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Abstract: Problem statement: Boiled white brined (Nabulsi cheese) is the mostbhnsumed in
Jordan; this cheese should show meltability anth Bigetchability in order to fit in the productior

high quality Kunafa and other popular local swestd pastries.The most outstanding characteristic of
Nabulsi cheese is the long keeping ability (moemtbne year) without cooling, since it is presenved
concentrated brine (up to 25%)pproach: This work was based on the hypothesis that it wdneld
possible to imply meltability and stretchability ttoe cheese by adjusting pH to the original brhret t
may specifically act on cross linking bonds of ¢asé\ new apparatus for measuring the actual
stretchability was designed and constructed; measemts on different cheeses proved its validity and
reliability to measurement stretchability up to B0detailed treatments revealed the success of the
proposed assumption in inducing meltability ancetstrability to cheese processed and preserved
according to the traditional method®esults: The following results were obtained: It is possitde
imply a low but acceptable level of stretchabilityd meltability through adjustment of the pH in the
range of 5.4-5.8 by adding calculated amount afccacid considering the buffering capacity of the
cheese and storing it for few weeks to reach dwuiiin. Conclusion: Conformational experiments
proved the applicability of the new method on conuiz Nabulsi cheese samples. Sensory evaluation
revealed the superiority of pH adjusting treatnspecifically at pH 5.4 and 5.8 as well as commércia
Mashmouleh cheese that has high meltability aredcdtability when used in Kunafa making.
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INTRODUCTION quality related to flavor abnormalities, gassinessl

_texture problent&’. Since Nabulsi cheese has a semi-

One of the most widely produced cheese type itard texture and salty flavor, it is often consuraéer
the Mediterranean, South-East European countrids antemoving a part of its salt by soaking in water.

Middle East countries is white brined Chébl%ar"S Moreover, it is used after partia' or Comp|ete dtm
type of cheese is highly consumed in the middlet Easn the production of some bakery products and Arabi
Countries in many ways mostly as a breakfast, soack sweets particularly Kunafa.

as an essential ingredient of some traditional e It is desirable that Nabulsi cheese shows thétybil

In Jordan, white brined cheese produced by farmersp melt and stretch in order to fit in the prodantiof a
seasonal producers and dairy industry, the name isigh quality Kunafa. However, these characteristites
related to Nabuls, a city in the West Bank of Jarda  not always available, especially in cheese madm fro
is produced by renneting raw sheep milk or a blehd high quality milk where spontaneous fermentation is
sheep and goat milk to which no starter culture isminimal in the milk as well as in the curd before
added. boiling®.

During the manufacture and storage of Nabulsi  Different ways are being practiced to improve
cheese many changes may arise, such as: non-unifortiiese characteristics, firstly, using a mixture cofw,

Corresponding Author: Ayman Suliman MazahreJ-Balga Applied University, Princes Alia UnivergiCollege,
P.0. Box 941941 Amman 11194 Jordan
543




