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ABSTRACT 

To detennine the influence of milk pre­
acidification with CO2 on Kareish cheese shelf­
life, cheese was manufactured from milk with and 
without added CO2, This is accomplished by direct 

. injection of CO2 into the milk prior to coagulation. 
Four different carbonation levels ranging from 
approximately 10 t035 mg/IOOg were achieved by 
adjusting the flow rate of CO2 at 3, 5, 7, and 9 
Llmin for 12, 20, 28, and 36 min respectively 
while keeping the weight of milk constant (4 kilo­
grams per treatment). This treatment decreased the 
pH of milk from 6.6 to levels between 5.8 and 6.4 
at 40°C in the cheese vat. Kareish cheese was 
manufactured from COrtreated and untreated 
milk by the conventiG!~:::] :nethod~ Cheese samples 
were stored at 4°G for 28 d. Shelf-life of the 
cheese was measured by microbial counts and by 
taste panel scoring. Microbial analysis revealed 
that, CO2 effectively delayed microbial growth in 
COrtreated cheese. The carbonated cheeses had 
significantly lower total bacterial count compared 
with that of control. Psychrotrophic, and molds 
and yeast counts were significantly lower in car­
bonated cheese samples. Colifonns were not de­
tected in all cheese samples. The use of CO2 sig­
nificantly improved the organoleptic quality of 
cheese as compared to the corresponding control 
cheese up to 28 d. The CO2 provided the same 
quality after 28 d that accomplished at 21 d. High 
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quality cheese with 35 mg/lOOg added CO2 could 
successfully keep at 4°C for 28 d with SPC < 3 x 
105 cfu/g. The control cheese exhibited spoilage 
afi'Cr 21 d at 4°C, while the carbonated cheeses 
remained fresh for as long as 28 d. 

INTRODUCTlON 

The shelf-life of refrigerated non-sterile dairy 
products, including cheese is generally limited to 
1-3 wk (Muir, 1996 and Salvador & Fiszman, 
2004), depending upon the quality of the raw 
materials, processing conditions, and post 
processing handling. 

Kareish cheese is a mild acid-coagulated white 
soft cheese made from skim milk with a slight salt. 
It is the most popular type of cheese in Egypt and 
Arabian countries. The popularity of this cheese is 
mainly due to its fresh taste and good digestibility, 

. but unfortunately, shelf-life does not paint such a 
. picture. The, shelf-life of Kareish cheese, produced 

by major d'lliry processors, is generally limited 
between 14 and 2\ d at refrigerator temperatures. 
For this reason, there is an interest in extending 
shelf-life of this 'type of cheese to meet market 
demands for longer shelf-life products. 

Milk and dairy products are excellent growth 
meuia lor pathogenic and spoilage microorgan­
isms (M uir 1996). The composition of 1110st dairy 
products provides a favorable environment lor the 
growth and propagation of a broad spectrum of 
microorganisms. Microbiological deterioration of 
refrigerated non-sterile dairy products such as Cot­
tage cheese, and similar products is often caused 
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by the growth of psychrotrophic gram-negative 
bacteria, yeasts and molds, causing flavor, tex­
tural, and visual spoilage (Ternstrom el (1/1993). 

Development of ways to prevent or slow 
microbiological growth in food therefore can 
extend shelf life, improve marketability and 
overall quality, and make a safer product for the 
consumer. Carbon dioxide has been used 
extensively in extending the shelf life of a wide 
variety of cold-stored dairy products, including 
cheese and, more particularly cottage cheese 
(Eliot et al 1998; Gonzalez-Fandos el al 2000; 
Fornasari et /II 2004; Nelson et al 2004; Hotch­
kiss el (1/ 2006). The physicochemical changes 
that occur as milk pH c!i:::nges due to CO2 content 
may be as important to cheese manufacture as the 
antimicrobial effect (Ruas-Madiedo el aI2003). 

