (1975) in his review-type article deals
with the type of cheese used for processing (mostly Cheddar

cheese alone or mixed with Emmental, Gouda or Tilist cheese).




The degree of ripeness required for different types of proc-
essed cheese; compositiomal and physico-chemical properties
of the cheese intended for processing, and microbiological

characteristics of such cheeses (with particular refernce to

hazards of anaerobic sporeformers).

Kosikowski (1977) mentioned that a large stock of mild

to sharp natural cheese is required for successful processed

cheese making, The key to successful selection, im addition

.

to maintaining large stocks of natural cheese, are experienced

selectors to properly identi fy flavaour and body characterist-

ics for blend uniformity. Blends of 5> percent young, 35
medium-aged and 10 percent aged natural stock give process

cheese of optimum firmmess and slicing qualities,

Processed checse blends were compounded by Harvey
(1978) using 75 % mild cheese and 25 % aged cheese ( 3-5
months) correlations were found between melting and work
done on Ist bite, cohessiveness, springiness and chewiness,
When 0,75 % CaCl2 and 1 % lactic acid were added to the
cheese blends during manufacture normal processed cheese .
could not be made. Lower levels of Ca increased melting

spread significantly,

Park (1979) made various combination of 1, 3 amnd 5
months old Cheddar cheeses varying in flavour which were

tested organoleptically. The best flavour was obtained in

pracessed cheese from Cheddar cheese averaging £e5 months old.




Zavagli (1979) used enzyme modified cheese (EMC) in
a blend of 1 and 2 months old Cheddar to make processed Ameri-

can cheese slices.

Christensen and Russel (19381) blended aged blue cheese
(<60 days) fresh blue cheese (10 days) in a ratio of 0.3-1.5 :
1; Cheddar cheese was added, if desired and then Dblended,
together with emulsifying salts at 160-165°F for 2 min. The
molten cheese was solidified and used as a processed blue hy

itself or as a salad dressing ingredients.

Shehata et al (1982) manufzctured praocessed Ras cheese
from four blends containing different quantities of natural
Ras cheese and skimmilk powder. Praocessed cheese food of
good quality could be obtained from a blend containing 40 %
natural Ras cheese (50 % current + 50 % ripe), 18 % Bascee
(9 % skimmilk powder), 2.5 % emulsifying salts and 17.5 %

water, with O.1 % sodium bisulphite and 0.03 % annato colour.

Hagrass et al (1984) stated that experimental proc-
essed cheese can be made from a blend of 20 % Ras cheese,
20. % imported cheese, 40 % dried skimmilk curd (Bascee), 3 %

emulsifier, 7 % butter oil and water.

Magdoub et al (1984) suggested four blends containing
different amounts of natural Ras cheese and skimmilk powder,
Processed cheese spread with acceptable quality could be

produced from a blend containing 44 % Ras cheese ( 60 %
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current + 40 % medium ripemed), 18 % Bascee (9 % non~fat dry
milk), 7 % butter 0il, 2.2 % emulsifier salts, Q.5 % gelatin
and 28.3% % water,

Al-Dahhan (1985) made batches of ripened Cheddar
cheese from cows', ewes or goats' milk; alsc, batches of
Edam, Gouda and soft cheese were used for production of proc—
essed cheese. The cheeses were blemrded in different proport-
ions. Processed cheeses were evaluated organoleptically
after 1,28 and 56 days. Organoleptic evaluation revealed
that processed cheese made from goats' milk cheese had a

weak flavour,

Lee and Ahn (1985) found that the modified Cheddar
cheese by adding lipase before coagulation in order to acce-
lerate lipolysis and ripening, was suitable for addition as

a flavour enhancer for processed cheese,

Abd El Bzky et al (1987) manuf&ctured Ras cheese by
the direct acidification and cheese ripening was accelerated
by the addition of Formase and Piccantase Buzymes. Blends
0f processed cheese was achieved by using cheese ripened for

2, 4 and 6 weeks.

B) Concentrated milk (Ultrafiltrated milk):

Ultrafiltration is a process in which an emulsion such
as milk moves continuously across & semipermeable membrane

film and transfer most of its water, lactase, soluble salts
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and non protein nitrogen to the cuter surface of the membrane
while, concentrate fat, proteins and imsoluble salts aleng the
inner (Glover, 1971; Glover et al, 1978; Beatom, 1979 and
Glover, 1985).

In recent years the techmiques of ultrafiltration have
been applied in many areas of the dairy Industry such as soft
cheese, hard cheese, ydghurt, milk powder, whey powder and

cheese base.

"Cheese base from ultrafiltrated milk was investigated
by many researchers as a new techniques in the latest years

in order to used in the processed cheese manufacture,

Kumar and Kosikowski (1977) suggested the manufacture
of processed cheese from ultrafiltered skimmilk retentates
combined with plastic cream. The problem of protein concent-
ration was solved by the addition of freeze dried skimmilk

retentates.

Covacevich and Kosikowski, (1978) reported further
laboratory studies in which freeze dried UF skimmilk retent-
ate was blended with water .aad plastic cream to make
Mozzarella and Cheddar cheese. Such blend was not suitable
for the manufacture of natural cheese but was suitable for
the production of processed cheese at a rate of 50 % of the

blend.

Ernstrom et al (1978 a) used unacidified and acidified

(pH 5.7) whole standardized milk where they were subjected to
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ultrafiltration, followed by diafiltration to obtain a retemt-
ates of suitable lactose, buffer capacity ratio, and finally

concentrated ultrafiltration to 20. % of imitial weight.

Ernstrom et al (1978 b) suggested the fermentation of
retentates with Streptocaccus lactis subsp lactis Ca to remove
all measurable lactose, evaporated under wacaum to remove
excess moisture and salted to give a product with 33,739
moisture. yields (adjusted to 36 % moisture) after processing
were approx. 12 kg/100 kg milk containing about 4 % fat and
12.4 % T.S. Blends contained 80 units of mature Cheddar
cheese and 20 units of cheese base gave pProcessed cheese of

good flavours but the body was very firm,

Kumer (1979) concemtrated raw skimmilk at 60°C by
ultrafiltration and diafiltration. The retentate was mixed

with plastic cream, pasteurized and homogenized,

The pre-cheese mix was blended with varying amounts
of sharp Cheddar cheese, and the solid content was adjusted
by the addition of freeze dried retemtates. Salts, emulsi-
fier and water were added to the mix which was heated to ?BQC
for 10 min. This product containing up to 40 % pre~cheese
mix was judged better than commercial processed cheese,
Food grade fungal protease and lipase preparations were in-—
corporated into the pre~cheese mix which was then stored at

45°C for 24 hr to accelerate protein and fat bhydrolysis in
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the product. Enzyme treated retentate was used up to 60 %
substitution of matural cheese and gave a product which had
imppoved flavour and acceptability, The same enzymes were
added to Cheddar cheese slurries made from fresh salted curds
for the production of medium sharp Cheddar cheese with 3
months maturation at 10°C. Microbial enzyme treated Cheddar
cheese developed higher levels of soluble protein and free
volatile fatty acids, and displayed better flaveur and accept~
ability thamn the comtrol cheeses.

Sood ard Kosikowski, (1979) mamufactured processed
cheese by usimg 0, 20, 40, 60 or 80 % addition of pre-cheese
mixed with matural cheese. The ”pre—cheese” was a mixture of
raw UF skimmilk retentate, homogenized with 70 % fat plastic
cream. Replacement of up to 40 % natural cheese with wpre—
cheese" product gave a more acceptable processed cheese thanm .
the control (i.e processed cheese made from natural cheeseg).
Incorporation of 80 % “pre—cheese” iﬁ.the blend gave a product
with hard and long-grained texture which was unacceptable to
the tase panel, Melting index of the Processed cheese decr=
eased from 79 to 14.3 ¥ as the protortion of ”pre-cheece" was
increased from O to 80 %. Addition of 60 % pre~cheese mix,
incubated with 0.01. % fungal proteinase and 0.00005 % lipase
at 45°C¢ for 24 hr before mixing with Cheddar cheege, gave a
processed cheese with more flavour than that made with 40 % -

untreated "pre-cheesef;Addition of different types .of retentates
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{direct ultrafiltration with or without fermentation and
double diafiltration and fermentation) was also studied.
Double diafiltration gave processed cheese with poor melting

qualities.

Chambon et al (1980) prepared a pre-cheese from a
protein concentrate cbtaimed by ultrafiltration (i.e. 5-25 %
T.S.) which was mixed with cream, butter or butter oil ( or
optiorally vegetable fats) and salt. The mixture was homo-
genized and sterillized at 100-150°C for 5-6Q s, and then
fermented using thermophilic starters, e.g Streptecoeccus
ralivarus subsp. thermophilus, Lactobacillius helveticus and
propionic acid bacteria., After fermemtation, the product
bad a slight cooked flavour which could be used im the
production of processed cheese as well as in cooking. By
using other starter organisms, different aromas may be

Emstrom et al (1980) developéd a method for the
production of cheese base in which whole milk was pasteurized,
cooledyacidified ta pH 5.7 {(or not acidified), ultrafiltrated
to 40 % of its origipnal weight, diafiitrated at constant
volume, The umacidified comcentrate was fermented to remove
the residual lactose. The excess moisture was removed in a
scraped surface vacuum evaporator to produce cheese-base (CB).

The CB can be used as a potential replacement for the young
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Batural cheese compoment of processed cheese bhlemds. It had
the same pH anrd gross composition as Cheddar cheese, a good
flavour and stability but lacked normal cheese body and text-
ure characteristics. The process of cheese base gave a yield,
16 ta 18 ¥ greater than could be expected from conventional
cheese makimg precesses. Ultrafiltration of unacidified milk
offered process advantages compared with acidified milk to pH
2+7, and the products were similar in quality., .4 hlénds
congisting of 80 % CB and 20 % watured Cheddar cheese, prod-
uced good flavoured process cheese and process cheese food.,
The body of the process was excessively firm, but that of the

Process cheese food was satisfactory.

Madsen and Bjerre (1981) prepared a cheese-base
compared of a product which is made by means of ultrafiltrat-
ion and which, imn chemical respect, is identical with Cheddar
cheese. They used this cheese-base in processed cheese inst-
ead of level cheese, The production techniqpe for cheese-
base uses ultrafiltration, ripening to PH 5.2 and evaporation
to the required dry matter content (60 percemt). It is calcu-
lated that the savings in milk utilizatiom for cheese~base
amounts to 16.2 percent, as compared to the usual milk volumes

used for preparing Cheddar cheese for making processed cheese,

Wargel et al (1981) stated process for the preparation

of processed type cheese from basic dairy ingredients rather
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than natural cheese. This involved the following stages of
processing. Milk was ultrafiltrated to produce concentrate
50 % moisture then diafiltrated followed by further concent—
ration. The prepared protein comncentrate was partially hydro-
lysed (5~50 %) and mixed with 20 % fermented cream and blended
for minutes to obtaimn a premix. Cheese starter culture was
added to the premix amd pH allowed to drop to 4.9-5.3; and
finally emulsifying salt was added and heated to manufacture

a processed cheese product.

Ramanushas et al (1982) suggested the following appro~
ach to accelerate ripening of cheese base UF skimmilk concent-
rate (i.e 15 % protein) was pasteurized amd thermal evaporated
under partial vacuum to produce concentrate of 45 % - total
solids. The concentrate then fermented with 1.5 % starter

culture (Str. lactis and Str. thermophilus) at 3500 until pH

reaches 5.5. Cream was added to obtain a mix of 60 % moisture
and 40 % fat in dry matter (FIM). 3 % emulsifying salt
consisting of mono~sodium and disodium phophate was added,
followed by 1.5 % cocking salt, 0.06 % CaCl, and enough remnet
to coagulate the milk im 25 min, the product was filled
inta 50-200 kg comtainers, and mature for 15 days at 18°C.
Such cheese base was used in the production of processed

cheese,

Rubin and Bjerre (1983) reported the details about the

production of cheese base for replacement of natural cheese
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during the manufacture of processed cheese. Pasteurized whole
milk (3.5 % fat) was ultrafiltrated and diafiltrated at 50°¢
to a retentate with 40 % T.S and 1.17 % lactose. The retent-
ate was HIST pasteurized, cooled to 30°%C, 1 % starter was
added. After 2 hr standing the product was evaporated at
42°C under partial vacuum to 62 % T.S, packaged and kept at
25°C for 26 hr by which time the pH attains 5.2 and did not
fall subsequently any further. The packaging container may
be adventgeously a plastic bag closed with vacuum applicat-
ion. The base may be used at 80:20 ratio with ripe cheese

in the production of processed cheese.

The effect of acidity in milk during the production of
cheese base has been studied by Anis and Ernstrom (1984).
Whole milk (3.5 % fat) was adjusted to 4°C and pH 6.6, 6.4,
6.2, 6.0 and 5.8 with concentrated HCl. After equilibration
and readjustment of pH, the milk samples were warmed to 54°¢
and comncentrated by UF to 40 ¥ of original milk weight., Di-
afiltration was carried out to differemt comstant volumes,
for example, 38.5, 4G.7, 54.3, 62,0 and 70.0 % of the origi-
nal milk weight for the samples whose pH were 6.6, 6.4, 6e2,
6.0 and 5.8 respectively. All samples were reduced to 20 %
of original volume, then inoculated with lactic starter cult-
ure and fermented to pH 5.1-5.2. The fermented retentates
were evaporated under vacuum to 36-38 % moisture. Samples

were made into process cheese food containing 43 % moisture,
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he5 % salt in moisture and 2.5 % emulsifying salt. Melting
properties of the cheese food increased with decreasing pH
of the milk prior to ultrafiltration, This corresponded with
calcium concentrations in the final retentate which dacreased
from 47 % of original milk calcium at pHE 6.6 to 30.61 at pH
5.8. The drop in pH value also reduced the permeation rate
during ultrafiltration., Treatment of the ultrafiltrated milk
with remmnet, destroyed the meltability of the processed
cheese foad. Melting properties of cheese foad - precessed
with sodium citrate and sodium aluminum phosphate were sup-
érior to the cheese food processed with disodium phosphate,

tetrasodium pyrophosphate and trisodium phosphate,

Gronfor (1985) reported that a processed cheese~like .
product was made from 25 Ib skimmilk, 256 Ib whole milk
retentate (40 % T.S), 24.1 Ib of two modified corn starch
products, 256 Ib shredded Cheddar cheese, salt preservatives
and colourimg matter. The blend was . heated in a swept-~
surface heat exchanger at 8190 for 3-5 min, Whey protein

concentrate may also be used in the blend.,

Gouda and El-Shibiny (1987) reported that LO and 60. %
percent of acidified skimmilk powder (Bascee) used in the
blend of processed cheese spread were replaced with ultra-
filtrated skimmilk retentate (24 ¥ T.S). Alsc Bascee was
completly replaced in the processed cheese blend with curd

obtained from remnet coagulation of the skimmilk retentate.




- 19 -

The organcleptic properties of the cheese were assessed.
Forty percemt replacement of skimmilk powder with retentate
gave processed cheese spreads of acceptable properties and

compoesition.

pH values:

The uniformity and quality of processed cheese depends
on pH control. This factor is as important as the selection
of natural cheese. The adjustment of pH is achieved by blend-

ing the correct type of emulsifying salts.

Templeton and Sommer (1930) found that good results
were obtained with cheese ranging from pH 5.8 to 6.2. This
would imdicate that this factor cam be adequately controlled

by exercising discrimination in blending.

Templeton and Sommer (1932) comcluded that the best
body was achieved when the pH level ranged between 5.6 to 6.1.
However, little difference was observed in the texture of

brocessed cheese when the pH level ranged 5.7 to 6.3.

Palmer and Sly (1943) reported that processed cheese
was more susceptible to oil separation when PH walue was
either abnormally high (5.8-6.0) or abnormally low i.e blew
Selte

Wearmouth (1954) found out that most processed cheeses

0f the standard type and publicly available had pH values
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ranging from 5.9 to 6.6. However, samples of cheese with
values outside such range, either faulty, abnormal  or were

af very special blends and composition.

Faivre (1955) cleared a certain relationship that
existed between the temperature of processing and acidity,
The result of these two factors was a constant value, The
acidity decreases with increasing the temperature. A product
of good quality, for example, heated to 90°C and having pH of
2.8, the end product would be lower in pH.

Meyer (1973) suggested that the pH range of processed
cheese was relatively limited and lies essentially between pH
Je4 to 6.2. A useful product with the correét consistency
and structure can only be produced within this small range.
An increase in pH value would lead to a better peptisation
of the casein, but the body of the cheese wuld be less
Viscous. Om the other hand, a decrease in the pH value
would lead to a thickening and solidifying of the cheese
structure and causes coagulation. The pH of a good block
processed cheese could range between 5.4 to 5¢7; where ag
cheese spreads might have a pH vélue between 5.7 to 5.,9. The
Danish processed cheeses have a ﬁK value between 6.0 to 6.3.

Kosikowski (1977) recommended the following pH range
for different processed products:

a) 5.6-5.8 for processed cheese.
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b) S5.4-5.6 for processed cheese foods.

c) 5.2 for processed cheese spread.

Thomas (1977) recommended that pH in blok processed
cheese should be between Sel4-5.7, but the pH in processed

cheese spread from 5.8 ta 6.0.

Emulsifying salts:

Emul gifying agents are used to prevent the separatiom
of cheese into its three main constituents (fat, protein and
water) during processing and also to improve the body and
texture of the finished product, The salts should be suff-
iciently soluble to emsure that érystallizatian does not
gccur in the blend, and they are usually used at the rate of
2~4 %. The commonly salts are sodium citrate, sodium alum-
inum phosphate, morosodium phosphate, disodium phosphate,
disodium phosphate, tetrasodium pyrophosphate, sodium tri~
polyphosphate, sodium hexametaphosphate and insgluble meta-

phosphate,

Emulsifying salts temd to undergo some physico~chemi-
cal changes due to the influence of heat, agitation and
certain combimation within the cheese mass. This was due to
a partial saponification between of the salt and the fatty
acids however, the anion, which had acted as a solvent for
casein, temded to combine with this portion of the cheese in

such a manper forming a film af casein sourrounding each
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fat globule to prevent the escape from the cheese mass

(Habicht, 1934).

Protein B

Fat phase

Water phase
-+ Protein -« Protein
Ca P04 interactions
in water
+4
Ca Po4 phase

This figure clears that the casein protein comtains
calcium phosphate groups in one end region which carries
essentially all of the protein charge. The other end is
organic and nompolar in nature, The .phosphate end is water-
soluble while the organic end is fat-soluble, this what
gives these prdteins emul sifying properties. Emulsifying
salts remove the calcium by exchanging it for sodium aor
else bind to it in place and mask its effects therefore,
the emulsifying power of the proteins is enhanced. The most
common by used emulsifying salts are thase which bing weakly
to calcium. These give the weak emulsification that prode.

uces the highly soft and easily method cheeses,
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Palmer and Sly (1943) discussed the theory that the
melting salt was probably the most important single facter
in the production of satisfactory emulsion. They claimed
that various compounds which had been recommended as cheese-
melting salts could not discussed here, but the function of
the melting salt appeared to have two effects (a) te act as
a solvent for the cheese protein and (b) by stabilising the
emulsion as a result of oil/water interface adsorption. Two
and four percent of melting salt per weight of cheese should
be sufficient. Any considerable advance on this concentrat-
ion leads to no improvement in the emulsion, and may have an
adverse effect by bringing about partial dehydration of the

protein,

In an attempt to understand the role of emulsifiers
in the processing of cheese, a series of inorgamic and orga-
nic compounds had been studied (Holtorff et al, 1951).
Evaluation was made in terms of changes in water-soluble
nitrogen, fal leakage, compressability = knitability and
flavour of the finished product. Data wat gives for combinat-
ions of certain compounds and for concentiratioms up to 3 %.
Satisfactory emulsifiers comsisted of polyvalent anions, from
alkaline solutiomns which were precipitated.. or.sequestered.
Although all the comounds satisfy these criteria, were not
good emulsifiers. However, convenxtional fat and water emulsi-

fiers such as Tweans and Spans, fail in their application and
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acted as de. emulsifiers in some instances., Other materials,
though producing a satisfactory emulsion at the time of use,

showed degeneration of krit and body upon storage.

Geffers et al (1973) studied different emulsifying
salts used to prepare processed cheese to -swell the protein
and to distribute the water and the fat evenly to obtain good
spreading capacity and good cutiing strength. These comprise
salts of phosphonomalic acid or its derivatives., These add-
itive, were used in the form of an aqueous from that were

stable at storage.

Kairyukshten et al (1973 a) evaluated the effect of
various emulsifying salts on the physico-chemical properties
of processed Dutch cheese. The salis compared were orthophos-
phate, pyrophosphate, triphosphate, citrate and Graham salt
had pH values of 8.89, 6.61, .31, 8.16 and 5.49 respectively
in 3 % (w/w) solutions, The processed cheese contained an
increase level of the higher-molecular soluble protein, and
it was observed an improvement in the water-binding capacity
and plasticity. These effect were most marked with ﬁse of
the texture, flavour amd colour of processed Cheddar cheese,
that a 1:2 mixture of disodium phosphate and - trisodium

phosphate added at the level was the most suitable.

In recent years several research workers have carried
out experiments to determime exactly the guantity of emulsi-

fying salt required and formulae have been set up help
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operating persommel to ascertain, use necessary dose of
emulsifyirg salt in certain circumstamces. So, "Joha Basic
emulsifying" salts have been used in the processed cheese
industry with great success for thirty-five years (Meyer,
1973). At the moment, there are more than twenty different
Joha emulsifying salts, available for different types of

processed cheese.

Kosikowski (1977) stated that the fumction of emulsi-—
fying salts in process cheese were (a) to regulate pH for
optimum body, texture and control of spoilage {b) to dissolve
protein for integration of fat, protein and water intc a
uniform smooth mass and (c¢) to reduce the size of the para-

caseln through peptidizatiomn and create desired short texture.

Thomas (1977) reported that emulsifying agents proc-
essed a distinct affinity with calcium arnd combined with
calcium ions by either precipitation_or sequestration,
Sequestration was the process by which insoluble paracasein
was changed into a relatively soluble form of casein. Thus,
the cheese had changed from its flocculated, coagulated,
semisolid state until it had reached its 1limit of solubility
which depended not orly an the natural cheese used but on

the emulsifying salt empleyed.

Fox (1987) reported that the essential role of the

emulsifying agents in the manufacture of processed cheese
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is to supplement the emulsifying capability of cheese proteins
which was accomplished by:

— removing calcium from the protein system;

— peptizing, solubilizing and dispersing the proteins;

- hydrating and swelling the proteins;

~ emulsifying the fat and stabilizing the emulsion;

- controlling pH and stabilizing;

and forming an appropriate structure after cooling.

Heating process:

Heat and agitation are essential for creating the
right conditions for emulsification of cheese., The physico~
chemical process changing the coaresly dispersed casein-gel
into a homogeneous sol is best accomplished by heat, prefer-
ably .at temperatures between 70 and 75°C for at least
3-4 min (Meyer, 1973; Kosikowski, 1977; Thomas, 1977 and
Harvey, 1978). In addition to the action of the heat in the
actual peptization of the casein, it also exerts an apprece-
able influence on the structure of the processed cheese by
working together with the unchemical and chemical enviroment
S0 as to support the mnatural temdency of the casein to absorb
water and swell. This process, accompanied by a shortening
of the structure and afirming up of the body, which is

known as creaming (Meyer, 1973).

However higher temperatures of 80 to 85°C for 4=5

min is necessary to prevent fermentation during storage of
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processed cheese and to ensure a long keeping quality

(Kosikowski, 1977; Gouda, 1980 and Fox, 1987).

Packaging, cooling and storage:

Templeton amd Sommer (1930) concluded that the keeping
quality of processed cheese was dependent upon the heat treat-
ment, the reaction between protein and emulsifying salis and
to some extent upon the storage temperature. Discoloration
of the tin foil could be due to the use of phosgphate base-
emulsi fying salts or to the use of alkali giving a reaction

above pH 6.3.

Palmer and Sly (1943) established that on standing,
the potential between the charged particles of an emulsion
and their medium falls slowly, so that any temdency to oil
separation is increased if the processed cheese is allowed
to stand for any length of time before being fed to the pack-
ing machiness. The agitation to uhich the cheese is sub-
jected in the hoppers of the packing machines must alsoc be
taken into account. These facts go far explain why oil may
separate from processed cheese in the packing cperation some-

time after it has been cooked.

Sone et al (1970) reported that at the early stage of
storage, the slow cooled cheeses are generally harder than
the rapid cooled ones, However, the hard mass of rapid

cooled cheese increases gradually with storage time and
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approaches the hardness of slow-cooled cheese after 4 months,
By contrast the hardness of slow-cooled cheese remains

virtually unchanges during storage.

Fox (1987) mentained that processed cheese is usually
packed and wrapped in lacquered foil, in cardboard or plastic
cartons and occasionally in glass jars. A relatively new
development is the continucus slicing and packaging of the
cheese slices, suitable for sandwiches. Slices may also be
obtained by mechanically slicing of rectangular processed
blocks. A4 gemeral rule for cooling processed cheese; it
should be as fast as possible for processed cheese spreads
and relatively slow for processed cheese blocks (rapid cooling
softens the product). However, slow cooling cam intensify
Mailard reactions and promote the growth of sporeforming
bacteria. The final product should be stored at temperatures
blew 10°C, although such low temperatures may induce crystal

formation,

Physical properties of processed cheese:

A relation between pH and melting quality reported by
Eckberg and Mykleby (1949). A low pH cheese had the tendency
towards better melting quality, and high pH cheese had poor
melting quality. Gemerally high acid cheese was indicative
of faster protein hydrolysis than low acid cheese, with the

degree of protein treckdoun being reiated to melting quality.
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Arnott et al (1957) investigated the relationship of
fat, moisture, pH and free tyrosine contents to the melting
quality of Cheddar and processed cheese., Ro relationship
was found for the first three factors, but free tyrosine

related to good melting quality in processed cheese.

Olsen and Price (1959( observed that by varying the
moisture content of processed cheese spreads at a constant
ratio of SNF : Fat, caused significant changes in the firm-
ness of the product. The firmmess was measured by using the
penetfometer. However, variations in the fat content and
maintaining a constant ratio of SNF : Moisture did not affect
the cheese firmness. Replacement of cheese SNF by lactose or
dried skimmilk but maintaining a constant ratioc of fat : moist-—
ure caused a decrease in the spread fimmness of cheese,

A defimite relatiomship was established between cheese moist-

ure, SNF and penetrometer values.,

Olson and Price (1961) found that effects of variat-
ions in composition on the firmmess of pasteurized cheese
spreads made with Dariwald cheese could be determined by
(1) modifying moisture and fat contents of a base formula
and (2) by substituting monfat dry milk (NDM), lactose, or
dried whey for part of the solids-not fat supplied by cheese
(CSNF). Firmness of spreads varied inversely with moisture,
where the proportiom of solids-not fat to fat was held

consiant. Firmness was not affected by changes in fat when
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the ratio of moisture to sclid-not fat was not altered. Use
of increased amounts of lactose and dried whey decreased

the firmness of spreads. Addition of NIM was less effective
in decreasing firmness. Firmness increased when the proport-
iom of moisture to cgheese solid-not fat ﬁ HZQ/GSHF ) was
decreased, this relationship notably regular for all modifi-—
cation. Some samples containing added lactose and NDM incr-
eased markedly in firmness and acidity dufing 90 days of
storage at 90°F, Spreads without added NDM or lactose did
not increase in firmness during storage for 90 days at 90°F

regardless the levels of moisture or fat,

Vakaleris et al (1962) noted, that in spite of the
general similarcity satisfactory penetrometer and melting
values occurred only in spreads made from normal cheese and
then only when scluble nitrogen had developed to approximately
i2 to 15 % total nitrogen and formol nitrogen to 2 to 3 %
of total nitrogen. Changes in pH during making and curing
were more significant than proteolysis in determininé rheo-

logical properties of the cheese spreads.

Kapats (1969) measured the hardness by a Hoppler
consistometer after the processed cheeses had been stored
for 24 hr at room tempertaure after manufactured with finzl
moisture contents of 42, 46 or 50 % ard it was observed that

the hardness increased as moisture content increased.
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Kapats (1970) studied the consistency of processed
cheese made from kachka®al cheese alone or mixed (4 : 1)
with white soft cheese by using a Hoppler consistometer,
and concluded that best texture was obtained when using
sodium citrate and initial moisture contemt of 50. %, how-
ever, the type of cheese had no influence on such rheo-

logical property.

