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ABSTRACT

This study aimed to improve the properties of white soft cheese made from goats® milk by adding spice essential
oils at concentrations of 75 & 90 ppm cardamom, 50 & 75 ppm thyme and 40 & 60 ppm clove to goats’ milk. All
resultant cheeses were compared aganist that made from buffalos® milk (control I) and goats’ milk (control IT). The
quality of resultant cheeses was evaluated for their chemical composition, microbiological and organoleptic proper-
ties during storage at 6=1°C for 45 days. The results revealed that additives at two concentrations of essential oils
insignificantly affected percentages of moisture, salt/ moisture and fat/dry matter. Moisture % significantly decreased
(P=0.05) while fat and protein % increased during storage period at 6£+1°C. Values of titratable acidity (TA), water
soluble nitrogen/total nitrogen (WSN/TN), non protein nitrogen/total nitrogen (NPN/TN) and total volatile fatty acids
(TVFA) for all treated cheeses were significantly lower than control II during pickling period. Increasing the propor-
tion of spice essential oils had a marked effect on the same properties. The TA, WSN/TN, NPN/TN and TVFA in
cheese samples increased, while the pH values decreased continuously during storage period (P<0.05).

The hysteresis area, expressed as qude values, of control 11 was lower than goats’ cheese samples
treated by cardamom, thyme and clove essential oils during the pickling period. The rate of decrease in the
hysteresis area of control I was higher than that of control L. Statistically, there were significant differences
due to treatments, pickling period and the interaction between treatments and pickling period (P<0.05).
Addition of spice essential oils decreased clearly counts of different tested microbial groups (total viable
count, psychrophilic bacteria, yeasts& moulds and coliforms) throughout storage period as compared to
control II and control I. Spice essential oils added improved the flavour and quality of white soft cheese
made from goats’ milk. Therefore, white soft cheese could be successfully made from goats’ milk with
adding cardamom, thyme or clove essential oils, especially clove or cardamom at concentrations of 40 and
75 ppm, respectively and with storage at 6+1°C for 45 days.
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formed in the stomach is softer than that formed
by cows” milk. This is also beneficial to the digest-
ibility. Therefore, goats’ milk is much more easily
digested than cows’ milk; also goats’ milk has 13%
less lactose than cows’ milk and most people who
are allergic to cows’” milk tend not to be allergic
to goats’ milk. Allergies are more common in very
young children (Einsiedel, 2005, Riekeman, 2005).
On the other hand, goats’ milk has more of the es-
sential vitamins that we need.

INTRODUCTION

Goats were probably among some of the first
animals to be domesticated, and can utilize poor
quality feeds such as shrubs and “left over” plants
unsuitable for other milk animals. They have as-
tomishing adaptability to adverse climatic and geo-
physical conditions (Devendra, 1987, Riekeman,
2005). Often the dairy goat has been called the
“poor man’s cow™, because good dairy goats don’t
cost near as much as good dairy cows do. It is well

known that goats’ are early regarded as a source of
milk production. A good dairy goat can produce up
to 10% of its body weight in milk (Peterson, 2005).
Goats’ milk is also a healthier alternative to cow
milk, because cow milk has to be homogenized to
be more easily digested. However, this is not nec-
essary with goats” milk because it is naturally ho-
mogenized. Moreover, the goats’ milk protein gel

Goats’ milk has been used since ancient times
for the manufacture of different types of cheeses,
throughout the world. Many famous varieties of
cheese are made from goats’ milk, while in Egypt
goat’s milk products are not highly accepted be-
cause fresh goat’s milk has a mild “goaty flavour”,
this flavour is mainly due to the presence of short—
chain fatty acids, tt.abc breed of goats’, unhygienic
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milking of the goats and the diet of the animal has
a lot to do with the taste of the milk. If goats and
cows are managed similarly, the smell and the taste
of both milks are quite comparable (Gates, 2005).

Since ancient times, peoples have used herbs
and spices for preventing food deterioration and
foodborne diseases. At the end of last century, anti-
microbial activities of herbs and spices had already
been examined and their oils were known to retard
microbial spoilage in. dairy products (Conner &
Beuchat, 1984; Abou Dawood, 1996, Abd-El Kad-
er et al., 2001). In recent years, there are growing
interests in using natural antimicrobial compounds,
especially those extracted from plants for the pres-
ervation of foods and dairy products, which leads to
increase the shelf life of these products. On the oth-
er hand, the species and herbs give a good flavour
and musk the undesirable flavours, such as “goaty
flavour” of goats’ milk. In Egypt, many investiga-
tors used natural flavouring additives in dairy prod-
ucts as flavours and used as preservatives (antivi-

" ral, antibacterial and antifungal compounds) such
as aqueous cayenne pepper and marjoram extracts
in ultrafiltered cheese (Abd-Alla ef al., 2000); tolue
balsam extracts in Karish cheese (ElI-Nemer er al.,
2003) ; twenty different essential oils (such as black
cumin, shallots, cardamom, capsicum ... etc.) were
used in manufacturing of flavoured Tallaga cheese
(Hussein, 2004) and essential oils of garlic, cumin,
coriander, clove, dill and parsley were added to
Labneh (Ismail er al., 2006). Therefore, this work
aims to use goats’ milk in making white soft cheese
with satisfactory properties by adding cardamom,
thyme and clove essential oils. At the same time
the effect of these additives on chemical, microbio-
logical and organoleptic properties of the resultant
cheese during cold storage (6+1°C) was studied as
compared to control buffalos’ and goats’ cheese.

L

MATERIALS AND METHODS

Materials

Fresh buffalos’ milk was obtained from the
herd of animal production farm of the Faculty of
Agriculture, Fayoum University, while fresh Egyp-
tian goats’ milk was obtained from a commercial
private farm in Fayoum district. &he gross chemi-
cal composition of both biffalos’ and goats’ milk
is presented in Table (1). Standard microbial ren-
net powder (Maxiren 1800 MG, 100% chymosin
purified from Kluyveromyces lactis, storage tem.
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4-5°C) was obtained from Hansen’s Laboratories.
Commercial edible grade salt (sodium chloride)
produced by El-Nasr Company for Salt, Alex.,
Egypt was obtained from the local market and cal-
cium chloride was obtained from Solvay , ltaly.
Spices (thyme, cardamom and clove) essential oils
and Emulgum were obtained from Perfumes and
Essences Factories, El-Hawamdia, Giza, Egypt.
Essential oils were extracted by steam distillation
according to the Food Chemical Codex, purity
100% and free from fatty acids.

