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Production of spreadable cheese without 
emulsifying salt: addition of black carrot 
concentrate

Herstellung von Streichkäse ohne emulgierendes Salz: 
Zugabe von Schwarzkarottenkonzentrat

Emine Okumus1), Ahmet Ayar2)

Summary	� In this study, spreadable cheeses were produced without the use of melting salt. Cheese 
samples were produced under negative control, positive control (with 2 % w/w straw-
berry powder and 3 % w/w sugar) and with the addition of two different percentages 
of black carrot concentrate (5 % and 10 %). Samples were both packaged with the 
vacuum and non-vacuum packaging system. Within a 45 days storage period, the physi-
cochemical, textural, and sensorial properties, and the effect of packaging on the sample 
properties were simultaneously investigated. According to the ascertained results; chee-
se samples with fruit concentrate were found to be more favourable in terms of sensorial 
and textural. The addition of fruit concentrate was aimed to make cheese consumption 
more popular especially among children.
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Introduction

Processed foods that are widely consumed by the popula­
tion of many countries are potential sources of high levels 
of sodium (Buzzo et al., 2014). There is a great concern 
regarding the excessive intake of dietary sodium, since 
this mineral has been associated to some chronic corona­
ry disease, such as systemic arterial hypertension (Cruz et 
al., 2011). In adults, a high-sodium diet not only increases 
blood pressure (hypertension) but causes vascular and car­
diac damage independent of high blood pressure, increases 
the possibility of a detrimental effect on calcium and bone 
metabolism, escalates the risk of stomach cancer, and also 
brings about the severity of asthma. In children, there is a 
probability of the development of hypertension later in life 
and a tendency for children to prefer foods with high salt 
content due to suppressed salt taste receptors (Strazzullo 
et al., 2009).

Therefore, there is a trend that consumers are begin­
ning to purchase products with reduced salt as a way of 
caring for their health. However, salt and sodium-contai­
ning ingredients are mainly added to processed cheese as 
emulsifying agents. From the viewpoint of human nutri­
tion, the ideal ratio of calcium and phosphorus absorbed 
is 1:1. However, in processed cheeses this ratio is usually 
decreased to 1:1.5–3.0 as a result of the use of phosphate 
emulsifying salts (Schäffer et al., 2001). Sodium chloride is 
added to products to enhance flavor, decrease water activi­
ty, thus avoiding the multiplication of microorganisms that 
can cause product spoilage. Therefore, efforts to reduce 
sodium in processed cheese must involve the modification 
of one or two ingredients during its formulation and pro­
duction.

Recently, black or purple carrots have received increa­
sed interest as a source of natural food colorants (Kam­
merer et al., 2004) because of the legal restrictions for 
synthetic colorants and increasing consumer demand for 
natural ones. In addition to their colorant features, antho­
cyanin-rich black carrots have been indicated to exhibit 
health promoting properties including antioxidant (Ka­
miloglu et al., 2015), anti-inflammatory (Kamiloglu et al., 
2016) and anticancer (Sevimli-Gur et al., 2013) activities.

The main purpose of this study is to investigate the pro­
duction possibilities of spreadable cheeses without using a 
melting salt. For this purpose, curd cheese was used. In ad­
dition, the choice of packaging materials suitable for chee­
se is another purpose of this study. In this study, flavoured 
cheese fortified with black carrot fruit juice concentrate is 
to be produced for children and adults with given sprea­
dable properties. The effect of these additives and packa­
ging material on the physicochemical, colour and sensory 
characteristics of spreadable cheese was also investigated 
during storage. In addition, this study shows that this is 
the first study to evaluate some chemical and textural pro­
perties of spreadable cheese produced without melting salt 
and by using only curd cheese. Lecithin and carrageenan 
were added for emulsification and stabilization.

Material and methods

Material
In the production of spreadable cheese samples, curd 
cheese (protein fraction of the curd cheese consists of 86% 
casein and 12% whey protein) and pasteurized cream were 
obtained from Murat Milk and Dairy Products Ind. Trade. 

Co. Ltd., Sakarya, Turkey. Pasteurized milk, carrageenan 
and soybean lecithin, strawberry fruit (freeze-dried in a 
lyophilizer and then powdered) to give flavour to cheese 
samples, and sugar (crystallized, powdered sugar) were 
used commercially sold. Black carrot juice concentrate 
was purchased from Aroma Fruit Juices and Food Ind. 
Trade. Co. Ltd., Bursa, Turkey.

Polyethylene/polyamide (80µmPE/18µmPA) bags were 
used for the vacuum packaging parameter of the samples 
(oxygen permeability:71 mL m–2 day–1 atm–1(23 °C), water 
vapour permeability: 3.9g m–2 atm–1 (37 °C ± 1.1 °C, 90 ± 
2% relative humidity)). All the cheeses produced were 
filled in polypropylene containers. The chemical compo­
sition values of raw materials and fruit concentrate used in 
production are given in Table 1.