Thomas (1970) found a correlatior (P < 0.01) between
overall quality, and firmmess, crumbiliness, slicing propert-
ies and elasticity, but not with stickiness. The latter
property was correlated positively with firmness but negativ-
ely with crumbliness. Correlations were also found between

elasticity, crumbliness and slicing properties.

Thomas et al (1970 a) reported that four instruments
were developed and a commercial penetrometer was modified
to measure the physical properties of processed cheese. Three
major trials were conducted covering the ramge of each of the
basic properties under study, namely firmness, crumbliness
and stickiness. The relationship between the subjective and
objective ratings of 1400 samples of processed cheese were
discussed. High correlations were obtained between subject-
ive and objective gradings for firmness and for crumbliness,
indicating that at least these two properties of processed

cheese could be measured abjectively. The two imstruments,
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designed to measure stickimess amd sliceability failed to

give useful results.

Thomas et al (1970 b) developed am instrumemt to
measure both elasticity and firmmmess in processed cheese and
the perfcrﬁénce of the instrument had been estimated. The
correlation between the greader's scores and the instrument
readings for 188 samples was found to be: firmness = 0.805

elasticity = 0.521 or 0.518.

Fukui et al (1972) observed that the texture of
processed cheese was best assessed by hardmess also. by
adhesiveness, With an increase im moisture content of proc-
essed cheese from 40 to 50 %, hardness declined rapidly and
approx. linearly white, adhesivenes increased. Trends were
more marked at < 44 moisture contemt, Hardmness decreased
with increase in pH from 5.3 to 6.2 and with increase in
degree of ripeming. Measurements of variations in cohesive-
ness and sprimginess were umsuitahle for assessing cheese

texture.

Kairyukshtene et al (1973 b) studied the effect of
variocus factors orn the consistency of processed cheese under
laboratory conditions, employimg a temperature of 85°C for
the processing operation. The moisture content of the cheese
exerted a sigmificant effect on the consistency by varying

it between 41.7 and 49.7 % whilst maintaining the fat in DM
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at 45 % it was possible to produce cheese of hard fine or
soft consistency. Increasing the fat comntent in DM from

0 to about 50 % gave cheese consistency ranging from hard
and rubbery to soft and_fine; In comparison uging 5 differ-
ent emulsifying salts, sodium citrate gave cheese which was

awarded the highest scores for coamsistency and flavours.

Kairyukshtene et al (1977) used the labor 365 conical
plastometer of Humgarian manufacture for comnsistency measure-
meats of "H0vyi" processed cheese with 40 % fat using . 2
ribbed cones of 30 vertex angle weighing 23,0 and 5.88 g
and 2 other cones of 450 vertex angle weighing 70.15 and
8.62 g. Penetration data of the different cones are graphi-
cally presented, relationships hetween cheese moisture cont-
ent and penetration and sheartress being shown and effects

of temperature being also comnsidered.

Chen et al (1979) measured six textural characterist-
ies, hardness, cohesiveness, adhesivéness, elasticity, gumm-
iness and chewiness by an "Instron Testing Machine" for 11
cheese samples ranging from parmesan ta proéessed cheese.
These objective textural measurements correlated closely with
a panel's measurements, The textural measures were also in
close correlation with composition and pH of cheese samples.
An approach was demonstrated for evaluation of the wmulti-

dimensional system., Chewiness, which only can be calculated
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in the traditional method may be measured directly with the

technique.,

Rayan et al (1980 a) prepared pasteurized processed
cheese by heating Cheddar cheese to 82°C for up to 40 min
in the presemce of 2.5 % (i) sodium citrate, (ii) disodium
phosphate (iii) tetrasodium pyrophosphate or (iv) sodium
aluminium phosphate., The cheese was examined by scanning
and transmission electron microscopy and for rheological
properties. As cooking time increased, the cheese became
firmer, more elastic, tougher, had a lower meltability and
a firmer and more uniform protein net work was formed.
Undissolved (i) amd (il) crystals were detected im cheese

heated for 40 min.

The same authers (Rayan et al, 1980 b) sampled the
processed cheese for microstructural and rheological examin-
ation after 0, 5, 10, 20 and 40 min at 82°C. Even though
each emulsifying salt affected the phsical properties of
the processed cheese differemtly, the cheese generally
became firmer, more elastic and less meltable as cooking
time increased from O to 40 min., These changes were
accompanied by a decrease in the dimension of fat masses
and an increase in the degree of emulsificatiom as evidenced
by scanning electron microscopy and transmission electron

microscopy. Sodium citrate and tetrasodium pyrophosphate
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crystals remained undissolved in the cheese after 40 min in
the cooker, while, sodium aluminum phosphate crystals were

undissolved after 10 min,

Harvey et al (1982) reported that meltability and
textural characteristics were evaluated in 48 batches of
processed Cheddar cheese prepared im pilot plant equipment,
Correlation between meltimg spread at 139°C and cohesiveness
at 21°C was positive and iarge. Prolongation af cooking up -~
te 15 min at ?400 lowered meltability and cohesiveness., Within
the range of weighted average ages of cheese. (3 te 5.8 months)
po relation between melting spread or cohesiveness and age

wags consistent.

Gupta et al (1984) discussed commercial processed
cheese, cheese foods, and cheese spreads were characterized
for meltability, sliceability, composition, rheological
properties {(Imstron), and descriptive semsory attributes.
Samples varied within each grouping. Seventeen emulsifier
salts were evaluated for performance experimental processed
cheese by the same criteria for the commercial samples.
Tripotassium citrate, dipotassium phospbate and tetra-
potassium pyrophosphate, each contributed properties to
processed cheese that should be useful in the development
of blends of emulsifier salts reduced sodium processed

cheese possessing a wide range of physical properties.
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Microhiolggical Quality of Procesged Gheese:

Meyer and McIntire (1953) .reported that processed
cheese products manufactured by ordinarg commercial procedures
contain a microbiclogical flora which may activated during pro-
longed military storage and handling under adwance conditions.
Destruction of microorganisms, including spores, in cheese
products would be a desirable means of improving the keeping

quality of the product.

Iipinska and Strzalkowsha: (1958) manufactured processed
cheese from natural cheese that developed butyric acid ferment-
ation with or without the addition of misin (British and
Polish origin) and stored at room temperature., The percentage
of processed cheese showing butyric acid fermentation was
considerably higher in the comtrol than the experimental lots
(100 % vs. 45 % after 3 months).

Jaynes et al {1960) determined the effect of pH and
brine concentration on the thermal process required to destory
and to attenuate spores of PA (putrefactive anaercbe ) of a
known heat resistance in a cheese spread. A sgingle lot of
cheese spread base was used for all tests. Heating tests were
conducted with thermal death time cans (size 208 x 006) heated
in miniature retorts. The results of this study revealed that
the brine concemtratiom bhad no effect on the destruction of
the spores by heat, but that a decrease in pH resulted in
decreased heat resistence of the spores. The heat attenuation

tests indicated that both an increase in bhrine concentration
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and a decrease: in pH reduced the amount of heat required to

inhibit the growth of PA3679.

The same authers (1961 a) reporied that gas production
by PA (Putrefactiwe anaerche) 3679 im a processed ccheese
spread containing 8.5 % skimmilk powder and packaged in TDT
(Thermal death time) cans incubated at 37°C, pH levels of 5.2
to 7.0 and brine concentrations of 2.0 to 8.4 %. Most of the
expansion attributable to gas productiom in the TDT cans
occurred during the first 20 days and no measurable _gas
production developed after 60 days. As the pH decreased from
7.0 to 6.0, the lag time for gas production increased and gas
praduction was completely inhibited at pH 5.6 below. As the
brine concentration increased, the lag time for gas production
increased, and there was a decrease in the rate, total amount,
and duration of gas production. Gas production was completely

inhibited at a brine concentration of 7.6 % or more.

Jaynes et al (1961 b) studied some factors affecting
the heating and cooling lags of processed cheese in thermal
death time cans. They found that the lag correction factor,
the time that must be subtracted from the gross heating time
to gave the net time at heating medium temperature varies with
the fill-weight and the position of the can for conduction
heating of cheese spreads. Results of this study indicte
that: (a) The lag correction factor increases with increasing
in the fill weight. (b) The lag correction factor was larger
when the can was heated in the flat position as compared to

the edge position.
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Jaynes et al (1961 c) found that tests conducted on a
processed cheese spread inoculated with PA (Putrefactive an-
aerobic) 3679 and packaged in TDT (themmsal death time) cams
indicated that only a small amount of heat would prevemt gas
production as measured by camn expamnsion, whereas a. comsider-
ably greater amount of heat would kill the spores. The average
Dy Values of PA3%679 in cheese spread at pH 5.50, 6.25 and
7,00 were 0.67, 1.01, and 1,21 min, respectively, with a Z
value of 18°F. A surviving sporé population in the range of
105 to 105 per g is necessary for gas production by this or-
ganism in the processed cheese spread tested. As processing
temperature increased, the calculated mumber of spores nece-
ssary to initiate gas production decreased. The thermal
resistance of a spore suspension of PA3679 in meutral phosph-
ate buffer was equivalent to a D25Q'value of 0.98 wiith a 2

value of 17.5°F, as measured with the thermoresistometer

technique and subsequent subculturing in liver infusion broth.

Maremzi amd Salvadori (1969) determined the microflora
of Italian processed cheese, (with added nisin) obtained from
I, different factors without incubatiom or after incubation
for 18 or 27 days at 25°C or 25 days at 37°C. They reported
no moulds, anaerobic spores (butyric acid or sulphite-reducing)
or coliforms were found., Six samples had normal organoleptic
properties and 7 bad various orgamnoleptic defects ranging from
wheying off to putrid aroma. A total of 100 Bacillus strains
were isolated from cheeses. No correlation could be established

between type of cheese defect and composition of the microflora.
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Pulay (1969) found thatl the likelihood of butyric acid
blowing occurring in processed cheese increased with increasing
number of clostridia in the natural cheese. However, processed
cheese manufactured from (i) natural cheese which had heen
fermented by clostridia wias as good as or better. tham that
produced from (ii) cheese which had just blown even though (i)
contained 100~-10000 X more clostridial spores than (ii); this
is attributed to the formatiom, in (i), of compounds which
inhibit clostridia and approx. the same time as butyric acid
fermentation takes place. Butyric, valeric and caprgic acids
had an inhibitory effect, this effect imcreasing with mol. wet.
of the acid. Carbohydrates and flavouring compounds (pritamine,
paprika, cucumber, tomato) used in the production of various
types of processed cheesé, stimulated the growth of clostridia;
fructose pritamin, red papmka salad in vinegar and tomato
puree had the greated effect. By reducing the equilibrium RH
fram 97.5-98 % to 95-95.25 % and the moisture content corres-
pondingly from 63 to 44.6 %. The keeping quality of the proc—
essed cheese was imcreased from 4 to 7> €0 days and deterior-

ation rate decreased from 100 to O %.

Gudkov et al (1973 a) found that samples of Rossirkiy
chegse were melted at 9500 in 3 kg vessels in the presence of
sodium triphosphate and tetrasodium phosphate, 80QQ spores of
(i) Ck. tyrebutyriecum 1755 or 1300 spores and of (ii) Cl.
sporogenes were added/g cheese, each with 150 units nisin/g
dr without nisimn. The mixture was stirred for 10 min, dist-

ributed at 100 g into 2.8 x 28.6 mm cans, the cams were
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sealed, heated in an autaclave te 100, 105, 110, or 115°C at
1°Cc/min temperature increase, and held at there temperature
for 5, 10, 15, 20, or 30 min. Spore surival was then deter-
mined in 1 can, amd the remainder were stored at 30°C for 3
months, belowing being recorded. A1} surviving cans were
examined at the end of storage. (ii) proved more resistant
to heat treatment than (i). Time/temperature conditions
ensuring prevemtion (ii) spoilage without affecting organo~
leptic quality are graphically presented. Addition of nisin

reduced approx 3 x the regquired femperature exposure time.

Gudkav et al (1973 b) made processed cheese by cust-
omary procedures from kostroma, Novyi, Druzhbas Slivochnyi
and Rossiyski cheese differing in fat, pH and salt contemt.
Nisim was added as stated there and Clostridium £yrobutyri-—
cum and Cl. butyricum isolated from faulty cheeses and Cl.
sporogenes 532 (UK collection of type cultures) being added

at 100-1000 spores/g cheese. Cheeseés in cans and also in
Al foil were stored at 16-18°C or 8-10°C and in subsequent
experiment, at 22 or 59¢c. Incidemcess of blow cans and
deteriorated cheese were noted., The main fimdings were
spoilage by butyric acid bacteria was liable to occur at
8-10°C witkin 3 months in cheese containing ) 6Q % fat in
DM and with 2 pH <6, and nisin increased significantly the
keeping quality. Omset of spoilage was hastened by increase

in pH and fat content of cheeses. Riether Cl. sporogenesg
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mor Cl. tryobutpricum developed in cheese stored at 5 = 19¢
for 245 days; and concn of salt meeded to inhibit clost=—
ridia development was higher than that organoleptically

acceptable.

Processed cheese containing.ioo Ru mnisin/g ( added
with the emulsifier during processjmg) had a shelf 1if up
to 90 days at 30°¢ vs. < 30 days for processed cheese not
containing misin. Similary, incorporation af 100 Ru nisin/g
into khoa increased shelf by 1 month at 1090, 3 wk at 22°¢
apd 2 wk at 30°C (Kaira and Dudani, 1973).

Fl-Sadek et al (1974) found that in processed cheese
prepared from 60 % reconstituted dried milk, 37 % minced Ras
cheese and 3 % sodium citrate, slight gasiness was detected
in the presence of 100. RU but not 200. RU nisin/g. Anaerobic
spore count decreased slightly, imdicating that spores
germinated but could mot proliferate, 300 RU nisin/g prev—
ented the formation of visible gasinéss in processed cheese

inoculated with 1000 Clostridium perfringeng spores/g. Total

scores for cheese quality after storage for 30 days were
40.6, 68.0, 84.3 and 84s7 % reépectivelx for uninoculated
processed cheese containing 0, 100, 200 and 300 RU nisin/g;
Correspording scores for cheeses inoculated with Ci. perfri-

ngens spores were : unacceptable, 38.7, 70.7 and 86.0 %.

Experiment carried out in Czechoslovakia on the use

of misin in the form of a dried concentrated in processed
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cheese manufacture are breifly described by Hylman (1975).

The concentrate now produced commercialy by incubating a mutant
of Streptococcus lactis with high nisin-producing capacity in
skimmilk for 24 hr and drying. It is called Nislaktin and

is added at 2 % by wt to the cheese together with emulsifying
salts. The techmological process remains the same, but the
fact that the SNF content of the cheese is increased by 2 %

must be takem into account.

Mahmoud et al (1975) discussed th bacteriological
determination of three types of proceésed cheese manufactured
in Egypt namely: Nesto, Siclam and Dimex. Total microbial
flora, aerobic mesophilic and thermophilic sporeformers and
proteolytic and saccharolytic anaerobes were determined monthlLy
The total microbical flora (103 ta 105/g cheese) was mnearly
similar to accounts of aerobic mesophilic sporeformers. The
most domimant spores of the latter in descending order were
B. gubtilis, B. megatherium, B. cereus, B. licheniformig,

B. sphericus and B. coagulans. Aerobic termophilic spere-
formers were presemt in order of 100/g of cheese in most of
the samples. Anaerobic proteolytic . and saccharolytic spore-
formers were present generally imn all the sampleg, in the

order of 10-100/g of cheese.

Yanko¥ (1975) studied kachkoval processed cheese pack-—
aged in 400 g cans and stored at 4-6°C (i) after heat treatment

at 95°C for 30 min or (ii) after sterilization at 126°¢ for
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20. min. The (ii) cheese were sterile. The initial "total
bacterial counts/g for untreated and (i) cheese respectively
were 4250 and 2600, and anaerobic titres/g were 100 and 100,
In (i) after % and 6 months, total bacterial counts were 330
and 730/g respectively, and anaerobic fitres were 100 and
100/g. It is concluded that (i) cheese can be stored 3-6

months, and {ii) cheeses for 1 yr.

Al—Ashmawy et al (1977) studied 40 samples of processed
cheese purchased’ from retail shops in Cairc and Giza, the mean
total bacterial coumt was 287 x 103/3 cheese and the mould
count 52 = 7/g cheese. Anaerobic bacteria were present in all
samples and Coliform bacteria in only 12.2 %. Bacillus circu-
lans was isolated from 52.5 % of samples, B. subtilis from
42.5 %, B. coagulans from 37.5 %, B. cereus from 32.5 %s B.

pulvifaciens from 30 %, B. brevis from 27.5 %, B. Lentus from

25 %, B. firmug from 17.5 %, B. megaterium from 15 %, B

stearothermophilus from 12.5 %, Be licheniformig from 10 %,

Escherichia coli from 5 %, Enterobacter cloace from 10. %,

Ent. liquefaciens from 5 %, Staphylococecus aureus from 5 %,

S. epidermids from 30 % and micricoeci from 42.5 %. Moulds
may recontaminate the cheese during packaging, especially
when packaged as slices. Geotrich spp. were isclated from
45 % of the samples.

Teply .(1977) found that in Czechoslovakia, nisin.is
permitted as a preserﬁative in processed cheese at a maximum

concentration of 200 RU/g.
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Abd El-Hady (1981) discussed a double stage heat treat-
ment method which has been used in manufacturing Trapist cheese.
The first heat treatment was used at 85°C for 3 min foliowed
by rapid cooling to 37°C. The second heat treatment was.
carried out during processing the cheese at 85°%c for & min.
This methad prolonged the keeping quality of the obtained - -

processed cheese infected with Clostridium tyrobutricm spores

and stored at 37°C for 5 months. Low pH (5.4) and high
concentration of sodium chloride (4.9 %) prevented the blowing

of the processed cheese produced by the conventional method.

Giori et al (1982) tested & samples of processed cheese
contaminated during manufacture and 3 samples of material from
the processing machine for anaerocbic bacteria. 60 strains
isolated were all catalse-negative, strict anaerobes with
subterminal spores; 50 of these strains were Gram-postive and

jdentified as Clostridium butyricum or Cl. tyrobutyricum and

the remaiming strains were Gram-negative and identified as

Desul fitomaculum ruminis.

Aleksieva et al (1985) examined 136 samples of processed
cheese of 8 types (with tomata puree, sav0Iy, gherkins, etc.)
for microfiora. 99 saﬁples had counts of mesophilic bacteria
up to 200,000/g. Only 2 samples (both 8 smoked, pickled type)
pad a coliform titre & O.1, and only & samples had an entero-

cocci count ';rlO0,000/g. Tests for salmonellae gave 25/g and
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Exulsifing salts:

Emulsifying salts( Joha brand ) was obtained from Fibrisol

Ltd., London, UK.

A mixture of JghaLSE, ¢ and T was used in the blending

process. The specification of these salts is shown in the table.

No. Joka 1 P 3 4 5

type pH 1% Neutra Soxhlei~ pH displ- Recommended
solution lising Henkel acement Rate of
(& 0.2) Figure(N) Value addition
1. Sk 9.0 ~710 190 +0e2/40 k4 ko2
2 C L{-.O + 190 +350 "002/-0.’-} 1|-OO-
3 T e ? -2500 -1880 +1,0/+1.5 0.75

Foot note:
Data compiled from product specification sheet supplied

by Joba. companye.

* Based on recommendation by the supplier of emulsifying

salts (Joha company) .

1= The pH measurment was determined in one percemt solutiom at

20%c.

2~ The neutralising capacity (N Figure) was defined as the amount
in ml of N/4 sodium hydroxide (+) or N/4 Hydrochloric acid {-)
pnecessary to neutralise 100g of processed cheese to a pH value of

7.0 and these are according to the nature of the tested salts.

3— The Soxhlet Henkel value (SHZ) was defined as amcunt in ml of

N/4 sodium hydroxide or Hcl (~) necessary to reach the transition
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point of the phenolphthalein indecator which lies at pH 84

4—~ pH displacement is the PH observed in the ena product.

Free sample of Nisiplan from Aplin and Barretied, Trowbs:
ridge, Wiltslire, DIngland, was used in preparation of processed
cheese as a preservative., Activity of nisin was expressed as

1,000,000 RU/g and it was added at a rate of 100 mg/kg processed
cheese . (100 REB/g).

Savorase-A enzyme., (Aminopeptidage enzyme from Streptococcus

lactis subsps lactis:

Free samples of savorase-~ A enzyme from Imperial Biotech~-
pology limited, Imperial College Road, South Kensigton, London
. SW7 2BT, U.K. This enzyme was added to the curd to hydrolyse the
protein and accelerated the ripening of cheese. The activity of
the enzyme was 5.3 FLAP units/g and it was added at a rate of

6.2 - 16.5 g /kg curd.

Starter cultg;é:

A feeze-dried mesophilic cheese starter culture (Ezal-]
MAOIIC ) was used to ferment the skimmilk retentate. This culture
wag obtained from Eurozyme Ltd, London, U.K. This was one af
the snitable cultures for direct to vat— inoculatlon (VI). It
congisted of a mixture of Str. lactis subsp. lactis and Str.

lactis subsp cremorig.
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Manufacture of Cheege Bage:

The following &chematic illustrated the manufacture steps

of cheese base:

I gt day 1+
2

Cheese base 1

Reconstitute skimmilk powder(20% TS)at 40°C.
Ultrafiltrate the skimmilk to concentirate maimly the

protein fraction using DDS plant Fig (+ e

-Added water(equal to the resaltant permeate) and

diafiltrate .to remave excess laclose.
Pasteurized UF concentrate at 72°C for i8S, cool to

10°C and store aovernight.

- Pre-warm BF concentrate to BOOC, inoculate with

starter culture and ferment to pH 5.8.
Add rennet and coagulate the concentrate im Alcurd

machine Fig ( 2 ).

- Deliver the curd cubes into a conventional cheese

vat, stir gently by hand and when sufficient whey
occur, heat gently to.39°C.
Draim surplus whey and divide the curd into two

equal portiom.

Cheese bage 11

Mix with salt, fillin Mix with salt and enzyme(savorase)
moulds and press overnight full in moulds and press overnight
Package under vacuum and , Package under vacuum and store in

store in refrigerator until ‘refrigerator until required.

reguired.
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Fig ( 1 ) Ultrafiltration Unit ( DDS membrane ).
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Manufacure of processed cheese:

Cheddar cheese of different ages, cheese base 1 and cheese

base II were cleaned, cut and sharded:

Different proportions of Cheddar cheese from different ages,
cheese base I and cheese base I1 were mixed and placed in the
processing batch type kettle of 20 kg capacity ( stephens machine)
as shown in Fig ( 3 ). Kettle was equiped with double action .
agitator and a vacuum pump. The cheese blend was heated in the

kettle with direct injection of steam at a pressure of 3.5 kg/cma,

The composition of the blend was adjusted for fat by adding
anhydrous milk fat, and for moisture by adding the calculated
amount of water , to obtaim a finished product with 50 % water
as a maximum and 45 % F/DM as a minimum, this to fit the requir-
ment of the Egyption standards for the processed cheese (1970).
The emulsifying salts were added at a level of 3 % Joba Salt”
which consists of 1.25 % SE, 1 % C and 0.75 % T. The heating
temperature of 85 — 90°C was attained within 2 — 3 min, using the
vacuum for 1. min and held the temperature at 85 -9000 for 2 min,

the hole processing time was about 5 — 6 min.

?iiling and'pgcck&g;ng:

At the end of processing operation the hot pruceséed cheese
was manually filled in Pukkafilm pouches( Moisture Vapoure trans-
mission rate was 0.8 up to 1 & /M%/24 hrs at 25°C and 75 % RH and
Oxygen permeability less than 20 cc/M/24 hrs at 20°C and O % RH)
which lined cardboard boxes of about 2 kg capacity. Thenm, it was
sealed and held at 4°C for 3 days.
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Fig ( 3 ) Cheese processing kettle ( Stephan Universal dacnine)).
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METHODS. OF ANALYSEIS:

Methods for Evaluation of Paysical Properties of Processed Cheesge.:

1- 0il separation:

0il separation was determined accarding to. Thomas (
and it could be summarized in the following:
a) A cork borrer was used to abtaimp cylindrical samples O

cessed cheese, approximately, 17.0 x 17.0 mm,

1973)

f pro—~

b) The sample was pressed gently between a Whatman filtexr paper

No. 41 and incubated at 45°C for two hours.

¢) The diamter of the spread oil was measued in mm and wa

as an index of oil separation as follows:
Diometer of cheese _ Diometer of che
;- aufter heatimg ' pefore hesting

s used

ese

Index 0il separation=

x 180.¢1)

Diometer of cheese before heating

d) All measurments were made triplicatess

2- Melting index:

A) Melting index of survey study:

Melting index in the survey study was carried aut according

to Olsen and Price (1958) which can be concluded as fallows:

Apyrex glass tube (25 mm diameter and 250 mm-:length

wa.s

used to hold the smreads during the melting test. One end of this

melting tube was perforated (2 mm diameter) to act as avent. The

other end was closed with a rubber stopper after placing t

into the tube. The tested sample was tempered to 5%C with

he sample

a. knowa
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d) Then the samples were removed and allowed to stand at room

temperature for 15 win before storage at 10°¢ for 30 min.

e) The hight of the cheese cylinder(.i-e in the centre:) was
measured and the melting index calculated expressed as a percenti-

age decrease in hight according to the following egquation:

B - H

Meltlﬂg IﬂdeX % = - X 100 ‘--000001.(3)

H

H1= hight of cheese sample in mm after sampling.

Ha; hight of cheese sample im mm after heating.

3~ Penetrometer reading:

A) Penetrometer reading of survey study:

An available method in Egypt was used for the determination
of processed cheese firmness during the survey study according
to Gouda (1980). The used penetrometer in this study as shown in

Fig ( 4 ) comsists of:

(1) Needle ended by two screw, one for each side;Tﬁﬁﬁsugggz_screw
was used to adjust the load while the lower te attach with penet—
ration parts, which have wide end maximum depth of penetration

for this penetrometer was 1 cm.

(2) The pemetrometer was caliberated intc 10 unites, each unit

was divided into 100 partsyeach part was of 0.01 mm.

A sample of processed cheese was poured, when hot, or
pressed, . when cooled amd solidified teo fill a small
alluminum dish of about 6 cm diameter, and 35 cm in depth.
The penetrometer needle was adjusted to touch the surface

of the processed cheese sample in aluminum dish. The needle was

e
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Fig (4) Penetrometer (A) for measuring the firmmness of processed

cheese,




4
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then releascd to sink into the sample for exactly 5 or 10 S wnerc
it was stopped by the speclal screw. The penetration uepth was
recorded in unit of O.1 mmw. The measurment was repeated 5 times
uging five different position in the same dish. The average of
these replicatés was recorded., Penetrometer reading is related

inversly to the firmness of processed cheese.

B) Penetrometer reading of block procesged cheese:

An available method in Scotland was used for the detemin-
ation of block processed cheese firmness by a penetrometer which f
can be seen in fig ( 5 ) where a spindle/cone assembly for a cer—i.
tain weight was'alléwed to penetrate the sample. The depth of

penetration was mrasured in 1/10 mm and in general the greater -

“he depth of penetration the weaker the body of cheese.

This penetrometer was supplied by Stanhope Seta, Ltd. S

Surrey KT 16 8 BG , England, UK. Thé spindle and cone assembly |
veighted 50 + 10.32; However the cone used was designed by

imes (1977). According to Thomas et al. (1970) the test was

y» foarmed as follows:

1) Cut processed cheese sample into a 20 mm cubes. -

2) Put the szmple on the base and move the sleeve down until

the tip of the cone just rest on the cheese. .

3) Move down the racked dial rod until it contacts the top of

the spindle.

4) The pointer adjusted at zero and then use control box to

adjustment i.e. the timer for 10 S.

R . TO O . Lo




- bl =

Fig (5) Penetrometer (B) for measuring the firmness of processed

cheese (Seta Penetration Equipment).
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5) The sﬁindle/cone assembly was released from holding position
and freed for 10 S. During such period the cone penetrates the

cheese.

