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KAbstract \

Background: There is growing interest to incorporate hydrocolloids in the production of reduced-fat processed cheese and
cheese analogue where they can act as fat replacers and as water binder. Also there is growing demand to replace
traditional emulsifying salts, either partially or completely, by hydrocolloids in processed cheese production. As the
emulsifying salts contain high amount of phosphorus and sodium which represent health concern for processed cheese
consumers. Thus in the present study we aimed to integrate some hydrocolloids in the production of processed cheese
analogue including, native starch, modified starch, carrageenan, guar gum, carboxymethyl cellulose, xanthan gum and two
commercial stabilizing mixtures known as Hitex 555 and Dairy gel 161. Objectives: The present study was undertaken to
evaluate 1) the effect of protein concentration on textural characteristics of spreadable processed cheese analogue, 2) the
effect of some textural stabilizing agents on textural attributes of spreadable processed cheese analogue containing 6%
protein, and 3) develop stabilizer mixture(s), based on the performance of individual stabilizers, to be used in stabilizing
texture of spreadable processed cheese analogue. Results: Textural measurements indicated that the values for hardness,
cohesiveness, gumminess and chewiness decreased significantly as protein content of cheese decreased. Adhesiveness and
springiness values decreased slightly or remained relatively constant as protein concentration reduced from 12 to 8%
while cheese containing 6% protein had significantly the highest values for such textural parameters. Cheeses made with
different hydrocolloids had similar chemical composition and microbiological quality. The incorporation of hydrocolloids in
cheese blends resulted in cheeses with different textural attributes depended on type of hydrocolloid added. Based on the
textural profile generated by different stabilizers, two stabilizer mixtures were developed and identified as Car mixture
(native starch: modified starch: carrageenan at ratio 85.7: 10.7: 3.6) and Xan mixture (native starch: modified starch:
xanthan at ratio 85.7: 10.7: 3.6). These mixtures were further incorporated into cheese blends to evaluate their impact on
textural attributes during 6 month of storage of spreadable cheese at ambient temperature. Results revealed that none of
developed mixture had adverse effect on chemical composition, microbiological quality and sensorial attributes of
spreadable cheeses. Cheeses containing either Car or Xan mixture had significantly lower values for hardness, cohesiveness,
springiness, gumminess and chewiness compared with control cheese. During storage, all cheeses showed the same
tendency in which values for hardness, cohesiveness, springiness, gumminess and chewiness decreased significantly (P <
0.05) as storage period progressed. Conclusion: Results indicate that both stabilizer mixtures developed in this study could
be recommended to be used in the production of spreadable processed cheese analogue as they had no adverse effects on
Qhemical. microbiological, textural and sensorial attributes of cheese. /
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INTRODUCTION

Processed cheese is one of the most popular dairy products worldwide particularly for children and pregnant woman. Processed cheese is a dairy product that
made by cocking (heating combined with mixing) of ingredients including natural cheeses, emulsifying salts and other dairy or non-dairy ingredients. It has a long
history dating back to the early part of the 20™ century. Processed cheese has considerable economic importance due to their suitability for storage, transportation,
home use as well as for snack restaurants. There are three main forms of processed cheeses, blocks, spreads or slices.

Indeed, there is continuous increase in production and consumption of processed cheese worldwide. In Egypt, production and consumption of processed
cheese has increased steadily during the last two decades. Processed cheese industry is considered to be the fasts growing dairy sector in Egypt and represents
approximately 20-25% of Egyptian cheese market. Also exportation of Egyptian processed cheese increased steadily and gradually during the last two decades.
According to FAO statistics (2011), Egypt exported approximately 180 tons of processed cheese in 2005 which increased in year 2011 to 62,282 tons [1]. The
annual consumption of Egyptian people of processed cheese also increased gradually and was estimated to be 2.46 kg/capita in year 2010 [2].

Processed cheese varieties are usually distinguished by texture — comprising a broad range from firm usually distributed in blocks, slices or in grated form, to
creamy processed cheese spreads — and also by composition. In addition, processed cheese analogue is another group of processed cheese which is usually made of
blends containing vegetable fat and casein. Cheese analogue has been developed as need and necessity to produce cheaper and healthier product. This urges
manufacturers to seek vegetable ingredients to replace milk fat or proteins, either partially or completely, in processed cheese blends.
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The main ingredients used in processed cheese formulation are natural cheeses, butter, protein powders, salt, water, emulsifying salts and stabilizers or hydrocolloids.
Among ingredients emulsifiers are considered the most revolutionary component used in processed cheese manufacture which improves its quality, functionality
and marketability [3]. Emulsifiers are important ingredient as they may account for 3.5% of the total composition of processed cheese blend. For cheese
functionality, emulsifying salts have been reported to improve cheese meltability, flowability, and stretchability and reduce oil separation [4]. In addition,
emulsifying salts can affect the hydration of the protein of cheese. The hydrated protein can then emulsify the fat released due to heating and mixing procedures
carried out during processing [5]. The principal emulsifying salts used in processed cheesed formulation are sodium phosphates, especially sodium
orthophosphates, and sodium citrates, especially trisodium citrate [6].

Although phosphorus and sodium are essential nutrient the excessive consumption of such element may adversely affect health. High levels of dietary
phosphorus and sodium have been linked to some health risks. High consumption of phosphorus is linked to osteoporosis [7], while excessive amounts of sodium
were considered predisposing factor of cardiovascular and hypertension [8 and 9].

