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Abstract: The aim of this study was improving the characteristics of low-fat buffaloes’
Kashkaval cheese by using fat replacers. Kashkaval cheese treated with fat replacers namely
Simplesse™ 100 and Dairy-Lo™ contained higher moisture than control cheese when fresh
and along the ripening period. Total acidity was not affected by using fat replacers as
compared with control cheese when fresh, then decreased up to the end of ripening. Fat and
total nitrogen contents were slightly decreased with using fat replacers however, they
increased with variable rates during ripening period. Soluble nitrogen, non protein nitrogen,
tyrosine and tryptophan contents were not greatly affected by using fat replacers in fresh
cheese but they were markedly increased by advancing cheese ripening. Cheese treatment
of 0.8% Simplesse™100 or 1.6% Dairy-Lo™ ripened for 3 months showed the best
organoleptic properties.
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INTRODUCTION

The cheese known as Kashkaval in the Balcanik countries, especially Greece, Bulgaria, Romamnia
and formerly Yougoslavia regions is a scalded-curd variety prepared formerly only from sheep's milk.
It has a semi-hard texture and pliable with small gas holes, whereas its falvour is pleasant, mild,
aromatic and slightly sweet or salty (Scott, 1981). At present, the Kashkaval is prepared from cows,
buffalo's or goats milk or from a mixture of these milks. In Romania there are known a large varieties
of Kashkavals such as: Penteleu, Teleoroman, Fetesti, Dobrogea, Dalia, Vrancea, Rucar, etc. named
from the region where they are prepared.

Excessive uptake of fat in the diet has been linked to certain diseases, such as heart disease,
cancer, obesity and possibly gall bladder disease and it is associated with high blood cholesterol and
increased risk of coronary heart disease (Akoh, 1998).

However, fat is not only of nutritional significant in cheese, but also plays an important role in
determining the characteristic body and texture and flavour of cheese. Fat content of cheese affects its
microstructure. Full-fat cheese is characterized by a protein matrix interspersed with fat globules of
varying shapes and sizes. On contrary, low-fat cheese has less fat globules within the protein matrix
and the globules are usually smaller than that of the full fat cheese (Mistry and Anderson, 1993).

Therefore, low-fat cheese made by conventional methods have poor functional properties and
sensory defects, such as poor aroma and over-firm or rubbery body and texture as well as appearance
of calcium lactate crystals defect. Additionally, low-fat cheese usually excessively dry and possibly
grainy (Rodriguez, 1998). Hence, many ingredients and different technological strategies have besn
developed for enhancing quality of low fat cheese.
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It is important to ascertain the textural characteristics of commercial cheese in the context of
developing low-fat cheese using fat replaces in order to achieve similar textural characteristics of full-fat
cheese (Bhaskaracharya and Shah, 1999).

The utilization of reduced fat buffaloes’ milk in the manufacture of Kashkaval cheese using
different types of commercial fat replacers is the aim of this study to improve the quality of the
resultant cheese.

MATERIALS AND METHODS

I-Materials
e Milk: Fresh raw buffaloes” milk was obtained from the herd of Animal Production Research
Station at Sakha, Kafr El-Sheikh Governorate, Egypt, during September to December, 2006.

¢  Fatreplacers
Simplesse™100 consists of micro particulates whey protein concentrate was obtained from the
NutraSweet Kelco Co., San Diego, Ca, USA.
Dairy-Lo™ made from denaturated whey proteins was obtained from Cultor Food Science,
Ardsley, New York, USA.

«  Coagulants: Rennilase (Mucor miehi) was obtained from Gist-brocades, France.

¢«  Starter Culture

Mesophilic Aromatic culture type, LD-culture CH-N22 multiple mixed strain culture containing
Lactococcus lactis subsp. cremoris, Lactococcus lactis subsp. Lactis and Leuconostoc mesenteriodes
subsp. cremoris, were obtained from CHR. HANSEN, Denmark.

Cheese Manufacture

Kashkaval cheese was manufactured from low-fat buffaloes® milk according to the method
described by Scott (1981).

Sixth part (1/6) of buffaloes’ milk was served as full-fat control cheese and the remainder milk
portion was standardized to 1.5% fat, heat treated at 72°C for 15 sec and cooled to 30°C. The heat
treated milk was divided into five parts. The first part was manufactured without any fat replacers and
served as low-fat control. Quantities of 0.8 and 1.6% of Simplesse™100 and Dairy-Lo™ were added
to the other four parts, respectively, then the manufacture steps were completed. The cheese was
ripened for three months and samples were analyzed when fresh and after 1, 2 and 3 months.

