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Effects of egg parts addition on colour, textural and sensory properties of block-type
melted cheese: a case study

Mustafa CAVUS™

Abstract

, Bayram YURT?, Hasan CANKURT"

In this study, by the addition of chicken egg the production possibilities of the block-typed processed cheese and the changes that
occur on the various properties due to the storage of the produced cheese were analyzed. Before the blanching, three different
parts of the egg; albumen, yolk and whloe egg were added to the processed cheese formulation. The cheeses were analyzed
on the first, 15th, 30th and 60th days. The physico-chemical, textural and sensory characteristics of the cheese samples were
tested. It was determined out of the obtained results that the use of the chicken egg was decreased in the values of L*, a* and
b*. According to the texture results, the control sample stood out to be the cheese type that has the highest hardness. Of all the
parameters, the sample with yolked-cheese got the highest point according to the results of the sensory evaluation. The use of
yolk affected positively both the structure and the appearance. At the end of this study, it is found out that the use of chicken
egg in the production of the block-typed processed cheese did not cause any drawback in terms of both production process,

shelf life and from the sensory point.

Keywords: block type processed cheese; chicken egg; melting salt; storage.

Practical Application: Effects of egg parts addition on block-type melted cheese.

1 Introduction

Cheese is a milk product that is consumed preferably as fresh
or mature and generally obtained by coagulating whole milk,
low-fat milk or skim milk with appropriate proteolytic enzymes
known as rennet and/or lactic acids, separating the whey, shaping
the curd and salting in the last step (Ugiincii, 2008). Melted cheese
is produced through pasteurisation of curd, one or more types of
cheese directly or a mixture obtained by adding milk products
such as milk powder, whey, butter and cream into such products
when necessary, at high temperatures with emulsifying salts. It
can be sliceable or spreadable (Anonymous, 2014).

The dairy industry has to renew itself to stimulate consumer
interest. In order to guide the development of dairy products
in the food industry, it is necessary to determine the needs and
expectations of different consumer groups. It is the consumer
itself that determines the parameters of product quality
(Busse & Siebert, 2018; Hovart et al., 2019). The appearance
and taste of the food are not the only factors affecting the food
choice of the consumer. In addition to these, the nutritional
properties, composition, safety, trade and price of the product
have a significant influence on purchase (ER. Torres et.al., 2020).

There are some considerations that make the production
of melted cheese important. These considerations, namely,
high nutritional value, giving an opportunity of re-evaluation
to cheeses that are deformed or have damaged packages but
maintain their sensory properties, ease of packaging thanks to
smaller packages, having spreadable types, and possibility to use

different types and various ratios of raw material in the production
are the advantages of this product. In addition, as it is cooked at
high temperature, it has longer shelflife (Kiermeier & Lechner,
1973; Turhan, 1993).

Since there is a positive relationship between the excessive
consumption of sodium mineral in foods and hypertension,
osteoporosis, kidney stones and cardiovascular diseases, various
studies are carried out to reduce sodium in foods (Ayyash & Shah,
2011). Sodium reduction studies in the cheese sector have been
very difficult for manufacturers because the sodium in cheese
improves the texture of the product and adds flavor to the
product (Cruz et al., 2011). Therefore, new methods such as
NaCl-KCI mixture have been tried and used in various cheeses
without any negative effect on cheese quality (Silva et al., 2018).

Consumption of probiotic-enriched dairy products is very
beneficial for health, including anti-hyperglycemic activity. This
benefit varies depending on the starter culture and dairy product
used (Grom et al., 2020).

Although cheeses are generally classified according to
their high fat content, no link has been found between cheese
consumption and cardiovascular disease (Verruck et al., 2019).
The nutritional properties of cheese are due to casein proteins,
which occurs during cheese ripening and during digestion.
Due to its rich nutritional content, cheese is a functional dairy
product that is consumed not only for energy, but also because
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it benefits diseases such as hypertension, diabetes, obesity and
digestive problems (Hjerpsted & Tholstrup, 2016). In the treatment
of some diseases such as hypertension, it has been revealed
that, in addition to medications, reducing the consumption
of saturated fat and sodium and increasing the consumption
of potassium, calcium and fiber foods positively affects blood
pressure (Martyn-Nemeth et al., 2016).