Nowadays, there is growing demands to reduce the amount of phosphorus and sodium in food. Research has been initiated two decades ago to replace
traditional emulsifying salts, either partially or completely, by hydrocolloids in processed cheese production. Hydrocolloids (polysaccharide- or protein-based) are
helpful to form stable gels and to create and disperse emulsions [10]. Polysaccharide-based hydrocolloids such as natural and modified starches, carrageenan,
pectin, xanthan and locust bean gum are extensively used in food formulation. Gelatine, casein, caseinates and whey proteins are the most common protein-based
hydrocolloids used for stabilizing food texture [1land 12]. Indeed, hydrocolloids are generally considered to be stabilizers of emulsions rather than true
emulsifiers. The replacement of emulsifying salts by hydrocolloids in processed cheese blends would have many advantages including (i) reduction of cost
production (ii) reduction of the concentration of phosphorus and sodium in processed cheese and (iii) establishment of new healthier processed cheese [10]. In this
context, the present study aimed to 1) evaluate the effect of protein concentration and some textural stabilizing agents (starch, modified starch, carrageenan, guar
gum, carboxymethyl cellulose and xanthan gum, in addition to 2 commercial food stabilizing agents known as Hitex 555 and Dairy gel 161) on textural attributes of
spreadable processed cheese analogue and 2) develop stabilizer mixtures to be used in stabilizing texture of spreadable processed cheese analogue.

MATERIALS AND METHODS
1-Materials:

Skim milk powder (33.4% protein and 3.8% moisture) was imported from Dairy milk Inc., Cdi Fresno, California, USA. Cheddar cheese (36.2% fat and
64.3% total solids) was obtained from Fonterra Inc., Auckland, New Zealand. Shortening (non hydrogenated palm oil) was obtained from IFFCO (Suez city,
Egypt). The emulsifying mixture JOHA-S4 consisted of poly and diphosphates was obtained from BK Giulini CMBH, Ladenburg, Germany. lodized refined
edible fine table salt was obtained from Egyptian Salt and Minerals Company, Alexandria Egypt. Potassium sorbate was obtained from Ningbo Wanglong
Technology Co., Ltd, Zhejiang, China. Commercial vegetable protein (Egy protein2) composed of 4.5% protein and 88.5% carbohydrates was obtained from The
Egyptian Company for Dairy Products and Food Additives "Egy- Dairy" 10" of Ramadan city, Egypt. Maize native starch was obtained from the National
Company for Maize Products at 10" of Ramadan city, Egypt. Modified maize starch was obtained from Roquette Laisa, Espana, S.A. Valencia, Spain. Xanthan,
carrageennan, Guar Gum, Carboxymethyl cellulose, nisin and citric acid were purchased from AWA Company, Borg Al Arab, Alexandria, Egypt. Commercial
food stabilizer mixture known as “Dairy gel 161” is composed of modified starch, mono and diglycerides, carboxymethyl cellulose, guar gum and bovine gelatin.
Dairy gel 161was obtained from The Egyptian Company for dairy products and Food Additives "Egy- Dairy" 10" of Ramadan city, Egypt. Hitex 555 was obtained
from Zahran Co., Alexandria, Egypt.

2- Preparation of spreadable processed cheese analogue:

The composition of different spreadable processed cheeses made in this study was shown in Table 1. To evaluate the effect of protein concentration on
textural attributes of spreadable processed cheeses analogues, four blends with 12, 10, 8 and 6% protein were formulated and coded as P1, P2, P3 and P4,
respectively. To evaluate the effect of different stabilizers (including native starch, modified starch, carrageenan, guar gum, carboxymethyl cellulose, xanthan gum,
Hitex 555 and Dairy gel 161) on textural properties of spreadable processed cheese, eight blends were formulated to contain 6% protein and coded as S1 to S8.
Based on rheological behaviour of each to evaluate the effect of textural stabilizing agents on cheese spreads containing 6% protein, 2 stabilizer mixtures were
developed and coded as Car and Xan mixtures. They mainly composed of native starch: modified starch: carrageenan or xanthan at ratio of 85.7: 10.7: 3.6,
respectively. The impact of both mixtures on changes of textural attributes during storage of spreadable cheese was evaluated through the formulation of 2 cheese
blends containing 6% protein coded as Car and Xan (Table 1). Stabilizer-free cheese blend (P1) containing 12% protein was produced and served as control.

Blends were prepared and manufactured at Faragalla Company (Borg Al-Arab, Alexandria, Egypt) using a 90 kg capacity batch cooker Uzermak (Yazibasi
Beldesi Bahcelievler Mah. Sakarya Cad. No:18 TORBALI-IZMIR, Turkiye, Turkey). Processing was carried out at a temperature of 90°C for 4 min as previously
described [13]. Processed cheese was packed using Corraza FF220v machine Sympak Corazza (Bologna-Italy).

A blend of 60 kg was prepared for each cheese trial and the amount of ingredients was calculated in order to fulfill the Egyptian standard specification for
full-fat spreadable processed cheese analogue [14]. According to the Egyptian standards, spreadable processed cheese should contain 35-65% fat/dry matter and
36% dry matter.

