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ABSTRACT: This research aimed to (1) discover the appropriate formula for the production of Nam Dok Mai mango cheese 
analog products and (2) study the physical, nutritional, microbial, and sensory properties of the produced Nam Dok Mai 
mango cheese analogs. To investigate the appropriate formula, the factors studied included the pH value of Nam Dok Mai 
mango juice (2.50 or 3.00) and the proportion of salted butter (18.0% or 19.5%) and carrageenan (0.8% or 0.9%). The 
study was conducted by using the factorials in a completely randomized design experiment. It was found that the optimal 
formula for the Nam Dok Mai mango cheese analog consisted of 33.0% casein protein, 46.0% Nam Dok Mai mango juice 
(pH 3), 19.5% salted butter, 0.5% sodium citrate, 0.9% carrageenan, and 0.1% xanthan gum. Regarding the nutritional val-
ue, it was found that the Nam Dok Mai cheese analog (100 g) contained 129.00 g of -carotene, 148.41 mg of calcium, 
1.15 g of dietary fiber, and 21.50 g of vitamin A. Sixty-eight percent of consumers scored it as “moderate” for overall ac-
ceptability. However, when the consumers received the nutritional information of the Nam Dok Mai mango cheese analog, 
many (76%) said they would buy the product because it contains vitamin A that important for vision and eye health. Con-
suming enough vitamin A helps protect against certain eye diseases, such as age-related macular degeneration. This is con-
sistent with the lifestyles of people today who use their eyes too hard, such as staring at a computer screen and cell 
phones all day. 
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INTRODUCTION

Cheese products are popular around the world. Cheese is 
used as a component of foods such as hamburgers, sand-
wiches, salads, and processed food products or as the 
main ingredient in food products such as pizza and pasta 
dishes. It is also used as a component in modern Asian 
twist cuisine. In addition, cheese is popular in Shabu- and 
Korean-style grill. Cheese is produced from the milk of 
many domestic animals, including cows, sheep, and buffa-
lo (Villalobos-Chaparro et al., 2018). At present, consum-
ers want to reduce the environmental footprint of their 
diet, so switching to plant-based alternatives is a good op-
tion. However, cheese produced from raw milk has high 
production costs; this has resulted in the development of 
low-cost alternative cheeses, known as cheese analogs. 
In addition to being low in cost, cheese analogs have fast 
and easy production processes and high storage stability 
(Aini et al., 2019). A cheese analog is a product that re-

sembles cheese. It is produced from milk fat or vegetable 
oil, milk or plant protein, emulsified salts, and additives 
(Badem and Uçar, 2016). The cheese analog industry can 
be found worldwide, with the major manufacturers be-
ing located in the United States and Europe. The global 
cheese analog market was valued at $2,470 million in 
2018 and is expected to reach $5,200 million by the end 
of 2025.

Nam Dok Mai mango is an important economic fruit 
in Thailand and is accepted by consumers worldwide. It 
has an output of approximately 1,300,000,000 kg per year 
and an export volume of approximately 1,000,000 kg per 
year. Its fragrance is unique, so it is desired by consumers 
and is exported to foreign markets such as Japan, Viet-
nam, Malaysia, South Korea, China, Laos, and Hong Kong 
(Ngamrabam et al., 2018). It has also gained shares in 
other countries such as New Zealand and the United 
States (Tasuk, 2013). However, due to the global situa-
tion of coronavirus disease 2019, farmers who grow Nam 
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Table 1. The basic recipe for the Nam Dok Mai mango cheese 
analog

Ingredient Amount (%)

Casein protein 33.00
Nam Dok Mai mango juice 46.00
Salted butter 16.50
Milk powder  3.00
Sodium citrate  0.50
Carrageenan  0.70
Xanthan gum  0.30

Dok Mai mangoes have seen the price of Nam Dok Mai 
mangoes falling because the output exceeds the domestic 
demand. Because the product cannot be exported due to 
Covid restrictions, oversupply has occurred, resulting in 
spoilage and waste. 