6) The penetration depth was measured by moving the rod down-
wards to restore contact with cone/spindie. The distance moved
by the rod was registered on the dial which was equal the actual
penetration of the cone into the cheese sample. The readings are

in 1/10 mm,

4L~ Consistency measurement:

The Stevens-LFRA Texture Amalyser ( C. Stevens amd Son
(weighing machines ) Ltd, Laboratory Divisiomn, 2 = 8 Dolphin Yard
Holy well Hill, St Albans. ALl IEX Hertfordshire, UK]which is
shown in £ig ( 6 ) was used to measure the processed cheese

consistency. The cheese sample was prepared and tested as follows:
1) Set instrument on a solid and lewel surface.
2) Chec¢k that the electrical supply is correct and plegged in.

3) Press red bottom " supply " and allow the electromics and
read-out to stabilise.

4} Set the digital read-out to read 0CO by turning ®zero"knob:-
and the type of econe was TA26/TFE-105-524Y. '

5) Set distance of penetration required (15 mm).
6) Set speed of penetration required (0.5 m/sec).

7) Switeh to the required type of test ( narmal).
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8) A cube of cheese sample 50 x 20 x 20 mm was prepared and

tempered at 69C approximatelye

9) Place sample on the table anrd adjust 1t sQ that the probe
( cutter wire ) was not less than 10 mm from the surface of the

tested sample.
10) Press " Start '™ buttom.

11) The instrument will now perform the tested for which it has

been set.

12) The lead recorded at the preselected distance of travel
would be held on display ( i.e. 1im £ } until the "reset' bottom
was pressed. The display will them return to 00Q and the instru-—

ment would ready for amother test. .

13) The laad could be also comtinuously recorded as a function
of penetration distance during the caurse of a test using chart

recorders

1

5- Texture profile analysis (Instron measure):

The texture profile analysis wag measured using the Instron
Universal Testing Machine, Model 1140 from Instron limited, coro-
nation Read, High Wycombe, Bucks, HP 12°35™, UK. The load cell,
ranged from Q to 50 kg. A plunger with a diamter of 1.20 cm was

attached to the moving crosshead.

The speed of the crosshead was set at 2.5 cm/min in both
upward and downward directions. The processed cheese samples were
cut into rectamgular cubes with dimension 2.9x3.5%x5.5 cm, placed
in plastic pouches and heat sealed to minimize apy of moisture

loss and stored at 6% for 24 hrs.,
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The processed cheese samples were placed between two flat
perspex glass wnere the side had a hole in the middle. The penet-
ration of the plunger into sample was set for one cm. One bite
was cycle of a downward plus upward sotion of the plunger which
penetrated into and immediately was retrieved from the sample.
Two bites were takem. An illusiration of the apparatus can be

seen in Fig ¢ 7 ).

By using the Instrom machine, the following texture measur-
ments could be calculated and recorded as : hardness, cohesiveness,_
gumminess, springiness,chewiness and adﬁesiveness. According to
( Friedman et.al.(]gﬁj); Chen et a1(1979) and Harvey et al.(1982}),
these charactersties could be calculated as follows by using a

Pypical print out of the texture profile of the processed cheese.

2 nd peak 1. st peak
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1. Moving Crosshead 10. Load Cell

2. Fixture Adaptor 11, Limit Indicators

3, Sample Bupport Assembly 12. Load Cell Amplifier

4, Drip Tray 13. Recorder Pen Assembly
5, Compression Bridge 14. Recorder Controls

6., Mains Pushbutton R 15, Recorder Chart

7. Drive Screaw Covers (2) 16. Event Marker Controls
8, Limit Stops (2) - 17. Crosshead Controls

9, 8plash Guard

Fig ( 7 ) Apparatus assembly to measure textural cha.ractex;isﬁics

of block processed cheese ( Instron Universal Testing

Machine, Model L 1140 ).
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A) HardneSS: H X F oo---oo.t.oovw.--b.-(l{;)
H = hight in cm of the first peak.
F = constant factor. which is 0.263 or 1,053 when the

used load was 5 or 10 kg respectively.
&5
B) CQheSiveneSS = . P Y Y Y EE R N N 2 (5)
A
1

A, and &, are the area of the bites calculated by using

2

L 3

1
the plamometer £ to cm

C) Gumminess = Hardness x Cohesiveness ....e. (6)

A
2 Kg/cma
1

or or Hx Fx

A

D) SEI‘inﬁ' e85 =S PSSP S YE R R R N I N T R NN (7)
S is the distance in cm of the cheese sample under compress-
ion during the second peak.

E) Chewiness = Gumminess x S_Qringiness .o.~ooo-.(8)

A
x S

or Hx Fx

A4,

F) Adhesiveness =- the area of peak Ay esssesncel(9)

measured by using the planometer to cma

6~ Colour determination:
Processed cheese colour was determined according to

Thomas (1969):

Reagenté:

1- Prypsin (10 %): Weigh 10 gm of trypsine(BDH) in 100 ml wolu-—
metric flask and make up to the mark with distilled water.

2— 50 % Trichloroacetic acid (TCA): Weigh 50 gm of TCA in 100 ml
volumetric flask and make up to the mark by distilled water.
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Procedure:

1- Weigh 10 g of cheese emulsify in distilled water at BOOC,
adjust pH to 8.1 — 8.4 and volume to 100 ml.

2— Add 0.75 ml trypsin , incubate for 1 hrat  10°C and add 1 ml
TCA. Hold the mixture for another 1. hr at 30%C to overcome. |
tarbidity.

3~ Filter through whatman paper No 42 and determine opti
density (0.D) immediately at 301 um against blank using Ul{ravio-
let spectrophotometer model Unicam SP 1800 with SP 1825 Autocell

( Pye Unicam Ltd., Cambridge UK.)

Chemical Analysis:

1= Moiéture content:

The moisture content was determined according to British

Standards method ( BSI,1976 ).

2- pH yalues: . _

This was measured according to the BSI (1876) pH values
using pH meter model Philips PW 9409 digtal ( Philips Ltd. UK ')
by inserting the pH electrod in the cheese directely ard the pH

value was reported to the nearst 0,01 units.
3- Fat content:

&) Survey study:
Fat content in survey study was determined according to

Ling (1963).

B) Cheddar cheese and blocﬁ;nrocessed cheege:

Fat content was determined using the Gerber method BSI(1969).
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4— Salt content:
Salt content was determined according to British Standard

method (BSI, 1976).

5~ Ash éontént:

The ash content was determined according to LDF (1964)

6- Total mitrogen (T.N):

The method of Kosikowski (1977) using a kjeltec Auto 1030
Analyzer ( Tecator Ltd, Cooper Road, Tharnbury, Bristok, UK.) was

adopted in determining the T.N. content.

7- Non protein pitrozen (N.P.N,):

Non protein nitrogen was determined according to Ling. {1963).

8 Soluble nitrogen (S.N.):

Soluble nitrogen content was determined according to

KogiKowski (1977) as follows:

Reagent:
Sharp’s extraction solution: First prepare stock solution

from 57.5 ml Glacial acetic acid, 136.1 g of sodium acetate.3H,0,
417.Q g sodium chloride, 8.9 g. calcium chloride ( anhydrous) and
add disgtilled water to make up to 1 litre. Second prepare extrac-
tion solution by using 250 ml stock solution up to 1 litre with
distilled water. The pH of this solution was 5e5.
Sample Rreﬁgratiohi

1) Place 10 g of sample in a porcelain morter., Add a small

amount of sharp’s extraction selution tempered to 50°C and grind
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the cheese sample to form a thick paste. Add more solution until

the paste is liquid.

2) Transfer the liquid suspension to a 100 ml volumetric flask
to make up to the mark and place the volumetric flask in a water

bath at 50°C for 1 hr.

3) Filter the solution through whatman paper Nae. 42

Procedure:

Digest 5 ml filtrate by micro-Kjeldahl method using auto~

matic distillation and titration.

g~ Lactose content:

Lactose content was determined by differences as follows:

Lactose = Total solid — (Fat + Protein + ASh) eeeeese 10)

10- Total calcium:

“The method of Raadsveld and. Klomp {1971) was adopted
te determine the total calcium-content.

.o

11~ Phosphorus content:
The phosphorus content was determined accarding to British

Standards method ( :BSI 1976.) as foklows:..

Reagentg:
1- Concentrated sulphuric acid ( density 1.84 g 1rml)
2~ Hydrogen peroxide ( Haoz) 20 % (w/v) solution,

3~ Sodium molybdate — hydrazine sulphate reagent congists of 25 ml
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of sodium molybdate(12.5 g of sodium molybdate in 10 N sulpiuric
acid to volume of 500 ml) and 10 ml hydrazine sulphate (0.3 g of
hydrazine-sulphate in water up to 200 ml.)s This solution cannot
be stored.

b Phosphate standard solution: Weigt 0.439 & of potassium

dihydregen orthophosphate and dilute to a volume of 1 litre.
This solutiomn contaims 100 pg of phosphorus per :ml. Dilute 10
ml of the standard solution with water to a volume of 100 ml. The

drying of potassium hxdrogen-hrthgﬁhgsgh&te - was carried out.

Procedure:

1— Weigh 0.5 g of the sample into a Kjeldahl flask and add 4 ml

of concentrated sulphuric acid, then heat the Kjeldahl flask
carefully on the digestion apparatus.

2— Aa soon as the foaming stops, cool to room temperature, then

add some drops of the hydrogen peroxide solution. Reheat, and
repeat this procedure until the contents have become clear amd
colourless. During the heating, mix the contents from time to
time,.. -Pa preveni any troublesy aveid over heating.

%~ Rinse the neck of the flask with about 2 ml of water, then

heat the contents again until the water has been evaporated, allow
the liquid to boil for 30 min, after it has become clear, im order
to destroy any traces of hydrogen peroxide.

4— After cooling to room temperature, add approximately 50 ml water,
mix, and after cooling again transierrihgniiqpid,eanientsﬂinté & 100
ml volumetric flask and made up to the mark with distilled water
and mixe

5- Transfer 1 ml of the solution into a 50 ml volumetric flask

and dilute with 25 ml of water. Add 20 ml of the sodium molybdate
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hydrazine sulphate reagent and make up to the mark with distillid
water and mix. Place the flasks in boiling water and allow the
colour to develop for 15 min.
6~ Cool to room temperature by using cold water and measure the
absorbance within 1 hr against a blank at a wawelength of 700 nm
by using an ultraviolet sepectrophotometer model Unicam SP 1800
with SP 1825 Auto cell ( Pye Unicam Ltd., Cambridge, UK ).
7— To prepare a calibration curve place in 50 ml volumetric flasks,
©,1,2,% and 10 ml respectively of the diluted phosphate standard
solution to provide a suitable range of standards containing 0,10,
20,50 and 100 ng of phosphorus and proceed as described above.
8~ Prepare the calibration curve by plotting the absorbance agai-
nst the quantity of phosphorus in micrograms. (Fig 8)
9- Calculation of the phosphorus content:

m

Phosphorus. content = ; 1. P Y Y Y ) (12)

100 mo.

where mo: is the mass, in g of sample.
m,: is the mass of phosphorus, in ug by convert the reading

obtained to ;g of phosphorus using the calibratiom curve Fig( 8 ).

12~ Determination of mineral content of processed cheese:

Analysis of mimeral content included the determination
of * macro and micro elements in processed cheese according to

Mohamed (1987).

Prepéra&ion of samplesg:

The weigh ash transefered quantatively from the crucible
to 100 mi volumeterie flask with a soiuntion of 1 % HCL and the

volume was completed to the mark.
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Fig ( 8 ) Calibration curve for the dectermination of the

phosphorus content in cheese samples.
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solutions and reagents:

All glass equipments were cleaned thoroughly and rinsed
successively with a solution of 1.% EDTA, followed by a solution
of 10 % nitric acid then distilled-deionized water. Only double
glass deionized water was used in preparing standard solution of
samples, Blank solution was prepared using 0.1% Hcle. Solutions
of samples, blank and standards were kept in polyethylene plastic
containers until analysis. Sgectrographically certified reagents
or atomic absorption grade stapdard solutions for elements were

only used as gtock standards.

Preparation of standarad solutions:

Aliquot of stock salutions were used to make at least 10
standard solution for each element within. the range of instru—
ment ( A range of 0.02 — 50 ppm according to the detection limit
of instrument ). DPilute standard solutions were prepared freshly

and kept in polyethylene plastic contalners.

Apparatus:

Determination of elements was performed using atomic
absorption Spectrophotometer ( Chromspek Model 1580, Hilger
Analytical, Emngland } equipped with digital panel meter display,
antomatic zero system, concentric nebuliger (H 1562), automatic
curve correlatiom, autematic back ground correlation devi.ce,

automatic sampler device digital printer with programmable
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calculating system, and singie genechart_;ecorder--ﬂilger holliow

cathode lamps were usgd,determining jevel of elements analyzed.

Operating conditions:

All elements were determined at the flame adsorption mode
with pretime delay system in conjunction with automatic zeroinge
Blank solution was used to zexo the instrument and to flush the
burner. Standard and sample solution were aspirated into flame

and percent absorption were recorded.

Caliberation curves:

A liner standard curve vwas obiained for every element ana-
lyzed and all sample gizes and concentration were adjusted to
fall within this range. Concentration for diluted standard solu-—

tions were plotted against their respective absorption values 80

as to prepare the working analytical curve.

calculation:

concentration of elements in samples 1n ppi ( palg ) were
calculated using the following equation:

( pg clement/ml from curve X D)
Flement, ppm = —

W

where:

=
1]

g sample

100 ml if sample solution was not diluted but if

. Finai'vninme
diluted D = x 100

Volume of aliquot
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13- Total volatile fattly acids (TVFA):

The total wolatile fatty acids 1in processed cheese were
determined by direct distillation method described by KosiKowski

(1977).

14~ Sulphosalysilic acid (SSA) soluble nitrogen:

Sulphosalysilic acid soluble mitrogen content in natural che-
ese,and cheese base was determined according ta Imperial Biotech
(1988). The proteins and peptides are precipitated to leave free

amino acids in sample. A standard curve using glycine was prepared

and resulis were expressed as glycine equivalenis ( pg/ml).

Reagents:

1- Sulphosalysilic acigd (SSA solution 3 % (w/w) J): Weigh 3 & SSA
in 100 ml volumetric flask amd make up to the mark with deionized

water.

2- 0.1 M Borate buffer pH 8.9 : Weigh 22.37 & potassium chloride

(Kcl) amnd 6.18 g boric acid (K.’}BOB) in 1. L volumetric flask .
and make up to the mark with deionized water and adjust to pH 8.5

with Sodium hydroxide (NaOH).

3= 0,1 % 244,6 trinitrobenzene sulphoric (TNBS): Weigh 0.1 &

THBS in 100 ml volumetric flask and make up to the mark with

deionized water.

Sample preparation:

1- Homogenize 5 g cheese sample in 20 ml deionized water using
the stomacher shaker ( Colwort stomacher 40O UK ) for 5 min, filter
the resulting suspension through cheese cloth to remowe fat and

collect the filtrate.
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2- Centrifuge approximately 1.5 ml of the filtrate in eppoder

tubes at 13,000 rpm for 10 min.

%~ Add 1 mbL of the filtrate to 5 ml of 3 % SSA, mix and leave at

4°C overnight to ensure good precipitation of protein and peptides.

4= The next day, cemtrifuge a small aliguot of each sample at

13,000 rpm for 5 min.

Asgay procedure:

|- Pipette the following into a cuvette, and incubate at 32°C
for 25 min.

- 50 uml of preparéd cheese sample suppernatant {(as previousely
described).

-~ 1 ml TNBS solution (should be freshly used) .

- 3ml O,1 M borate buffer pH BeDe

2- A calibration graph may be comstructed using glycine concentr—

ations between 50 — 100 mg/ml, and proceeding with the TNBS assy

as described above.

%~ Read samples against a borate buffer (consisting of 3 ml of
borate buffer, 1 ml TNBS and 50 uml 3 % SSA using ultraviplet
spectrophotometer model Unicam SP 1800 with SP 1825 Autoceli (Pye
Unicam Ltd., Combridge U.K) at AL20 nm.

4= Convert 0.D readings to glycinme equivalents ( pg/ml ) using
the calibration graph Fig ( 9 ).

15- Polyacrylamide igel electrophoresis (PAGE):

Flectrophoresis is a methad that utilizes charge difference
for the separation and purificatiom of protein ( Haschemyer and
Haschemyer, 1973; Ridha, 1984 ). PAGE was used in the indentifi-

cation and comparison of casein fractions and hydrolysed.
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Fig ( 9 ) Calibration curve for determinatiaon of glycine
equivalents { pg/ml )
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Reagents:

1~ Gel-Buffer (GB): Weigh 439 & of tris hydroxymethylamine,

0.5% g citric acid and 270,270 g urea, dissolve in distilled

water and make up to 1 litre.

2~ Seperating gel-solution: Weigh 8 g. cyanogum in 100 ml of G.B,

0.15 g ammonium persulphate, 150 uml .mercaptoethanol and 0.2 ml
dimethylamine propionitride (DMAPN) ( the later compound must be
added finally ).

3-- Buffer solution: Weigh 18.5 g Dboric acid and 2.8 g sodium
hydroxide, dissolve in 600 ml distilled water, adjust pH to 8.6

and make up to 1 litre witn distilled water.

L- Staiper Solutign; Weigh nCoomassie blue R and dissolve in 100

ml 10 % acetic acid (¥/Vv).

5-- Destainer solutiomns: Prepare 5 % acetic acid (v/Vv).

Preparation of the sampleg:

1— Weigh 100 mg of grated cheese or 50 mg of grated cheese base
or 20 mg sodium caseinate in a centrifuge tube with O.1. ml dist—

illed water and 3 ml of G.B.

5> warm the mixture to 42°C for at least 30 min and stirr for k4
min to disperse the particles in the sample. Centrifuge tie tube

at 3000 rpm for 10 min.

%- Transfer a portiom of the supernatant by using "Pasteur" pip-

ettes to the PAGE cell and add 20 pml of mercaptoethanocl.

Procedure: '
1- Prepare the separating Gel-solution direetly before use. Mix

very gently, deareate and pour into vertical slab electrophoretic
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G- Pakage the clear gel in a pylon polyethnene laminate pouch
( i.e. vacuum and heat seal ), store in the refrigerator until

required for comparative studies or to be photographed.

Sensgory Evaluation of Procesgsed Cheese:

The processed cheese sample were organoleptically evalua-
ted when fresh and during storage period at 10°C, according to
scheme reported by Meyer (1973) with some modificatiom as shown

in Fig ( 10 ).

The evaluation was carried out by a 10 trained panelists
of members staff in the Food Technology Department of the West of

Scotland College Auchincruive, Ayr, Scotland, U.K.

Microbiological Determinations:

Microbiolegical sampling:

Samples of the differemnt processed cheese or treatments

were taken according to BSI (1984) .as follows:

Weigh 10 g of cheese sample in sterile plastic bag and add 90 ml
of 2 % sodium citrate at 45°C # 1.0. Homogenize the mixture in
stomacher shaker ( colworth stomacher 400, Blakfiri as Road Londomn,
U.K. ) for 2 min. Thus, the cheese sample + sodium citrate isZ
to 10~ " dilution. Prepare serial of tenfold dilution by using .

sterile Ringer’s solution.

The Ringer solution comsists of:

Sodium chloride 2.25 g:.
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Potassium chloride C.105 g
Calciumwchloride (anhydrous) 0,050 =
Sodium hydrogen carbonate 0.050 g
Distilled water up to 1000 ml

When ringer tablets is available, dissolve one tablet in 500 ml
distilled water and dispence into the required amount, sterilize
in autoclave for 15 min at 121°%Cc. While sodium citrate solution

consists of 20 g/flL.

1- Total count BST (398&l:

Total bacterial count per g. of Cheddar cheese, cheese base
or processed cheese were determined by plating suitable dilution
in duplicate on tryptone glucose yeast extract agar medium (oxide).

The plates were jncubated at 5290 for 3 days before counting.

The used medium consists of:

Yeast extract 2e5 &
Tryptone 5.0 g
Dextrose 1.0 g
Agar 9,0 g..
Distillid water up to 1000 ml
PH = 7

2- Yeastg and moulds:
yeasts and moulds count were determined by plating a suitable
dilution in duplicates on yeast extract dextrose chloramphenicol
medium (BSI, 1986). This plates were indicated at 2506 for 3 days
before counting. The used medium consists of:
Yeast extract 5.0 g

Dextrose 20.0 g
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Chloramephenicol 10040 ng
Agar 15.0 g
Distillid water up to 1000.,0 ml
pH = 6.6

LY

3— perobic sporeformers counts:

They were determined accordimg to BSI (1986). The suitable
dilution were heated to 80°c for 10 min and cool the sample ilmmed—
iately to 1QOC, plate on starch agar and incubated at 3300 for 3

days and recording the results. The used medium consists of:

Lamb~lemco-~powder 15
Yeast extract 28
Peptone 58
Sodium chloride 5 &
Agar 12 &
Distilled water up to 1000 ml
pH = Toli

L4~ Apaerobic sporeformers count:

Anaerobic sporeformers were determined by the method of BSI
(1986). Heat dilutions at 80°C for 10 min and cool the samples
immediately to 10°c. Each dilution was inoculated in ihree tubes
(1 ml each) of cooked meat medium. The tubes were sealed with a
layer of 2 % agar maintain anaerobic condition. The tubes were
then incubated at 3700 for 7 days. Positive tubes according to
Oxide (1979) can be divided into main groups by their action on

the used medium
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A) Saccharolytic organisms:

There is rapid production of acid and gas which push stron-
gly the agar layer but no digestiom of the cultures may have a

slightly smell and with reddened protein.

B) Proteolytic organisms:

PPoteolytic causes decomposition of the meat with the

formation of foul smelling, sulphur compounds and blackening.

The most probable number was then calculated using the

specific BSI tables (1984) . The cooked meat medium consists of:

Heart muscle L59 &
Peptone : 10 g
“Lab—iemco" powder | 10 g
Sodium chloride 58
Dextrose 2 g
Distilled water up to 1000 ml
pH = 7.2 + 0.2

When medium tablet are available, add one tablet to 10 ml of
distilled water in a narrow container. Soak for 15 min and

sterilize by autoclaving atl 121°C for 15 min.

~ T Lo .
6~ Detection of'coliforms BsI (1987):

Coliforms were detected by imoculating 1 ml 10”1 @ilution

into every tube which containing 5 ml Maclonkeny broth in .

e v o ]
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trip_licateg. The tubegs were incubated at 5&00 for 24 nrs. Tubes
showing the presence of acid and gas considered as positive.

The used medium consists of :

Bile salt 2.00 &
Peptone 20.60. &
Saodium chloride 5.00 g.
Lactose 10.00 &
Bromol cresol purple 0.02 &
Distilled water up to 1000,00 ml

pH = 7ol

Statistical Analysis:

Statistical analysis were carried out in the presnt study

according to Yaomans (1976).
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Evaluating The Local and Imported Processed Cheese:

e —— s e e s .

During the last years there has been a continuous rise
in the production of processed cheese and processed cheese
foods. KNew types have appeared on the market and there has
been steady public demand for these and also for the more
traditional . varieties. The local production from these
commodities are much less than the needs. This encouraged
the importion of processed cheese and related products from
different sources. The acceptability of the various brands
of processed cheese by the Egyptian consumers varied widely.
A part from the informations give by the prﬁdﬂck&S, little is
known about the composition and preperties of the different
processed cheese in the lecal market. The informations given
on the lables of the processed cheese available in the
local market are not enough to classify them and to evaluate

these cheeses, chemically and bacterialogically.

So, the objective of this part was to give an idea
about some chemical, physical and microbiclogical quality of

Lthe "market" pracessed cheese.

Thirty eight processed cheese samples wew randomly

collected from the shops and soppermarkets. in Cairo. These
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samples represent 13 brands of locally and imported

varieties.

Processed chees:s samples Were analysed chemically for
pH, acidity, T.5, fat, salt, ash, lactose, T.N, S.N, N.P.H,
?.V.F.A and mimerals (sodium, phosphorus, calcium, potassiun,
magnesium, manganese and zime). Some physical properties
including melting index and penetrometer reading were deter-
mined. The bacteriological quality of the cheese samples
were also examined by determining, total count, aerobic

sporeformers (saccharolytic and proteolytic).

The results were evaluated statistically.

—-—*——m——m—-————-——-———-

I- Chemical @omposgition:

pH and acidity:

It was observed from table (1) tbhat pH value varied
in a narrow range and it was somewhat higher in local cheeses
than imported ones being 5.48-6.,25 with an average of 6,00 and
5.78-6.,03 with an average af 291 respectively. The aeidity
was ranged from 1.2-1.5 % in the local cheeses while in the
imported there was only one variety had a very low acidity
being 0.87 % and another ' yariety had a high -acidity,
2.0% % while the other varieties ranged from 1.5-1.64 %.




Table ( 1
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samples from every type).

tion of processed cheeses available in the local

Type of cheeses PpH Acid- Potal _____Fat___ __lactese Salt Asgh _
it% soéids Perse IM Perse M4 PFerse M Perse M
Lacal
Hesto Misr 6.07 1.45 4438 12.67 28.53 9.87 22.25 1.25 3.95 6.20 13.97
Kirex 5.48 1.50 48.76 26.25 53.79 467 9.5% . 1.35 2.76 4.09 8.42
Siclam 6.25 1.20 44.92 15.75 35.05 3,47 2.72. 2.13 478 Bell 13.71
Dolcy 6.00 1.40 43.59 21.33 48.94 1.23 2.82 1.38 3.16  4o84 11.11
floMontazah  6.20 1.20 §1.21  8.83 21.4k 1,72 429 1,71 k16 5.4 13.9%
Min., 5.48 1.20 41.21  8.83 21.44 1.25 2.82 1.35 2.76 4.09 8.42
Max. 6.25 1.50 48.76 26.25 53.79 9.87 22.25 2.13 4.78 6.20 13.97
Mean 6.00 1.35 44.57 16.97 38.07 4,20 9.42 1.62 3.63 5.40 12.12
Imported
La. bonne Vache 5.97 1.5Q 45.9Q 23.00 30.42 6.27 15,69 1.27 2.76 4.29 9,36
Boy 5.93 1,50 L2.51 24.83 58.43 4,50 10.59 1.36 3.20 4.08 9.60
Regal Picon  5.78 1.50. 45.09 20.42 45.28 6.20 13.25 1.01 2.25 3.86 8.5
Magqubol 5.87 1.50 43.93 19.00 43.26 3.45 2.82 1.58 3.53 5.10 11.61
Kird 5.83 0.87 50.93 34.17 67.09 1.8 3,63 0,79 1.56 2.61 5.11
Block 5.93 1.5Q 50.59 18.92 37.41 4e727 936 2.81 35.55 6.08 12.03
Three!Cow's 5.95 2.03 48.26 19.17 39.72. 3.63 2.53 1.29 2.66 L.67 9.68
Ek-Ashbal 6.03 1.64 L43.34 23,00 53.08 5.10 12.00 148 342 3.98 9.18
Min. 5.78 0.87 42.51 18492 37.41 1.85 3.63 0.79 1.56 2.61 511
Max. 6.03 -2.03 50.93 34.17 67.09 6.22 13.25 2.81 5.55 6.08 12.05
Mean $.91 1.51 46,32 22.80 43.22 447 9.65 1.45 313 4e33 9435
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Total solids (T.S):

The total solids content of the analysed local cheeses
ranged from 41.21 to 48,76 ( Table 1 o These values are less
than the legal T.S of processed cheese and cheese foods namely:
not less than 55 % (Egyptlan legal standards, 1970). Im the im-
ported cheeses ramged. £ram,4a.51 to- 50,93 %. We can consider
the total solids of all varieties available in the local marketl
fall in the range given for T.S in processed cheeae spreads (40~

50 % ). The same results are given by Mahfouz et al (1986).

Fat:

The fat percentage ( Table 1 ) of processed cheegse avai=-
lable in the Egyption markets varied widely from 2l.l44 to 67.09
per dry matter. Omnly two varieties from the local production
(Kirex and Dolcy) fall within the legal standards, 1970 of proces-
sed cheese and cheese foods namely: not less iban 4LO% . While,with
imported cheeses all varieties lies within the Egyptien. legal stand-
ards, 1970, except omly one (Block) which was slightly below that
of the standards ( i.e. 37.41 % per dry matter). These resultis

are within the vicinity of those obtained by Mahfeuz et al (1986) .

lactose contemt:

e — T Pt

lactose content of the amalysed of processed cheese varied
widely where it recorded 2.822 to 22.25 per dry matter in local
varieties and 3.633 to 13.751 per dry matter in the imported
( Table 1 )e It was obvioua that most of varieties ranged from
2.53 to 13.75 %, only one vapkety had 22.25 % per dry matter,
while 3 varieties had 2.82 to 4,29 %. This may be due to that

skimmilk or whey solids were probably one of the processed cheese
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ingredienfé. The range of lactose comtent agreed with the corres—

ponding values that found by Mahfouz et al. (1986).