Am. J. Applied Sci., 6 (4): 543-550, 2009

sheep or goat milk alone, but this method is niilnke. The keeping ability of Nabulsi cheese depends
Secondly, keeping the curd which is produced fram r mainly on high salt concentration of storage medium
milk at room temperature for a period of time ttl  (brine) and boiling of cheese before storage irstan
becomes somewhat spongy before it is boiled. Astual The boiled cheese may develop bad flavor during
this period may allow a spontaneous growth of radtur storage in cans, slime formation, bitterness gassimor
microflora. However, this method is practiced inhardening problem, in spite of high salt concergrat
Braided cheese Mujadalah or Mushalalah cheese buwaif the brine. It was found that the cause of detation
not practical in Nabulsi cheese and very diffictdt is halophytic bacteria that are able to grow ahtsglt
control. concentration. All these defects can effect quatify
A third is, storing boiled cheese in its cans forcheese and cause severe deterioration in dfféese
along period (i.e.) aging. This long period mayowall Therefore, in a study to avoid high salts and nicb
substantial microbial growth namely halotolerant an growth effect, reduced the PH by adding lactic acid
halophytic microorganisms or the cheese may béecreasing the PH of cheese to 4 by the addition of
altered by certain proteolytic enzymes that affedk lactic acid permitted the reduction of salt in leriand
proteins. Also this method is neither practical norcheese to 10% concentration, this combination itédb
reliablé®. the growth of bacteria without negatively affecting
Although, the way of curd fermentation is the mosttexture and sensory quality of cheese.
effective one, it is not controllable and may proelu
low quality cheese which suffers from excessivelmportance of Nabuls cheese in the production of
deformation, off-color and off-flavor during boitin Arabic sweets. Desalting of Nabulsi cheese make it
The idea of making cheese stretchable and meltabkuitable for consuming at breakfast, as snack aanas
is to hydrolyze some of the peptide bonds of theemo ingredient in the preparation of local traditioméhes
or lees intact proteins (casein) or to destruct esomand sweets, especially Kun&faKunafa (Kunafeh or
covalent cross-linking bonds of the protein matthis ~ Knafeh) is probably the most popular Arab sweets in
can be accomplished through PH changes (either byany Arab Middle Eastern countries. Kunafa is made
direct acidification or through acid production by of a vermicelli like threads made of wheat batter
selected bacterial starter cultures or both), usindormed on heated metal surfaces. The threads amdmi
protease enzymes, particularly coagulation enzymewith ghee and spread over round aluminum baking pan
and emulsifier salts (melting salts) covered with a desalted Nabulsi cheese layer, then
Investigation on Mozzarella cheese shows that theovered with a further Kunafa threads layer andedak
optimum stretchability is obtained at PH 5.2-5.4 fo in both sides. The baked Kunafa is sweetened with a
biologically acidified cheese or 5.6 for chemically heavy sugar syrup flavored with rose essence. Angkc
acidified curd. Coagulation enzymes in cheese ngakinway of preparation is to grind the threads aftexing
have a dual role. The primary function is to coatjah  with ghee to fine granules, a layer of these gresuk
milk in order to produce cheese curds, in additian, spread over a baking plate, covered with desalted
small proportion of the coagulant is carried ovetoi Nabulsi cheese and sprinkled with a light layerthaf
the cheese. This residual coagulant remainslough granules then baked and thoroughly on a&peci
proteolytically active in most aged cheeses anygspden  gas flame, then turned over a second plate, heated
important role in the development of texture armvdr  gently and sweetened with sugar sylp
by minimizing the cross linkage and by partial One of the most important characteristic of the
hydrolysis of milk protein&™. used cheese in Kunafa preparation is meltabilitg an
The objective of this study was to study the dffec stretchability, the meltability is important to Ibch
of adjusting PH of the brine solution on meltaind cheese to Kunafa crumbs to form a continuous layer
stretch ability of white brained Nabulsi cheese. facilitating turning over of Kunafa, whereas
stretchability is favored by the consumer as irzgf2.
Nabuls cheese preservation and deterioration:
Nabulsi cheese is classified as semi-hard cheeddethods of introducing  meltability and
(moisture content 45-55%).1t is boiled in brine fbe  stretchability in different cheese types: The original
sake of preservatiff and is the major cheese method of Nabulsi cheese processing does not iaclud
consumed in Jordan and the West B&hWhite brined  any steps or efforts to introduce meltability and
Nabulsi cheese is usually prepared from sheep amitk  stretchability, such characteristics when found in
sometimes from goat mffk Nabulsi cheese are rather incidental. However, sdthee
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factories that are specialized in production ofesfeefor «  The pH which determines the extent of dissolution
Kunafa delay the salting step of the drained cward t of colloidal calcium phosphate that influences the
permit the natural flora to act on the proteins #mel rheological properties of these cheese

PH, whereas other factories may apply acidificaitbn «  Gel syneresis which controls cheese moisture

milk by citric acid along with coagulating enzyme,

these method must be accompanied with flash heat Al-Rugaieet al.”*) found that Domiati cheese could
treatment (quick boiling) of cheese instead of ingil  be successfully made from buffalo’s milk by theedir
for the usual time to avoid denaturation of thet@ro  acidification method at pH 5.9 using hydrochloric o
that arrest meltability and stretchability. Thigoéyof  |actic acid, but the cheese made with lactic acid wf
cheese may spoil quickly as a result of short heaguperior quality as compared with the control chees
treatmerif’. made from milk acidified with hydrochloric acid.

