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Abstract

Thirteen samples of commercial Ras cheese made from raw milk at different ripening-times were collected to evaluate the sensory

properties and to identify the typical flavour compounds. Cheeses were assessed by sensory evaluation and the rheological properties

were determined using a texture analyser. The flavour volatile compounds were identified by the purge-and-trap, thermal desorption

cold-trap (TDCT), and gas chromatography mass spectrometry (GC-MS). The sensory results indicated that nine samples were

typical Ras cheeses and four samples were not typical. Typical Ras cheeses are tasty, piquant and sharp in flavour, not too hard and

not soft in texture and the body includes some mechanical opening and gassy opening and the colour is regular. A good correlation

was found between the rheological measurements calculated by machine and the texture score evaluated by panellists. GC-MS

analysis revealed that, sixty-eight volatile compounds were detected in Ras cheese samples, including 13 alcohols, 11 aldehydes, 17

ketones, 25 esters and four other compounds, which are responsible for the cheese flavour. There were differences in the concen-

trations of these aroma-compounds, corresponding with the age of the cheeses. GC-MS data showed a good correlation with the

organoleptic descriptions.

� 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

The acceptability of cheese depends on its appearance

and sensory properties (flavour, texture, colour). Among

these, flavour is the most important attribute for the

consumer. Cheese flavour is believed to result from a
balance between a number of components released by

enzymic reactions rather than by chemical interactions

(Delahunty & Piggott, 1995). The characteristics of the

flavour profile of ripened cheeses are mainly affected by

proteolysis of caseins and in some types also by lipolysis

(Adda, 1986; Crow, Coolbear, Holland, Pritchard, &

Martley, 1993). The typical cheese flavour results from

further degradation of amino acids, due to the pathways
for conversion of amino acids by starter bacteria (Bro-

ome & Limsowtin, 1998). That is true in cheeses, pro-
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duced from pasteurised milk and using starter cultures

under aseptic conditions. However, cheese ripening is

influenced by different factors, including themicroflora of

the raw milk, coagulant, starter cultures and by adven-

titious contamination of the cheese by non-starter bac-

teria (Fox, O�Connor, McSweeney, Guinee, & O�Brien,
1996).

Based on sensory evaluation and chemical analysis of

cheeses, various groups of volatile compounds have

been identified as being responsible for the final taste

and aroma of cheese. These compounds comprise fatty

acids, esters, aldehydes, alcohols, ketones, sulphur

compounds and various other components (Bosset &

Gauch, 1993; Engels, Dekker, De Jong, Neeter, & Vis-
ser, 1997; Urbach, 1995; Maarse & Visscher, 1989).

Specific definitions for several types of cheese are given

in the Code of Fedral Regulations (1990) and over one

hundred volatile components identified in various types

of cheese are currently listed in the database (Nijssen,

Visscher, Maarse, Willemsens, & Boelens, 1996).
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Ras cheese, the main traditional hard cheese in

Egypt, is manufactured in a high proportion under ar-

tisan production, in rural areas and small factories, from

raw cow�s milk or a mixture of cow and buffalo�s with-
out using starter cultures (Hofi, Yossef, Ghoneim, &
Tawab, 1970). In such production the fermentation oc-

curs by the wild microflora present in raw milk and

surrounding environment. The cheese is usually stored

under moist and uncontrolled hygienic conditions,

which can be contaminated by moulds and yeasts.

Therefore, the final flavour and texture will be influ-

enced by the action of the flora.

Recently, the Egyptian organization for standard-
izadation and quality control published new standards

indicating that different cheese varieties must be made

from pasteurised milk. These standards aim to produce

high quality products for consumer health. This means

that cheese makers should use starter cultures in the

manufacture of cheese as well as for maintaining the

typical flavour of produced cheese. Although, there are

several studies on Egyptian Ras cheese, the typical fla-
vour and the flavour volatile compounds of cheese have

not been defined.