Salt content:
The salt contemt falls within 2.76 - 4.78 % in the local

cheeses while,it was from 1,56 to 5.55 % in the imported per dry
matter ( Table 1 ). The imported cheeses showed a great varia-
tion tham the local processed cheeses. These variations in the.
salt contents can be deduced to the different ratios of salt in
the ingredients from which it was made. However, all varieties
lies within the Egjptian legal standards, 1970 (i.e. not more
than 4 %) as it contained from 0.79 to 2.81 perse for all tested

varietiese.

Ash content:
Table ( 1) showed that the lecal processed cheeses ranged

from 8.42 to 13.97 % per dry matter while in the imported cheeses,

the ash cemtent was lower than the local omes.as it ranged

from 5.12 to 12.03% % per dry matter, All brands examined lies
within the Egyptian legal standards, 1970 (i.e. not more than 8%)
as all of them fall within the range of 2.98 to 6.2 % perge.

Nitrogen distribution:

The total nitrogen in the analysed processed cheeses ranged
from 2.307 to 2.632 % and 1.63 to 2.988 % in the iocal manufact—
ured and imported processed cheese respectively. Expressed per
dry matter they were 4.738 -~ 5.871 and 3.215 - £.361 % in the same
order.It was noticed that the samples which had minisum T.N. conteat

was. characterized by high fat level ( Table 2 ).

~




Pable ( 2 ) Nitrogen fractions and to
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tal volatile fatty acids (TVFA)

processed cheeses available in the local market (average

of 3 samples from every typels

Type of cheese __T.N____ S.M S.N/ N.P.H M.P.N/ Relative T.V.F.A
Perse DM % T.N % T. @y %581513%&
Local :
Hesto Misr  2.35Q 5.300 Q.363 15.727 0.223 9.682 84.273 11723
Kirex 2.305 4.738 0.372 16.233 Q.221 10,748 83.626 7.35
Siclam 2,632 5.836 0.327 12.527 Q.278 10.652 87.473  27.22
Dolcy 2.56Q: 5,871 0.664 26.100. 0.564 22.127 75.900 10.50
El-Montazah  2.315 5.616 0.237 10.233 0.191 8.237 89.761 32.00
Min., 2.305 4.738 0.237 10.259 0.191 8.237 73.900 2.35
Max. 2.632 5.616 0.664 26,100 0.564 22.127 89.761  32.00
Mean 2.430 5.450 Q.393 16.17Q 0.296 12.181 83.830 12.27
Imported
La. bonne Vache 2.053 4475 0.345 16.850 0.215 10.441. 83.150 6.98
Boy 2.075 4.882 0.338 16.152 0.190 9.135 83.848 8.48
Regal Picon 1.967 .358 0.240 12,217 0+191 9.740 87.783 11.20
Maqubol 2,701 6.361 0,637 22.749 0.569 20.360 77.251 19.00
Eiri 1.636 3.213 0.156 9.535 0.085 3179 90465 9.50
Block 2,988 5,911 0.390 13.047 0261 B.243 86.953  11.30
Three'Cow's 2,310 4662 0.763 34e2h Q.632 28.347 63.763 34.67
El-Achbal 1.969 4.515 0+285 14450 0.220. 11.168 85.550 8.25
Min. 1639 3.213 04156 13047 0.085 5.179 65.760  6.98
Max., 2.988 6.361 0.763 34254 0.632 2B.347 90.465  3he67
Mean 2.214 4.780 0.394 12.796 0.29% 13.279 82.204  13.68
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Regarding the S.N content, the results ( Table 2 ) cleard

e i i T TSy

a wide variation especially in the imported varieties.wpgre it
raﬁged from 0.156 to 0.763 while in the local types it remged from
0237 to 0.664 %« The S.N/T.R ratio wi??_}tsjwidﬁmiariatigg,gmong
the tested brand suggest differences?in the degree of ripening in

et o i

the cheeses which was used in its manufacture.

The N.P.N showed also a wide variation among the different
samples ranging from 0.191 to 0.564% in the local types and from
0.085 to 0.632 % in the imported cheeses(Table 2).The NPK comstitute
high percentage from the S.N of cheese. This may originated from
the ingredient cheeses used or from the peptizing effect of emulsi-

fying salts ( Meyer, 1973 ).

The relative casein was ranged from 73.90 to 89.761 amd 65.765

to 9C.465 % in the local and imported cheeses. sucecesgively(Table 2 ).

TV, FA:

Table ( 2 ) shows the great differences present in TVFA
contents of the processed cheese in the Egyptian market. The
majority were 6.98 to 11.7 ml O.1 § NaOH/100g cheese, 2 samples
( 15.2 % of the total ) contained 19.0 - 27.2 % and 2 samples
(15.2. %) contained 32 - 34.67 ml, This wide variation is due to
the differences in the ripening degree of the cheeses used in mak-—

ing processed cheeses.

Minerals:
Results in table ( 3 ) shows : that the sodium contemt .
in  samalysed cheeses fall in narrow range of variation as it

ranged from 0.92 to 1.80 and 0.60 to 1.68 % in local and imported
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" processed gheeses respectively. Phosphorus content in local pro-
cessed cheese was higher than the phosphorus content in imporied as
it ranged from o.43 to 0.73% and from 0.13 to 0.60% successively.
The calcium . content of local cheeses appeared in a RAIrTOW range
being 0.58 to 0.68 %, while, there was a wide variation in the
imported variaties ( 0.22 - 0.64 %). This suggest that skimmilk
and/or whey solids were probably added in the formula of processed
cheeges. This was within the range given by Mahfouz et al.(1986).
There was a wide range in potassium content as it ranged from

0.08 to 0.40 % and from 0.07 to 0.24 % in local and imported proc-
essed cheese respaciixely. The range of magnesium was from 0.08
to O0.11 % and 0.04 to 0.47 % in local and imported processed chee-
ses respectively. The manganese content was approximately tne
same in local and imported processed cheeses as it was ranged

from 5 to 23 ppm and 6 to 22 ppm respectively.

Regarding the zinc content im local cheeses it was nearly
the same being 21.5 to 25.5 ppm exeept one variety was very high
where it recorded 111.5 ppm. Also im the imparted cheeséa, all
samples ranged from 8.0 to 28.5 ppm except ome variety recorded
76.5 ppm. The high levwel in some samples may be due to the mater-
ials of equipment used in the mamufacture. These resultis agree

with Harvey et al. (1982).

IT- Physical Properties:
Melting index:

Table ( 4 ) shows some physical properties of the survayed
samples. Expeessing the melting test as a percemtage, it was ranged

from 17.26. to 124.44 and from- 18.95 to 40.86 % in local amd imported
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Table ( 4 f Some physical properties such as melting index and
penetrometer reading of processed cheeses available

in local market (average of 3 samples).

Type of cheese Melting index Penetrometer
% 0.1 mm/sc.
Local
Nesto 17.26 0.83
Kirex 73.65 O.44
Siclam ’ 30.73 0.27
Delcy 124 .44 2420
El-Montazah 30.89 Q.37
Min, 17.26 Qe27
Max.  124.b44 2.20
Mean 55.39 0.82
Imported
Labonne Vache 28.29 1.91
' Boy 40.86 2.16
-Regal Picon 40.00 Q.32
Magubol 20.13 0.94
Kiri 28.06 Q.40
Block 18.95 0.10
Three'Caws 21.81 1.49
El-gshbal 31.37 2.00
Bin, 18.95 Qe 1Q
Max.  40.86 2.16

Mean 28.68 jel1?
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cheeses rgspectively. The majority of the samples (1! from 13)
ranged from 17.26 to 40.86 %, only 2 samples from the local pro-
cessed cheese were out of this range as they were 73.65 and 124.44%.
The variation in melting of different varietias is due to the

differences in ripening degree of the ingredients

Penetrometer reading:

The penetrometer reading indicates firmness. of the proc-
essed cheese.. In the local types it ranged from 0.27 to 0.83
(0.1 mm/sec). Only one sample gave high reading i.e. 2.2. This
sample (Dolcy) was characterized with a high melting test and
low relative casein and high degree of ripening in the ingredient
cheeses which was confirmed by high soluble nitrogen content
(Templeton and Sommer, 1934; Palmer aad Sly¥, 1943 and Jakubowski
and Bijok, 1959). The penetrometer reading of the imported
cheeses ranged from O.1 to 2.16 (0.1 mm/sec), This great variat-

ion cam be attributed to differences in the imgredients.

Relationghip Between Texture or Melting Properties and Some

Chemical Parameters of Processed Cheese:

Table ( 5 ) points out the correlation coefficient (r)
values between texture or melting properties with pH, acidity, -
fat, total solids, lactose and relative casein. The tabulated
data. clear that the determined texture of the iested cheese samples
are "highly correlated with pH values “r“z 0.9. In the second
order came fat and relative casein where (r) was O.6 and 0.55

[Tl

stussively, the total acidity r = 0.39 and total solids T = O.4
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Table ( 5 ) Relation ship between melting index and penetrometer
reading and some chemical parameters of processed

cheese in the local market.

Test Melting index EEE?EEEEEEQE-EE%Q@EB_
r b r b

pH 0.20." =-17.00 0.90 0.124
Ecidity 0.01 -0.94 039 1,094
Fat 0..40 1e27 0.60. 0.083
Lactaose 0.50 -4.50 0.20 -0.079
Relative casein 0430 -0.91 0.55 -0.062

r = Correlation coefficient.

b = Regression cofficient.
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correlate relatively weak with this property. The texture prop-
it H
erty was much less closely correlated lactose = Q.2 which seems

to be independent on this factore.

These results in fact are in agreement with Meyer (1973),
where he reparted the effect of pH variations in a. range.-of Sed,
to 6.2. He found that an increase in pH value leads to better
peptisation of casein which improved the body and produced thin
viscosity. On the other hand the decrease in pH values, introduce
a thickning and solidifying of the chaese structure. Jakubowskl
and Bijok  (1960) found that a sharp change in the relationship
between moisture and firmmess of processed cheese occurred when

moisture content increased above 55 %.

In respect of meltability of the tested processed cheese
samples the corr—-coefficient of this property was closely and
positive correlated with lactose "r"_ 0.5 and fat content r _0 4.
The other factors were correlated at a lesser extend, The corr-
coefficient value between total acidity and the melting of proce=
ssed chees 3= 001 is very low. This indicates that no relation
exists between the total acidity and melting test of this type of

cheese..

The obtained results dealing with the relationship between
meltability and the chemical tested factors are in accaordance with
the results of Arnott et al. (1957), Bayan et al. (198051and‘E&r—
vey et al. (1982).

It can be concluded that melting and texture ratings which
used as a major factors in judging processed cheese quality are

depended mainly om pH, fat, and relative casein of processed cheese.
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Further studies must be continued in this field to evaluate
these two physical properties with different means of methods
and instruments to stablish fixed relations between them and

other available chemical determinations.

Microbiological analysis:

Tables 6 and 7 tabulated total bacterial counts, aerobic
sporeformers and.anaerobic‘spor@formersd(pruteolxtic.and.sacchar

rolytic) counts of the processed cheese brands..

The total viable counts of local brands ranged from bel X

102 to 142 x 102 C.F.U/g while in the imported types were from

2 2

2.7 x 10 to 100 x 10° C.F.U{g . Generally, it can be seen from

the two tables that the total bacterial counts were to some ext-

ent higher in the local types than in the imported where the

2

mean average of them recorded 58..19 x.]O2 and 31.28 x 10° C.F.U/

g. cheese respectively..
The aerobic sporeformer counts ranged from le? X 102 to

13 x 102 with an average of 5.1 X 102

2

C.F.U/g - in local cheeses

and 13 x 10%

while it ranged from 1.5 x 10 with an average of
L.6 x 10 Cc.F.U/g .in imported types. These resulis clears the
counts of aerobic sporeformers in local and imported processed

cheeses were nearly by the same.

Regarding the anaerobic sporeformers counts in the local
and imported types, the proteolytic anaerobss ranged from 4.8 to
7.0 C.F.U and from 4.5 to 170 C.F.U/ g: with an average 36.29
and 29.02 C.F.U/g respectigely. In the case of saccharolytic

anaerobic the counts were ranged from 0.0 to 35 C.F.U/g and 0,0

to 14 C.F.U/g+ with an average 9«74 to 3,28 C.F.U/g successively
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Table ( 6 ) The bacterial counts of lacal processed cheeses.

Type of cheeses Samples Total Aerobic spore __Anaergbic spore_ formes

cou%ts fornaues Proteolytic Saccharolytic
Na. x10* x1Q L .o
------- mem CoF U /61 e
Nesto Misr 1 123 5.2 220 4.5
2 Gl 3.0 22.0 8.0
3 45,0 4.8 11.0 LoD
Kirex 1 44,0 1.7 11.0 8.0
' 2 8.8 30 13.Q 2.0
3 108.0 2e3 4.8 Le5
2 8.0 2.6 49,0 33.0
3 93.0. 21 70.0 11.0
Dolcy 1 142.0 2.0 70.0 11.0
2 1000 1.8 49.0 0.0
3 90.0 1*.-2- 49.-0- ] .29'0 "
Fl~Montazah 1 88.0 13.0 49.0 " 6.8
2 38.0 12.6 49.C 4.5
3 65.0 9.Q 272.0 L.5
Mean 58.19 5.1 36.29 9.74

C.F.U = Colony forming unit.
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Table ( 7 ) The bacterial couats af imparted processed cheeses

available in local market.

Type of cheeses Samles Total . Aerabikc. spore Anaerohic spore_ formes

counts  formes Proteolytic Saccharolytic

ﬁc. :ﬂEL2 xla’?‘
---------- C.F.U/ % i e
La. bonne Vache 1 ]0.8 1‘&;.5 110 4-5
2 5.0 2.6 l 'Z.Q Q.0
3 6ol 1.8 he5 2.0
Boy 1. 8.7 he2 L5 2.0
2 .2 2.6 11.Q 0.0
Regal Picon i 3L.Q Dl 22.0 b5
2 0.0 2e? 172G L.B
3 52.0 He5 17.Q 20
Magqubol 1 51.0 2.9 17.0 2ol
2 56.0 2.9 22.0 20
3 45.0Q L.2 14.0 4.0
Kiri ] 5 .1{‘ LI-.-5 26.0 400
2 2.7 1.5 14.0 Q.0
3.9 2.0 172.0 445
B]..Oc.k. ] 5()'.-0’ 3.—7 ] ] 90- ] Ll—.G-
2 100.Q. L8 17.0 6.8
. 65 .-0 L}..Q ?Gt.-o« } 1 QQ'
Three!Cow's . 1 46.0Q 13.0 22.0 2.0
2 38.0 12.6 . 49.0 2.0
3 65.0 9.0 27.0 2.0
El-Ashbal o ) 2.9 heD 0.Q
’ 2 ]5.0- ’-}.-Q- h 1 ] ..0. 2—.0
10.0 3.5 8.0 1.0
Mean 31.28 Lot 29.02. - 3,28

C.F.U = Colony forming unit.
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These data, in fact, indicate that the counts of either proteo-
lytic or saccharelytic anaerobes were mostly low. In spite of

the presence of these coumts the organoleptic evaluation revealed
that these cheeses were in good conditioms without any deleterious
symptoms which confirm the suggestion that these spores were in
dormant cause due to the unfavorable conditions after cooking

and also to the unsuitable pH, moisture and salt contents (Barker,

1947 and Mladenove, 1972).




PART : Ii

PRELIMENARY STUDY TO PRODUCE PROCESSED CHEESE FROM DIFFERENT

PROPORTIOKS OF YOUNG AND MATURE CHEDDAR CHEESE.
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Prelimenary Study to Produce Processed Cheege from different.

Bropertions of Young snd Mature Cheddar Cheese:

mp ey ——— e oan vk S ———

In primciple, processed cheese is made by mixing and
heating the natural cheese with emulsifying agents and water.
The kinds of cheese commonly processed imncluded principally
Cheddar and related American type cheeses and alse Swiss, Brick
and similar varities. The gquality of the processed cheese is
very largely determined by the quality of the raw cheese used.
The selection of natural cheese for processing is determined
chiefly by the age, acidity or pH, body, texture and composit~
jon of the cheessz. However, the ~uitability of the raw mater-
jal for a definite type of processed cheese depends on the
state of ripening of the raw cheese. Cheese of different ages

have various effscts upon processed cheese.

Therefore, as Cheddar cheese 1s the most widely type
uged of raw material for processing throughout the whole world
{Meyer, 1973); it was necessary to select the more suitable
blend from young and mature Cheddar cheese which give a
resultant processed cheese with good properties which consid-

ered as a control to the new propesed blends.

This part was devoted to study the effect of different

proportions of youmg and matured Cheddar cheese of 5 and 10
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Table ( © ) Chemical analysis of used young and mature Gheddar

cheese.
Type of cheeses pH T.3 Fat F/DM Salt
X (perse)
% % % %
Young Cheddar cheese 5.2 63.81 321 50.31 1..96
Mature Cheddar cheese Sl 6501 33,2 51,07 1.66

Table ( 9 ) Amount of ingredients to form 20 Kg of processed

cheese blends.

Ingedients __Amount . of imgredients in Kg.
a b c
Young Cheddar cheese 12420 8.10 4.03
Mature €heddar cheese L.07 8.10 12.09
Emulsifier salts Q.49 0.49 Q448
Salt (sodium chloride) 0.08 0.08 0.08
Water trial I 3.16 3.24 331

trial II 2.06 2.19 2el3
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Samples from the manufactured process cheeses were
analysed chemically, the physical properties were also investi~

gated and then it was evaluated organoleptically.

A T S T Y S R G L S

Pable ( 10 ) clears the chemical analysig of the two

prelimenmary trials used for production of processed cheeses:

J- The first trial:

et A A=A

pH valuesg:

Tt is obvious from the represented data in table ( 10 )
that the pH was 5.79, 5.50 and 5.45 in treaiments a, b and ¢
respectively., The results are in accordamce with these given
by many workers as il was stated that the final pH ramge req—
wired for the processed cheese is .4 to 5.9 (Meyer, 1973 ).
Vakaleris et al (1962) reported that the defects im processed
cheege could be overcome by adjusting the pH of the blend

—

during processing to Se4=5.5, which agree with our results.

Total solids:

Regarding the total solids in the same tahle it was
49.14, 51.08 and 50.44 % in a, b and ¢ treatmemis respectively.
There is mo appareat differemce between the treatimemts. The

obtained results agree with Egyptian legal stamdards for
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Pable ( 10: ) Chemical and physical analysis of processed cheeses.

Determinations ______ First_trial _____  _.__ Second _triak _________
a b c a h’:—- b1 ¢,
pH 5.79 5.50 5.45 5¢35 5.36 5.38

Total solids % L49.14 51.08 50444 52.80 54-58’ 51.89

Fat (perse) % 23.90 24.70 2415 254300 25495 2he 8%

¥/ DM % 48.64 48.35. 47.88°  47.91  47.5 47,88
Salt % 167  1.77 17 1.75  1.64 1.82
Texture g 89.70 96.70 103.70  289.00 222.000 176,70

oy @q = 12 % young + 25 % mature cheese,

b, b’
S

1}

50. % young + 50 % mature cheese.
'25 % yeung + 75 % mature cheese,

L 2]
1]
i

>
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processed cheese which defined the total solids of processed

cheese must be not less tham 50 %.

Fat content:

In respect of fat content table ( 10 ) shows that it
was 239, 24.7 and 24.15 % for a, b and ¢ treatments respect-
ively. Expressed the fat percent as F/DM, it was 48.64, 48.35
and 47.88 % in the same order. These figures lies within
the Egypiian legal standards (1970) of processed cheese which
emphasize that F/DM ratio must be not less 45 %.

Salt content:

The salt content of the produced processéd cheese was
1467, 1,77 and 1,74 % in treatments a, b and ¢ respectively.
This was achieved from the salit contemnt of Cheddar cheese
and used for preparimg the blends, imn addition to 0.5 % salt
added to the blends' mixture. It is elear that there was no
apparent differences occurred between treatments and all of
them are lies within the Egyptian legal standards, 1970 (not
more than 4 %).

Texture:

Texture of processed cheese comsidered the impertant
physical property. The texture of the mamufactured processed

cheese in the differemt treatmemts was evaluated by ustevens
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LFRA texture”. These results are recorded im table (10) and
illustrated im fig ( 11 ). They were 89.3, 96.7 and 103.7 g

in a, b and ¢ treatments respectively.

I1I- The second trial:

Thig trial was investigated for the same chemical and
physical parameters in the first trial (Table 10). It can be
noticed that there are some differences belween thé values in
this trial compared with the first one. These differences may
be related to the water comtent in the blends of this trial
as it was lowered by 10-15 % than the first ome which induced
reduction in the pH values to be about 5.36 in the three

treatments.

The total solids showed an increase im this trial
through the three treatments being 52.80, 54.58 and 51.89 %

regpectively for 2y, b1 and_c1 treatment s.

Dealing with the fat percentage it cam be observed that
it was higher than the first trial showing 25.30, 25.95 and
24,85 % in the same order.

The F/DM was almost the same being 47.91, 47.56 amd
47.88 % in the three treatments. It is clear that there were
no observed differences between the F/DM in the two trials as
lowering the water content of the blends had no effeet on this

value,
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The salt content was 1.73, 1.84 and 1.82 % in a,, Db,
and c, respectively which was somewbat higher, compared with

the results in the first trial.

The texture of processed cheeses manufactured in the
second trial were evaluated using "Steven LFRA Texture Analy-
ser . It gave the following walues 289.0, 222.0 and 1767 Be
Comparing these values with the values of the first trial, it
can be noticed a great differemces. These differences may be
due to the reductiom of pH which induced more firmness of the
obtained processed cheese. In addition, these higher values
can also be deduced to the higher percemtage of total sollids

in the second trial than in the first omne.

Organoleptic evaluation:

The manufactured processed cheese from different
treatments &f the two trials were evaluated organoleptically.
The obtained data are presented in table ( 11 ) and iljustrated
in fig ( 12 ). It can be noticed that the processed cheeses
manufactured in the second trial from blemd mixture which con
containg 25 % yousg + 75 % mature Cheddar cheese (treatment c.)
obtained the highest score points reaching 15k, then come in
the second order treatment ( a,) of the same trial which consists
consists of 75 % young 4. 25 % mature Cheddar cheese with 14.4
points, while treatmemt ( € ) im the first trial come in the

third order with 15.5'points, The processed cheese. from
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Table ( 11 ) The organoleptic evaluation of prelimenary trials

of processed cheeses.

Roots of Scering Score ___ First trial = ___ Second_trial

a b c ar ta\ c1
Appearance L - 3.0 2.0 el 5¢3 29 34
Texture 8 heS 4.0 5.6 5.7  L4o8 5.7
Flavom".n 8 3.7 3ok b8 Seb. 2.7 63
Overall 20 i1.2 9.4 13.5 hely 104 154
a, a, = 75 % youmg + 25-% mature cheesge.

b, b, = 50 % young + 50 % mature cheese.

¢, ¢, = 25 % young + 75 % mature cheese.
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treatment (a) in the first trial and (b1) in the second trial
obtained lower points reaching 11.2 and 10.4 respectively.
The processed cheese from treatment {b) in the first trial

wag gained the lowest points (9.4).

Depending on the organcleptic evaluation for processed
cheeses mapufactured by the differemnt treatments of the two
trials. It was noticed that from the biend comtaining 25 %
young + 79 % mature Cheddar cheese through the second trial
(treatment c1) obtained the higher score peinmts, followed by
treatment (a1) from the same trial which contaimed 75 % young +
25 % mature Cheddar cheese. According ta the econmomic costs
as a point of view the treatment (ai) was selected to be as
a control. This related to that the prefered treatment cont-
ains only 25 % mature Cheddar cheese which ripemed for 10
months to reach the suitable degree of ripening while in the
other treatment (c]) which obtained somewhat high score
points, ripened Cheddsr cheese of 10. months old was 75 %
which induce high costs.




PART : IIL

THE USE OF CHEESE=BASE IN THE MANUFACTURE OF PROCESSED CHEESE
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The Use of Cheese-Base in The Manufacture of Processed Cheese:

INTRODUCTION

The particular application. of ultrafiltration technology
to the treatment of milk for making cheese with a substantially
improved yield was carried in a French patent in 1969 by Moubois
et al, The main application of their work was for the production
of Comembert and other high-moisture cheege varieties. Ultra-
filtration of milk for Cheddar cheese has been attempted, but
a major problem has been lack of a suitable method for raising
the protein content of the precheese to the level required in
the final product. In 1980, Emstrom et al. described a cheese-
like product-cheese base and a production method for the same.

This process now has been adapted to the dairy industry's needs.

Cheese-base is intended as a raw product for the processed
cheese industry and must therefore, in the chemical respect

fulfill the same demands as are made for Cheddar cheese.

Our objective was to develop a method for the direct
manufacture of a high yielding low moisture process cheese-base
by the application of ultrafiltrationm, which may replace Cheddar

cheegse in the case of processed cheese.

Production of Cheese-Base Based on Ultrafiltration:

EXPERMERTAL
Reconstituted skimmilk powder, 20 % (RSMP) was ultra—
filtrated followed by diafiltration to exclude partially the

lactose and increase the protein content by using ultrafiltration
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DDS unit, The obtained retentate was pasteurized at 72°C  for
15 S and immediately cooled to 10°C. On the second day the

pasteurized retentate was warmed to 3290, inoculated with 0.2 g-
dried cheese starter/Kg retentate and then incubated at the same
temperature to reach pH 5.8 * O.1. Rennet solution was added
with a level of 0.25 ml/kg retentate and pumped to Alcurd
machine where remaimed for 7 to 9 minutes till complete coagulat-
ion. The coagulum pushed through Alcurd machine in order to get
regular cubes then stirred manually for 15 min till pH 5.6.

Phe temperature raised gradually from 32°C to 39°C during 10 min.
and the resultant whey was drained. The obtained curd divided
into two portions, one was salted at level of 2,5 % with dry
sodium chloride, while the other part was treated with proteo-
lytic enzym (Savorase-A) with a level of 16.2 - 16.5 g./kg curd,
The salt content of this part was adjusted tc the same level of
the first part comnsidering the amount of salt associated with
the added enzyme. The cobtained curd with and without proteolytic
enzyme were moulded in rectangular metal and pressed overmnight
using air pressure to remove the excess whey in the curd., The
pressed curd "cheese base was then pasked in polyethelene bags
containers (18 kg) and sealed under vaccum. The cheese base
without enzyme was named "cheese base Iw and the other with

enzyme was named mcheese base II".

The youmg cheddar cheese, mature cheddar cheese, fresh
cheese base I and fresh cheese base II were analysed chemically
for pH, total solids, proteims, salt, ash, lactose, calcium and

phosphorus. Microbiological determinations were carried out for
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total counts, yeasts and moulds, coliform, aerobic sporeformers

and apaerobic sporeformers (Saccharolytic and proteolytic).