In contrast to Nabulsi cheese, many cheese types The effect of direct acidification on the
such as Mozzarella, Cheddar and Braided cheesgomposition of Ras cheese was studied”byrhe
includes conditions that lead to meltability andcheese was made from buffalo’s milk by direct
stretchability. acidification with hydrochloric acid at pH 5.8 alzttic

These conditions are as follows: acid at pH 5.9. It was found that the acidification

Mozzarella cheese represents a renneted, acid cuglocedure saved more than 50% of the operation time
cheese in which lactic acid development is cargfull as compared with cheese made following the tratitio
controlled, exposure of the drained curd to warmmethods. However, the direct acidification techeiqu
temperature (about 54°C) heating permits a mildl aci had no significant effect on the yield, acidityltsand
ripening to PH 5.2-5.4. This critical PH, along lwit total nitrogen content of the cheese, neither Withuse
warm temperature exposure gives a smooth stretchingf hydrochloric nor with lactic acid.
quality to the cheese due to conversion of dicafciu In another study found that direct acidification
paracasein to monocalcium paracaé@in increased the protein breakdown in the resultaaesé

This phenomenon seems to occurs in other cheesgRas Cheese) through out the ripening period, as
like Cheddar. In fact, 35-96% of dicalcium paracase indicated by the increased levels of soluble nirgg
of Cheddar curd is transformed to monocalciumtyrosine and tryptophan.
paracesinate with increasing lactic acid that cdpced Moreover, the acidity of cheese fat in direct
from streptococci starter with a PH drop to 5.3the  acidification cheese was slightly higher than thetwl
aging process of this type of cheese for 4-12 n®nthduring ripening. No difference was observed in the
gives a good chance for different types of proteasguality of the cheese produced when using hydraithlo
enzymes to affect cheese texture and make it Bble  acid at pH 5.8 or lactic acid at 5.9.
and meltablg®. Breene et al.? studied the effect of direct

Braided cheese becomes stretchable as a result géidification in production of pizza cheese madarir
curd heating before shaping. The curd is kept ifif®p  acidified milk with lactic, acetic or hydrochloracid at
whey until it floats to the surface, then the cwhlich 56, It was found that the optimum stretchability o
has become elastic in texture, is stretched andléta mozzarella cheese is obtained at pH 5.2-5.4 for a

into the final shag#’. biologically acidified curd or pH 5.6 for chemicall
_ S acidified curd.
Effect of pH changes by direct acidification Kindstedt et al.*® studied the effect of direct

meltability and stretchability: During manufacturing acidification on mozzarella cheese. The cheese was
of most cheese varieties the development of acidity produced from acidified milk using phosphoric, acet
one of the basic operations during the manufaagurin hydrochloric and malic or citric acid at differepH
phas€®. Acidification affects several aspects of cheeseyalues. The moisture content, mineral retention and
manufacturing, taking into account that the efferies  rheological properties were affected significartjythe
between the indirect acidification (starter adaiji@and  type of acid and pH at coagulation.
the direct acidification (acid addition). According”, Queso Blanco is the most important white cheese
acidification has the following effects on: of Latin America ,traditionally produced througheth

addition of glacial acetic acid to milk and the
»  Curd strengthening which influences cheese yield application of heat without the use of rennet , idoer,
* The enzyme activity during coagulation and thuslactic, phosphoric, citric and tartaric acid arecatised

the amount required in the manufacture of this cheese vafféty
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Robert et al.® studied the effect of direct Stretchability Test: Stretchability is the tendency of
acidification of boiled cow's milk with hydrochlari melted cheese, upon pulling, to form fibrous steand
acid at pH6.1 on the rate of clotting time. Theurfd  that elongate without breakiig. Stretchability is also
that the acidification of boiled milk reduces tHetting  called stringined¥’. The helical viscometer met
time and increases the syneresis rate. provides a combined index of meltability and

