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Abstract. Corn milk has been considered as the ingredient of cheddar cheese analogue. In
cheddar cheese manufacturing, whey protein and stabilizer like Tween-80 and Span-80 are
required. This study objectives are to determine the best proportion of whey protein concentrate
(WPC) concentration and emulsifier types to produce analogue cheddar cheese with corn milk
base and its effect on the physical, chemical, and sensory characteristics of analogue cheddar
cheese. The experimental design was factory randomized block design with two factors, the
WPC level (20, 25, 30%) and emulsifier type (Tween-80, Span-80, and Tween-80 combination:
Span-80). The physicochemical and sensory variables data were analyzed on a 5% F-test, and
the significant results were further analyzed with the multiple-range test of Duncan at a level of
5%. The results showed that changes in WPC level had effects on yield value, water content,
dissolved protein content, and fat content. The variation of emulsifiers affected water content
and protein content. The best proportion of the analogue cheddar was WPC 30% and emulsifier
Tween-80 1% with yield value 63.23%, pH 5.7, total dissolved solids 31.75%, moisture content
59.24% , protein dissolve 10.07% bk, fat content 13.65% bk, and total acid 1%.

1. Introduction

Cheese is a common dairy product that contain of complete and balanced nutrition. Cheddar cheese,
cottage cheese, and mozzarella cheese are mostly consumed. Cheese typically consists of cow's milk,
but the rising price of cow's milk has led to higher milk sales rates. The public’s understanding of the
high fat and cholesterol content of health-causing animal products opened the door to vegetable milk as
an alternative for cow's milk to other raw materials. In addition, the lactose content of cow's milk can
cause allergies, known as lactose intolerance in some people [1]. It opens up opportunities to produce
vegetable cheeses such as analogue cheese.

Cheese analogue is usually made from various nuts such as soybeans, many other types of nuts, and
cereals [2]. One of the basic ingredients that can be considered to be used in a production of cheddar
cheese analogue is corn milk [3]. In the process of making cheddar cheese analogue, additional
ingredients are needed to improve texture and increase yield, one of which is whey protein concentrate.
Whey protein has several advantages, including: having high solubility, being able to crefBj viscosity
through water binding, forming gels, emulsification, binding fat, acting as an emulsifier, foaming and
aeration, improving color, taste, and texture, and having nutritional benefits [4]. The production of
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cheddar chEje analogue also requires ingredients to stabilize water and fat content, namely
emulsifiers/emulsifying agents. Tween 80 and Span 80FW® emulsifying agents that are often used
together. In the interfacial film theotffEjthe existence of a stable interfacial complex condensed film
which is formed from the mixing of a water-soluble emulsifying agent and a fat-soluble emulsifying
agent is able to form and maintain an emulsion more effectively than using a single emulsifying agent
[5].

The concentration of whey protein coiffntrate (WPC) and emulsifiers was affected the character of
the cheddar cheese analogue [6]. Thus, this research was conducted to determine the proportion of
additional WPC and emulsifiers (Tween-80 and Span-80) in the productfn of cheddar cheese analogue
which has high nutritional content and is acceptable tofEhsumers. The purpose of this study was: 1) to
find out the effect of WPC concentration on physical, chemical and sensory char@@eristics of cheddar
cheese analogue; 2) identify the effect of variation in emulsifier concentration Tween-80 and Span-
80) on the physical, chemical and sensory characteristics of manufactures cheddar cheese analogue; and
3) identify the best formula ratio of WPC and emulsifiers in the corn-based cheddar cheese analogue.

2. Experimental details

2.1.Ingredients

This study used several ingredients which include ingredients for production of cheddar cheese analogue
and ingredients for chemical analysis. Ingredients for gking cheddar cheese analogue consist of sweet
corn obtained from Pasar Wage Purwokerto, WPC, virgin coconut oil (VCO), Tween 80, Span 80,
Arabic gum, and papain. In addition, ingredients for conducting chemical analysis consist of distilled
water, 0.1 N NaOH solution, PP (phenolphthalein) indicator, buffer solution pH 7.0, 1% CuSO4
solution, 2% Na K Tartrate solution, NaHCO3, Bovine Serum Albumin (BSA) solution, and petroleum
benzene.

