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ABSRACT: Effects of irradiation dose and time during ripening period of
Ras cheese on its quality were studied. Ras cheese was divided into 7
groups each group contains 4 wheels. Cheese groups 2, 3, 4, 5, 6 and 7 were
irradiated immediately after manufacture and after 30, 60, 90, 120, 150 days
respectively, while the first group was served as control. Ras cheese wheels
of each group was irradiated at 2, 3, 4 and 5 kGy. Irradiation caused
significant (P < 0.05) increase, after irradiation immediately (fresh samples),
in water soluble nitrogen, Shilovich ripening index, formol ripening index,
soluble tyrosine and tryptophan. Irradiation treatment caused significant (P <
0.05) decrease in water soluble nitrogen, Shilovich ripening index, formol
index, soluble tyrosine and tryptophan, total volatile fatty acids, scores of
organoleptic properties, total bacterial, lipolytic and proteolytic bacterial
counts during ripening period of Ras cheese as compared with control
cheese, while did not affect significantly (P > 0.05) the fat and total nitrogen
contents. These decreases in ripening indices were proportional to the
irradiation dose. Ras cheese treated with 4 and 5 kGy exhibited the lowest
counts of proteolytic and lipolytic bacteria and subsequently the lowest
ripening indices values and the lowest score of sensory evaluation.
Irradiation cheese with 4 and 5 kGy were sufficient to inhibit the growth of
mould and yeast on cheese especially when were applied after making
cheese (second group) and after 30 days from making cheese (third group).
All ripening indices and scores of organoleptic properties of all cheese
treatments increased during ripening period, while fat and total nitrogen on
dry basis did not changed significantly.

Key words: Ras cheese, ripening period, Gamma irradiation, ripening
indices.

INTRODUCTION

The use of ionizing radiation as a food preservation technique has been
recognized for many years as a mean to reduce food losses, improve food
safety, and extend shelf life. Furthermore, irradiation can be an effective way
of reducing the incidence of food borne disease and treating a variety of
potential problems in food supplies. The treatment of food with ionizing
radiation is one of the most thoroughly researched techniques available to
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the food processing industry, and its use is currently permitted for use in
over 55 countries worldwide for various application and purposes in wide
varieties of foodstuffs and more than 30 countries have commercialized the
technology (IAEA, 2009), while it is not allowed in other countries. In 1981,
the ICGFI (FAO/IAEA/WHO Expert Committee on the Wholesomeness of
Irradiated Food) stated that “the irradiation of any food commodity up to an
overall average dose of 10 kGy presents no toxicological hazard, introduces
no special nutritional or microbiological problems” (WHO, 1981).

Ras cheese is the best known hard cheese in Egypt, and indeed throughout
the Arab World (Abou-Donia, 2002). Ripening cheese is an expensive and time-
consuming process. Several methods of accelerated ripening have been
attempted such as altered ripening times (Fox, 1989), use of enzymes (Wilkinson,
1993), micro-organisms other than the normal starter cultures (Laleye et al.,
1990) and Lee et al. (1990), ripening at elevated temperatures (< 15°C) (Fedrick
el al., 1983) and attenuated lactobacilli cells that are modified physically, e.g.
heat-shocked and freeze-shocked (Kebary el al., 1996) on Ras cheese.

Moulds grow on cheese surface and within the cracks in cheese during
cheese ripening and refrigerated storage. This is one of the most problems
facing Ras cheese manufacturers in Egypt. Common genera of moulds, which
may grow on cheese surface are Penicillium spp. and Aspergillus
(Bullerman and Olivigni, 1974 and Bullerman, 1976). The growth of moulds
on cheese surface and in the cracks not only detracts from the appearance
but may jeopardize the flavour of the entire cheese, which make the cheese
unsaleable. In addition moulds growth on cheese may produce toxigenic
substances, which called mycotoxins that exhibit properties of acute,
subacute and chronic toxicities, some are carcinogenic, mutagenic and
teratogenic. To overcome the production of mycotoxins, about 1.3 cm of
cheese around and beneath the mould should be removed (Bullerman,
1986). This, results in a considerable loss in the cheese industry. Therefore,
we use gamma rays to stop overripening and inhibit the anaerobic bacteria
and consequently decrease the cracks formation and decrease the molds
growth on the cheese.

In view of the aforementioned the objectives of this study were to
investigate the effect of irradiation time and dose during ripening period on
chemical, microbiological and organoleptic quality of Ras cheese, to monitor
changes in ripening indices (water soluble nitrogen, Shilovich and formol
ripening indices, soluble tyrosine and tryptophan and total volatile fatty
acids), microbiological and organoleptic properties of Ras cheese.

MATERIALS AND METHODS

Bacterial strain:

Lactococcus lactis CH-1 was obtained from Chr. Hansen's laboratory
(Horsholom, Denmark) and used as a starter. It was activated by three
successive transfers in sterile 10% reconstituted non-fat dry milk.
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Cheese making:

Ras cheese was made from a mixture of fresh buffalo's and cow's milk
(4.0% fat) purchased from commercial private farm at Damieta district by the
method described by Abd El-Tawab (1963). The obtained cheese was coated
with Paraffin wax, then divided into seven groups each group contains four
cheese wheels, every cheese wheel was 2.5 kilogram. The seven groups of
Ras cheese were ripened at 9 + 1°C and 87 + 2% relative humidity for 6
months. All treatments under investigation were exposed to gamma
irradiation at cold temperature from Cog. Russian gamma chamber (dose
rate 1 kGy / 22 min.), in Cyclotron project (Nuclear Research center, Atomic
Energy Authority, Cairo, Egypt) was used as following: The first group was
unirradiated and served as control. The second group one wheel was
exposed to gamma irradiation at dose 2 kGy, while the second, the third and
the fourth wheel were exposed to gamma irradiation at doses 3, 4 and 5 kGy,
respectively immediately after cheese making. All cheese wheels were kept
at the same ripening condition up to the end of ripening period. The third, the
fourth, the fifth, the sixth and the seventh group were exposed to gamma
irradiation as described above except that the treatment was applied after 30,
60, 90, 120 and 150 days of ripening period. All cheese wheels were kept at
the same ripening condition up to the end of ripening period. All cheese
treatments were sampled when fresh and at monthly intervals up to six
months. The whole experiment was duplicated.

Chemical analysis:

Moisture, fat, titratable acidity, total and soluble nitrogen were measured
according to AOAC (1990), while soluble tyrosine and tryptophan contents of
cheese were determined spectrophotometrically according to Vakaleris and
Prise (1959). Total volatile fatty acids were determined by the method
described by Kosikowski (1986). Shilovich and formol ripening indices were
measured using the method of Abd El-Tawab and Hofi (1966).