Nam Dok Mai mangoes are rich in vitamin A and - 
carotene, which are natural phytochemicals that are ben-
eficial to eye health. In this study, we considered the pos-
sibility of incorporating mangoes into cheese analog prod-
ucts due to their good smell, sweetness, and delicious-
ness, as well as their high content of -carotene and vita-
min A. Currently, the cheese products on the market are 
available in a limited amount of flavors. Therefore, we 
aimed to produce a novel and interesting product that 
had added health benefits that respond to the consump-
tion behavior of today’s health-conscious consumers. The 
use of Nam Dok Mai mangoes in cheese analogs will help 
to reduce the loss of Nam Dok Mai mangoes.

MATERIALS AND METHODS

Preparation of the Nam Dok Mai mango cheese analog
We produced the Nam Dok Mai mango cheese analog by 
following the basic formula specified in Table 1. In brief, 
milk powder was mixed with water (60°C∼65°C), and 
vinegar (4%) was added. Then, the mixture was filtered 
through a cheesecloth, and the solid mixture that remain-
ed in the cloth was pressed to leave only casein protein. 
We produced Nam Dok Mai mango juice by preparing 
mango pulp and concentrated mango juice (62.53±0.15 
°Brix) in a ratio of 1:1 and mixed them in a blender until 
a homogeneous mixture was obtained. Next, we heated 
the mango juice with salted butter until the butter melted. 
The mixture was stirred until the ingredients were thor-
oughly mixed. Then, we blended this mixture with the 
prepared casein protein until the mixture was smooth 
and homogeneous. The mixture was then poured into a 
container and heated by indirect steam at 85°C for 10 
min. Carrageenan and xanthan gum were then added, and 
the mixture was stirred for 5 min or until the carrageenan 
and xanthan gum had dissolved. The mixture was then 
poured into a 9×9 cm square stainless steel mold and 

stored at 4°C.

Consumer acceptability tests
Once the Nam Dok Mai mango cheese analog was pre-
pared, we asked 50 consumers to rate it using the Just 
About Right (JAR) scale to rate its attributes in terms of 
flavor, milkiness, sourness, sweetness, saltiness, oiliness, 
stickiness, and toughness. The results obtained were used 
to determine factors for further study of appropriate for-
mulas.

Appropriate formula for producing the Nam Dok Mai 
mango cheese analog
The results of the consumer acceptability tests for the ba-
sic formula were used to define variables and variable lev-
els to plan the experiment using a completely randomiza-
tion factorial design and to analyze the physical and chem-
ical properties and sensory preferences. The details are 
shown below.

Physical analysis
The texture analyzers adapted from the method of 
Thaiphanit (2020) include firmness, stickiness, and adhe-
siveness. The samples were prepared to a size of 4.5×4.5 
cm using a spherical stainless indenter with a diameter 
of 5 mm, which was pushed down by 13 mm at a speed 
of 2 mm/s.

Meltability was assessed by reducing the weight of the 
samples to 15.00±0.05 g and then placing them into a 
glass tube (200 mm in length, 40 mm in diameter). The 
samples were stored at 4°C for 30 min and then heated 
in an oven at 110°C for 60 min. Subsequently, they were 
placed horizontally to cool to room temperature (37°C), 
and then the distance of the sample to melt was mea-
sured (Maneerate, 2006).

Flowability was determined using the Schreiber test. 
The diameter of the samples was 41 mm, and the thick-
ness was 4.80 mm. The samples were placed in the cen-
ter of a Petri dish and compared with the Schreiber test 
image shown in Fig. 1. Samples were oven-dried at 232°C 
for 10 min and then left to stand at room temperature 
(37°C) for 30 min. The total flow measurement was per-
formed at six points (from A to F), and each point was 
divided into 11 ranges (from 0 to 10). The values from 
the six points were taken to find the average value, and 
the obtained value was compared with the standard val-
ue of cheese. If the value is equal to or greater than 4, it 
can be accepted (Maneerate, 2006).

The microstructure was analyzed using a scanning elec-
tron microscope (SEM) (Philips Model XL30) using a 
method adapted from Maneerate’s method (Maneerate, 
2006). Five samples of Nam Dok Mai mango cheese ana-
log were cut into squares 0.5×0.5 cm in size. The pre-
pared samples were dried using the freeze-drying meth-
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Fig. 1. Schreiber test.