Stretchability. The test measures the torque on a
Methods  of measuring meltability  and rotating t-bar spindle as the spindle is raisedugh a
stretchability: sample of melted cheese.
Meltability test: Meltability refers to the tendency of The Apparent Viscosity (AV) which indicates
shredded or diced cheese particles to form unifornstretchability of mozzarella cheese is defined laes t
continuous mass upon heafffy Meltihng maximum resistance recorded during the spindless pa
characteristics of cheeses, such as Mozzarell@d@r  through the column of melted cheese and is explesse
and processed cheese are the prime factor im relative units of full scale response by the dfield
determining quality for particular product applicais.  viscometer. Although the test is empirical in nafuts
Various methods are available to study the phenomen application to the study commercial Mozzarella ceee

of cheese meltability. has proven usefdf.
The Schreibét®® tests are most commonly used in
the industry. These methods are based on meadheng MATERIALSAND METHODS

changes in the diameter or height of a cylindrical
cheese samples after heating it in an oven.

Olson and Prid¥! modified the Arnott test to
measure the melting behavior of pasteurized proce
cheese. Muthukumarappaet al.'® proposed some
modifications to the Schreiber test. They recomreend Napuls cheese:
heating the cheese plug in oven set at 90°C foimsom
aluminum plate and measuring the area of spread of Raw cow milk (200 L)

Experimental cheese samples. Freshly drawn, cows

and sheep milk was obtained from one local farilin

Dhulail (Abu-Hamdan Farm). This milk was used as
llows to produce white brined.

melted cheese as indicator of cheese meltability. * Raw sheep milk (200 L)

Many attempts have been made to measure For the production of Mashmouleh cheese a
meltability in specific, objective and physical res but mixture of raw cow milk (34%, 86 L) and raw
none have been entirely successful. Sneithal.*®, sheep milk (66%, 123 L) was used

determined the flow curve of Mozzarella cheese at The traditional method for the production of thfs o

several temperatures by a capillary viscosimetet, b cheese as described 18&“’?’33 followed (Fig. 1)

slippage and strong viscoelastic effects played a €XCept the salting step which was carried out by in
dominate role, making it impossible to obtan  Prine salting instead of dry salting

meaningful rr}(lag?logicgl data. , _ Local market samples. Four commercial whit brined
Parket al.™™ studied melting quality of cheese with napisj cheese samples and three desalted Mashmoule
a Differential Scanning Calorimeter (DSC). However, cheese type specially used for Kunafa preparatiens

the DSC data were not useful in predicting melti”gpurchased from the local market from different
behavior of cheese. Dynamic rheological testing hagycations. as shown in Table 1.

many applications in food industry and has beerd use

with chees&®?"] Correlated the dynamic rheological Testing methods:

properties of Cheddar cheese up to 90°C with thevieltability test: The method used in measuring
meltability data from Arnott test. However, dynamic meltability of cheese was described’byit is based on
testing of cheese is hard to perform at high teatpee  heating a standardized cylindrical cheese specimen
as sample slippage may distort the results. A veay tunder specified conditions (oven temperature ame i
overcome the slip and viscoelastic effects whilefollowed by measuring the specimens diameter.
assessing the viscosity of cheese is to use squpezi _

flow rheometry. The Squeezing flow technique has/2le L Types of cheese samples in local market :

been widely used to study cheese meltaBitCreep N Trade mark Origin Source of milk

test i f the fund tal ts b Danking Germany Pasteurized cows milk
€s IS_ one o e undamen a_ measuremer? S Dy Bashkavan Turkey Pasteurized cows milk
measuring the strain or deformation as a functibn o3 Nordex Denmark Pasteurized cows milk
time when constant, instantaneous stress is applied 4 Hamoudoh Jordan Pasteurized cows milk
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Milk
Raw cow milk 100%.
Raw sheep milk 100%.
Mixture of raw cow milk (34%) and sheep mik (66%).

!

Renneting
0.011 gL* Microbial rennet powder (Rennilase) was
dissolved in water and mixed with

Warmed (38C) milk.

Cutting
After incubation for 30 min. At 37C the curd was cut into
cubes (ca 2 cm). The curd was left for 30 min.gowit whey
separatio.

Drainage
The curd was transferred to cheese cloth placad in
rectangular stainless steel fram&3Bx39 H/LMW cm for
whey drainage.

A 4

Pressng
The curd was first pressed with a pressure of 3¢9 for
30 min. and tkn 53C gmcm™ for 60 mir.