II-Methods

Cheese samples were chemically analyzed for total and soluble nitrogen contents by Kjeldahel
method (IDF, 1993). The fat content, moisture, non protein nitrogen and titratable acidity contents of
cheese as described by Ling (1963). The Soluble tyrosine and tryptophan contents of cheese were
determined according to Vakaleris and Price (1959), while total volatile fatty acids content was
determined as described by Kosikowski (1966).

Organoleptic Evaluation of Cheese

The cheese samples were organoleptically scored according to the score card suggested by Nelson
and Trout (1956). Samples were judged by 12 persons of the colleague staff members.
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Statistical Analysis
The obtained data were statistically analyzed according to SAS (1996). Analysis data as indicated
by the following model:

Yij = u+Ti+Eij

Where:

Yijk : Is the observation on the ith treatment.

p : Common effect to represent the population mean.
Ti : A commen effect to treatments.

Eij : Isarandomized error.

RESULTS AND DISCUSSION

The commercial fat replacers Simplesse®™100 and Dairy-Lo™ were used to improve the quality
of low-fat Kashkaval cheese made from buffaloes’ milk. Chemical composition and organoleptic
properties of the controls and treated cheeses when fresh and during ripening were determined.

Cheese Chemical Composition

Moisture content: Data of moisture content in Table 1 show that the average moisture content of
fresh cheese was affected significantly by adding different fat replacers. Where cheeses made with fat
replacers contained higher moisture content than cheese without fat replacer (low-fat control IT and
full-fat control T) and this increase was significant to the ratio of added fat replacers. These results are
in agreement with those of Lucey and Gorry (1993) and McMahon et /. (1996) who found that low-
fat cheese made with the whey-based fat replacers had higher moisture contents than control cheese.
The latter one mentioned that the differences in moisture content may reflect the quantity of fat
replacers used in the cheese manufacture.

The data also indicate that the kind of fat replacers had a significant effect on the moisture
content as Simplesse™100 showed higher moisture content compared with Dairy-Lo™. These results
are in agreement with the finding of McMahon et af. (1996) who mentioned that Simplesse®™ was
observed as micro particles embedded within the casein matrix, which may allow greater moisture
retention than does Dairy-Lo™ which was present as smaller particles. The increased moisture content
of low fat cheese made by using fat replacers explains that curd syneresis decrease during cheese
making, which
can occur as a result of water being bound directly to the fat replacers, or fat replacers may interfere
with shrinkage of the casein matrix, thus lowering the dnving force invalved in expelling water from
the curd particles.

All experimental cheese treatments showed a continuous decrease in moisture content as the
ripening period progressed up to three months.

Table 1: Effect of using fat repalcers on moisture content (%9) of low-fat buffaloes Kashkaval cheese during ripening

Control Simplesse (R) 100 Dairy-LoTM Average of
Storage period storage
(month) Full-fat Low-fat 0.8% 1.6% 0.8% 1.6% period+SE
Fresh 41.401% 38.796% 48.8104¢ 49,5614 45.516* 47.3044 45.23+£0.06
1 36.4558 34,5894 47.9238 48.315% 4423280 46.157% 42.945+0.05
2 35.065% 34,2315 46.973% 47,9777 43.661° 45.025% 42.31+£0.04
3 34.8280 33,9635 46.825% 47.793¢4 43.117%® 45,628 42.03+£0.04
Average of 36.94+0.09 3540+0.08 47.633+0.10 48.413+0.11 44.133+0.12 46.25+0.11 -

treatments=SE
Dissimilar superscripts at the same row (for treatments) and at the same coloum (for storage periods) are significantly
ditfered (p<0.05). Each value is a mean of 3 replicates
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Fat Content

Cheese fat content of fresh samples was slight lower in the various treatments than low-fat
control {Table 2) and lower than full-fat control. Also, the fat content slightly decreased as the quality
of fat replacers increased which may be due to that addition of fat replacers to cheese milk which led
to relatively higher moisture retention in the resultant cheese.

It was also noticeable that during the ripening period there was a significant increase in cheese fat
content of all samples. This could be attributed to the reduction of its moisture content throughout the
ripening period.