So the aim of our research work is to identify the

typical Ras cheese made from raw milk, so as in further

work, to manufacture a typical Ras cheese from pas-

teurised milk using starter cultures. In our previous

study (Awad, El Attar, Ayad, & El-Soda, 2003, part 1),

Ras cheese samples tested were characterised by rheo-
logical, physico-chemical and microbiological analyses.

The present work focusses on evaluation of the sen-

sory properties and identification of the flavour com-

pounds of Egyptian Ras cheese, made from raw milk.
2. Materials and methods

2.1. Cheese samples

Thirteen samples of commercial Ras cheese, made

from raw milk in winter and in spring at different age

ripening; 3 and 12 months, were collected from cheese

distributors. Cheese samples were manufactured in dif-

ferent rural places located in the delta region: Damnhor,

Domietta, Kafer El-sheich, Menoufia, Abo-Homos,
Mahmodia, and Alexandria.

2.2. Sensory evaluation

The sensory evaluation was carried out by a panel

consisting of 10–30 cheese graders, including staff

members and assistants at the University of Alexandria,

Dairy science and technology department, cheese pro-
ducers and cheese consumers. Each panel member as-

sessed the cheeses separately, taking into account the

following features: flavour (odour and taste), texture,
section and colour. For assessment of flavour, section

and colour, the following scale were used: 1, bad; 2,

sufficient; 3, good; 4, very good. The scale for texture

was: 1, soft/firm; 2, normal; 3, hard; 4, very hard. In-

tensity of flavour and texture attributes were scored on a
scale from 1, slightly; 2, moderate; 3, strong; 4, very

strong. A list containing the most widely accepted de-

scription of flavour, off-flavours, texture, section and

colour of the cheese was present to aid the panellists in

carrying out the organoleptic evaluation. Moreover, the

graders were asked to give the cheese an overall grade

out of (100) and to whether each sample was typical Ras

cheese or not and any additional comments. The sensory
evaluation procedure was modified from the method

described by (Ayad, Verheul, Wouters, & Smit, 2000).

The averages of sensory evaluations data with standard

deviations were determined.

2.3. Rheological properties

Objective tests for Ras cheese were carried using a
texture analyser (CNS-Farnell, England). Cheese sam-

ples were cut into cubes (5 cm3) and kept at 12 �C for 1 h

before analysis. The probe was TA 17 (30� and 35 mm

diameter), at a speed of 1 mm/s and 10 mm distance,

using cycle or normal programmes. Hardness, consis-

tency, cohesiveness, springiness, fracturability, gummi-

ness, modulus and adhesiveness were calculated as

described by Szczesniak, Brandt, and Freidman (1963)
and Bourne (1978), The analysis were carried out three

times and the means of data with standard deviation

were determined.

2.4. Analysis of volatile compounds

Volatile compounds of the cheese samples were

identified at NIZO Food research in Ede, The Nether-
lands, using purge-and-trap thermal desorption cold-

trap (TDCT) gas chromatography mass spectrometry

(GC-MS) (Neeter & De Jong, 1992). Briefly, 20 ml of

cheese slurry, obtained by homogenization of a mixture

of cheese and double-distilled water (1:2 w/v), was pre-

pared and used immediately after the preparation. The

samples were purged with 150 ml min�1 helium gas for

30 min at 42 �C and volatile components were trapped
on an absorbent trap containing carbotrap (80 mg, 20–

40 mesh, Supelco) and carbosieve SIII (10 mg, 60–80

mesh, Supelco). The trapped compounds were trans-

ferred onto a capillary column of a gas chromatograph,

using the Chrompack PTI injector (Chrompack, The

Netherlands) in the TDCT model, by heating the trap

for 10 min at 250 �C. A narrow injection band was

achieved by cryofocusing at )100 �C. The conditions for
the chromatographic separation and mass spectrometry

have been used as described by (Engels et al., 1997).