2.2.Cheese analogue production

Cheese analogue production was referred to Aini et al. [3] with modification. There were two stages in
the development of cheddar cheese, production of corn milk and production of cheddar cheese analogue.
Corn milk was prepared for 30 minutes by steaming sweet corn. The steamed corn was then shelled and
mixed for 3 minutes with the ration of corn:water of 1:2. The mixed corn was then filtered
before corn milk was obtained. The analog cheese was developed by mixing 300 ml of corn milk with

WPC and 9 grams of Arabic gum in one minute until homogeneous. The mixture was pasteurized for
15 second at temperature of 70°C. The pasteurized corn milk and WPC were then then cooled to 40°C.
The treatment followed with the addition of emulsifier and 15 gr of papain with 45 ml of VCO which
were stirred until homogenous. After rested for 5 minutes, the mixture was then heated for 15 seconds
at 40°C, filtered, and refrigerated for 7 days. After the curing phase, the physicochemical and sensory
characteristics of cheddar cheese were analysed.

2.3.Experimentd§esign

This study used a randomized block d€ign (RBD) method. There were 2 factors studied including the
concentration of WPC consisting of 3 levels (20, 25 and 30 %), and type of emulsifier consisting of 3
types (Tween-80, Span-80, and combination of Tween-80: Span-80). Based on these two factors, there
were 9 treatment combinations. The test was carried out three times. resulting in 27 experimental units.

2 4.Analysis of samples

There were two variables studied: physicochemical and sensory variables. Physicochemi@ variables
included yield, pH value, total dissolved solids, total titratable acidity, moisture content, fat content, and
dissolved protein content while sensory variables included col} aroma, taste, texture, and preferences.
Data obtained from physicochemical and sensory vafhbles were tested using ANOVA test. If the
analysis results showed a significant effect, it was then continued with the Duncan Multiple Range Test
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with a confidence level of 95%. The best treatment was determined by the effectiveness index method
based on the physicochemical and sensory properties of cheddar cheese.
3. Results and discussion

3.1. Characteristics of the product

3.1.1. Yield. Variations in concentration of WPC had a very significant effect on the yield; but variation
of the emulsifier and interaction between them did not have a significant effect. Increase in the addition
of variations in concentration of WPC caused an increase in the yield of cheddar cheeffJanalogue
produced. This is corresponds to Zoidou et al. [7] that stated factor that affects the yield is the
composition of milk, especially the levels of fat and protein. However, protein content is the main factor
that affecting cheese yield. It indicates a linear correlation between the yield and the concentration of
protein and fat, meaning that the higher protein and fat concentration, the higher the yield (Figure 1). It
was indicated by the addition of 30% WPC which produced a higher yield than 25% and 20% WPC.
The same result was reported by Abubakar and Usmhi [8] which found that the highest yield of low-
fat white cheese was produced from the treatment of corn oil emulsion in skim milk with whey protein
concentrate of 15.31+0.21%.

67
66 y=0.702x + 44.883
R2=0.989

65.7a
65

64
63
62
61
60
59

58
0 10 20 30 40

Whey protein concentrate

Yield (%)
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Figure 1. The yield of cheddar cheese analogue was affected by
concentration of whey protein concentrate
More importantly, the yield of cheddar cheese analogue on the type of emulsifier did not have a
signifi§fit effect. The yield in Tween 80 was 63.08%:; the yield with Span 80 was 60.61%; and the yield
[Ehe combination of Tween 80 and Span 80 was 63.60%. According to Hou and Papadopoulos [9],
combination of Tween 80 and Span 80 has high compatibility to create a stable interface layer
provide good performance in the emulsification process. However, in this study, the addition of the
combination of Tween 80 and Span 80 did not have a significant effect. This would possibly occur
because the added emulsifier concentration in cheddar cheese analogue did not stabilize fat and protein.