Methods
Production of spreadable cheese samples 
with fruit juice concentrate
After setting the necessary framework for production, the 
raw materials were placed into the melting unit, and the 
mixing (4 minutes at 70 °C with 500 rpm mixing speed) 
and disintegration process was applied. After the mi­
xing and disintegration process, the necessary fruit juice 
concentrate, taste and aroma substances were added ac­
cording to the formulated cheese sample. Formed cheese 
formulation is 56% w/w curd cheese, 18.8% w/w cream, 
24.3% v/v pasteurized milk, 0.75% w/w lecithin and 0.15% 
w/w carrageenan. In addition to the formula, in the posi­
tive control group, 2% w/w strawberry powder and 3% 
w/w sugar were added. In fruit concentrate supplemented 
samples, 5% and 10% black carrot concentrate were ad­
ded different from the positive control group. After ho­
mogenous mixing, the cheese samples were pasteurized 
at 70 °C for 2 minutes and the hot cheese mixture in the 
creamed structure was transferred to the product contai­
ners where it is shaped and cooled down in room conditi­
ons. Packaging process was carried out using vacuum and 
non-vacuum packaging materials for each group of cheese 
samples, which were cooled and stored at +4 °C until the 
initial analysis.

For 8 groups of cheese (750 grams per group), 6 kilo­
grams of cheese was produced in the required formula­
tion. This amount was divided into two equal parts, half 
of which was packaged in vacuum packaging and the other 
half in non-vacuum packaged. Production was separately 
reserved for each periodic analysis to be performed on 
days 1, 15, 30 and 45. The cheeses in each group were pro­
duced with three replications. 72 kilograms of cheese was 
produced in total.

The cheese samples indicated by the ‘N’ code represent 
non-vacuum packaged samples, while the samples indi­
cated by the ‘V’ code represent vacuum packaged cheese 
samples.

Compositional analysis
The pH was measured in samples pre-equilibrated to 
room temperature by a pH meter (Bante 220, UK), di­
rectly into the cheese at three randomly chosen locations. 
Titratable acidity and ash content were performed accor­
ding to AOAC 2003. The dry matter ratios in the cheese 
samples were identified gravimetrically by drying them 
in specific amounts at 100 ± 2 °C until constant weighing 
was obtained (IDF, 1982). Water activity was measured by 
using Aqualab-aw (Model Series 3TE, Decagon Devices 
Inc., Pullman, WA) according to the method proposed by 
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Duggan et al. (2008). The measurements in all analyses 
were performed in duplicate.

Determination of colour
Surface colour values of the cheese samples were measu­
red using an automatic colorimeter (Lovibond Tintometer 
RT Series Reflectance, USA). The colour values were 
recorded as L*, a* and b* respectively. L* value shows 100 
lightness / 0 darkness, a* value + redness / -greenness and 
b* value + yellowness / -blue. The colour analyses of the 
cheese samples were carried out three times.

Determination of antiradical activity
DPPH free-radical scavenging activity was performed, 
with a slight modification, according to Pyo et al. (2004). 
For this purpose, 0.16 g mL–1 extractions of the samples 
were prepared and the extracts were diluted in the ratio of 
1:10. During the analysis, 200 μL of the diluted sample ex­
tract, and 3 mL of (0.025 g L–1 in methanol) DPPH (Merck, 
Germany) solution were added to the test tube. Then, the 
tubes were incubated for 30 min in dark conditions at 
room temperature. The absorbance of the samples was 
measured using an UV-visible spectrophotometer (Shi­
madzu UV–1240 spectrophotometer, USA) at 517 nm, and 
methanol was used as the blank. The inhibition percentage 
was calculated using the following equation:

Inhibition (%) = (Abscontrol – Abssample)/Abscontrol x 100

All analyses were carried out in triplicate.

Determination of total phenolic content
The total amount of phenolic substances in cheese sam­
ples prepared with fruit concentrates was determined 
according to the Folin-Ciocalteau method (Singleton and 
Rossi, 1965). For analysis, 0.16 g mL–1 extractions were 
prepared and diluted in the ratio of 1:10. 100 μL of dilu­
ted sample extracts and 200 μL Folin-Ciocalteau reagent 
were taken for use, and 2 mL of distilled water was added 
to the extracts in 3 minutes. After that, 1 ml of 20% sodi­
um carbonate (Na2CO3) was added. The prepared tubes 
were mixed with the vortex and incubated for 1 hour at 
room temperature and in the dark. Absorbance values 
were specified at 765 nm. For the results, calibration cur­
ves were established using Gallic acid as the standard and 
the amount of phenolic compound found in the extracts 
was calculated as mg GAE 100g–1 dry weight sample. All 
analyses were carried out three times.

Texture profile analysis
The texture properties of the samples were evaluated 
using a texture analyzer (Brookfield CT3 (Texture Ana­
lyzer, USA) on the 1st, 15th, 30th and 45th day of ripening. 
Prior to the analysis, the temperature of the samples was 
brought to room temperature and measurement started 
afterwards. Single compression (one bite) operation was 
applied according to the texture profile analysis technique. 
The test was performed using a stainless-steel cone probe 
TA15/100.

Analysis conditions: Test speed 1 mm s–1; Target 20.0 
mm; trigger load 4.0 g.

The following parameters were observed: hardness and 
adhesiveness ratio (Genovese et al., 2010). All analyses 
were carried out two times.

Sensory analysis
A panelist group of 20 people (academicians of the De­
partment of Food Engineering, Sakarya University), who 
were trained before the sensory evaluation, evaluated the 
cheese samples in terms of colour, structure and texture, 
taste and aroma, fruit concentrate, sugar concentration 
and general acceptability. Each sensory feature was identi­
fied using the ‚‘hedonic scale‘‘ test method and the scoring 
system applied was between 1–9. Sensory evaluation of 
cheese samples was carried out 15 days after production.