Egg, which is not only consumed alone but also increases
nutritional value of the accompanying food and therefore is
largely used in nutrition, is commonly used as additive for its
emulsifying, humectant, leavening, colouring, flavouring and
thickening properties in the processing of many food products as
well as for its dough forming, thickening, binding and ingredient
constituting properties in terms of baking quality (Tayar & Sen,
1996; Surai & Sparks, 2001).

Carotenoids are synthesized only in plants and mixed with
animal tissues only through feedstuft and nutrition. In addition,
they are modified and stored in animal tissues. In particular, egg
yolk colour occurs by the help of these modified carotenoids
(Tokugoglu, 2006). Lutein is the active pigment of egg yolk as it
provides approximately 70% of its colour alone. Another important
pigment besides lutein is zeaxanthin. Apart from these,
components that are effective in the colouring of egg yolk
are respectively carotene, canthaxanthin, cryptoxanthin and
capsanthin (Hammond et al., 1997). There is no colour standard
for melted cheese as different types of cheese are used in the
production. For that reason, carotenoids in egg yolk have been
used to ensure a colour standard for melted cheese.

In the present study, effect of whole or different part of egg
on colour, textural and sensorial properties of melted cheese
was examined and compared to that of control sample during
60 day-storage period.

2 Material and Methods

2.1 Materials

Cow’s milk was used in the production of cheese.
Rennet, kasharstarter cultures and calcium chloride were bought
from a firm in Konya (Intermak A.S.). Eggs were bought from
an egg company that is operating in Kayseri market (Tarim Gida
ve Yumurtacilik Ltd. Sti.). Melting salts containing phosphate
and citrate as emulsifying salts in their structure were preferred.
Among emulsifying salts known as Kasomel salts in the market,
Kasomel 3112 at the rate of 0.3% and Kasomel 2185 at the rate
of 0.7% were added in cheese curd during blanc.

2.2 Sample preparation

Preparation process of samples were schematized in Figure 1.

2.3 Colour parameters

Colours of cheeses were measured as per Dogan (2002). Cheeses
were scanned on HP Scanjet 4050 C scanner and the images were
stored in JPG format. L*, a* and b* values of these images were
detected by using ‘Lab Color Mod’ (16 Bits/channel) settings.

2.4 Textural properties

Textural properties of cheese samples were determined by
using a texture measurement instrument, i.e. TA. XT Plus Texture
Analyser, as per the method defined in Ahmed et al. (2005). Samples
to be analysed were diced in 2.0 cm. A 2 cm spherical probe was
used for pressure. Also, in compression process, 25% of original
sizes of samples were compressed with a compression rate of 1 mm/s
by setting total duration of processing as 10 seconds and using a
30kg load cell. Two consecutive compressions were performed
according to texture profile analysis technique. Texture profile
of samples were determined by measuring texture profile
analysis parameters, namely, hardness, resilience, cohesiveness,
adhesiveness, gumminess, springiness and chewiness.

2.5 Sensorial properties

Sensory analyses of block-type melted cheese were performed
according to scoring method by 7 experienced panellists. First of
all, scores were established according to sensory quality criteria
of cheeses with the trained panellists. Cheese samples were taken
out of the refrigerator and served to the panellists in portions
of 15-20 g with bread and water. The panellists were asked to
evaluate cheeses in terms of quality characteristics of appearance,
texture, taste and overall impression, and mark defect(s) that
caused lower scores (Koca, 2002).

2.6 Statistical analysis

Results of colour, textural and sensorial analysis in the study
were evaluated with one-way analysis of variance (one-way ANOVA)
by using JMP Pro software package. Difference between significant
averages as a result of analysis was tested at a level of p<0.05 via
Tukey’s multiple comparison test (Abdi & Williams, 2010).

3 Results and discussion

3.1 Colour measurements

Colour parameters including L*, a* and b* values of melted
cheeses throughout a 60-day storage were given in Table 1.
Regarding 1% day results, while the control sample had the
highest L value, sample containing egg yolk had the lowest.
On 15" day sample containing whole egg had the highest L
value among the samples.