Following production, cheeses made with different levels of protein (P1 to P4) and those with different stabilizers (S1 to S8) were kept at ambient
temperature (25 + 2°C) for 24 h prior to be subjected to textural measurements. Cheeses made with stabilizer mixtures Car and Xan in addition to stabilizer free
cheese were stored at ambient temperature (25 + 2°C) for 6 months. Samples were taken at 60 days intervals for chemical, microbiological, textural and sensorial
assessments.

3. Cheese analyses:
3.1. Chemical analysis:

Dry matter content of processed cheese was determined according to AOAC method [15]. A sample of approximately 3 g was weighed precisely and dried
for 3 to 4 hrs at 105 + 2°C until a constant weight was obtained. Fat was determined using special Gerber tube designed for fat determination in cheese [15]. Total
protein was determined according to the method described by International Dairy Federation_using Kjeldahl Semi-automized Foss model 8100 Dairy Analyzer
(FOSS analytical, Hilleroed, Denmark) [16]. Salt content was determined using a corning chloride analyzer 926 (Crison instrument, Spain) [15]. The pH value was
measured using pH meter (Crison instrument, Spain).

3.2. Microbiological analysis:

The total viable bacterial count was enumerated on plate count agar medium at 32°C after 48 h [17]. Coliform bacteria were enumerated on violet red bile
agar medium for enumerating of coliform at 37°C for 24 h [17]. Counts of aerobic spore forming bacteria were determined on nutrient agar medium at 37°C
according to [18]. Anaerobic spore forming bacteria were enumerated on reinforced clostridial agar and incubated anaerobically in Oxoid jars using an atmosphere
generation system (Oxoid AnaeroGenTM; Oxoid Ltd, Basingstoke, Hampshire, UK) at 37°C for 48 h. Molds and yeasts were enumerated on potato dextrose agar
medium and plates were incubated at 25 + 2°C for 5 days [19].

3.3. Texture profile analysis (TPA):
Texture properties of cheese were evaluated using a texture analyser (TA1000, Lab Pro (FTC TMS-Pro), USA). Double compression test was performed and
operated at a crosshead speed 50 mm/sec using 45 degree cone Perspex.
The following parameters were evaluated according to the definitions given by the International Dairy Federation (1991) [20]:
Hardness (g): the force required to produce a given deformation;
Adhesiveness (g/mm): the work needed to overcome attractive force between food and other surfaces,
Cohesiveness (no dimension): the quantity to simulate the strength of the internal bonds making up the body of the product,
Springiness or elasticity (mm): the rate at which a deformed material goes back to its undeformed condition after the deforming force is removed,
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Gumminess (g): the quantity to simulate the energy required to disintegrate a semi-solid food product to a state ready to swallowing, (Gumminess= hardness x
cohesiveness) and

Chewiness (g): the quantity to simulate the energy required to masticate a solid food product to a state ready for swallowing, (chewiness= gumminess x
springiness).

3.4. Sensory evaluation:

Cheese samples coded P1, Car and Xan were subjected to sensorial evaluation after 24 h following production (fresh cheese) and after 2, 4 and 6 months of
storage at ambient temperature (25 + 2°C). Five sensorial attributes including, colour, odour, taste, consistency and oiling off were evaluated using a hedonic scale
from 1 to 10 [21]. Cheeses were assessed by a score panel of 12 experienced personnel belong to the staff members of Dairy Science and Technology Department,
Faculty of Agriculture, Alexandria University and Faragalla Group Company for Food products (Bourg El-Arab city, Alexandria).

3.5. Statistical analysis:

In experimental sets dealt with the effect of protein concentration and type of stabilizers analyses were carried out after 24 h following production (fresh
cheese). Experimental set aimed to evaluate the effect of stabilizer mixtures on changes in chemical, microbiological and textural attributes during storage of
spreadable cheese, analyses were undertaken when cheese was fresh and after 2, 4 and 6 months of storage.

Cheese were sampled in duplicate for each analysis and analysed twice. Data shown in this study were mean values + standard deviations. F-test and analysis
of variance of treatments difference were performed as described previously [22]. Statistical analysis was done by ANOVA, F-test and least significant difference
(L.S.D) procedures available within the SAS software package (version 9.13, 2007). Differences between treatments with P < 0.05 were considered to be
statistically significant.

Table 1: Formulation of different spreadable processed cheeses manufactured in this study.

Ingredients (kg) Code of experimental cheeses

Cheeses made with different Cheeses made with different stabilizers™ Cheeses made

protein concentration™ with stabilizer
mixtures™

P1 P2 P3 P4 S1 S2 S3 S4 S5 S6 S7 S8 Car Xan
Cheddar cheese 195 135 9 4 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
skim milk powder 7.4 7.9 7.6 7.5 75 7.5 75 7.5 7.5 7.5 7.5 7.5 7.5 7.5
Shortening 7.8 9.9 11.6 124 12.4 12.4 12.4 12.4 12.4 124 12.4 12.4 124 12.4
Emulsifying salt S4 15 15 15 15 15 15 15 15 15 15 15 15 15 15
Egy protein 2 0.0 15 3.0 3.8 0.8 2.6 3.62 35 35 35 3.2 35 1.00 1.00
Salt 0.15 0.15 0.15 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Potassium sorbet 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
Nisin 001 001 001 o0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Citric acid 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Stabilizer mixture 0.0 0.0 0.0 0.0 3.0 1.2 0.18 0.30 0.30 0.30 0.60 0.30 2.80 2.80
Water 235 254 270 303 30.3 30.3 30.3 30.3 30.3 30.3 30.3 30.3 30.3 30.3
Total (kg) 60 60 60 60 60 60 60 60 60 60 60 60 60 60

T Cheeses made with different protein concentration (12, 10, 8 and 6%) were coded as P1, P2, P3 and P4, respectively.