Statistical analysis 
CoStat program (Version 6.45) was used for statistical eva­
luation. As a result of the research, the correlations of the 
data obtained were determined and variance analysis was 
made. The Duncan test was applied to the sources of signi­
ficant variation. All the data obtained were given as means 
with their standard deviations. Duncan‘s Multiple Range 
Test was also used to separate significant differences bet­
ween the derived means at the P < 0.05 significance level.

Results and discussion

Compositional analysis
As shown in Table 2, it was determined that the fruit juice 
concentrate (black carrot and frozen strawberry powder) 
added to the samples had an effect on the pH value while 
the increased fruit concentration ratio caused a decrease 
in the pH (P < 0.05). Similar results have been reported 
by Zhang et al. (2011) in the cheese with blueberry additi­
ves. At the end of storage the pH values of all cheese sam­
ples decreased. The decline in pH values during storage is 

thought to be due to changes in the 
number of metabolites resulting 
from microbial, enzymatic and 
biochemical activities in the chee­
se system and consequent changes 
in the hydrolysis of the compo­
nents (Bulut-Solak, 2013). It was 
also determined that there was a 
significant difference between the 
vacuum and non-vacuum packa­
ging samples over the pH values 
during storage (P < 0.05).

Titratable acidity showed sta­
tistically significant differences 
depending on the packaging ma­
terial and the concentrate ratios 
used (P < 0.05). Titratable acidity 

TABLE 1:  �Chemical composition of raw materials, fruit and concentrate used in production.

 Raw materials	  Total dry	 pH	 Fat	 Titratable	 Protein	 Lactose
 	 matter (%)		  (%)	 acidity %LA	 (%)	 (%)

 Curd cheese	 22.26±0.54	 5.68±0.13	 1.45±0.07	 0.01±0.00	 10.34	 5.30

 Pasteurized Cream	 54.13±1.41	 7.23±0.04	 45.75±0.35	 –	 –	 –

 Pasteurized milk	 10.52±0.00	 6.54±0.02	 3.0±0.00	 0.16±0.01	 2.84	 4.13

  
 				    Colour Values		  % DPPH radical	 Total 
						      scavenging	 phenolic 
 			   L*	 a*	 b*	 activity	 mg GAE/100 g

 Strawberry	 93.01±0.40	 3.5±0.01	 24.80±0.47	 +26.19±0.38	 +12.04±0.50	 71.53±1.66	 140.41±3.37

 Black carrot 
 concentrate	 60.81±0.63	 3.8±0.08	 0.96±0.02	 +0.10±0.03	 –0.27±0.06	 64.85±2.07	 2291.00±3.56

L*: luminosity, a*: redness, b*: yellowness
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values increased due to the increased fruit concentration. 
There was an increase in titratable acidity values of cheese 
samples at the end of the storage period (P < 0.05). Based 
on the results obtained from the titratable acidity and the 
packaging material, the N and V coded cheeses were com­
pletely different on the first day and at the end of storage.

The amount of dry matter gives an idea about the nutri­
tional value of the cheese and indirectly affects the rheo­
logical properties of the cheese. As shown in Table 2, there 
was also an increase in the total dry matter contents as a 
result of the increase in fruit juice concentration and ratio 
added to the samples (P < 0.05). Also the applied packa­
ging material was found to have had an effect on the result 
(P < 0.05). Similar studies have indicated that cheese-like 
products may experience loss of moisture as a result of in­
adequate packaging (Schar and Bosset, 2002).

The moisture content of cheese reported by Ruiz (2007) 
for processed cheese spreads had a value of 58.02%. How­
ever, Cunha and Viotto (2009) reported a 62.77% and 
63.49% moisture value. Therefore, it is concluded that the 
results obtained depend on the raw material properties 
and formulation applied.

Water activity values were identified to be close to each 
other during the storage period and the effect of added 
fruit concentrate ratio and packaging material was found 
to be statistically insignificant.

When the ash content was examined (Table 2), it was 
established that the ash content of the samples during the 
storage period was statistically insignificant. When the 
ratio of the fruit juice concentrate added to the cheese 
samples was compared with the amount of ash, it was es­
tablished that cheese samples containing 10% black carrot 
juice concentrate in both packaging materials had a high 
amount of ash. It was also determined that the ratio of the 
fruit juice concentrate used in production had a signifi­
cant effect on the ash content of the produced cheeses (P 
< 0.05), and the packaging material had no effect on the 
ash content.

Antioxidant activity
Black carrots contain anthocyanins, which is a part of the 
flavonoid family with antioxidant properties. The lowest 
content of the antioxidant activity, based on the formula­
tion of the cheese samples, was determined in NC-coded 
cheese samples. As seen in Table 3, there was a decrease in 
antioxidant activities (P < 0.05) during the storage period 
of both packaged cheese, and the vacuum packaging ap­
plication had no direct effect on the preservation of anti­

oxidant activity in cheese samples. The results showed that 
the highest antioxidant content was identified in cheese 
containing 10% black carrot juice concentrate (P < 0.05).

This finding was in agreement with the results of Han 
et al. (2011), who suggested that cheese curds with poly­
phenolic compounds at a concentration of 0.5 mg mL–1 
showed an effective free radical scavenging activity. The 
concentration ratio also had a significant effect on the anti­
oxidant activities of the samples (P < 0.05). The reduction 
in antioxidant activity at the end of storage in all cheese 
samples, produced by the addition of fruit juice concen­
trate, has been associated with the damage of antioxidant 
compounds.