'

Cutting and Shaping
The cheese curd was cut into piecesafd.5 cm.

A

Salting
The cheese pieces were dipped in saturated brbe\A8W)
for 3 days at room temperature.

A

Bailing
The cheese pieces were boiled in 18% (WAW) lon&5
min.

A

Storage
Cheese pieces were cooled, and stored in 18% ibrplastic
containers at room temperature.

Fig. 1: Processing steps for the production
experimental white brined Nabulsi cheese

The cheese specimen is placed on a glass Petri
dish. And heated at 100°C in a laboratory ofgen
15 min. At the end diameter of the specimen is
measured.

Stretchability test:

Principlee A new apparatus was designed and
constructed for measuring the stretchability of
cheesB%. It is based on heating a specified amount of
cheese under specified conditions on a thermoatigtic
controlled hot plate, followed by measuring thaatise
between the hot plate and mobile stretching plafere

the cheese strands are torn off.

Measuring Procedure: A desalted 15 g cheese sample
is manually crumbled using a spatula and spreadlgve
on the filter steady over the hot plate surface and
preheated to 8°C (40 sec) the stretching platevieded

by the pulley handle until settling on the heatathgle
and held for 5 sec. The stretching plate is then
consciously and steadily lifted by the pulley handl
until the stretched cheese strands are torn ofe Th
distance between the two plates in cm is considaseal
measure of stretchability.

Validation of dtretchability test: Four different
samples of Mozzarella cheese along with three tgbes
desalted Mashmouleh cheese were measured for
stretchability in order to validate the new method.

PH adjustments. Pre-experiments were carried out to
determine the amount of citric acid needed to reheh
desired pH a cheese amount was homogenized in the
equivalent amount of the original storage brinaisoh
using a kitchen blender, citric acid solution was
gradually added under mixing until the desired pakw
reached. The consumed citric acid amounts were
recorded.

In the actual treatment, cheese cube2%2.5 cm)
were taken with the equivalent amount of brine dred
calculated (10%) citric acid volumes were added,

After three weeks the equilibrium pH was reached
Melt ability and stretchability of the different

oftreatments were measured each week for dorafio

4 weeks.
RESULTS

Cylindrical samples of 2 cm diameter and 1.5 cm

height prepared as follows:

Stretchability test evaluation (method validation): A

A test tube of 2 cm diameter is used as a probe tnew instrument for measuring stretchability was

cut a specimen from a desalted cheese sample. Thiesigned and constructed.
specimen is wrapped again and stored at 4°C untili The new instrument proved to be reliable for
testing.

measuring stretchability. The cheese samples are



Am. J. Applied Sci., 6 (4): 543-550, 2009

indicative. However, a test of choice for measuring  Table 3 shows the effect of adjusting pH and

stretchability of cheese should measure the actuaitorage time on meltability and stretchability of

formation of strands during heating of the sample. desalted white brined Nabulsi cheese made from cow
Mantling of both plates (hot plate and stretchingmilk. _

plate) with filter steady used to facilitate adiesiof _ It is obvious that pH 5.8 and 5.4 are the most

the molten sample on the surface that is a basigUitable pH values for implying meltability and

requirement for stretching. The filter studays areStretchability to the cheese after the first weeid a

changed after each measurement that makes cleanij;"ie%{foughOUt the four weeks of storage with significa

after each measurement easy. The maximum distan efncasf[(s(:po.?S)Jrlpm thz other trr]ezgpents.
limit of this apparatus is80cm, some of the samples . t pH 4.6 meltability and stretchability were not
reached this value and would exceed it. existent, at the isoelectric point of casein, theese

... Was, upon heating, mealy with no adhesiveness.
Table 2 shows the results of stretchability Means with the same letter within the same column
measurements of four Moz;arella z_an_d threeg o ot significantly different.
Mashmouleh cheese sgmples of different origins. The highest melt ability (3 cm) and stretch apilit
The values of the five runs of each sample indicat (17 5 cm) values were recorded at 5.8 pH at foleku
that there is no significant difference betweennthe storage period. These values could be judged as

This confirms the validity of the measuring method acceptab|e and the method is practicaL Howevethdu

term of high reproducibility. investigation is needed to evaluate the effectisgeraf
Means with the same letter within the same row arether acids like lactic acid and phosphoric acidroa
not significant difference (p<0.05). mixture. It is worth notifying that acidificatiors ialso
Effect of adjusting pH on meltability and desirable to improve keeping ability of this typé o
stretchability of Nabulsi cheese. cheese that originally lacks acidity.

