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INTRODUCTION

Dairy product contains an important component of human 
diets (Seifu, 2013). Cheese is a dairy product produced 
and consumed all over the world, and plays an important 
role in human nutrition (Paula et al., 2012). In Ethiopia, 
milk is consumed either in fresh or fermented (sour) 
form. Cows’ milk is the major produced and processed 
milk; however, milk from goats, sheep and camels is also 
consumed largely in the pastoral lowland areas of the 
country. The main dairy products produced and consumed 
in different parts of the country include fresh whole milk, 
sour milk (Ergo), butter, Arera (defatted sour milk) and a 
traditional cottage cheese (Ayib) and Metata made from 
butter milk (Yilma and Faye, 2006; Seifu, 2013). 

Starter cultures are the major agents in producing 
fermented milk and dairy products. The use of starter 
cultures is an essential requirement in the manufacture 
of most cheeses (Cogan and Hill, 1993) and their major 
function is to produce lactic acid and in some cases, 
flavor compounds (Fox et al., 2000). They cause an 
acidification of milk at appropriate rate and time for 
cheese-making through the production of lactic acid, with 
the consequent decrease in pH and change the main 

milk components, thus affecting a number of aspects 
of cheese manufacturing process and finally cheese 
texture and composition (Bintsis and Papademas, 2002; 
Rupsiene, 2003; Kongo et al., 2013).  

The rate of acidification milk for cheese production 
depends on the type of starter culture. This acid production 
rate is a critical in determining cheese properties and 
quality. Starter cultures affect the properties of the final 
product due to the variation in their meta-genomics 
properties (Kim, 2014). Therefore, understanding the 
effect of different starter cultures and characterizing 
the aspects of cheese manufacturing process and the 
finally cheese properties is a vital concept for further 
interventions to develop appropriate cheese products 
from cow milk. Thus, this research aimed to determine 
the acidification rate and properties of soft cheese made 
from cow milk using different starter cultures.  

MATERIALS AND METHODS

Materials 

Cow milk samples were collected from 5 cows of Haramaya 
University dairy farm and delivered to dairy technology 
laboratory of the university. The milk was cooled at 4 ± 
1°C, immediately after milking until use. Recombinant 
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camel chymosin (CHY-MAX®M 1000; EC 3.4 23.4) with a 
strength of 1000 International Milk Clotting Units (IMCU) 
mL-1 (Kappeler et al., 2006), Chr. Hansen A/S, Hørsholm, 
Denmark and commercial starter cultures were kindly 
donated by Chr. Hansen A/S, Hørsholm, Denmark. All 
analytical chemicals used were supplied by Haramaya 
University camel dairy project obtained from Sigma-
Aldrich (Munich, Germany). Double distilled water was 
used for chymosin dilution.

Milk Samples and Composition 

For all trials, a total of 50 L of cow milk were collected 
twice (25 L at ones) and physicochemical properties of 
cow milk (pH, titratable acid, total solids, ash, protein, 
lactose and fat) were analyzed. Protein, lactose, fat and 
total solids of raw milk were analyzed using FT1 technology 
use Milko-scan FT1 (Milko-scan™ FT1-FOSS, Hillerød, 
Denmark). The pH of milk was measured using calibrated 
electronic digital pH meter (Model Mettler Toledo MP220; 
Switzerland). The compositions of raw cow milk samples 
used in this experiment were 6.65 ± 0.01 (pH), 0.13 ± 
0.01 (titratable acidity %), 2.99 ± 0.24 (protein %), 3.72 ± 
0.32 (fat%), 12.22 ± 0.70 (total solid%) and 0.85 ± 0.02 
(ash%). 

Cheese Making 

25 L of cow milk was divided into five lit each and five 
trials of soft cheese-making were conducted using five 
different commercial starter cultures such as STI-12, 
RST-743, R-707, XPL-2 and CHN-22. Culture STI-12 is 
thermophilic homofermentative culture composed of 
strains of Streptococcus thermophilus, RST-743 is blended 
of thermophilic and mesophilic homofermentative 
culture composed of strains of Lactococcus lactis 
and Streptococcus thermophilus, R-707 is mesophilic 
homofermentative cultures composed of strains of 
Lactococcus lactis without biovar. Diacetylactis, XPL-2 
is blended of thermophilic and mesophilic aromatic LD 
culture composed of strains of Lactococcus lactis subsp. 
cremoris, Lactococcus lactis subsp. lactis, Lactococcus 
lactis subsp. lactis biovar diacetylactis, Leuconostoc 
species, and Streptococcus thermophilus and CHN-22 
is mesophilic aromatic LD culture containing strains 
of Lactococcus lactis subsp. cremoris, Leuconostoc 
pseudomesenteroides, Lactococcus lactis subsp. lactis 
biovar diacetylactis, Lactococcus lactis subsp. lactis, 
Leuconostoc mesenteroides (Berhe et al., 2015). 