Total phenolic content
Many studies have found that total phenolic concentra­
tion is positively associated with total antioxidant activity 
(Rekika et al., 2005). An examination of Table 3 in this 
study showed that the total content of phenolic material 
obtained from cheese samples was in parallel with the an­
tioxidant activities of fruit juice concentrates, which was 
in accordance with the results obtained in similar studies. 
When the samples of cheese produced by adding black 
carrot juice concentrate and other samples were compared 
in terms of total phenolic material content, the highest to­
tal phenolic content was found in black carrot-added chee­
se similar to antioxidant activity. In addition, increasing 
the total phenolic content with increased juice concentrate 
content was the expected result. The chemical or enzy­
matic oxidation of phenolic compounds applied to food 
increases during various processes or during long-term 
storage. The reason for the decrease in the total phenolic 
values during storage is the destruction of these substan­
ces in time. The reason for the increases seen during the 
storage period is the proportional increase in the number 
of other components that may react with the Folin reagent 
as the storage time increases (Klimczak et al., 2007). In 
addition, no significant increase or decrease in the total 
phenolic content of the samples during storage was obser­
ved.

Colour values
The major factors affecting the stability of natural colo­
rants in foods are the concentration of pigments, pH and 
water activity of food, oxygen, light, metallic ions, enzy­
mes, temperature, and time of processing and storage 
conditions (Delgado-Vergas et al., 2000). The added black 
carrot gave a light purple colour to the cheese. As shown 

TABLE 2:  �Compositional values of cheese samples.

 Codes	                      pH		                       TA (LA %)		                        TDM (%)		                     WA		                       Ash (%)
 	 1st day	 45th day	 1st day	 45th day	 1st day	 45th day	 1st day	 45th day	 1st day	 45th day

 NC-N	 5.29±0.02Aa	 5.13±0.01Ab	 0.17±0.00Fb	 0.24±0.01Ga	 31.47±0.28Ga	 30.75±0.06Hb	 0.977±0.00Aa	 0.963±0.01ABa	  0.59±0.07Fa	 0.69±0.08BCa

 NC-V	 5.31±0.07Aa	 4.55±0.04Bb	 0.16±0.00Fb	 0.39±0.00Fa	 30.44±0.42Ha	 30.81±0.69Ha	 0.953±0.01EFb	 0.964±0.00ABab	 0.64±0.01EFa	 0.61±0.13Ca

 PC-N	 5.35±0.03Aa	 4.44±0.02CDb	 0.14±0.01Fb	 0.53±0.00Da	 34.63±0.28EFa	 33.92±0.16Gb	 0.974±0.01ABa	 0.967±0.00Aa	 0.66±0.08EFa	 0.61±0.13Ca

 PC-V	 5.36±0.03Aa	 4.27±0.01Fb	 0.26±0.01Eb	 0.80±0.00Ba	 33.81±0.25Fb	 34.65±0.28Fa	 0.966±0.01ABCDEa	 0.960±0.00ABa	 0.73±0.02Ea	 0.61±0.11Ca

 BC-5-N	 4.92±0.01Ba	 4.53±0.01Bb	 0.37±0.00Cb	 0.46±0.01Ea	 36.34±0.22BCa	 34.98±0.30EFb	 0.962±0.00BCDEFa	 0.963±0.00ABa	 0.86±0.02Da	 0.81±0.10ABCa

 BC-5-V	 4.81±0.19Ca	 4.42±0.01DEb	 0.32±0.00Db	 0.74±0.01Ca	 35.08±0.35DEb	 36.06±0.10ABCa	 0.971±0.00ABCa	 0.966±0.00Aa	 1.00±0.02Ca	 0.85±0.11ABCa

 BC-10-N	 4.67±0.01Da	 4.45±0.03CDb	 0.60±0.00Ab	 0.72±0.00Ca	 36.24±0.25BCa	 35.14±0.20DEFb	 0.959±0.00CDEFa	 0.959±0.00ABa	 1.11±0.09Ba	 1.03±0.10ABa

 BC-10-V	 4.70±0.03Da	 4.44±0.04CDb	 0.51±0.00Bb	 0.90±0.00Aa	 39.37±0.94Aa	 36.12±0.36ABb	 0.968±0.00ABCDa	 0.961±0.00ABa	 1.21±0.04Aa	 1.03±0.07ABa

NC-N: negative control non-vacuum packaging, NC-V: negative control vacuum packaging, PC-N: positive control non-vacuum packaging, PC-V: positive control vacuum packaging, BC-5-N: black carrot in 5% 
concentrate non-vacuum packaging, BC-5-V: black carrot in 5% concentrate vacuum packaging, BC-10-N: black carrot in 10% concentrate non-vacuum packaging, BC-10-V: black carrot in 10% concentrate 
vacuum packaging; a, b, c: The values indicated by different letters in the same line differs from each other at the level of P <0.05; A, B, C: The values indicated by the different letters in the same column differ 
from each other at the level of P <0.05; TA: Titratable Acidity, TDM: Total Dry Matter, WA: Water Activity
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in Table 4, the highest L* values were determined in non-
black carrot cheese samples (NC code) packaged with both 
packaging materials on day 45 of storage. The L* values 
of black carrot added samples decreased compared to the 
NC code control cheese samples, and the decrease in the 
L* values with the increase in the added fruit concentra­
tes became an expected result. Moreover, the decrease 
in L* values and an opposite increase in added concen­
tration was found to be statistically significant (P < 0.05). 
The increase in L* during storage is due to the biochemical 
reactions occurring in the cheese samples, the metabolites 
formed and the changes in the moisture content at the end 
of the storage.

