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Abstract 
Nabulsi cheese is the dominant white-brined cheese in Jordan and 
neighboring countries. Although this cheese is typically prepared using 
sheep’s milk, achieving large-scale production or attaining a specific quality 
involves the use of cows’ milk. Nabulsi cheese is kept in >18% brine for up 
to 1 year at room temperature (25 °C) and then soaked in water for desalting 
before eating. In this study, the effects of the milk type/combination used for 
production (100% sheep’s milk; 100% cows’ milk; 1:1, 3:1, or 1:3 sheep’s:cows’  
milk mixture), desalting (salted vs. desalted cheese), and storage time 
(0, 6, and 12 months) on the cheese’s chemical composition directly after 
processing (in the salted form), texture (according to texture profile analysis 
“TPA”), and color (according to CIE lab color space) were assessed. The type 
or the combination of milk used does not affect the chemical composition 
of Nabulsi cheese, which was 43.35% ± 1.50 for moisture, 20.24% ± 0.59 
for protein, 24.70% ± 1.53 for fat, 11.52% ± 0.60 for ash, 9.96% ± 0.44 for 
salt, and pH 6.43 ± 0.16. However, cheeses prepared using 100% sheep’s 
and 100% cows’ milk, respectively showed the highest (26.85%) and 
lowest (14.77%) yields. Desalting and milk type had the highest effects  
on cheese texture and color, respectively. Considering all tested parameters,  
mixing equal proportions of sheep’s and cows’ milk ensures that the Nabulsi 
cheese produced is similar to that produced from 100% sheep’s milk, albeit 
with increased cohesiveness (0.52 ± 0.07 for cheese made from sheep’s  
milk and 0.59 ± 0.05 for 1:1 sheep’s: cows’ milk mixture).
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Introduction
White-brined cheese is one of the main types  
of cheese consumed worldwide. Halloumi, Akkawi, 
Feta, and Nabulsi cheese (i.e., types of white-brined 

cheese), are produced in different countries.1,2 
Nabulsi is the most common type of white-
brined cheese produced in Jordan and many 
Middle Eastern countries.3 The market domination  
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of Nabulsi cheese is related to the ease with which 
it can be processed by small producers and family 
businesses, notably in regions without adequate 
transportation or refrigeration for milk.4 Nabulsi 
cheese is classified as a semi-hard cheese produced 
without a starter culture and has no holes and  
a range of colors (from white to yellow) according to 
the milk type used in production. Humeid and Tukan5 
described the traditional method for the production 
of Nabulsi cheese, this process is traditional and 
typically applied on a medium or small scale. 
However, on a large scale, the milk is typically 
pasteurized before processing.1 Preservation  
of Nabulsi cheese depends on the boiling step and 
the high salt concentration.5

Sheep’s and goats’ milk is traditionally used to 
produce Nabulsi cheese. However, when producing 
on a large scale, cows’ milk is predominantly used to 
meet the increased market demand.1,2 Furthermore, 
Nabulsi cheese may be produced with one  
or more types of milk based on milk availability6  
or the purpose of production, e.g., producing Nabulsi 
cheese with improved stretchability and meltability, 
such as mashmollah cheese prepared with  
a combination of sheep’s and cows’ milk.7 In the 
past several decades, Manufacturers focused on to 
the utilization of non-cows’ milk (camel milk, sheep 
milk, goat milk, and buffalo milk) in the production 
of cheese because they are acknowledged to 
have more considerable potential for functional 
meals from a nutritional standpoint than cows’ 
milk.8 Among various quality aspects of cheese, 
texture9,10 and color11,12 were of primary interest  
to different researchers due to the importance  
of those properties to the consumer. These 
properties are affected by the type of milk and 
processing method.8 Several studies were performed 
to investigate the use of different types of milk in the 
production of white soft cheese (Jibna-beida),13 
Caciocavallo cheeses,14 Panela cheese,15 Picante 
cheese,16 Minas fresh cheese.17 Feta cheese,18 
Coalho cheese,19 semi-hard cheese,20 soft pickled 
cheese (i.e., Domiati),21 soft cheeses.22 However, 
the impact of using different types of milk on Nabulsi 
cheese quality requires further elucidation. Owing 
to its high salt content, Nabulsi cheese is usually 
completely or partially desalted before consumption 

by soaking the cheese in water overnight.7 When 
buying Nabulsi cheese, the customer evaluates its 
quality according to color, texture, and appearance 
in its salted form, however, information about the 
effects of desalting Nabulsi cheese on its quality 
is also lacking. The shelf life of Nabulsi cheese  
is approximately 1 year. Following production, the 
cheese’s physicochemical properties were reported 
to change with storage,23,24,25 and previous studies 
also reported changes in the quality of some types 
of white cheese. Several studies have evaluated 
the microbial and/or sensory properties of Nabulsi 
cheese; however, there is a need to elucidate 
how cheese color and texture are affected by 
storage time. Therefore, the present study sought  
to understand the effects of using different proportions 
of sheep’s and cows’ milk, desalting cheese,  
and storage time on the quality of Nabulsi cheese.

Materials and Methods
Materials
Cows’ milk (moisture, 88.35% ± 0.07%; dry matter, 
11.65% ± 0.07%; protein, 3.68% ± 0.25%; fat, 3.35% 
± 0.07%; ash, 0.77% ± 0.05%; specific gravity, 1.03 
± 0.00; pH, 6) and sheep’s milk (moisture, 83.07% ± 
0.10%; dry matter, 16.93% ± 0.10%; protein, 5.93% 
± 0.04%; fat, 5.15% ± 0.21%; ash, 0.9% ± 0.11%; 
specific gravity, 1.04 ± 0.00; pH, 6.5 ± 0.07) were 
obtained from a dairy plant (Faculty of Agriculture, 
Al-Karak, Jordan). Coagulant (Rennimax, Spain).