Titratable Acidity

The titratable acidity of cheese treatment did not affected significantly by using the different fat
repaleers as compared with the controls (Table 3). Also, it can be seen from the same table that the
titratable acidity of all cheese samples had the same trend, as it increased significantly with variable
rates during ripening period. These results are in agreement with those reported by Katsiar and
Voutsinas, (1994) and Romeih ef ai. (2002) for low-fat cheese.

Total Nitrogen (TIN)

The TN (total nitrogen) content of the different treatments were slightly lower than the low-fat
control while had a significant difference than firll-fat control cheese (Table 4).

The TN contents were inversely proportional to the rate of adding fat replacers, Simplesse®100
but the opposite trend was noticed with Dairy-Lo™.

The TN contents of all cheese samples were significantly increased with variable rates during
ripening. This increase might be due to loss of cheese moisture content. Similar results were reported
by Abdel-Gawad (1998), Rudan et @l (1998), Zammar, (2000) and Romeih ef af. (2002) with
Mozzarella and low fat white cheese.

Soluble Nitrogen: Total Nitrogen Ratio (SN/TN)

The effects of fat replacers added to low-fat cheese on its SN/TN are shown in Table 4. It is
worth mentioned that SN/TN had similar trends as they did not affected significantly by the fat
replacers in fresh cheese and markedly increased significantly by advancing cheese ripening.

Table 2: Effect of using fat replacers on fat percentage of low fat buffaloes Kashkaval cheese during ripening

Control Simplesse™100 Dairy-Lo™ Average of
Storage period storage
(month) Full-fat Low-fat 0.8% 1.6% 0.8% 1.6% period+SE
Fresh 258 128 11.0%® 10.5% 11.3% 10.4% 13.37+0.06
1 27 13 12.1%® 11.1% 12.280 11.3% 14.45+0.07
2 29% 14 12.8% 11.7% 13.0°% 12.1% 15.433+0.08
3 300 150 13.200 12,67 13.5™ 12.8™ 16.18+0.09
Average of 27.75+0.11 13.5+0.09 12.28+0.12 11.48£0.08 12.5+0.09 11.65+0.12

treatments+SE

Dissirnilar superscripts at the same row (for treatments) and at the same colum (for storage periods) are significantly differed
(p<0.05). Each value is a mean of 3 replicates

Table 3: Effect of using fat replacers on titratable acidity % of low fat buffaloe's Kashkaval cheese during ripening

Control Simplesse®100 Dairy-Lo™ Average of
Storage period storage
(month) Full-fat Low-fat 0.8% 1.6% 0.8% 1.6% period+SE
Fresh 0.63% 0.614 0,724 0.73% 0.714 0.728 0.69+0.002
1 0.79482 0.765 0.854Bs 0.898 0.834Bs 0.87482 0.83+0.003
2 0.91B= 0.898 1.26%¢ 1.2986 1.218: 1.248= 1.13£0.004
3 1.426= 1.37% 1.49° 1.58% 1.46° 1.526= 1.47£0.006
Average of 0.938+0.02 0.908+0.03 1.08£0.04  1.123+0.03 1.05:0.02 1.09+0.03

treatments+SE

Dissimilar superscripts at the same row (for treatments) and at the same colum (for storage periods) are significantly differed
(p=<0.05). Fach value is a mean of 3 replicates
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Table 4: Effect of using fat replacers on total nitrogen, soluble nitrogen/total nitrogen and non protein nitrogen/total
nitrogen contents of low fat buftaloes’ Kashkaval cheese during ripening

Control Simplesse™100 Dairy-Lo™ Average of
Storage period storage
(month) Full-fat Low-fat 0.8% 1.6% 0.8% 1.6% period=SE
T N (%)
Fresh 2,824 4,814 4,244 4.17% 4,358 4.42% 4.14400.004
1 3.04582 5.0040d 4,468 4,308 4.68° 4.8148¢ 4.412+0.003
2 3.21B 5278 4,628 4.66°° 4,798 4,878 4, 57£00.002
3 34455 5.48% 4.845% 4,798 5.015% 5.138¢¢ 4, 78L00.004
Average of 3.13£0.007 5.163+0.008 4.54+0.12 4.503+0.11  4.71+0.12 4.81+0.11
treatments+SE
SN/TN (%)
Fresh 6. 794 6,828 6.820% 6.77% 6.96% 6.814 6.83£0.004
1 7.558 6,998 7.1658 7. 14580 7178 7.09% 7.18+0.005
2 10.31% 10.40% 10.73% 10.33% 10.39% 10.31% 10.412+0.006
3 10.79¢0e 10.66 10.81% 10.46% 10.50% 10,520 10.623£0.007
Average of R86+0.11 8.718+0.12 8.88+0.11 8.68+0.113 8.76+0.11 8.68+0.13
treatments+SE
NPN/TN (%)
Fresh 2.730% 2.975% 2,774 2,874 2.65% 2,724 2.79+£00.004
1 3.605% 3.143% 3.018¢ 3.008* 2.08% 3.03% 3.143+0.005
2 4.090% 3.373% 3,220 3.31¢ 3.17% 3.25C 3.143+0.006
3 4.2010® 374102 3699 3,710 3.660 3,720 3.80+00.007