The cheese base I and II were stored at 10°C for 2 weeks,
where S.N, glycine and gel-electrophoresis were carried out to
follow the variations in the protein degradation during the
storage periocd of the cheese base I and II at intervals of O, 1

and 2 weeks.

o kP e Gt R i g o i W T S S

Compogition of Cheese-Bage I and Cheese—-Base 11 Compared with

Cheddar Cheese, and The Different Products During Preparing The
Cheese Base:

Chemical amalygis:

Table ( 12 ) clears the chemical amalysis of Cheddar
cheese and the different products during preparing cheese base
T and cheese base II. The young Cheddar cheese analysis (5
months ripeming period) cleared the following: pH 5.28
total solids 66.3 %, fat 33.64 %, salt content 1.72 %, protein
25.02 %, ash 4.05 %, lactose 4.6 %, calcium 0.78, and phosphorus
0.66 %, On the other hand, the mature Cheddar cheese (lo.monthé
0ld) showed an increase in salt, protein, fat % as well as a
slight decrease in pH value, T.S and lactose while it was nearly
constant in calcium, phosphorus and ash content. The obtained
results comply with the UK standards for Cheddar cheese of a
minimum 50 % F/DM and 39 % as a maximum for water content as

—* mentiomed by Ernstr&giet al. (1980) and Madsen and Bjerre (1981).
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The -RSMP (20 %) used for ultrafiltration showed 19.78 %
.S, 7.44 % protein, 1.57 % ash and 10.77 % lactose. The

RSMP was ultrafiltrated and the first rcrnmeate gave 12,97 % T.S,

-

0.59 % protein, 1.01 % ash amd 1138 % iactese. The oblained
retentate was diafiltrated to give gsecond permeate of G.48 % T.S,
O0.34 % protein, 0.54 % ash and 5.56 % Lactose. The final retent-
ate contained 20.48 % T.S, 14.18 % protein, 1.66 % ash and heb65 %
Jactose. The obtained results in respect to retentate protein
content agrees with the results of Sood and Kosikowski(1979) and
Madsen and Bjerre (1981).

The retentaté gas fermented by the addition of active
dried starter,thereaftex-rennet was added then pushed through
Alcurd to be coagulated and cutted to cubes. This curd was
stirred for 10 min. followed by draining of the whey. The
chemical analysis of this whey is presented in table (12 )
showing 8.87 % T.S, 2.86 % protein, 0.80 % ash and 5.23 % lactose.

Part of the obtained curd was put im rectangular metal
mould and pressed overmight to give the fresh cheese base I. ..
Cheese base II was manufactured by the same exeept that proteo~—
lytic enzyme was added to the other part of the curd before
moulding. The chemical amalysis of cheese base I was 44.83 %
T.S, 1.65 % salt, 36.33 % protein, 4.75 % ash, 3.80 % lactose,
1.02. % calcium, 0.45 % phosphorus and it Ead.é pH value of 5.26.
On the other hamd, the chemical analysis of the fresh cheese
base II showed, 45.82 % T.S, 1.60 % salt, 37.45 % protein, 4.65 %
ash, 3.72 lactose, 1.02 % calcium, 0.38 % phosphorus and it with
pH of 5.3.
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The obtaimed results in respect of cheese base cleared
a great difference than that prepared by Madsen and Bjerre (1381)
and Rubin and Bjerre (1983) from full ¢ream and by another tech-
nigune where the retentate was evaparated under vacuum at 43°C

until a dry matter contemt of about 60 % was attained.

Degradation of proteim:

Data presented in table ( 13 and 14) and fig ({3) clear the
protein degradation of cheese base I (without proteolytic enzyme)
cheese base II (treated with proteolytic enzyme), young and
mature Cheddar cheese. It is obvious that the soluble nitrogen
and the amino acid glycime increased in cheese base 1 after the
ripening period of two weeks at 10°C, The ripening process of
cheese base II was much faster. Thig acgeleration in ripening we
attributed to the addition of the commergial proteclytic enzyme
(Savorose-A ) which lead to a high level of soluble nitrogen in
cheese base II after one week of ripening period as it was 0,79 %
The corresponding value of S.N in cheddar cheese with 5 months
old was 0.69 %. After the second week of cheese base II ripening,
the soluble nitrogen was about the same in mature Cheddar cheesge

(1,02 %) which ripemned for 10 months.

The use of released amino acid glycine as an index for
cheese flavour production (Imperial Bio. Tech.1988) was adopted
in this investigation. It gave a higher value of 250 pg/ml after
only ome week in cheese base II compared with (225 pg/ml) in
Cheddar cheese of 5 months old. The glycine content was 4390
ag/ml in mature Cheddar cheese (10 months)compared with 400 pg/ml

in cheese base II after only 2 weeks.
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Table ( 1% ) protein degradation in cheese base I and II during ripening period,

___________________________ Ripening period . __ e
Products oo Fresh ____________....d week __ (o 2 week ______
TN S.H SN/ Gly- T.N SN SN/ Gly- 7.8 S.N S.N/ Gly-

T.H cine T.N cine T.H cine

% % pg/ml % % pg/ml % % pe/ml

Cheese base I  5.86°Q.409 6.98 8Q 5.86 O.464 7,92 105 5.8_6 0,497 . B49 115

Cheese base IT  5.87 Q.564 9.61 135 5.87 Q.787 13.40 250 5.87 1.063 18.12 400

Table ( 14 ) Protein degradation in young and mature Cheddar cheese.

Products 7 T.H S.N S.N/T.N Glycine
% % pe/ml
Young Cheddar cheese 3.92 0.694 12.52 255

(5 months old)

Mature Gheddar cheese L, .00 1.021 25.52 490
(10 months old)
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Depending on the tested ripening indices of Cheddar cheese,
the prepared cheese like (cheese base 1I) after 2 weeks ripening
can replace the mature cheddar cheese in processed cheese manu-
facture. The introduction of this new prepared product has
economical advantages since there is no need for the long period
of cheese ripeming. In additiom, a considerable amount of milk
proteins saving as a result of using ultrafiltration technique
by about 18 - 20 % as reported by Madsen and Bjerre (1981).
Also, they reported that fhe use of cheese base in replacing
either young or mature Cheddar cheese for processed cheese
manufacture may reveal the following -

a) A constant and consistent chemical composition of final
product.
b) Reduced product lose.

¢) Continuous product flow.

Electrophoretic Pattern of Cheese Base and Gheddar Cheege Proteing:

The results obtained from protein degradation in Cheddar
cheese and cheese base indicated that a considerable proteolysis
occurred during ripening. Fig (14 ) shows the changes in the
electrophoretic pattern of the brevious products. In cheese
"pase I (without enzyme) the electrophoretic pattern of protein
showed the presence of P ande(s-caseim as.the majer protein fract-
jiom whem fresh and after 1 and 2 weeks of ripeming period compared
with the sodium caseinate as a standard. Regrading cheese base
IT treated with "Savorase—A enzyme" the fresh product indicates
the same bands as in cheese base I. During the ripening period

the electrophoretic pattern of protein was characterized by the
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Fast moving fraction

ol.-casein
p—lactoglobulin

ﬁﬂcasein

Slow moving fraction

Type

Sodium caseinate )

—— A ——— ) ———

Fresh 0

1 week storage period 1

2 week storage period .2
Cheese base II:

Fresh 0

1 week storage period ]
2 week storage period

Young Cheddar cheese

9 T« B A

Mature Cheddar cheese

Fig. { 14 ) Electrophoretic pattern of cheese base and Cheddar

cheese.
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presence of several bands of slow mobilities, the bands of B-
casein. This intensity of the bands with the lowest mobility

suggest the major degradation components in cheese base II.

The electrophoretic pattern was also characterized by
several small bands of mobilities in between of P amd ol-s casein
and with mobilities higher than P-casein. These increased bands
are related to the degradation Qfaéﬁsi casein, It is clear that
the changes in electrophoretic pattern of cheese base 11 during
further ripeming (1 and 2 weeks) were quantitative and qualitat-
ive as illustrated im fig (14 ). The electrophoretic pattern
of cheese base I and II showed a small band of ﬁ~lactoglobulin
existed between of and B-casein. The presence of B-lactoglobulin
in UF-cheese base is mainly due to the enclosure of whey proteins
present in the retemtate. This band was reported by many workers

(De Koning, 1980; El-Shabrawy, 1985 and Abdou et al, 1988) .

The intemsgities oftx_s], Prcasein and pP-lactoglobulin bands
were. gradually decreased after the second week of the ripening
period. The present results are in a good agreement with that
indicated by Ridha (1984) om the electropharetic studies of the
accelaration of Cheddar cheese ripening by using proteolytic

enzZymes.,

In respect of the electrophoretic pattern of young and
mature Cheddar cheese, it is obvious that the young Cheddar
cheese (5 months old) showed several bands of slow mobilities
and several other bands of faster mobility thanm P-casein. In

addition there are many bands of more higher mobilities than
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A ~s casein. These bands increased qualitatively and decreased

in intensities im the mature Cheddar cheese (10 months) compared

with young Cheddar cheese.

chrablolog;cal analxseg:

Data im table ( 15 ) -reﬁpesented; the microbielo-

gical amalyses af the pasteurized retentate, cheese base I,

cheese base II, young and mature Cheddar cheese. The total

bacterial counts of the previous products showed 5.2x105, 113x107,

195x108,
and moul

products

2 8

42.7x106 and 2.86x10§ c.F.U/g respectively. The yeasts
ds counted 10, 18, 25, 10 and 10 C.F.U/g . for the same

in the same order. The aerobic sporeformers for the

tested products were 8. AXTO s e 7x10 y e 25x10 > 19x102 and

85 C.F.U

Jg. successively.

Regarding the anaerobic sporeformers, il was noticed that

they were absent from the tested products except in the pasteur-

ized ret
c.F.U/E

coliform

entate and young Cheddar cheese as they were 15 and 40 )
for the saccharolytic bacteria respectively. The

group of bacteria were absent in all the tested products.
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SECTION: B

Manufacture of Processed Cheese by Uging The Cheege-base Ag 4

Raw Material to Replace Cheddar Cheeses

Experimenta

Table ( 16 ) shows the replacement of natural Cheddar cheese
(young and mature) by using cheese base I and II which were prepa—
red from reconstituted skimmilk powder (20 %) by using ultrafilt-

ration to reduce the lactose content in retentate.

Table ( 17 ) ilustrates the amount of ingredients used to
form 14 kg of different blends for manufacture bloexk processed
cheese. The storageability of the obtained processed cheese was
studied under different temperatures 10°, 20°% ana 30°C for 6 mon-—
ths. Samples were taken pericodically when fresh, 3 and 6 months

of storage.

The samples were amalysed chemically for total solids, fat,
pH, salt, ash, total nitrogen, soluble nitrogen and lactose. Also
microbiologically for total count, yeasts and moulds, aerobic and

anaerobic sporeformers and detection for coliform groupe

The physical properties were evaluated by measuring oil
separation, melting index, penetrometer reading, texture, hardness,
coheseviness, SumMiness, springing, adheseviness and optical den-
sity of colour during the storage period at different temperatures

previously mentioned.

The organoleptic properties were tested by score panels of

10 persons from the staff of Food Sci. Dept. at dest of Scotland

Codllege Auchincruive Ayr, for only samples of processed caeese

stored at 10°C,
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RESULTS AND DISCUSSIONS

RESULTS Al Diolioor i
T. Chemical Composition of Processéd Cheege:

1) Total solids (T.S5):

Table ( 18 ) indicates the percentage of total solids of
processed cheese made from different blends during storage at
different temperatures. The total solids of the fresh processed
cheese in the control and different treatments ranged from 50.34
to 52.45 % with an average of Dle1k %. This uniformity in total
solids content in all cheeses may be due to the correction of moi-
sture content of the blends to guarantee the level of Egyptian
legal standards ( not kess than 50 % ). The values of total solids
showed a slight increase during the storage period ( 6 months ) at

variable temperatures.

Table ( 19 ) shows the interaction of total solids means
between storage temperature and storage time of processed cheese
from different blends. This table explained that the total solids
increased by prolonging the storage period or by increasing the
storage temperature, which may be attributed to the lost of moist-
ure during the storage period. This was explained by the report
of "DRG Flexable Packaging which cleared that the moisture vapour
transmission rate was 0.8 up to 1 gn/M°/24 hrs at 25°C and 75 %

RE for the Pukkafilm pouches.

Table ( 2Q ) repfesents the analysis of variamee (F. test)
for total solids of the processed cheese made from different blends.
It can be noticed that the differences between treatment x steorage
time, are insignificant while they were highly Eignificant between

treatments, storage time and storage time x storage temperature.
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rable ( 18 ) Total solids of processed cheese made from different blends during

storage period at different temperatures and mean values.

s e e o i e o e L S = -.—__-—-...-—_———--.-——_.-..—-—--.———-—.———...-.-.-_-.__

Blends Fresh ______ 3months______ oo —eeoe- 6 months___________ Means  S.D
10°c  20°¢ 30°¢ Means 10°C 20°C 309C Means )

onteol Soron 0u55 50,90 50,84 50.76 50,79 51.60 51.67 51.35 50.95 0507

Using cheese base I1:
A 50.56 50.21 50.40 50.66 50.42 50.61 50,95 51.24 50.94 50.66 0.345
B 51.85 51.64 51.77 51.72 51.72 51.72 52.26 52.58 52.19 51.85 0.437
c 52,17 52.69 52.49 52.85 52,68 52,50 53.14 53,38 53.01 52.75 O.414
D 52.45 52.89 52.83 53.45 53.06 52.68 53.06 53.59 52.78 52.85 0.537
E ‘50,23 50.84 51.62 51.39 51,28 50.84 51.77 51.40 S51.34 51.23 0.41%
F 52.33 52,32 52.31 52.38 52.54 52.41 52.67 52.79 52.63 52.46 0.193

Using cheese base II:
A 50.84 50.13 50.38 50.86 50.46 50.36 50.%3> 52.00 51.03 50.76 0.616
B 51.23 51.83 51.74 52.03 51.87 952.70 52.02 5235 52.36 51.99 0.465
¢ 50.53 50.15 50.23 50.42 50.27 50.05 50-?3 51.02 50.43 50.38 0O.324
D 50,83 50.935 51.26 51.36 51,18 Si.46 51.54 51.89 51.63 51.32 0.364
E 51.73 52.07 52.24 52.62 52.51 52.00 52.91 53.09 52.67 52.38 0.505
F, 50.26 50.40 50.77 50.69 50.62 50.50 50.75 51.35 50.87 50.67 0.353

Experimental

control 50.75 51.87 5153 51.68 51.69 51.58 51.88 52.37 51.94 51.67 0.452

Means 51.14

51.32 51.46

51.64 51.47

S51.44 51.75 52.20 51.80

51.57
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Table (19 ) Interaction of total solid means between storage temperat-

ures and storage time of processed cheese made from differ—

ent blends.
Fresh ia%c 20%¢ 309 Mean s.D
Fresh 51,143 - - - 510143 0.774
3 months - 51.322  5l.462 51.638 51.474 0.902
& months - 51.5443 51.75Q  52.196 51..795 0.904
Means 51.143 51.383 51.606 51.9 17 51.565 -
5.D Q. 744 0.934 0.846  0.904 -— —

s.D = Standard deviation,

Table ( 20 ) Analysis of wariance (P-test) for total solids ofi proce—

ssed cheese made from different blends.

Source of variance d.f 5.5 M.5 V.R Signe
Treatment ' 13 62.9855  4.8450 66.79 **
Storage time 2 5.0947 25474 35.12 T
Storage time x storage temp. N L.7166  1.1792 16.26 **
Treatment x storage time 26 2.563  0.0986 1.36 n.f
Residual . 52 3.,7721  0.0725
Total 97 79.1325
d.f = degree of freedom. 5.5 = Sum sjNre.
M.S = Mean sgure. Sign, = significamt.

» = Significant, n.f = insignificant.

*» = Bighly significant.
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However, the total solids of the obtained processed cheeses either
fresh or after storage lies within the Egyptian and UK legal stand-

ards for this product.

2) Fat content:

Data in table ( 2% ) clears the persentage of F/DM of pro-
cessed cheese obtained from different blends when fresh and after
% and 6 months storage period at 10°, ZOO.and 30°C, This obtained
values ranged from 47.69 to 48.69 with an average of 48.13 % for
fresh samples. The resulis revealed no obvious differences as the
fat content of the blends was standardized by adding anhydrous.milk
fat to obtain processed cheese with approximately L8 % to couply

the Egyptian legal standards.

The interaction of F/DM during storage time at different
temperatures for the obtained processed cheese are shown in table
(22) . It is obvious that a sligh increase was occurred between
fresh, 3 and 6 months’ old. The same trend can be observed during

storage at different temperatures.

Table ( 23 ) showed that there were highly significant
resul ts between treatments, storage time and storage time x storage
temperature'but it was only significant in the connection between

treatment and storage time.

3) pH values:

Data presented in table ( 24 ) for values clears that it
was ranged from 5.41 to 5.66 with an average of 5.55 for the fresh
samples. The differences between the treatments were undetectable

because the pH of all processed cheeses was adjusted to be 5.4-5.7




Table ( 21 ) F/DM of processed cheese from different blen
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period at different temperatures and mean values.

ds during storage

e e T T U oA T T i W e

e e e e v e SR SR

Blends Fresh _____._ 3momthe_ ______ .  omeee- 6 months _______ Means S.D
10°¢ 20°¢ 30°C Means 10°C 20°C 30°C Means

Control iB.57 48.29 W9.01 K9-67 WB.99 UBe53 WB.Oh 4.6k 49.00 4B.9k 0.543

Using cheege base I:
A 57.76 148.29 48.41 48.76 48.49 48,02 47.99 48.69 48.23 48.23 0,373
B 47.81 47.9% 48.10 48.2L4 48.09 47.66 48.22 47.93 47.94 47.98 0.214
C 48.30 48,02 48.67 48.92 4B8.54 48.63 4B.46 4B8.80 48.63 u4B.S5h 0.309
D 48.62 L48.02 47.80 4B.64L 48.16 48,88 48.99 49.07 48.98 L48.57 0.489
E 48.69 49.18 49.40 49.66 49.42 48.78 48.58 49.13 48.83 49.06 0.398
F o 47.77 47.98 48.37 49.26 48,53 48.84 48.22 48.78 48.61 L48.46 Q.52h

Using cheese base II:
Ay 47.80 49.47 49.62 49.15 LI.41 49.55 49.87 48.74 49.39 49.17 0.707
B, 47.92 48.33 48,03 48,05 4B.14 47.72 48.93 48.61 4B.42 48.23 0.422
€, 48.19 4B.35 48.38 48,79 48.51 49.45 49.66 43.30 4B.4% 48.88 0.593
D, 48,00 49.19 49.36 48.87 L9.14 49.26 48.90 48,95 49.04 4B.93 Q.451
E,  48.24 48.01 48,33 48,46 48,27 147.92 47.63 48,50 48.02 48.16 0.318
F, 4B8.45 48.01 49.25 49.32 48.86 149.01 49.56 48.98 49.18 49.94 0.536

Experimental

control 47.69 L47.42 47.64 48.38 47,81 48.57 47.90 48.60 48.36 48.03 0.480

Means  48.13 48.32 4B.60 48.87 4B8.60 48.63 48.70 48,36 48.72 4B.58 ——




Table (22 ) Interaction of F/DM means between stora.

and storage time of processed cheese mad
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ge temperatures

e from different

blends.
Fresh 10%¢ 20°¢ 30°C Mean S.D
FrQSh- 48.—12-8 - - - }*8.128 0.-35‘{-
3 months - 48,321 48.598 48.869 48.596 0.601
& months - 48.630 48.695 48.360Q 48.72Q 0.57Q
5.D 0.354 0.601 0.648 O.oliho - -

Table (23 ) Analysis of variance (

pade from different hlends.

F-test) for fat of processed cheese -

Source of variance dof s.5  M.S V.R Sign.
Treatment 13 14,8488 1.1422 8.82 **
Storage time 2 3.6898 18449 14,32 %%
Storage time x storage temp. 2.4157 0.6039 L.,69 **
Treatment x storage time 26 5.7917 0.2227 175 *
Residual 52 6.6992 0.1288

Total 97 33. 4449




Table (ah ) The pH values of processed cheese pade from diffe
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during storage period at different tempera

rent blends

tures and mean values.

o e S L L LB e T S S S

--------- Means 5.D
0% 20°¢ 30°C Means 10°C 20°¢ 30°C Means
Comtrol 5.60. 5S¢40 5.40 5.40 5440 530 5.26 5.27 5.28 5.38 0.117
Using cheese base I:
A 5,52 5.30 5.3Q 5.35 5.32 5.28 532 5.28 5.29 534 0.085
B 5.55 5.40 5.30 5.35 5,35 5,27 525 5429 5.27 5.34 0.104
c 5,66  5.40. 5.40 5.40. SeLQ 5,34 5.37 5.28 5.33  5e41 c.120
D S5.61 540 5.40 5.40 5.40 5.30 5.26 5.22 5.26 %.37 0.130
E 5,61  5.50 5.50 35.50 5.50 5.32 5.31 5.28 5.30  5.h5 0.127
F 5.59 5.40 5.40 5.40 5.40 5,29 5.25 5.26 5.27 5.37 Q.119
Using cheese base II:
Ay 5.4l 5.30 5.30 5,30, 5.30 5.18 5.28 5.22 5.23 5.28 0.073
B, Sehl 530 5,30 5.3Q 5.30  5.20 5¢32 5.27 5.26  5.30 0,062
c, 5.60 5.30 5.30 5.30. 5.30 5.29 5.35 5030 531 530 0.113
D, 5,47 5030 5.4Q 530 3433 5.29 5.33 5.29 530 5e34 0.069
E, 5.54 5,30 S.4Q 9.30 5.33 5.37 5.38 536 5.37 5.38 0,081
F, 5,62 55.35 D5.40 5.40 5,38 5.35 5.4t D5.38 5.38 9S.42 0.093
Experimental
contrel 5.54 5.30 5.40 5040 5.36  5.30 5.34 5.36 5433 538 0.083
Means  5.55 5.35 5.37 5.36 5.36 5,29 5.32 5.29 5.30 5.36 -
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during processing by selecting the - suitable-mixture .of Joha emulsi-
fying salts that achieved this pH range. Thus, the range of pH
in fresh obtained cheeses are lies within the best range that

suggested by Meyer (1973), Thomas (1977) and Sood and Kosikowski
(1979).

Moreover, the pH value in all cheeses decreased during sto-
rage at the different temperatures to fall in a narrow pH range
of 5.3 to 5.5 after 3 months storage and continued with a very
slow rate of decrease to be 5.2 to 5.5 after 6 months storage at

different temperatures.(Table 25)..

It could be concluded from the above results that manufact-
ure of processed cheese from different ingredients had no practical
significant effect on the pH of the resultant cheese, thus agreed

with Gouda (1980).

Table ( 26 ) for F-test cleared that the vapiamge was highly
significant between treatments, storage time and storage time x
ireatment while storage time x storage temperature showed xno sig-

ni ficance.

4) Salt content:

Table ( 27 ) shows the percentage of salt content of fresh
processed cheese made from different blends and the effect of sto—
rage. It was found that the salt content in fresh cheese ranged
from 1,31 to 1.66 with an average of 1.54 %. It was reported that
the salt content of processed cheese is proportional to the amount
of Cheddar cheese in the blend. The cheese made fully from Cheddar
cheese contained the maximum percentage of salt ( 1.06 % ), while
the cheese made only fron cheese base without Cheddar cheese cont-—

ained the lowest percentage ( 1.31 % ). Generally, the salt
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Tahle ( 25 ) Interaction of pH value . means between storage temperat-

ures and storage time of processed cheese made from
different blends.
Fresh 109¢C 20°¢ 30°¢ Mean 5.D
Fresh 5.55. - - - 9.55 0.07%72
3 months - 5435 5.37 5.36 5.36  0.0605
& months -- 5«79 532 5.29 5.29 0.0505
Mean 5.55 5.32 234 5.33 5+36 -
S.D 0007’22 000622 0.062 00—0654 - --—

Table ( 26 ) Analysis of variamce (F-test) for pH value of processed

cheese made from different hlends.

Saurce of variance d.f 8.5 M.S V.r Sign.
Treatment 13 0..1548 0.0119 12.12 *x
Storage time 2 0.6713 0Q.3357 341.68 e
Storage time x storage temp. 4 0.0084 0.0021 2515 n.t
Treatment x storage time 26 0.1179  Q.0045 L.62 el
Residual 52 0.05111  0.0010

Tatal 97 1.0036
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mable (27 ) Salt content of processed cheese made from different blends during

storage period at different temperatures and mean values.

1% 20°¢ 30°c Means 10°C 20°¢C 30°¢C Means

______________________________ % mmmmmmmmm e —— -
Control 1.66 1,76 1.77 1,68 1.74 1.79 1.78 1.81 1.79 1.7% 0.057

Using cheese base I:
A 1.34  Tohh 145 1.47 1.45  1.48 149 1.50 149 ‘leb2  0.055
B 1.54  1.64 1.61 1.46 1.63  1.62 1.81 1.68 1.70 1.65 0.081
c 1.63 1275 1.73 1.71 1.73 174 1.66 1.80 1.73  1.72 0.055
D 1,63 1.62 1.73 1.63 1.66 1.68 1.75 1.75 1.72 1.68 0.057 .
E 1o57  1.68 1.67 1.62 1.66 1,67 1.70 1.75 1.7 1.67 0,053
F 1.63 1.68 1.74 1.65 1.69 1,72 1.79 1.78 1.76 171 0.063
Using cheese base II:
Ay 1.37 0 41 1.40 Te34 1438 1e42 1.42 150 145 141 0.051
B, 1.53 1.60 1.58 1.54 1,57 1.63 1.64 1.67 1.64 1.60 0,049
C, 1.60 1.63 1.60  1.53 1.53  1.62 1.69 1.66 1.66 1.62 0.055
[ V-5t 1.63 1.58 1.58 1.62 1.62 1.67 1.68 1.66 1.62 0.050
E, 1.62 1.72 1.72 1.67 1.70  1.76 1.83 1.65 1.75 1.71 0071

F, 1.58 1.70 1,70 1.63 1.67 1.72 1.78 1.74 1.75 1.69 0.068
Experlimental

control 1.31 1038 ,]'32 1-32 1-36 1039 1.42 ‘v#a 1.4‘ ].3? 0-043

Means 1;54 1.62 1.62 1'5? ]'60 1063 1.67 106? 1066 1.62 -
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content in the processed cheese was slightly decreased with increa-
sing the amount of cheese base replacement. This is in accordance
with the results of Gouda (1980) who found that the salt in proce-
ssed cheese was related to the age and the proportion of Ras cheese

in the blends.

The mean values of salt contenit increased gradually during
storage period showing 1.539, 1.603 and 1.658 % as fresh, 3 and 6
months of storage respectively. On the other harnd, the means of
salt content during storage at different temperatures showed no

differences. The obtained results agree with the analysis of-var

iance (F-test) where there was a highly significant differences
between treatments, storage time and storage time x storage temp-

erature while the treatment x storage time was insignificant(Tabl 29)

The slight increase of salt content during the storage
period is due to the corresponding increase in total solids of the
processed cheese, Similar observations were reported for processed

Ras cheese by Gouda (1980).

Moreover, the salt content in all cheeses with different
ages lies within the Egyptian legal standards which specify 4 %

as a maximum conteant of salt in processed cheese.

5) Ash content:

Table ( 3 ) shows the ash content of processed cheese made
from different blends alomng the storage period at different temp-
eratures. It appears from this table that fresh processed coeese

of all blends ranged from 4.94 to 5.42 % with an average of 5.20 %.
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Table ( 28 ) Interaction of salt means between storage temperature
and storage time of processed cheese made from. differ-

ent blends.

Fresh 10°%¢ | 20%¢ 30°¢ Means S.D
Fresh 1.539 - - - 1539 0.1161
3 months - 1617 1.621. 1.572 1.603 0.12%9
& months - 1.623 1674 1.668 1.658 0.1262

Table ( 29 ) Analysis of variance (F-test) salt values of processed
cheese made from different blends.

Source of  variance dof S.S  M.S Ver Sign.
Treatment 13 1.33786 0.1029  80.21 **
Storage time 2 O.1648 0.0824 64.22 Rl
Starage time x storage temp. 4 0.0340 0,0084 6.63 bl
Treaiment x storage time 26 0.0194  0.0007 0.58 B.f
Regidual 52 0.0667 0.0013

Tatal 97 1.6228
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Table ( 30. ) Ash content of processed cheese made from different blends during

storage period at different temperatures and mean values.

