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 ABSTRACT 

The present work as undertaken to assess information on the physico-

chemical composition, fatty, texture profile, microstructure and sensory 

evaluation of processed cheese analogue made by substituting 50% and 

100% of butter fat with vegetable fat (peanut cream fat). Both the control 

processed cheese and the processed cheese spread analogue containing 

peanut cream were found to be within the composition range of processed 

cheese. Meanwhile replacing butter fat with vegetable fat at level of 50 and 

100% did not considerably affect the chemical composition of cheese 

analogues. Concentration of total and individual volatile fatty acids of 

control processed cheese spread were higher than that of processed cheese 

spread analogue in which milk fat was substituted with vegetable fat at 50 

or 100% level. The highest concentration of major short chain volatile fatty 

acids namely butyric, caproic, caprylic and capric acids were found in 

control processed cheese spread. Partial substitution of butter fat with peanut 

cream fat has led to promoted significant modification in the texture, 

microstructure and sensory properties of processed cheese spread analogue. 

Control processed cheese spread was firmer than the experimental processed 

cheese analogue which is related to the presence of high percentage of 

peanut cream fat. In addition, this treatment decreased the cohesiveness and 

hardness of the resultant analogue. The size of fat globules increased and the 

uniformity of their distribution in protein matrix decreased with increased 

the percentage of vegetable fat used. Control processed cheese spread 

showed a uniform protein network in which numerous small fat particles 

were dispersed whilst in processed cheese analogue the fat globules were 

present in smaller numbers and with greater diameter, a behavior intensified 

by increasing the proportion of vegetable fat. Control processed cheese 

spread and processed cheese spread analogue in which butter fat was 

replaced  with peanut cream fat at 50% level had the better sensory 

characteristics compared with that of analogue made with 100% vegetable 

fat.  
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1.Introduction  

Developed products, known as ‘imitation’ 

processed cheese spread analogue, are widely 

produced, and are made from mixtures of dairy 

and/or non-dairy proteins and dairy fat or 

vegetable oil (Jihan et al., 2017) These products 

are variously labelled as ‘analogues’, ‘analogs’ 

imitation’, ‘substitute’, ‘artificial’, ‘extruded’, 

‘synthetic’, and/or ‘filled’ (Shaw, 1984; 

McCarthy, 1990 and Federation, 1995). 

Imitation cheese spread analogue or cheese 

spread analogue products are cheese spread 

analogue like products manufactured by 

blending water, fat, proteins and other 

ingredients into a homogeneous mass in the 

presence of the necessary heat, mechanical shear 
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and emulsifying salts (Guinee, 2003 and Salek 

et al., 2015). The main advantages of this type 

of cheese spread analogue include its simplicity 

in production, low manufacturing costs and its 

amenability to be easily formulated with 

customized physicochemical and nutritional 

attributes. Cheese spread analogues have gained 

importance in different areas. Firstly, largely 

because of a tremendous increase in the 

consumption of pizza pie and the fact that cheese 

spread analogue is among the costliest 

components of a pizza pie, attention has focused 

on the development of cheese spread analogue 

substitutes. In addition, the manufacture of an 

imitation cheese spread analogue allows 

manufacturers greater scope in manipulating 

constituents toward nutritional, textural, and 

economic ends (Solowiej et al., 2014 and 

Mohamed and Shalaby, 2016). A wide variety of 

formulated imitation cheese spread analogues in 

which non-fat milk solids and milk fat are 

replaced by caseinates and vegetable oils are 

available in the US (Kiely, McConnell et al., 

1991). Secondly, due to rapidly increasing 

prices cheese spread analogue is being gradually 

priced out of lower income groups. Making 

cheese spread analogue -like products by 

substituting the higher priced milk-derived 

ingredients with lower priced ingredients from 

vegetable sources may be a possible solution for 

this economic problem (Guirguis, Abdel Baky et 

al., 1985 and Awad, Salama et al., 2014). The 

cost of producing cheese spread analogues can 

be considerably less than that of their natural 

counterparts. As well as savings in the 

manufacturing process, raw materials are 

considerably cheaper than milk (Shaw 1984). 