Methods
Preparation of essential oils

The essential oils (cardamom, thyme and
clove) were emulsified at the rate of 4% (v/v) in
Emulgum emulsion in water (10% w/v) using mag-
netic stirrer.

Manufacturing procedure

White soft cheese was made in the dairy
processing pilot plant, Dairy Dept, Faculty of Ag-
ric, Fayoum Univ. using fresh whole buffalos’ and
goats’ milk according to the method described by
Fahmi & Sharara (1950).The cheese was manu-
factured using 10kg heated (75°C for 15 sec and
cooled to 43°C) buffalos’ milk as control (I) and
70kg heated goats’ milk which was divided into
seven portions where spice essential oils (the ratios
of cardamom, thyme and clove were used based on
the preference of the panelists as established in pre-
liminary studies) were added as follow:

1- Goats’ milk without additives (control II)

2-Treatment (1) and (2) goats’ milk with the addi-
tion of cardamom essential oil at concentration
of 75and 90 ppm, respectively.

3- Treatment (3) and (4) goats’ milk with addition
of thyme essential oil at concentration of 50
and 75 ppm, respectively.

4- Treatment (5) and (6) goat’s milk with addition
of clove essential oil at concentration of 40 and
60 ppm respectively:

Calcium chloride, edible salt and rennet were
added at the rate of 0.02, 4.0 and 0.003%, respec-
tively, stirred well and set for 1 hr, the curd was
filled in a special Domiati cheese moulds (perforat-
ed cylindrical stainless steel moulds, 7 em diameter
and 12 ¢m high) and drainage the whey takes 24 hrs
at 25+1°C. When the curd became firm enough, it is
cut into pieces each 5@m square. All resultant cheese
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pieces are arranged in layers into plastic containers,
covered with salted whey (4%) and the containers
are tightly closed and pickled at 6+1°C for 45 days.
Cheese samples were withdrawn when fresh and af-
ter 15, 30 and 45 days for chemical, microbiological
analysis and organoleptic evaluation.

All experiments were performed in triplicates
and each analysis in triplicates and average results
were recorded.

Methods of analysis
Chemical analysis

Samples of white soft cheese were thoroughly
ground in a clean and dry mortar and analyzed for
some of their chemical components. The following
methods were adopted: The moisture and salt con-
tents were determined using a thermostatically con-
trolled oven at 105°C for 3 hrs and direct titration
was made, respectively as mentioned by Bradley
ef al. (1992). The standard Gerber method for fat
determination in milk and cheese samples was used
as described by Ling (1963). Titratable acidity (TA
%) of milk and cheese samples were determined
by titrametric method as described in the A.O.A.C.
(2000).The pH values of milk and cheese (samples
prepared by homogenization of 10 g cheese with
5 ml distilled water) were determined using a dig-
ital pH meter (540-GLP, Multical., Germany) The
total nitrogen content (TN), water-soluble nitrogen
(WSN) and non-protein nitrogen (NPN) were esti-
mated using macro-Kjeldahl method as described
by the A.O.A.C. (1998). Total volatile fatty ac-
ids (TVFA) in cheese samples were determined
by the direct distillation method as described by
Kosikowski, (1978), values were expressed as ml
NaOH 0.1N /100g cheese

Cheese samples were prepared to determine
Potentiometric acid-base titration by a modified
method of Kirchmeier (1977) as follow: *

1- Ten g cheese were kneaded in a mortar with 6 ml
(3 x 2 ml) NaOH (0.25 N) and 5 ml saturated
urea solution and diluted to 100 m] with satu-
rated urea solution and then filtered, using filter
paper whatman No 42.

2- Potentiometric titration was carried out by the
following procedure: Twenty ml of the filtrate
were added with 80 ml NaCl (0.0IN). The pH
value of cheese sample was adjusted to the re-
quired step with drops of NaOH (3N) or HCI
(3N). Cheese samples were titrated from pH 7.0

to pH 5.0 in 0.2 pH-intervals using HCI (0.01N)
at a constant temperature and constant stirring
speed. The time until each (seeming) equilibri-
um was fixed for 40 sec. After reaching pH 5.0,
back titration to pH 7.0 was done using NaOH
(0.01N), using the same procedure,

Results of the obtained potentiometric titrations
were plotted in form of integral curve, in terms of o
as a function of pH. A single curve was obtained by
the potentiometric acid-base titration of true solu-
tion from pH 7.0 to 5.0. In contrast, by the acid-base
titration of colloidal solution (such milk) from pH
7.0 to 5.0, two different curves for the forward and
back titration were obtained. The lower curve is al-
ways the acid branch and the upper curve is the base
branch. It can be seen that the acid titration curve
and the base curve forms a hysteresis loop.

The total consumption of titrants in milliliter is
considered as the degree of proteonation c. = 1.0. The
mean degree of proteonation a is defined as the ratio
of the concentration of bound protons [HA] to the to-
tal concentration of partners [HA] + [A~], (Neumann,
1973). a.= [HA]/[HA] + [AT]. The quantitative meas-
urement of hysteresis curve is performed with the
closed integration of («.dpH ) which represents the
hysteresis area. This value of ::f adpH is obtained by
a simple method through measuring the hysteresis
loop and (1.0c¢1.0 pH) unit using planimeter (digital
planimeter, model planix 7).

Microbiological analysis

Total viable count was determined using plate
count agar (PCA) medium as described by Bridson
(1990). The plates were incubated at 37+2°C for
24 hrs. Psychrophilic bacterial count was estimated
by using PCS medium (Bridson, 1990). The plates
were incubated at 5-7°C for 10 days. yeasts and
moulds were estimated as described in the Stand-
ard Methods for the Examination of Dairy Products
(1992). The plates were incubated at 25+2°C for
4 days.Most probable number (MPN) of coliform
bacteria was estimated using MacConkey broth as
described by Bridson (1990). The tubes were incu-
bated at 37+2° C for 48 hrs.

Organoleptic evaluation

Cheese samples were evaluated during the pick-
ling period by a 15 panelists of the experienced staff
members of Microbiology, Food Science & Tech-
nology and Dairy Science Departments, Faculty of
Agriculture, Fayogm University. Cheese samples
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were evaluated for flavour (50 points), body & tex-
ture (35 points) and colour & appearance (15 points)
as described by Nelson & Torut, (1981).

Statistatical analysis

All experiments were performed in triplicate and
the results obtained were analyzed statistatically us-
ing General linear Models (GLM) according to SPSS
(1999), Version 9. Significant differences among
treatments, pickling periods and the interaction mean
between them were compared (P<0.05) according to
Duncan’s multiple range test (Duncan, 1955).