Among the samples, control group had the highest L* value
while sample containing egg white had the lowest. Since control
group cheeses are shinier than other cheeses, they had the highest
L* value. Besides, as egg white added cheeses were predominantly
yellow, i.e. darker, the lowest L * value was found in that type
of cheese. Johnston & Darcy (2000) observed that L* value of
Mozzarella cheese, which was stored at 4 C, showed a decrease
during ripening. In other studies on cheese types similar to
block-type melted cheese and kasseri, L*values decreased with
ripening (Firat, 2006; Giilter, 2011; Cankurt, 2015).

Among the cheeses, sample containing egg yolk had the
highest a* value with -4.85 while the sample containing egg white
had the lowest as -7.09. Although a* value demonstrated a wavy
decrease in melted cheeses, an increase compared to the first day
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was detected in all samples at the end of storage. Martley & Michel
(2001) observed mean a value as -2.10 in Cheddar cheese.

Similarly to L* and a* values, b*value differed greatly since the
first day and a similar situation continued throughout ripening.

Cavus; Yurt; Cankurt

yolk, as expected.

BLOCK-TYPE MELTED CHEESE PRODUCTION

Among the samples at day 1 of ripening process, the
lowest b* value 24.254 was measured in control group cheeses
while the highest value 39.120 was in melted cheese with egg
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Figure 1. Flow chart of block-type melted cheese production.
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Although L*value of cheeses in our study decreased with
ripening, they had higher L*value than the results in other studies.
The reason may depend on several factors. These factors may
include pasteurisation temperature applied on the final product,
drying conditions and duration of product, salt amount used
and packaging type of product. For instance, it is expectable
that vacuum-packed products are whiter than cheeses ripened
without cover.

3.2 Textural properties

Hardness is about moisture and salt-to-moisture ratio
of cheese. Softening increases when the amount of total dry
matter in cheese decreases and hardness increases when salt-
to-moisture ratio shows an increase. In addition, fat, protein
content and pH value also have an impact on hardness values
of product (Kaya, 2002).

Among all cheese samples, control group cheeses had the
highest hardness value with 8059.79 N while the lowest value was
measured in cheeses with egg white with 2367.6 N. The reason
that control group cheeses had the highest hardness value may
result from having a high level of total dry matter. However, the
reason that yolk added cheese was softer than control cheese
could be due to lecithin in yolk acting as emulsifier. Among other
types of cheese, the reason that the softest one had egg white
was the content of 88% water in its structure (United States
Department of Agriculture, 2000). According to the reports in
literature (Kaya, 2002), softening increases when the amount
of total dry matter in cheese decreases and hardness increases
when salt-to-moisture ratio shows an increase. In this respect,
the fact that egg white added cheese has the lowest hardness may
be partially attributed to having the highest moisture content.
Dabour et al. (2006) determined in a study on Cheddar cheese
that loss of moisture during ripening increased the hardness
value. Solak (2013) stated that hardness values of block-type
melted cheeses produced at different pH values by using different
types of cheese increased at the end of three-month ripening
compared to the values at day 1. While results of this study bear
resemblance to ours, cheeses in our study had higher hardness
values. We can relate increasing hardness value of cheese during
storage to the decrease in pH value (Thapa & Gupta, 1992).

Table 1. Colour Parameters of Samples during Storage.

Among the cheeses, sample containing egg white had the
highest Springiness value with 0.87 while the sample containing
egg yolk had the lowest as 0.80. This decrease seen in all cheeses
during ripening proces was statistically significant (p<0.05).
Cankurt (2015) stated that springiness values of block-type
melted cheeses demonstrated a wavy decrease and values of all
samples decreased at the end of ripening compared to day 1.

As seen in Table 2, gumminess values of cheeses varied from
1818.88 to 3571.62 at the beginning of storage while ranged
between 3475.44 and 5349.85 with an increase at the end of
ripening. While control group had the highest gumminess value,
the lowest value was measured in sample containing egg white.
However, sample containing egg yolk and sample containing
whole egg received close values averagely. Gumminess and
hardness values changed in parallel. This similarity stems from
calculating gumminess value by multiplying cohesiveness and
hardness values. Solak (2013) reported that gumminess values
of block-type melted cheeses produced at different pH values
by using different types of cheese increased at the end of 90-
day storage.