Thirdly, the short supply of milk production in 

some parts of the world has led to increased 

interest in the utilization of substitute 

ingredients from vegetable sources in producing 

some dairy analogues (Ahmed and Hassan 1995; 

McNutt 1989; Bachmann, 2001 and Tamime, 

2011). In developing countries where dairy 

products are expensive and insufficient in 

quantity, dairy substitutes prepared from 

legumes provide a nutritious alternative (Santos, 

Resurreccion et al., 1989). Fourthly, there is an 

ever-increasing interest among consumers in 

food products which contain less total fat, 

saturated fat, cholesterol, and calories. Such 

products are useful in controlling body weight 

and reducing the risk of heart and artery disease 

(Kong-Chan, Hellyer et al., 1991 and 

Mortensen, 1991). Thus, cheese spread analogue 

may offer an excellent opportunity for 

substituting a traditional product with a new one 

which offers the same or better nutritional and 

texture characteristics, by using caseinate as 

protein sources and the use of polyunsaturated 

vegetable fats and oils, which produce a 

cholesterol free product (Giese, 1992 and 

Kneifel and Seiler, 1993). 

It is better to formulate foods with 

ingredients that help to lower health risks, as in 

the case of substituting animal fats by vegetable 

fats and oils, to give foodstuffs low in 

cholesterol and saturated fat contents (Lobato‐

Calleros, Vernon‐Carter et al., 1997). An 

important area of research for cheese spread 

analogue is to build up the polyunsaturated fat 

level, thus improving the health benefits of 

cheese spread analogue (McNutt, 1989; 

Bachmann, 2001 and Tamime, 2011). The 

present work has been carried out to evaluate the 

effect of replacing butter fat with 50 and 100% 

of peanut cream on chemical composition, fatty 

acids, texture properties and sensory evaluation 

of processed cheese spread analogue. 

 

2. Materials and methods  

2.1.Materials  

2.1.1. Cow's milk   

Cow's milk was obtained from dairy 

technology unit, Faculty of Agriculture, Zagazig 

University. 

 

2.1.2. Emulsifying Salts and Nisin 

Commercial emulsifying salts (sodium salts 

of phosphates and polyphosphates) and nisin 

were obtained from Greenland factory, 10th of 

Ramadan City, Egypt. 
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2.1.3. Peanut seeds  

Red-skinned peanut (Arachis hypogaea) 

seeds were purchased from a local market in 

Zagazig Egypt. Good quality and mold-free 

seeds were selected. 

 

2.1.4. Skim milk powder 

The skim milk powder was purchased from 

private dairy plant in Zagazig Egypt. Chemical 

characteristics (Butterfat 1.25% max – moisture 

4.00% max– protein (n x 6.38) 35.5% approx. – 

lactose 51.0% approx. – minerals/ashes 8.50% 

approx. –  titratable acidity 0.15% max – 

solubility index 1.25 ml max– sediment / 

scorched particles disc b max– wpn index not 

more than 1.5 mg/g). 

 

2.1.5. Sucrose  

Good quality sucrose was obtained from a 

local market in Zagazig, Egypt. 

 

2.1.6. Ras cheese 

Ras cheese which was made by the method 

of (Abdel‐Hamid, El‐Shabrawy et al., 2000) at 

the Department of Food Science, Faculty of 

Agriculture, Zagazig University, Zagazig, Egypt 

was used in the preparation of cheese spread 

analogue.  

 

2.1.7. Butter 

Butter was obtained from Dairy Technology 

Unit, Faculty of Agriculture, Zagazig 

University, Zagazig, Egypt and used in the 

preparation of cheese spread analogues. 

 

2.1.8. Starch 

Maize starch was obtained from the local 

market in Zagazig, Egypt. 

 

2.1.9 Chemicals 

All chemical used in this analysis was of 

analytical grade quality. 

 

 

 

 

 

2.2.Methods 

2.2.1. Preparation of peanut milk and peanut 

cream 

Peanut-milk was prepared by the method 

described by (Isanga and Zhang, 2009). Briefly, 

sorted peanut seeds were roasted (130°C for 20 

min), de-skinned and soaked in 0.5 g/100 ml 

NaHCO3 at 5°C for 12 h. After washing with 

water, the kernels were then mixed with water at 

a ratio of 1:5 W/V (peanuts (g): water (ml), 

transferred to a blender, and blended for at least 

5 min. Resultant formed slurry was filtered 

using three-layered cheese cloth to obtain peanut 

milk. Then it was pasteurized at 71°C/15 

seconds. cooled and stored at freezer (- 10°C) till 

uses. Peanut cream was prepared at Dairy 

Technology Unit, Faculty of Agriculture, 

Zagazig University. Peanut milk was prepared 

as described before then cream was separated 

using milk separator. The separator was flush 

with warm water to be clean and warm. Peanut 

milk was heated to 45°C, then poured into the 

bowl and permit to pass it through the central 

tubular shaft with turning on the motor and 

crank for 10 minutes, the force of spin causes the 

peanut cream to separate from the peanut milk. 

The resultant peanut cream was stored in the 

refrigerator at 5°C after pasteurization until 

usage. 