Therefore, the object of the present study was 
to determine the potential addition of CO2 as a 
shelf-life extender in Karish cheese and to provide 
cheese having an increased margin of safety for 
the consumer without sacrificing desired proper­
ties. 

MATERIALS AND METHODS 

Milk Treatments 

Raw whole cow's milk was received from the 
Mehalet Moussa Experimental Station, Kafr EI­
Sheikh Governorate, Egypt. The milk was defat­
ted, pasteurized at noc for 15 s and cooled to 
4°C. Twenty kilograms of pasteurized skim milk 
(pH 6.6) was then divided into five batches (four 
kilograms for each). The first batch was served as 
control whereas the other four batches were sepa­
rately carbonated in a tightly closed hermetic pan. 
Food-grade CO2 gas (industrial Gas Co., Cairo, 
Egypt) was injected in the bottom of the pan to 
minimize the loss of CO2 and to insure more ho­
mogeneous distribution of CO2 in the product. The 
procedure was performed through a flow meter at 
the rates of 3, 5, 7, and 9 I.!min for 12,20,28, and 
36 min for the first, second, third, and fourth batch 
respectively to achieve carbonation levels of ap­
proximately 10, 20, 25, and 35 mg/IOOg, which 
caused a decrease in pH-values of milk to 6.40, 
5.95,5.88 and 5.83 respectively. 

Cheese Manufacture 

Four kilograms of each batch were weighed 
and used for cheese manufacture by the conven­
tional method. The milk was inoculated with about 
1.5% of the lactic acid starter culture (i.e., Strepto­
coccus thermophi/us and Lactobacillus delbrueckii 

ssp. bu/garicus) and ;ncubated at 40°C until com­
plete coagulation. After coagulation, curds were 
transterred to cheese cloth to drain excess whey 
and salt was added at 3% of the curd weight. Milk 
treatments and cheese manufacture were com­
pleted on the same day. The cheese curd was 
packaged in sterile, sealable containers to provide 
the highest margin of safety and stored at 4°C for 
28 d. Samples were taken, at O-time, 7, 14, 2 I and 
28 d of storage for microbiological tests and st:n­
sory evaluation. Cheese manufacture trials wert: 
repeated in duplicate and each analysis in quadru­
plicate. The values reported are the means of the 
two cheese manufacture trials. 

Determination of pH 

Milk and cheese samples were examined 'or 
pH-value using a pH-meter Jenway 3020 (Jl:nway 
Ltd. Gransmore Green, FeJsted, Dunmow, Eng­
land). 

Determination of CO2 concentrations 

Concentrations of CO2 in milk and cht:cSl: 
samples were estimated according to the method 
of AOAC (1990). CO2 , was released from the 
sample by the addition of sulphuric acid (I N) ac­
companied with gentle heating and absorbed in 
barium hydroxide (O.IN) to form precipitate of 
barium carbonate. The excess alkali was back ti­
trated with oxalic acid (0.\ N) solution. A blank 
was carried out. The concentration of CO~ in an 
individual sample was calculated by extrapolation 
of the following equation: CO2 (mgliOO g) = (b-u) 
x 100001 weight of sample, where: a = 1111 of ox­
alic acid require for test and b = 1111 of oxalic aciJ 
required tar blank. 

Microbiological examination 
'\ 

Microbiological analysis included determina­
tion of standard plate count (SPC), psychrotrophic 
bacteria count (PBq, coliform count (CC), and 
mold and yeast counts (MYC) according to 
Houghtby el (1/ (1992). Actual counts of the 
microorganisms were reported as log 10 eru/g. 

Sensory evaluation 

Cheese samples were sensory scored using 
score card for flavor (60 points), body and texture 
(30 points), appearance (5 points) and saltiness (5 
points) as described by Nelson and Trout (1981). 
The scores were averaged by five panelists. 
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Statistical analysis 

A one way ANOVA was used for statistical 
analysis. All tests were carried out in quadrupli­
cate. Duncan test was used to compare treatment 
means at probability (pS:0.05). The PROC GLM 
procedure ofSAS was used for all data analysis. 