3.1.2. pH. pH value is a parameter to determine the acidity condition of cheddar cheese analogue. The
concentration of WPC, type of emulsifier and interaction between them had no significant effect on pH
of cheddar cheese analogue. pH cheddar cheese analogue with the addition at 20, 25 and 30 % were 5.7,
5.7, and 5.8 respectively. The same results were obtained from research conducted by Abd El-Salam
[10] which concluded the pH of cheese was not affected by an addition of sunflower oil and whey protein
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concentrate. The resulting average pH value was higher than pH value of cheddar cheese analogue (6.45
- 6.50).

Besides, the decrease in pH occurred due to the activity of lactic acid bacteria (LAB) in producing
energy through the fermentation process by breaking down the substrate into simpler components [11].
This energy formation is intended for cellular metabolism. One of the substrates that exist is lactose
which is contained in milk and WPC. Milk c@ins 5% sugar, while WPC contains 4-8% lactose which
can be used by lactic acid bacteria (LAB) as a source of carbon and energy in the fermentation process.
However, the process of making cheddar cheese analogue did not use LAB for the fermentation process,
so there was no LAB activity in lowering the pH. 14

Additionally, the pH for various types of emulsifier, Tween 80, Span 80, and Tween 80: Span 80
were 5.6; 5.8; and 5.8 respectively. Abd El-Salam [10] claimed that type of emulsifier affects pH value
of the resulting cheese. This is presumably due to the absence of large basic differences of the two types
of emulsifiers.

In addition, there was curing process in making cheddar cheese analogue, but [fwas done without
using bacteria so that biochemical processes did not occur. According to Gonzilez et al. [ 12], pH levels
decrease during the curing process. The decrease in pH level of cheese is influenced by the amount of
lactic acid produced by microorganisms. The higher the lactic acid. the lower the pH level. The decrease
in pH value is due to the activity of bacteria in the cheese.

3.1.3. Moisture content. Concentration of WPC and in type of emulsifier had a very significant effect,
[t the interaction between them had no significant effect. The higher WPC addition, the lower the
moistuffiffontent of cheddar cheese analogue (Figure 2). Moisture content of cheese is influenced by its
fat and protein contenffJThe higher the protein content, the greater the ability of the casein matrix to bind
to water. Cheese with water-in-oil-in-water emulsion in skim milk (A4) and cheese with a 60% reduction
Emilk fat (A1) had higher water content of 53.96 + 4.26% and 53.01 + 3.12 % than other treatments.
This is due to the high protein content found in Al and A4 cheese.

60.5
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585 y =-0.24x + 64.983
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Figure 2. The moisture content of cheddar cheese analogue was affected by concentration
of whey protein concentrate

The moisture content of cheddar cheese analogue at various concentrations of emulsifier types is
presented in Figure 3. The highest average value of moisture content was found in 1% Tween 80 (E1)
(59.69% wb) and the smallest average value was found in 1% Span 80 (E2) (57.73% whb). The value of
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moisture content of cheddar cheese analogue produced was not much different from the results of
research conducted by Abubakar and Usmiati [8] in the treatment of corn oil emulsion in skim milk,
which was 51.51 + 2.84% (%w/w).
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Figure 3. The moisture content of cheddar cheese analogue was affected by type of emulsifier

3.14. Dissolved solid. There was no significant effect in cofifiintration of WPC, type of emulsifier and
interaction between them on dissolved solids of cheddar cheese analogue. The dissolved solids of
cheddar cheese analogue \al addition of WPC 20,25 and 30 % were 31.6,31.8, and 31.9°Brix. Cheddar
cheese analogue that use Span 80, Tween 80, and combination Tween 80 and Span 80 as emulsifiers
have dissolved solids 31.83,31.89 and 31.67 °Brix.

The higher the addition of WPC and emulsifier concentrations, the higher the total dissolved solids
of cheddar cheese analogue produced. This is in accordance with the statement of [13] that the addition
of non-fat solids such as WPC and emulsifier can increase the total solids so that it can improve the
characteristics of the resulting cheese.