 

2.2.2. Manufacture of processed cheese spread 

analogue  

Control processed cheese spread and other 

cheese analogue containing 50 and 100% peanut 

cream were manufactured with the following 

formulation as shown in Table 1. 
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Table 1.Formulation of different ingredients set 

in processed cheese analogue spread preparation 

(Total batch 1500 g). 

Substitution levels of 

milk fat by peanut cream 
Ingredients 

100% 50% 0%  

112.50 120 127.50 Mature Ras cheese 

468.75 480 510 Fresh Ras cheese 

- 59.25 107.25 Butter (84% fat) 

224.70 108.30 - Peanut cream (45% fat) 

30 30 30 Starch 

52.50 58.50 60 Skim milk powder 

37.50 37.50 37.50 Emulsifying Salts 

574.05 606.45 627.75 Water 

1500 1500 1500 Total 

  

Manufacture of processed cheese spread of all 

treatments as done in the Dairy Technology 

Unit, Food Science Department, Faculty of 

Agriculture, Ain Shams University. Mature (2 

months) and fresh Ras cheese were cut into 

small portions suitable to be fed through the inlet 

of a shredding machine (Braun mixer, 

Germany). The suitable amounts of ingredients 

including; fresh Ras cheese, mature Ras cheese, 

butter, water, maize starch, skimmed milk 

powder emulsifying salt and nisin were added 

consecutively in a laboratory style-processing 

kettle locally made in Egypt. Specifications of 

the cooking machine are mentioned by (Awad, 

1996). 

The ingredients were mixed for about 1 min 

before processing. The blends were adjusted to 

contain 58% moisture, 50% fat/dry matter, 3% 

emulsifying salt, 0.01% nisin in the finished 

product. The mixture was cooked for 10 min at 

85-90°C using indirect steam at pressure 2-2.5 

kg/cm2. The melted processed cheese spread 

analogue of the different treatments was poured 

into wide mouth glass jars (150g) sealed with 

sterilized aluminum foil and capped directly 

after filling. The resultant processed cheese 

spread analogue was cooled at room temperature 

stored at 5°C for 3 months. Samples were taken 

and subjected to the different analyses when 

fresh and after 1, 2 and 3 months of storage. 

Using a similar manufacturing process, a series 

of imitation cheese spread analogues were 

prepared by replacing 50% of butter fat with 

peanut cream fat and 100% of butter fat with 

peanut cream containing 45% fat. 

 

2.2.3. Chemical analysis 

2.2.3.1. Gross chemical composition  

Moisture, fat, protein, pH and acidity 

contents of processed cheese spread and its 

analogue   were determined according to 

(AOAC, 2006). 

 

2.2.3.2. Fatty acids Analysis 

 Fatty acids were determination (as % of 

total). Fatty acids were extracted and determined 

as methyl esters (AOAC, 2006). The 

methylesters were prepared by weighing a 10 

mg sample in a 2 ml test tube (with screw cap). 

The sample was dissolved in 1 ml hexane 

followed by the addition of 10 ml of 2 N 

potassium hydroxide. The tube was closed and 

vortex for 30 seconds. Analysis was carried out 

by Gas chromatography Ultra trace GC DSQ 

(Thermo scientific USA). TR-FAMe capillary 

column (Thermo scientific USA) (30 m length × 

0.22 mm ID × 0.25 micron film thickness). For 

analysis fatty acid methyl esters, Cis/trans 

isomers, 70% cyano-propyl polysilphenylene – 

siloxane was used. Helium was employed as 

carrier gas, with constant flow 0.8ml/min. the 

temperature of injector was set at 200°C, then 1 

μl was injected. The operating condition were as 

follow: oven temperature was held at 40°C for 1 

min and then increased by 10°C/min to 180°C 

and held for 2 min increased again to 210°C at 

4°C/min held for 3 min at 210°C, increased 

again to 250 at 10°C/min and finally isotherm at 

250°C for 10 min. Scan mode was full scanning 

mass 50-650. Mass detector was used. Results 

were expressed as percent of relative area 

(Dabbou, Issaoui et al., 2009). 

  

2.2.3.3. Texture profile analysis  

Texture profile analysis of processed cheese 
spread analogue was determined according to 
(Bourne, 2002) by a universal testing machine 
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(Cometech, B type, Taiwan) provided with 
software. An Aluminum 25mm diameter 
cylindrical probe was used in a "texture profile 
analysis" (TPA) double compression test to 
penetrate to 50% depth, at 1 mm/ s speed test. 
firmness (N), gumminess (N), chewiness (N), 
adhesiveness (N.s), cohesiveness, springiness 
and resilience were calculated from the TPA 
graphic. Texture determinations were carried 
out in (40 x 40 x 30) mm-sized samples. 
 