RESiJLTS AND DISCUSSION 

Carbon dioxide content 

The mean value of CO2 content in untreated 
milk was about 3.78 mg/IOO g (Table I). This 
value is too lower than that previously reported by 
many investigators. Carbon dioxide occurs natu­
:'a11y in milk, but most of it is lost in the course of 
processing. A proportional increase was found in 
carbonated milks by increasing the CO2 addition 
rates. 

A portion of the CO2 present in milk pre­
acidified w'th CO2 remained in the cheese. The 
CO2 levels of carbonated cheeses were signifi­
cantly higher (p :S 0.05) than that of control (Table 
2). The highest concentration was found in the 
cheese treated with the highest level of CO:.., 
which was approximately 9 times higher than that 
measured in control (34.45 vs. 3.78 mg/IOOg). The 
CO2 contents of the carbonated cheeses were de­
creased throughout the storage period due to the 

.gradual diffusion of the CO2, At any time of stor­
age, the CO2 content for each treatment was lower 
than the initial value. CO2 is a byproduct of bacte­
rial respiration and responsible for the increase of 
CO2 content in the control sample during storage 
(data not presented). Carhonated cheeses with low 
increases in bacterial growth did not show an in­
crease in CO2 concentration over the storage pe­
riod. The CO2 content of the carbonated cheeses 
decreased rapidly during the first· week of storage, 
remained practically constant during the second 
week then decreased slowly until the end of the 
storage period (28 d). The higher CO2 content of 
carbonated cheeses was maintained throughout 28 
d of storage. 

Changes in pH 

Levels of CO2 added to the used milk de­
creased the pH of the milk by about 0.2 to 0.8 
units, depending upon the level of CO2 added. The 
higher the level of CO2, the lower was the pH 
value. Initial pH of milk (6.6) was decreased to 
6.4, 5.95, 5.88 and 5.83 with the injection rates of 

3, 5, 7, and 9 Llmin respectively. The decrease in 
pH values may be due to CO2 bound to protein and 
formation of carbonic acid and release of H+ as 
COo dissolves in the water of the milk (Ma el (II 

2001; Ma and Barbano, 2003). The extent of pH 
decrease is related to the amount of CO2 dissolved, 
hydrated, and protonated in the aqueous phase 
and, thus, depends on the intrinsic properties of the 
aqueous phase, such as buffering capacity and 
initial pH (Devlieghere el al 1998). This decrease 
in pH values was then resulted in shorter coagula­
tion time during cheese manufacture. Several stud­
ies have showed that addition of CO2 to milk used 
to cheese manufacture reduced the processing time 
(Montilla el a/ 1995; Gevaudan el al 1996; 
Ruas-Madiedo el a/ 2002; Gueimonde and de 
los Reyes-Gavilan, 2004). 

At O-time of storage, the mean pH of the con­
trol cheese was significantly higher (P:SO.O f) than 
those of the carbonated cheese samples (Table 3). 
This trend was observed till reach the minimum 
pH at the end of storage period. The pH decreased 
in both the control and carbonated cheese samples 
over the storage period. The decrease of pH in the 
control cheese was probably caused by the high 
level of microbial growth rate during the storage 
period. 

Decreases in the pH values of carbonated 
cheese samples were potentially attributed to 
either lactic acid produced by starter culture or to 
CO2 dissolved into the sample during milk 
treatment. After injection, carbonated milks had 
pH values of 6.4, 5.95, 5.88, and 5.83 while alier 
inoculation and a 3 hr incubation, sufficient lactic 
acid was produced to decrease the pH of cheeses 
to 4.44, 4.31, 4.21, and 4.1, respectively. The drop 
in pH was due to the production of lactic acid by 
the starter culture and not due to the incorporation 
of CO2 into the sample during milk treatment. 