3.1.5. Dissolved protein. Centrmion of WPC, type of emulsifier, and interaction bmeen them had
a very significant effect on dissolved protein content of cheddar cheese analogue. The more addition of
WPC, the more the dissolved protein content of cheddar cheese analogue (Figure 4). According to
Stankey et al. [14] based on protein content, WPC is divided into WPC34 (around 34% of protein
content), WPC50 (around 50% of protein content) and WPCB0 (around 80% of protein content). WPC
used in this study was WPC which contained 80% protein content. The same result was expressed by
Dhanraj and Jana [15] who found that cheese added by WPC as a fat replf8r had the highest protein
content. WPC contains a lot of bioactive components so that it is expected to increase the functionality
of low-fat cheese. The use of single WPC has not produced cheese of the same quality as fat-dense
cheese.
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Figure 4. Dissolved protein of cheddar cheese analogue was affected by concentration
of whey protein concentrate

In line with the results of this study, Priadi et al. [16] also found that the concentration of fillers
(mocaf and wheat flour) will have different effects. Increasing the concentration of fillers decreases the
protein corfi#lit of processed cheddar cheese. The same result is conveyed by Mounsey and Riordan [17]
that stated an increase in the concentration of maize tlour causes a decrease in protein content in cheese

analogue.

The highest of dissolved protein content was found in 1% Tween 80: Span 80 was 10.72%. and the
smallest was found in 1% Tween 80 (9.33%) (Figure 5). It is in line with results of research conducted
by Khan and Masud [ 18] which found that the use of a stabilizer has an effect on the protein content of
the product, because it has a hydrophilic group that will bind water. Thus, the more stabilizer is added,
the higher the protein concentration in the product.
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Figure 5. The moisture content of cheddar cheese analogue was affected by type of emulsifier
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3.1.6. Fat content. The concentration of WPC and interaction between the concentrsffgh of WPC and
type of emulsifiers had a very significant effect, but variations in the type of emulsifier had no significant

ect on the fat content of cheddar cheese analogue. The higher addition of WPC, the lower the fat
content of cheddar cheese analogue. This is in accordance with Perreault et al. [4] that increasing the
concentration of WPC in milk causes a decrease in fat content in cheese. It is supported by who claimed
that increased concentration of fillers in the form of mecaf and wheat flour had a significant effect on
decreasing fat content. The addition of fillers increases the proportion of starch and decreases the
proportion of fat in processed cedar cheese. Fat in cheese can form complex bonds with starch, which
can cause incomplete gelatinization process.

146
144 % 14.42a
142

14

138

Fat content( %)

136

134 y=-0.123x + 16.835

R2=0.9842

13.2 13.19¢

13
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Figure 6. Fat content of cheddar cheese analogue was affected by concentration of
whey protein concentrate

The average value of fat content in various types of emulsifier (E), namely Tween 80 (E1) v§fJ
13.64%, Span 80 (E2) was 14%; and Tween 80: Span 80 was 13.64%. These results indicate no
significant effect on fat content in cheddar cheese analogue. It is different from Zoidou et al. [7] V&
stated that stabilizer concentration has an effect on fat content. The increase in fat content is due to the
greater the concentration of lecithin, the higher the hydrophobic group, which affects the increase in fat
content of apple cider margarine supplemented with peanut oilglt supports the results of this study due
to the use of the same emulsifier concentration, so that it does not affect the fat content in the resulting
cheddar cheese analogue.

Cheese in this study is categorized as low-fat cheese. The term low-fat cheese generally refers to
cheese with a lower fat content than full-fat cheese. Based on wet weight, full-fat cheese in fresh form
has a fat content of 24.5% [11]. According to Aini et al. [3], fat content in cheesefally depends on the
type of milk and other ingredients used as raw materials. Low-fat content in the results of this study is
due to basic ingredients of cheese which do not fully use cow's milk but a mixture of corn milk. Aini et
al. [19] stated that sweet corn has 1 g fat content per 100 g of ingredients, while fat content of milk was
3.4% [20]. This causes the fat content of the cheese to be low.