Table 2:Stretchability values of different commercial Mozmdéa and Mashmouleh * samples (methods validation)
Stretchability **( length in cm)

Runs
Standard Coefficient

No Cheese type Origin 1 2 3 4 5 Mean deviation asfation
1 Mozzarella Germany 42a 42a 41.2c 0.84 2.03

Danking Turkey 40a 41a 50a 52a 41a 50.8a 0.84 1.65

Bashkavan Denmark 50a 5la 44a 44a 5la 43.6b 054 24 1

Nordex Jordan 44a 43a 40a 42a 43a 41.4c 0.82 1.98

Hamoudeh Amman 42a 4la 42a 50.2a 0.45 0.89
2 Desalted Zarka 50a 50a 51.2a 0.84 1.64

Mashmouleh Zarka 50a 52a 5la 51.2a 0.45 0.88

Sample no.1 50a 5la 52a 52a 5la

Sample no.2 5la 50a 5la

Sample no.3 5la 5la
*: Desalted Mashmouleh: desalted white brined ohgeschased from sweet shops; **: Measurement ub@gew apparatus designed for the
purpose of the study

Table 3: Effect of adjusting * pH of the brine astdrage time on meltability and stretchability afliulsi cheese made form cow milk
Storage time ( week)

Meltability **(Diameter in cm) Stretchability**(Length in cm)

Sample PH of the

No. cheese 1w 2w 3w 4w 1w 2w 3w 4w
1 Control (6.6) 2.09 2.1Q 2.2Q 2.2Q 3.5Q 5.50, 6.50, 7.0Q
2 6.2 2.19 2.25 2.3Q 2.30, 4.5Qpc 5.00, 5.00, 6.0Q
3 5.8 2.5Q 2.5Q 2.75% 2.0Q 6.5Q 8.50, 16.00, 17.5Q
4 5.4 2.45 2.65 2.75% 2.85 5.0Q 8.00, 11.0Q 13.00
5 5.0 2.25 2.45 2.5 2.5Q 4.00,, 5.50, 5.5Q 5.0Q
6 4.6 None None None None None None Noneg None

*: PH Adjusting by adding (10%) Citric acid consiiigy the buffering capacity of the cheese at efuilim; **: Meltability measurement was
performed on the cheese after desalting, USirig*: Stretchability measurement was performed the cheese after desalting, using the new
apparatus designed for the purpose of the study
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DISCUSSION

3.

Values as high as 40cm are considered as excellent

stretchability,
higher than 80cm is not of practical value
However, there are

thus measurements of stretchability

4,
significant differences

between the values of stretchability of the various
Mozzarella cheese samples but not Mashmouleh.

samples. The instrument is simple and demonstthges
actual stretchability unlike the helical viscometdrich
measures the resistance to the impeller
viscosimeter as an indicator of stretchability.

of the

The pH adjustment was done in original brine of 6.

cheese samples using citric acid. Citric acid
chemically classified as a good cheater of the shee

is

which was experimentally predetermined through7.

titration of a brine/cheese slurry.

The acidification process of brined cheese byccitr
acid allows the conversion of dicalcium Para casein
monocalcium Para casein as shown below:

Calcium Casinate+Rennin. Dicalcium procrastinate g.

(precipitation or curd)
Dicalcium procrastinate+Citric acid- Monocalcium
paracesinate (smooth and stretchable)

The pH values for optimum stretchability was

found to be 5.2-5.4 for Mozzarella cheéde that
conform to the lower value found for Nabulsi cheese

CONCLUSION

» Adjusting the pH of Nabulsi cheese by the addition
of citric acid induced a low but considerable level

of stretch ability and melt ability after 3-4 weeks
storage

9.

10.

11.

e Further investigation are needed to evaluate the

effect of using acids other than citric acid like

lactic acid and phosphoric acid to adjust pH of the

cheese on is it meltability and stretchability
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