. Several studies have showed that milk treated with 
. CO2 and inoculated with cheese starter cultures 
produced cUt'ds contained sufficient numbers of 
viable starter culture to continue lowering the curd 
pH suggeqing that CO2 dissolved in milk does not 
affect the i!,lOwthand metabolism of cheese starter 
cultures (Ruas-Madiedo el al 1998 and van Hek­
ken el aI2000). 

Changes in microbial counts 

Changes in microbial counts of the control and 
carbonated cheeses during storage at 4°C for 28 d 
are shown in Table (4). 
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Table 1. Carbon dioxide content"" (mg/IOOg) of COrtreated and untreated milk 

Treatments 

Control * 3L1min 5L/min 7L/min 9L1min 

Milk 3.775 e 10.950 d 20.175 c 25.375 b 34.450 a 

*Control: Skim milk without adding CO2 

**Mean of four replicates 

Table 2.	 Carbon dioxide content** (mg/ IOOg) of the control and carbonated cheeses
 
during 28 d of storage at 4°C
 

Storage period	 Treatments 
(d)
 

Control* 3L1min 5L/min 7L1~in 9L1min
 

0 3.78 10.95 20.18 25.38 34.45 

7 7.90 11.58 11.98 15.33
 

14 6".05 9.65 10.00 14.05
 

-'"'"21	 4.68 6.33 8.03 12.65 

28	 3.95 5.20 6.55 11.25 

*Control: Cheese sample made without adding CO2 

"Mean offour replicates 

Table 3. Changes in pH values** of the control and carbonated cheeses during 28 d 
of storage at 4°C 

Storage period	 Treatments 

(d) Control* 3L1min 5L/min ',- 7L1min 9L1min
 

0
 4.60 " 4.44 b 4.31 c 4.21 d 4.10"
 

7
 4.46" 4.29 b 4.16 c 4.04 d 3.94 d
 

14 4.29" 4.14 b 4.00 c 3.91 c 3.76 d
 

21 . 4.16" 4.00 b 3.85 " 3.76 " 3.63 d 

28 4.03 • 3.84 b 3.66 " 3.55 " 3.39 d 

~ 

*Control: Cheese sample without adding CO2 

**Mean of four replicates 
- Means with the same letter in the same row are nol signilicantly difrerent. 
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Standard plate count (SPC)	 Coliform bacteria 

The initial SPC was significantly lower 
(p:S0.05) in carbonated cheeses than those of the 
control (Table 4). The initial SPC was almost 
similar (p2:0.05) in different carbonated cheeses, 
while final SPC decreased as CO2 level increased. 
The SPC in the control cheese increased rapidly to 
reach their double initial count between 14 and 21 
d of storage and further increase was continued. 
The SPC in the carbonated cheeses also increased 
but at a substantially lower rate, thus extending 
shelf-life. The rate of increase in the carbonated 
cheeses was reversely proportional with the level 
of CO2 added. This was probably due to the in­
hibitory effect of CO2 which drastically reduced 
the growth rate of microorganisms than that of 
control. The greater the amount of CO2 dissolved 
in milk the greater was the magnitude inhibition. It 
was reported that the antimicrobial effect of CO2 

was related to the amount of CO2 dissolved in the 
aqueous phase of food and was independent of the 
pH reduction effect of CO2 (Devlieghere et al 
1998). The results also showed that carbonated 
cheeses contained lower (p :s 0.05) SPC than the 
control at any time of storage. At the end of stor­
age, carbonated cheese showed the lowest values 
of population. SPC at 28 d of storage ranged be­
tween 0.6 x 106 and 0.95 x 106 cfuJg with an aver­

.	 age of 0.74 x 106 compared with 1.95 x 106 in con­
trol. Nearly similar findings were reported by Lee 
and Hotchkiss, (1997). 