Structures of the volatile compounds were assigned by
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spectrum interpretation, comparison of the spectra with

bibliographic data and comparison of retention times

with those of reference compounds.
3. Results and discussion

3.1. Sensory evaluation of cheese

Thirteen samples of commercial Ras cheese collected

from different places were assessed sensorially (Fig. 1).

The average grading scores for flavour, texture, section

and colour are presented. The sensory results indicated
that four samples were evaluated as not typical of Ras

cheese and nine samples were typical.

Not typical samples were numbers 7, 9, 11 and 13,

and received low scores (out of 100); 55, 50, 35 and 30,

respectively. The samples also received the lowest fla-

vour score (Fig. 1). The flavour of these cheeses is de-

scribed in general as: unclean, bitter, rancid, flat,

mouldy and salty. These flavour attributes are men-
tioned as off-flavours in cheese (Fox, Singh, & McS-

weeney, 1995; Law, 1982; Ogden, 1993). The texture of

cheese number 7 was (soft/firm) while cheese numbers 11

and 13 were hard and very hard, respectively. On the

other hand, sample number 9 had a normal texture.

These results are in agreement with reported rheological

measurements for cheeses (Awad et al., 2003). The sec-

tions of not typical cheese samples were found to have
mechanical openings, irregular in shape and with gassy

openings. The colour was regular in samples 7, 9 and 13

but speckled in sample number 11.

According to sensory results, nine typical cheese

samples can be divided into two groups based on the

overall score grade (out of 100), ranging from 60 to 75
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Fig. 1. Sensory evaluation of cheese samples. The grade on scale ranged from

good; texture: 1, soft/firm; 2, normal; 3, hard; 4, very hard. The results are
for the first group and from 80 to 95 for the second

group.

The first group, including cheese numbers (1, 3 and

4), received grades 75, 60 and 70, respectively, with

sufficient flavour. The flavours were described as tasty,
sharp, old cheese-like and also rancid (slightly) and salty

was mentioned for sample number 3. Salty taste corre-

sponds with chemical analysis results since cheese sam-

ple 3 has the highest salt content (4.3%). The textures of

cheese numbers 3 and 4 were hard while cheese number

1 was very hard. These results resembled the results of

rheological measurements. The section of cheeses was

described as irregular mechanical openings, and gassy
openings. The colour was regular in sample 1, but

speckled (slightly) in sample numbers 3 and 4.

The second group including cheese numbers (2, 5, 6,

8, 10 and 12), received the highest overall grades (95, 80,

85, 80, 90 and 80, respectively). The flavour scores were

very good in samples 2, 6, 10, 12 and good in cheese

samples 5 and 8 (Fig. 1). The flavour attributes of these

cheeses are typical of Ras cheese: tasty, good flavour,
sharp, piquant, ripened cheese and also fatty (moderate)

were mentioned in sample numbers 2, 8 and 10 during

the sensory evaluation. Description such as fatty taste

agrees with chemical analysis results; cheese samples 2, 8

and 10 have the highest fat contents, i.e., 39.5%, 39%

and 38.1%. Sample number 12, which is 3-months-old

cheese, was evaluated as a typical Ras cheese as were

other samples which were 12-months-old. Ras cheese is
normally marketed when it has a sharp flavour close to

that of Kefalotyri cheese (Scott, 1981) that may start

after three or four months of ripening. The texture of all

cheeses in this group is normal. The sections of cheese

numbers 2, 6, 10 and 12 were very good and cheese

samples 5 and 8 were good. Irregular mechanical
8 9 10 11 12 13

ples

Section Colour

1 to 4: flavour, section and colour: 1, bad; 2, sufficient; 3, good; 4, very

means with standard deviation ranged from 0.1 to 0.5.