Cultures STI-12 and RST-743 were inoculated at 37°C, 
whereas cultures R-707, XPL-2 and CHN-22 were inoculated 
at 30°C into cow milk separately.  Each experiment was 
performed in two replications (two different sets of cheese 
were made). Whole milk was filtrated using muslin cloth, 
then each milk sample of treatment was pasteurized at 
65°C for 30 min using a thermostatically controlled water 

bath (Model WNB 45, D-91126, Mannheim, Germany), 
and thermometer was used to check the temperature. For 
cooling, pasteurized milk was transferred to cold water in 
open plastic pan, adjusted to 37°C and 30°C inoculation 
temperature, and transferred to 10 L capacity of cheese 
vat (model Armfield Ltd., CAT REF FT 20-A 036106-001, 
Ringwood, Hampshire, UK) for curd making. 

In the cheese vat, calcium chloride (0.01 g/5 L of milk) 
was added into the milk 30 min prior to the addition of 
the starter culture. Cooled milk was inoculated with 
starter culture according to each treatment of inoculation 
temperature. For inoculation of culture, one bag of 
commercial culture of 50 U each was dissolved in 500 mL 
of fresh autoclaved (121°C, 15 min) cow milk and then 
after the contents were completely dispersed, poured into 
small bottles and stored at -20°C until use. Dissolved 
starter culture of 0.02 unit /5 L was inoculated into milk.

Diluted (1:9 dilution of camel chymosin to double distilled 
water) liquid camel chymosin (CHY-MAX®M 1000, 
Christian Hansen, Denmark) with an activity of 85 IMCU/L 
at a concentration of 0.085 mL/L was used to coagulate 
the milk and added into each treatment after about 30 
min or more after inoculation of culture depending on 
attainment of pH value of ≈ 6.25. The milk was allowed 
to coagulate for one hour after the addition of camel 
chymosin. The coagulated curd was cut and let to stand 
for 10 min and then was poured into a plastic mold lined 
with a cheese cloth, there after the whey was drained off 
from the curd. Finally, at the end of each manufacturing 
process, for more drainage time, the curd was placed 
in the mould for 24 h at room temperature. The cheese 
samples were collected in sterile containers and kept in 
refrigerator at 4 ± 1°C for further analysis. 

Physicochemical Properties of Soft Cheese 

The physicochemical properties (pH, titratable acidity, 
fat, protein, total solids and ash) of Soft Cheese (SC) 
were analyzed following standard procedures (AOAC, 
1990). Cheese pH and titratable acidity were measured 
in the same day the cheese was manufactured. However, 
the other parameters were analyzed within 48 h of 
manufacture of the cheese. 

Cheese Yield

The obtained cheese was weighed immediately prior to 
storage using a digital weighing balance. The weight of 
cheese sample was recorded, and the yield of the cheese 
was calculated as follow:

Cheese Yield%=(weight of Cheese)/ (weight of milk) × 100

Texture Analysis of Soft Cheese 

The cheese sample compression to analysis firmness, 
brittleness and adhesiveness were measured using micro 
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stable texture analyzer (Model TA-XT Plus Stable Micro 
Systems Ltd, Vienna Court, Lammas Road, Godalming, and 
Surrey, UK. GU7 1YL). Cylindrical probe (P/25) with samples 
height (h)=20.0 mm and diameter (d)=18 mm was used for 
compression. First a 20 mm high layer cheese was cut with 
a blade and then cylindrical samples was slowly punched 
out vertically by a lubricated borer at 5°C. The exterior of the 
cheese was not used and care was taken to keep the handling 
temperature below the test temperature. The cheese 
samples were conditioned at the measuring temperature, 
13°C, for at least 1 h before testing. Compression testing 
was performed with speed of 0.83 mm/s. 50 kg load cell was 
used. The upper and the lower compression plates, made 
of stainless steel, were lubricated with low-viscosity oil. The 
cheese samples were compressed to 50% of their original 
height (Wium et al., 1997). The characteristic of cheese 
texture samples; such as firmness (mean maximum positive 
force) brittleness (mean force at significant break in the 
curve on the first bite), and adhesiveness (mean maximum 
negative force) were extracted from compression test.  