Psychrotrophic bacteria 

A similar trend was observed for psychrotro­
phic bacterial counts. Psychrotrophs grew in all 
cheese samples but were less numerous 'in 
carbonated cheese over entirly storage period (Ta­
ble 4). The inhibitory effect of CO2 treatment on 
the growth and survival of psychrotrophic bacteria 
in various types of cheese has been extensively 
investigated (Moir et 01 1993; Eliot et al 1998; 
Gonzalez-Fandose el al 2000). McCarney el al 
(1995) concluded that addition of 30 mM of CO2 
to milk used to cheese manufacture reduced the 
time to reach psychrotrophic counts of 106 cfu/ 
mL-' and that in tum improved grading scores of 
cheese. Hotchkiss el 01 (1999) reported that, 
added CO2 can effectively control growth of psy­
chrotrophic bacteria in raw milk and final dairy 
products during refrigerated sto!age. 

Over 28 d of storage at 4°C, coliform bacteria, 
did not detected in any of carbonated or control 
cheese samples (data not presented). Similar find­
ings were reported by Ballestra et of (1996). A 
simultaneous increase in the lag phase and de­
crease in exponential growth rate due to CO2 

treatment has been demonstrated for coliform bac­
teria (Kimura e/ of 1999 and Martin e/oI2003). 

.' Mold and yeast 

Mold and yeast counts were significantly 
(P:S0.05) lower in carbonated cheeses in compari­
son with the control cheese over storage perietd 
despite the higher acidity of the former cheeses 
which may enhance their growth (T,fble,4). CO2 

acts both directly on molds and indirectly by dis­
placing 02; molds have an absolute requirement 
for 02' Chen and Hotchkiss (1991) reported that 
CO2 had an inhibitory effect on the yeast and 
mould populations in Cottage cheese and the in­
hibitory effect was not attributed to the pH­
reducing effect of CO2 as the controls and treated 
sampleshad almost similar pH values. 

Although, the inhibitory effect of CO2 on cer­
tain microorganisms, have been extensively stud­
ied, the direct and indirect mechanisms by which 
CO2 affects microbial growth and metabolism are 
not entirely clear. There is evidence that there are 
at least 3 general mechanisms. The 1st and sim­
plest is by the displacement of O2 . The 2nd 
mechanism is a reduction of the pH due to the 
dissolving of CO2 in the aqueous phase and fonna­
tion of carbonic acid, which dissociates to form 
the bicarbonate and H+ ions as the following equi­
librium: 

Carbon dioxide and the H+ ions are mainly 
responsible for the inhibitory effect; however, 
bicarbonate and. carbonate ions have also been 
shown to have an inhibitory effect. The 3rd 
mechanism' is'a direct effect on the metabolism of 
microorganisms as opposed to the indirect effects 
of displacement of O2 and pH reduction. The di­
rect inhibition of metabolic pathways, including 
membrane damage, enzyme inactivation, decar­
boxylation reactions and DNA replication (Stret­
ton & Goodman 1998; Hong & Pyun 2001). 
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Table 4. Changes in microbial counts** of the control and carbonated cheeses during 28 d of
 
storage at 4°C
 

Microbial 

counts 

SPC 

10" (cfu/g) 

PBC 

104 (cfu/g) 

MYC 

104 (cfu/g) 

Storage period	 Treatments 

(d) Control* 3L1min 5L1min 7L1min 9L1min 

0 0.75 " 0.25 b 0.25 b 0.23 b 0.20 b 

7 0.85" 0.48 b 0.43 b 0.30 b 0.30 b 

14	 0.58b 0.53 b,t 0.38 c,d 0.30d
1.35 • 

21	 0.73 b 0.60 b,t 0.55 b,t 0.43 c
1.65 • 

28 1.93 " 0.95 b 0,75 b 0.67 b 0.60 b 

0 0.58 • 0.20 b 0.20 b 0.18 b 0.20 b 

7 0.83 • 0.30 b 0.28 b 0.20 b 0.20 b 

14	 0.38 b 0.33 b.c 0.28 b,c 0.23 c1.10 • 
21	 0.55 b 0.43 b,c 0.33 c 0.28 c1.38 • 