Experimental Design
A factorial experiment with two replicates was used 
to study the effect of three factors: milk type (100% 
sheep’s milk, 100% cows’ milk, 50% sheep’s and 
50% cows’ milk, 25% cows’ and 75% sheep’s milk, 
and 25% sheep’s and 75% cows’ milk), storage 
time (0, 6, and 12 months storage), and desalting 
(salted vs. desalted cheese) on the texture and color 
of Nabulsi cheese. Completely randomized design 
was used to investigate the effect of milk type on the 
chemical composition and yield of Nabulsi cheese..

Nabulsi Cheese Production
The traditional method of Humeid and Tukan 5 
was followed to produce Nabulsi cheese with some 
modifications to the boiling step and the cheese 
pieces’ dimensions (Figure 1).
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Fig. 1: Flow chart of Nabulsi cheese production using different proportions 
of sheep’s and cows’ milk.
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Chemical Tests
Milk Tests
A lactometer (Brannan, UK) was used to measure 
specific gravity; pH measurements were performed 
using a calibrated pH meter (Hanna, USA), acidity 
percentage as lactic acid was determined using 
titration with a standardized solution of sodium 
hydroxide, and the proximate composition was 
tested according to AOAC methods26 using the 
same methods described below in “Cheese chemical 
tests” section.

Cheese Chemical Tests
The cheese was tested immediately after processing 
without desalting. The proximate composition was 
tested using AOAC methods26 to determine moisture 
using the oven method, protein using the Kjeldahl 
method, fat content using the Gerber method, salt 
content using the Mohr method, and ash using the 
muffle furnace method. The pH of the cheese was 
measured using the method reported by Ayyash 
and Shah.27

Cheese Yield
Cheese yield was calculated after the pressing step 
and after the salting steps according to the following 
equation:

Weight of cheese after the salting or pressing step/
Weight of milk × 100.

Texture Profile Analysis (TPA) of Cheese
We used a texture analyzer (TVT 6700; Perten, 
Sweden) to elucidate the following TPA parameters, 
hardness/firmness, cohesiveness, adhesiveness, 
and gumminess. A 30-kg load cell was equipped onto 
the texture analyzer. The sample was compressed 
using a stainless steel cylindrical probe (height, 45 
mm; diameter, 50 mm). The testing program was 
as follows: compression cycle, 2; starting distance 
from the sample, 5 mm; compression, 50%; pause 
between cycles, 3 s; test speed, 1 mm/s; and retract 
speed, 1 mm/s. Cheese pieces were tested in the 
salted and desalted form. To test desalted cheese, 
the samples were desalted before testing via soaking 
in water overnight in a refrigerator (5°C). Cylindrical 
cheese samples (height, 15 mm; diameter, 20 mm) 
were cut using a stainless steel cylindrical cutter and 
tempered at room temperature before testing. Four 
cheese pieces were tested from each treatment, 
and mean values of the results were calculated 

for statistical analyses. The software TexCalc 
(Perten, Sweden) was used to draw the curve of the 
relationship between distance/time and force and 
calculate the various parameter values. Firmness/
hardness was considered the highest force recorded 
in the first compression cycle. Cohesiveness 
was calculated through the total area under the 
second compression cycle divided by the total area 
under the first compression cycle. Springiness 
was considered the ratio of the distance recorded 
during the second compression of a sample to that 
recorded during its initial compression. Gumminess 
was calculated by multiplying the firmness and 
cohesiveness values. Adhesiveness was the area  
of the adhesive withdrawal phase when the probe 
was pulled away from the sample.

Color Measurements
A noncontact spectrophotometer (vs450; X-rite, UK) 
was used to calculate the CIE color system, i.e., L*, 
a*, and b*, with OnColor software (CyberChrome, 
USA). Herein, L* denotes lightness, a* indicates red/
green color, and b* represents yellow/blue color. 
Hunter’s whiteness index was also determined 
for each sample. All color values were measured 
for salted and desalted cheese. Desalted cheese 
samples were prepared according to the method 
described in the “Texture Profile Analysis (TPA)  
of Cheese” section. Four cheese pieces were tested 
for each treatment, and the results were averaged 
for statistical analysis.

Statistical Analysis
Minitab 19 (Minitab Inc., USA) was used to analyze 
the results. Backward elimination (α to remove  
= 0.05) was performed to reduce the model.  
The Tukey’s test was used to perform means 
separation, and p ≤ 0.05 indicated statistical 
significance. In addition, a normal probability plot  
of residuals was used to confirm that the model met 
the analysis of variance (ANOVA) assumption.

Results
Yield and Chemical Composition of Cheese
Cheese chemical composition—which was not 
significantly affected by milk type (Table 1)—was as 
follows: 41.90%–44.92% moisture, 55.09%–58.74% 
dry matter, 19.5%–20.9% protein, 22.75%–26.25% 
fat, 10.98%–12.13% ash, and 9.69%–10.16% salt, 
with a pH of 6.27–6.58. In brine, the salt content 
was 19.76%–20.87% and the pH was 6.41–6.75. 
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Table 1: Yield and chemical composition of Nabulsi cheese produced with different 
ratios of sheep’s and cows’ milk.