3.1.7. Titratable acidity. There was no significarfgf@ffect between concentration of WPC, type of
emulsifier and interaction I§fijveen them on total titratable acidity of cheddar cheese analogue. The
titratable acidity of cheddar cheese analogue with addition of WPC 20, 25 and 30 % were 1.46, 1.47 and
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1.38 respectively. In addition, titratable acidity of cheddar cheese analogue that use emulsifiers Tween
80, Span 80 and combination of Tween 80: Span 80 were 1.36, 1.36 and 1.59. These results demonstrate
that using 1 type of emulsifier produces the same total titratable acidity, but using 2 emulsifiers has a
higher total titratable acidity.

More importantly, cheddar cheese analogue in this study was cured but did not use a fermentation
process. This is different from Syamsu and Elsahida [21], who claimed that vegan cheese made from
soybeans have a pH value in powdered soy milk and fresh soy milk which decreases with the length of
fermentation, while the total titratable acidity EJnversely proportional to the pH value and increases
with the ]eng@:f fermentation. Powdered soy milk reaches the isoelectric point at the 16th hour, while
the fresh soy milk reaches the isoelectric point at the 12™ hour.

3.1.8. Sensory variables. Based on the nﬁllts of diversity test, the attributes of color, taste, texture and
preferences were significantly different. Color is a physical parameter formed when light hits an object
and is reflected on the sense of sight (eye). Color assessment of food ingredients is very important since
color is one of the parameters that determines the quality of the ingredients. The colors were significantly
different between each formula. The higher the average value, the more preferable the cheese color will
be. The highest average values were obtained from the treatment combinations of W2E2 (4.78); W1EI
(4.74); W3E1 (4.66); and W1E3 (4.64), which demonstrates that the color produced by cheddar cheese
analogue is slightly yellowish. The smallest average value was obtained in W2E3 with a value of 3.92,
which means that the resulting color is yellowish white.

The yellow color of cheese is presumably the result of the color of corn milk. Hassan [22] stated that
yellowish color is due to carotene contained in comn. In addition, the color produced by cheddar cheese
analogue is also influenced by the combination of treatment between WPC and the type of emulsitfier
used. The yellowish white color of the cheddar cheese analogue is the result of the WPC color.
According to Dhanraj and Jana [15], WPC gives a yellowish white color to the liquid yogurt starter.
Besides the addition of WPC, the addition of an emulsifier also affects the color of cheddar cheese
analogue produced. Hou and Papadopoulos [9] added that Span 80 is a thick yellow liquid and Tween
80 is a yellow oil. [

Aroma is an odor caused by chemical stimuli that are smelled by olfactory nerves in the nasal cavity
[23]. The product with the best aroma is the product with the maximum or strongest characteristic cheese
aroma. The analysis of variance on the aroma of cheddar cheese analogue showed a significantly
different effect on each formula. The highest average value was obtained in W2EI treatment (4.59 -
strong distinctive aroma of cheese), while the lowest average value was found in W1E3 treatment (4.02
- slight cheese aroma). It occurred due to the ditferen n the concentration of WPC used, since WPC
has a distinctive aroma like milk. According to Panthi €&l. [24], whey is a semi-transparent liquid that
is left during the precipitation process in cheese making which has a slightly fragrant aroma. The higher
the average value produced, the more distinctive the aroma of the resulting cheese, such as cheddar
cheese on the market.

Cheddar cheese analogue has a slight or mild distinctive cheese aroma. It is because the prdfiction
of cheddar cheese analogue only uses corn milk, without any additional cow's milk. Changes in dairy
products such as cheese ar@faused by the fermentation of lactose, citrate and other organic compounds
which become a variety of acids, esters, alcohols and volatile flavor and aroma-forming compounds [3].
The process of making cheddar cheese analogue does not use a fermentation process so that cheese
aroma does not have a distinctive aroma like cheddar cheese on the market.

Analysis of variance on the taste of cheddar cheese analogue showed a significantly different effect
on each formula. The highest value of taste was produced in W1E2 treatment (5.85 - salty), while the
lowest value was found in W2E2 treatment (5.15 - slightly salty). The taste produced from cheddar
cheese analogue is the same as the results of research conducted by Abubakar and Usmiati [8] that low-
fat white cheese has a taste that is close to very salty to salty.