Table 1

Sensory evaluation of cheese

Cheese

numbers

Flavour (smell and taste) Texture (consistency) Section Colour Comments

Gradea Description

(intensity)b
Gradec Description

(intensity)

Gradea Description

(intensity)

Gradea Description

(intensity)

2 4± 0.3 Tasty (3),

typical flavour

(3), oily

2 ± 0.2 Normal 4± 0.1 Mechanical

opening (2),

gassy opening

(1)

4 ± 0.3 Regular

colour (4)

Typical Ras

cheese

95d ± 4.6

10 4± 0.4 Sharp (2),

tasty (3), fatty

(2), piquant (2)

2 ± 0.3 Normal 4± 0.4 Mechanical

opening (1),

gassy opening

(2)

4 ± 0.5 Regular

colour (4)

Typical Ras

cheese

90± 3.9

11 1± 0.2 Bitter (2),

unclean flavour

(2)

3 ± 0.4 Hard (2) 3± 0.3 Mechanical

opening (1),

gassy opening

(3)

2 ± 0.5 Spekled

colour (2)

Not Typical

Ras cheese

40± 5.71

12 3± 0.2 New (not old),

good flavour

2± 0.2 Normal 4± 0.3 Mechanical

opening (1),

gassy opening

(2)

4 ± 0.2 Regular

colour (4)

Typical Ras

cheese

80± 6.6

The results are means with standard deviations.
aGrade on scale from 1 to 4: 1, bad; 2, sufficient; 3, good; 4, very good.
b Intensity remarks on scale from 1 to 4: 1, slightly; 2, moderate; 3, strong; 4, very strong.
cGrade on scale from 1 to 4: 1, soft/firm; 2, normal; 3, hard; 4, very hard.
dOverall grade out of (100).
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Fig. 2. Typical cycle penetration curve of Ras cheese samples 2, 10, 11

and 12.

Table 2

The rheological properties of Ras cheese

Cheese samples

2 10

Hardness (g) 472± 21 647

Consistency (g s�1) 2495.5± 51 328

Adhesiveness (g s�1) )67.2± 3.4 )19
Moduls (g s�1) 32.6 ± 2.4 45.4

Fracturability (g) 470± 20 647

Cohesiveness (ratio) 0.38 0.76

Springiness (mm) 7.42± 0.9 5.54

Chewiness (g mm�1) 1330.85 272

The results are means with standard deviations.
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openings were found in the sections of cheese samples

and also gassy openings in sample numbers 10 and 12.

The colour was described as regular in all samples.

However, the mechanical openings were noted in all

cheese samples, either typical or not typical. That is
normal in this kind of hard cheese (Egyptian Standards,

2001), and results from the press step during cheese

manufacturing (Hofi et al., 1970). Gassy opening in

cheese is known to be caused by growth of gas-producing

organisms Lactococcus lactis sp. lactis biovar. diacety-

lactis or leconostoc sp., obligatory heterofermentative

lactobacilli and coliforms (Limsowtin, Powell, & Parente,

1996; Ogden, 1993). In Ras cheese, made from raw milk,
gassy opening results from ‘‘coliforms’’ which can be