a* value in black carrot added samples was higher than 
that of control groups. It was determined that the increase 
in a* value was statistical­
ly significant due to the 
increase in the ratio of ad­
ded concentrate (P < 0.05). 
Also, it was found that the 
a* values of cheese sam­
ples decreased during the 
storage period (P < 0.05). 
It is believed that the rea­
son for this decrease may 
be due to the biochemical 
reactions that occur in the 
structure of cheese and in 
the added fruit concen­
trate, resulting in dama­
ge to the pigments that 
provide colour. Similar to 

Clydesdale (1998), it has 
also been determined that 
changes in the pH and in 
the dry matter has an ef­
fect on the colour values 
of the samples.

When the b* values 
of cheese samples were 
considered, the lowest b* 
value was identified in BC 
coded cheese samples. 
The Table 4 shows that 
there has been a simila­
rity between b* values of 
samples packaged with 
vacuum and non-vacuum 
packaging materials of 

the same cheese group and the b* values of sam­
ples with both packaging materials did not show 
a steady increase or decrease during storage.

Evaluation of the Texture Profile
The higher the presence of cross-linkages in the 
matrix of the product, the harder the processed 
cheese that can be expected (Kaliappan and 
Lucey, 2011). Table 5 shows that the hardness 
values increased in the first 15 days of storage 
and reached the highest hardness value on the 
30th day and later decreased on the 45th day. It 
was also found that the amount of added car­
rot juice concentrate had an effect on the hard­
ness, and the hardness value decreased as the 
ratio increased. This analysis was interpreted 
as, the increase in hardness detected on the 

30th day in cheese samples was as a result of interactions 
between denatured serum proteins and caseins, and pro­
bably due to the strong network structure of casein and 
denatured serum proteins at certain pH values (the iso­
electric point at pH 4.6). Biochemical events occurring in 
cheese are thought to increase the amount of free water in 
the medium, increase microbial and enzymatic activities, 
accelerate maturation and eventually decrease the hard­
ness values of cheese samples (Bulut-Solak, 2013). When 
statistical analysis results were taken into consideration, it 
was determined that the addition of fruit juice concentrate 
changed the hardness values of cheese samples and was 
found to be significant (P < 0.05). In addition, it was seen 
that the effect on the hardness value of the packaging ma­
terial changed throughout the storage period.

TABLE 3:  �The changes in the antioxidant activity and total phenolic content of cheese samples during 
storage.

 Codes		    Antioxidant activity (Inhibition%)			  Total phenolic content (mg GA/100 g)
 	 1st day	 15th day	 30th day	 45th day	 1st day	 15th day	 30th day	 45th day

 NC-N	 0.00±0.63Fb	 0.63±0.00Ga	 0.00±0.77Eb	 0.00±2.35Fb	 0.00±0.94Eb	 1.70±0.48Fb	 4.96±1.40Fa	 0.00±2.86Fb

 NC-V	 1.34±0.00Fa	 0.53±0.75Gab	 0.00±0.46Eb	 0.00±2.05Fb	 0.00±2.90Eb	 10.78±4.16EFa	 5.32±0.00Fab	 3.68±3.31Fab

 PC-N	 12.50±3.79Ea	 10.47±0.15Ea	 0.66±0.00Eb	 0.00±2.49EFb	 6.31±1.27Eb	 20.26±3.47Ea	 25.19±2.15Ea	 19.27±2.16Ea

 PC-V	 15.85±1.26Da	 5.07±3.29Fb	 0.87±1.24Eb	 2.90±0.00Eb	 16.93±0.44Db	 15.81±0.80Eb	 45.30±5.34Da	 25.23±8.50Eb

 BC-5-N	 67.52±0.47Ca	 61.73±0.30Db	 62.01±0.93Db	 56.22±1.76Cc	 93.92±3.24Cd	 117.90±0.00Db	 106.35±2.44Cc	 130.10±2.09Ca

 BC-5-V	 75.56±0.47Ba	 66.70±0.45Cb	 66.16±0.00Cb	 46.78±0.44Dc	 127.01±3.36Ba	 131.37±5.43Ca	 105.85±2.04Cb	 103.36±3.66Db

 BC-10-N	 87.28±0.00Aa	 76.00±4.34Bb	 84.93±0.00Aa	 77.90±0.73Ab	 203.36±3.25Ab	 222.05±5.57Aa	 181.42±1.21Bc	 184.06±6.70Bc

 BC-10-V	 85.49±0.95Aa	 86.89±0.30Aa	 80.79±0.31Bb	 72.30±0.44Bc	 198.63±9.35Aa	 203.08±8.66Ba	 202.32±9.95Aa	 200.37±4.06Aa

a, b, c: The values indicated by different letters in the same line differs from each other at the level of P <0.05; A, B, C: The values indicated by the different letters in the 
same column differ from each other at the level of P <0.05

TABLE 4:  �The changes in the colour values of cheese samples during storage.