28 1.63 a 0.83 b 0.73 b 0.48 c 0.35 c 

0 0.48 • 0.15 b 0.15 b 0.15 b 0.15 b 

7 0.73 " 0.25 b 0.23 b 0.20 b 0.20 b 

14 0.95 a 0.35 b 0.30 b 0.20 b 0.18 b 

21 0.98" 0.50 b 0.45 b,c 0.30 b,c 0.20 c 

28 1.55 " a.60 b 0.58 b 0.40 b,c 0.28 c 

1 
*Control: Cheese sample madc without adding CO2
 

- SPC: Standard plate count, PBe: Psychrotrophic bacterial count, MYC: Mold and yeast count
 
**Values are Jog 10 cfu/g means, based on four replicates.
 
- Means with the same letter in the same row are not significantly different.
 

1 
Sensory properties	 proteolysis that associated with the high moisture 

and low salt content (Mistry, 2001; Ma et (II 
The results of the sensory assessment of cheese 2003), 

are given in Table 5. The carbonated cheese The CO2 addition to cheese milk decreased 
treated with the highest level of CO2 always had proteolysis via at least two mechanisms: the reduc­
the highest flavor score compared to the cl;>ntroJ. tion of microbial proteases due to a reduced mi­
The flavor of carbonated cheese treated with the crobial growth and the possible reduction of en­
higher CO2 levels was improved as storage period dogenous protease activity due to a lower milk pH, 
progressed. All carbonated cheeses ranked higher Because of thJl low levels of CO2 used in the pre­
flavor scores than the control at 21 up to. 28 d. sent study, the common tactile sensation associ­
This may be due to the lower levels of proteolysis, ated with CO2-containing beverages was not de­
which related to lower bacteria counts in those tected in any of c'ifbonated samples. Chen et al 
cheeses (Table 4). Montilla et {II (1995) demon­ (1992) found that the lowest flavor threshold for 
strated that cheeses produced from CO2-treated CO2 in milk was between 4.54 and 9.10 roM. 
milk showed less proteolysis than control cheeses, Similarly, Moir et til (1993) found that 10 mM 
but no significant differences in sensory character­ CO2 injected into Cottage cheese cream dressing 
istics between cheeses were detected. At 21 d or could significantly increase shelf life without af­
storage, the control cheese exhibited a slight bit­ fecting flavor. 
terness, and developed off-flavour and putrid At both, 7 and 14 d, all carbonated cheeses had 
aroma, a common defect in such types of cheese body and texture scores not significantly (P~0.05) 

which, may be attributed to the greater degree. of different from those of the control. However, the 
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Table 5. Sensory properties** of the control and carbonated cheeses during 28 d of storage at 
4°C 

Attributes
 

Flavour
 

(60)
 

Body &
 
Texture
 

(30)
 

Salt ness
 
(5)
 

.
 
Appearance
 

(5)
 

Total
 
(100)
 

Storage period
 
(d)
 

0
 

7
 
14
 
21
 
28
 

0
 
7
 
14
 
21
 
28
 
0
 
7
 
14
 

21
 

28
 

0
 
",. 7 

14 
21 
28 

0 
7 
14 
21 
28 

Treatments 

Control * 3L1min 5L1min 7L1min 9L1min 
52.00 ",b 45.00 C 46.25 C 48.00 ",C 54.25" 
50.75 b 51.50 b 52.50 a," 55.50 " 50.50 " 
45.25 C 48.75" 48.25 b.c 50.75 b 55.75 a 

43.00 c 45.00 " 48.25 a," 50.50 a." 55.00 a 

27.50 d 37.50 c 41.25 c 50.75 " 56.00 a 

25.75" 25.50 " 25.25 " 28.50 • 26.75 a." 