Microbiological analysis:

Total viable bacterial counts were enumerated on nutrient agar as
recommended by APHA (1992). Proteolytic bacterial count was determined
according to Sharf (1970), while count of lipolytic bacteria was determined
according to Salle (1961). Moulds and yeasts counts were enumerated on
potato glucose agar (acidified) medium (Difico, 1984).

Sensory evaluation:

Ras cheese samples were evaluated by 5 judges from the staff members
of the Food unit; Plant Research Department, Nuclear Research Center,
Atomic Energy Authority, using the score sheet suggested by Gaber (2000).
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Statistical analysis:

Factorial experiment was used to analyze all data and the Student
Newman Keuls was followed to make the multiple comparisons (Steel and
Torrie, 1980) using Costat program. Significant differences were calculated at
p < 0.05.

RESULTS AND DISCUSSION

Moisture content of all Ras cheese treatments were gradually decreased
(p < 0.05) during ripening period (Tables 1 and 16). These results are in
agreement with those of Hammam (2005); Abdallah et al. (2006); Taha et al.
(2007); Abd Alla et al. (2008) and Mehanna et al. (2009). Irradiation of cheese
treatments caused a significant decrease in moisture content of the resultant
cheese treatments (Tables 1 and 16). There were negative correlation among
irradiation doses and moisture content of cheese, which means increasing
the irradiation dose decreased the moisture content of cheese. This
reduction of moisture content might be due to the effect of irradiation, which
decrease the water holding capacity of casein and subsequently the loss of
whey and reduce the moisture content. These results are in agreement with
those reported by Ibrahim (1984) on Domiati cheese; El-Batawy et al. (1987);
Hammam (2005) on Ras cheese and Ewais et al. (1989) on Blue cheese. The
time of irradiation treatment affected significantly (p < 0.05) the moisture
content. Cheese treatments which irradiated at the fifth month of ripening
period exhibited the highest moisture content, while cheese treatments those
irradiated at the first month exhibited the lowest moisture content. These
results might be due to the effect of irradiation, on the water holding capacity
of casein and subsequently the loss of whey and reduce the moisture
content (Tables 1 and 16). Similar results were reported by El-Batawy et al.
(1987); Hammam (2005) on Ras cheese and Ewais et al. (1989) on Blue
cheese.

Total nitrogen and fat contents on dry matter of all cheese treatments
(control cheese and irradiated cheeses) did not change significantly (p >
0.05) as ripening period proceeded (Tables 2, 3 and 16). Similar results were
reported by Badawi (1987); Khader et al. (1995); Kebary et al. (1996); Abdalla
et al. (2006); Taha et al. (2007); Abd Alla et al. (2008) and Mehanna et al.
(2009). Total nitrogen and fat contents of all cheese treatments did not differ
significantly (p > 0.05) from each other (Tables 2, 3 and 16), which means
that the irradiation treatment did not have a significant effect on total
nitrogen and fat contents of Ras cheese treatments. The same trends were
noticed by El-Batawy et al. (1987) and Hammam (2005). The time of
irradiation treatment did not affect significantly (p > 0.05) the total nitrogen
and fat contents of the resultant Ras cheese (Tables 2, 3 and 16). These
results are in accordance with those reported by El-Batawy et al. (1987).
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Titratable acidity of all Ras cheese treatments increased gradually (p <
0.05) as ripening period advanced (Tables 4 and 16). Similar results were
reported by El-Batawy et al. (1987); Hammam (2005); Abdalla et al. (2006);
Taha et al. (2007); Abd Alla et al. (2008) and Mehanna et al. (2009). Irradiation
caused a significant decrease in the titratable acidity of cheese treatments
(Tables 4 and 17). There were negative correlation among irradiation doses
and acidity of cheese, which means that increasing the irradiation dose
decreased the acidity of cheese. Cheese treatment that irradiated with 5 kGy
contained the lowest titratable acidity while, control one contained the
highest content of acidity. On the other hand the time of irradiation caused a
significant effect on acidity of cheese. Cheese treatments that irradiated at
the fifth month contained the highest acidity, while those irradiated at the
first month contained the lowest acidity. These results are in agreement with
those of Ibrahim (1984), who observed that irradiated milk by gamma rays led
to decrease acidity of the fresh product and Hannon et al. (2003) on Cheddar
cheese. El-Batawy et al. (1987) found that, the acidity of Ras cheese
progressively increased during maturation either in irradiated or non-
irradiated samples. The rate of acidity development was lower in irradiated
cheese than the control and in early irradiated cheese than in the late ones.
This may be due to the destructive effect of gamma irradiation on the total
bacterial count including lactic acid bacteria. On the other hand, the lower
moisture content of irradiated cheese especially that irradiated at the early
stages caused a considerable decrease in the rate of the acid development
(El-Batawy et al., 1987).

Ripening indices (Water soluble nitrogen, Shilovich and formol indexes,
soluble tyrosine and tryptophan and total volatile fatty acids contents of Ras
cheese treatments as affected by gamma rays and ripening period followed
almost similar trends (Tables 5, 6, 7, 8, 9, 10 and 16). Ripening indices
contents in all cheese treatments increased significantly (p < 0.05)
throughout the ripening period (Tables 5-10 and 16). This might be due to the
protein, lipids degradation but the rate of increasing ripening indices was
lower in irradiated cheese treatments than the control one. This may be due
to the destructive effect of Gamma irradiation on the proteolytic and lipolytic
bacteria. Similar trends were reported by Hofi et al. (1976); Mahran et al.
(1976); El-Safty and Mehanna (1977); El-Batawy et al. (1987); Kebary et al.
(1996); Hussein (2000); Hammam (2005); Abdalla et al. (2006); Taha et al.
(2007); Abd Alla et al. (2008) and Mehanna et al. (2009).

Irradiation of cheese treatments caused a significant increase in ripening
indices immediately after irradiation then a slight increase (p < 0.05) was
observed thereafter during ripening period (Tables 5-10 and 16). This
increase was proportional to the irradiation dose. These results might be due
to the effect of gamma rays on enhancing the breakdown of insoluble
protein. Similar results were reported by Umemato et al. (1968); Ibrahim
(1984); El-Batawy et al. (1987) and Hammam (2005). Umemato et al. (1968)
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observed that, gamma irradiation of casein solution resulted in a progressive
degradation of protein and liberation of tyrosine and non-protein nitrogen.
The effect of irradiation on increasing soluble nitrogen of cheese content
was mentioned by Ibrahim (1984). He cleared that, the increase of soluble
nitrogen is probably due to the degradation of protein by gamma irradiation.
Irradiation caused a significant decrease in ripening indices of cheese
treatments during ripening (Tables 5-10 and 16). There were negative
correlation among irradiation doses and ripening indices contents of cheese,
which means that increasing the irradiation dose decreased ripening indices
contents of cheese during ripening. Cheese treatments those irradiated with
5 kGy contained the lowest ripening indices, while control cheese treatment
(unirradiated) exhibited ripening indices. These results might be due to the
destructive effect of gamma irradiation on the proteolytic and lipolytic
bacteria. These results are agreement with those reported by Ibrahim (1984);
El-Batawy et al. (1987) and Hammam (2005). The time of irradiation treatment
affected significantly (p < 0.05) the ripening indices values. Cheese
treatments which irradiated at the fifth month of ripening exhibited the
highest ripening indices values, while cheese treatments those irradiated at
the first month exhibited the lowest ripening indices values. These results
might be due to the destruction of proteolytic and lipolytic bacteria and
consequently suppressing the proteolytic and lipolysis activities (Tables 5-10
and 16). Similar results were reported by El-Batawy et al. (1987) and Ewais et
al. (1989) on Blue cheese.