Table 2. Sensory evaluation of Nam Dok Mai mango cheese analogue using the Just About Right (JAR) scale (N=50)

Attribute
Opinion level

Net effect
Too soft Soft JAR Dark Too dark

Nam Dok Mai mango flavor  2.00 14.00 64.00 14.00 6.00   4.00
Milk flavor 12.00 38.00 46.00  4.00 0.00 —46.00
Sourness 40.00 26.00 28.00  4.00 2.00 —60.00
Sweetness  0.00 14.00 66.00 20.00 0.00   6.00
Saltiness 16.00 26.00 56.00  2.00 0.00 —40.00
Oiliness 12.00 32.00 52.00  4.00 0.00 —40.00
Toughness 20.00 44.00 30.00  4.00 2.00 —58.00
Stickiness 22.00 44.00 30.00  4.00 0.00 —62.00

od and coated with gold ions. The microstructures of the 
samples were studied under SEM at 200× magnification. 
The microstructures of the products were recorded.

Chemical analysis
Measurement of pH was performed using a pH meter 
(Model PH 700, EUTECH). Sweetness was measured us-
ing a refractometer (Model PAL 1 model, ATAGO). Mois-
ture content was measured according to the Association of 
Official Agricultural Chemists method (AOAC Interna-
tional, 2019)

Subsequently, the appropriate formula was selected by 
considering the results of the physical and chemical ana-
lyses. The data were analyzed by clustering using hier-
archical cluster analysis.

Study to evaluate sensory preferences
The Nam Dok Mai mango cheese analog that was selected 
was tested for consumer preferences. Panelists were giv-
en a 9-point hedonic scale and were asked to consider 
the appearance, Nam Dok Mai mango flavor, milk flavor, 
sweetness, saltiness, sourness, oiliness, stickiness, tough-
ness, and overall preference for the product. The study 
was conducted in compliance with the requirements of the 

Good Clinical Practice/International Council for Harmoni-
sation guidelines for clinical trials. The study received ex-
pedited review from the Rajamangala University of Tech-
nology Thanyaburi Review Board on September 18, 2021 
(Protocol number RMUTT_REC No. Exp 45/64).

Physical, nutritional, microbial, and sensory properties of 
the Nam Dok Mai mango cheese analog
The physical analysis included the firmness (g), sticki-
ness (g), and adhesiveness (g/s), which were measured 
using a texture analyzer (Thaiphanit, 2020). Meltability 
(cm) and flowability were assessed by the Schreiber test 
(Maneerate, 2006). The microstructure was analyzed by 
SEM (Maneerate, 2006). The nutritional analysis included 
the protein, fat, carbohydrate, dietary fiber, ash, -caro-
tene, calcium, and moisture contents (AOAC Internation-
al, 2019). The microbial analysis included Salmonella spp., 
Staphylococcus aureus, and Listeria monocytogenes (AOAC In-
ternational, 2019). 

Sensory acceptance of the Nam Dok Mai mango cheese 
analog
The method as evaluate sensory preferences but use the 
number of consumers as 100 people by distributing sam-
ples along with questionnaires. 

RESULTS

Acceptability of the basic formula of the Nam Dok Mai 
mango cheese analog
The consumer preference test was performed using the 
JAR scale to measure the acceptability level according to 
the set criterion. It was found that for all properties, the 
acceptability was in the range of 30%∼66%, which was 
lower than the set criterion (70%); Therefore, we must 
consider the net effect value again. If any attribute has a 
score lower than −20, it means that the attribute should 
be adjusted further. And if it is higher than 20, it means 
that that characteristic should be reduced. But if the score 
is between −20 and 20, then there is no need to adjust 
that characteristic. The direction of adjustment is as fol-
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Table 3. Experimental design by factorial completely random-
ized design

Treatment pH of Nam Dok Mai 
mango juice

Salt fresh 
butter (%)

Carrageenan 
(%)

1 3.00 18.00 0.80
2 3.00 19.50 0.80
3 3.00 18.00 0.90
4 3.00 19.50 0.90
5 2.50 18.00 0.80
6 2.50 19.50 0.80
7 2.50 18.00 0.90
8 2.50 19.50 0.90

Table 4. Average physical and chemical quality analysis of the Nam Dok Mai mango cheese analogs