RESULTS AND DISCUSSION

Gross composition of buffalos’ and goats® milk

Data presented in Table (1) show the chemi-
cal composition of buffales’ and goats’ milk used
in white soft cheese manufacture. It is clear that
buffalos’ milk had percentages of fat, protein, lac-
tose, total solids (TS), solids not fat (SNF), and ash
higher than their corresponding values of goats’
milk, while both types contained similar values of
TA (0.17 & 0.18) and-pH (6.7 & 6.6) for buffalos’
and goats’ milk, respectively . These values are in
accordance with those obtained by El-Almy ef al.
(1990). In contrast, Abo-Dawood et a/. (1980a & b)
found that fat, TS and protein contents of Egyptian
goats’ milk were higher than results obtained in the
present study.

Table 1: Gross composition of buffalos’ and goats’
milk used in white soft cheese manufacture

Parameters (%) Buffalos’ milk  Goats’ milk
Fat 6.78 3.80
Protein 3.99 3.20
Lactose 5.43 4.80
Total solids 17.31 13.15
Solids not fat 10.53 935"
Ash 0.90 0.76

Chemical composition of cheese

Table (2) summarizes the moisture, fat and salt
contents of white soft cheese made from buffalos’
and goats’ milk as affected by adding some spice
oils during the pickling at 6+1°C for 45 days. It is
clear that control [ retained higher moisture than
control I, being 63.68 and 61.45 % in the fresh sam-
ples, which reached 62.91 and 59.90% at the end of
the storage period for control I and II, respectively.
This could be attributed to the differences in the

4

physical and chemical properties between buffalos’
and goats’ milk. On the other hand, the moisture of
all cheese samples increased slightly throughout the
first 15 days of the pickling period. These findings
could be attributed to some absorption of pickling
solution by low salt cheese that stored at low tem-
perature (6:1°C). After that, moisture (%) signifi-
cantly (P<0.05) decreased in all cheeses up to the
end of the storage period. The loss in moisture could
be attributed to the increase of acidity, which had
a contractive effect on the cheese causing expul-
sion of moisture. Similar results were reported by
Hamed er al. (1992) and Salama (2004). Addition
of cardamom, thyme or clove essential oils to the
cheese milk at different ratios resulted in a signifi-
cant increase in the moisture of the all samples of
the resultant cheese as compared to control I1. This
could be attributed to the significant continuous in-
crease in acidity until the end of storage in the con-
trol II (Table 3) as compared to other treatments.

As it was expected, the fat (%) of control I was
higher than that made from goats’ milk. This result
is in accordance with that reported by Sevda et al.
(2004) that the lower fat was closely related to the
fat content of milk used in manufacturing of cheese
and to the whey drainage. On the other hand, fat
of goat cheeses treated with cardamom, thyme and
clove were slightly higher than the control I1.

It is noteworthy to mention that the fat con-
tents of all cheese samples (Table 2) are complying
with the Egyptian legal standards (EOSQC, 2000)
for fresh or pickled white soft cheese made from
buffalos’ milk and that made from goats’ milk. Buf-
falos’ cheese gained the highest values of fat either
when being fresh or during the pickling period. The
results indicate that fat contents did not show con-
siderable differences between different treatments
and control Il at zero time, with the same trend of
cheese fat content throughout the pickling period.
The T, and Ty treatments showed the highest fat
contents after 15 days. Statistically, the fat content
showed a significant increase between control [ and
II, whereas pickling period and the interaction be-
tween treatments and the pickling period were not
affected significantly (P<0.05).

As shown in Table (2), at the beginning of the
pickling period, there were no significant differenc-
es between the treatments, the percentage of salt
of all cheeses slightly decreased at 15 days, then
continued to increase till the end of pickling pe-
riod. There was a sigffificant difference for salt %
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Table 2: Effect of cardambm, thyme and clove essential oils on the moisture, fat / dry matter, salt and
salt / moisture of goats® white soft cheese during the pickling period

Pickling period (days) x Treatment interaction

Treatment Fresh 15 30 45 Treatment effect
Moisture (%)
Control 1 63.68° 66.18 * 64.61° 62.91° 64.35+0.784
Control [T 61.45° §3.25° 6l.61" 59.90° 61.55+0.544
Il 61.34° 63.26° 61.71° 60.13* 61.61+0,754
Ts 61.39* 63.79° 61.80* 60.32° 61.83 + 0.66 4
Ts 61.41° 63.64° 61.82° 60.24" 61.78 £ 0.76 *
T4 61.43° 63.72* 61.85% 60.43"° 61.86+0.714
Ts 61.42° 63.42° 61.65° 59.97* 61.62+0.784
T6 61.40° 63.40° 61.78° 60.38" 61.74+£0.74 4

Pickling period effect 61.69+ 055 63834046 62.10+044® 60.54 +0.47°
Fat / dry matter (%)

Control 1 51.21* 51458 51430 51.50® 51.40+0.55°
Centrol I 45.65° 45.71% 45.06 44390 4520+ 034"
Ty ¥5.53 46.81* 4542° 45.02° 45.69+0,55 "
Tp 45.58" 47.22¢ 45.68¢ 45.11° 45.90 £ 0.47°
T3 ' 45.614 46.62° 46.10° 45.27° 4590+ 0.52
Ty 45.63 45.86 ¢ 45.61° 45.11° 45,55+ 0,468
Ts 45.62" 46.22¢ 4538 44.59 45.45+0.54°
T . 45,60 46.98 ° 45.79 45.18 ¢ 45.89+0.53 P
Pickling period effect 46.30£0.53* 47.11+£ 047" 46.31£0.51* 45.77+0.50*
Salt (%)

Control 1 2.97° 2.80° 3.07° 3.26¢ 3.01+0.06 ¢
Control I 3.04" 2.93° 3.182 3340 3.12+0.05%
T 3.04¢ 2.90° 3.10° 3.30° 3.09+0.05 48
T 3.08¢ 283" 3.05° 3.20° 3.04 4 0,04 8¢
T 3.04° 2.88° 3.00° 3254 3.04 + 0.04 B¢
Ty 3.06° 2.850 3.00* 3,152 3.02 4 0.04 3¢
Ts 3.08° 2.90° 3,15 3.20° 3.08 £ 0.04 B¢
Tg 3.04° 290" 3.08° 335¢® 3.09£0.0548

Pickling period effect 3.04+ .01 2.88+0.02¢ 3.07+£0.028 326+0.02%
Salt in water phase (%)

Control | 4.66 4.23 4.75 5.18
Control 11 4,95 4.63 5.16 5.58
T, 4.96 4,58 5.02 549
Ty 5.02 ¢ 4.44 4.94 5.31
T3 495 4,53 4.85 5.40
Ty 4,98 447 4.85 5.21
Ts 5.02 4,57 5.11 5.34
T 4.95 4.57 4,99 5.55

A, B and C: Means within the same effect having different capital superscripts are significantly different (P< 0.05).
a,b,...and 0: Means within the same interaction having different small superscripts are significantly different (P<0.05).
Control [ and I1 = white soft cheese made from buffalos’ and goats’ milk, respectively.