It is obvious that irradiation caused a great reduction in the total viable
bacterial counts (TVPC) reaching 10 x 10*, 8 x 10*, 4 x 10* and 12 x 10° cfu g-*
after applying the irradiation treatment (Table 11). The rates of destruction
due to radiation effect were 99.94, 99.95, 99.97 and 99.99% for cheese
samples treated with 2, 3, 4 and 5 kGy respectively in zero time (group-2).
There were negative correlation among total viable bacterial count and
irradiation doses, which means increasing the dose of irradiation decreased
the count of total viable bacteria. Similar trends were reported by Abd El-
Baky et al. (1986); El-Batawy et al. (1987); Ewais et al., (1989); Dipuo et al.
(2004) on cheddar cheese, Hammam (2005) on Ras cheese. Total viable
bacterial count gradually decreased in all cheese treatments as ripening
period progressed. These results are in agreement with those reported by
Omar and Ashour (1980); Abd El-Baky et al. (1986); El-Batawy et al.(1987);
Badawi (1987) on Ras cheese, Ewais et al. (1989) on Blue cheese, Winy et al.
(1999) on Gouda cheese, Kiernan et al. (2000); Fenelon et al. (2002) and
Hannon et al. (2003); Dipuo et al. (2004) on Cheddar cheese and Hammam
(2005); Abdalla et al. (2006); Taha et al. (2007) and Mehanna et al. (2009) on Ras
cheese.
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Mould and yeast counts of Ras cheese as affected by gamma rays and
ripening period are presented in Table (12). It is obvious that irradiation
caused a marked reduction in the mould and yeast counts. The rates of
destruction due to radiation effect were 94, 95.86, 100 and 100% for 2, 3, 4
and 5 kGy subsequently in zero time (group-2). Moulds and yeasts counts
gradually increased in all treatments as ripening period progressed. Similar
results were recorded by Gaber (2000); Sallam (2003); Ismael (2004) and
Dipuo et al. (2004). On the other hand mould and yeast were not detected in
irradiated cheese with 4 and 5 kGy at zero time or during ripening period due
to the lethal effect of gamma irradiation (Sallam, 2003; Ismael, 2004 and
Hammam, 2005). Irradiation with 4 and 5 kGy were the most effective dose to
inhibit the growth of mould and yeast especially when applied after making
cheese (second group) and after 30 days from making cheese (third group).

Irradiation caused a marked reduction in the proteolytic bacteria content
reaching 63 x 10%, 30 x 10% 13 x 10%, and 5.9 x 10°cfu g-l after applying the
irradiation treatment (Table 13). The rates of destruction due to radiation
effect were 99.20, 99.65, 99.84 and 99.93% for cheese samples treated with 2,
3, 4 and 5 kGy respectively in zero time (group-2). Counts of proteolytic
bacteria gradually increased in all treatments as ripening period progressed.
These results are in agreement with Omar and Ashour (1980); Abd El-Baky et
al. (1986); Badawi, (1987); Gaber (2000) and Mehanna et al. (2009) on Ras
cheese.

Counts of lipolytic bacteria decreased obviously by applying gamma
radiation (Table 14). The rates of destruction due to radiation effect were
96.31, 97.36, 98.68 and 99.47% for cheese samples treated with 2, 3, 4 and 5
kGy in the same order in zero time (group-2). Lipolytic bacterial counts
gradually increased in all cheese treatments as ripening period progressed.
These results are in agreement with Omar and Ashour (1980); Abd El-Baky et
al. (1986); Badawi, (1987); Gaber (2000) and Mehanna et al. (2009) on Ras
cheese.

Scores of sensory evaluation of all Ras cheese treatments increased
significantly (p < 0.05) as ripening period proceeded (Tables 15 and 16).
Fresh cheese treatments were not significantly different from each other,
while the unirradiated cheese sample (control cheese) showed an obvious
increase in its quality as ripening period advanced. This is obviously due to
the activity of starter and enzymes of milk. These results are in agreement
with those reported by Gaber (2000). Irradiation caused a significant
decrease in the scores of organoleptic properties of cheese treatments
(Tables 15 and 16). There was negative correlation among irradiation doses
and the scores of organoleptic properties of cheese, which means that
increasing the irradiation dose decreased the scores of organoleptic
properties cheese. This may be due to the destructive effect of irradiation on
the micro-organisms including proteolytic and lipolytic bacteria of the
obtained cheese and consequently led to suppression the ripening of

560



Effect of irradiation time and dose on ripening of ras cheese with........

Table 12

561



K. M. K. Kebary, A. H. EI-Sonbaty, I. I. Badran and E. M. Sallam

Table 13

562



Effect of irradiation time and dose on ripening of ras cheese with........

Tablel4

563



K. M. K. Kebary, A. H. EI-Sonbaty, I. I. Badran and E. M. Sallam

Table 15

564



Effect of irradiation time and dose on ripening of ras cheese with........

Table 16

565



K. M. K. Kebary, A. H. EI-Sonbaty, I. I. Badran and E. M. Sallam

obtained cheese. These results are in agreement with those of by El-Batawy
et al (1987). The time of irradiation treatments affected significantly (p < 0.05)
the scores of organoleptic properties of cheese (Tables 15 and 16). Cheese
treatments those irradiated at the fifth month followed the control cheese,
while cheese treatments those irradiated on the first month gained the lowest
organoleptic scores (Tables 15 and 16).

It could be concluded that irradiation caused a significant increase in
ripening indices values immediately after treatments, then after the rate of
increasing ripening indices of irradiated treatments were lower than
unirradiated treatment. Also irradiation decreased the ripening indices (water
soluble nitrogen, Shilovich, formol ripening index and total volatile fatty
acids), total viable bacterial, proteolytic, lipolytic and mould and yeast
counts. This increase was proportional to the irradiation dose. Irradiation
dose, 3 and 4 kGy they were the best doses there were able to stop ripening
factors. Ras cheese quality and prolong its shelf-life. The best time for
irradiation was at the end of ripening period.
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Table (1): Moisture content of Ras cheese as affected by gamma irradiation during ripening period.