“2 Cheeses containing 6% protein made with different stabilizers including native starch (S1), modified starch (S2), carrageenan (S3), guar gum (S4), carboxymethyl
cellulose (S5), xanthan gum (S6), Hitex 555 (S7) and Dairy gel 161 (S8), respectively.

“Cheeses containing 6% protein made with stabilizer mixtures Car: cheese made with stabilizer mixture composed of starch: modified starch and carrageenan
(85.7, 10.7 and 3.6, respectively), Xan: cheese made with stabilizer mixture composed of starch: modified starch and xanthan gum (85.7, 10.7 and 3.6, respectively).

RESULTS AND DISCUSSION

Effect of protein content on textural properties of spreadable processed cheeses:

Textual measurements of cheeses made with different levels of protein are shown in Table (2). In general, values for hardness, cohesiveness, gumminess and
chewiness decreased (P < 0.05) as protein content of cheese decreased. However, adhesiveness and springiness appeared to be less affected by the reduction of
protein level in cheese. The reduction of protein level in cheese to 8% had slight effect on values for such rheological parameter while cheese containing 6%
protein (P4 cheese) exhibited the highest values for both measurements.

It has been reported that the chemical composition (e.g., fat, water and protein contents and type and amount of emulsifying salts etc....) and processing
conditions (temperature, stirring speed, cooling rate and processing time) determine to far extent the textural characteristics of a processed cheese [23, 24 and 25].
For example, values for hardness, cohesiveness and springiness have been shown to correlate proportionally with milk solid not fat and fat/dry matter contents
[26]. The protein content of a processed cheese has been shown to have significant impact on its own texture. The reduction in protein content, as in P2 to P4
cheeses, of processed cheese led to the formation of cheese with low firmness values [27, 28 and 29]. Consequently, values of firmness-derived textural parameters
(e.g., gumminess and chewiness) reduced proportionally as protein concentration decreased as well.

Adhesiveness is the work needed to overcome attractive force between food and other surfaces [30], which, in sensory terms, known as the degree to which
the sample sticks to your teeth as mastication progresses [31]. Higher adhesiveness value reported herein for P4 cheese was in accordance to results reported
previously by Zheng et al. (2016) who reported that adhesiveness values correlated negatively with protein content [26]. The lower protein content allowed
cheeses to melt better and thus increase the adhesiveness. However, excessively high adhesiveness values would cause the problems of cheese package sticking
[32].

Protein reduction from 12 to 8% did not correlate with significant changes in values for springiness. Unexpectedly, cheese with the least protein content (P4
cheese) exhibited the highest springiness value. This was on contradiction with results reported by Zheng et al. (2016) who indicated that reduction in protein
content of processed cheese correlated with significant reduction in cheese springiness [26].

Table 2: Textural attributes** of spreadable processed cheeses made with different levels of protein. Data are presented as the means + standard deviations.

Cheese Hardness Adhesiveness Cohesiveness Springiness Gumminess Chewiness
codes™ (@ (9/mm) (mm) (@ (@

P1 309 + 25° 34.11+2.10° 0.70 £ 0.01° 3.21+0.20° 216 + 32.0° 684.2 + 51.5°%
P2 236 + 30° 33.10 + 1.90°° 0.70 £ 0.04% 3.27+0.15° 165+ 12.0° 540.2 + 62.0°
P3 201 + 22° 32.26 +1.85° 0.68 + 0.03 3.19+0.25 137 +8.0° 436.01 + 43.0°
P4 49 + 5° 76.39 + 4.20° 0.59 +0.01° 438 +0.52° 29 +2.0° 127.16 + 15.2¢

TAnalysis was performed after 24 h of cheese production.
“2p1, P2, P3 and P4: cheeses containing 12, 10, 8 and 6% protein, respectively.
Superscript letters following numbers in the same column denote significant differences (P < 0.05).
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Effect of stabilizers on chemical and textural attributes of spreadable processed cheeses containing 6% protein:
Chemical composition and pH:

The type of added texture stabilizing agents (native starch, modified starch, carrageenan, guar gum, carboxymethyl cellulose, xanthan gum, Hitex 555 and
Dairy gel 161) had very little impact on the gross chemical composition and pH of experimental cheeses. In general, cheeses made with different stabilizers had
the following composition: dry matter content (53.0 to 53.7%), fat (23.5%), protein (6.00-6.15%) and salt (0.90-1.10%). The pH of different cheeses ranged from
5.68 t0 5.73. All cheeses had fat/dry matter ratio ranged from 43.8 to 44.3 which satisfied the Egyptian standards for spreadable processed cheese analogue [14].