T — o ki D S O St B TR M e e e vy I o iy S S T o et e S o A S R S S e S o et A S Sy e i

———— ", it ——— - — iy A — T " o T L T

Control 5.25 5.13 4.95 5.15 5.08 5.20 5.20 5.34 5.24 5.17  0G.119

Using cheese base I:

LeOk  4.97 4.65 54,90 484 5.00 5.04 5.03 5.02 4.93 0,133
5,20  5.19 5.02 5.16 5.12  5.14 5.35 5.12 5.20  5.17  0.099
5.42  5.38 5.11 5.37 5.29  S.4h 5.56 5.35 5.45 5.38 0.136
5.23 5.32 5.15 5.30 5.26 5.41 5.40 5.25 5.35 5.30 0.094
5.23 5415 4.94 5.13 5.07 5.24 5.28 5.19 5.24 5.17 0.112
5.33  5.18 4.99 5.17 5.12  5.16 5.17 5.31 5.21  5.19  0.113
Using cheese base II:
Ay 4299 4482 4.63 481 Be?5 4.87 477 5.06 L4.90  4.85 0.143
B, 5.30 5.09 5.02 5.09 5.07 5.25 5.12 5.07 5.4 5.13  0.097
C, 5.02 4.92 5.05 4.99 4.99 5.00 5.08 5.14 5.08 5.05 0.071
D, 5.19 5.03 5.09 5.04 5.05 5.10 5.16 5.18 5.15 5.11  0.067
E, 5.38  5.06 5.25 5.22 5.18  5.27 5.39 5.39 5.35- 5.28 0.119

1 5.20 5,00 5,22 5.03 5,08 5.16 5.28 5.24 5.23 5.16 0.107
Experimental
control 5.18 5.20 5.02 5.31 5.18 5.31 5.23 5.34 5.29 523 Qelld

ST - T I o« B - - B o

Means 5.20 5.10 5.01 5.12 5.08 5.18 5.22° 5.22 5.20 5.15 -
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Table ( 31 ) clears the interactions of ash mean walues of
cheeses manufactured from differemt blends which changed during -
the storage period while, storage at different temperatures showed

slight changes.

The evaluation of (F~-test) is shown in table ( 32 ). The
treatments , storage and storage time x storage temperature clea-
red highly significant but treatment x storage time was insigni-

ficant.

The obtained results are confirmed with the results obtained

by Sood and Kosikowski (1979).

6) Total nitrogen (T,N):

The determined total mitrogen of processed cheese made from
different blends are represented in table ( 33 ). The tabulated
data showed a range of 2.82 to 3.01% with an average of 2.93 % in

the fresh product.

The statistical analysis dealing with interaction between
the storage conditions (Table 34 ) indicated a very slight increase
in the mean values during storage period and at different storage

temperatures.

The F-test. (Table 35 ) showed that there was a highly
significant between treatments, storage time and storage time x
storage temperature while insignificant was existing between treat-

ment x storage time,

The obtained results are in accordance with the results of

Sood and Kosikowski (1979).
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Table ( 31 ) Interaction of ash content means between staorage temperat—
ures and storage time of processed cheese - made . :from

different ulends.

Fresh 10%¢ 20°¢c 309¢C Mean . 5.D
Fresh 5,204 - - - 5,204 0.1398
3 months - 5.103 5.007 5.120 5.077 0.1674
& months - 5.18Q 5.216 5.215 5,204 0.1558
Means 5.204 5.141 5.111 95.168 5.149 -

S5.D 0.1398 0.1576 0.2109 Q.1448 - -

Table ( 32 ) Analysis of variance (F-test) for ash content for proce-

ssed cheese made from different blends.

Source of variamce. d.f S.5 M.S V.r Sign.
Treatment 13 1.7583 Q.1353 16.75 »
AStora,g_e time 2 0.3877 0.1938 24.01 *a -
Stoi:'éga time x storage temp. 4 0.1169 0.0292 3.62 =
Treatment x storage time 26 0.1036  0.Q040 Q.49 n.f
Residual 922 0.4198 Q.0081

Total 97 2.7862
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Table (323 ) Total nitrogen of processed cheese made from different blends

during storage period at different temperatures and mean values.

e LS e Sk S o e o o ok e e e e W e Bt Sl o o T o T . W L Y Y e e s o APy o e . P S B S B B P e o . o S S .

Control 2.82 2,91 2.91 2.89 2,90 2.90 2.95 2.98 2.94 2,91 0.050
Uzing cheese base 1I:

2,90 2,91 2.96 3.01 2.96 2.98 2.99 3.01 2.99 2.97 0.045
2695  2.99 3.01 3.04 3.01 3.Q1 3.06 3.08 3.05 3.02 0.043
2.99 2,98 2.98 3.03 3.00 3,01 3.05 3.08 3.05 3.02 0,037
3401 2,97 2,97 3.03 2.99 2.97 2.99 3.06 3.0t 3.00 0.03%6
2.87 2.87 2.92 2.95 2.91 2.90 2.92 2.94 2.92 2,91 0.032
2,97  2.97 2.99 2.97 2.98 2,97 2.98 3,01 2,99 2.98 0.015
Using cheese bage II:

] 2,90 2.99 3.00 3.01 3,00 3.00 3,01 3,02 3,01 2.95 0.041
B, 2.98 3.02 3.01 3.03 3.02 3.09 3.02 3,00 3.04 3.02 0,03
C] 2,84 2,90 2,89 2.87 2.89 2.89 2.88 2.89 2.89 2.88 0,020
D] 2495  2.91 2.94 2.95 2.93 2.96 2.93 2,99 2.96 2.95 0.024
E] 5.01 2,96 2,96 2.97 2.97 2.98 3.01 3,00 3,00 2.98 0.021

Fy 2488  2.86 2.91 2.87 2.88 2.86 2.90 2.91 2.89 2.88 0.022
Experimental

control 2.98 2.96 3.02 3,03 3.00 3.00 3.07 3.10 3.05 3,02 0.048

e - B ~ R = T - < B

Means 2493 2494 2096‘ 2497 2-96- 2497 20-98 3000 2998 209? -
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Tabke ( 34 ) Interaction of total nitrogen (T.N) content means between
storage temperature and storage time of processed cheese

made from different blends,

Fresh 10%¢ 20°¢c 20%¢ Means . &§.D
Fresh 2.932 - - - 2.032 0.0625
3 months - C 2.942. 2.962 24974 2.960 0.0514
6 months - 2.965 2.983 3,004 2.984 0.0615
Means 2.93%2 2.954 2.972 2.989 2.967 ——
sS.D 0.0625 0.0524 0.0514 0.0622 _— -

Table (3% ) Analysis of wariance (F-test) for tatal nitrogen (T.N)

content of processed cheese made from different blends.

Source of variance . def S.S . M.S Ver Sign.
Treatment 13 0.2413 0,018a  31.99 e’
.Storage time 2 00317 0.0158 -_?.'2.28 *n
Storage time x storage temp. 4 0.0179  0.0045 771 ¥
Treatment x storage time 26 0.0248 0.0010 1.65 n.f
Residual 92 0.0302 0.000&

Total 97 0.3459
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7) Soluble mitrogen N):

Table ( 3§ ) indicates the soluble nitrogen of processed
cheese manufactured from different blends during storage period of
6 months at different temperatures. It can be noticed that the
soluble nitrogen in fresh cheese' samples ranged from Q.342 to

0.576 % with an average of 0.490 %.

Table ( 37 ) clears the interactiomns of S.N between storage
temperature and storagé time, The obtained values cleared that
samples stored for 3 months, showed a decrease than the fresh samp-
les but after 6 months it showed a noticeable increase comparing
with the fresh processed cheese samples. This may be attributed
to. the bacterial contamination in processed cheese which did not
multiply but their metabolism can be induce change in proteins and
fats which is confirmed by the results.introduced by M iseeva and
Michuchkova (1980). On the other hand, the mean values of soluble
nitrogen as affected by the storage temperature were nearly the
same at 10 and 20°C compared with the fresh processed cheese samp—

les while it increased at 30°C to be 0.532 %.

Table ( 38 ) illustrates the analysis of varians (F-teast)
for soluble nitrogen which cleared highly significant for treat-
ments. It was observed that the S.N content in the processed
cheese increased by the presence of mature Cheddar cheese or cheese
base II in the blend as the experimental control, which made from
75 % cheese base I and 25 % cheese base II, contained the lowest
percentage of S.N mamely 0.342 %. When cheese hase I used to rep~

0 .

lace young Cheddar cheese in the olends ”A" to C| the S.N content

decreased by increasing the percentage of replacement. The saue




Table { 36 )} Soluble nitrogen of pro

during storage
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cesgsed cheese made from different blends

period at different temperatures and mean values.

— "

o L . Ty i 8 (o

———— - i v — - — o -

------------------------------------- Means S.D
10°%¢ 20°¢ 30°C Means 10°C 20°C 30°C Means
Control 5:;38 0.49;-5:502 5:;76 0.523 6:554 0:606 0.603 0.587 0.555' 0.045
Using cheese base I:
A 0.392 0.341 0.341 0.398 0.360 0.408 0.435 0.435 0.436 0.397 0.046
B 0436 0.364 0.382 04457 0,400 0 432 0,456 0.488 0.460 Q.461 Q.044
C 0.498 0.4h43 Oohhs 0,531 0.473 0.505 0.525 0.562 0.527 0.500 0.044
D Ouhhl Ouhih 0.415 0.459 0.427 0.456 0.469 0.511 0.480 0.431 0.034
E 0.468 O.414 0.426 0.455 0.430 O0.466 0.474 0.536 0.493 0.483 0.039
F 0.539. O.474 0.469 0.550 0e497 0.534 04547 04598 04560 0,530 0.0Q45
Uzing cheese base II:
A, 0.553 0.469 0.491 0.571 0.510 0.578 0,584 0.667 0.610 0.559 0.065
B, O.544 0.511 0.511 0.589 0.537 0.577 0,576 0.605 0.587 0Q.559 0.038
C, 0.576 0.480 0.556 0.575 0.537 0,568 0.569 0.634 0.590 0,566 0.045
b, Q.469 0.436 0.472 0.478 0.463 0.478 0.3543 0543 0.513 0.486 0,036
E, 0.522 0.460 0,522 0,558 0.513 0.490 0.525 04550 0,520 0.517 0.034
F,  0.541 0.479 0.539 0.560 0.527 0.512 0.528 0.56% 0.537 0.533 0.030
Expgrimental
control 0.342 0.269 0.278 0.392 0,313 0.419 04397 0,422 04413 0,360 0.063

Heans.

0.490.

Oe431 Ou454 0.511 0,465

0.499 0.515 0.554 0.522

0.493
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Table ¢ 37 ) Interaction of soluble nitrogen (S.N) content means between
storage temperature and storage time af processed cheese

made from different blends.

Fresh 10°%¢ 20°¢ 30%c Means S.D
Fre Sh 0 . 4889 - - = Q . l§889 Q .068&
3 months - 0.4307 Q.4536 0.5105 T Q.4654 0.0777
& months - 0.4986 0.5150 0.5536 Q0.5225 0.0651i
Means 0.4889 0.4652 0. 4844 Q.5322 00.49%2 -—
S.D 0.0682. 0.0704 0.Q761 0.0701 —

Table ( 38 ) Analysis af variance (F~test) for S.N comient of proce—

ssed cheese made from different blends.

Source of variamce d.f 5.5 - M.S V.r Sign.
Treatment 15 0.3809 0.0293 93.26 g
Storage time 2 0.,0693 0.0347 110.29 i
Storage time x storage temp. 4 0.0699 0.0175 55.59 .
Treatment x storage time 26. 0.0157 Q.000&6 1.92 -
Residual 52 0.0163 0.00Q3

Tatal 97 0.5521
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trend was attained when replaced the mature cheese with cheese

vase T in the blends D, E and .F as the S.N content of the
cheese decreased with increasing the amount of the cheese base 1

in the blends, This was due to the less S.N content in cheese

base I than the young or mature Cheddar cheese. When cheese base
II was used in forming the blends, the S.N was increased propor-
tionally to the amount of added cheese base II which contained S.N
more than that of young Cheddar cheese but less than that of mature
Cheddar cheese. This is clear from the results (Table 36) in treat-
ments."A1" to "F]". This is attributed to that cheese base 1l
contained high level of S.N as a result of the added proteolytic
enzymes, Also a highly significant variation occurred  fer the

storage time and storage x storage temperature. The treatment x

storage time recorded only significant results.

The obtained results were higher than that found by Mahfouz
et al. (1986) during survey study of imported processed chees avai-
lable in the local market, this may be attributed to the different.

ingredients used for the method eof manufaeturimg.

The Soluble Nitrogen/ Total Nitrogen Ratio §§,N£T,N):

The S.N/T.N ratio in the cheese is an indicator for the
protein breakdown involved during ripening (Bable 39 ). Accordin~
gly the observed differences between the samples ape related to the
differebhces in the used blends for processed cheese manufacture
which consisted of a combination of one or more matural young and
mature Cheddar cheese, cheese base I and/or II which differ in
their S.N content. The S.N/T.N ratico in the fresh cheeses ranged

from 11.48 to 20.27 % with an average of 16.73 %.
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Table ( 39 ) Ratio of soluble nitrogen (S.N) to total mnitrogem (T.N) of
processed cheese made from different blends during storage period

period at different temperatures and mean values,

——————— T ——— T - {247 = ik o il s O S o L S T ——_ ————— "

Contral 19,10 17.01 17.29 19.94 18.05 19.12 20.58 20,22 19.97 19.04 1.399
Using cheeze base I:

13,51 11471 11,52 13.21. 12,15 13,69 14,55 15,50 14.58 13.38 1,428
1476 12,18 12.71 15.04 13,31 14.33 14.91 15.84 15.03 14.25 1.324
16.65 14489 14,94 17.55 15.79 16.78 17.20 18.28 17.42 16.61 1.277
4e84  13.92 13.95 15.16 14,34 15.38 15.70 16.69 13.92 15.06 0.989
16,32 1442 14458 15.44 14.81 16,07 16.21 18.23 16.83 15.89 1.282
18.13 15.96 15.70 18.52 16.73 17.97 18.35 19.88 18.73 17.79 1.477
Using cheese base II:

HoEH D o W

A, 19.10 15,67 16,38 18.99 17.01 19.29 19.40 22,12 20,27 18.70 2.134
B, 18.29 16495 16.99 19.43 17.79 18.67 19.05 20.17 15,30 18.51 1.203
C; 20.27 16.55 19.23 20,00 18.59 19.65 19.75 21.92 20.44% 19.62 1.606
D,  15.90 14.99 16.05 16.22 15.75 16.16 17.86 18.18 17.40 16.48 1.134
E; 17.36 15.53 17,63 18.81 17.32 16.45 17.47 18,30 17.40 17.36 1.099

F, 18.79 16.75 18.52 19.51 18.26 17.92 18.21 19.58 158.57 18.47 0.997
Experimental

control 11.48 9.09 9.21 12.93 10.41 13.97 12.97 13.63 13.51 11.8% 2.031

Means 16.73 14469 15.34 17.20 15,74 16,82 17.30 18.47 17.52 16.65
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The results of interactions of S.N/T.N means between stor-—
age temperature and storage time of processed cheese from differemt
blends are illustrated in table (IQQ;). The tabulated values indi-~
cate that they took the same trend in S.N contemt discussed in
this relationship, which deal with storage period under different

{emperatures.

The (F-test) analysis showed values which was highly signi-
ficant with treatments, storage time and storage time x storage
femperature, Also the treatment x storage time showed'a.signifi—

cant value.{Table 41)..

The obtained results in this respect agree with some results
while differ greatly with other samples of Mahfouz et al, (1986).
This may be related to the chemical composition of blend ingred-

ients used in processed cheese manufacture.
8) Lactose conent:

Table ( 42 ) shows that values of lactose content in proce-
ssed cheese manufactured from different blends ranged from 2.21 to

3.07 % with an average of 2,70 % in fresh cheese samples.

The interaction resluts of lactose content between storage
temperature and storage time are represented in table ( 43 ).
These values indicate that content decreased during starage period
development being 2.7, 2.51 and 2.27 % when fresh and after storage
respectively. The values #f interactions during storage at differ-
ent temperatures decreased showing maximum decrease at EQPC. This
can be attributed to a slignt fermentation of lactose as a functionm
of some bacteria present in processed cheese preferably grown at

30°¢.
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Table ( 40 ) Interaction of S.N/T.N. ratioc means hetween storage

temperature and storage time of processed cheese made

from different blends.

Fresh 10°%¢ 20%c¢ 20%¢ Means 5.D
Fresgh 16734 - - - 16.734 2.478
3 months - 14,686  15.335  17.196  15.239  2.692
6 months - 16.818  17.298 - 18.466 17.522 2.275
Means 16.734 15.752 16.317 17.831 16.647 -
S.D 2.478 2.382 9 — _—

2.652 2.49

Table ( 41 ) Analysis of variance

processed cheese made from difierent blends.

(F-test) for S.N/T.N ratio of

Saurce of variarnce. d.f 5.8 M.S V.r Sign.
Treatment 13 486414 37417 105.46 e
Storage time 67.282 33.641 94,82 .
Storage time x storage temp. 4 67.637 16.909 47.66 e
Treatment x storage time 26 16.673 0.641 1.81 .
Residual 52 18449 0.355

Total 97 656.455
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Table ( 42 ) lactose content of processed cheese made from different blends

during storage period at different temperatures and mean values.

A " Y T T o Y o T Sk . o oy e k. S L S S .

A e S o S S B A bl L S b s iy o o e e e

Contral 2,64 2.46 2.47 2.02 2.32 . 2.46 2441 1.66 2.18 2.30  0.340
Uging cheese base I:

2.98 2.39 2.46 1,84 2,23 2.30 2.40 2,08 2.26 2435 Q.352
2,70 2464 2.67 2.59 2.51 2.70 2.21 2.60 2.50 2.53 0.219
248 3,02 2.80 2.33 2.71  2.15 2.36 2.36 2.29 2.50 0,302
2.52  3.21 3.46 2.83 3.17 .00 2.09 2.51 2.40 2.75 0463
2,69 2,36 2.55 1.94 2.28 1.85 2.69 2.20 2,20 2.33 Q.342

3,05 3,09 2.94 2.47 2.83 2.70 3.10 2.54 2.78 2.84 0,268
Using cheese base II:

MoOEH g QW e

1 2.36 T2 1aBh 2,13 1.73 .43 1.45 2.36 1.74 193 0.626
B, 3.07 2.46 2.69 2.60 2.58 2.60 2.15 2.70 2.48 2.61 0.277
¢, 2.66  2.47 2.42 2.9 2.46 1.86 1.82 2.27 1.98 2.28 0.326
i 3.02. 2.33 2.11 242 2,29 2.14 2,56 2.25 2.30 2.40 Q.309
E, 2,42 3,10 2,86 2,95 2.97 2,33 214 2,79 2.75  2.80  Q.315

F, 2.21 297 1.97 234 2.43 1.36 1.82 2.42 1.87 2.16 0.509
Experimental
controlk 2.34 3.19 2{70 1.78 2.56 2.08 2.23  1.84 2.05 2.31. 0.500

Means ) 2.70 2&65 2’55 2.31 2.51 2.18 2.3] 2.33 2.27 2.’-&3 —
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Table { 43 } Interaction of lactose content means between storage

temperature and storage time aof processed cheese made

from different bhlends.

Fresh 10°¢ 20°¢ 30°¢ Means S.D
Fresh 2.703 . - - 2.703 0.2928
3 months - 2.650 2.551. 2.312  2.505 04451
& months - 2.181 2.311 2.326 2.27% 0.4059
Meaas 2.703 2.417 2.432 2.319 2.430 —
S.D 0.2928 0.5133  0.4635 0.3267 - -—

Table ( 44 ) Analysis of wariance (F-test) for lactose content of

processed cheese made from different blends.

Saurce of variance d.t 5.5 M. S V.r Sign.
Treatment 13 9.956 0.458 4,39 e
Starage time 2 2.315 1.15% 11.09 .
Storage time x storage temp.. 4 1.021  0.255 2.45  n.f
Treatment x storage time 26 3.614 0.139 1.33 n,f
Regidual 52 Se428 0. 104

Total 97 18.334
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The analysis of variamnce for lactose contemnt of processed
cheese from different blemds was highly significant between treate
ment and storage time while storage time x storage temperature and

treatment x storage time recorded insignificant results(Tainle 44).

The obtained results are in agreement with few imported
processed cheese samples but the majorty of imported processed
cheese samples (Mahfouz et al. 1986) showed higher lactose percent~—
age than the processed cheese in the present study. This variance
can be related to the difference in chemical composition of ingred-

ients used for preparing blends for processed cheese manufacture,

This low lactose content can be considered as a desirable
property from the preservation of processed cheese as point of
view since invesgtigators refered that the highly the lactose cont-
ent in the processed cheese, the fagter the spoilage of it. This
point was taken in comsideration during the preparation of cheese

base I and II through the using of diafiltration.

9) Electrophoretic pattern of block procesged cheege:

Fig ( 15 ) illustrates the pattern of fresh processed che-
ese proteins made from different blends. The examined cheeses
differ in the number and intemnsity of the different protein blenmds.
This cam be attributed to the use of Cheddar cheeses of different
ripening period (young and mature) and two differemt cheese-base
(differ in protein degradation) as ingredients in the manufacture

of block processed cheese.

The ok s-and B— casein band can be detected in all resultant

pProcessed cheeses compared with the band of standard sodium casei-

i&t..
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Fast moving
Traction

o~ casein
B~lactoglobulin

p— casein

Slaow moving

fraction

Type Code Type Code
Sodium caseinate 5 Processed cheese (Experi-
Processed cheese (A) A mental control) I
Processed cheese (B) B Processed cheese (A1) A1
Processed cheese (C) C Processed cheese (Bl) B]
Processed cheese (D) D Proceséed cheese (Cl) C1
Processed cheese (E) E Processed chgese (D1) D1
Processed cheese (F) F Processed cheese (E1) E1
Processed cheese (control) I Pracessed cheese (F1) F1

Fig (15) Flectrophoretic pattern of processed cheese made from

different blends (Fresh samples).
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The electrophoretic pattern of cheese proteins was charact—
erized by the presence of several bands of mobilities lower than
that of P-casein. There was also gseveral small bands of mobili-
ties in between Bm-andols‘casﬁin.and with mobilities higher than
p-casein. These bands were reported to arise from degradation of

¢is1fcasein. Except of the control the electrophoretic patteren
of the processed cheeses showed the presemce of a small bands of
p-lactoglobulin. The presemce of this band is mainly due to enc-:
losure of whey proteims present in the retentate which used in the
manufacture of cheese-base I and II, This band was reported by

many workers { Dekoming, 1980; El-shabrawy, 1985 and Abdou et al,
1988).

Fig 16. and 17 cleared that the pattern of cheese prot-
eins was nearly the same in all treatments and all over the sterage
period at different temperatures. This indicating to mod  fications
in the cheese proteins during processed or stermgs. These results
are in accordance with those reported by Gouda and EL-Shibiny
(1987). '




(a)
Fast moving
fraction

ol~ casein
pP-lactoglobulin

ﬁ— casein

Slow. moving
fraction

(b)
Fast moving

fraction
oA~ casein

p-lactoglobuline
B- casein

Slow noving
fraction

¢

(c)
Fagt moving
fraction
o{ - casein
B-lactoglobulin
B~ casein

Slow. moving
fraction

Fig ( 16) Electrophoretic pattern of processed cheese made from

different blerds after 3 months storage at different

temperatures: a) 10%¢, ©®) 20°C, and ¢) 30°¢C.




(a)

Fast moving

fraction
A~ casein

B-lactoglobulin

B- casein

Slow moving
fraction

(b)
Fast moving
fractin
A= casein
B-lactoglobulin

p-—casein

Slow moving

(c)
Fast moving

fraction
A - casein
p-lactogiobulin

p-—casein

Slow moving

fraction

Fig (17 ) Electrophoretic pattern of processed cheese made from
different blends after 6 months gtorage zt different

temperatures.a) 10°C, b) 20°C and ¢) 309¢C.
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II., Microbiological Properties of Processed Cheese:

1) Total bacterial count:

_____._—_-——l—-—-"_——

Data: presented in table ( 45 ) shows the total bacterial
count of processed cheese from different blemds during storage .
period of 6 months at 10°, 20° and 30°C. The number of bacterial
count of fresh processed cheese ranged from 250 to 1550 C.F.Ufg

cheese with an average of 671 C.F.Ufg cheese.

Regarding the interactions of storage period (Table 46), it
was found that the total bacterial count decreased during the first
period of storage as it was 671 C.F.U/g when fresh and reached 408
C;F.U/g cheese after 3 months while it reached 518 C.F.U/g cheese

in average but did mot reach the initial counts.

Im respect of the interactions of total bacterial count
during storage at different temperatures, it was decreased at 10°C
than the initial count, however, the counts increased to reached
the maximum at EOOC. The average bacterial counts recorded 319,

302 and 603 C.F.U/g at 10°, 20%nd 30°C after 3 months respectively;
while it recorded 532, 584 and 617 C.F.U/g after 6 months in the

same orders

The amalysis of variance (F-test) fer total bacterial count
of processed cheese made from. different blends was insignificant bet
ween treatments and treatment x storage time, houeve:, it was hig—
hly significant with storage time ard significant for storage time

x storage temperature{ Table 47).

The obtained results showed the same tréﬁd during the stor—

age period as stated by Yankov (1975). In respect of the total




- 164 -

Table ( 45 } Total bacterial count of processed cheese made from different
' blends during storage period at different temperatures and

mean values,

T - T " o o T e e e i T B wrw i oy v e A A o o A . a0 i A A e A o e e it e A0 S

BElends Fresh =--=--- 2months _______ . . & months ________ Means S.D

10°¢ 20°c 30°C Means 10°C 20°C 30°C Means

Control 350 300 245 15Q 232 156 500 450 347 306 137.1
Using cheese base I:
250 300 100 85 162 800 400 300 700 405 324.0.
00 300 225 115 213 650 250 450 450 38y 222.7
750 250 325 990 522 350 900 700 630 609  299.0
600 450 400 355 402 650 700 k40 597 2W 1344
650 400 330 1225 652 700 900 350 &50 651  329.0
1050 350 165 350 288 550 550 700 600 531 288.0
Ugsing cheese base II:
Ay 500 250 390 1610 750 151 220 850 407 567 516.0
B, 1550 300 230 940 490 800 400 - 600 600 689 460.0
C i 600 450 136 165 248 750 850 500 700 492  273.0
b
E

T > — B = T « - B

1 550 250 755 915 640 600 650 450 567 596 213.4
1 450 215 415 1040 557 200 550 950 567 546 332.0

F, 700 400 125 255 260 300 500 550 450 4OL  195.4
Experimental :

control 700 250 400 245 298 800 800 - 750 783 564 225.5

Means 671 319 302 603 408 532 584 617 578 518 -

C.F,U. = Colony forming unit.
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Table ( 46 ) Interaction of total bacterial count means hetween storage
temperature and storagé time of processed cheese made from

different blends.

Fresh 109%¢ 20°¢ 30°¢ Means _  S.D
Fresh 671.0 - - - 6721.0 317.3
'3 months - 319+0 302.0 603.0 408.0 530.9
& months - 532.0 584.0 617.0 578.0 221.9
Means .6?1.0 425.4 443.,0 610.0 518.0 -
S.D C317.3  211.8 243.2  370.9 - -

Pable ( 47 ) Analysis of variance  (F-test) for total bacterial count

of processed cheese made from different blends.

Source of variance . d.f 5.5 M.S V.r Sign.
Treatment ‘ 13 1088710 83747 1.19 n.f
Storage time 2 986158 493079 ?.02 %
Storage time x storage temp. 4 849784 212446 %.03 -
Treatment x storage time 26 2217904 85304 1.21 ne.f
Residual 52 3651282 20217

Tatal 97 8793838
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counts, it agrees with few samples of imported processed cheese
tested by Malifouz et al. (1986), while, the majority of these
tested samples were higher in counts than those in our present
study. Similar results were reported by Mahmoud et al. (1975) and
Gouda (1980). It can suggested that the” low counts of processed
cheese in the present study is due to inhibition of nisin for bact—
erial growth as nisin was added as a preservative at a rate of 100
RU/g. This result was in accordance with Dawood (1971), who stated
that nisin can prevent the germination and proliferation of the
remained spores in the processed cheese. Also Meyer (1973) confi~-
rmed these results, In addition Kumar and Brave (1978) indicated
that the addition of 100 RU mnisin/g processed cheese was sufficient

to check any significant increase in bacterial counts during storage.

2) Yeasts and moulds:

Table ( 48 ) indicates that yeasts and moulds were abseat
in some samples of processed cheese manufactured from different
blends however, they showed a maximum of 60 C.F.U/g cheese in fresh
samples with an average of 4.6 C.F.U/g. These counts can be atte

ributed to the contamination during packaginge.