Treatment Firmness 
(g)

Stickiness 
(g)

Adhesiveness
(g/s)

Meltability 
(cm) Flowability Moisture 

content (%) pH Sweetness 
(°Brix)

Control 56.80±3.15 16.38±2.75 10.09±0.25  5.37±0.15 0.00±0.00 31.15±2.33 4.41±0.75 11.10±0.20
1 82.03±16.22 10.89±1.04  4.27±0.70  9.10±0.79 1.00±0.86 41.97±1.97 4.80±0.32 14.97±0.92
2 65.80±2.97 11.31±3.02  5.05±1.32 10.06±0.60 1.37±0.80 44.30±0.61 4.83±0.15 13.93±0.55
3 77.79±12.55  8.27±0.88  3.59±0.04  9.67±1.15 1.16±0.88 43.77±1.38 4.82±0.47 14.57±0.11
4 74.91±7.27  9.78±1.00  4.16±0.26  9.93±0.30 1.22±0.25 42.90±1.05 4.77±0.10 16.00±0.43
5 20.87±0.72 10.78±1.99  6.40±1.32  8.60±0.72 0.61±0.35 42.60±2.78 4.19±0.17 15.43±0.42
6 20.49±3.44 11.91±1.34  6.50±0.76  8.07±0.11 0.84±0.29 43.30±0.53 4.09±0.10 12.90±0.50
7 14.44±0.91  7.84±1.61  4.14±1.11  8.17±1.13 2.83±1.30 48.13±8.63 4.36±0.50 14.53±0.87
8 18.55±1.95  8.02±1.11  4.38±0.90  8.30±1.13 1.89±1.11 42.07±1.85 4.14±0.49 14.60±1.11

Values are presented as mean±SD.

lows, the properties of Nam Dok Mai mango flavor and 
sweet taste were no need to improve these properties. 
But the properties of milk flavor, sourness, saltiness, oil-
iness, stickiness, and toughness were required adjust-
ment in an increasing direction, as shown in Table 2.

Appropriate formula for the production of the Nam Dok 
Mai mango cheese analog
According to the study of the acceptability of the basic 
formula in terms of milk taste, sour taste, salty taste, oili-
ness, stickiness, and toughness, all these factors required 
improvement. Therefore, the basic formula was adjusted. 
Three factors were adjusted: (1) the pH value of the Nam 
Dok Mai mango juice was converted to two levels: 2.50 
and 3.00; (2) the proportion of salted butter was con-
verted to two levels: 18.0% and 19.5% by weight; and 
(3) the carrageenan content was converted to two levels: 
0.8% and 0.9% by weight. A total of eight formulations 
were arranged using the factorial CRD method, as shown 
in Table 3.

The physical and chemical properties of the new for-
mulations were analyzed, including the firmness, sticki-
ness, adhesiveness, meltability, flowability, moisture con-
tent, pH, and sweetness. The results are shown in Table 4. 

The hierarchical clustering analysis divided the formu-
lations into two groups, as shown in Fig. 2. Hierarchical 
cluster analysis was performed using eight samples of 

Nam Dok Mai mango cheese analog products and a prod-
uct from the market as a control. It was found that sam-
ples 1, 2, 3, and 4 were not significantly different from a 
product from the market (control), and these samples 
were clustered as Group 1. They had smooth and delicate 
textures, were not grainy, and could be easily cut into 
slices. The samples clustered into Group 2 (samples 5, 6, 
7, and 8) had soft textures, looked like cream cheese, had 
coarse-grained textures, and could not be cut into slices. 
Consequently, the four samples in Group 1 were tested 
for consumer preferences using a 9-point hedonic scale. 
Fifty consumers were asked to consider the appearance, 
Nam Dok Mai mango flavor, milk flavor, sweet taste, salty 
taste, sour taste, oiliness, stickiness, toughness, and over-
all preference. It was found that there were no significant 
differences (P≥0.05) in the scores between the samples. 
The results are shown in Table 5.