Ty & T, = goats’ white soft cheese contained 75 and 90 ppm cardamom essential oil, respectively.

T3 & T4 = goats’ white soft cheese contained 50 and 75 ppm thyme essential oil, respectively.

Ts & T = goats” white soft cheese contained 40 and 60 ppm clove essential oil, respectively.
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between control I and II, also during the pickling
periods (from 15 up to 45 days), but the interaction
between treatments and the pickling period was not
affected significantly (P<0.05).

Titratable acidity (TA) and pH values

Changes occurred in the TA and pH values of
various white soft cheese samples during the pick-
ling period are presented in Table (3).The TA of all
cheeses was found to increase progressively dur-
ing the pickling period. These results are in agree-
ment with those of Mehanna & Hefnawy (1991)
and Hamed et al. (1992). The gradual increase of
the TA of all cheese samples could be attributed
to the fermentation of lactose to lactic acid by lac-
tic acid bacteria. On the other hand, the results did
not reveal any significant differences between all
treatments at zero time. Fresh cheese of control 1
had the lowest TA (0.21%), while control 11 had
the highest value of TA either when fresh or stored
for 45 days (0.23 and 1.05%, respectively).The T4
treatment had the lowest value of TA followed by

T7 and Tg treatments in an ascending order as com-
pared with control 11 and other treatments at the end
of 45 days pickling period. This could be attributed
to inhibition of the growth of cheese microflora by
added essential oils especially at the high concen-
trations. These results are in agreement with those
of Abd-Alla er al. (2000). Statistically, TA was
significantly influenced by treatments, pickling pe-
riod and the interaction between treatments and the
pickling period (P<0.05).

It is clear from the results given in Table (3)
that the pH decreased during the pickling period in
all samples, with an opposite trend of TA. These
results are similar to those found by Mallatou e al.
(1994). There were no differences between goats’
cheese treatments at the first stage of pickling
(fresh cheese), while at 15 days T, treatment had
the highest pH value (5.90) followed by 5.80, 5.75,
5.70, 5.65, 5.60, 5.50 and 5.45 in a descending or-
der for Ty, T3, Tg, Ts, T, control I and control 11,
respectively. At 30 days, the pH values were in the
order of T4> T3> Tg = Tp> T|> Ts> control 11>

Table 3: Effect of cardamom, thyme and clove essential oils on the titratable acidity and pH values of
goats’ white soft cheese during the pickling period

Pickling period (days) * Treatment interaction

Treatments Fresh 15 30 45 Treatment effect
Titratable acidity (%)
Control 1 0212 0.45 kim 0.65¢# 090" 0.55+0.088
Control 11 023" 0.531 070" 1.05° 0.63£0.094
T, 0.22" 0.49 0.58¢ 0.86 ¢ 0.54+0.078
T 6,228 0.40m 0.56& 0.82¢ 0.50+0.07¢
T, 0227 0.45 &m 0.541 0.84¢ 0.51 £0.07°¢
i of 022" 0.43 m 0.541 (i Jips g 0.50+0.06 ¢
T; 022" 0474 0.60 ¢ 0.92° 0.55+0.08 "
e 022" 0.45 km 0.568 0.82¢ 0.51+£0.07¢
Pickling period effect 02240003 0.46+0,008° 0.59+0.018 0.88 +0.02 4
pH

Control 1 6.45 5.50 4.95 4,70 -
Control 11 6.30 . 5.45 5.00 4.80 -

T 6.35 5.60 938 5.05 -

T, 6.35 5.90 5.40 5.20 -

T, 635 5.75 5.50 515 -

¢ i 6.35 5.80 5.60 5.30 -

T, 6.35 5.65 5.20 4.95 -

B 6.35 5.70 5.40 5.20 -

A, B, C, D and E: Means within the same effect having different capital superscripts are significantly different (P<0.05).
a, b,....and o: Means within the same interaction having different small superscripts are significantly different (P<0.05).
Control 1 and Il = white soft cheese made from buffalos’ and goats’ milk, respectively .

T, & T, = goats’ white soft cheese contained 75 and 90 ppm cardamom essential oil, respectively.

T, &T, =goats’ white soft cheese contained 50 and 75 ppm thyme essential oil, respectively.

T, & T, = goats’ white soft cheese contained 40 and 60 ppm clove essential oil, respectively
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control I. On the othe- and, control IT had the low-
est value o“pin while T4 treatment had the highest
value of pH at the end of the pickling period. Addi-
tion of cardamom, thyme and clove essential oils to
cheese milk, especially at high concentrations, led
to increase the pH values of the resultant cheese as
compared to other treatments.

Table (4) illustrates the changes in total nitro-
gen (TN) and total nitrogen/ dry matter (TN/DM)
of white soft cheese produced from buffalos’, un-
treated and treated goats’ milk. The TN decreased
in all cheese samples throughout the first 15 days
of the pickling period. This decrease was associated
with an increase of moisture content in this stage.
There was a noticeable gradual increase in TN of
cheese produced from all treatments after 15 days
and untill the end of the pickling period. This is in
accordance with that reported by Ahmed & Abd El-
Razig (1998) and Kandeel ef al. (1991). The TN
of fresh and stored cheese for 45 days of control I
had a relatively higher value than that in control II
and other treatments. Such greater values could be
attributed to higher TN of buffalos” milk (Table 1).
On the other hand, there were no noticeable differ-
ences in the TN among samples from all treatments
at zero time whereas the values ranged between 2.43
to 2.45% during the pickling period. Control [ at 15
days of the pickling period had the highest value of
TN (2.32%), but T treatment had the lowest value
(2.02%) as compared with other goats’ cheeses. At
30 days of the pickling period, the values of TN
ranged between 2.23 to 2.60 %, whereas it ranged
between 2.6 to 2.80%at the end of the pickling pe-
riod. Significant differences (P<0.05) were found
between cheeses of control I and that of control 11
during the pickling period. The interaction between
treatments and pickling period did not affect signifi-
cantly TN content of all cheese treatments.

Pickling degree indices

.