While cohesiveness values of cheeses ranged between 0.73
and 0.77 at the beginning of storage, they showed a tendency
of decrease and ranged from 0.66 to 0.73 at the end of ripening.
Among all cheese samples, egg white and control group added
cheese had the highest cohesiveness value while the lowest value
was observed in cheeses with control. Koca (2002) reported that
increasing fat content of cheeses caused a decrease in cohesiveness
value. Yagar (2008) stated that cohesiveness values of cheeses
produced within the scope of doctoral examination decreased
depending on duration of ripening.

Control sample had the highest chewiness value among the
melted cheeses On the other hand, the lowest value was observed
in egg white added cheeses. Chewiness and gumminess values
showed parallel changes. The reason of this similarity stems from
obtaining chewiness value by multiplying gumminess and resilience
values. The increase seen in all melted cheeses during storage
was considered statistically significant (p<0.05). This increase
in chewiness value may be due to increased gravitational force
between molecules by the increase of interaction between proteins
and other compounds in the structure of cheese.

Egg White Control Egg Yolk Whole Egg
1** Day L 94.75+0.35% 96.75+0.27%4 90.7040.96"A8 95.94+0.57248
a -6.8010.046°° -6.53+0.01°® -5.3940.27%8 -7.02+0.04°®
b 24.62+0.80 24.25+0.75% 39.1241.91%4 28.37+1.98%
15" Day L 93.25+0.10%4 91.54+0.1728 92.07+1.77°48 94.414+0.19*8
a -6.241+0.004%* -6.35+0.22°° -4.85+0.27°* -5.99+0.01%*
b 24.55+0.16" 22.68+0.62% 37.12+1.78%8 28.02+2.21%
30t Day L 86.614+4.538 95.71+0.12% 90.19+0.558 96.06+0.67%*
a -7.09£0.09<¢ -5.88+0.10°* -5.3440.042AF -5.97+0.15%
b 24.3340.044 23.6440.20%4 34.86+0.09%" 28.55+0.41%
60" Day L 92.8740.99°* 95.91+0.11%4 92.6840.17° 88.20+0.69<¢
a -6.2040.07A -5.81+0.03% -4.9240.16%8 -6.16£0.05%A
b 24.35+0.19 22.9340.754 37.34+0.60%A8 26.5740.94*
4 Food Sci. Technol, Campinas, v42, €67520, 2022
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Table 2. Textural properties of samples during storage

Cavus; Yurt; Cankurt

Hardness Adhesiveness  Springiness ~ Cohesiveness Gumminess Chewiness Resilience
IstDay  Egg White 2367.604362.97¢C  -0.52+0.43**  0.8740.01**  0.7740.01**  1818.88+304.94 1575.26+271.38  0.46+0.01%
Control ~ 4650.50+447.13C  -0.61+0.26**  0.86£0.01**  0.77+0.01°*  3571.624327.93® 3082.531268.95C  0.46+0.01°
Egg Yolk  3018.70+278.10°°  -0.6610.49**  0.83+0.02°*  0.7310.05*  2191.174264.02°C 1820.49+197.93"  0.43+0.03**
Whole Egg  2633.014254.86  -0.52+0.274  0.86+0.01**  0.75+0.02 1974.89+182.30 1694.87+149.5%C  0.45+0.02:
15th Day Egg White 3291.914395.3¢ -1.08£0.41°%  0.83+0.00°  0.7115+0.01*F  2342.07+281.49% 1936.85+240.19  0.38+0.00 **
Control ~ 3780.904993.77®  -1.01+1.38*  0.8310.02:C  0.7240.02%  2730.13£727.48°C 2269.20+652.27"°  0.39+0.03
Egg Yolk  4119.14+121.18'C  -1.874#0.65®®  0.80+0.01'°  0.70£0.01°® 2876.03+111.33" 2297.42+102.83"®  0.38+0.01°"
Whole Egg  4485.57+663.43®  -1.3410.48"®  0.8240.01°C  0.7141#0.01°C  3204.96+481.22"% 2619.42+417.55®  0.39+0.01°
30th Day Egg White 4921.78+84.55" -1.53£0.535  0.8440.01**  0.7140.01®®  3515.90460.70°  2945.56+46.82"*  0.33%0.01<
Control ~ 6950.69+155.85%  -2.76+0.59"  0.81£0.01°®  0.69+0.01°°  4815.15+166.72** 3909.89+157.23®  0.32+0.014
Egg Yolk  5080.12+549.39"®  -1.8240.55®  0.81+0.01"¢  0.69+0.02°®  3503.09+413.19"* 2820.774330.55%  0.37+0.01%®
Whole Egg  4998.68+825.63**  -1.18+0.28*  0.83+0.01**  0.7240.01°5C  3621.69+585.19"* 2994.32+474.65"*  0.39+0.01
60th Day Egg White 4744.68+232.17°%  -2.5311.95®  0.83+0.01®*  0.71£0.00®  3403.95+186.80** 2832.16+181.81"  0.32+0.01°
Control ~ 8059.79+697.58*  -1.4940.74**  0.84+0.01®®  0.66+0.03"°  5349.85+634.80°* 4503.86+529.73**  0.32+0.01°C
Egg Yolk  4853.14+390.73**  -2.25+0.32®  0.81#0.01*®  0.7240.01°*F 347544430570 2821.46+268.93"*  0.34+0.01:
Whole Egg  4945.53+1207.87**  -2.25+1.15°°  0.8340.02®  0.73£0.01°®®  3616.40+828.25"* 3004.62+652.87*  0.3510.01:C
Appearance Texture Egg white
4.100
4.000
Whole Egg Control Whole Egg Control
Egg yolk
M Egg white General Acceptance Egg white
4300
4200
4100
4000
Whole Egg Control Whole Egg Control
Egg yolk Egg yolk