The microstructures of the Nam Dok Mai mango cheese 
analog products were studied under SEM at 200× mag-
nification, as shown in Fig. 3. It was found that a prod-
uct from the market (control) had more layers and larger 
pores inserted into the protein network than the Nam 
Dok Mai mango cheese analog (treatment 1∼4), as shown 
in Fig. 3A. Regarding the properties of the microstruc-
ture of the product, the Nam Dok Mai mango cheese ana-
log had a tight protein network, and the pores found in 
the structure look like scattered small holes.

Physical, nutritional, and microbial properties of the Nam 
Dok Mai mango cheese analog
The physical, nutritional, and microbial properties of 100 
g of Nam Dok Mai mango cheese analog were studied. 
The results are shown in Table 6. Regarding the physical 
properties, the firmness, stickiness, adhesiveness, melt-
ability, and flowability were 74.91 g, 9.78 g, 4.16 g/s, 
9.93 cm, and 1.22, respectively. 

In the study of the nutritional value of the Nam Dok 
Mai mango cheese analog products, it was found that 100 
g of the Nam Dok Mai mango cheese analog provided 
356.20 kcal of energy, 7.58 g of protein, 26.80 g of fat, 
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Table 5. Consumer preference test scores for the Nam Dok Mai mango cheese analogues

Attribute
The average of preference score

Treatment 1 Treatment 2 Treatment 3 Treatment 4

Appearancens 7.70±0.93 7.86±0.99 7.78±0.91 7.78±0.89
Nam Dok Mai mango flavorsns 7.64±1.06 7.78±1.01 7.44±1.18 7.54±1.01
Milk flavorsns 7.22±1.25 7.62±1.05 7.40±1.16 7.50±0.95
Sournessns 7.36±1.02 7.62±1.21 7.62±1.07 7.40±1.11
Sweetnessns 7.08±1.26 7.34±1.30 7.12±1.57 7.30±1.34
Saltinessns 7.24±1.45 7.56±1.18 7.54±1.22 7.46±1.05
Oilinessns 7.32±1.09 7.44±1.36 7.52±1.09 7.32±1.10
Toughnessns 6.66±1.69 7.04±1.64 7.28±1.32 7.08±1.34
Stickinessns 6.76±1.65 7.20±1.43 7.36±1.31 7.12±1.42
Overall preferencens 7.36±1.02 7.68±1.28 7.82±1.10 7.72±0.90

Values are presented as mean±SD.
nsNo statistically significant differences (P≥0.05).

Fig. 3. The microstructures of various cheese analogs. (A) Commercially available cheese analog (control). (B) Nam Dok Mai mango 
cheese analog treatment 1 (pH of Nam Dok Mai mango juice 3.00, 18.0% salted butter, 0.8% carrageenan). (C) Nam Dok Mai 
mango cheese analog treatment 2 (pH of Nam Dok Mai mango juice 3.00, 19.5% salted butter, 0.8% carrageenan). (D) Nam Dok 
Mai mango cheese analog treatment 3 (pH of Nam Dok Mai mango juice 3.00, 18.0% salted butter, 0.9% carrageenan). (E) Nam 
Dok Mai mango cheese analog treatment 4 (pH of Nam Dok Mai mango juice 3.00, 19.5% salted butter, 0.9% carrageenan).

Fig. 2. Segmentation diagram based 
on hierarchal cluster analysis.

21.17 g of carbohydrates, 1.15 g of dietary fiber, 21.50 g 
of vitamin A, 129.00 g of -carotene, and 148.41 mg of 
calcium. 

In the analysis of the microbiological properties of the 
Nam Dok Mai mango cheese analog product, it was found 
that Salmonella spp., L. monocytogenes, and S. aureus were 
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Table 6. The results of the physical, nutritional, and microbial 
properties of 100 g of Nam Dok Mai mango cheese analog

Quality value Amount

Physical
  Firmness (g)  74.91
  Stickiness (g)   9.78
  Adhesiveness (g/s)   4.16
  Meltability (cm)   9.93
  Flowability   1.22
Nutritional value
  Total energy (kcal) 356.20
  Energy from fat (kcal) 241.20
  Total fat (g)  26.80
  Saturated fat (g)  18.75
  Cholesterol (mg)  39.55
  Protein (g)   7.58
  Carbohydrate (g)  21.17
  Dietary fiber (g)   1.15
  Sugar (g)  19.71
  Sodium (mg) 348.54
  Vitamin A (g)  21.50
  -Carotene (g) 129.00
  Vitamin B1 (mg) <0.03
  Vitamin B2 (mg)   0.07
  Calcium (mg) 148.41
  Iron (mg)   0.29
  Ash (g)   1.76
  Moisture (%)  42.90
Microorganism
  Salmonella spp. (per 25 g) Not detected
  Staphylococcus aureus (CFU/g) <10est
  Listeria monocytogenes (per 25 g) Not detected

CFU, colony-forming unit.

within the range of accepted food standards for patho-
genic microorganisms.