Water-soluble nitrogen/total nitrogen (WSN/
TN) and non-protein nitrogen/total nitrogen (NPN/
TN) as affected by using buffalos’ or goats” milk
either alone or mixed with two concentrations of
cardamom, thyme and clove essential oils are pre-
sented in Table (4). It is clear that WSN/TN and
NPN/TN ratios increased with prolonged the pick-
ling period of all cheeses samples. These results are
in harmony with those reported by many workers
(Ahmed & Abd-El Razig, 1998, Salama ,2004 ,
Ismail ef al., 2006 ). Also, the results showed that
WSN/TN and NPN/TN were significantly (P<0.05)

lower in fresh and stored cheese of control I as com-
pared to cheese of control II. These high values of
WSN/TN and NPN/TN in fresh or stored cheeses of
control II and other treatments are due to the nature
of each buffalo and goat casein; also coincide with
the high numbers obtained from the total viable
counts and psychrophilic counts (Table 6), which
are responsible for protein breakdown. At the be-
ginning of the pickling period, there were no sig-
nificant differences among control Il and different
treatments (T to Tg). Also, WSN/TN and NPN/
TN ratios of control Il were significantly (P<0.05)
higher than cheeses from all treatments, this could
be attributed to the inhibition action of essential oils
towards proteolytic activity which is responsible for
protein degradation. It can be noted that as the WSN
and NPN content decreased, the ratio of essential oil
increased. The T2 treatment showed the lowest val-
ue of WSN followed by T4 and Tg in an ascending
order after 15 days of the pickling period. On the
other hand, T4 treatment showed the lowest value
of WSN, while control 11 had the highest value of
WSN after 45 days of pickling; this could be attrib-
uted to the effect of thyme essential oils (75ppm) on
the microbial growth and activity.

Titration curves (hysteresis indicator)

During cheese processing and pickling period,
proteins are physically and chemically changed
through the action of rennet and microbial en-
zymes. More direct information about the changes
of cheese proteins during the different periods of
pickling (fresh, 15, 30 and 45 day) can be derived
from the potentiometric results.

Hysteresis size

The obtained results of acid-base potentiomet-
ric titration of goats’ white soft cheese as affected
by adding some spice essential oils as compared to
control buffalos’ cheese during the pickling period
are integrally plotted in the form of pH-values as a
function of protonation degree (at) (Figs. 1 to 8). The
total consumption of milliliters titrants are consid-
ered as a degree of protonation o = 1.0. It can be
shown that acid titration curve and the base curve
are a form of hysteresis loop. The size of hysteresis
loop is given by fadpH. The results showed that
the shape of hysteresis loop of buffalos” cheese was
greater than that of goats” cheese. These results con-
firm those reported by El-Shobery (1988), while the
hystereses loop of control goats’ cheese was smaller
than that of all treated goats’ cheese throughout the

»
7
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Table 4: Effect of cardamom, thyme and clove essential oils on the total nitrogen, total nitrogen /
dry matter, water soluble nitrogen / total nitrogen and non protein nitrogen / total nitrogen
content of goats’ white soft cheese during the pickling period

Pickling period (days) x Treatment interaction

Treatments Fresh 15 30 45 Treatment effect
Total nitrogen (%)
Control 1 2.60° 2.32* 2.60° 2.80° 2.58£0.06*
Control 11 2440 228" 2.41° 275" 2.47+0.078
T 2450 2230 238° 2.70* 2.44 +0.06 B0
Ty 243" 2.02¢ 232 2.65° 2.36+ 0,07 PE
T3 243° A g 272 2720 2.39 £ (.07 ¢PE
T4 244" 114 203> 2.60" 2.35+0.06"
Ts 2440 2.20° 247¢ 2.72 2.46 + 0.06 B¢
Tg 2.44* 2.18° 2358 2.63* 2.40 + 0.06 C°E
Pickling period effect 246+0.02B  2.19+0.02D 238+003C 2.69+0.03 A
Total nitrogen / Dry matter (%)
Contral 1 7.16 6.86 735 7.55
Control Il 6.33 6.20 6.28 6.86
T 6.34 6.07 6.22 6.77
Tp 6.29 5.58 6.07 6.68
Ty 6.30 5.91 5.95 6.84
Ty 6.33 5.82 5.85 6.57
Ts 6.32 6.01 6.44 6.79
Tg 6.32 5.96 6.15 6.64
Water soluble nitrogen / total nitrogen
Control | 551 7.24% 7.69¢ 8.57° 7.29 +0.32F
Control I 7.584 12.28% 14,52 17.09 * 12,87+ 0.104
T 359 11.66* 12.61¢ 14.07 ¢ 11424076 ®
Ty 7.24* 9.90° 12.07% 1321°¢ 10.61 + 0.69 P
Ty 7.41 9% 10.23 " 11.89 12.50 ¢ 10.51 £0.60
Ty 7.38 9% 10.43 ™ 11.66 * 11921 10.35+ 0.54F
Ts 7.38 9% 1091 12.96 1 14.71® 11.49+0.828
Ts 7.38 o 10.55™ 12341 13.69¢ 10.99 +0.71 ¢
Pickling period effect 7.17+0.12°  1040+029¢ 119740387 13.22+045%
Non protein nitrogen / Total nitrogen
Control 1 0.08™ 0.10 0.121 0.18>d 0.12+0.01 ¢
Control II 0.08 ™ 0.13 M 0:17.9% 0.22° 0.15£0.024
T 0.08™ 0.121 01509 0.19 % 0.12+£0.01 €
T 0.09™ 0.11 % 0.13 N 0.17 % 0.14+0.01 ®
T3 0.08 ™ o0.fou 0.13H 0.18 bt 0.12£0.01°¢
Ty 0.08 m 0.10 0.121 0.15 % 0.11£0.01"
Ts 0.08" 0.129 0.16 ¢ 0.20" 0.14+0.01 "
Tg 0.08 ™ 0.11 % 0.14 & 0.174 0.12 + 0.006 ©
Pickling period effect 0.08+0.002°  0.11£0.003¢  0.14+0.004%  0.18  0.004"

A, B and C: Means within the same effect having different capital superscripts are significantly different (P<0.05).
a,b,..and o: Means within the same interaction having different small superscripts are significantly different (P<0.05)

Control I and 1I

= white soft cheese made from buffalos’ and goats’ milk, respectively.
T} & Tp = goats’ white soft cheese contained 75 and 90 ppm cardamom essential oil, respectively.

T3 & T4 = goats’ white soft cheese contained 50 and 75 ppm thyme essential oil, respectively.
Ts & Tg = goats’ white soft cheese contained 40 and 60 ppm clove essential oil, respectively.