Consumer Preference Test of Soft Cheese 

Consumer preference test like color, appearance, aroma, 
taste and overall acceptance were carried out with 12 
trained sensory evaluators. The evaluation was identified 
using a 7-point hedonic scale (1=dislike extremely, 
2=dislike moderately, 3=dislike slightly, 4=neither like 
nor dislike, 5=like slightly, 6=like moderately and 7=like 
extremely). Each experimental cheese sample was coded 
and provided to evaluators after 24 h of manufacturing. 
The evaluation was conducted independently and the 
evaluators rinsed their mouth by warm water and also 
had break for about 20 sec between each testing. The 
evaluations of consumer preference test of all cheese 
were conducted on the same day (Hailu et al., 2014). 

Statistical Analysis 

Experimental design of physicochemical, textures and 
consumer preference test scored data were analyzed 
using the Analyzing of Variance (ANOVA) technique 
of Completely Randomized Design (CRD) with five 
treatments. All treatments' means were compared using 
student F test at α=0.05 levels and separated by Least 
Significant Difference method. 

RESULTS AND DISCUSSION

Acidification Process of Cow Milk 

Figure 1 indicates the acidification rate of different 
commercial starter cultures during soft cheese 
manufactured from cow milk. Result indicated that cow 
milk samples inoculated by cultures SIT-12 and RST-743 
gave faster acidification time than cow milk inoculated 
with cultures XPL-2 and CHN-22. On the other hand, cow 
milk inoculated with cultures R-707 gave intermediate 
acidification time between cultures SIT-12 and RST-743; 
and XPL-2 and CHN-22. 

The variation of these acidification time and pH values may 
be the inoculation of different starter cultures into cow milk 
that starter cultures have different acidification intensity. In 
cheese-making the rate of rapid acidification of milk through 
the production of lactic acid with the consequent decrease 
in pH depend on the type of starter cultures used (Kongo 
et al., 2013). Cow milk inoculated with all starter cultures 
under this experiment showed good firm curd properties and 
easily transferred from cheese vat to cheese mold. However, 
continuous whey separation was observed from cheese 
curd made using culture XPL-2 compared to others cultures 
used in this experiment with same condition of storage 
temperature time. 

Physicochemical Properties of Soft Cheese 

Physicochemical properties of cow milk soft cheese 
are summarized in Table 1. The result showed that 
physicochemical properties of cow milk SC were 
significantly influenced by the addition of different 

 Values (Mean ± SD)  
Parameters STI-12 RST-743 R-707 XPL-2 CHN-22 P.V

pH 4.62 ± 0.01bc 4.81 ± 0.02ab 4.52 ± 0.16c 4.64 ± 0.03bc 4.95 ± 0.04a *
Acidity (%) 0.95 ± 0.01ab 0.81 ± 0.10bc 1.04 ± 0.07a 0.96 ± 0.01ab 0.74 ± 0.02c *
Yield(Kg/100Kg) 18.08 ± 0.77a 16.23 ± 0.81bc 15.60 ± 0.39c 17.59 ± 0.12ab 15.00 ± 0.04c **
Fat (g/100g) 18.48 ± 0.45a 17.65 ± 0.15ab 18.02 ± 0.77a 16.40 ± 0.36bc 15.84 ± 0.65c *
Protein (g/100g) 16.18 ± 0.03a 13.17 ± 0.07c 15.63 ± 0.14a 13.41 ± 0.28bc 13.83 ± 0.42b ***
TS (g/100g) 40.53 ± 1.45a 35.72 ± 0.27b 38.87 ± 0.49a 34.88 ± 0.13b 34.81 ± 0.74b **
Ash (g/100g) 2.73 ± 0.17a 1.80 ± 0.03c 2.22 ± 0.14b 2.39 ± 0.02b 2.20 ± 0.10b **

Table 1. Physicochemical properties of soft cheese made from cow milk

pH

Time (Minutes)

STI-12

RST-743

R-707

XPL-2

CHN-22

Figure 1. Acidification process of cow milk
STI-12 and RST-743 = Cow milk inoculated at 37°C; R-707, 
XPL-2 and CHN-22 = Cow milk inculcated at 30°C.
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commercial starter cultures. Cow milk SC pH prepared 
using culture RST-743 is similar to the finding of Nazim et 
al. (2013) who gave a value of pH 4.82 SC from cow milk. 
Soft cheese made using culture CHN-22 had significantly 
(P<0.05) higher cow milk SC pH. However, there was no 
significance difference (P>0.05) among cow milk SC pH 
made using cultures STI-12, RST-743, R-707 and XPL-2.