Average of 3.68£0.12  3.31+0.11 3.17+0.13 3.25+0.11 3.12+£0.12 3.18+0.13

treatments+SE

Dissirnilar superscripts at the same row (for treatments) and at the same colum (for storage periods) are significantly differed
(p=<0.05). Fach value is a mean of 3 replicates

Non-protein Nitrogen: Total Nitrogen Ratio (NPN/TIN)

The changes occurred in NPN/TN of low fat buffaloes® Kashkaval cheese made with fat replacers
during ripening (Table 4). As ripening period progressed, NPN/TN of all samples gradually
increased significantly up 3 months. These results are in agreement with those reported by
Mostafa er of. (2002) for semi-hard cheese.

Soluble Tyrosine and Tryptophan

Tyrosine and tryptophan contents of fresh samples did not significantly affected by using fat
replacers, while they were affected significantly during storage period for all samples (Table 5). Fat
replacers produced an increase in tyrosine and tryptophan contents during ripening period in
comparison with the control samples and also increased with increasing the added ratio of fat replacers.
Using Simplesse™100 gave higher contents of tyrosine and tryptophan as compared with using Dairy-
Lo™ at the same added ratio. These results are in agreement with the finding of El-Sissi (2003} for
buffaloes® Kashkaval cheese.

Total Volatile Fatty Acids

Itis clear from (Table 6) that TVFA contents were affected significantly with fat content, where
control sample from full-fat milk had the highest TVFA content than all other treatments at fresh and
during storage periods. However, the data indicate that all samples showed significant increase in
TVFA contents during storage period. These results are in agreement with the finding of Hassan (2005)
for low-fat Edam buffaloes” cheese.

2-Organoleptic Properties

When fat is partially removed, as in low fat cheese, casein plays a greater role in curd texture
development. In low fat variants there is inadequate breakdown of caseinand therefore, the cheese
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Table 5: Effect of using fat replacers on soluble tyrosine and tryptophan contents (mg/100 g cheese) of low-fat buffaloes’
Kashkaval cheese during ripening

Control Simplesse®100 Dairy-Lo™ Average of
Storage period storage
(month) Full-fat Low-tat 0.8% 1.6%% 0.8% 1.6%% period=SE
Tyrosine
Fresh 45.46% 44.00% 45.81% 46.2282 45,924 46.335 45.623+0.05
1 179.34% 167418 188.26%° 1914254 182.61% 189.21% 183.042+0.06
2 263.21° 244.05% 272.51% 274.31% 269.83° 271.31%  265.87+0.04
3 32254 299,520 319.62% 315.69™ 313.52™ 315.81™  314.45+0.07

Average of 202.64+0.12  18875+0.11 206.55+£0.13 206.91+0.15 202.97X0.17 205671016
treatments=SE

Tryptophan

Fresh 53.41% 55314 55.21% 56.00% 54,228 55.71% 54.98+0.05
1 62858 63.26% 68.43% 74.41% 63.51% 67.43% 66.65+0.07
2 71.23% 70.21% 75.2% 78.62% 72.66% 75.62% 73.92+0.06
3 79.2500 73.620 80.30° 84.61%° 76.250% 79270 78.88+0.07
Average of 66.69+0.11 65.6+0.12 §9.79£0.10  T341+0.13 66662012  69.51+0.14
treatments+SE

Dissimilar superscripts at the same row (for treatments) and at the same colum (for storage periods) are significantly differed
(p=<0.05). Fach value is a mean of 3 replicates

Table 6: Effect of using fat replacers on total volatile fatty acids (mL 0.1 N NaOH/100 g cheese) of low-fat buffaloes’
Kashkaval cheese during ripening