 Codes	                        L*		                         a*		                         b*
 	 1st day	 45th day	 1st day	 45th day	 1st day	 45th day

 NC-N	 79.28±0.36Bb	 80.24±0.03Aa	 0.08±0.01Fa	 0.06±0.04Ea	 7.80±0.03Ab	 8.01±0.01Ca

 NC-V	 79.88±0.07Aa	 79.96±0.11Aa	 0.12±0.02Fa	 0.06±0.01Eb	 7.79±0.08Aa	 7.88±0.04Ca

 PC-N	 72.57±0.09Cb	 74.49±0.36Ba	 4.50±0.04Ea	 2.39±0.06Db	 6.02±0.08Cb	 9.03±0.33Aa

 PC-V	 72.96±0.00Cb	 74.42±0.21Ba	 4.66±0.04Ea	 2.42±0.06Db	 6.15±0.02Bb	 8.51±0.04Ba

 BC-5-N	 46.99±0.13Eb	 49.39±0.32Ca	 23.94±0.01Ca	 21.99±0.10Bb	 –5.55±0.04Eb	 –3.88±0.08Da

 BC-5-V	 47.76±0.25Db	 48.71±0.05Da	 23.70±0.04Da	 21.21±0.04Cb	 –5.55±0.05Eb	 –4.73±0.04Ea

 BC-10-N	 36.97±0.25Fb	 39.02±0.03Ea	 30.24±0.04Ba	 27.81±0.31Ab	 –4.58±0.04Da	 –5.38±0.04Fb

 BC-10-V	 35.93±0.16Gb	 39.01±0.02Ea	 30.71±0.08Aa	 27.74±0.17Ab	 –4.66±0.03Da	 –5.44±0.03Fb

The values indicated by different letters in the same line differs from each other at the level of P <0.05; A, B, C: The values indicated 
by the different letters in the same column differ from each other at the level of P <0.05

TABLE 5:  �The changes in the textural properties of cheese samples during storage.

 Codes		                        Hardness (N)			                   Adhesive forces (N)
 	 1st day	 15th day	 30th day	 45th day	 1st day	 15th day	 30th day	 45th day

 NC-N	 5.06±17.68ABc	 5.79±16.26Bb	 7.95±13.79Aa	 5.56±16.62Ab	 -1.52±5.30Db	 -1.80±8.49Db	 -2.24±4.60Fc	 -1.16±21.57ABCa

 NC-V	 5.19±21.21Ab	 5.37±18.03Cb	 7.99±10.25Aa	 5.02±21.57Bb	 -1.75±2.12Ec	 -1.48±12.37Cb	 -2.16±1.41Fd	 -1.00±10.96ABa

 PC-N	 4.80±15.56Bc	 6.21±21.57Ab	 7.75±12.73Aa	 3.92±16.97DEd	 -1.34±2.83Cb	 -1.66±1.06Dc	 -1.86±1.77Ec	 -0.83±20.15ABa

 PC-V	 4.73±10.96Bc	 5.50±15.20BCb	 7.26±10.61Ba	 4.32±21.57CDc	 -1.28±3.89BCa	 -1.68±4.95Db	 -2.38±2.12Gc	 -1.06±18.03ABCa

 BC-5-N	 4.08±16.26Cc	 4.94±21.92Db	 5.54±12.37DEa	 5.47±12.73Aa	 -1.20±4.24Ba	 -1.37±1.06BCa	 -1.40±2.47Ca	 -1.18±35.36ABCa

 BC-5-V	 3.97±18.03Cc	 4.47±17.68Ec	 6.11±15.20Ca	 5.52±27.58Ab	 -1.52±0.71Da	 -1.31±1.77ABa	 -1.52±6.01Da	 -1.52±22.63Ca

 BC-10-N	 3.37±21.21Db	 4.24±29.34Ea	 3.95±10.96Fa	 2.86±14.14Fb	 -1.01±2.12Ab	 -1.31±7.42ABc	 -1.14±5.30Abc	 -0.79±10.61ABa

 BC-10-V	 4.01±20.86Cb	 4.49±19.45Eab	 4.86±14.50Ea	 2.42±18.03Gc	 -1.19±1.06Bb	 -1.35±4.60BCb	 -1.31±3.18BCb	 -0.68±21.92Aa

a, b, c: The values indicated by different letters in the same line differs from each other at the level of P <0.05; A, B, C: The values indicated by the different letters in the 
same column differ from each other at the level of P <0.05
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In the case of adhesiveness value, addition of black 
carrot juice concentrate to the samples decreased the ad­
hesiveness values (P < 0.05). It was determined that the 
value of the adhesiveness obtained by increasing the con­
centration ratio was further reduced (Table 5). The results 
showed that there was a significant effect of proteolysis 
and moisture content in the biochemical events seen in 
the cheese on the adhesiveness values. The increase in the 
moisture content was designated by increasing the adhe­
siveness of the cheese. A shorter length of proteins as a 
result of proteolysis might lead to the formation of a less 
compact casein matrix, which is reflected by a decrease in 
hardness of the processed cheeses and an increase in their 
adhesiveness. These results and their explanation are in 
accordance with the works by Acharya and Mistry (2007).