@
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Table 5: Effect of cardamom, thyme and clove essential oils on the total volatile fatty acids** of goats’
white soft cheese the during the pickling period

Pickling period (days) x Treatment interaction

Treatments

Fresh 15 30 45 Treatment effect

Control I 30 5.0 70 9.0% 06.00 £ 0.68 *
Control I1 791 137 200 = 245% 16.53 +1.94

T 78! 12,01 17.0 % 710> 1445+ 15°€
Ty 78" 1151 16.0¢ 20i50b 13.95+ 14
T3 79! 12.5' 18:5¢ 21.50° 15.10£1.65
Ty 7.8! 11519 17:57 ) WOl 1445+1.6°
Ts 78! 12.0¥ 17.0 % 20,0 1420+ 1.4¢
Tg 7.8! 11.01 16.5 " 19:514 13.70 £ 1.4°
Pickling period effect 7.23+0.4 P 11.1540.5¢  16.19£08"  19.63:09*

Table 6: Effect of cardamom, thyme and clove essential oils on the total viable count, psychrophilic
count, total yeast & mould count of goats’ white soft cheese during the pickling period

Pickling period (days) x Treatment interaction

Treatments Fresh 15 30 45 Treatment effect
. Total viable count (count X 10° cfu*/gm )

Control [ 3.08 17.0 "% 81.0°¢ 310" 102.8£37.28
Control II 36°¢ 59.0¢ 98.0¢ 460" 163345304 &
T 271 6.8 2i0t 9.6 11.6£297°
T 30 0.98" yii: S g2e 10.1 +£3.58"
Ty 24 7.1@ 0.9" 9.0 108+2.820
Ty 25k 488 091" S5® 8.8+2.70"

Ts 23t 6.3 ¢ 328 36.0¢ 17.13+4.00¢
Tg 25;°f 428 o g.0e 9.6+287"

Pickling Period effect 2438+ 1887 1327+3.72¢ 2356+7.99P 105.8+34.58%
Psychrophilic count (count % 10* c¢fu /gm )

Control 1 2.08¢ L2 160 800 1 243.5+98.7¢
Control I 4001 900" 6000 © 38000° 11325 + 4690 A
Ty 350k 130! 70 maopd 5600 ¢ 1538 £708 €
T, 300 % 96 '™ 258 1400 180.3 +36.9"
T3 300* g{ilesn 40 orar 3400 ¢ 957 + 426"

Ty 310k 72 meona 30 rr 970 ¢ 345.5+ 113!
Ts 320* 30 80 lmmon 9600 " 2528+ 1232°
Tg 350 95 o 55 Hope 1700 ' 550+203.1F

Pickling Period effect 2915+23.8¢ 213.8+£56.4° 8164+409" 7512+24814
Total yeast & mould (count x 10° cfu /gm )

Control 1 s 350 6.5¢ 20.0¢ 7.88+22¢€
Control 11 i i a BGt 31.0°¢ 91.0" 33.48+10.54
T 3.0 hik 30l 36" 21.0¢ 7.78%23¢
T, 3.1 M 08™ 33" 85" 3.93+£085°
T3 2.5 Hod 1.9 ikim 2.3, 12.0° 468+13"
Ty 2.9 ik I 2.5:140d 5.8¢ 3.08+0.52°F
Ts 2.6 hikl 2.4 hiKl 3.8" 58.0° 16.7+72°
Tg 2.4 ikl ] 7t 3 7.9" 3.8+£0.73°

Pickling Period effect 266£011°  294+049€ 7.03+£191% 28.03+5.954%

** Expressed as ml NaOH 0.1 N/100gm cheese sample

* ¢fu = colony forming unit

A, B, C, D and E: Means within the same effect having different capital superscripts are significantly different (P<0.05).
a. b.....and 0; Means within the same interaction having different small superscripts are significantly different (P<0.05).
Control I and 11 = white soft cheese made from buffalos’ and goats’ milk, respectively.

T, & T, =goats” white soft cheese contained 75 and 90 ppm cardamom essential oil, respectively.

T, & T, = goats’ white soft cheese contained 50 and 75 ppm thyme essential oil, respectively.

T, & T, = goats” white soft cheese contained 40 and 60 ppm clove essential oil,%specﬁvcly,
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Fig. 1: Changes in the hysteresis size of buffalos’ white soft cheese during the pickling period

Fresh
Fexapr = 0 4

Protanstion degree (1)

1S days
§exapn —0.343

AN

-]

30 duys
fexapH =p.286

4% days
faxapH - 0.256

.5 o \
'\%
¥ PEN, Py—

Ll T

Protosstion degree (3 )

Fig. 2: Changes in the hysteresis size of goats’ white soft cheese during the pickling period

L]



Alex. J. Fd. Sci. & Technol.

Vol. 4, No.1, pp. 1-19, 2007

o.s

Fratsnation degree (2 )

Fresh
f xApil = 0,438

Protoasicn degree ()

15 days
‘a.pu -0.365

o.s

Protonstian degree (2 )

30 days
fxapH = 0.354

0.5

Frolonstion degree (1)

o

45 days
§cxapr = 0.307

.

!

] o

2;&::

v

damom during the pickling period

Fig. 3: Changes in the hysteresis size of goats’ white soft cheese treated with 75 ppm car-

0.5

Protonation degree (|

Fresh
fadpu - 0. 447 1.0

1S days
iadpﬂ - 0. 415

==l =

7

= oM =

v

*
30 days
fczdnn - 0.362]

45 days
$coxapn =031

= oo,
E G
§ a.s PR
= '\%
9. v
= £ psu g # - 'ﬁm =

Fig. 4: Changes in the hysteresis size of goat’s white soft cheese tgeated with 90 ppm car-

damom during the pickling period



Vol. 4, Neo.1, pp. 1-19, 2007

Alex. J. Fd. Sci. & Technol.