Sensory acceptance of the Nam Dok Mai mango cheese 
analog product
According to the study of consumer preferences using the 
central location test (CLT) and 9-point hedonic scale, it 
was found that the consumers rated the appearance, over-
all preference, Nam Dok Mai mango flavor, sweetness, 
sourness, and oiliness at moderate levels. When the con-
sumers received nutritional information about the Nam 
Dok Mai mango cheese analog product, 76 consumers 
(76%) said they would buy the product. 

DISCUSSION

The consumer preference test was performed using the 
JAR scale to measure the acceptability level according to 
set criteria. If the JAR level equal to 70% indicates that 
there is no need to improve the properties of the prod-
uct (Wangcharoen, 2013). However, if the JAR level is 

lower than 70%, it must be considered the net effect val-
ue. If any attribute has a net effect value lower than −20, 
it means that the attribute should be adjusted further. 
And if it is higher than 20, it means that that character-
istic should be reduced. But if the score is between −20 
and 20, then there is no need to adjust that character-
istic (Liamkaew and Chompreeda, 2018).

The microstructures of the Nam Dok Mai mango cheese 
analog products were studied under SEM. It was found 
that a product from the market (control) had more layers 
and larger pores inserted into the protein network com-
pared to the Nam Dok Mai mango cheese analog (treat-
ment 1∼4), as shown in Fig. 3A. Therefore, fat was dis-
tributed widely in the protein network (Maneerate, 2006). 
A tight protein network was observed the all of Nam 
Dok Mai mango cheese analog. This structure is formed 
by coagulation during milk precipitation and by the ad-
dition of emulsifiers, which creates uniform condensation 
among fat, protein, and water (Phosanam, 2006). The 
pores found in the structure are lipids that are inserted 
into the protein network, which look like small holes scat-
tered throughout the protein network. It was observed 
that the fat was distributed better in the Nam Dok Mai 
mango cheese analog compared to the control product 
(Maneerate, 2006).

According to the analysis of nutritional properties, the 
Nam Dok Mai mango cheese analog product contains 
-carotene. When ingested, the body converts -carotene 
molecules into vitamin A for producing rhodopsin in the 
retina. In addition, -carotene can reduce cell degener-
ation from free radicals, help brighten the skin, slow down 
aging, and stimulate the body’s immune cells (Buadilok, 
2020). The Nam Dok Mai mango cheese analog product 
also contains calcium, an important mineral for the 
body. Calcium is responsible for helping with the func-
tioning of various systems, such as keeping bones strong 
(Panyakhamlerd et al., 1997).

According to the analysis of microbiological properties 
of the Nam Dok Mai mango cheese analog product, the 
levels of Salmonella spp., L. monocytogenes, and S. aureus 
were within the range of the food standards for patho-
genic microorganisms according to the Notification of the 
Ministry of Public Health (2021).

According to the study of consumer preferences using 
the CLT and 9-point hedonic scale, it was found that the 
consumers rated the appearance, overall preference, Nam 
Dok Mai mango flavor, sweetness, sourness, and oiliness 
of the cheese analog at moderate levels. When the con-
sumers received nutritional information about the Nam 
Dok Mai mango cheese analog product, 76 consumers 
(76%) decided to buy the product. This shows that nu-
trition labels are important for consumer purchasing de-
cisions. This is because foods with nutritional informa-
tion have been shown to benefit the health conscious, 
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make known the type and amount of nutrients to be ob-
tained, and can also be used to assess which products 
provide the most benefits. Nutritional value is an im-
portant factor for today’s consumers when choosing prod-
ucts. Therefore, nutrition labels are an important aspect 
to which manufacturers should pay attention.
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