The taste produced by cheddar cheese analogue is influenced by the combination of treatment
between WPC and emulsifier (Tween 80 and Span 80). Damin et al. [25] stated that whey has a slightly
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sour taste, while Hou and Papadopoulos [9] stated that Tween 80 has a bitter taste. However, the taste
produced by cheddar cheese analogue is neither sour nor bitter. It presumably occurs due to the use of
emulsifier concentrations which tend to be small so that the cheese does not taste bitter.

The quality of texture is very important in assessing the quality of cheese [8]. Analysis of variance
on the texture of cheddar cheese analogue showed a significantly different effect. The higher the average
value of the cheddar analogue cheese, the harder the cheese will be. The highest average value was
found in formula 9 (W3E3) and 7 (W3El) which were included in the slightly hard category, while the
other formulas had an average value of 2 which showed that the resulting cheese was not hard. It can
happen because formula 9 had the highest WPC concentration of 30%. The same results are found in a
research conducted by El-Sheikh et al. [6] which found that treatment with WPC dispersion increases
the hardness of cheese than other treatments. The addition of protein-based fat replacers such as WPC
at certain concentrations can increase the hardness and elasticity, while the addition of protein causes
interactions between proteins and forms a harder matrix.

Product with the best preference is based on the best scoring of the attributes that have been tested
previously. Results of analysis of variance on the preference for cheddar cheese analogue showed a
significantly different level of preference. The average value of panelists based on the scoring test
showed that cheddar cheese analogue with the best preference was found in formula 9 (W3E3), while
the lowest average value was found in formula 2 (W1E2). The higher the average value of cheddar
cheese analogue produced, the higher the level of preference for the panelists to the resulting cheddar
cheese. The level of preferences is also based on other sensory attributes such as color, aroma, taste, and
texture.

3.2. Effectiveness Index

The efficacy index was used to determine the best formula based on physical, chemical and sensory
properties. Due to the cumulative value of effectiveness index, it is concluded that W3E1 with 30%
WPC and Tween 80 mulsifier is the best treatment. It has yield 63.23%, pH of 5.7, total dissolved
solids of 31.75°Brix, moisture content of 59.24%, dissolved protein of 10.07%, fat content of 13.65%.
titratable acidity of 1.53 with a yellowish white color, slight cheese aroma, slightly salty, not hard, and
tend to be preferred.

Phe yield of cheddar cheese analogue was greater than yield of low-fat white cheese with the addition
of corn oil emulsion in skim milk with whey protein concentrate, conducted by Abubakar and
Papadopoulos [8], with a yield of 15.31 +0.21%. Moreover, the protein and fat content was lower than
dissolved protein and fat content in processed cheddar cheese added with modified cassava flour and
tapioca flour, which was conducted by Priadi @Jal. [16]. Processed cedar cheese with the addition of
modified cassava flour and tapioca flour had aaotein content of 34.78% and a fat content of 45.79%.
22 moisture content in cheddar cheese @#hlogue was not much different from the moisture content in
low-fat white cheese with the addition of corn oil emulsion in skim milk with whey protein concentrate
carried out by Abubakar and Usmiati [8] with @value of 55.48 +4.29% (%). The pH of cheddar cheese
analogue was not mugh different from the pH and sensory of spreadable cheese analogue that has been
studied by [26]. The pH of spreadable cheese analogue was 5.4 and had similar sensory such as having
yellowish white color, distinctive cheese aroma, and texture that is neither hard nor soft.

4. Conclusion

Different variations in concentration of WPC result in different vield, moisture content, dissolved
protein and fat content, but there is no difference in pH, dissolved solids, and titratable acidity. Different
emulsifier types result in different values of moisture content and dissolved protein, but there is no
difference in yield, pH, dissolved solids, fat content, and titratable acidity. The best formula proportion
of cheddar cheese analogue is BV:, WPC and 1% Tween 80, since it has yield of 63.23%, pH of 5.7,
dissolved solids of 31.75°Brix, moisture content of 59.24%, dissolved protein of 10.07%, fat content of
13.65%, titratable acidity of 1.53 with a yellowish white color, slight cheese aroma, slightly salty, not
hard, and tend to be preferred.
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