Treatment Irradiation dose (kGy)

The second group The third group The fourth group
£Y.VY Y.V 43.91 | 49.33 43.92 43.93
£a 0 ¥4 ne £Y Y YN 43.59 | 43.57
YALY | ALY B r¥aie | rAar . £y AY | £

¥6YY. | riOY Fv.ay | rv.Ag .. aee | FALAY

YoXo | vi.¢1 AR B AN, - FAARY | YAe0

Frva | orre FRew | ¥ngy FA | PYLve

YITAL | YV 34.40 | 34.25 . YA ra.ed

The fifth group The sixth group The seventh group
43.90 | 49.33 43.92 | 43.90 4391 | 43.92
43.59 | 43.60 4355 | 43.57 43.56 | 43.58

£Y.0A £Y.01 42.56 | 42.57 42.56 | 42.58
YALY Yv.9. 40.50 | 40.51 40.52 | 40.51
rv.ry LA Y100 e 38.09 | 38.10

PN | e AY A vory | vev Fo AN | Yo Al

Y440 | Y¢.20 LEFR S I 4 8 o | owevy | veeo

Control : Non irradiated treatment.

The second group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy when fresh
The third group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 30 days.
The fourth group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 60 days
The fifth group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 90 days
The sixth group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 120 days
The seventh group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 150 days
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Table (2): Total nitrogen content (%) on dry matter of Ras cheese as affected by gamma irradiation during
ripening period.

Irradiation dose (kGy)

Treatment

The second group The third group The fourth group
T T . ) AR ) . . AR AR

140 . . AR . . . AR

A . . 1ye . 1,00

1.4y . . 1.vy . . A1

TUEA . . 1.Ye 1.ry . LEA

ARA A . . 1.ve ARA . . Lo

1.vae TAe . . 1.vi 1.vae . . A TAA

The fifth group The sixth group The seventh group
Y T . ) AR 1. ) . AR AR

A K1 . . 1\e iR . . A K1 1Y

AP . . 1.00 1. . . AP 1.e

Ay . . 1.4 . . . YA Ay

1.4 . . . e Y

LY . . . ANy Y

A A

Control : Non irradiated treatment.

The second group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy when fresh
The third group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 30 days.
The fourth group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 60 days
The fifth group  : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 90 days
The sixth group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 120 days
The seventh group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 150 days
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Table (3): Fat content (%) on dry matter of Ras cheese as affected by gamma irradiation during ripening
period.

Irradiation dose (kGy)

The second group The third group The fourth group
LY o¢ d0 . . oo VA oo VY . 00 WA 60 4y

ot VA oo VY . . LD 0o A8 . 00 44 LN oo VY

oo V¢ AR ) ) 08 AA R AY A 00 AY 00 1A oo V¢

00 s v . . ot 60 | o0t . . et¥a | ooy | of At

oo YY LAY . . 00 ¢ 60 4Y . 00 At 80 v oo V¢

0t 92 JEA . . e0.tY | oo v, . oo AY | YV 4e | eo.ve

s0,4Y | sovY . : 50,1y | 2566 . 5084 | 9425 | 8075

The fifth group The sixth group The seventh group
oo YA 60 4y . . 00 V. 60 4y . . LN o¢ d0

o, Y. . . . 00 YA 00 Ao . . oo YY 60 414

o¢ VA SA VY . . oo, ot VY

o1 VA Ras . . of, o0,

Y A A A o0, X

ot.AT . . . o, 0o,

00 AA . . . oo, oo,

Control : Non irradiated treatment.

The second group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy when fresh
The third group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 30 days.
The fourth group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 60 days
The fifth group  : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 90 days
The sixth group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 120 days
The seventh group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 150 days
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Table (4): Titratable acidity (%) of Ras cheese as affected by gamma irradiation during ripening period.

Irradiation dose (kGy)

3 4 Y £ [ ¢

The second group The third group The fourth group
A4 VA4 . . VA4 VA . . A VA8

K1) VYA . . RE! RE! . . RE! \FA

Y Ra . . Ve V.6 . . V.o V. EA

£ V.6 . . (L V.8 . . V.00

ot (Y . . V.00 (A . . \.04

(R V. EA . . VY V.64 . . Ry

(R Vot . . V1A \or . . (R

The fifth group The sixth group The seventh group
VAA CAS . . AN AV . . AN AN

\ra V.6 . . \ra VYA . . \ra AR}

V.64 V.03 . . V.64 Yo . . V.64 V.o

\.¥e ). . . (R va . . KA 1.4

AR AY . . K A4

AA Y] . . Ay AY

Ay AV . . Ay LAY

Control : Non irradiated treatment.

The second group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy when fresh
The third group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 30 days.
The fourth group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 60 days
The fifth group  : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 90 days
The sixth group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 120 days
The seventh group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 150 days
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Table (5): Water soluble nitrogen content of Ras cheese as affected by gamma irradiation during ripening
period.

Irradiation dose (kGy)

The second group The third group The fourth group
caay 4N | 0.203 . Ve VA . . CAVA VY

CIVA | YAY | YAA . rey | arse . . e |,

.. CEOA | Yaa . LEvR | arve . . .. ..

.. ey | . e | e . . .. ..

.. LLYVY . . [RAE VY . . .. .

. YA . . LN LEAY . . .. .

.. e . . AN L EAS . . A .,

The fifth group The sixth group The seventh group
VY CAVA . . VA VA . . CAVA A

Lvay | oavay . . YA | YAy . . .. ..

ey D i B . . e YRe . . .. ..

., ., . . L EOA RLhS . . ..

Ye

v

Y

Control : Non irradiated treatment.

The second group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy when fresh
The third group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 30 days.
The fourth group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 60 days
The fifth group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 90 days
The sixth group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 120 days
The seventh group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 150 days
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Table (6): Shilovich ripening index of Ras cheese as affected by gamma irradiation during ripening period.
Treatment Irradiation dose (kGy)
[~ [ ¢ |
The second group The third group The fourth group
Yo YY.o.. . . YYoor | oYy, . . Yo Y.

YAA4 | YA, . . Yot | Yt . . . £

Y. | oYY, . . FEAY | rray

veNY | v, . . vele | rra.

ARSI TS . . FAe | ree

£ QY v, . . £€Y.91 Yv.a4 . . €Y,

£V.Y. YA, . . £Y.YY ¥a.4. . . £y,

The fifth group The sixth group The seventh group

TY..4 A . . (L B T . A xre |,

Y. 0 ey . . Yot Y. to . R LA Yo,

YoV 4 . . Yo V. Yo V. . . Yo V. Yo,

£ALY. AT . . EAY. | EAYY . . ALY | EA,

3*_5. _Y'Y . . 00 v 00 v . . . L

of.¢ . . . ov.e) ov. Y. . . . ¢,

ov.e\ . . . AR AR . . . ¢,

Control : Non irradiated treatment.