Treatments	 Yield (%)					    Chemical analysis

Type of milk						     Cheese				    Brine

Sheep	Cow 	After	 After	 Moisture 	Dry 	 Protein 	Fat 	 Ash	 Salt 	 pH	 Salt	 pH 
 %	 %	 press	 salting	 (%)	 matter 	 (%)	 (%)	  (%)	 (%)		  (%)
		  -ing			   (%)

100	 -	 26.85 ±	 23.13 ±	 44.92 ± 	 55.09 ±	 20.00 ±	 22.75 ±	 12.13 ±	 10.16 ±	 6.58 ±	 20.69 ±	 6.75 ±
		  0.78a	 0.81a	 0.54a	 0.54a	 0.13a	 0.35a	 0.02a	 0.08a	 0.00a	 0.49a	 0.05a
-	 100	 14.77 ±	 12.47 ±	 43.17 ±	 56.83 ±	 20.22 ±	 24.00 ±	 11.53 ±	 9.90 ±	 6.47 ±	 20.87 ±	 6.63 ±
		  0.83d	 0.40d	 1.92a	 1.92a	 0.16a	 1.41a	 0.86a	 0.30a	 0.16a	 0.23a	  0.22a
50	 50	 20.18 ±	 17.64 ±	 43.89 ±	 57.74 ±	 20.90 ±	 24.75 ±	 11.66 ±	 10.15 ±	 6.37 ±	 20.57 ±	 6.50 ± 
		  0.76c	 1.51bc	 1.25a	 1.05a	 0.18a	 1.00a	 0.57a	 0.77a	 0.18a	 0.35a	 0.00a
25	 75	 17.25 ±	 15.10 ±	 42.90 ±	 58.74 ±	 20.58 ±	 26.25 ±	 10.98 ± 	9.69 ±	 6.27 ±	 19.76 ±	 6.41 ± 
		  0.35d	 1.01cd	 0.57a	 1.04a	 0.54a	 1.02a	 0.83a	 0.76a	 0.17a	 0.65a	 0.11a
75	 25	 22.73 ±	 20.17 ± 	41.90 ±	 58.10 ±	 19.5 ±	 25.75 ±	 11.31 ±	 9.92 ± 	 6.44 ±	 20.84 ±	 6.54 ± 
		  0.04b	 0.59ab	 2.04a	 2.04a	 0.71a	 1.06a	 0.04a	 0.42a	 0.17a	 0.16a	 0.00a

Data are means ± standard deviation.
Means in the same columns followed by the same letters are not significantly different (p > 0.05).

The same cheese yield trend was found after 
pressing and dry salting (Table 1), i.e., sheep’s milk 
cheese had the highest yield (26.85% and 23.13% 
after pressing and salting, respectively), which was 
significantly different from the yields of cheese 

prepared from other types of milk. The next highest 
yield of cheese was prepared using 75% sheep’s 
milk and 25% cows’ milk (22.73% and 20.17%  
after pressing and salting, respectively).

Fig. 2: Pareto chart of the standardized effects of three factors on the hardness 
of Nabulsi cheese.
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Fig. 3: Effect of the three-way interaction (type of milk * time * salting) on the hardness 
of Nabulsi cheese.
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TPA
A three-way ANOVA was used to investigate the 
main effects (milk type, storage time, and salting) 
with their two-way (milk type*storage time, milk 
type*salting, and storage time*salting) and three-
way (milk type*storage time*salting) interactions. 
The three-way interaction effects were presented 
below only when they were significant; when they 
were not significant, the significant results of two-
way interactions were presented. Main effects 
were presented only if no significant interaction with 
another factor was found.

Three TPA parameters are reported below: hardness, 
cohesiveness, and gumminess. The other TPA 
parameters, springiness and adhesiveness, were not 
reported because (1) springiness values (almost 1 
for all treatments) were not significantly affected by 
the factors investigated and (2) adhesiveness values 
were too small to be considered practically important.

Hardness
Hardness values were significantly affected by the 
main effects, two-way interactions, and three-way 
interaction, therefore, only the results of the three-
way interaction are presented. Figure 2 shows 
the Pareto chart of the standardized effects of the 
significant factors on hardness arranged from the 
largest to smallest effect. Evidently, the salting  
of cheese had the highest standardized effect 
(73.52) followed by the two-way interaction between 
salting and storage time (10.06) and the main effect 
of storage time (7.22).

The three-way interaction effect for hardness 
is shown in Figure 3. Salted cheese hardness 
values were 12,139.6–18,010.2 g, and desalting 
signif icantly reduced the hardness values  
to 2327.72–8338.83 g. For salted cheese (Figure 
3-A), changes in hardness during storage differed 
according to milk type. During storage, the hardness 
of cheeses made from different ratios of sheep’s 
and cows’ milk did not differ significantly from 
that of unstored cheeses, i.e., those with zero 
storage time. In contrast, the hardness of cheese 
made from 100% sheep’s milk was significantly 
lower (12,139.6 g) than that of cheeses made 
with other milk types with zero storage time.  
However, after 6 and 12 months of storage, the 
hardness values of 100% sheep’s cheese (15,964.5 
and 15,320.2 g, respectively) increased significantly 
relative to 100% sheep’s cheese with zero storage time.  
The hardness of cheese made from 100% cows’ 
milk was 16,836.5 g at zero storage time. However, 
after 6 months of storage, the hardness decreased 
(13,374.1 g) significantly. After 12 months of storage, 
the hardness increased (14,976.4 g) no significantly  
compared with that of 100% cows’ milk–based 
cheese stored for 6 months and significantly with that 
of 100% cows’ milk–based cheese tested directly 
after processing. Cheese made from 50% sheep’s 
milk and 50% cows’ milk had the highest hardness 
values throughout the storage period.