Sensory properties
Sensory evaluation scores of the cheese samples were gi­
ven in Table 6. The results showed that the highest colour 
score was in samples with black carrot juice concentration. 
It was observed that there was an increase in the points 
given due to the increase in the concentration ratio added 
in general. PC code cheese got the lowest score. It has been 
concluded that the addition of fruit juice concentrate is an 
important parameter to increase the level of colour appre­
ciation of cheese (P < 0.05). Black carrot fruit concentrate 
added samples had a higher structure and texture score 
than the negative control group (P < 0.05) and contribu­
ted to the improvement of the structure of cheese samples 
with added concentrates. When the taste scores were ex­
amined, the highest score in the samples was recorded by 
cheese containing 5% fruit juice concentrate and showed 
that the non-vacuum packaged samples were more popu­
lar. It was determined that the vacuum packaging material 
had an effect on the taste scores (P < 0.05) of the cheese 
samples and prevented the perception of the present taste. 
When the general acceptability values of the non-vacuum 
cheese samples were examined, it was found that the sam­
ples obtained by adding the fruit concentrate had a higher 
acceptability level than the negative and positive control 
group. In addition, the increase in the added black carrot 
concentrate ratio did not cause a change in the taste of the 
fruit and variance analysis revealed that the difference in 
acceptability scores was not statistically significant.

Conclusion

This study is designed to give a new feature to the newly 
produced spreadable cheese products in our country. For 

this purpose, black carrot juice concentra­
te was added to the curd cheese, which is a 
commonly consumed dairy product. Anot­
her aim of the study was to investigate the 
changes in the storage period by providing 
suitable packaging for spreadable cheeses 
produced by adding concentrate to tradi­
tional curd cheese with short shelf life. The 
evaluation of curd cheese and using natu­
ral additives instead of artificial additives 
gained positive impacts on the production 
of spreadable cheese. Because the product 
obtained is flavored, the group of children 
is expected to attract attention as a consu­
mer. The results show that the use of 5% 
black carrot concentrate in non-vacuum pa­

ckaging is most suitable for use in spreadable cheeses and 
is also the first successful step in the study of producing 
spreadable cheese using only curd cheese instead of a few 
kinds of cheese.

Acknowledgements

Financial support was provided by Sakarya University 
Research Fund (FBYLTEZ 2016-50-01-006), and is gra­
tefully acknowledged.

Conflict of interest 

The authors declare that they have no conflict of interest.

References

Acharya MR, Mistry VV (2007): Influence of processing condi­
tions on Cheddar cheese meltability. Milchwissenschaft-Milk 
Science International 62: 170–174.

AOAC (2003): Association of Official Analytical Chemists. Wa­
shington, DC.

Bulut-Solak B (2013): The Effect of Process Parameters Ap­
plied During Production of Melting Type Cheese Produced by 
Using Different Type Cheese on Some Properties of Cheese 
(In Turkish). PhD thesis, University of Selçuk Konya, Turkey.

Buzzo ML, Carvalho MFH, Arakaki EEK, Matsuzakı R, Gra-
nato D, Kıra CS (2014): High sodium contents in processed 
foods consumed by Brazilian population. Revista do Instituto 
Adolfo Lutz 73: 32–39.

Clydesdale FM (1998): Color: origin, stability, measurement and 
quality in Storage Stability. Taub IA and Singh RP (Ed), New 
York CRC Press LCC, pp 175–190.

Cruz AG, Faria JAF, Pollonio MAR, Bolinia HMA, Celeghinia 
RMS, Granatob D, Shahc NP (2011): Cheeses with reduced 
sodium content: Effects on functionality, public health bene­
fits and sensory properties. Trends in Food Science & Techno­
logy 22: 276–291.

Cunha C, Viotto V (2009): Casein peptization, functional pro­
perties, and sensory acceptance of processed cheese spreads 
made with different emulsifying salts. Journal of Food Sci­
ence 75: 113–120.

Delgado-Vergas F, Jimenez AR, Paredes-Lopez O (2000): 
Natural pigments: Carotenoids, anthocyanins, and beta­
lains-Characteristics, biosynthesis, processing, and stability. 
Critical Reviews in Food Science and Nutrition 40: 173–289.

Duggan E, Noronha N, O’Riordan ED, O’Sullivan M (2008): 
Effect of resistant starch on the water binding properties of 
imitation cheese. Journal of Food Engineering 84: 108–115.

TABLE 6:  �Table 6. Sensory evaluation of cheese samples.

 Codes	 Colour	 Consistency	 Taste and	 Fruit con-	 Sugar con-	 General
 		  and texture	 aroma	 centration	 centration	 acceptability

 NC-N	 6.63±0.52D	 6.88±0.35CD	 4.63±0.52F	 1.00±0.00D	 1.00±0.00D	 4.75±0.46E

 NC-V	 7.25±0.46C	 5.88±0.35E	 5.00±0.53EF	 1.25±0.46D	 1.13±0.35D	 4.63±0.74E

 PC-N	 6.38±0.52D	 6.25±0.46E	 5.25±0.46DE	 4.50±0.76C	 3.50±0.53C	 5.38±0.52D

 PC-V	 6.25±0.46D	 6.38±0.74DE	 4.63±0.52F	 3.63±0.52D	 3.88±0.35C	 5.75±0.71BCD

 BC-5-N	 7.13±0.64C	 6.38±0.52DE	 6.50±0.53B	 5.88±0.35AB	 5.25±0.46A	 6.25±0.46AB

 BC-5-V	 7.88±0.35B	 7.13±0.35BC	 6.25±0.46B	 4.88±0.64C	 4.50±0.53B	 6.38±0.52A

 BC-10-N	 7.38±0.52C	 7.50±0.53AB	 6.38±0.52B	 5.75±0.46B	 4.88±0.35AB	 6.50±0.53A

 BC-10-V	 8.13±0.35AB	 7.00±0.53BC	 6.00±0.53BC	 4.75±0.46C	 4.63±0.52B	 6.25±0.46AB

A, B, C: The values indicated by the different letters in the same column differ from each other at the level of P <0.05

Ausgabe für imr:livelyzachary

Ausgabe für imr:livelyzachary

Die Inhalte sind urheberrechtlich geschützt. Eine Weitergabe an unberechtigte Dritte ist untersagt.