The second group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy when fresh
The third group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 30 days.
The fourth group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 60 days
The fifth group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 90 days
The sixth group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 120 days
The seventh group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 150 days
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Table (7): Formol ripening index of Ras cheese as affected by gamma irradiation during ripening period.

Irradiation dose (kGy)
[~ [ ¢ |
The second group The third group The fourth group

VA0 18.52 . VAo YA oY . YA 00 18.57
2Y.11 | YY.e . . Ya.o. | Y4, . . Ya.q4 | Y4

Y en 24.17 . . LRI e . . YV.VY LAA%

¥..%e | 28.00 . . FYEA . . FALEA | FALPY

e Y | 33.81 . . vevy M . . £V T

3%.50 e . . . YV.ve RA% . B ARL AR

YAYY ¥i,00 . . AL 32.13 . . 4Y.00 | 4Y.50

The fifth group The sixth group The seventh group

VAo VA o¥ . . VAo | 1857 . . VAee | 18.53
Y44 | Y4 . . YaNY | Y4 . . va.q4 | Ya...

V.YV VA . . V.YV | rVoVY . . vy, vV,

£0.11 A ) ) £0.01 | £o.uA . ) to, to,

£AYY . . eq. VY | ed Y . . o4, °q,

£4.90 . i . ALK YA . . vy, vy,

oy YY . . . 1Y A 1y.e. . . YA, VA,

Control : Non irradiated treatment.

The second group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy when fresh
The third group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 30 days.
The fourth group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 60 days
The fifth group  : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 90 days
The sixth group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 120 days
The seventh group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 150 days
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Table (8): Soluble tyrosine content (mg/100 g cheese) of Ras cheese as affected by gamma irradiation
during ripening period.

Irradiation dose (kGy)

The second group The third group The fourth group
Yi.0¥ | Yiey . 28.59 | 28.56 . YA oo | YAev

PO | PO . I LR . oo, oo Yt

tv.Ye | tY.Yo . . 1v.e. | av.e. . . TER

6N, AY | ey Ny . . veay | vee. . . A¥ .40

ov.AY | eo.40 ] . VYAV | VLAY . Ao, AN

ARTCA] oA VA . . Avon va e . AR AT Y

Trad | te. . . AL AY | AY Q0 . AA, AV £

The fifth The sixth group The seventh group
28.57 . YA.eA | YA R . YA e | YAy

o008 Yo ) ) LR AY 00 Yt . LR A 00 Yt

VY Ye . . YY.XYt | vry.ve . vYYn | ovyrs

LR A . qo ¢ LI qe . 1¢ q0. 1Y

Yeee . KRR v Y10y | Vreny

Y VIAYFY | VALY LA 'Y

R YYOPT | ey AN R

Control : Non irradiated treatment.

The second group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy when fresh
The third group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 30 days.
The fourth group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 60 days
The fifth group  : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 90 days
The sixth group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 120 days
The seventh group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 150 days
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Table (9): Soluble tryptophan content (mg/100 g cheese) of Ras cheese as affected by gamma irradiation
during ripening period.

Irradiation dose (kGy)

3 4 v ¢ v ¢

The second group The third group The fourth group
YAy vea4 . . rYvY ¥y Ve . . rYvY rYVY

¥o oV ¥o vV . . FEWY) R . . RK) ERE

ZRE ¥o A4 . . ov.4) AR . . V140 YV

LI FAL . ) LT A ) . AR 12

£0 A 4V, . . TVAY 1YY . . VA £¢ VA,

43.00 £1,4Y . TY.4. AR . . \ARK va,

Ot v Y. . T 62.1¢ . 80.10 80.00

The fifth group The sixth group The seventh group
Yy YV, . ) LAAT] ARG . LA LA

ARK) o1, . . AR ERE . R R

Vo oo Ve, ) . Ve o, Vo o. . Ve o0 Ve 0.

YR A, . . MY g ¢ AY_ ¢ . AY_ ¢t AY_ ¢

Aoy Ao, . . avgy gy . XX 4y vo

AR Ao, . . ay 4. ay,

40 v

Control : Non irradiated treatment.
The second group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy when fresh
The third group  : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 30 days.
The fourth group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 60 days
The fifth group  : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 90 days
The sixth group  : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 120 days
The seventh group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 150 days

we|fes ‘W '3 pue ueipeg | | ‘Arequos-|3 ‘H 'V ‘Aredad "M ‘W M




Table (10): Total volatile fatty acids (ml 0.1 N NaOH /100 g) of Ras cheese as affected by gamma irradiation
during ripening period.

Irradiation dose (kGy)

3 4 v ¢ v ¢

The second group The third group The fourth group
AA A . 10.9 10.85 N AT Vede
a¢ 4t . . VE.00 Vi

4.4 AA

VYA KR

R 'YV

\YV . . . AR \Y.4

X . . 1Y.4 Yy . (TR R

The fifth group The sixth group The seventh group
(Y VoA ., .. Ve VoaY NN N (R Y

V¢, 00 v¢,0 . . V¢, 00 1¢0 . . V¢, 00

YA.Ao YALA . YAAS VAAY AL VAN

R (A . Yy.4. Yy.Ae

Vo (R . B VAN

LAY W

VA0 A

Control : Non irradiated treatment.

The second group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy when fresh
The third group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 30 days.
The fourth group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 60 days
The fifth group  : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 90 days
The sixth group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 120 days
The seventh group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 150 days
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Table (Y'): Total viable bacterial count (cfu g-') of Ras cheese as affected by gamma irradiation during
ripening period.

Control : Non irradiated treatment.