2.2.3.4. Micro-structural analysis  

Micro-structural analysis of processed 
cheese spread analogue was determined using 
scanning electron microscopy (SEM). 
Tissue pieces were fixed in 4% glutaradehyde in 
0.2M sodium acodylate buffer (pH 7.3) for 4 
hour, followed by post fixation in osmium tetra 
oxide SO4 for 2 hour. Then rinsed three times in 
the same buffer (sodium cacodylate buffer). The 
samples were dehydrated through a graded 
ethanol series from 10 to 100%, 10 minutes in 
each one except the finely one 100% for 30 
minutes for three changes (each one for 10min.), 
then dehydrated using critical point dried 
instrument with liquid carbon dioxide (CO2). 
The speciments were mounted on cupper stubs 
with double- sided adhesive tape, coated with 
gold using S150A Sputter Coated – Edwards – 
England. The specimens viewed in a scanning 
electron microscope JXA-840A Electron Probe 
Microanalyzer – JEOL – Japan. 
 
2.2.3.5.Sensory evaluation of processed cheese 
spread analogue  

Sensory analysis was performed according 
to the methodology described by (Meilgaard, 
Carr et al., 2006). The acceptance test was 
carried out using a 9-point structured hedonic 
scale, for the attributes of appearance, colour, 
flavour, creaminess, firmness, spreadability and 
overall impression. Based on 9 point hedonic 
scale; like extremely=9, like very much =8, like 
moderately =7, like slightly =6, neither like nor 
dislike =5, dislike slightly =4, dislike 
moderately =3, dislike very much =2, dislike 
extremely =1. About 20 g of each sample were 
served, at approximately 7°C, in white 50 ml 

plastic cups coded with random three digit 
numbers. A plastic knife and three cream 
cracker type biscuits were offered together with 
the sample, for the evaluation of spreadability. 
The differences between the scores were 
evaluated at the 5% level of significance, 
comparing the means using the Duncan's test.  
 

2.2.4.Statistical analysis 

Results were statistically analyzed using a 
computer program “SAS system for windows 
version 9.00 TS M0” (SAS 2008) for analysis of 
variance by one way (ANOVA) and comparison 
of means by Duncan's multiple comparison test 
where P < 0.05 was considered for significant 
difference. 
 

3.Results and discussions  

3.1. Changes of Chemical Composition of 

processed cheese analogue during storage.  

The changes in chemical composition of 
cheese spread analogue samples prepared with 
different levels of peanut cream during storage 
for 3 months are shown in Table (2).  
 

Table 2. Effects of replacing butterfat with 
peanut cream fat on the chemical composition of 
processed cheese spread analogue during 
storage at 5°C. 

Characteristics 

(%) 

Storage 

time 

(months) 

Cheese spread analogue containing 

peanut cream 

0% 

(control) 
50 % 100% 

Moisture 

1 59.57±0.11f 60.20±0.11d 57.15±0.10h 

2 62.32±0.10a 60.29±0.16c 59.78±0.11e 

3 60.94±0.16b 60.25±0.12c 58.46±0.10g 

Ash 

1 4.78±0.03a 4.50±0.03cde 4.50 ±0.03cde 

2 4.56±0.03c 4.43±0.03e 4.55 ± 0.03c 

3 4.67±0.03b 4.46±0.03de 4.52±0.03cd 

Protein 

1 12.46±0.27b 12.13±0.26e 13.19±0.29a 

2 12.35±0.27d 12.09±0.26g 11.49±0.25h 

3 12.40±0.27c 12.11±0.26f 12.34±0.27d 

Fat/dry matter 

1 50.82±0.14g 52.11±0.14d 50.78±0.12g 

2 54.51±0.13a 50.31±0.17h 53.08±0.15b 

3 52.24±0.10c 51.22±0.16f 51.68±0.17e 

pH 

1 5.79±0.16bc 5.86±0.10a 5.88±0.14a 

2 5.75±0.14c 5.85±0.14a 5.76±0.10bc 

3 5.77±0.13bc 5.85±0.13a 5.80±0.11b 

Means having the same letters in the same row are not significantly 
different. 
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The obtained results showed that both the 

control cheese and cheese spread analogue 

containing peanut cream were found to be within 

the compositional range of processed cheese 

(Muir, Tamime et al., 1999). It is interesting to 

note that both levels of vegetable fat i.e., 50 and 

100% exhibited little observable effects on the 

chemical composition of cheese analogues. 

There were significant differences between the 

control and only cheese analogue containing 

100% peanut cream fat in all the chemical 

components (moisture, fat, protein and ash 

contents and pH value). These differences 

between cheese analogues and control cheese 

reflected the differences between formulations. 