The interactions of Yyeasts and moulds with storage temperat-—
ures and the storage time of processed cheese from different blemis
cleared that the count of yeasts and moulds increased during the
storage period. The interactiom of these microorganisms at differ-
ent temperatures cleared that the counts increased at 10%c while,

decreased at 20 and 30°C{ Table 49 ).

The F-test for yeasts and moulds of processed cheese from

different blends indicates insignificant relatiéns between all

sgurceg 0f analysis{ Table 50).
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Table ( 48 ) Yeasts and moulds of processed cheese made from different

blends during storage period at different temperatures

and mean values.

Storage_period

e B o . o o 7 e e S i s B i B e e T o e e ot M et e o o 7 . o - -

Blends Fregh =-——--d-m oo ntm e e e e R S e e Means S,D
"10%¢ 20% 320°c Means 10°c 20°C 30°C Means
------------------------ CoFul =mmm—me e e e e
Control O O 5 0 1.7 0 5 0 1.7 leh 2.k
Using cheese bage I:
A 5 0 5 50 18.3 0 10 5 15.0 15.0 18.26
B 10 50 20 23.3 55 S 0 20,0 20,0 23.27
c 10 O 45 6 15.0 46 30 0 23,3 12,9 19.97
b 0 0 5 10 5.0 0 0 0 0.0 2.1 3,93
E 35 0o 10 0 33 0o 10 0 3.3 7.9 12.86
F 20 0 0 10 3.3 10 &0 0 23.3 143  21.43
Using cheese base II:
A, 50 65 5 10 26.7 55 0 L3 33.3 32.9 26490
B, 60 0 3& &0 32.0 5 0O S50 18,3 30.1 27.90
c, v} o 0 0 0.0 75 50 25 50.0 21.4 30.40
D, o & 50 18.7 60 5 0 21.7 17.3 26,04
E, 5 90 0 5 3.7 0 35 10 15,0 20.7 32.80
F, 5 0 5 20 8.3 0 0 0 0.0 43 732
Experimental
control 5 75 29 5 363 20 &0 0 26.7 27.7 29.30
Means 146 20,0 10.8 17..) 16,0 25 19.3 9.6 18.0 16.6 -

C.F.U = Colony forming umit.
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Table (49 ) Interaction of yeasts and moulds means between storage
temperature and storage time of processed cheese made

from different hlends.

Fresh 10°¢ 20°c 30% Means S.D
Fresh- ]4-60 - - - 1’-}-06& 19066
3 months - 20.00 10.80 17.10 16.00 2Le15
Means 14.6. 22.50 15.04 13439 16.00 -
S.D ]9.66 30.1‘2 19.‘-&3 ]9.25 - —

Table ( 50 ) Analysis of variance (F-test) for yeasts and moulds of

processed cheege made from different blends.

Saurce of variance dof S.5 . M.S V.r Signe
Treatment 13 9101.6 7001 1.22 n,f
Btorage time : 2 149.3 The? 0.13 n.f
Storage time x storage temp. 4 2309.8 577.5 1.Q1 n.f
Treatment x storage time 26 9765.5 375.6 0.65 n.f
Residual 52 29852.2 S¢4.1

Tatal 97 51178.5
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%) Aerobic sporeformers:

Table ( 571 ) shows that the aerobic sporeformer counts of
processed cheese were from 14 to 150 C.F.U/g processed cheese with

an average of 82.4 C.F.8/g cheese in fresh preduct.

The interaction of aerobic sporeformer means between stor—..
age temperature and storage time of processed cheese made from
different blends are tabulated in table ( 52 ) this table indi-
cates that the counts in fresh processed cheese was 82.4 C.F.U/g
cheese then increased after the 3 months storage reaching 123.7 .
and 110.7 C.F,U/g after 6 months. Regarding the interactions of
these organisms at different temperatures the initial count incre~
ased slightly at the storage temperature of 10°C while at the other
two storage temperatures, the increase in counts compared with the
initial was less. This cleared that the present aerobic sporefor-
mers in the tested processed cheese multiply preferably at lower
(10°C) temperature than higher ( 20 and 30°C ) temperatures and it
must mentioned in this respect that the condition in processed
cheese is generally amaerobic which is unfavorable to the ae;obic

sporeformers.

The statistical analysis (F-test) cleared that there were
highly significant relation between treatments and storage time x
storage temperature while the storage time and treatment x storage

time were insignificant.( Table 53 ).

The lower counts of aerobic sporeformers in the manufacture
processed cheese than that recorded by many investigators includ-
ing the results which was obtained in this investigation (gurvey

part) may be related to the preventaticon or retarding effect aof




Table ( 5). ) Aerobic sporeformers counts of processed cheese made
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from

different blends during storage period at different temperat-

ures and mean values,

e

Storage period

Blends Fresh ______ 3 _months _ conen b months _ MHeans 3.0
10%¢ 20°c 30% Means 10°C 20°c 30°C Means
-------------------------- o N | R ——

Control 145 170 60 95 108.3 235 160 110  168.3 139.3 57.30

Using cheese base 1I:
A 60 70 30 40 56,7 L5 55 45 48.3 49.3 13.36
B 7% 75 8o 25 93.3 1120 95 55 90.0 89.3 49.90
c 100 140 120 100 120.0 1720 60 100 110.0 112.9 35.00
b 150 255 275 140 213,3 265 B85 65 138.3 172.1 B84.30Q
E 115 215 125 220 186.7 245 100 65 136.7 155.0 70.20
F 115 180 130 135 148.3 180 250 852 171.7 153.6 54.40

Uging cheese base II:
A, 15 120 35 295 150,0 .75 100 90 71.7 102.1 90.70
B, % 30 50 145 75.0 230 55 50 111.7  84.3 75.30
C, 35 135 205 205 181.7 140 6Q 95 98.3 125.0 66.30
D, 14 85 65 45 65.0 150 85 105  113.3  78.4 143.50
E, 145 115 45 230 130.0 105 &5 90  86.7 113.6 60.90
F, 105 155 65 B85 101.0 70 95 100  B8B.3 96.4 29.80

Experimental

contral 15 145 120 70 111.7 185 95 70 116.7 100.0 55.80

Means 82.4 132.9 107.5 130.7 123.7 158.2 97.0 76.8 110.7 112.2 --

C.F.U. = Colony forming unit.
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Table ( 52 ) Interaction of aerobic sporeformers means between storage
temperature and storage time of processed cheese made

from different blends.

Fresh 10%¢ 20°¢c 20°% Mean. S.D
Fresh 8244 - - - 82.4 49.0
% months - 132.9 107.5 130.7 123.%7 69.7
S.D 49.0 6£3%.3 62.1 Gh.7 -— -

Table ( 53 ) Analysis of variance . (F-test) for aerobic sporeformers

of processed cheese made from different bliends.

Source of variance dof 5.5 M.S Ver Sign.
Treatment i3 4560 BOLL 2,58
Storage time 2 18047 9023 2.89 n.f
Storage time x storage temp. 4 55819 13955 Lol *%
Treatment x storage time <26 64139 2467 0.79 n.f
Residual 52 162281 521

Total 97 04852
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nisin on the germination and profileration of aerobic sporeformers

as suggested by Dawood (1971) and Meyer (1973).

Comparing the aerobic sporefarmers with the total count, it
appears that the formers constituted a large proportion of the :: -

later,

4) Anaerobic sporeformers:

Data presented in table ( 54 ) clears anaerobic sporeformer
counts in processed cheese manufactured from different blends dur-
ing storage period at different temperatures, it must mentioned
that the proteclytic anaerobic sporeformers was always absent dur-
ing all the course of this investigation. The saccharolytic anae-
robic sporeformers was not detected in some cheese samples manue
factured from different blends while the counts in the others
being ranging from 4 to 20 C.F.U/g’ with an average of 7,07 C.F.U/
g in fresh processed cheese samples. It was noticed that the
processed cheese made fully from the cheese base I and II and that
contained 75 % of the cheese base I or cheese base II (blends A
and A}) were free from the anaerobic sporeformers. However, the
presence of these organisms in some processed cheeses were not
able to cause taints in them during storage as indicated by the
organoleptic evaluations. The low counts of anaerobic sporefor—
mers in processed cheese can be related to the high microbiologi-
cal quality of the ingredients used in blends for processed cheese
manufacture. Some investigators, reported that these types. of
organisms were present in processed cheese in related to-high counts
(Griffiths,1939; Hood and Bowen, 1950; Hood and Smith, 1951 and

Galesloot, 1961). In addition, these low counts can be attributed
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Table ( 54 )} Anaercbic sporeformers in processed cheese made from
different blends during storage period at differeat

temperatures and mean values.

10%c 20%c 30%c Means 10°¢ 20°c 30°C Means

Control 4 4 4 0 2.67 4 L L 4,00 3.43 1.512

Using cheese base I

A ] 0 0 0 0.00 0 0 0 0,00 0,00 0,000
B I 0 0 0 0.00 4 0 0 1.33  l.14 1.952
c 15 0 9 0 3.00 0 o 0 0.00 3.43 64110
D o] 0 4 L 2.7 0 0 9 3.00 2,43  3.460
E 20 3 5 0 6&.00 y 9 0 4433 7.29 7.740
F 20 0 0 0 0.00 4 o} 0 1.33 4.00 7.300
Using cheese base II:
A, 0] 0 0 0 0.00 Q. 0 0 0.00 0,00 0,000
B] 3 o o o 0,00 o c 0 0,00 0.43 1134
o 20 4 0 0 133 0 0 0 0.00 3.43 2.460
D1 4 L 0 0 1.33 4] 4 0 1.33 1.71 2.138
 E 0 4 4 0 2.67 0 i 4 2.67 229 2.138
F,09 9 0 0 300 7 0 0 233 3.57 4.500
Experimental
control O 9] 0 0 0.00 0 G k 133 0.57 1512

C.F.U = Colony forming unit..
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) Interaction of anaerobic sporeformers means between starage

temperature and storage time of processed cheese made'

from different bhlends.

Fresh 10%¢ 20°¢ 30%¢C Means 5.D
Fresh 7.07 - - - 7.07 8.150
3 months - 2,00 2.57 0.29 1.62 3,177
Means. 7.07 1.82° 2.18 0.89 2,41 —
S.D 8.150 2.53%9 3.682 2.132 — —

Table { 56 ) fnalysis of variance (F-test) for anaerobic sporeformers

of processed cheese made from different blends.

Source of variance d.f 5.8 M.S V.r Sign.
Treatment 13 362.531 27.887 339 e
Storage time 2 395.197 177.299 21.59 bl
Storage time x storage temp. 40.190 10.048 1.22 n.f
Treatment x storage time 26 719.945  27.690 332 i
Residual 52  427.809 8.227

Total 97 1905.673
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‘to the function of the added nisin (100 RU/g ) which can prevent
or retard the growth of this types of bacteria specially at low
counts where some of_the nisin carry over in the recovery medium,
The obtaimed results are in agreement with those found by Khadr
(1978).

The interactioniof amaerobic sporeformers between storage
temperature and storage time O0f processed cheese (Table 53 )showed
a: reduction in counts durimg the storage period. The same trend

can be observed at different temperatures during storage period.

F-test analysis for the results of anaerobic sporeformers
present in processed cheese imtroduced a highly significant in
treatments, storage time and treatment x storage time but storage

time x storage temperature showed insignificant results( Table 56).

5) Coliform detection:

The presence of coliform in processed cheese means post
processing contamination and can be used as indicater for pathoge-—
nic bacteria and bad handling of the dairy products. Thus, it was
of great importance to detect the presence of this group in the
manufacture of processed cheese., The obtained results for all
cheese samples produced by different blends and stored for 6 months
at different temperatures, cleared the absence of coliform group.
This indicate that there was no post processing contamimation
since the manufacture processing was carried out under good hyge-
nic conditions, This result was confirmed by the survey study of
the imported processed cheese avallable in the local market of

Egypt as stated by Mahfouz et al. (1986).
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III. Physical Properties of Progesged Cheecge:

Processed cheese cannot be graded on the principles used
for the grading of Cheddar cheese, since the acceptability of
processed cheese depends mainly on its physical characteristics,
although uniformity of colour and flavour/ére also essential.

A1l cheese products are basically oil/water emulsion. Natural
cheese is a mearly perfect emulsion, stabilized by natural sur—
factants the cheese proteins, However, these proteins are adver-—
sely affected (dematured) by processing, specially by the heat
and by pH changes as small as 1/2 unit (Webb et al, 1974), the

consequences can be poor texture and/or oil separation.

1) Qil separation:

0il separation is a defect characterized by the separation
of 0oil or water (or both) from processed cheese (Thomas, 1977).
It can appear as a slight sweating on the surface of cheese or -

as small oil drgplets through out the cheese body.

This defect appears mainly where cheese is stored at a
high temperature for long period, therefore, it is guite normal

after leaving the factory and it may appear during store,

In the present study this defect was not detected because
a correct processing procedure was applied in the manufacture of
processed cheese, Moreover, the pH range of blends was 5.41 to
5.66 which is the more suitable pH where Thomas (1977) reported
that the pH of processed cheese should never be legs than: 5.4 to

a&void the oil separation.
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The amount of emulsifying agent used by a suitable comb-
ination of different commercial Joha salts SE, C and T to achieve
the desirable pH. All other steps in the manufacturing of prooce-~
ssed cheese were carried out correctly in order to avoid this

defect,.

2) Melting index:

The melting index is expressed in terms of percentage

decrease in cylinder cheese hight after special heat treatment.

Table ( 57 ) represents the melting properties of block
processed cheese manufactured from different blends during stor-
age period of 6 months at different temperatures. The melting
index of processed cheese were affected by the composition of
the blends as well as the period and temperature of the storage,
however, the melting index of the processed cheese manufactured
from different blends were more pronounced when being fresh as

it recorded 1.96 to 15.69 % with an average of 6.13 %.

Table ( 58 ) indicates the interactions of melting index
meamns between storage temperature and storage time of processed
cheese made from different blends, the tabulated values clear
that melting index of fresh processed cheese increased after 3
months then it decreased with storage progress. Regarding the
interaction between melting index and therstorage temperature,
there was no apparent trend towards the different blends but the
mean values at 20°C was high. The means recorded were 6.31, 8. bty

9,04 and 8.04 . % when fresh and at IQQ,EGQ and 30%C respectively.

The statistical analysis in table (59 ) evaluated by F-

test cleared that the storage time was highly significant while
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Table ( 57 ) The melting index of processed cheese made from different blends

during storage period at different temperatures and mean values,

Blends Fresh _______ 3 months &_months Means S.D

——— T —— W5, Y00 S - vt

Control 5.88 14.66 13.96 13.72 14.12  5.00 18.75 9.38 11,04 11.62 5.03
Using cheese base I:
9.82 10,83 9.28 6.67 8.93 2.50 5.88 10.00 6.13 7.13 2.98
5.88 8.67 6.46 7.45 7.53  3.53 6.45 9.68 6.39 6.80 2.14
5.88 9.29 16.25 9.55 11.70 5.00 9.09 6.45 6.85 8.79 3.76
5.88 11.46 12,29 9.41 11.05 9.38 2.94 9.68 7.33 8.72 3.25
3.96  7.86 9.52 5.63 7.67 12.12. 9.09 3,23 8,15 Z.34 3.22
1.96 10.63 5.95 9.59 8.72 9.38 8.57 8.11 8.68 7.74 2.94
Using cheese base IT:

A, 5.88 6.69 8.96 3.34 6.33 3.13 8.82 2.94 4.96 5.68 2.62

B, 15.69 8475 11.69 9.79 10.07 3.13 2.94 10.00 5.36 8.85 4.56
c, 9.82 16.§2,18.oo 14e11 16435 3.13 5.88 9.09 6.03 10.99 5.58
D
E

LT - T — R o B - - B

1 196 15.63 12.89 6.67 11,73  3.13 2.94 2.94 3.00 6.59 5.50
1 3,92 8,89 1.66 5.88 5.48 3.33 11.76 13.45 9.58 7.001 4,52

F, 9.82 12,86 8.81 6.28 9.31 12.50 13.33 6.45 10.76 10,01 2,98
Experimental

control 1.96 9.11 4.79 9.38 7.76 9.38 6.06 6.25 7.23 6.70 2.79

Means 6.31 10,87 10.04 8.39 9.77 6.01 8.05 7.69 7.25 8,19 —
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Table (58 ) Interaction of melting index means between storage

temperature and starage time of processed cheese made

from different blends,

Fresh 10°%a 20°%¢c 20%¢ Means S.D
3 months - 10.87 10.04 8.39 9.7% 5.665
Means 631 8.441 9,043 8.039 8.19 —_—
S.D 3.86 4,156 4499 3.03%7 — —

Table (59 ) Analysis of variance (F-test) for melting index of

processed cheese made from different blends.

Source ¢of variance

d.F 5.5 M.S V.r Sign.
Treatment 13 275.979 21.229 2.1  *-
Sforage time i91 .097 95.543 9.61. -
Storage time x storage temp, 78.012 19.503 1.96 n.f
Treatment x storage time 26 466,073 17.926 1.80 *=
‘Residual . 52 516.952 9.941
Total 97 1528.113
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treatmentsand treatment x storage time recorded only significant
results bui storage time x storage temperature was insignificant.
These obtained results differ than those obtained by Gouda (198Q).
This can be attributed to the different ingredients used in the
blends where he used mainely Ras cheese while the present study
ased Cheddar cheese and cheese-base I and Il in the blends for
manufactufing block processed cheese. Iﬁ addition, these differ—
ences can be attributed to the variation of the manufacturing

process, kind of emulsgifier agents and other technological aspectse.

The melting index values were evaluated by the correlation
coefficient to study the relation between the different chemical
properties of the cheese and this physical property in order to
clear the most effective parameters in this respect. Table ( 6Q )
shawed that the melting index was highly correlated with T.N for
cheese stored at 10°¢C but it was in a low correlation with the
other chemical parameters of the processed cheegse. Thomas (1977)
found that pH does mot seem to have effect on the melting index
that confirms the obtained results regarding the pH valuese
Arnott et al. (1957) and Gupta et al. (1984) studied also some
correlations and they stated that the correlations between mel ta~
bility of process cheeses and pH,moisture aor fat contents were

not significant which agreed with the present results.

%) Pemetrometer reading:

Firmness is one of the most important characteristics of
processed cheese with respect to consumer preference and sensory
preception. Table ( &1 ) shows the penetrometer reading of bloek

-~ processed cheese made from different blends along the storage
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Table ( 60 ) The correlation coefficient {r) between some physical

properties and chemical parameters of processed cheese
stored at 10°C.

Test Melting Penetrometer Conalst~ "Hardness Cohesi-
index reading ency veness
pE - 0,129 0.659 - 0.486 = 0.607 0.528
T.5 . = 04136 - 0;25& 0.198 0.218 0.113
Fat - 0.110 - 0,282 Q.115 Q.238 Q.0§9
F/DM 0.041 - 0,058 - 0,067 0.631 - 0.083
Salt 0.176 0.365 - 0.450 = 0,369 0. 557
Ash - 0.132. | 0,205 - 0,285 - 0.0 C.402
T.K - 0.356 0.662 0.560. 0.662 -~ Q319
5.8 - 0.126 0.308 ~ Qolpltly = Q023 0.089
S.E/T.H - 0,070 0. 400, — 0,515 =~ 0C.124 G151

Lactose: 0.109 Q.187 - 0.050 - 0.298 0,215
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Table (&1 ) The penetrbmeter readings of processed cheese made from different
blends during storage periad at different temperatures and mean .

valuese.

o Storage_period/months __________ . ____

Blends Fresh =——-—e————=- G S S — S——— - Means  S.D
109 20°% 30°C Meams 10°C -20°C 350°C Means

L e e ek e SR S ——— (00] m)
Control 66.0 60.0 52.5 29.5 47.33 49.5 25.5 20.5 31.83 43.36  18.00

Uéi;g cheese base I:

36.Q 41.5 30.5 26.0 32.67 25.5 32.0 11.5 23.00 29.00 93.50
45.5 34.5 27.0 21.0 27.83 28.5 14.0 10.0 17.50 23.95 12.27
51.0 41.Q 45.Q0 23.5 36.50  45.0 26.5 1.5 27.67 24.79  14.42
47.Q 47.5 42.5 22.0 37.33  37.5 30.5 12.5 26.83 34.21  13.25
48.0 54.0 34.5 29.5 39.33  44.0 23.0 12.5 26,50 55.07  14.67
52.5 L4.Q 39.5 26.5 36.67 34.0 23.5 12.Q 25,17 34.71 14,37

H oY Q w &

Uzing cheese base II:

1 46.5 26.5 16.5 11.5 18.17 17.5 5.5 6.5 9.83 18.64 14.25
. 440 24.5 26,0 17.5 22.50 28,0 8.0 6.0 14.00 21.93 13.03
, 3.0 52.5 42.0 26.0 40.17 45.0 21.5 10.5 25.67 38.64 21.09
;485 36.5 32.5 15.Q 28.00 25.5 11.5 11.5 25.12 29.71  13.25
1 O4-0 44.0 L1.5 23.0 36.17 37.5 24,0 13.0 24,86 33.86 14.32
i 72.0 645 57.0 36,0 52.50 53.5 38.5 19.5 37.17 48.71 18.27

Exparimantél
control 41,0 27.5 21.5 18.0 22.33 33.0 9.5 15.0 19.17 23.64 10.92

w

H &M O

Meang 52.14 42.82 36.32 23.18 k.11 36.93 22,39 12.32 23.88 32.30 —_




- 183 ~

period at different temperatures. It is obvious from these resu--
1ts that the means of penetrometer reading for all processed . ===
cheese considerably varied with the composition as well as along
the storage period at differemt temperatures. However, the diff-
erences in Firmness measured by the penetrometer test of the
resultant processed cheese are more obvious when fresh as they
ranged from 36 to 73 with an average of 52.14 (0.1 mm). Processed
cheese made from a blend containing mainly Cheddar cheese of 5
and 10 months old had soft body as the pemetrometer reading was

66 (0.1 mm). Replacement of Cheddar cheese in the blend with
cheese~base increased the firmmess of the resultant cheese as ™
the experimental control which made from cheese base had a very
low penetrometer reading being 41 (0.1 mm). Generally, incorpo-
rating cheese-base I or II in the blends tend to induce a firm-

er body of the resultant processed cheese having a low penetro-
meter reading., Moreover, it was noticed that the increase in the
firmness of the processed cheese become pronounced as the propo-
rtion of the cheese base T (without ripening) was incresed in the
blend where it wasz 36 (0.1 mm) in treatment "s". oOn the other
hand, when cheese-base II was used with high proportion (treat-—
ment "A1") it gave 46.5 (0.1 mm), Similar observation were repor—
ted by Templetom and Sommer (1934), Palmer and Sly (1943) amd
Gouda (1980).

Table ( 62 ) illustrates the interactions of penetrometer
reading values between storage temperatures and storage period
of block processed cheese made from different blends. From this
table one can notice that the penetrometer reading values were

decreased as the storage period prolonged showing 52«14, 34e11
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Table (42 ) Interaction of penetrometer reading means between storage
temperature and storage itime of processed cheese made

from different blends.

Fresh 10°¢ 20°¢C 20%¢ Means S.D
Fre:h 52.14 — - - 52.14 11.53
% months - 42,82 26,32 2%.18 IL.11 13.09
& months - 36.93 22.39 12.32 23.88 13.10
Means 52.14 39,87 29.3%6 17.75 32.30 -
S.D 11. 23 11.36 12,664 7.65 ~— -

Table (63 ) Analysis of variance (F-test) for penetirumeter reading

of processed cheese made from different blends.

Socurce of variznce : d.F 5.5 M.S V.r Sign.
Treatment 13 6194.30 476.48 17.35 b
Storage time 2 8626.48 u313.24 157.08 -
Storage time x storage temp. 4 ° 7088.94 1772.24 G4.54 bl
Treatment x storage time 26 Q82.76  37.80 1.38 n,f

Residual 52 14é?.89 27.46
Total ‘ 97 24320.39
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and 23.88 (0.1 mm) when fresh, 3 and 6 months storage respectively.
Moreoveﬁ, the reading values decreased gradually with great difif-
erences at the used temperatures during storage as the penetro-
meter gave mean readings of 52.14, 39.87, 29.36 and 17.75 (0.1

mm) when fresh and after storing at 10°, 202 and 3%0%C successi~

velye.

Table ( 63 ) illustrates.the analysis of variance (F-test)
for penetrometer reading of the resultant processed cheese manu-
factured from different blemds. It is obvious that treatments,
storage time and storage time x storage temperature were highly

significant but treatment x stroage period was insignificant.

Phe correlation coefficient between penetrometer readings
and chemical parameters are represented in table ( 60 )e The pH
values and T.N were highly correlated with the penetrometer read-
ing for processed cheese samples stored at 10°¢ ( r = 0.659 and
0.662.resgectively). The S.N/T.N, salt and S.N came in the sec~
ond order in the correlation with penetrometer readings (r= 0400,

0.3%65 and 0,308 consegquently).

4) Consistency:

Table ( 64 ) ard Fig ( 18 ) illustrate the consistency -
values of processed cheese made from different blends along with the
' storage periocd of 6 months at different temperatures. The tabu-
lated values in fresh processed cheese from different blends
ranged from 50.5 to 137 g with an average of 97.3 g« 1It’s ciear
that a great differen¢e in the resultant processed cheese
are present, The processed cheese mainly manufactured from

cheese-base I and II showed the maxipum comsistency

value ( 137 g ) but the processed cheese fully made
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from Cheddar cheese (control) showed ‘wery low walue (54.5 -8).

'The interaction of cqnsistency mean values between storage
temperature and storage time of processed cheese made from diff-
erant blends and stored for & momnths at different temperatures
are illustrated in table ( 65 ). It can be observed that the
consistency mean values increased as it was fresh from 97.5 to
201.3 g after 3 months followed by a decrease in the obftained .-
values to be 154 g after 6 months storage period. On the other
hand, the consistency mean values increased gradually at differ-

ent temperatures reaching the maximum at 3090.

The statistical analysis (F-test) for comsistemcy of pro-
cessed cheese made from differemnt blends are present in table
( 66 ). All the sources of variance involved in cheese process-

ing 'gave highly significant values.

Table ( 60 ) recorded correlatiomn coefficient values bet-
ween consistemcy of processed cheese and the chemical parameters
when stored at 10°C.TIt is obvious that T.N,S.N,S.N/T.K and pd values
correlated highly ~ with the consistency of the resultant pro-
cessed cheese. The other chemical parameters which could be of
miner effect om the consistency and gave low values of correlat-

ion were fat, lactose and T.S.
5) ZTexture evaluation:

Texture plays an importamt role in the quality of cheese,
but the textural measurments of cheese are complicated and con-

fused
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Table (65 ) Interaction of ecomnsistiency nocng bhetwsen siterage - .. .--.
“+tenperature and: stomge time of processkd cheesm made
from different blends.

Fresh 10°¢ 20°¢ 30°¢ Means S.D
Fresh 97.50 - - - 97.50. 27.99
3 months ~ 152.20 187.00 264.80 201.30 93,30
& months - 119.10 145,60 199.40 154.00Q 62420
Means 97.50 135.63 165.30  232.10 166.20 -
s.D 2799 49 .46 77.00 86...50. - -

Table (66 ) Analysis of variance (F-test) for comsistency ef

processed cheese made from different blends.

Source of variance d. ¥ S.8 M.S V.r Sign.
Treatment 13 30090443 231463 31. 58 L
Storage time 2 12418.1 62095.5 84.73 Rl

Storage time X storage temp. L; 1405418  3513%.4 L47.94 **
Treatment x storage time 26  46093%.8 1772.8 2.2  **
Residual 52 38107.4 7328

Total 97 649838.0
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fahle (67 ) The hardness of processed cheese made from different blends
during storage period at different temperatures and mean

values.