Figure 2. Sensorial Properties of Samples in 1 day.
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4.000
3,900
3,800
3,700
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Egg yolk
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5.000

Whole Egg Control
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Figure 3. Sensorial Properties of Samples in 15 day.

It is seen that adhesiveness value, which was measured as
-0.52 in all cheeses at the beginning of storage, increased four
times to be -2.76 on the last day of ripening. The increase in
adhesiveness value is thought to stem from biochemical events,
proteolysis and moisture content in cheese. Additionally, as
dry matter amount in cheese decreases, its adhesiveness value
increases (Emmons et al., 1980). Antoniou et al. (2000) stated that
high rate of proteolysis in cheese increased adhesiveness value of
cheese. In a study on Mozzarella cheese, Dimitreli & Thomareis
(2007) reported that textural properties except for adhesiveness
depended on the increase of protein amount.

Among the cheeses, sample containing egg white and control
had the highest Resilience value with 0.46 at first day, while
the sample containing egg white and control had the lowest as
0.32. last day. Solak (2013) reported that resilience values of
block-type melted cheeses produced by them were influenced
by changes during ripening. Resilience values of all cheeses we
produced within the scope of our research including control

cheese decreased during ripening period and this decrease was
considered statistically very significant (p<0.05).

3.3 Sensorial properties

Sensory analysis methods based on consumer perception are
always popular around the world (Varela & Ares, 2012). Sensory
classification methods have always been effective in methods
used for different situations (Lé et al., 2016). The classification
methods of foods determine the sensory methods that can be
applied in the certification and registration of the Geographical
Indication of Origin (Rodrigues et al., 2020). The classification
process is a simple tool that sorts a large number of samples used
to obtain similar data (Chollet et al., 2013; Courcoux et al., 2014).

Among the cheeses, sample containing egg yolk had the
highest appearance value with 4.36 points at first day (Figure 2).
The yellow colour from egg yolk was probably the reason why
the panellists preferred block-type melted cheese with egg yolk.

Food Sci. Technol, Campinas, v42, €67520, 2022
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Similarly, as white of egg whitened the cheeses, such cheeses
received lower points from the panellists. Solak (2013) stated that
appearance scores of block-type melted cheese they produced
were low at the end of storage due to proteolytic, enzymatic and
microbial changes in cheese during ripening. In another study
by Cankurt (2015) on block-type melted cheese, it was reported
that appearance scores of melted cheeses were lower at the end
of storage compared to day 1.

Among the cheeses, sample containing whole egg had the
highest Texture value with 4.21 points at fifteenth day (Figure 3),
On the 30th day, the highest texture value was observed in cheese
with egg yolk added. (Figure 4).while the sample containing
egg white had the lowest as 3.29 points last day. Texture scores
increased at day 15 of storage while gradually decreased towards
to end of storage. Piacquadio et al. (2001) reported that texture
scores of Mozzarella cheeses they produced by using two different
salting methods decreased throughout the storage. Schar & Bosset
(2002) stated that texture defects in melted cheeses were caused
by physicochemical events occured during ripening phase.