The general trend of the chemical composition 

of control processed cheese and processed 

cheese analogues are in agreement with those 

reported by (Tamime, Muir et al., 1999). They 

found that the total solids and protein contents 

were higher in cheese analogues than the 

control, while the fat and ash contents and pH 

values were lower in cheese prepared with 

peanut cream than the control. The same trend 

was also mentioned by (Cunha, Dias et al., 

2010), who reported that the analogue cheeses 

were higher in protein and lower in salt content 

and pH values than control.  

The differences in protein levels, fat content, 

ash content, moisture and pH values were 

significant within all models of processed 

cheese analogue tested (including control 

samples). The differences in chemical profile 

between samples reflected differences between 

formulations.  

 

3.2. Fatty acid composition of processed 

cheese spread analogue 

Twenty fatty acids were detected in different 

processed cheese spread analogue, wherein 

palmitic and oleic acids were the main fatty 

acids. Both fatty acids accounted together more 

than 60% of total fatty acids. Myristic and 

stearic acids were detected also in high levels in 

different processed cheese spread analogues.  

 

 

3.2.1.Volatile fatty acids 

Fig. 1 shows the amounts of individual 

volatile fatty acids (C4-C10) in both control and 

processed cheese analogue spread containing 50 

and 100% of peanut cream after 2 months of 

storage. 

Considerable levels of short chain fatty acids 

were also detected in different cheese spread 

analogue Fig. (1) shows the effect of replacing 

butter fat with peanut cream fat on the volatile 

fatty acids in processed cheese spread analogue.  

 
Figure 1. The effect of replacing butterfat with 

peanut cream fat on the volatile fatty acids in 

processed cheese spread analogue. 

 
Free fatty acids (FFA) are major 

contributors to the flavour of cheese (Kilcawley, 
Wilkinson et al., 2006). The latter are released 
upon lipolysis and the short and intermediate-
chain FFAs contribute directly to cheese flavour. 
These short and intermediate-chain fatty acids 
(C4–C12) have relatively low perception 
thresholds and each gives a characteristic 
flavour note. Butanoic acid (C4) contributes 
“rancid” and “cheesy” flavours while hexanoic 
acid (C6) has a “pungent”, “blue cheese” flavour 
note (Collins, McSweeney et al., 2003). 
Depending on their concentration and 
perception threshold, volatile fatty acids can 
either contribute positively to the aroma of the 
imitation cheese or to a rancid defect. (Noronha, 
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Cronin et al., 2008) obtained similar results of 
volatile fatty acids in enzyme modified cheese. 

The detected 4 volatile fatty acids were 
butyric, caproic, caprylic and capric acids. The 
higher concentration of volatile fatty acids could 
be explained on the basis that peanut cream did 
not contain any volatile fatty acids. The obtained 
results showed that the amounts of total and 
individual volatile fatty acids of control 
processed cheese spread were higher than 
processed cheese analogue spreads containing 
50% or 100% peanut cream. The highest 
concentration of major short chain FFA (volatile 
fatty acids) was butyric acid, Capric acid, 
caprylic acid, caproic  and in the control. Cheese 
containing peanut cream showed lower 
concentration of these fatty acids as compared to 
the control. This could be explained on the basis 
that milk contains short chain fatty acids (C4-
C10) whereas peanut cream fat did not contain 
any volatile fatty acids. 

Fig. (2) shows the non-volatile saturated 
fatty acids profile of different processed cheese 
spread analogue. It could be noted that different 
processed cheese spread analogues resulted in 
significant change in fatty acids profile of 
various processed cheese spread analogues. 
However, the changes were notably in the levels 
of the main fatty acids (palmitic, oleic acids, 
myristic and stearic), the same trend was also 
mentioned by (Cunha, Grimaldi et al., 2013). 

 
Figure 2. The effect of replacing butter fat with 

peanut cream fat on the non-volatile fatty acids 

in processed cheese spread analogue. 

 

 

3.2.2.Mono Unsaturated fatty acids 
Fig. (3) Shows the effect of replacing butter 

fat with peanut cream fat on the mono 
unsaturated fatty acids after two months of 
storage at room temperature. 

The replacing of butter fat with peanut 
cream fat significantly affected the 
concentration of oleic acid as the major 
monounsaturated fatty acids in processed cheese 
spread analogue the same trend was also 
mentioned by (Cunha, Grimaldi et al., 2013). 

 
Figure 3. The effect of replacing butter fat with 
peanut cream fat on the monounsaturated fatty 
acids in processed cheese spread analogue. 