Fig. 4: Pareto chart of the standardized effects of significant factors on the cohesiveness 
of Nabulsi cheese.
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* In each figure, values followed by the same letter do not show significant differences (P > 0.05) according 
to the outcomes of the Tukey’s test.

Fig. 5: Two-way interaction effects between the type of milk, storage time, and salting on the 
cohesiveness values of Nabulsi cheese.
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In the case of desalted cheese (Figure 3-B),  
no significant differences were noted in terms  
of hardness among cheeses prepared from different 
types of milk at zero storage time and after 6 months 
of storage. However, after storing the cheeses for 
12 months, cheese prepared using 100% cows’ milk 
showed significantly higher hardness values than 
cheese made from 1:1 and 3:1 sheep’s: cows’ milk 
mixture. Therefore, the hardness of desalted cheese 
prepared using a mixture of sheep’s and cows’ milk 
did not change significantly during 12-month storage 
unless the cheese contained 25% sheep’s milk and 
75% cows’ milk. However, the hardness of desalted 
cheese made from 100% sheep’s or 100% cows’ or 
3:1 cows’: sheep’s milk showed a significant increase 
after 12 months of storage (6524.83, 8338.83, and 
5984.52 g, respectively) relative to the hardness 
of the same cheese types with zero storage time 
(3169.43, 2327.72, and 3295.2 g, respectively) and 
after 6 months of storage (3435.03 and 3157.14, 
and 3269.5 g, respectively).

Cohesiveness
Cohesiveness was significantly affected by the main 
effects and two-way interactions, but no significant 
three-way interaction was found. Therefore, only 
the results of the two-way interaction are presented. 
The standardized effects of significant factors on 
cohesiveness are shown in Figure 4. Evidently, 
salting had the highest standardized effect (14.55) 
followed by milk type (9.37) and storage time (5.36). 

The results of the two-way interactions between the 
three factors are presented in Figure 5. According to 
the effects of storage time and the milk type when 
cheese was not stored (Figure 5-A), 100% sheep’s 
milk-based cheese had the lowest cohesiveness 
value (0.51), which did not differ significantly from 
that of cheese made from 1:1 (0.55), and 3:1 
(0.57) sheep’s: cows’ milk mixture although the 
cohesiveness values for the other cheese types were 
significantly higher than the values of cheese made 
from 100% sheep’s milk. After 6 months of storage, 
the cohesiveness of all cheese types increased to 
some extent, although the cheese made from 100% 
sheep’s milk had the lowest cohesiveness value 
(0.57) and did not show any significant difference 
from the cheese made from 1:1 sheep’s: cows’ milk 
mixture. However, cheese made from other types 
of milk showed significantly higher values than that 

made from 100% sheep’s milk. After 12 months  
of storage, 100% sheep’s milk cheese showed 
the lowest cohesiveness value (0.48); this value  
was significantly lower than that of the other cheese 
types, and no significant differences were noted 
among these other types of cheese.

The two-way interaction between storage time and 
salting is shown in Figure 5-B. Desalted cheese 
had a significantly higher cohesiveness value than 
salted cheese during storage for up to 12 months. 
Additionally, the cohesiveness of salted and desalted 
cheese changed during storage. In desalted 
cheese, cheese stored for 6 months had the highest 
cohesiveness value (0.69), which was significantly 
higher than those of unstored cheese and cheese 
stored for 12 months (0.62 and 0.65, respectively).  
In salted cheese, cheese that was not stored 
exhibited the lowest cohesiveness (0.53), after 
6 months of storage, cohesiveness increased  
nonsignificantly to 0.56; after 12 months of storage, 
cohesiveness increased nonsignificantly to 0.58 
compared with that of cheese stored for 6 months 
and significantly compared with cheese that  
was not stored.

The two-way interaction between milk type and salting 
(Figure 5-C) revealed that cohesiveness after desalting 
increased significantly but to different degrees  
for all cheese types, except for 50% sheep’s and 
50% cows’ milk cheese.

Gumminess
The main factors and their two-way and three-way 
interactions significantly affected gumminess, 
with salting exhibiting the highest standardized 
effect (Figure 6). Therefore, only the results  
of the three-way interaction are presented.  
The gumminess of salted cheese was 5828.33–
11,135.1 g (Figure 7-A), whereas that of desalted 
cheese was 1548.08–5629.13 g. Desalting 
significantly reduced gumminess for all cheese types, 
although the changes in gumminess during storage 
differed between salted and desalted cheese. Salted 
cheese prepared using 100% cows’ milk or 75% 
sheep’s milk and 25% cows’ milk or 75% cows’ milk 
and 25% sheep’s milk exhibited similar gumminess 
throughout the storage period. However, salted 
cheese made from 50% sheep’s milk and 50% cows’ 
milk exhibited a significant increase in gumminess 
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values after 12 months of storage compared 
with the gumminess of cheese with no storage 
time and nonsignificantly with the gumminess of 
cheese after 6 months of storage. Salted cheese 
prepared using 100% sheep’s milk showed the 
lowest gumminess values at zero storage time  
or after storing for 12 months; however, after 
storing for 6 months, the gumminess significantly 
increased compared with cheese with no storage 
time and nonsignificantly compared to cheese stored 
for 12 months. In desalted cheese (Figure 7-B),  
no significant differences were found between 
different types of cheese stored for 0 or 6 months, 
with no significant changes in gumminess detected 
during the initial 6-month period. After 12 months  
of storage, the gumminess of 100% cows’ milk 
cheese or cheese prepared from 75% cows’:25% 
sheep’s milk significantly increased compared to 
cheese with no storage time or those stored for 6 
months. Cheese made from 100% sheep’s milk,  
50% sheep’s and 50% cows’ milk, and from 75% 
sheep’s:25% cows’ milk did not change significantly 
throughout the storage period.