Cow milk SC made using culture CHN-22 gave lower 
(P<0.02) titratable acidity. On the other hand, no 
significant difference (P>0.05) of SC titratable acidity 
was observed among cow milk SC made using cultures 
RST-743, R-707, XPL2 and CHN-22. Cheese yield of cow 
milk obtained from SC made using culture STI-12 was 
higher (P<0.01) than cow milk SC made using cultures 
R-707 and CHN-22. Cheese yield from cow milk recorded 
in this experiment using culture STI-12 is nearly in line 
with the result of Sant’Ana et al. (2013); Elsamani et al. 
(2014), who reported 19.40 and 19.5% cheese yield from 
cow milk fresh cheese and soft white cow milk cheese, 
respectively.

It was observed that cow milk SC made using cultures 
STI-12 and R-707 had significantly (P<0.01) higher fat. 
Statistically, there was no significance difference (P>0.05) 
among cow milk SC fat made using cultures STI-12, RST-
743 and R-707 and XPL-2. Fat of cow milk SC made using 
culture RST-743 is in agreement to the report of Sant’Ana 
et al. (2013) who reported 17.44% fat of cow milk fresh 
cheese. However, this result is extremely greater than the 
result of Elsamani et al. (2014) who reported 10.0% fat of 
cow milk whit fresh cheese. 

Cultures had significant effect on protein content of cow 
milk SC in which STI-12 and R-707 used for cheese-
making had significantly (P<0.001) higher protein 
contents than that of cow milk SC made with cultures RST-
743, XPL-2 and CHN-22. Soft cheese made from cow milk 
with culture R-707 in the present finding is in line with 
the report of Madruga et al. (2013) but greater than the 
finding of Sulejmani et al. (2014), who found 15.35 and 
13.52% protein, respectively for cow milk soft cheese and 
Macedonian cheese made using commercial freeze dried 
culture curdling at 37°C. On the other hand, the values of 
protein in SC made from cow milk using all cultures are 
to a great extent higher than the result of Elsamani et al. 
(2014) who reported 6.66% protein for white fresh cheese 
of cow milk. 

Total solids were significantly higher (P<0.01) in cow milk 
SC made with culture STI-12 than that of cow milk soft 
cheese made using cultures RST-743, R-707, XPL-2 and 
CHN-22. On the other hand, no significant difference 
(P>0.05) was observed among cow milk soft cheese total 
solids made using cultures RST-743, R-707, XPL-2 and 
CHN-22. The values of total solids of cow milk soft cheese 

in this experiment made with cultures STI-12 and R-707 
are lower than the result of Sant’Ana et al. (2013) who 
reported 44.03% of cow milk fresh cheese total solids.

Higher (P<0.01) cow milk SC ash content was obtained 
from SC made using culture STI-12 than that of cow milk 
SC made using cultures RST-743, R-707, XPL-2 and CHN-
22. Cheese made using culture RST-743 had significantly 
lower (P<0.01) cow milk SC ash than that of cow milk SC 
prepared with cultures STI-12, R-707, XPL-2 and CHN-22. 
Ash values of cow milk SC in the current experiment made 
using cultures R-707, XPL-2, and CHN-22 are in line with 
the result of Sant’Ana et al. (2013) who reported 2.21% 
ash of cow milk fresh cheese.

Texture of Cow Milk Soft Cheese 

Figures 2-4 shows mean of firmness, brittleness and 
adhesiveness, respectively of soft cheese made from cow 
milk using different commercial starter cultures. The result 
explained that firmness, brittleness and adhesiveness of 
cow milk soft cheese were significantly (P<0.05) different. 
Cow milk soft cheese made using culture R-707 gave 
significantly (P<0.01) higher firm and brittle than cow milk 
soft cheese made using cultures STI-12, XPL-2 and CHN-
22. It was observed that cow milk SC made using culture 
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Figure 2. Cow milk soft cheese firmness
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CHN-22 had statistically higher negative force (P<0.01), 
but had lower adhesive than that of cow milk soft cheese 
made using cultures STI-12, R-707 and XPL-2. However, 
cow milk soft cheese made using culture XPL-2 resulted in 
higher cheese adhesiveness. Cheese with lower negative 
force has higher adhesiveness than cheese with higher 
negative force.  