Die Inhalte sind urheberrechtlich geschützt. Eine Weitergabe an unberechtigte Dritte ist untersagt.



Journal of Food Safety and Food Quality 71, Heft 6 (2020), Seiten 135–166158

The contents are protected by copyright. The distribution by unauthorized third parties is prohibited.

Genovese DB, Ye A, Singh H (2010): High methoxyl pectin/
apple particles composite gels: Effect of particle size and par­
ticle concentration on mechanical properties and gel structu­
re. Journal of Texture Studies 41: 171–189.

Han J, Britten M, St-Gelais D, Champagne CP, Fustier P, Sal-
mieri S, Lacroix M (2011): Polyphenolic compounds as func­
tional ingredients in cheese. Food Chemistry 124: 1589–1594. 

IDF (1982): Determination of the Total Solid Content (Cheese 
and Processed Cheese). IDF Standard 4A, International Dai­
ry Federation, Brussels.

Kaliappan S, Lucey JA (2011): Influence of mixtures of calci­
um-chelating salts on the physicochemical properties of case­
in micelles. Journal of Dairy Science 94: 4255–4263.

Kamiloglu S, Grootaert C, Capanoglu E, Ozkan C, Smagghe G, 
Raes K, Van Camp J (2016): Anti-inflammatory potential of 
black carrot (Daucus carota L.) polyphenols in a co-culture 
model of intestinal Caco-2 and endothelial EA. hy926cells. 
Molecular Nutrition & Food Research 61: 1–11.

Kamiloglu S, Pasli AA, Ozcelik B, Van Camp J, Capanoglu E 
(2015): Colour retention, anthocyanin stability and antioxi­
dant capacity in black carrot (Daucus carota) jams and mar­
malades: Effect of processing, storage conditions and in vitro 
gastrointestinal digestion. Journal of Functional Foods 13: 
1–10. 

Kammerer D, Carle R, Schieber A (2004): Quantification of an­
thocyanins in black carrot extracts (Daucus carota ssp. sativus 
var. atrorubens Alef.) and evaluation of their color properties. 
European Food Research and Technology 219: 479–486.

Klimczak I, Malecka M, Szlachta M, Gliszczynska-Swiglo A 
(2007): Effect of storage on the content of polyphenols vita­
min C and the antioxidant activity of orange juices. Journal of 
Food Composition and Analysis (3–4): 313–322.

Pyo YH, Lee TC, Logendra L, Rosen RT (2004): Antioxidant 
Activity and Phenolic Compounds of Swiss Chard (Beta Vul-
garis Subspecies Cycla) Extracts. Food Chemistry 85: 19–26.

Rekika D, Khanizadeh S, Deschenes M, Levasseurand A, 
Charles MT (2005): Antioxidant capacity and phenolic 

content of selected strawberry genotypes. HortScience 40: 
1777–1781.

Ruiz V (2007): Aplicación de hidrocoloides en queso procesa­
do untable. Tesis de Licenciado en Ciencia de los Alimentos, 
Facultad de Ciencias Agrarias, Universidad Austral de Chile. 

Schäffer B, Szakály S, Lörinczy D (2001): Processed cheeses 
made with and without peptization. Journal of Thermal Ana­
lysis and Calorimetry 64: 671–679.

Schär W, Bosset JO (2002): Chemical and physicochemical 
changes in processed cheese and ready-made fondue during 
storage. LWT-Food Science and Technology 35: 15–20.

Sevimli-Gur C, Cetin B, Akay S, Gulce-Iz S, Yesil-Celiktas O 
(2013): Extracts from black carrot tissue culture as potent 
anticancer agents. Plant Foods for Human Nutrition 68: 293–
298.

Singleton VL, Rossi JA (1965): Colorimetry of Total Pheno­
lic with Phosphomolybdic-Phosphotungstic Acid Reagents. 
American Journal of Enology and Viticulture 16: 144–158.

Strazzullo P, D‘Elia L, Kandala NB, Cappuccio FP (2009): Salt 
intake, stroke, and cardiovascular disease: Meta-analysis of 
prospective studies. British Medical Journal 339: b4567.

Zhang X, Yang Y, Zhao D (2011): Effect of blueberry on sprea­
dable processed cheese. Journal of Northeast Agricultural 
University 18: 73–78.

Address of corresponding author:
Emine Okumus
Faculty of Engineering
Department of Food Engineering
Van Yüzüncü Yıl University
Van
Turkey
emineokumus@yyu.edu.tr

Ausgabe für imr:livelyzachary

Ausgabe für imr:livelyzachary

Die Inhalte sind urheberrechtlich geschützt. Eine Weitergabe an unberechtigte Dritte ist untersagt.

Die Inhalte sind urheberrechtlich geschützt. Eine Weitergabe an unberechtigte Dritte ist untersagt.