Cheese Color
L*
L* values were significantly affected by the main 
effects and two-way interactions between storage 
time and milk type and milk type and salting, 
although no three-way interaction was found. Milk 
type had the highest standardized effect (8.41) 
followed by salting (5.56) and storage time (5.44) 
(Figure 8). Only the results of significant two-way 
interactions are presented.

The effects of the interaction between milk type 
and storage time are shown in Figure 9. Cheese 
prepared using 100% sheep’s milk had the highest 
L* value throughout the storage period. No significant 
differences were noted in terms of the L* values  
at zero storage time among the cheese types; 
however, when storage time was increased,  
the differences in L* values increased among the 
cheese types. Specifically, the L* value of 100% 
sheep’s milk cheese changed nonsignificantly during 
storage. The L* value of the cheeses prepared using 
50% sheep’s and 50% cows’ milk did not show 
any significant differences when compared with 

100% sheep’s milk cheese. To various degrees, 
other cheese types exhibited L* values that were 
significantly lower than that of 100% sheep’s 
milk cheese. After 12 months of storage, 100% 
cows’ milk cheese had the lowest L* value, which  
was significantly lower than that of the other  
cheese types.

The desalting of cheese significantly increased the L* 
values of all cheese types except cheeses prepared 
using 100% sheep’s milk and 75% sheep’s milk and 
25% cows’ milk (Figure 10). After desalting, 100% 
sheep’s milk cheese had the highest L* value (94.78), 
which did not show any significant differences from 
that of desalted cheese prepared using 50% sheep’s 
milk and 50% cows’ milk (94.12). However, the other 
cheese types exhibited significantly lower L* values 
than that of 100% sheep’s milk cheese.

a*
The a* values of cheese were significantly 
affected by storage time and milk type as well as  
their interaction effect. Storage time had the 
highest standardized effect (8.73) followed by milk  
type (5.70) and their interaction (3.01) (Figure 11). 
Therefore, we have only presented the results  
of the interact ion between milk type and  
storage time.

The a* values of cheeses were between −1.98 
and 4.22 (Figure 12). With zero storage time,  
a* values did not differ significantly among the cheese 
types. However, when storage time was increased,  
the a* values of different cheese types increased 
to different degrees. Cheese prepared using 100% 
sheep’s milk had the lowest a* value, which changed 
nonsignificantly during storage. After 6 months  
of storage, cheese prepared using 75% cows’ 
milk and 25% sheep’s milk had the highest a* 
value (4.22), which differed significantly from that 
100% sheep’s milk cheese; however, no significant 
differences were noted between sheep’s milk 
cheese and other types of cheese. After 12 months 
of storage, cheeses prepared using 100% cows’ 
milk and 75% cows’ milk and 25% sheep’s milk 
had significantly higher a* values than that of 100% 
sheep’s milk cheese, whereas other types of cheese 
did not show any significant differences.
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Fig. 6: Pareto chart of the standardized effects of significant factors on the 
gumminess of Nabulsi cheese.

* Values followed by the same letter do not show significant differences (P > 0.05) according to the outcomes 
of the Tukey’s test.

Fig. 7: Effect of the three-way interaction on the gumminess of Nabulsi cheese.
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Fig. 8: Pareto chart of the standardized effects of significant factors on the lightness (L*) values 
of Nabulsi cheese.

* Values followed by the same letter do not show significant differences (P > 0.05) according to the outcomes 
of the Tukey’s test.

Fig. 9: Effect of the interaction between storage time and the type of milk on the L* values 
of Nabulsi cheese.

b*
The b* values of cheese were affected by the 
main effects and the two-way interactions between 
storage time* type of milk, and type of milk* salting 
with no three-way interaction (Figure 13), thus, only 
the results of significant two-way interactions are 
presented. The results of the two-way interaction 
between time and type of milk are shown in Figure 
14-A. At no storage time, cheese made from sheep’s 

milk had the lowest b* value (13.74). This value was 
significantly different from that of the cheese made 
from 75% cows’:25% sheep’s milk (16.19), with  
no significant differences observed with other types 
of cheese. During storage, b* values of different 
cheese types changed nonsignificantly except  
for cheese made from cows’ milk. The b* values  
of this cheese significantly increased (17.15) after 
12 months of storage compared to cheese stored 
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at 0 and 6 months (14.6, and 14.59, respectively). 
At the end of the storage period, cheese made from 
1:1 and 3:1 sheep’s: cows’ milk mixtures b* values 
(14.39 and 14.85, respectively) did not show any 
significant differences from cheese made from 

sheep’s milk (12.91). Desalting of different cheese 
types significantly decreased b* values except  
in cheese made from 3:1 and 1:3 cows’: sheep’s 
milk mixtures (Figure 14-B)

* Values followed by the same letter do not show significant differences (P > 0.05) according to the outcomes 
of the Tukey’s test.

Fig. 10: Effect of the interaction between the type of milk and salting on the L* values 
of Nabulsi cheese.

Fig. 11: Pareto chart of the standardized effects of significant factors on the a* values 
of Nabulsi cheese.



101ALRUZ, Curr. Res. Nutr Food Sci Jour., Vol. 11(1) 88-110 (2023)

* Values followed by the same letter do not show significant differences (P > 0.05) according to the outcomes 
of the Tukey’s test.

Fig. 12: Effect of the interaction between storage time and the type of milk on the a* values 
of Nabulsi cheese.