 
Figure 4. The effect of replacing butter fat with 
peanut cream fat on the polyunsaturated fatty 
acids in processed cheese spread analogue. 
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The level of these fatty acids in processed 

cheese analogue containing both 50 and 100% 

peanut cream was higher than the control. 

The palmitoleic acid was also found in lower 

concentration in both control cheese and cheese 

containing peanut cream. 

 

3.2.3.Polyunsaturated fatty acids 

Fig. (4) Shows the effect of replacing of 

butter fat with peanut cream fat on the poly 

unsaturated fatty acids of processed cheese 

analogue after two months of storage at room 

temperature. Substitution of butter fat with 

peanut cream fat significantly affected the 

concentration of linoleic acid as the dominant 

fatty acids in polyunsaturated fatty acids of 

processed cheese spread analogue. The level of 

these fatty acids in processed cheese analogue 

containing both 50 and 100% peanut cream was 

higher than the control. This was more 

pronounced in processed cheese analogue 

spread containing 100% peanut cream. 

 

3.2.4.Total saturated and unsaturated fatty 

acids 

It is known that the excessive consumption 

of saturated fatty acids is related to the increase 

of the plasmatic cholesterol and the obesity 

(Sales, Costa et al., 2005). On the other hand, the 

consumption of polyunsaturated (PUFA) and 

monounsaturated fatty acids (MUFA) it has 

been recommended to improve the lipidic 

profile in relation to the saturated fatty acids. 

Fig. (5) Shows the effect of replacing of 

butter fat with peanut cream fat on the total 

saturated and unsaturated fatty acids of cheese 

analogue after two months of storage at 5° C. 

The substitution of butter fat with peanut cream 

fat significantly affected the concentration of 

linoleic acid as the dominant fatty acids in poly 

unsaturated fatty acids of cheese spread 

analogue. 

 
Figure 5. The effect of replacing butter fat with 

peanut cream fat on the total saturated and 

unsaturated fatty acids in processed cheese 

spread analogue. 

 

The level of these fatty acids in cheese 

analogue containing both 50 and 100% peanut 

cream was higher than the control. This was 

more pronounced in cheese analogue spread 

containing 100% peanut cream. 

 

3.3. Texture profile 

Fig. (6) shows the profile texture of 

processed cheese spread analogue made by 

replacing 50 and 100% of butter fat with peanut 

cream fat in the formulation used in the 

preparation of imitation cheese spread analogue. 

With respect to the firmness, the control 

cheese spread was firmer than the experimental 

processed cheese spread analogues, which is 

related to the presence of a high percentage of 

replacement of peanut cream fat. In the 

analogues, since the diameter of fat globules 

were greater, there was a greater protein mass 

per unit area of the fat. Such a high protein 

density has been associated with elevated 

firmness, since the protein matrix is the 

structural component conferring greater 

resistance to deformation (Bryant, Ustunol et al., 

1995 and Lobato‐Calleros, Vernon‐Carter et al., 

1999). 
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Figure 6. Effect of replacing butter fat with 

peanut cream fat on the texture profile of 

processed cheese spread analogue. 

 

In this work, analogues of this cheese, made 

by substituting 50% and 100% of the dairy fat 

with vegetable fat, were studied with respect to 

physical–chemical composition, texture profile, 

microstructure and sensory acceptance. The 

substitution of part of the dairy cream by 

vegetable fat resulted in increased adhesiveness 

and hardness. The traditional cheese presented a 

uniform protein network, in which numerous 

small fat particles were dispersed, whilst in the 

analogues, the fat globules were present in 

smaller numbers and with greater diameters, a 

behavior intensified by increasing proportions 

of vegetable fat. In the sensory analysis, the 

traditional cheese and the analogue with 50% 

vegetable fat were better evaluated than the 

analogue with 100% vegetable fat. 

The processed cheese analogues also 

showed greater values for cohesiveness than the 

traditional processed cheese spread analogue. 

Since there was no difference in the chemical 

compositions, the type of fat was probably 

responsible for this behavior. The differences in 

microstructure found were also probably 

associated with the increase in cohesiveness, 

since the protein network structure and extent of 

the interactions between the fat and the casein 

influence the degree of coherence between the 

product and the surface with which it is in 

contact. The results found are in agreement with 

the observations of (Lobato‐Calleros, Vernon‐

Carter et al., 1997 and Cunha, Dias et al., 2010). 

They found that the addition of soybean fat 

increased the adhesiveness and hardness of the 

processed cheese spread analogues. 