introduced into the cheese by unsanitary practices and
11 12

± 29 869±38 685± 19

9± 43 4645± 39 3358± 47

.0± 2.5 )26±3.5 )34± 2.0

± 3.4 57. 8± 4.8 46.4± 2.6

± 28 794±35 667± 19

0.98 0.84

± 0.6 4.89±0.4 5.71± 0.6

4.13 4164.42 3285.53



Table 3

GC-MS analysis of volatile compounds in Egyptian Ras cheese

Compounds Relative peak areaa

Cheese sample

Sample 2 Sample 10 Sample 11 Sample 12

Alcohols

Methanol 607 296 140 283

Ethanol 199 377 1754b 919

2-Propanol 72 66 7 157

1-Propanol 145 180 319 128

2-Butanol 1391 633 238 6152

2-Methylpropanol 21 0 0 158

1-Butanol 1387 528 438 841

2-Pentanol 6529 0 426 586

3-Methylbutanol 885 775 2785 1154

2-Methylbutanol 712 661 1339 911

1-pentanol 929 2956 0 826

1-Hexanol 335 0 247 86

Heptanol-1 350 258 838 23

Aldehydes

Aceetaldehyde 1049 631 508 718

Propanal 339 592 51 137

2-Methylpropanal 7 5 14 27

2-Butenal 4 4 8 13

Butanal 354 229 59 10

3-Methylbutanal 10 8 25 143

Pentanal 884 866 230 0

Hexanal 187 868 0 49

Benzaldehyde 65 20 2429 82

Nonanal 18 6 5 29

Decanal 5 3 0 24

Ketones

Acetone 295 153 294 824

Dimethylsulfone 2 1 1 3

Diacetyl 493 71 279 1362

Butanone-2 189 116 77 1302

Pentanone-2 11849 9429 2646 8732

2,3-Pentanedione 469 269 28 271

3-Penten-2-one 48 39 6 46

3-Methyl-2-pentanone 200 71 29 191

5-Hexen-2-one 22 15 0 34

2,3-Hexanedione 17 14 2 2

Hexanone-2 770 508 32 67

Heptanone-2 5307 3918 459 556

3,5-octadien-2-one 0 5 26 3

8-Nonen-2-one 679 866 0 16

Nonanone-2 987 1004 41 33

Undecanone-2 2 1 0 1

Tridecanone-2 2 1 1 3

Esters

Ethylacetate 31 34 122 132

Ethylpropionate 65 273 5997 499

Propylacetate 874 1182 3532 499

Methylpropylacetate 209 154 88 92

Ethylbutanoate 2639 2775 12672 2433

Butylacetate 183 115 245 23

Propylpropionate 126 197 2887 63

1-Methylethylbutanoate 19 11 5 2

3-Methyl-2-butanolacetate 307 237 23 13

2-Methylethylbutanoate 43 37 105 22

3-Methylethylbutanoate 138 138 163 72

3-Methyl-1-butanolacetate 151 87 163 136

Propylbutanoate 2439 1835 7598 299
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Table 3 (continued)

Compounds Relative peak areaa

Cheese sample

Sample 2 Sample 10 Sample 11 Sample 12

Ethylpentanoate 162 130 1271 103

Methylhexanoate 385 300 57 75

Methylpropylbutanoate 498 201 271 57

Ethylhexanoate 6270 5075 22673 56073

2-Methyl-3-methylbutylpropionate 9 5 2 1

3-Methylbutylbutanoate 18 10 42 7

Ethylheptanoate 681 409 1486 20

Ethyloctanoate 256 229 2954 217

Propyloctanoate 7 3 17 1

Ethyldecanoate 6 5 254 9

Other compounds

Methylmercaptan 6 5 19 8

2-Ethylfuran 60 168 391 71

2,6-Dimethylpyrazine 88 40 466 13

Limonene 95 11 7 22

Relative high concentration are indicated in bold.
a The numbers of the volatile compounds related to the retention time.
bRelative peak areas of the identified peaks.
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contamination. For instance, in cheese numbers 10 and

11 (12-months-old cheese), the colony forming units of

coliforms were 105 whereas the coliform count in cheese

number 12 (3-months-old cheese) was higher. This means

that all cheese samples contained coliforms but the via-

bility of coliforms decreased during ripening. However,

the gassy opening is an undesired characteristic of Ras

cheese (Egyptian Standards, 2001).
As an example, the results of sensory evaluation of

four cheeses (three are evaluated as typical cheese,

numbers 2, 10, 12 and, as not typical, cheese number 11)

are shown in Table 1. These four cheeses were selected

for further study of the rheological properties and for

identification of flavour compounds by GC-MS.