Fig. 13: Pareto chart of the standardized effects of significant factors on the b* values 
of Nabulsi cheese.

Hunter’s Whiteness Index
Hunter’s whiteness index was affected by the main 
effects (milk type, storage time, and salting) and 
the two-way interaction between storage duration 
and the type of milk used. Milk type had the highest 
standardized effect (8.92), followed by salting 

(6.81), and the interaction between the duration  
of storage and the types of milk used (3.56)  
(Figure 15). Therefore, only the results of salting  
and the interaction effect between the storage period 
and milk type have been presented.
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The desalting of cheese significantly increased 
the Hunter’s whiteness index from 49.05 (salted)  
to 53.84 (desalted) (Figure 16). Figure 17 shows the 
effects of the interaction between the type of milk and 

storage duration. At zero storage time, no significant 
difference existed between the Hunter’s whiteness 
index of 100% sheep’s milk cheese (56.55) and 
100% cows’ milk cheese (52.29). However, when 

* Values followed by the same letter do not show significant differences (P > 0.05) according to the 
outcomes of the Tukey’s test.

Fig. 14: Effect of the two-way interaction between: A. time and type of milk B. type of milk and 
salting on b* values of Nabulsi cheese.
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Fig. 15: Pareto chart of the standardized effects of significant factors on the Hunter’s whiteness 
index values of Nabulsi cheese.

* Values followed by the same letter do not show significant differences (P > 0.05) according to the outcomes 
of the Tukey’s test.

Figure 16: Effect of salting on the Hunter’s whiteness index values of Nabulsi cheese.

storage time was increased, the index value 
differed significantly between these cheese types. 
Specifically, the Hunter’s whiteness index of cheese 
prepared using 100% cows’ milk decreased during 
storage to reach the lowest value at 12 months  
of storage, which was significantly lower than that 
of cheeses prepared using 100% sheep’s milk,  
50% sheep’s milk and 50% cows’ milk, and 75% 

sheep’s milk and 25% cows’ milk. Evidently, mixing 
sheep’s milk and cows’ milk helped stabilize the 
Hunter’s whiteness index throughout the storage 
period. For example, mixing these milk types  
in a 1:1 ratio resulted in a Hunter’s whiteness index 
that was not significantly different from that of cheese 
prepared using 100% sheep’s milk.
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* Values followed by the same letter do not show significant differences (P > 0.05) according to the outcomes 
of the Tukey’s test.

Fig. 17: Effect of the interaction between storage time and the type of milk on the Hunter’s 
whiteness index of Nabulsi cheese.

Discussion
In this section, the results of different cheese types 
will be discussed and compared to sheep’s milk 
cheese because it is traditionally considered to be 
of optimal quality in terms of composition, texture, 
and color.

Yield and Chemical Composition of Cheese
No significant differences were found in the chemical 
composition of different cheese types, which was 
consistent with the findings of El-Demerdash  
et al.28 for Halloumi cheese produced with different 
ratios of goat’s and cows’ milk and the results 
of Sant’Ana17 for Minas cheese prepared from  
a mixture of cows’ and goats’ milk. However, our 
results contradict those of Milici et al.,29 who reported 
that the Halloumi cheese manufactured from 
sheep’s and goat’s milk did not show differences 
in terms of their chemical composition, whereas 
the compositions of these cheeses were different 
from that of Halloumi cheese prepared using cows’ 
milk. Another study reported significant differences 
between Bulgarian white-brined cheeses prepared 
using buffaloes’ or cows’ milk. Kaminarides et al.30 
found no significant differences among four types 
of Halloumi cheese prepared from different goat’s 
and sheep’s milk mixtures in terms of moisture, 
acidity, total protein, and ash content, as well as pH, 
although significant differences in fat, calcium, and 
soluble protein content were found. The chemical 

composition of Nabulsi cheese in the present study 
was similar to that reported by Humeid et al.6 for 
Nabulsi cheese prepared using sheep’s milk, except 
for protein content (61.1%). The outcomes of the 
present study conformed with those of Ayyash and 
Shah27 for cows’ milk-based Nabulsi cheese in 
terms of fat and ash content and pH, although these 
authors reported higher moisture and protein values 
(59.12% and 25.2%, respectively). Interestingly, 
our results differed from those of Al-Dabbas et al.31 
for freshly brined unheated Nabulsi cheese, with 
them reporting higher values for moisture content 
(61.1%) and lower values for protein, fat, ash, 
and salt content (13.6%, 17.2%, 8.0%, and 5.2%, 
respectively). The chemical composition of Nabulsi 
cheese is influenced by the processing method, 
seasonal variation, milk type used, and animal 
feed.6,8,31 Several studies have reported differences 
in yield for cheeses prepared using different types 
of milk, and these differences arise are a result of 
differences in milk composition.30,32,33

TPA
Consumers use texture as one of the main 
indicators for judging cheese types.34 The present 
TPA results indicated that changes in the texture 
of cheese types were different according to 
storage time and between salted and desalted 
cheese. Thus, the common customer practice  
of buying Nabulsi cheese based on its texture  
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in the salted form is questionable. Indeed, the salting  
of cheese had the most prominent effect on its texture. 
Desalting Nabulsi cheese significantly decreased 
its hardness and gumminess and increased  
its cohesiveness in a cheese type-dependent 
manner. A simultaneous decrease in hardness and 
an increase in cohesiveness were also reported by 
Ayyash and Shah.27 Considering Nabulsi cheese 
is eaten in its desalted form, it was interesting 
that mixing different milk types led to consistency  
in various texture profile values throughout the 
storage period except for in cheese made from 
3:1 cows’: sheep’s milk mixture. Additionally, 
mixing cows’ milk with sheep’s milk increased 
the cohesiveness of the cheese when compared 
with 100% sheep’s milk cheese. The gumminess 
of cheese prepared using cows’ milk increased 
significantly after 12 months of storage compared 
with that of the other cheese types.