The variations of cheese textures could be attributed 
to the moisture, protein and fat contents of the cheese 
samples. It was stated that moisture content of the 
cheese affects the textural characteristics of the cheese 
(Bongiolo et al., 2014). As indicated above, lower moisture 
contents of cheese samples showed higher resistance to 
deformation, however cow milk soft cheese made using 
culture STI-12 had lower moisture and higher protein 
content but showed less resistance to deformation than 
soft cheese made from cow milk using cultures R-707 
and RST-743. This in which disagree with the report of 
Santos et al. (2013) and Bongiolo et al. (2014) who stated 
cheese samples with lower moisture contents showed 
higher texture values. However, in the present study, cow 
milk soft cheese made using culture R-707 had lower pH 
value that showed higher resistance to deformation than 
soft cow milk cheese samples made using cultures STI-
12, RST-743, XPL-2 and CHN-22. 

The variations of soft cheese textures in present study may 
be due to the fact that during manufacture the moisture 
and calcium contents of cheese can alter the effect of pH 
on cheese texture. Higher moisture content cheese, at the 
same pH and salt content are less firm than their lower 
moisture content. This has been attributed to the extent of 
swelling of casein sub-micelles with the increase in casein-
to-moisture ratio. Consequently, even small variations in 

moisture content can have significant effect on cheese 
texture of fresh cow milk cheese (Gunasekaran, 2003). 
In addition to these, Guinee et al. (2001) investigated 
the effect of fat content on cheese microstructure and 
texture. They explained that increases in fat content 
results in smoother and softer cheese, and increase in 
casein content results in firmer cheese. It was also found 
that higher fat and water content tends to weaken the 
protein structure of cheese (Fox et al., 2017).

Consumer Preference Test of Cow Milk Soft Cheese

Consumer preference test scores of cow milk soft cheese 
are indicated in Table 2. Except for color and appearance, 
significant differences (P<0.001) of taste, aroma and over 
all acceptance were observed for consumer preference 
scores among cow milk soft cheese made using cultures 
STI-12, RST-743, R-707, XPL-2 and CHN-22. Cow milk 
soft cheese made using cultures XPL-2 and CHN-22 had 
higher scores for aroma and taste as compared to soft 
cheese made using cultures STI-12, RST-743 and R-707. 
Furthermore, cow milk soft cheese made using culture 
R-707 had higher scores for overall acceptance. 

The variations in consumer preference test scored in this 
study mainly, in aroma, taste, and overall acceptance of 
the cheese samples might be attributed to the natural 
property of inculcated commercial starter cultures during 
acidification and curd making. Particularly, compounds 
such as CO2, diacetyl, and acetaldehyde are formed 
that give the development of distinct textural and flavor 
properties of the cheese from aromatic and non-aromatic 
starter cultures (Walstra et al., 2006; Papagianni, 2012). 

CONCLUSION

Starter cultures used in this experiment showed a 
significant effect on soft cheese physicochemical, texture 
and consumer preference test. Cow milk treated with 
culture STI-12, RST-743 and R-707 for SC manufacture 
showed short acidification rate of time and gave better 
cheese compositional quality and texture. However, better 
consumer preference test scored of cow milk SC cheese 
taste and aroma were obtained from cheese made using 
cultures XPL-2 and CHN-22. The selection of starter culture 
for cheese manufacturing is based on the objective of 
producer and final product. Commercial starter cultures 

Figure 4. Cow milk soft cheese adhesiveness

 (Mean ± SD)  
Parameters STI-12 RST-743 R-707 XPL-2 CHN-22 P.V

Color 6.50 ± 0.52 6.25 ± 0.75 6.33 ± 0.49 6.08 ± 0.51 6.08 ± 0.51 N.S
Appearance 6.16 ± 0.71 6.16 ± 0.71 6.16 ± 0.71 6.06 ± 0.51 6.33 ± 0.49 N.S

Aroma 5.16 ± 0.38b 5.08 ± 0.51b 5.08 ± 0.51b 6.25 ± 0.62a 6.08 ± 0.28a ***
Taste 5.33 ± 0.65b 5.41 ± 0.51b 5.16 ± 0.38b 6.41 ± 0.51a 6.25 ± 0.45a ***

Overall 
acceptance 5.83 ± 0.38b 5.66 ± 0.65b 6.41 ± 0.51a 5.08 ± 0.79c 4.66 ± 0.49c ***

Table 2. Consumer preference test scores of cow milk soft cheese
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STI-12, RST-743 and R-707 are better for acidification 
time, curd firmness and texture of soft cheese, whereas 
cultures XPL-2 and CHN-22 are preferable for consumer 
taste and aroma to manufacture cow milk soft cheese. 
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