3.2. Rheological properties

The rheological properties of Ras cheese numbers 2,

10, 11 and 12 were determined using a texture analyser

(CNS-Farnell, England). A typical load/penetration

curve of cheeses is shown in Fig. 2 and the break point

and hardness were obtained from the curves. The rhe-

ological parameters (hardness, consistency, adhesive-

ness, modulus, fracturability, cohesiveness, springiness
and chewiness) were calculated as described by Szczes-

niak et al. (1963) and Bourne (1978) and the data are

presented in Table 2. The results showed that the

hardness and consistency of cheese sample number 11

were higher than those of other samples. A positive re-

lationship was found between the hardness, consistency

and dry matter (Awad et al., 2003, part 1). Dry matter

(DM%) of sample 11 was 68.8 whereas DM% of samples
2, 10 and 12 were 66.08, 66.3 and 65.8, respectively. A

good correlation was also found between the hardness
and consistency calculated by machine and the texture

score evaluated by panellists (Fig. 1 and Table 1),

whereas, a negative relationship was found between

hardness and adhesiveness, springiness and hardness of

samples. A positive relationship was found between

hardness and modulus, hardness and cohesiveness and

also between consistency and chewiness. The fractura-

bility of cheese samples was related to hardness and had
almost the same value as hardness (Table 2). The rhe-

ological properties of all tested Ras cheeses were dis-

cussed in detail (Awad et al., 2003, part 1) and the

definitions of all of these parameters are reviewed by

Fox, Guinee, Cogan, and McSweeney (2000).

3.3. Volatile compounds of Ras cheese

The volatile compounds produced in four Ras

cheeses, as examples, were identified using purge-and-

trap TDCT GC-MS. The cheese numbers 2, 10, 11, and

12 were selected for GCMS analysis, based on sensory

evaluation as typical Ras cheese (numbers 2, 10 and 12)

and not typical (number 11) and also on the ripening

times of the cheeses; 3-months-old (number 12) and 12-

months-old (numbers 2, 10 and 11). Many different
compounds were detected and characterized in the

cheeses. The volatile compounds produced in cheeses

are listed in Table 3 and the GC-MS aroma profiles of

cheeses are presented in Fig. 3. Sixty-eight volatile

compounds were identified in Ras cheese samples; these

included 13 alcohols, 11 aldehydes, 17 ketones, 25 esters

and 4 other compounds (Table 3).

Typical Ras cheese samples 2 and 10 (12-months-old
cheeses) had almost the same volatile compounds; with

exceptions, 3 alcohols (2-methylpropanol, 2-pentanol
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and 1-hexanol) were not detected in sample number 10
(see Table 3). Cheese number 2was found to containmore

aldehydes (acetaldehyde, propanal, butanal, pentanal),

ketones (3-methyl-2-pentanone, pentanone-2, hexanone-

2, heptanone-2, 8-nonen-2-one, nonanone-2) and some

other components (1-butanol, 2-pentanol, limonene, 3-

methyl-2-butanolacetate, methylhexanoate, methylpro-
pylacetate and methypropylbutanoate). Cheese number
10 had high levels of aldehydes (propanal, butanal,

pentanal, hexanal), ketones (pentanone-2, hexanone-2,

heptanone-2, 8-nonen-2-one, nonanone-2) and some

other components (3-methyl-2-butanolacetate, methyl-

hexanoate and methylpropylacetate). The differences in

the flavour volatile compounds detected in the two
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cheeses might be due to the manufacture of the two

cheeses in different places (Damnhor and Mahmodia),

from different raw milks and subsequently different mi-

croorganisms. Typical Ras cheese number 12 (3-months-

old) contained the same volatile compounds as cheese
numbers 2 and 10 but some compounds were in low