The second group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy when fresh
The third group  : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 30 days.
The fourth group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 60 days
The fifth group  : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 90 days
The sixth group  : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 120 days
The seventh group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 150 days

Table (V¥): Moulds and yeasts count (cfu g-l) of Ras cheese as affected by gamma irradiation during
ripening period.

m

=

o

5 1]

eatment E Irradiation dose (kGy) o
Ripenin 5 —h
period (mon ) 2 | 3 | 4 | 5 Y | v | ¢ | ° ' | r | ¢ | ° =
The second group The third group The fourth group 8_

Fresh 170x10° | v+ X20% | AX20* | ¢x20* | vvx10® | 160x10°| 168x10°| 170x10°| 171x10°| 169x10° | 173x10° | 167x10°| 175x10° )
6 4 4 4 3 4 4 | V2.4X10 3 6 6 6 6 =)

| V1. x10°8 [ V.r X10%| 6.¥ X10* | .y X10%| A x10° | YV X10% | ¥V X10 4 ¢ x10° | 160x10° | 164x10° | 161x10° | 16010 =
—

\ £1x10° | 5X10* | .8 X10%|Y.Y X10*| v x10® | ¥y x20* | % X10* | v* x10* | ¥ x10°® | Ye X10*| ¥. x10*| Y X10* | e x10° 3
o

v 4x10° |r.e X10*| YX10* | ¥YX10* |¢.Ax10%] V1 X10% | V.Y X10* | .A X107 | +.A x203 ] V4 X20* | V7 X10% | v X10* | ¥ X10° ®
¢ Y.£ x10° | Y.9x10% | 1.6 X10*| 1X10* | Y x10° | VY X10* [e.A X10%| oX10* | -1 x10%] V. X10*| e X10* | 9X10® | ¥ X10° a
° 1.4 x10° | 1x10* | 1X10* | 8x10° | 5x10° | A X10*| 2 x10% | ¥ X10* |..¥x10®| ex10* | 1Xx10* | Ax10® | 1x10° 8'
6 Y x10° | ..o X10%| 0.5X10* | 5X10° | 3x10? | 5x10* | 1X10* | 1X10* | 0.1x10°| 2Xx10* | Ax10° | 6x10° | 0.5x10° %
The fifth group The sixth group The seventh group o

5

Fresh 170x10° | 168x10° | 174x10° | 167x10° | 171x10° | 169x10° | 172x10° | 167x10° | 175x10° | 170x10° | 173x10° | 167x10° | 172x10° -
) Y14 x10° | 158x10° | 164x10° | 161x10° | 164x10° | 160x10° | 164x10° | 162x10° | 160x10° | 163x10° | 164x10° | 160x10° | 161x10° g
\ £1x10° | ¢5x10° | ¢5x10° | ¢7x10° | ¢5x10° | ¢4x10° | ¢5x10° | ¢6x10° | ¢6x10° | ¢6x10° | ¢8x10° | ¢3x10° | ¢6x10° =1
\ 4x10° | YA x10% | ¥3 x10® | V.o x10% | V.6 x10°| 5x10° | 4x10° | 6x10° | 4x10° | 3x10° | 5x10° | 4x10° | 4x10° 8
¢ Y.£x10° | 6x10% | v.o x10%| +.o x10° | +.e x10°| 2.5x10° | 05x10° | +.° x10%| +. x10%| 2x10° | 2.4x10° | 3x10° | 2.5x10° =4
° 1.4 x10° | 4X10® | 2X10® | 0.5x10° | 0.4x10° | 1X10°® | 0.4x10° | 3x10%® | 3x10? | 1x10® | 1x10® | 1x10® | 1X10° o
6 Y x10° | 2x10® | 1X10® | 0.3x10° | 0.2x10° | 1X10® | 0.3x10% | 2x10% | 2x10% | 0.5X10°| 0.5X10° | 0.5X10° | 0.5X10° 2
>

o

D
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D
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=
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eatment g Irradiation dose (kGy)
Ripering c
period (month) | 8 2|3|4|5 v|r|t|o v|r|z|o
The second group The third group The fourth group
Fresh 15x10" |+.4 x10"[1.¥ x10'| ND ND [14x10" 15x10" 15x10" [16x10" [5x10" [15x10" A3 x10" |14 x10
\ 5Y x10% [).¥ x10"|4.1 x10'| ND ND | *x10® |v.v x10°| ND ND |5Yx10% |5+ x10? | 51 x10? | 5% x10°
\ Y1x10% |10 x10"|1.+ x10"| ND ND |*.r x10%|2.9x10°| ND ND |r.y x10%|1.¥ x10°| ND ND
v VY x10° [1.8 x10"| Y. x10"| ND ND |3.7x10%| 3x10° | ND ND |r.e x10%|1.4 x10°| ND ND
1 VY.V x10°( 1.9 x107| .Y x10"| ND ND |3.9x10%|3.5x10°| ND ND | 4x10° | 3x10*> | ND ND
° V.. x10°| Y x10" |V.¢£x10"| ND ND |4.0x10%|3.8x10°| ND ND |t.¥ x10%| 4x10*° | ND ND
6 \¥.6 x10°|Y.5x10"| 1.1 x10"| ND ND |4.2x10%°| 4x10° | ND ND | 5x10? | 5x10° ND ND
The fifth group The sixth group The seventh group
Fresh 15x10" |16 x10" [ 13x10" | 15x10" [ 15x10" | 17 x10" | 15 x10" | 16 x10" | 15 x10" | 15 x10" | 14 x10" | 12 x10" | 15 x10"
| 52 x10% | 50 x10? | 52 x10? | 51 x10? | 52 x10? | 52 x10? | 52 x10? | 53 x10? | 50x10? | 51 x10° | 52 x10? | 52 x10° | 51 x10°
\ V) x10% [ VY x10% [ VY x10% [ V¥ x10% [ VY x10°% | VY x10% | VY x10% | Y+ x10% | 4 x20° | VY x10% [ VY x10% | VY x10% | v+ x10?
v VY x10% | ¢ x10° |*.° x10°| ND ND | '*x10%|v¢x10% | v* x10% | ¥ x10%| V¥ x10° | 13 x10% | Y¥x10% | V1 x10®
1 VY.V x10°|4.5 x10?| *.4 x10°| ND ND |¢.8x10%|*.Ax10°| ND ND |'3x10%| Y4 x10°| 15 x10°| V3 x10°
° VY.« x10°| 5x10% |£.Y x10°| ND ND | 5x10° | 4x10° | ND ND | 5x10° | £x10° | ND ND
6 \¥.6 x10°| 6 x10% | 5x10° ND ND |5.2x10%|4.5x10°| ND ND |5.2x10%|4.3x10°| ND ND