Control had the lowest gumminess and 

chewiness values followed by the R1 and the R2 

groups (Fig. 6). But, no significant differences 

were found with respect to springiness, 

cohesive-ness (P>0.05). (Lobato‐Calleros, 

Vernon‐Carter et al., 1999) stated that soybean 

fat conferred hardness and adhesiveness to the 

processed cheese analogue however decreased 

cohesiveness and springiness. Hydrogenated 

cottonseed oil in-creased hardness but decreased 

cohesiveness in both imitation groups.  

 

Microstructure Evaluation  

The rheological properties of processed 

cheese spread analogue are of considerable 

importance as they affect: its handling, 

portioning and packing characteristics; its 

texture and eating quality, as they determine the 

effort required to masticate the processed cheese 

spread analogue  or alternatively the level of 

mastication.  

The partial or total substitution of butter fat 

by  peanut cream fat into processed cheese 

spread analogue caused significant modification 

on the instrumental textural characteristics of 

hardness, adhesiveness, cohesiveness and 

chewiness, but no significant (p>0.05) 

variations in springiness were detected (Fig. 7). 

Figures (7–9) show the photomicrographs of 

the microstructure of the control cheese spread 

and its analogues with 50% and 100% of peanut 

cream (vegetable fat), respectively, with the 

same magnitude (330x). In typical scanning 

electron micrographs of cheese spread analogue, 

a protein matrix is visible with various forms 

and sizes of open spaces, representing the fat 

globules that were extracted during sample 

preparation for analysis (Tamime and Robinson, 

1999). 
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Fig. 7 illustrate the Scanning Electron 

Micrograph (SEM) of control processed cheese 

spread. This figure clearly shows that this type 

of structure could be observed in all the samples 

studied. The control processed cheese spread 

analogue presented numerous small particles of 

fat dispersed in a uniform protein network.  

 
Figure 7. Scanning electron micrograph (SEM) 

of control processed cheese spread (Magnitude 

330x at 100   µm). 

 

 
Figure 8. Scanning electron micrograph (SEM) 

of processed cheese spread analogue made by 

replacing 50% of butter fat with peanut cream 

fat (Magnitude 330x at 100 µm). 

The fat globules are predominantly spherical 

and distributed uniformly throughout the protein 

matrix. The obtained results are in agreement 

with those obtained for processed cheese spread 

analogue by (Mistry and Anderson 1993 and 

Tamime, Kalab et al., 1990). 

 

 
Figure 9. Scanning electron micrograph (SEM) 

of processed cheese spread analogue made by 

replacing 100% of butter fat with peanut cream 

fat (Magnitude 330x at 100   µm). 

 

On the other hand, in the analogues the fat 

globules were greater in diameter. In addition, 

they were less uniformly distributed throughout 

the protein matrix than in the control processed 

cheese spread analogue.  

Comparing the microstructures of the 

analogues with 50% (Fig. 8) and 100% (Fig. 9) 

of peanut cream, it can be seen that an increase 

in the percentage of vegetable fat resulted in a 

decrease in the number of fat globules and an 

increase in their diameters. 

The vegetable fat used was composed 

mainly of fatty acids with more than 16 carbons 

(Table 2), conferring a highly hydrophobic 

characteristic and increasing the number of 

primary bonds, resulting in larger and more 

irregular crystals and globules. On the other 

hand, the milk fat presenting a greater 

proportion of saturated fatty acids contained a 

significant amount of low molecular weight, 

fatty acids, which reduced its non-polar nature, 

decreasing the attractive forces between the fat 

globules and increasing the affinity with the 

protein network. 
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In the control processed cheese spread, the 

fat droplets were small and uniformly 

distributed, while in the analogues fat globules 

presented a wider range of particle size. 

Increasing the percentage of peanut cream from 

50% to 100% resulted in even larger fat droplets, 

which corroborates the results observed in the 

micrographs. 

The textural characteristics of the processed 

cheese spread analogue are determined by the 

combined structural properties of the protein 

matrix and the fat droplets immersed in the 

former. As fat content is reduced, more non-

interrupted protein zones compose the cheese 

spread analogue structure. In consequence, a 

high degree of crosslinking of protein molecules 

occurs resulting in three dimensional networks, 

exhibiting high resistance to the deformation 

(Bryant, Ustunol et al. 1995 and Lobato‐

Calleros, Robles‐Martinez et al., 2001). 

The main factor determining the textural 

characteristics in processed cheese spread 

analogue is the protein matrix structure, and it 

has been reported that high protein densities in 

processed cheese spread analogue are associated 

with high values of hardness (Bryant, Ustunol et 

al., 1995). 

Milk fat contributed to the increase of all the 

textural characteristics, although its effect on 

cohesiveness was marginal, whereas on 

chewiness it was more pronounced (Figure 4). It 

has been demonstrated that butter milk globule 

sizes are larger and more heterogeneous than 

those for emulsified vegetable oils, so the 

number of the former per unit volume are lower 

than those of the latter.  