Textural attributes:

Six texture stabilizing agents (including starch, native starch, carrageenan, guar gum, carboxymethyl cellulose, xanthan gum) and two commercial food
stabilizers Hitex 555 and Dairy gel 161were tested for their ability to improve texture of spreadable processed cheese analogue. To better understand the impact of
each texture stabilizing agent on rheological behaviour of processed cheese it was necessary to evaluate this impact in low-protein containing cheese. Thereby, the
efficiency of such texture stabilizing agent to support texture of low-protein containing processed cheese (6%) was tested individually and compared to that
produced by some commercial food stabilizers (Hitex 555 and Dairy gel 161) (Table 3).

Cheeses containing carrageenan (S3) or commercial stabilizer Hitex 555 (S7) had the least hardness values while cheese made with carboxymethyl cellulose
(S5) showed the highest values compared with the remaining cheeses. The effect of different stabilizers on values for hardness was in the following order,
carboxymethyl cellulose > xanthan and native starch > Dairy gel 161 > modified starch > guar gum > Hitex 555 and carrageenan, respectively. The different impact of
native and modified starch on cheese hardness may attribute to the differences in their composition mainly amylose/amylopectin ratios. Processed cheeses
containing high amylose starch had five-fold increase in firmness, whereas those contained amylopectin based starches yielded only two-fold increase [33].

Adhesiveness values differed significantly among experimental cheeses. Cheeses containing commercial stabilizers Hitex 555 (S7) and Dairy gel 161 (S8)
and that with added carboxymethyl cellulose (S5) had significantly (P < 0.05) high adhesiveness values compared with the remaining cheeses. However, cheeses
containing carrageenan and guar gum had significantly (P < 0.05) low adhesiveness values. The effect of different stabilizing agent on adhesiveness values of
experimental spreadable cheeses was in the following order, Dairy gel 161 > carboxymethyl cellulose > Hitex 555 > xanthan gum > native starch > modified starch >
guar gum > carrageenan, respectively.

Cohesiveness values appeared to be significantly (P < 0.05) affected by the type of texture stabilizing agent added to spreadable processed cheese analogue.
Cheeses containing gums (carrageenan, guar gum and xanthan gum) or carboxymethyl cellulose had significantly (P < 0.05) high cohesiveness values. However,
cheeses containing native starch and modified starch exhibited the least values. Similarly, previous study showed that the application of native starches in imitated
cheese caused significant reduction in values of cohesiveness of the resultant cheese in comparison with starch free cheese [34]. This phenomenon was attributed
to the disruption of cheese matrix by swollen starch granules. The order of cohesiveness values generated by different texture stabilizing agents was as follows:
carrageenan > carboxymethyl cellulose > guar gum > xanthan gum > Hitex 555> native starch > Dairy gel 161> modified starch, respectively.

Cheeses-containing gums such as carrageenan (S3), guar gum (S4) and xanthan gum (S6) or carboxymethyl cellulose (S5) had higher values (P < 0.05) for
springiness compared with the remaining cheeses. Similar results was reported for cheeses containing carrageenan and xanthan gums which were usually used to
reduce the total solids content in cheese for cutting the cost and to maintain the springiness of the final cheese [26]. In general, values for springiness in different
cheeses were in the order of cheese made with carboxymethyl cellulose > guar gum > carrageenan > xanthan gum > Dairy gel 161 > Hitex 555 > modified starch >
native starch, respectively.

Cheese gumminess, a derived textural parameter, is the product of hardness and cohesiveness [35]. Cheese-containing carboxymethyl cellulose (S5) had the
highest gumminess values (P < 0.05) followed by xanthan cheese (S6) while cheese made with the commercial stabilizer Hitex 555(S7) had the least values. Cheese
gumminess has been shown to correlate positively with the level of added carboxymethyl cellulose and xanthan gum to cream cheese [36]. The order of gumminess
values for experimental cheeses was in the order carboxymethyl cellulose > xanthan > native starch > Dairy gel 161 stabilizer > carrageenan > guar gum > modified
starch > Hitex 555, respectively.

Values for chewiness depended to far ejxtent on springiness and gumminess values. Chewiness is a derived textural parameter which can be calculated by the
following equation: chewiness= gumminess x springiness [20]. Similarly to springiness, cheeses containing carrageenan (S3), guar gum (S4), carboxymethyl
cellulose (S5) and xanthan gum (S6) had high chewiness values (P < 0.05) compared with cheeses made with native starch (S1) and modified starch (S2) which had the
least values. The effect of different stabilizers on chewiness values were in the order, carboxymethyl cellulose > xanthan > carrageenan > guar gum > Dairy gel 161 >
Hitex 555 > native starch > modified starch, respectively.

Table 3: Textural attributes*" of spreadable processed cheeses made containing 6% protein. Data are presented as the means + standard deviations.