concentration, e.g., 2 aldehyde, 4 ketones, 8 esters and

2,6-dimethylpyrazine (Table 3). However, this cheese

contained more diacetyl, butanone-2, 2-butanol, ethy-

lacetate, 2-methylpropanol, 3-methylbutanal, 3-methyl-

butanol, 2-methylbutanol, 3-methyl-2-pentanone and

ethylhexanoate. These compounds may be reduced dur-

ing cheese ripening.
Not typical Ras cheese number 11 had higher levels of

ethylesters (ethylpropionate, ethylbutanoate, 2-methyl-

ethylbutanoate, ethylpentanoate, ethylhexanoate, eth-

ylheptanoate, ethyloctanoate), some other esters

(propylacetate, butylacetate, propylpropanoate, propyl-

butanoate) and some other components (methylmer-

captan, 2-ethylfuran, 3-methylbutanol, 2-methylbutanol,

heptanol, 2,6-dimethylpyrazine and benzaldehyde), than
other samples. Six volatile compounds were not detected

in this cheese (2 alcohols, 2 aldehydes and 3 ketones). All

of these aroma-compounds, found in high levels and also

undetected compounds may play a role in the not typical

flavour description of cheese number 11. As reported

previously, cheese ripening involves a complex series of

consecutive microbiological, biochemical and chemical

events which, if synchronised and balanced, lead to
products with desirable flavour but when unbalanced,

result in off-flavour. For instance, when ethyl-butyrate is

present at high concentrations in cheese, a flavour defect

occurs due to excessive production of ethanol (Fox et al.,

1995). This is found in cheese sample number 11 with a

high level of ethanol. Dunn and Lindsay (1985) also

found that, when branched chain aldehydes and corre-

sponding alcohols, are present at high concentration in
Cheddar cheese, this causes a flavour defect (unclean

flavour). This defect was noted during sensory evalua-

tion of this cheese, which had high levels of the branched

chain alcohols 2- and 3-methylbutanol. However, this

unclean defect may also come from poor quality milk

used for cheese manufacture (Ogden, 1993).

The quality of matured cheese, manufactured under

artisanal production, from raw milk without using
starter cultures, is influenced by wild microflora (nat-

ural milk cultures) that include mesophilic and ther-

mophilic LAB, enterococci and also coliform bacteria

and yeasts, sometimes present if the production is un-

der poor hiegenic conditions (Ottogalli & Galli, 1967).

Four tested cheese samples 2, 10, 11 and 12 con-

tained LAB, coliforms, staphylococci, yeasts and

moulds (Awad et al., 2003, part 1). The flavour-forming
abilities depend on the enzymes present, so different

flavours can be obtained (Manning, 1979; Olson, 1990).

Therefore, the flavour of Ras cheese in the present
work results from the interaction of enzymes from the

microorganisms.

Alcohols and aldehydes detected in cheese result from

catabolism of amino acids (Hemme, Bouillanne, Metro,

& Desmazeaud, 1982). The concentrations of the dif-
ferent ketones varied between the different cheese sam-

ples. Methyl-ketones, which are well known for their

contribution to the flavour of blue mould-ripened

cheeses, are formed by enzymic oxidative decarboxyl-

ation of fatty acids, by the action of mould (Kinsella &

Hwang, 1976). Diacetyl, found in high level in sample

number 12, is known to come from citrate conversion

and is responsible for a creamy flavour (Welsh, Murray,
& Williams, 1989). Some differences in the levels of

ethyl-esters were also encountred between cheeses.

These compounds are formed by enzymic or chemical

reactions of fatty acids with primary alcohols, as re-

ported by Barbieri et al. (1994). However, esters when

found in Cheddar cheese, are regarded as a defect (fruity

flavour) whereas, they are important contributors to the

flavour of Parmesan cheese (Meinhart & Schreier, 1986;
Urbach, 1997).
4. Conclusion

The typical Ras cheese, favoured by Egyptian con-

sumers, is tasty, sharp and piquant in flavour, not too

hard and not soft in texture and the body includes some

mechanical openings, with few gassy openings and the

colour is regular. Sixty-eight volatile compounds were
identified in Ras cheese samples, including alcohols, al-

dehydes, ketones, esters and other compounds, which

are responsible for the typical flavour. There were dif-

ference in the concentrations of these aroma-compounds

corresponding with the ages of cheeses and their sensory

evaluation.
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