Control : Non irradiated treatment.
The second group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy when fresh
The third group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 30 days.
The fourth group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 60 days
The fifth group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 90 days
The sixth group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 120 days
The seventh group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 150 days
ND: Not detected.
Table (13): Proteolytic bacterial count (cfu g-') of Ras cheese as affected by gamma irradiation during
ripening period.
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eatment g Irradiation dose (kGy)
Ripering c
period (month) 8 2 | 3 4 | 5 Y v ¢ ° v | v ¢ o
The second group The third group The fourth group
Fresh 86 x10" | 63 x10% | 30 x10% | V¥ x10? | ©.4x10% | 86 x10* | 86 x10* | 79 x10* | 86 x10 | 80 x10” | 83 x10” | 86 x10" | 85 x10"
\ Ax10* |64 x107 | 32 x10° | 15 x10° | 8x10° | 27x10% | 12 x10? | 6x10° |3.1 x10%| Aex10* | 85x10* | 87x10* | 84x10*
\ A8 x10* | 65 x107 | 34 x10° | 17 x10° | 12 x107| 3+ x10? | 13 x10° | 6.2x10° | 3.5 x10%| 31 x10? |13.5x10%| 6.2x10* |3.5 x107
v 92 x10* | 71 x10% | 35 x10% | 20x107 | 12 x10%| *1x10% | Y¢x10® | 6.4x107 |3.9 x10°] 32 x10? | 15 x10? | 6.5x10° | 4 x10°
1 94 x10* | 74 x10% | 38 x10% | 23x10” | 13 x10°| *¢x10% | V% x10? | 6.9x10” |4.2 x10°| 35 x10% | 17x10? | 6.9x10° | 4.2 x10°
° 97x10" | 78 x10" | 4¥ x10% | 25 x10? | 14 x10° | *4x10* | 18 x10% | 7x10° | 5x10* | 38x10° | 20 x10* | 7x10° |5.1 x10°
6 98x10" | 80x10” | 48 x10° | 28 x107 | 15x10” | £+x10° | 20 x10% | 8x10° |5.5x10°| 40x10° | 21 x10* | 8x10® |5.5 x10°
The fifth group The sixth group The seventh group
Fresh 86 x10* | 84 x10* | 83 x10* | 79 x10* | 84 x10* | 86 x10* | 86 x10* | 79 x10* | 86 x10* | 79 x10 | 84 x10 | 79 x10" | 86 x10"
| Avx10* | 85x10" | 85x10" | 84x10* | 86x10" | 87x10" | 87x10* | 83x10* | 87x10" | 81x10* | 86x10* | 82x10* | 87x10"
\ A8 x10* | 89 x10* | 87 x10* | 87 x10* | 89 x10" | 88 x10* | 89 x10* | 87 x10” | 88 x10 | 83 x10* | 89x10” | 87 x10* | 88 x10*
v 92 x10% | 35xV+" [ e xyT | 17xV+" | 9xY " |91 x10*| 90 x10* | 89 x10* | 92 x10 | 89 x10 | 92 x10* | 91 x10” | 92 x10*
1 94 x10* | 35xY+" | wexV+" [ 18xY " [10.5xV | 35xY T | *¥xy.T [ 16xY T | 9xV." | 94x10* | 95x10* | 94 x10* | 94 x10°
° 97x10% | 37xV " [ 37xY+" | 20xV " [12x) 7| 37x) T |34, x VT 18x YT [11.5xY ] 36x YT | wrxy T [ 27xy T | 8xY ]
6 98x10* | 38 x10% | 37x10° | 21 x107 | 13x10” | 37 x10% | 35x10% | 20x"+" [12.x1+"| 37x1+" |34.x) " 18xY " | 9x)+"

Control : Non irradiated treatment.
The second group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy when fresh

: Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 30 days.
: Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 60 days

: Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 90 days

: Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 120 days

The third group
The fourth group
The fifth group
The sixth group

The seventh group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 150 days

Table (1¢): Lipolytic bacterial count (cfu g-l) of Ras cheese as affected by gamma irradiation during
ripening period.
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eatment g Irradiation dose (kGy)
Ripering c
period (month) 8 2 | 3 | 4 | 5 Y v ¢ ° v | v ¢ o
The second group The third group The fourth group
Fresh 19 x10° | 7x10° | 5x10° |2.5x10%| 1x10° |18 x10% | 19 x10% | 20x10° | 19 x10°| 17 x10® | 19 x10% | 19 x10° | 20x10°
\ 30x10% | 11x10% | 7x10° | 3x10* | 2x10” | 15x10° | 12x10% | 5.5x10% | 2x10° | 31x10° | 30x10° | 32x10° | 29x10°
\ 37x10% | 16x10° | 10x10® | 3.6x10° | 2.9x10%| 17x10° | 14x10% | 6x10* | 3x10° | 12x10% | 10x10% | 5x10* | 2x10°
v 47x10% | 19x10° | 12x10% | 4x10* | 3x10? | 20x10° | 15x10% | 7x10% | 3.6x10%| 13x10% | 11x10* | 5.5x10° | 2.2x10°
1 60 x10° | 22x10° | 15x10% | 5.2x10° | 4x10” | 21x10% | 17x10% | 7.9x10° | 4.7x10%| 16x10% | 14x10% | 7.2x10° | 3x10°
° 92 x10° | 27x10% | 16x10° | 6x10° |4.8x10%| 22x10” | 19x10° | 9x10° |5.9x10°| 19x10° | 17x10° | 8.5x10% | 3.8x10°
6 15x10" | 30x10% | 20x10% | 7x10% | 5.7x10%| 25x10% | 20x10% | 10x10° | 7x10° | 22x10% | 19x10% | 9x10” | 4.2x10?
The fifth group The sixth group The seventh group
Fresh 19 x10° | 18 x10% | 21x10° | 19 x10% | 19 x10%| 20 x10® | 19 x10® | 20x10° | 21 x10%| 19 x10° | 18 x10® | 20 x10® | 19 x10?
| 30x10° | 31x10° | 29x10° | 30x10% | 30x10° | 30x10° | 31x10° | 32x10° | 28x10° | 30x10° | 30x10° | 29x10° | 29x10°
\ 37x10° | 37x10° | 37x10° | 36x10° | 38x10° | 35x10° | 38x10° | 37x10° | 37x10° | 37x10° | 37x10° | 35x10° | 35x10°
v 47x10° | 18x10% | 12x10% | 6x10° | 3x10° | 47x10° | 49x10° | 48x10° | 47x10° | 46x10° | 47x10° | 47x10° | 45x10°
1 60 x10° | 22x10° | 15x10% | 6.5x10° | 3.2x10% | 20x10% | 17x10* | 8x10* | 3.5x10%| 60x10° | 60x10° | 59 x10° | 57 x10°
° 92 x10° | 26x107 | 17x10° | 8.2x10% | 4x10° | 23x10” | 19x10° | 9x10° | 4x10* | 35x10° | 30x10° | Y4x10% | 8x10?
6 15x10* | 32x10% | 20x10? | 9.5x10% | 4.5x10%| 25x10% | 20x10° | 10x10° | 5x10° | 37x10” | 33x10” | 16x10° | 10x10°

Control : Non irradiated treatment.
The second group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy when fresh

: Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 30 days.
: Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 60 days
: Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 90 days

The third group

The fourth group

The fifth group
The sixth group

: Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 120 days
The seventh group : Cheese wheels irradiated with doses 2,3,4, and 5 kGy after 150 days
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Table (15). The sensory evaluation of Ras cheese as affected by gamma irradiation during ripening period.