Control Simplesse™100 Dairy-Lo™ Average of
Storage period storage
(month) Full-fat Low-fat 0.8% 1.6%% 0.8% 1.6% period+SE
Fresh 10.5%¢ 4.5 5.280 5.6 5.30 5.6°° 6.12+0.005
1 18.6%¢ 10.88= 14.6% 14.6% 14.4%° 14.5% 14.58+0.006
2 27.8° 20.0° 21.6% 22,25 22,05 22.6% 22.70+0.005
3 38.5™ 23.4P= 264 26.8™ 271 27.3™® 28.25+0.007
Average of 23.8540.03  14.6840.02 16.95+0.03 17.30+0.02 17.240.04 17.5+0.03

treatments=SE

Dissimilar superscripts at the same row (for treatments) and at the same colum (for storage periods) are significantly differed
(p<0.05). Each value is a mean of 3 replicates

appears to have a relatively firm texture. It is well known that milk fat provides a range of functional
properties in cheese, contributing to the sensory, structure and texture attributes of the product. Fat
breaks up to protein matrix and plays the role of lubricant to provide smoothness and softer texture.
In low fat cheese due to the dominating role of milk proteins, the product becomes hard and rubbery.
These results are in agreement with the finding of El-Sissi (2003) and Anderson and Mistry (1994).

Data presented in Table 7 show that fat replacers fresh cheese treatments have nearly the same
appearance score like control full-fat cheese, while low-fat control cheese obtained the lowest scores
when fresh and during ripening periods. From the same Table 7 it could be said that using fat replacers
improved body and texture of low fat buffalo's Kashkaval cheese as compared with low-fat control
cheese when fresh. Addition of fat replacers Simplesse™100 at 0.8% and Dairy-Lo™ at 1.6% were
effective in improving body and texture of low-fat cheese. From the obtained results it was evident that
as ripening period progressed there was gradual improvement in body and texture until the third month
of ripening for all cheese samples. However, using 1.6% of Simplsse®™100 gave a soagy body and
texture, while low-fat control cheess had a hard body and texture.

Also, the same Table 7 showed that flavour of low-fat Kashkaval cheese had nearly the same
scores as full-fat control cheese when fresh. During ripening period there were obvious increases in
flavour scores for different treatments. However, Simplesse™100 at 0.8% level gained the highest
flavour score being 58 point.
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Table 7: Effect of using fat replacers on the organoleptic properties of low-fat buffaloe's Kashkaval cheese during ripening

Storage Control Simplesse™100 Dairy-Lo™
Properties period (month) Full-fat Low-fat 0.8% 1.6% 0.8% 1.6%
Appearance (10) Fresh 8 6 8 8 8 8
1 8 6 8 8 8 8
2 9 6 9 9 9 9
3 9 7 9 9 9 9
Body of Fresh 22 compact 16 hard 24 smooth 20 soagy 22 compact 24 compact
Texture (300 compact
1 24 compact 17 hard 25smooth 21 soagy 23 compact 25 compact
compact
2 25 compact 18 slight 27 smooth 22 soagy 24 compact 26 smooth
opened compact compact
3 27 compact 20 slight 28 compact 23 soagy 25 compact 27 compact
opened smooth smooth
Flavour (60) Fresh 35 flat 18 flat 36 flat 36 flat 33 flat 35 flat
1 42 slightly 22 flat 45 slightly 46 slightly 40 slightly 41 slightty
developed developed developed developed developed
2 52 slightly 29 flat S4ripened 54 ripened 50 ripened 51 ripened
developed
3 55 ripened 33slightly  58ripened 58 ripened 51 ripened 53 ripened
developed
Total (100) Fresh 65 40 68 o4 63 67
1 74 45 78 75 71 75
2 86 53 91 90 83 87
3 91 60 95 90 93 89

Samples were judged by 12 persons of the colleague staff members

The total scores are recorded in Table 7, It could be noticed that using fat replacers greatly
enhanced the total score of the low-fat cheese which improved by increasing the added ratio for Dairy-
Lo™ and at the lowest ratio for Simplesse®™100 when fresh and during storage period. Adding 0.8%
Simplesse™100 gained the highest score at the end of ripening period being 95 point. Low-fat contrel
cheese gained the lowest score when fresh and during ripening period.

CONCLUSION

From the foregoing results it could be concluded that Kashkaval cheese can be made from low fat
buffalo's milk by using 0.8% Simplesse™100 or 1.6% Dairy-Lo™ with good quality attributes as
compared with full-fat cheese.
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