Cheese Hardness Adhesiveness Cohesiveness Springiness Gumminess Chewiness
codes™ (9) (g/mm) (mm) )] (9

S1 141+ 12.0° 73.69 + 11.20° 0.57 +£0.03° 1.06 £ 0.12° 80.4 + 4.60° 85.36 + 9.10°

S2 125 + 8.00° 70.16 + 2.20%¢ 0.46 +0.01° 1.29 +0.07¢ 57.5+3.5¢ 74.30 + 9.50°

S3 76 + 4.30° 59.12 + 6.10° 0.94 +0.04% 13.65 + 0.98" 71.0 +5.50%¢ 975.06 + 121.00°
sS4 91 + 8.90" 62.32 + 4.50%¢ 0.74 +0.09° 13.82 +1.89" 67.4 +7.20° 930.60 + 190.00°
S5 167 + 22.00° 91.32 +11.00° 0.80+0.12° 14.88 £2.12° 135 + 10.15* 2001.98 + 223.00°
S6 141 + 7.20° 74.51 + 5.90° 0.66 +0.07° 13.60 + 1.98" 92 +11.00° 1256.59 + 167.07°
S7 76 + 8.50° 81.08 + 7.60°° 0.62 +0.10 5.63 + 1.05° 47 £2.23° 267.07 + 35.00"
S8 137 + 20°¢ 119.21 + 19.20° 0.55 +0.07° 5.87 +0.75° 76 +4.11° 444.29 + 67.09°

"Analysis was performed after 24 h of cheese production.

“2 Cheeses made with different stabilizers including native starch (S1), modified starch (S2), carrageenan (S3), guar gum (S4), carboxymethyl cellulose (S5), xanthan
gum (S6), Hitex 555 (S7) and Dairy gel 161 (S8), respectively.

Superscript letters following numbers in the same column denote significant differences (P < 0.05).

Based on textural profile generated individually by different textrural stabilizing agents, two stabilizer mixtures were developed and were further used in the
manufacture of spreadable cheese. The developed stabilizer mixtures were composed of native starch: modified starch: carrageenan or xanthan at ratio of 85.7:
10.7: 3.6 and coded as Car and Xan, respectively.

During the formulation of such stabilizer mixture, it has been taken into consideration that the resultant spreadable cheese should have
1-  Acceptable values for hardness, cohesiveness and springiness and potential ability to bind water and emulsion to avoid phase separation. Thereby, native and
modified starches were selected to achieve these tasks and they account for 96.4% of the composition of the developed stabilizer mixtures.

2-  Anappropriate viscosity/thickening and better mouthfeel. Thus it was necessary to add gum to each stabilizer mixture. Consequently, carrageenan and xanthan
gums were added separately to native and modified starches mixture and each gum accounted for 3.6 of total composition of the developed stabilizer mixtures.

Effect of stabilizer mixtures on overall quality of spreadable processed cheese:
Chemical composition and pH:

Table 4 shows the changes in chemical composition and pH of P1, Car and Xan cheeses during 6 months of storage at ambient temperature. Results indicated that the
incorporation of Car or Xan stabilizer mixture into spreadable cheese blends did not drastically affect chemical composition and pH of spreadable cheese throughout storage
period. Cheeses showed little variations in dry matter (52.8-53.7%), fat (23.0-23.5%) and salt (1.00-1.24%) content and fat/dry matter ratio (42.8-44.5%). Changes in pH
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were also very limited and all cheeses had pH range from 5.55 to 5.68. The protein content of P1 was in the range 11.70-11.80% and 5.95-6.15% for Car and Xan cheeses.

The gross composition data indicated that P1, Car and Xan cheeses satisfied the Egyptian standard specifications for spreadable processed cheese analogue which

stipulated that spreadable cheese should contain 35-65% fat/dry matter and at least 36% dry matter [14].

Table 4: Changes in gross chemical composition and pH during storage of spreadable processed cheeses™ made with developed stabilizer mixture. Data are the means +
standard deviations.

Cheese Cheese age Dry matter Fat Fatdry matter Protein Salt pH

code™ (month) (%) (%) (%) (%)

P1 0 53.70 + 0.30° 23.00 +0.2° 42.8+0.23° 11.75 + 0.20° 1.20 + 0.10° 5.67 + 0.03°
2 53.50 + 0.20° 23.00 +0.2° 439+0.11° 11.70 £ 0.20° 1.22 +0.07° 5.62 + 0.02°
4 53.37 +0.15° 23.00 +0.1° 43.1+0.22° 11.75 + 0.10° 1.23 +0.11° 5.57 + 0.04°
6 53.35 +0.13° 23.50 £ 0.0° 44.0 +0.00° 11.80 + 0.30° 1.24 +0.13° 5.55 + 0.02°

Car 0 53.50 + 0.40° 23.00 +0.2° 43.0+0.18° 5.95+0.15° 1.00 + 0.05° 5.67 + 0.05%
2 53.37 + 0.44° 23.00 +0.1° 43.1+0.25° 5.95 + 0.00° 1.02 +0.10° 5.66 + 0.04°
4 53.28 + 0.38%" 23.00+0.3 43.1+0.22° 6.00 £0.23 1.04 +0.10°° 5.61 +0.04°
6 53.45 + 0.55° 23.50 +0.3° 44.0+0.18° 6.00 + 0.30° 1.03+0.17° 5.60 + 0.04"°

Xan 0 53.10 + 0.45° 23.50 +0.2° 44.3+0.30*° 6.00 £0.29° 1.05 +0.15° 5.68 + 0.00°
2 53.00 + 0.50° 23.50 0.0 44.3+0.20* 6.05+0.34° 1.07 £0.20° 5.61 +0.00°
4 52.80 + 0.35° 23.50 + 0.3 44.5 +0.00* 6.15+0.22° 1.08 +0.20° 5.58 + 0.02°
6 53.00 + 0.50° 23.50 + 0.0° 44.3 +0.00* 6.10 £ 0.29° 1.05+0.15° 5.56 + 0.03°

T Cheeses were formulated to contain 6% protein.