On the other hand, milk fat has the highest 

melting point fatty acids than control conferring 

increased resistance to structure deformation, 

and thus an increased chewiness ( Lobato‐

Calleros, Vernon‐Carter et al., 1999). Due to the 

slightly more lipophilic nature of EB, it had a 

relatively low effect on displacing protein from 

the oil in water interface (Euston, Singh et al., 

1996) so that interactions between fat globules 

and the protein matrix were favored resulting in 

increased cohesiveness (Fig. 6). 

Substitution of part of the butter (84% fat) 

with peanut cream (45% fat) as a vegetable fat 

promoted significant modifications in the 

texture and principally in the microstructure of 

the processed cheese spread analogue The size 

of the fat globules increased and the uniformity 

of their distribution in the protein matrix 

decreased with an increase in the percentage of 

vegetable fat used. 

The porous network in the microstructure of 

the control process cheese spread analogue (Fig. 

6) was similar to that of the internal structure of 

Edam and Gouda cheese spread analogue as 

reported by (Schmidt, 1982).  Since both higher 

fat and water contents can lower the firmness of 

cheese spread analogue (Kalab, 1993). 

 

3.4. Sensory evaluation 

Table 3 shows the mean scores attributed to 

each of the parameters evaluated: appearance, 

color, flavour, creaminess firmness, spread 

ability and overall impression.  

 

Table 3. Organoleptic scores for control 

processed cheese spread and processed cheese 

spread analogues containing 50 and 100% 

peanut cream fat. 

Attributes 

Cheese spread analogue containing 

peanut cream  

0 % 50 % 100 % 

Appearance 7.1a 6.7a 5.5b 

Colour 6.9a 6.4a 5.7b 

Flavour 7.8a 6.3b 5.6c 

Creaminess 6.9a 6.9a 5.8b 

Firmness 6.8a 6.7a 5.6b 

Spreadability 7.4a 6.4b 5.9c 

Overall 

Impression 
7.3a 6.7b 5.5c 

* Means having the same letters in the same row are not significantly 

different. 
  

All the products received means above 5.5 for 

all the attributes evaluated, showing that they 

were well accepted by the panelists. The 

analogue containing 50% of peanut cream 

presented acceptably by the panelists, and for 

the attributes of appearance, color, creaminess 

and firmness, this analogy was more preferred 

than all the other products tested, including the 
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control processed cheese spread analogue. 

Flavour was the only parameter for which the 

control processed cheese spread analogue 

received significantly higher (p< 0.05) mean 

scores than processed cheese spread analogue  

containing 50 and 100% of peanut cream fat, 

showing the importance of dairy fat on the flavor 

of dairy products. 

Although neither of the analogues managed 

to imitate the flavour of the traditional processed 

cheese spread analogue, all showed gained 

acceptable quality. With respect to some of the 

attributes such as colour, firmness and 

creaminess, the analogue with 50% vegetable fat 

was better evaluated than 100% fat cheese 

spread analogue. This shows that there are good 

possibilities for successfully substituting 

traditional processed cheese spread (control) 

with an analogue manufactured with 50% 

peanut cream fat. (Abdel-Baky, et al., 1987) 

stated that the processed spread cheese made 

from Ras cheese revealed better flavour and 

appearance during storage at both refrigerator 

and at room temperatures. (Kebary, et al., 1998) 

reported that the scores of organoleptic 

properties of spread cheese made from different 

blends decreased as storage period progressed 

except the scores of colour. (Razig and Yousif, 

2010) showed that the best score of appearance, 

texture, flavour and overall acceptability was 

obtained in spread processed cheese containing 

5% skim milk powder compared with others 

processed cheeses samples. They also found that 

3 months were found to be quite satisfactory to 

attain good quality spread cheese. 

 

4. Conclusions  

Both levels of vegetable fat 50 and 100% 

exhibited significant small effects on the 

chemical composition of cheese analogues. The 

highest concentration of major short chain 

volatile fatty acids (VFA) was butyric acid, 

capric acid, caprylic acid and caproic acid in the 

control-processed cheese. Firmness of the 

control processed cheese spread was firmer than 

the experimental processed cheese spread 

analogues. Substitution of part of the butter fat 

with peanut cream led to promoted significant 

modifications in the texture, the sensory 

properties, the colour and, principally, in the 

microstructure of the processed cheese spread 

analogue. Regarded to the sensory analysis, the 

control processed cheese spread and the 

analogue with 50% vegetable fat had better 

characteristics than the analogue with 100% 

vegetable fat. 
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