Ripening Sensory Irradiation dose [Irradiation dose|Irradiation dose|Irradiation dose|Irradiation dose|lrradiation dose|
period evaluation |control (kGy) (kGy) (kGy) (kGy) (kGy) (kGy)

(Months) 2 [3]4]5]2]3[4a]5[2[3][4]5|2[3[4][5[2[3]4]5[2]3[4]5

Appearance 8 75/7]6|/5|8|8|8|8|8|8|8|8|8|8|8|8|8|8|8|8|8|8[8]8

Fresh Body&Text. | 26 26 |26 |26 |26 |26 |26 26|26 |26|26| 26|26 |26 |26 |26 |26 |26 | 26|26 |26|26 |26 |26 |26

Flavour 28 28 | 28|28 |28|28|28|28|28|28|28|28|28|28|28|28|28|28|28|28|28|28|28|28]28

total 62 [61.5|61 |60 |59 |62 |62|62)|62|62|62]|62|62|62|62|62|62|62|62]|62|62|62|62]|62]|62

Appearance 8 75|7|6|5|7|7]|]6|5|8|8|8|8|8|8|8[8|8|8|8|8|8|8|8]38

1 Body&Text. 28 27 128 (29(29|29[29(29)|29|28|28|28|28|28|28|28|28|28|28|28|28|28|28|28]|28

Flavour 30 28 |28|28|28|30|30[30|30|30(30|30|30|30|30/30|30|30/30{30|30|30|30/30]30

Total 66 [64.5|63 |63 |62 |66 |66|65|64|66|66|66|66|66|66|66|66|66|66|66|66|66|66|66|66

Appearance 8 75|7]|6|5|7|7|6|5|]7|7|]6]5|8|8|8|8|8|8|8|8|8|8[8]38

2 Body&Text. | 29 29 |29|30|31|30|30[32)33[29(29|29(29|29|29|29|29|29[29[29|29|29|29|29]|29

Flavour 30 30 |[29(28]|28(30|30|30({30|{30)|30|30{30|30(30{30|30|30|{30|30|30{30({30|30]30

Total 67 |66.5/65|64|64|67|67|68|68|66|66|65|64|67|67|67|67|67|67|67|67|67|67|67]|67

Appearance 9 75716 |5|7|7|6|5]|7|7[6]|5[7]|7]6[5]9]9]19]19]19]9]9]59

3 Body&Text. 30 31 |31|33|33[34|35|36(36[33|33|34[34|30(30{30|30|30|30|30|30{30{30|30]30

Flavour 32 30 [3029|28|31|30{30|30|31|31[30|30|32[32|32|32|32[32|32|32|32|32|32|32

Total 71 [68.5|68|68|66|72|72|72|71|71|[71]|70|69 69|69 |68 |67 |71 |71 |71|71|71|71|71|71

Appearance 9 75|7|6|5|7|7|6|5|7|7|6|5|7|7|6|[5|7]|7]|6]5]9]9]9]59

4 Body&Text. 33 33 |34[36|37[35|35|37(38|35|35|36[36|34[35|35|35|33|33|33|33[33[33|33|33

Flavour 35 32 [30]30|29|33|32(31|31|33|32|31|31|32[32|32|32|35|35|35|35|35|35|35]|35

total 77 |725|74|72|71|75|74|74|74|75|74|73|72|73|74|73|72|75|75|74| 73|77 |77 |77 |77

Appearance 9 75|76 |5|7|7|6|5|7|7|6]|5|7|7]|6|5|7]|7|6|5]|7]|7]|[6]5

5 Body&Text. | 35 35 [36|37|38|36|36(38|38|38|38|38|38|37[38|38|38|34[34|34|34|35|35|35|35

Flavour 38 32 |30(30]|29(34|33|31(31|33]|32|31[31)|33[33|33|33|35|35|35|35[38|[38|38|38

Total 82 |74.5|73|73|72|77|76|75|74|78|77|75|74|77|78|77|76|76|76|75|74|80|80|79|78

Appearance 9 75|76 |5|7|7|6|5|7|7|6]|5|7|7|6|5|7|7|6]|5|7|7T]|]6]5

6 Body&Text. 35 35 |36|37|38[36|36|/38[38|38|38|38[38|37(38[38|38|34[34|35|35[35[35|35|35

Flavour 39 33 [30]31]29|34[33(31|31|33|32|31|31|33[33|33|33|36[35|35|35|38|38|38]|38

Total 83 |75.5|73 |74 |72 |77 |76 |75 |74 |78 |77 |75|74 |77 |78 |77 76|77 |76|76|75|80|80|79]|78




Table (16): Statistical analysis of Ras cheese properties as affected by gamma irradiation during ripening
period.

Effect of irradiation dose (kGy)

Effect of ripening period ( month)

Effect of irradiation time (groups)

properties Mean [Multiple comparison @| Mean Multiple comparison @ Mean Multiple comparison @
Squares | Y d ¢ o | Squares |Fresh| Y Y ¢ ° 1 | Squares |Fresh| Y L ¢ °
Moisture% 26.832* | A B C C | D [YYlo ¥ tx| A B C|D|E|F |G| Yy tey* F E D|C|BJ|A
Total nitrogen /|, xp | A | A A |A|A] v | A |A|AalAa|AalAalA] st | A|A|AlA|A|A
DM%
Fat / DM% AR A|lA|A|AI|A R A A|lA[A|A|A|A R A A|lA[A|A|A
Acidity (%) oY | A B C|D]J|E 4,01 6% G F|E|D|C|B|A e E D|C|B|A]|A
Soluble nitrogen v A B C|D]J|E ¥.avex G F|E|D|C|B|A CLEYER F E|D|C|BJ|A
Shilovich index [YEVY.AYY* A | B C | D | E [YYievvxl G F|E|D|C|B|A|Y\r\yeir| F E|D|C|BJ|A
Formol index |[Y¥44e.eA.*| A | Bc |Bc | B | C | Y:YiV, o F E [D|C|[B|A|A|[ryviriax E D|D|C|BJ|A
Soluble tyrosin |y yyy yxy«l A | B | c | D | E [es1tvtex| ¢ | F|E|D|C|B|A|0vroavs F |E|D|C|B]|A
(mg /100 g)
Soluble
tryptophan \Vaheax | A | B C | D | E |eMYdir*r| G F |E|D|C|B | A |YAMeri*| F E|D|C|BJ|A
(mg/100 g)
Total volatile
fatty acids (ml. | yqy vy YRAY ¥ TYAFV
0.1N NaOH/100 . Al B C|D]J|E . G F|E|D|C|B|A . D E|D|C|BJ|A
g)
Organoleptic
properties Yo¥ourv A | B C | D | E |[YeryvyAex| G F|I|E|D|C|B|A| Y A*] C B |B|B|B]|A
(Total scores)

* Significant at 0.05 level.
@ For each effect the different letters in the same row means the multiple comparison are different from each other.
Letter A is the highest mean followed by B, C.....etc.
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