Prowetiss degree ()
-]
W

Fresh
faduﬂ - 0. 439

1S days
fadpll - 0.38S

=n‘h=

T

N
N

Pratessliog degrec i)

30 days
fadpu -0.367

Frotonstios degree (1)

P

* 45 days
§cxapn = o308

=—sh—

Fig. 5: Changes in the hysteresis size of goats’ white soft cheese treated with 50 ppm

thyme during the pickling period

Prateustion degree (7 )

Fresh
FexapH = 0.437

Pretessfon degree (1)

“'a..
o N

aqpu -0.397

_,—

Prowenation degree (X )

30 days
§exapH —0.370

Protenation degree ()

I~

45 days
§cxdpH - 0.343

JEN —

R Wm—

Fig. 6: Changes in the hysteresis size of goats’ white soft cheese treated with 75 ppm

12

thyme during the pickling period



Alex. J. Fd.Sci. & Technol. Vol. 4, Neo.1, pp. I-19, 2007

T
, Frosh 1S days
fexapn = 0.43s fczdpﬂ - 0.376

8 %
'5 0.5 pia 8 "itip
i ¥ o
,\ % 0.5, pia
e E N
Y. . i *» = ol = #
rat =0 fcz::::’:.zn

§a:dpu - 0.353

’

=p§l=

&p‘ll;

Fig. 7: Changes in the hysteresis size of goats’ white soft cheese treated with 40 ppm clove
during the pickling period

Frosh 1S days
§exapn = 0.434 fxapn —0.378

o.s [

Protonstien degree (1 |
/

r

= d =n“=
30 days 45 days
§exaph =0.357 : §xapn = 0330
1.0
=3
¥ e
=
! 0.5 o
: mony. e v : i v

Fig. 8: Changes in the hysteresis size of goats’ white soft cheese treated with 60 ppm clove
during the pickling period



®

Vol. 4, No.1, pp. 1-19, 2007

Alex. J. Fd. Sci. & Technol.

pickling period. It is clear from the obtained results
that the degree of hysteresis (cfa dpH) values of all
cheeses decreased gradually (P<0.05) as the picking
period progressed for all treatments,so these results
are in agreement with those of El-Tawel (2004). Fur-
thermore, it can be noticed from the figures that the
rate of decrease in the hysteresis area ( Cf adpH) was
higher in goats’ cheese than that of buffalos’ cheese.
This could be attributed to the more proteolysis abil-
ity of goats’ milk protein (Antunace ef al., 2000).
Similar trends in the degree of hysteresis (q adpH)
of goats’ and cows’ white cheese were reported by
Shendy (1989), El-Tawel (2004) for Edam cheese.
It is clear from the results that, at the beginning of
pickling, the q adpH values had no clear differences
among control goats’ cheese and the other treated
goats’ cheeses, while values of cja dpH were sig-
nificantly different (P<0.05) at 15 days. At 30 days,
T, treatment gained the highest value of d a.dpHas
compared to control I and other treated cheeses; this
could be attributed to the high effect of 75 ppm of
thyme on decreasing the rate of proteolysis, while
value of djocdpH for T, treatmen{'was the lowest one
between all treatments. Thetja dpH values of buf-
falos’ cheese samples were 0.519, 0.478, 0.412 and
0.375 for fresh, 15, 30 and 45 days of pickling, re-
spectively, while the f dpH values of goats’ cheese
samples were 0.441, 0.343, 0.286 and 0.256 at the
same periods of pickling, These data indicate that
there are differences in the casein composition and
size of the casein micelles between buffalos’ and
goats’ milk.

Total volatile fatty acids content (TVFA)

The changes in TVFA content of fresh and
stored white soft cheese made from buffalos’ milk
or different treatments are shown in Table (5). The
TVFA had similar trends to those of WSN/TN and
NPN/TN. The values of TVFA in all cheese sam-
ples increased gradually (P<0.05) thrdughout the
pickling period. These results are in agreement with
those reported by Mehanna & Hefnawy (1991) ,El-
Abd et al. (2003). The cheese of control 1, either
fresh or stored contained TVFA lower than that of
control II. These findings are similar to those ob-
tained by El-Abd et al. (1992), McCullough (2003).
These results could be attributed to the lower fat
globules size that would increase the lipases activity
in goats’ milk than buffalos™ milk (Peterson, 2005).

Goats’ cheese had the highest value (P<0.05) of.

TVFA allover the pickling period. This could be
attributed to the activity of certain lipolytic en-
zymes and activity of psychrophilic (PsC) bacteria.

14

At the end of the pickling period, T, treatment had
the lowest value of TVFA followed by T, T,, T\=
T, and T,. This observation could be explained by
the variation in the rate of lipolysis at the different
concentrations of cardamom, thyme and clove es-
sential oils. These results indicate that addition of
spice essential oils to goats’ milk cheese inhibited
lipolytic microbial enzymes; therefore, the TVFA
values of all treatments were lower than control
goats’ cheese throughout the pickling period.

The statistical analysis for TVFA content
showed a significant difference for both treatments
and the interaction between treatments by pickling
period (P<0.05).

Microbiological analysis
Total viable count (TVC)

The results illustrated in Table (6) indicate
that the TVC of fresh or stored cheese of control
I were lower than control II. Also , the obtained
data showed that TVC of control 1T and control I
samples significantly (P<0.05) increased during the
pickling period, whereas the TVC decreased in the
other cheese treatments (T, to T), up to 30 days of
pickling, then the trend was vice versa at 45 days of
the pickling period. There were significant (P<0.05)
differences among treatments and during the pick-
ling period. The addition of cardamom, thyme and
clove essential oils led to a decrease in the bacte-
rial growth during the pickling period with some
fluctuation. It is worth mentioning that cardamom
at the higher concentration (90 ppm) was more ef-
fective in reducing the total bacterial count of the
cheese after 15 days. These results are in harmony
with those reported by Holley & Patel (2005),who
mentioned that antimicrobial compounds present in
spice extracts can extend the shelf-life of foods by
reducing microbial growth rate or viability.

Psychrophilic counts (PsC)

Data in Table (6) illustrate the changes which
occurred in the PsC of buffalos’ and goats’ white
soft cheese untreated and treated with cardamom,
thyme and clove essential oils at different concen-
trations during the pickling period at 6=1°C. The
results indicated that there were no clear differences
among treatments (T, to T,) at zero time, while the
cheese of control IT had the highest (P<0.05) PsC
either when fresh or during the pickling. The PsC in
all treated cheese samples significantly (P<0.05) de-
creased as the pickling period extended up to 30 days
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after that increased at the end of the pickling process
which coincides with the results of the TVC. Also,
control I and cheese treated with 75 ppm thyme oil
(T,) had the lowest counts of PsC at the end of the
pickling period as compared with other treatments.
Meanwhile, control 11 and cheese treated with 40
ppm clove oil (T,) had the highest counts of PsC.
The T,, T, and T, treatments had 3400, 9600 and
1700 x10* after 45 days, respectively.