Several factors affect the texture of cheese during 
storage, e.g., salt absorption during storage and 
its effect on cheese moisture content,35 proteolysis 
during storage,27,36 and different casein structures 
and concentrations.37 All three factors appear to 
be affected by the different cheese types in the 
present study to varying degrees. Considering the 
salt absorption factor, several studies have reported 
different salt concentrations in cheese prepared 
using different milk types. For example, Halloumi 
cheese prepared using cows’ or mixed milk had  
a salt content higher than that of cheese prepared 
using sheep’s milk.37 Additionally, changes in salt 
concentration affect the moisture content of cheese 
and increase hardness.27 Regarding the proteolysis 
factor, several studies have reported a decrease 
in hardness during the storage of brined cheese.  
This seems to contradict our results which indicated 
that the hardness of different desalted cheese types 
did not show significant differences within a storage 
period of 6 months. However, after 12 months  
of storage, a significant increase was noted in the 
hardness of the cheeses prepared using cows’ milk, 
sheep's milk, or 50% sheep’s milk and 50% cows’ 
milk. The insignificant change in hardness of desalted 
cheese during storage for up to 6 months and the 
subsequent increase in hardness after storage  
for up to 12 months could be related to 1) a decrease 
in the activity of heat-resistant endogenous enzymes 
which was influenced by cheese type, the inhibitory 

effect of salt treatment, and heat treatments applied 
to different cheese types,27 or 2) the strengthening 
effect of moisture losses resulting from salt diffusion 
into cheese overcoming the proteolysis effect.16 
Considering the third factor mentioned above, 
changes in the hardness of Nabulsi cheese after 
12 months (as well as other property changes) 
could be related to changes in its casein structure.  
In the present study, the values of springiness  
(data not shown) were almost 1 for all samples, and 
the results of adhesiveness (data not shown) were 
too small and not significant, and this was consistent 
with,27 who reported that the adhesiveness values  
of Nabulsi cheese made from cows’ milk did not 
change significantly during storage.

To the best of our knowledge, there are no scientific 
reports examining the use of different types of milk 
on the quality of Nabulsi cheese. Regarding the TPA 
of Nabulsi cheese, the only previous study was by 
Ayyash and Shah,27 who monitored the TPA of salted 
Nabulsi cheese made from cows’ milk every 30 days 
for 6 months. The results of hardness for salted 
cheese in the present study (16836.5 and 13374.1 
g at 0 and 6 months, respectively) were comparable 
to their findings (18150 and 13526 g at 0 and 6 
months, respectively). However, the gumminess 
results reported the present study (9590.66 and 
9563 g at 0 and 6 months, respectively) were lower 
than their findings (51526 and 92286 g at 0 and 6 
months, respectively). Additionally, they reported an 
increase in the cohesiveness of salted cheese, which 
is consistent with the present findings.

The effects on the texture of mixing different milk 
types were reported for different types of cheese. 
The texture of Caciocavallo cheese in terms  
of hardness was improved by substituting some 
of the cows’ milk with sheep’s milk.14 Mallatou18 
reported that as the proportion of goats’ milk 
increased in a mixture of milk made from sheep’s and 
goats’ milk, the hardness of Feta cheese increased. 
Using an equal volume of goats’ and cows’ milk 
for the preparation of Minas cheese resulted  
in higher hardness and lower gumminess than 
cheese made from one type of milk.17 Chewiness and 
cohesiveness were not affected for Coalho cheese 
made from a 1:1 mixture of goats’ milk and cows’ 
milk compared to cheese solely made from goats’ 
milk or cows’ milk; however, it had a lower hardness 



106ALRUZ, Curr. Res. Nutr Food Sci Jour., Vol. 11(1) 88-110 (2023)

than cheese made from goats’ milk.19 The texture  
of Picanta cheese was not affected by mixing 
sheep’s milk and goat milk.16

Cheese Color
Contrary to the TPA results, no single factor 
consistently had the largest significant effect on 
all measured color parameters. Milk type had the 
highest effects on L*, b*, and Hunter’s whiteness 
index values, whereas storage time had the highest 
effect on a* values. Color is an important quality 
in the food and bioprocessing industries, and it 
influenced consumer choice and preferences.38,39 
In Nabulsi cheese, whiteness is an indicator  
of the milk type used during production, with yellow 
cheese indicating the use of cows’ milk12 and its 
yellow color related to the presence of β-carotene 
retained from the cows’ feed. In contrast, sheep 
convert β-carotene to vitamin A, which is colorless.11 
The color values in this study changed with time 
in a manner dependent on cheese type. Choudy  
et al.11 related the change of color with time to the 
change in cheese structure and composition with 
time. Milovanovic et al.12 reported that change  
in cheese surface color was related to changes  
in the microstructural surface.