FErspeep—— Y P Bl D i

Rlends Fresh ______. 3 _months G _months Means S.D

o T T e . e e T i S e S G s i B e e S8

_____________________________ - kg e e o e . i RSt 1 e A e e i
Control 0.842 0.973 1.210 3.475 1.890 1.580. 2.527 5.370 3.160 2.280 1.656

Using cheese base I

A 1.525 1.736 2.157 6845 3.580 3.054 ho423 7.687 5.050 3.920 2.495
2,288 2,183 2.577 7.898 4.220 3.580 4.844 8.108 5.510 4,500 2.565
1.841 1,525 1.578 4.949 2.680 2.422 3.475 6.423 4.110 3,170 1.889
1.499 1,499 1.815 4,001 2.440 2.527 3.686 6.213 4.140 5.030 1.728
0.921 1.184 1,184 3,686 2,020 1.790 2.317 L.423 2.840 2,210 1.356
10236 1,420 1.578 4739 2.580 2.422 3.054 528 3.330 2.71Q 1.457
Using cheese base II:
1 2.236  2.694 8,316 11,583 7.500 L.949 9.582 8.951 7.830 6.890 3.640
B, 2.130 2.525 2.893 11.583 5.670 5.265 7.055 11.899 8.070 6,190 4.160
C, 1.026 1.341 1341 5,476 2,720 2.422 3.159 6.002 3.860 2.970 2.037
D
E

LT - I R e R v~

A

1 1.657 1.736 2.525 7.476 3.910 2.948 4,423 7.792 5.050 4.080 2.598
i 1341 1.447 1.841 5.581 2.960 2.948 3,686 6.634 4.420 3.350 2.081

F, 0.736 0.831 1.026 3.475 1.780 1.47k4 2,106 4,212 2,600 1.980 1.369
Experimental ‘

control 2,709 3.209 8.947 10.425 7.190 4.739 7.898 10,319 7.650 6.750 3.130

Heans 1.—580 1.730 2.780 GOW 3.650 3.0]0- 40‘*50 7-040 4—830 3.860 -_—
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rable { 68 ) clearss the statistical dealing with inter—
actions of hardness values of processed cheeses between thelr
storage temperatures and storage time. Ltt?s clear that the hard-
ness values increased gradually from fresh up to the 6 menths
where it showed 1.57, 2.65 and 4,83 when fresh, 2 and 6 momths
stering period respectively. On the other hand, the interactioms
of hardness values and storage temperature were also increased
at 16° amd 20°C while, it showed a higher value of hardeess for
samples stered.at 5@°Gﬁ

The analysis of variance for hardness of processed cheese
made from different blends are illustrated im table ( 69 ). It
was noticed that the treatments,storage time , storage time X.

storage temperature showed highly significant results but treat-

ment x storage time was insignificant,

‘"he obtained results are in agreement with the trend of
the results obtained by Chen et al (1979) who studied the text-—

ure analysis of processed cheese.

Table ( &0 ) indicates the correlation coefficient of the
hardness values for resultant processed cheese stored at 10°C in
correlation with the determimed chemical parameters. The total
nitrogen indicates the higher correlation value (r = 0.662) than
the other chemical parameters.. The pH values came in the second
order (r = 0.659) that indicates its effective role in the hard-
ness property of processed cheese. The salt can be considered
ag an effective factor in cheese hardness where, it was in the
third position. Depending on the hardness property for evaluat-~

ing the structure of processed cheese, it must be put in
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represented in table ( 7% ). The obtained values decreased along
the storage period showing 0.5396,0.4289 and 0.3813 Cm when fresh,
3 and 6 momths storage. Regardiné the storage temperature ( 10°,
20° and 30°C ), the aobtained values showed a slight gradual dec-

rease reaching the minimum mean of 0.3062 at BQQC.

The F-test analysis (Table 72 ) for cohesiveness of pro-
cessed cheese produced from differemnt blends showed a highly
gignificant values for all. sources ¢f variance except treatmemt x

storage time which was recorded as insignificant.

The correlation coefficiemt between cohesiveness and chemi-
cal parameters of processed cheese are shows in table ( 60 ).
This property was of a high correlation with pH value and salt
content. Ash contemt, total mitrogen and lactose can be come
in the second order successively. To take this property in aco-
unt for evaluating the physical property of = processed cheese,
it can be concluded that pH values and salt content play an impor-
tant role inm this respect. The obtained results are confirmed
with the "r'values recorded by Chen et al (1979) who gave 1
values of 0.31] aund 0.107 for pH ard salt in relation with cohes—
iveness property of processed cheese respectively. They also
reparted that a textural measures were in close correlation with

pH of cheese samples.
C) Gumminess:

Gumminess is expressed as the product of hardoess and

cohesiveness.

Table ( 73 )} illustrates gumminess properiy of processed

cheegse made from different blends along the storage period of six
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Table (71 ) Interaction of cohesivness means between storage temperat-
ures and storage time of processed cheege made from

different blends.

Fresh 12 C 20. C 3 C Means 5.D
Fresh 0.5396 - - - 0.5396 O .0933
3 months - 0.5049 0.4362 0.3455 0.4289 Q.1279
6 months - 0.4683 0.4086 0.2649 Q.3813 Q.3813
Means 0.5396 0.4866 Q.4224 0.3062 O 4243 —_
s5.D 0.093%2 0.1083 0.1261 0.1069 - . -

Table (72 ) Analysis of variance (F-test) for cohesivness of proce—

ssed cheese from different blends.

Source of wvariance d.f 5.8 M.S Ver Sigon.
Treatment 13 0.67253 0.0519 7.99 e
Storage time 2 0.2649 . Q.1325  20.38 @ **
Storage time x storage temp. 4 Q.4784 Q.1196 18440 bl
Treatment x storage time 26 0.0955 Q.0037%7 Q.57 n,f
Residual 52 0.3380. 0.0065

Potal ' 87  1.8522
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months at different temperatures. The obtained results of fresh
cheeses from differnt blends cleared & wide range of O.4hd to
1.368 kg for the obtained cheeses. The average of the resultant
fresh,grocessed cheese was 0.799 kge. The obtained values are
somewhat lower than those recorded by Gupta et al (1984) on eva-
luating the rheological properties of processed cheese and proce—
csed cheese foods. On the other hand, Chen et al (1979) recarded
- lower values for gumminess property'comgared with the results in
the present studye. This can be attributed to the different ble~

nds used in their regsearch which differ from that used here.

Statistical analysis of the interactions of gumminess val—
ues between storage time and storage temperature of processed
cheese from different blemds are presented in table ( 74 ). The
tabulated data cleared that the values increased during the stor-
age period as they were 04799 1.279 and 1587 kg whem fresh, 3
and 6 months respectively., The other interactions between gumm-
iness values and the storage temperature were increased gradually
giving the maximum value 1.911 kg at 30°C compared with the value
of 0.799 kg when fresh and 1.067 and 1.321 kg for cheese .atored
at 0® amd 20°C.

The F-test analysis cleared highly significant values for
gumminess of processed cheese as affected by treatments, storage
time and storage time x storage temperature while treatment X

storage time was insignificant ( Table 79 ).
The relationship between gumminess and the chemical para-
ot

[ ] .
meters of processed cheese T galues are illustrated in table

( 76 )« This property closed correlated with tetal nitrogen, pH,
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Table (76 ) The correlation coefficient (r) between some physical

propertiés and chemical parameters of processed cheese

stared at 10°¢C.

Guaminess Sprining Cheweniss Adhesiveness Optical

Test

_dens;’uty
pH - O.hlh 0.470 =-Q.316 0.517 Q.510
TS 0.436 0.026 0.457 0.175 0.019
Fat 0.390 - 0.1%4 0.334 = 0,087 0.163
F/TM - 0,121 = 0.194 = 0.211 = 0.311 Q. 146
Salt - 0.048 0.115 —0.060 = 0.045 - 0,046
Ash 0.207 0.109 « 0.249 0.173 - 0Q.051
T.N 0.664 - 0.170 0.668 Q.024 Q.269
S.E - 0.032 = 0.173 ~0,092 - 0,328 0.293
s.u/;_'.u - 0.134 - 0.143 —0.193 - - 0.322 Io.zsa
Lactosge
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Pahle ( 77 ) The springing of processed cheese made from different blends

during storage period at different temperatures and mean values.

o e o o e B o i e o ks o e e e o S 1 T T 207

Blends Fresh ______ 3.months ___ .. . ______ 6 monthse _______ Means S.D
10°¢ 20°¢ 30°C Meams 10°C 20°C 30°C Means
— — e _—
COnErol 7e5 7.8 7.0 6.5 6.767 6.3 649 4.8 6,000 6.543 1.081
Using cheese hase 1:
A 2.2 6.7 6.8 7.6 7.033 6.2 6.3 6.8 6435 6.800 0.486
B 7.2 Toli 6.8 7.0 7.067 5.2 5.6 3549 5.567 6.443 0,864
C 7.9 Bo2 742 6.5 7.300 5.6 S.i 5.9 5.967 6.814 0.986
D 67 72 5.3 5.9 64133 6.0 6.0 5.9 5.967 6.143 0.616
E 2.1 8.7 6. 7.0 7467 6.4 6.6 6.0 6,333 6.929 0.898
F 8.0 7.5 8.1 7.0 7.533 6.1 6.8 5.9 6.267 7.057 0.866
Using cheege base II:
A, 509 6.7 5.5  5¢5 5,900 5.3 49  4e9 5.033 5.529 0.626
B, 7.5 8.0 5.5 5.0 6.167 6.h4 5.5 5.5 5.800 6,200 1.146
C, 67 T.0. 6.6 5.8 6467 6.5 6.2 . 662 64300 6,425 0.395
D, 6.9 7.8 7.8 6.7 7.433  Sel 6.2 501 5.567 6.357 1.066
E, 65 T3 7.0 6.9 7.067 5.9 6.6 5.8 64100 6.571 0.559
F, 65 7ol 6ol 742 6,900 5.8 6.7 3.6 5.367 6.186 1.232
Experimental
control 7.6 6.3 7.7 6.7 64900 5.9 6.0 6.2 6.033 6.629 0.743
Means  7.09 7.41 6.72 6.47 6.867 5.93 6,19 5.61 5.910 6.488 --
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Table ( 78 ) Interation of springing means between storage tempertures

and storage time of processed cheese made from different

blends.
Fresh 10°¢ 20%¢ 30%¢ Means S.D
F]’.‘EBh 7 p086 - - e ?.-086' O .592"
6 months - 5.929 6.193 5.607 5.910 0.643
Means 7.086 6.668 6.457 6.039 6.488 -
S.D 0.592 0.926 0.762 Q.892 — _—

Table ( 79) Analysis of variance (F-test) for springing af processed
cheese made from different hlends..

Source of wariance d.f 5.8 - M.S5 . V.r Sign.
Treatment 13 13.8310 1.0639 2.65 *w
Storage time 2 25,0786 12.5393%  31.24 *»
Storage time x storage temp. 4 8.9810 2.2452 5.59 s
Treatment x storage time 26. 7.2223 0.2970 0.24 n.ft
Residual 52 20.8724 0.45014

Total 97 76.4853
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when fresh and after 3 and 6 months respectively., However, the
interaction means of springiness values show the same trend dur—

ing the storage at different temperatures.

F-test analysis which given in table ( 73 ) showimg a hig-
hly significant for the springiness through the treatments, storage
time and wsterage time x storage tenperature.ldowever the treatment x

storage time showed insignificant results.

The correlation coefficient "r” between springing property
of processed cheese in relationship with chenical parameters of this
cheeses indicatea a higher values "r"=.0.470.and.0.392 for pH and
lactose respectively. The other chemical parameter cleared a low
non

r values with springinesse. This means that these parameters

have no clear correlation with the studied property (Table 76).

E) Chewiness properity:

Chewiness was described to the panelists as the number of
chews required to swallow.a.certain.amqunt of sample (from tender
to tough). it can be measured by the time required to masticate
the cheese sample at a comstant rate of force application to red-

uce it to a consistemcy suitable for swallowing.

Chewiness is expressed mathematically (from the Instrom

Machine) as the product of gumﬁiness X springiness.

Table ( 8@ ) clears the results of chewiness property of
processed cheese made from different blends along the storage
period of six months at 10°, 20° and 30°C. It is ebvicuc that
the values of chewiness of fresh block processed cheese ranged

from 2.91 to 10,40 kg/Cm with an average of 5479 kz/€m, These
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values clear that there are great variations; in this respect .-
between the resultamt processed cheese. This is due to the diff-
erent blends used in the manufacture which varied from Cheddar
cheese (young and mature) amd cheese base with the different rip~
ening degrees, Similar results were recorded by Gupta et al

(1984) which comfirms our results.

The obtained results of chewiness_property for processed
cheese stored for & months at 10°, 20%nd 30°C were statistically
analysed where interactions between storage temperature and stor-
age time were recorded in table ( 81 ) as this property was incre-
ased with the storage development showing 5.78, 8.76 and 9.39 kg/
Cm when fresh, 3 and & months consecutively. On the other handg,
pronounced increase in the interaction values of chewiness prop-—

erty for cheese stored at a different temperatures was observed.

Results was evaluated according to F-test where they shew a
bighly sigmificamt. values between treatments, storage time and
storage time x storage temperature, while, tratmemt x storage °

time show insignificant resulis (Table 82) e

The relationship between the chewiness values of processed
cheese and the chemical parameters are presented in table ( 76 ).
Total miﬁrogen showed the highest "r" value in connection with
chewiness (0.668). Thus indicates the close relationship between
chewiness and total mitrogem. Total solids and pH values can be
ordered later as effective factors in correlation with chewiness
property of processed cheese. However, the other tested chemical
parameters have a slight effect on this property as they pgave low

values. The correlation value of pH was in accordance to the

value recorded bty Chen et a1 (1979).
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Table (81 ) Interaction of chewiness means between storage temperture

and storage time of processed cheese made from differeant

blends.

Fresh 10°¢c 20 30%¢ Means S.D
Fresh 50—?_8 - ) - - 5.-78 2.1 10
2% months - 6.06. 7.16 13.06 8.76 5.307
& months - 7.8% 9.81 10.53 9.39 3.504
Mean 5.78 6.941 8.49=  11.79 8.60 -
5.D 2.1\ 2.531 L 66 457 - —

Table ( 82 ) Analysis of variance. (F-test) for chewines® of processed.

cheese made from different hlends.

Source of variance. d.f 5.5 . M.S Vor Sign.
Treatment 13 501.92 38.61 3.03 i
Storage time 2 138.49 £9.25 Selily -
Storage time x storage temp. 4 452.36 113.09 8.88 »e
Preatment x storage time 26 99.63 3.83 0.30 n.f
Residual 52 661.95 12.73

Tatal 97  1854.35
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F) Adhesivemess property:

Adesiveness is defined as the force required to remove the
cheese sample that adheres to the mouth surface. It is described
to the panelists as the stickiness of sample in the mouth through-

out mastication (from slippery to sticky)e.

11 n
Adesiveness is measured Dby integrating the area A3 in

the texture-profile curve (Fig 19 and 2Q. ) ..

Regarding the adhesiveness values of processed cheese table
( 83 ) clears that the values of fresh processed cheese ranged
from 2.0 to 11.0 kg with an average of 739 kg. The obtained
values show great variations for processed cheese from different
blends, these variations can be refered to the different combina-
tions of ingradients {(Cheddar cheese and cheese bases) insvelwed

in preparing the blends.

similar resiults were reported by Gupta et al (1984) when
they studied the rheological properties of commerical processed

cheese,

The adhesiveness interactions of resultant processed cheese
presented in table ( 84 ), showed a slight differen¢e between fresh
and 3 months storage period, followed by sharp decrease after &
months where they were 7.39, 7.95 and 2.81 kg respectively. On the
other hand, the interaction of adhesiveness values for processed
cheese stored at different temperature gshowed gradual decrease dur-
ing the atorage at 10°and’ 26%¢ compared with the fresh while at

30°C there was a slight increase thereafter,




Takle (83%) The adhesivencss of
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processed cheese made from different hlends

during storage pericd at different temperatures and mean values.

—— A iy e e i e i = S

Storage_peried ____ .o

Blends Fresh _______ 3 months . __ - 6 months _______ Means S.D
10% 20°¢ 30°C Means 10°C 20°C 30°C Heane
e o -— kg -—
Control 5.0 7.2 8.7 16,0 10.63 2.5 3.0 2.8 2.77 6.46 483
Using cheese base It
A 77 7.5 8.2 11.6 9410 40 3.0 3.8 3.60 6.54 3.09
B 5.8 5.0 9.5 7.6 7.37 1.2 1.5 3.0 1.90 4.80 3.1
c 11.7 10.5 7.3 9,6  9.13 3.0 3.3 1.8 2.70 6.74  4.03
D 9.0 8.0 10.7 8.0 8.90 4.0 3.3 3.0 343 6.57 35.08
E 6.3 9.2 8.8 7.6 8.50 3.0 3.2 1e3 2450 5.63 3.13
F 8.7 8.8 8.0 10.0 9.93 2.2 3.2 3.0 3.47 6.56  3.06
Uging cheese base II:
Ay 2.0 4.8 2.0 2.0 2493 1.3 240 3.0 2.10 2.44 1.15
B, 8.7 9.2 1.8 2.0 1433 3.2 2.2 3.2 2,87 4.33 3.2
¢, 73 6.8 5.8 8.0 6.87 3.3 1.0 2.8 2.37 5,00 2.64
D] 9.0 7.8 12.3 7.0  9.03 3.8 2.6 2.,0. 2.87 6.39 3.72
E, 7.0 9.2 9.5 4 11,05 35 3.2 2.5 3.07 7.04 L3k
F1 k.2 5.0 5.0 10.0 6.67 3.0 2.8 3.8 3.20 4.853 2.44
Experimental
control 11.0 7.3 10.0 6.4 7.90 2.0 4.0 1.7 2.57 6.06 3.68
Means 7.39 7.5 7.69 8.59 7.95 2.86 2.75 2.8l 2.81 5.67 -
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mable ( 85 ) clears the amalysis of variance for processed
cheese adhesiveness where it was highly significant between treat—
ments and storage time., The storage time X storage temperature

and treatments x storage time recorded insignificant resitktse

The correlation coefficient "r" illustrated in table ( 76 )
stated that the pH value correlated highly with the adhegiveness
property of processed cheese showing "r" vatue of 0.517. Lactose
content, soluble mitrogen and F/DM show "r" values of Q.453, 0.328
and Q.3%1 respectively, This to clear that these chemical para—
meters correlated in low connection with the tested property.

1"

it
The rest chemical parameters which gave lower r values having

the lowest effect with the processed cheese adhesiveness property.

@) Colour determination (expressed as optical densgity):

Table ( 86 ) recorded the optical density of the extraclted
solution of processed cheese samples woich indicate the changes
in the colour of processed cheese manufactured from different
blends along the storage period of 6 months at 109, 20° and 3090.
The obtained values of fresh cheese ranged from 0.84 to l.16 with
an average of 0.98. It was moticed that there is a variation
between cheese samples made from different blends. These varia-
tions can he attributed to the browning in colour through"Mailard"
reaction between the aldhyde group of lactose or the monosaccharides
amd the amime v groups of proteins during heating {Nicke rson,
1965 and Hall and Hedrich, 1971). Moreover, the processing
conditions such as the duration or the holding time or the varia-
tion in differemt blends camn alsc play as impor}':ant factor in

inducing some variation in the optical density as a measure of




- 215 -

Table ( 86 ) The obtical density (0.D) of processed cheese colour made from

different blends during storage period at different temperatures

and mean values,

i e o ———— . i 4k 2 S e

Blends Fresh _______ 3months_ _______  __ . ___ & months ____ - Means S.D
10°c 20°% 30%° Meams 10°C 20°c 30°C Means
Cantrol 1.16 1,02.0.86 1,08 0.987 1.14 - 1.32 1.01. 1,157 1.084 0. 1440
Uzing cheese bage I:
A 0.84 1,08 1,04 .24 1,120 1,16 1.26 1.0 1.153 1,094 0.1436
B 0.92  1.06 1.04 1.22 1,107 1.26 1.24 1.08 1,193 1.117 0.1262
€ 0.93 0.88 1.04 1.14 1.020 1.28 1.12 1.12 1.173 1.Q73 0.1357
D 0.85 1,04 0.88 1.12 1,013 0.86 1.04 1.10 1.000 0.984 0.1172
E  0.95 0.92 0.86 1.08 0.953 1.20 1.10 1.04 1.113 1.021 0.1178
F o 1.02  1.02 0.90 1.10 1,007 1.18 1.14 1.06 1.127 1.060 0.0924
Using cheese base II:
Ay 1elh 1.000 1.04 1028 1,107 1,32 1,26 1.32 1,300 1,194 0.1340
B, 1.08 1.08 1.06 1.30 1.150 1.30 1.32 1.19 1.220 1,191 0.1154
Cy 0.99 0.92 1.26 1.26 1.147 134 1.26- 1.25 1.263 1,174 0.1574
D, 0.96 0.76 1.14 1.17 1,023 1.28 1.06 1.21 1.183 1.083 Q.1759
E; 090 1.04 1416 1.17 14123 1.12 1.04 1.03 1.063 1.066 0.0938
Fi 0.98 0.84 1.08 1.18 1.033 0.98 0.94 1.15 1.023 1.021 0Q.i212
Experimental .
control 1.00 1,06 0.96 1.27 1.097 1.24 1.30 1.36 1.300 1.170 Q.1597
Means 0.98 0.98 1.02 1.19 1,063 1,19 1417 1.14 1.166 1.095 ~—
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the cheese colour. In additiom, a slight variation of pH values
of the obtaimed processed cheese can be of great effect in this

respecte

Phe interactions of the optical demsity values as a measur—
ment for colour variation of processed cheese stored for 6 months
at differenmt temperatures are illustrated im table ( 87 )s» The
interactions show slight increase during the storage period up to
6 months. On the other hand, the interactions increased slightly
at different storage temperatures reaching the maximum for samples
stored at the higher temperature 30°¢ ( 0.D, 1.16 ) compared with
the fresh samples ( 0.D, 0.98 ). The increase in colour of cheese
stored at high temperature is due to the formation of melanoidine
substances as a result of "Maillard"reaction (browning reaction).
The seme findings was stated by Thomas (1977) and Ibrahim (1982) .
Moreover, it was reported that the colour of the processed cheese
increased with the increase of lactose content due to the more
melancidine formation. This was confirmed by the high correlation
coefficient existed between the lactose content and the optical

density of the cheese colour ( r = Q.312 ).

The F—fest of optical density for processed cheese made
from different blemds are present in table ( 88 ). These were
highly significant between treatments, storage time, storage time
x storage temperature while treatment x storage time showed insig-

nificant results.

Table ( 76 ) clears the correlation coefficient values
between the optical density of the cheese colour as affected by

the chemical composition of the resultant processed cheese. it is
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Tadkle (87 ) Interaction of obtical demsity (0.D) colour means
between storage temperatures and storage time of
proecessed cheese made from different. hlexds.

Fresh 10% 209 30°¢ Means S.D
% months - 0.98 1.0236  1.1864  1.0633 0.1328
& months - 1.19 1.1714 1.1357 11657 0.1217
Mean 0.98 1.085 1.0957 1.1611.  1.0953 —_—
S.D 0.0962  0.158  0Q.1413 Q.0952  —— _—

Table ( 88 ) Analysis of variance. {F-test) for obtical demsity (0.D)

colour of processed cheese made from different blends.

Scurce of variance def 5.5 M.S V.r Sign.
Treatment. | 13 0.4023 0.0308 3.2 e
Storage time 2 Q.4373 0,2186  25.00 =

Storage time x storage temp. 4 0.3528 0.0882 10.08 »»
Treatment x storage time 26 Q.2416  0.0083 1.06. n.f
Regidual 52 Q.4548  0.0087

Total : 97 1.8888
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obvious that the pH value correlates closely with the incidence
of colour in cheese samples where the "r" value was Q.510. The
lactose content seems to play an important role in cheese brown—
ing, therefere, it shows somewhat higher "r" value {(0.312). The
"r" values of S.,N and T.N came later as an effective factors in
cheese colouring uhere.they.receﬁded'&rm value 0.293 and 0,269

respectively. The other chemical parameters which show low values

have no notigeable effe¢t'anftheﬁthanae8>ef'eheeéercﬁlaur.
IV~ Semsory Evaluation:

It is certainly true that an aobjective method can never
excluding replace the sensory evaluation of faod texture, but it
does oeffer the opportunity of recording in an unbased manner
the physical condition of a sample for future reference, Because
of its dependence upon the reproducibility of standard reference
materials and variable errors, the sensory method lacks absolute
quality, a lack that is characteristic-of any procedure relying

on individual experience.

Table (89) amd figs (21, 22 and 23) show the scores of block.

‘processed cheese the evaluations which were made from different ble-

ends which stored at 10°C for fresh, 3 and & months storage period.
The fresh cheese from differeni blends received variable over all

points, The fresh cheese manufactured from blends BL’ CIP Ags

control, B and ET obtaimed the higher evaluation points 1345, 13.5,

134, 13¢1, 12.8 and 12.8 respectively. The cheeses manufactured

from blemnds B C1;and Eﬁ were mainly made from cheese base II

i2
with different combinations of young and mature Cheddar cheese,
Withinm the cheeses of the higher score were processed checse manu—

factured from mature Cheddar cheese of different ripening period.
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The blends "A" and "g" involving ;;90,% cheese bagse I were aerdered
also through cheeses of higher score. Cheeses made from the other
blends having score less than 12.8 points were accepted by the
score panels and can be classified as a good guality according to

the English graderse

Table ( 89 ) and fig ( 22 ) show the score points after
the evaluation of the resultant processed cheese stored at 10°C
for % monthse. Generally, the arganocleptic properties af these
cheeses did not differ tham the fresh as they obtained somewhat
higher in the overall score meam points. Prolonging the storage
period up to 6 months, the organoleptic properties achieved a
slight decrease in the over a1l mean values of processed cheese
manufactured from different combinations of young and mature
Cheddar cheese, cheese base I and cheese base II, Processed
cheese manufactured from blends C., B, A and F1Eobtained higher
score points being 1he1, 13.07, 13.07 and 12.93 respectively,
These blends were mainly contained cheese base I or cheese base
TT to replace young oOr mature Cheddar cheese while they were
evaluated with a higher score points more than processed cheese
manufactured from natural Cheddar cheese (control) which gained
12.43 score points. By other mean it can be. concluded. that cheese

bage I and II can replace partially (tonazlevelfef 75 %) young
amd mature Cheddar cheese with sucessful reslts.

Moreover, satistical analysis proved that the composition
of the blend had highly significant effecl on appearance, body
and texture, flavour and the total organoleptic scores of the

resultant processed cheese. The storage time had an- abserved
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effect on the appearance and flavour, while there was no appar—
ent effect on the body or the over all scares of the cheese, In
addition, the interaction between the compsition of the blends
and the storage time had highly significant effect on the organo—

leptic properties of the processed cheese (Table 9Q, 91, 92 and 93).
The data are in accordance with those given by Gouda (1980)

Statistical correlation of sensory and abjective data was
not attempted because a common sample was noi included in gach
panel session, and with these constraints variatiom between pane
els could not be estimateds. Gupta et al (1984) reported the
same results indicating that confounding factors prevent obser-

vation of a simple correlation for these factors. .

It was noticed that the resultant processed cheese from all
blends show a good keeping quality along the six months storage

period at 10°C where no noticeable defects were detected.
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Table (gQ ) Analysis of vwariance (F-test}) for appearance score of

processed che'ese made from different blends.

Score of variance d.f 5.8 M.5 Ver Sign.
Treatment 13 15.5238 1.1941 2499 **
Storage time 2 Q.4048  L.7024 11.79 %+
Treatment x storage time 26 8.0619 Q.3101 Q.79 1.t
Residual 369 147.58Q9  0.3999

Total 419 310.1905

Table (91 ) Analysis of variance: (F-test) for body and texture

score of processed cheese made from different blends.

Sougce of variance de.f S.3 M.S V.r Sign.
Treatment 13 94.362  7.259 2.88  »»
Storage time | 2 17.20Q. 8.600 3e41 n.f
PTreatment x storage time 26 103.067 3.964 1.57 1n.f
Residual 269 930,895 2-5_25

Total 419 1386.629




- 226 -

Table { 92) Analysis of variance (F-test) for flavour score of

processed cheese made from different blends.

Saurce of wvariance . d.f 5.5 M.S V.r Sign.
Treatment 13 202.279 15,560  5.42  **
Storage time 2 272.576. 13.788 4.80 *
Tréatment x storage time 26 188.357 7.245 2452  *+-
Residual 369 1059.050 2.870

Tatal 419 1591.512 |

Table (93 ) Analysis of variance - (F-test) for overall score of

processed cheese made from different blends..

Saurce of variance- def S.5 M.S Ver Sign.
Treatment 13 659.164 50,705 D35 **
Storage time 2 56.816 28.410Q 2.99 n.f
Preatment x storage time 26 929,114  20.351 2.4 ¥
Residual 369  3510.021 9.512

Total 419  S5674.998