“2 P1: cheese made without stabilizers, Car: cheese made with stabilizer mixture composed of native starch: modified starch and carrageenan (85.7, 10.7 and 3.6,
respectively), Xan: cheese made with stabilizer mixture composed of native starch: modified starch and xanthan gum (85.7, 10.7 and 3.6, respectively).

Superscript letters following numbers in the same column denote significant differences (P < 0.05).

Microbiological quality:

To evaluate the microbial quality of different experimental cheeses, the viable counts of four microbial groups namely total bacteria, spore-forming (either
aerobic or anaerobic), coliform and moulds and yeasts were determined at 2 month interval during 6 months of storage at room temperature. Results revealed that
no aerobic- and anaerobic-spore formers, coliform and moulds and yeasts could be detected during storage of any of cheese trials made in this study. This may
indicate the effectiveness of heat treatment (90°C/4 min) applied during processing of ingredients and good hygienic practice during processing and handling of
experimental cheese [37].

On the other hand, the total viable bacterial count increased significantly (P < 0.05) in all experimental cheeses as storage period progressed. Initial total viable
counts determined in fresh chesses ranged from 200 to 220 cfu/g and increased to 380-401 cfu/g after 6 months of storage. Despite this significant increase, the
total viable counts remained within the acceptable levels reported in previous studies. For the microbiological quality of spreadable processed cheese, the Egyptian
standards require only the absence of pathogenic microorganisms. The viable bacterial counts reported for the experimental cheeses made in this study were fall in
the range of 60 to 5000 cfu/g [38] for processed cheese spreads and that of 42-87 x 10% cfu/g reported for market processed cheese samples [39]. Recent study
reported total viable bacterial counts of 200-500 cfu/g reduced-fat block processed cheeses and 250-1300 cfu/g for fat-substituted cheeses [40].

Textural attributes:

The changes of textural attributes (hardness, adhesiveness, cohesiveness, springiness, gumminess and chewiness) during storage of spreadable processed
cheese analogue made with developed stabilizer mixtures are shown in Table 5. It is obvious that the inclusion of such stabilizer mixture in cheese blends resulted
in remarkable modification of textural characteristics of the resultant cheeses. The resulted modification appeared to be dependent on the type of added stabilizer
mixture and storage time.

In general, Car and Xan cheeses had significantly lower values for hardness, cohesiveness, springiness, gumminess and chewiness compared with stabilizer-free
cheese (P1 cheese). However, adhesiveness values were variable among cheeses and appeared to be strongly affected by the type of gum included in stabilizer mixture
as well as stage of storage.

During storage, all cheeses exhibited the same tendency in which values for hardness, cohesiveness, springiness, gumminess and chewiness decreased
significantly (P < 0.05) as storage period progressed. Similar results have been reported by Aly et al. [40]. Adhesiveness values for P1 and Xan cheeses also
appeared to decrease significantly (P < 0.05) as storage period progressed. Car cheese had different adhesiveness pattern in which adhesiveness reached its summit
at 2 month of storage, decreased at 4 month and remained relatively stable till the end of storage period.

Table 5: Changes in textural attributes during storage of spreadable processed cheeses™ made with developed stabilizer mixture. Data are the means * standard

deviations.

Cheese Cheese age Hardness Adhesiveness Cohesiveness Springiness Gumminess Chewiness

code™ (month) )] (g/mm) (mm) () (@)

P1 0 369 + 22° 34.11+2.00° 0.70 £ 0.20° 3.21+0.20° 258.3+ 37.77° 829.2 + 1117
2 309 +13° 23.16 + 1.99° 0.74 +0.00°¢ 2.45 +0.19° 228.6 + 58.98" 560.2 + 90°
4 137+ 9° 15.47 + 2.03" 0.78 +0.01%" 2.38 +0.05 106.86 + 20.12° 254.3 + 26°
6 110 + 6° 15.80 + 1.90" 0.80 +0.09* 2.50 +0.15° 88.00 + 12.21° 220.0 +19°

Car 0 137 + 20° 24.41 +3.11° 0.69 + 0.02° 2.96 +0.30° 94.5 + 9.44¢ 279.88 + 35°
2 103 +11° 40.86 + 5.12° 0.66 +0.10° 2.40+0.21° 68.00 + 14.00° 163.15 + 12°
4 87 + 14° 29.32 + 2.89° 0.63 + 0.09 1.75+0.11f 54.81 + 11.01% 95.91 + 99
6 7245 30.48 + 4.15° 0.52 + 0.08f 1.49 + 0.09° 37.44 +7.13g 55.78 + 4'

Xan 0 118 + 15° 36.89 +4.19" 0.68 +0.11° 2.57 +0.07° 80.24 + 12.01° 206.21 + 13°
2 114 +9° 21.93 +3.77° 0.59 + 0.09° 2.43 +0.06° 67.26 +8.12° 163.44 + 6°
4 110 + 4¢ 21.09 + 2.35¢ 0.56 +0.11%f 1.9 +0.10° 61.60 + 7.35° 117.00 + 12f
6 95 + 3° 17.97 + 2.56° 0.51+0.13f 1.58 + 0.20° 48.45 + 6.19" 76.55 + 10"

“T Cheeses were formulated to contain 6% protein.