The fact that texture scores of kashar cheeses decreased during
ripening was detected by many researchers (Giiven et al., 2002;
Ciriik, 2006; Yasar, 2008).

Among the cheeses, sample containing whole egg had the
highest taste score with 4.21 points at first day, while the sample
containing egg white had the lowest as 2.93 points last day
(Figure 5).The main reasons that influenced taste improvement
of cheese during ripening were various and complex biochemical
changes such as proteolysis, lipolysis, lactose fermentation and
formation of volatile compounds occured in cheese matrix
as well (Kristoffersen, 1985; Lyne, 1995). Fox et al. (1996)
and Fox & McSweeney (1996) reported that components that
emerged in consequence of decomposition of para-k-casein
were influential in the formation of unique taste and flavour
of cheese. Pracquadio et al. (2001) reported that taste scores of
Mozzarella cheeses they produced by using two different salting
methods decreased as storage time prolonged.

Sensory differences were determined in pasteurized milk
and coalho cheese with different number of somatic cells. While

[ Appearance Egg white Texture Eqg white
4300 4.100
4200 4.000
AP 31900
3800
19 370
pov 36
Whole Egg 3800 Control Whole Egg 390 Control
Egg yolk Egg yolk
Taste | General Acceptance Egg white
Whole Egg Control Whole Egg Control
Egg yolk Egg yolk

Figure 4. Sensorial Properties of Samples in 30 day.
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Appearance |

Egg white
4.000

Texture '

Egg volk

Whole Egg Control Whole Egg Control
Egg yolk
Taste General Acceptance Egg white
4.000
Whole Egg Control Whole Egg Control

Egg yolk

Figure 5. Sensorial Properties of Samples in 60" day.

the two products with a high somatic cell count were sensually
undesirable, the low somatic cell count was relatively more
appreciated (Bezerra et al., 2020).

Overall impression scores of cheeses we produced in our
research ranged between 3.64 and 4.14 at day 1 of storage while
ranged from 2.85 to 3.71 at day 60 of ripening. Among all cheeses,
egg white added cheeses had the lowest overall impression scores
as in appearance and taste characteristics. On the other hand,
yolk added cheeses had the highest score as in all other sensory
properties. According to scoring by the panellists, the most
appreciated cheese was sample containing yolk egg while the
least appreciated cheese one was sample containing egg white.

4 Conclusion

In this study we examined the possible effects of different egg
parts addition on the colour, texture and sensorial properties of
melted cheeses. L*values of block-type melted cheeses decreased
throughout ripening. Among the samples, control group cheese
had the highest L*value while cheese with egg yolk had the
lowest value. The cheese type that had the highest a* value was

the one with egg white. On the other hand, the lowest value was
determined in yolk added cheese. The highest b*value in melted
cheeses was observed in the ones with egg yolk as expected at
the beginning of storage. This value was maintained until the
end of storage. The lowest b* value was measured in cheeses
with egg white.

TPA values of samples, hardness, chewiness and gumminess
parameters showed similar changes and the highest values were
measured in control group cheeses. And the lowest value was
measured in cheese with egg white. However, all cheeses with
egg received the highest values in terms of cohesiveness and
resilience while the samples produced as control group had
the lowest values. Among all samples, cheeses with egg white
had the highest springiness value while cheeses with egg yolk
had the lowest value of springiness. According to an evaluation
of adhesiveness values, it was understood that cheeses with
egg yolk had the highest value and those with whole egg had
the lowest value. textural properties of all samples, it was seen
that control group samples had the highest value of hardness

Food Sci. Technol, Campinas, v42, €67520, 2022
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throughout ripening. In that regard, the use of egg decreased
hardness values of cheeses.

As a result, it was understood that the use of egg in the
production of block-type melted cheese would not cause any
shortening of shelf life. Based on sensory assessments, it was
seen that cheeses that were produced by adding egg yolk were
more appreciated than control cheeses. Using different parts
of egg in cheese provided these benefits: Overall, addition of
egg parts to the melted cheeses affected the final product in a
acceptable way.
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