L* is a measurement of lightness, the characteristic 
that allows any color to be equated to a grayscale 
intensity level between black and white.38 In this 
study, the L* value of cheese prepared using 
50% sheep’s milk and 50% cows’ milk showed no 
significant differences from that of 100% sheep’s 
milk cheese, which had the highest L* value in the 
present study and showed nonsignificant changes 
throughout the storage period. In comparison,  
L* of other types of cheese decreased by varying 
degrees with time. This is consistent with the 
results reported by Sabbagh et al,40 who reported 
a decrease in L* for Iranian white-brined cheese 
through 60 days of storage time but contrasted with 
the observations of cheese made from sheep’s milk 
and 1:1 sheep’s: cows’ mixture milk in the study.  
This demonstrated that mixing sheep’s milk with 
cows’ milk in a 1:1 ratio gave an L* insignificantly 
different from that made from sheep’s milk, and 
mixing the two types of milk with other ratios 
increased the L* significantly compared to cheese 
made from cows’ milk. The increase in L* values 
in cheese produced by mixing non-cows’ milk 

with cows’ milk was reported by Queiroga et al.,19  
who added goats’ milk to cows’ milk in a ratio of 1:1. 
They related this increase in L* to the smaller size  
of fat globules in goats’ milk compared to those 
in cows’ milk. The increase in L* upon desalting 
(Figure 10) could be related to the increased 
moisture content, which was consistent with previous 
findings that found a positive correlation between the  
L* values and moisture in cheese samples.41 The L* 
values of cheese made from cows’ and sheep’s milk 
with no storage time (93.40 and 94.24, respectively) 
were higher for cheese made from cows’ and sheep’s 
milk previously reported12 (82.6 ± 9.2 and 83.3 ± 
6.4, respectively). However, in the present study 
after 12 months of storage, the L* were 88.07 and 
94.77 for cheese made from cows’ and sheeps’ milk, 
respectively. Previously, the L* value of Feta cheese 
was reported to be 93.5.39

The a* values, which measure the degree of (+) 
redness or (−) greenness,12 increased to varying 
degrees depending on the type of cheese. This 
was consistent with previous findings12,40 and this 
increase during storage was predominantly related 
to increases in cheese components during storage.12 

Additionally, the a* values of cheese prepared using 
50% sheep’s milk and 50% cows’ milk and 75% 
sheep’s milk and 25% cows’ milk did not differ from 
that of 100% sheep’s milk–based cheese. These 
differences in the rate and extent of a* increase could 
be related to differences in fatty acid composition 
as described previously.19 The a* values for cheese 
made from cows’ and sheep’s milk at zero storage 
time were −1.09 and −1.98, respectively. Whereas 
according to previous research, it was 0.3 ± 91 and 
−0.7 ± 2.8, respectively.12 By the end of the storage 
time, the values in this study were 3.71 and −0.57 
for cheese made from cows’ and sheep’s milk, 
respectively. A value of −1.10 for a* was reported 
for Feta cheese.39

The b* values, which measure the degree of (+) 
yellowness or (−) blueness,12 were higher in cheese 
made from a mixture of milk from sheep’s and 
cows’ milk depending on the ratio of cows’ milk.  
The increase in b* values in cheese containing 
cows’ milk was consistent with the findings  
of several previous studies.11,15,17 In this study, 
only b* values of cheese made from 100% 
cows’ milk increased significantly during storage  
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(Figure 14-A). This concurs with previous results,12,40 
and contrasts with the results of other cheese 
types. The increase in b* values associated 
with storage is primarily related to the increase  
in cheese components during storage resulting 
from salt diffusion into the cheese,12 the formation  
of proteolysis products, and the Maillard reaction.19

In this study, cheese samples from different types 
of cheese had high L* values, and higher a* values 
than b* values, thereby indicating that cheese’s 
colors are attributed to levels of white-yellowness 
color. The degree of whiteness could be expressed 
using a single value known as the whiteness index 
that mathematically combines lightness and yellow-
blue color into a single value.12 Since the whiteness 
index is calculated from the L*, a*, and b* values,  
it is affected by the same factors discussed 
previously for these factors.

Conclusion
In summary, mixing the milk from sheep and cows 
in different proportions and combinations did 
not significantly affect the chemical composition  
of Nabulsi cheese, although it did affect the yield 
of cheese, with the highest and lowest yields found 
for 100% sheep’s milk cheese and 100% cows’ 
milk cheese, respectively. In addition, the desalting  
of Nabulsi cheese significantly decreased its 
hardness and gumminess and increased its 
cohesiveness at different levels depending on 
the cheese type used in production. Furthermore, 
mixing cows’ milk with sheep’s milk increased the 
cohesiveness of the produced cheese. During  
a 12-month storage period, gumminess was constant 
except in cheese prepared using 100% cows’ milk, 
and cheese made from 3:1 cows' and sheep's milk 
for which gumminess increased significantly after 12 
months of storage. In terms of color parameters, milk 

type most affected L*, b*, and Hunter’s whiteness 
index values, whereas storage time most affected a* 
values. Importantly, the L* and a* values did not differ 
between cheeses prepared using 100% sheep’s milk 
and from 50% sheep’s milk and 50% cows’ milk, and 
these two cheese types had the highest whiteness 
index values throughout the storage period. 
Taking all tested parameters into consideration, 
we conclude that Nabulsi cheese prepared using 
an equal proportion of sheep’s and cows’ milk  
or 100% sheep’s milk has a similar quality, although 
the mixed cheese exhibits increased cohesiveness. 
Owing to the nearly complete absence of information 
regarding the effects of mixing sheep’s milk and 
cows’ milk in different proportions, salting of cheese, 
and storage on the quality of Nabulsi cheese,  
the results of this study provide insight into the 
factors that could be used to optimize the quality  
of Nabulsi cheese during storage. Additionally, these 
findings will be useful to producers wishing to expand 
their production of Nabulsi cheese by mixing sheep’s 
milk and cows’ milk without compromising the quality 
of the cheese produced. Finally, these results are 
useful for customers and consumers buying Nabulsi 
cheese in its salted form because it demonstrates 
how the quality of cheese changes after desalting.
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