“2 P1: cheese made without stabilizers, Car: cheese made with stabilizer mixture composed of native starch: modified starch and carrageenan (85.7, 10.7 and 3.6,
respectively), Xan: cheese made with stabilizer mixture composed of native starch: modified starch and xanthan gum (85.7, 10.7 and 3.6, respectively).

Superscript letters following numbers in the same column denote significant differences (P < 0.05).

Sensorial attributes:

The effect of Car and Xan stabilizer mixtures on sensorial characteristics (consistency, taste, oiling off, odour, colour and overall acceptability) of spreadable
processed cheese analogue is shown in Table 6. Car and Xan cheeses had (P < 0.05) higher score for consistency compared with P1 cheese. This effect was
remarkable throughout storage period. Fresh control cheese had the highest taste and odour scores (P < 0.05) compared with Car and Xan cheeses. All cheeses
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showed the same pattern in which taste and odour scores decreased as storage period progressed. The deterioration of taste and odour was much faster in control
cheese than Car and Xan cheeses as both cheeses had significantly higher taste and odour scores since the fourth month of storage. The changes of the sensorial
scores of oiling off and colour during storage were quite similar to those reported for sensorial taste and odour. In term of overall acceptability, Car and Xan
cheeses appeared to be (P < 0.05) more acceptable than control P1 cheese.

Table 6: Changes in sensorial attributes during storage of spreadable processed cheeses™ made with developed stabilizer mixture. Data are the means + standard

deviations.
Cheese Cheese age Consistency Taste Oiling off Odour Colour Overall
code™ (month) (10.0) (10.0) (10.0) (10.0) (10.0) acceptability
(50.0)

P1 0 8.00 + 1.20° 8.60 + 0.80° 9.00 + 1.50° 8.30 + 0.60° 9.00 + 1.00° 42.90 + 3.60°
2 7.00 + 0.90° 8.30 + 1.30*° 9.00 + 1.50° 8.00 + 0.90° 8.50 + 1.20° 40.80 + 2.40°
4 7.00 + 0.65° 7.70 +0.35°¢ 8.00 + 1.02° 8.00 + 0.98° 7.80 +0.70° 38.50 +2.00"
6 7.00 + 1.00° 6.50 + 1.10° 8.00 % 0.80° 7.50 + 1.20° 7.00 + 1.00 36.00 + 2.60°

Car 0 8.50 + 0.40° 8.00 + 0.60°¢ 9.00 + 1.20° 8.00 + 1.00° 9.00 + 1.20° 42.50 + 3.00%°
2 8.00 + 1.00° 8.00 + 0.80°¢ 9.00 + 1.60° 8.00 + 1.20° 9.00 + 1.50° 42.00 + 4.10%¢
4 8.80 + 1.20*" 7.80 + 1.25°¢ 8.50 + 1.60° 8.00 + 1.40* 8.50 + 0.80" 41.60 + 3.02°
6 8.00 + 0.90° 7.50 + 1.40 8.00 + 1.30° 8.00 + 1.10° 8.50 + 0.90° 40.00 + 2.90°

Xan 0 8.80 + 0.60*" 8.00 + 0.50°¢ 9.10 + 0.40° 8.00 + 1.20° 8.80 + 1.30*" 42.70 + 2.80°
2 9.00 + 1.60* 8.00 + 1.20°¢ 9.00 + 1.50° 8.00 + 0.90* 8.40 + 1.00° 42.40 + 3.90°°
4 9.00 + 1.90* 8.00 + 1.70°¢ 9.00 + 1.50° 8.00 + 1.80% 8.50 + 1.68° 4250 + 3.20°
6 8.50 + 1.50° 7.70 + 1.60°° 8.00 + 1.10° 8.00 + 1.00° 8.50 + 1.30° 40.70 + 2.80°

T Cheeses were formulated to contain 6% protein.

“2 P1: cheese made without stabilizers, Car: cheese made with stabilizer mixture composed of native starch: modified starch and carrageenan (85.7, 10.7 and 3.6,
respectively), Xan: cheese made with stabilizer mixture composed of native starch: modified starch and xanthan gum (85.7, 10.7 and 3.6, respectively).

Superscript letters following numbers in the same column denote significant differences (P < 0.05).

Conclusion:

Results reported in this study indicated that protein concentration and type of added texture stabilizing agent had both significant impact on textural attributes
of spreadable processed cheese analogue. Using cheese model with low protein concentration to evaluate the efficiency of individual stabilizers to improve textural
properties of spreadable cheese indicated that the production of cheese with appropriate textural attributes did not depend on the application of single stabilizer. As
cheese texture is a result of the interaction of many factors and characteristics, the application of stabilizer mixture would be better to improve texture of
spreadable cheese rather than use of single stabilizer agent. Thereby, two stabilizer mixtures composed of native starch: modified starch: carrageenan or xanthan at
ratio of 85.7: 10.7: 3.6, respectively, were incorporated in spreadable processed cheese blends. Both mixtures had no adverse effects on chemical, microbiological,
textural and sensorial attributes of spreadable cheese. Thus, it could be recommended to be used either stabilizer mixture to improve textural characteristics of
spreadable cheeses particularly those containing low-protein content.
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