24.75 • 23.25 " 23.25 " 24.75 a 25.75" 
22.50 a 23.00 " 23.50 a 25.00 • 25.00 • 
22.50 b 23.00 b 23.50 .. b 25.00 a.b 26.00 • 
21.25 b 22.50 a.b 22.50 a.b 25.00 • 25.00 • 
4.25 " 3.75 • 3.50 • 4.00' 4.25 • 
3.75 " 3.50 a 3.25 • 3.75 • 3.75 • ­
4.00' 3.75 • 3.50 " 4.00' 4.50' 

3.50' 3.50' 3.50 " 3.75 • 3.75 • 
3.75" 3.75 " 3.75 " 3.75 • 3.75 • 

4.25 • 4.00" 4.00· 4.25 • 4.25 • 
4.00· 3.75 " 3.75 • 4.00' 4.00 • 
4.00· 3.75 ~ 3.75 • 4.00' 4.25 • -
3.75 a 3.75 • 4.00' 4.00' 4.00 " 

3.25 " 3.00" 3.00" 3.50 " 4.25 " 

86.25 " 78.25 d 79.00 d 83.00 c 91.25 " 
83.25 b,c 81.00 C 81.75 c 85.00 b 89.00· 
75.75 d 79.25 c 79.00< 83.75 b 89.50 • 
72.75 d 75.25 d 79.25 c 83.25 b 88.75 • 

'.
55.75 e 66.75 d 70.50 C 83.00 b 89.00 • 

*Control: Cheese sample made without adding CO2 

**Mean of four replicates 
-Means with the same letter in the same row are not significantly diffen:nt. 

body and texture scores of the carbonated cheeses trend was reported by Katsiari and Voutsinas 
became significantly (PSO.05) higher than those of (1994) for rew-fat Kefalograviera cheese. 
the control cheese at 21 up to 28 days old (Table Table (5) shows also that the carbonated 
5). The panelist's comments indicated that the cheeses had saltiness scores that were not signifi­
control cheese had a rubbery, dry and hard body cantly (P ~ 0.05) different from those of the con­
and texture while carbonated cheeses were much trol cheese throughout the storage period. This 
less rubbery and softer than the control. The use of may be due to that the used rates of salt were the 
the CO2 improved the body and texture of the car­ same for all cheeses. The appearance of the car­
bonated cheeses over the control up to 28 d. Also, bonated cheeses was considered good over storage 
these results could be due to the lower proteolysis period and they were comparable (P ~0.05) to that 
levels in carbonated cheeses compared to the con­ of the control. Cheese samples were examined at 
trol. The body and texture score of all cheese sam­ both 21 and 28 d of storage for visible microbial 
ples tended to decrease as storage period increased growth on the product surface. These results show 
but the rate af this d'=:.::eJ-se was faster in control a considerable reduction in the number of spoiled 
cheese than that in carbonated ones. A similar samples using CO2, while the control cheese ex-
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hibited a spoilage in 2\ d at 4°C, which indicated 
by a mold growth, di.,coloration and slime forma­
tion. The overall quality of karish cheese was sig­
nificantly (P SO.OS) affected by the level of the 
CO2 over entire storage period (Table 5). All car­
bonated cheeses gained significantly (P SO.OS) 
higher scores for total assessment than the corre­
sponding control cheese at 14 d up to 28 d. 

Many authors reporkd that, organoleptic prop­
erties of CO2_treated cheese were as good as 
(Ruas-Madiedo et at 1998; Ruas-Madiedo etat 
2002) or better than (Maniar et at 1994; McCar­
ney et at 1995; Montilla et at 1995) control sam­
ples made from untreated milk. 

In conclusion, CO2 can be used as an effective 
tool of extending shelf-life of Kareish cheese 
without affecting sensory propel1ies. The shelf-life 
of Kareish cheese of the present study at normal 
refrigeration temperatures was in the range of 
about 2 J to 28 d or longer. In other words, Karish 
cheese of this ~tudy hfld a reduce risk of spoilage 
as compared to conventional Karish cheese of the 
same age and, therefore, it had an increased safety 
margin for the consumer. 
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