Yeast and mould counts (Y &M) coliform counts

The total Y&M counts of different white soft
cheeses during the pickling period are shown in Table
(6). The Y&M counts of control I1 was significantly
higher (P<0.05) than that in control I or other treat-
ments during the pickling period. Also, there were no
clear differences among all treatments at zero time.
Generally, counts in the beginning of pickling were
low and then gradually increased (P<0.05) as the
pickling period progressed. The Y &M counts in fresh
cheeses ranged from 1.5 to 3.3 x 102, while counts
after 45 days were 20, 91, 21, 8.5, 12, 5.8, 58 and 7.9
x 102 for control I, control I, T|, T,, T,, T,, T,and T,
respectively. Addition of some spice essential oils to
goats’ milk led to a reduction in the number of Y&M
in the resultant goats’ cheese as compared with con-
trol II. These results are accordance with the findings
of Serrano ef al. (2005). Cheeses treated with 75 ppm
cardamom essential oil (T,) had higher counts than
other treated cheese samples till 15 days of storage,
whereas, at the end of pickling, the thyme essential
oil at ratio 75 ppm was more effective towards Y&M
than cardamom essential oil at the ratio 75 or 90 ppm.
There was no clear inhibition of treatment containing
40 ppm clove oil on growth of Y&M during the pick-
ling period except after 15 days. Statistically , Y&M
counts showed a significant difference for all treat-
ments, and the interaction between treatments by the
pickling period (P<0.05).

All fresh cheese samples made fron¥goats” milk
with or without spice essential oils contained colif-
orms, the numbers ranged between 0.14 to 0.45 x
10? cfu/gm cheese. This could be attributed to recon-
tamination during the manufacturing processes. On
the other hand, coliforms were not detected in cheese
made from buffalos’ milk either fresh or during the
pickling. Cardamom, thyme and clove essential oils
had a high effect on coliforms growth at different
concentrations. Counts of coliforms significantly
increased (P<0.05) in control goats’ cheese dur-
ing pickling, whereas coliforms disappeared in all
cheese treatments beginning of 15 days up to the end
of the pickling period. These results are in accord-

ance with those of Farag ef al. (1989) who found
that, minimum inhibitory concentration (MIC) of
clove and thyme oil on E. coli was 1.25 and 0.75
mg/ml medium, respectively. Also Smith—Palmer er
al. (2001), concluded that, clove and thyme oil had
the highest effect on E. coli with a bacteriostatic con-
centrations of 0.04 and 0.05 mg, respectively.

Organoleptic evaluation

White soft cheese made from buffalos” milk
(control 1), goats™ milk (control I1) and goats’ milk
containing different essential oils of cardamom,
thyme and clove at 2 concentrations of each oil
were scored for their organoleptic properties when
fresh and during the pickling periods (15, 30 and 45
days) at 6+1°C and the points given by panelists are
given in Table (7). Fresh cheese of control I gained
the maximum total scores as compared with control
I1 and other treatments. In general, the results indi-
cated that the use of spice essential oils improved
the flavour of goats’ cheese, also the scores were
affected by the type and concentration of spice es-
sential oils . On the other hand , at zero time there
was no clear difference among treatments (T, to T )
in colour & appearance and body & texture, while
addition of clove at 40 ppm (T,), thyme at 50 ppm
(T,) and cardamom at 75 ppm.(T ) improved fla-
vour of these cheeses than control II and other treat-
ments (T,, T, and T,). Similar results were reported
by Ayar (2002), Hussein (2004). Cheese samples
with 75 and 90 ppm cardamom (T,, T,) showed a
high acceptability by most panelists with the high-
est flavour scores at 15 days of pickling. This could
be attributed to accumulation of volatile fatty acids,
carbonyl compounds and other flavour compounds
which are essential to cheese flavour. At 30 days T,
T, and T, treatments gained the highest total scores
as compared with other treatments, while at the end
of the pickling total score of all treatments was in
the order of: T\ > T, = T> T > control 11 = T > T,
= control 1. The statistical analysis for total scores
showed significant differences for treatments, pick-
ling period and the interaction among treatments by
the pickling period (P<0.05).

In conclusion, from the previous results it can
be conclusively stated that the use of some spice
essential oils improved the quality of the resultant
goats’ cheese. Therefore, white soft cheese could
be successfully made from goats’ milk with adding
cardamom, thyme or clove essential oils, especially
clove or cardamom at concentration of 40 and 75
ppm, respectively and stored at 6+1°C for 45 days.

15
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Table 7: Organoleptic properties of goats’ white soft cheese as affected by adding some essential oils
during the pickling period

Pickling period (days) Treatment

e P Fresh 15 30 45 effect
Control 1  Flavour (50 ) 45 46 45 35

Body & texture (35) 30 32 33 #ighueG4

Colour & appearance (15) 14 13 11 8

Total scores (100) 89 be 9]¢ 89 be 77¢ 86.5+ 1,684
Control Il  Flavour (50) 40 43 36 38

Body & texture (35) 31.5 29 31 28.5

Colour & appearance (15) 11.5 13 11 1.5

Total scores (100) 83 85k 80'tm 8™ 81.5+083P
Ty Flavour (50) 42 44 40 39

Body & texture (35) 31 31 32 30

Colour & appearance (15) 12 12 12 115

Total scores (100) 85 fe By % 84 & 80.5¢ 84.13+0.73 8
T, Flavour (50) = 40 44 36 38

Body & texture (35) 315 29 31 28.5

Colour & appearance (15) 11.5 13 15 1.5

Total scores (100) 83 hi 86 < 80 ™ 78 ™ 81.75+ 093"
T, Flavour (50) 42.5 40 38 37

Body & texture (35) 315 325 32 32

Colour & appearance (15) 12 12 12 11

Total scores (100) 86" 84.5¢8 824 80 83.13£071¢
T, Flavour (50) 36.5 38.5 35 34

Body & texture (35) 31.5 32:5 32 335

Colour & appearance (15) 1.5 13 13 1.5

Total scores (100) 79,5 m 84 &b 80 Im i 80.63 £ 061 F
T Flavour (50) 42,5 41 39 38.5

Body & texture (35) 31.5 34 32 30.5

Colour & appearance (15} 12 13 13 11

Total scores (100) 86 ¢ 88 «d 84 & 80 m 84.54091P
T Flavour (50) 38.5 39.5 33 34.5

Body & texture (35) 31 32 33 325

Colour & appearance (15) 12‘ 12.5 13 10

Total scores (100) 8151k 848" 79 mo 77° 80.4+0.83F
Pickling period effect 84.13£0.59® 86.19+0.497 8225:0.66C 78.69+0.29P

A, B, C, D and E: Means within the same effect having different capital superseripts are significantly different (P<0.05).
a, b,....and o: Means within the same interaction having different small superscripts are significantly different (P<0.05).
Control I and 11 = white soft cheese made from buffalos’ and goats’ milk, respectively.

T, & T, = goats’ white soft cheese contained 75 and 90 ppm cardamom essential oil, respectively.

T, & T, = goats’ white soft cheese contained 50 and 75 ppm thyme essential oil, respectively,

T, & T, = goats’ white soft cheese contained 40 and 60 ppm clove essential oil, respectively.
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