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Dangke cheese (DC) is a traditional cheese from Enrekang Regency, South Sulawesi, Indonesia. The functional dangke cheese
(FDC) was developed from DC with product diversification to obtain new cheese variants. FDC is hard cheese (HC) through
fermentation, ripening, and coating processes. Therefore, the EF becomes an alternative for coating HC because it can
maintain product mass, shelf life, and flavor. This study is aimed at determining edible film (EF) characteristics and analyzing
EF’s prospects in coating HC. The research method was conducted in two stages. The first stage was to make a whey base EF
solution with 1%, 1.5%, and 2% KF. The EF was analyzed using a randomized complete block design. The analysis result of
whey-based EF combined with KF was then conducted in the second stage of the research by applying HC produced in the
laboratory and then stored for 0, 10, 20, and 30 days, respectively. Physical tests such as pH and organoleptic were carried out
using factorial pattern group randomized design analysis. The results of the first stage of the study showed that EF from whey
combined with KF had a very significant effect (P < 0 01) on EF parameters (gelation time, thickness, extensibility, tensile
strength, and water vapor transmission rate (WVTR)). The results of the second stage of the study showed that EF applied to
HC using different storage lengths had a significant effect (P < 0 01) on color and liking but no significant effect (P > 0 05) on
pH and texture parameters. Meanwhile, HC without EF coating has a significant impact (P < 0 01) on texture and color
parameters but no significant effect (P > 0 05) on pH, aroma, and liking. 1.5% KF in an EF formulation is the best. HC coated
with EF was more durable (20 days) than HC without EF (10 days).

1. Introduction

Dangke cheese is a typical cheese from Enrekang Regency,
which is made by curdling fresh milk using papaya sap; then,
the curd formed is molded using coconut shells. The process
for making this cheese is the same as cottage cheese, but the
shape is different because dangke cheese is coagulated with
papaya sap. Hence, it requires the right concentration when
coagulating so as not to taste bitter. Also, the shape of this

cheese is unique because it is molded in the form of a
coconut shell, so the shape is like a semicircle, which is
slightly oval.

The coating on cheese is mainly used to prevent the skin
layer on the cheese from evaporation [1]. Various coatings
have been used, for example, wax or paraffin synthetic with
multiple colors, the most are wax red and yellow [2]. Natural
coating materials in our previous studies use candle honey
(bee wax). The coating for cheese is mainly to prevent the
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formation of the outer layer of cheese so that it does not
harden, especially for cheese that will be stored for a long
time. This research will develop dangke cheese into hard
cheese for a longer shelf life. The following process remains
in vacuum packaging to avoid evaporation and prevent
microbial contamination.

EFs are type coatings like films, sheets, or thin layers as
an integral of product food and can be consumed together
with packaged products [3, 4]. Besides, to reduce the charac-
teristic brittle of the resulting film, added material plasticizer
(sorbitol) [5, 6], increasing the height of the plasticizer used,
produces more characteristics of plastic that are not healthy
for human consumption [7]. The EF made from this organic
material can be one solution for reducing the pollution of
the environment [8]. The use of plastics coating on food
can cause plastic to accumulate in the environment and also
can cause plastic substance residues in food, which can be
dangerous for consumers’ health [9]. The material plasticizer
field also affects the formation of edible whey protein films
[3]. Plasticizers are materials with added low-weight mole-
cules, meaning increased elasticity from EFs [10].

Flour konjac is a simple polysaccharide found on the
market [11–13]. The additional percentage mixture of differ-
ent hydrocolloids will produce characteristics of other EF.
The previous study resulted in the addition of konjac in EF
making that can repair parts of strong tensile, elongation,
thickness, water vapor transmission rate (WVTR), and time
gelation [14].

Whey proteins are one material common to EF forma-
tion obtained as by-products in dangke and cheese making
[3, 15, 16]. EFs from whey protein have a good nature as a
coating that forms a transparent film that is soft, not smelly,
and not colored and can hold the scent of the food that
coated the product.

A mixture of flour konjac can produce good gels because
there is a synergistic connection in gel formation, stimulat-
ing gel with better gel strength, texture, and elasticity [17].
Widjanarko [18] states that konjac, as an agent gel, can form
reversible and irreversible gels under different conditions.
Flour konjac can form a gel with heat up to 85°C in a deep
condition alkaline (pH9-10). Konjac flour for edible films
also has the potential to act as an antioxidant, so it is an edi-
ble film that can be eaten, so it does not need to be removed
when the cheese is eaten.

Elongation is a measure to find out how long an EF can
thicken or form a gel after being poured into a mold [19–21].
Glaciation or gel formation is an exciting and very complex
phenomenon, but until now, the mechanism has yet to be
explained. In principle, the formation of a hydrocolloid gel
occurs due to the forming of a three-dimensional network
by primary molecules that cover the entire volume of the
gel formed with the amount of water trapped in it [22].
The strength of the gel EF is related to the chemical structure
of the polymer, additives, and environmental conditions
during the process of forming the EF [23].

Gel strength is the maximum force determining the EF
[24]. EFs with high TS can protect packaged products from
mechanical disturbances [25]. Elongation shows the maxi-
mum long moment change to obtain tensile force until the

film breaks. The elongation value is always related to the ten-
sile strength, indicating the gel’s ability to be stretched as a
coating [26]. Strong attraction is the maximum force to
determine EF. EF with high TS can adequately protect pack-
aged products from mechanical disturbances [25]. Elonga-
tion shows the maximum long change of moment to
obtain tensile force until the film breaks [27]. The elongation
value is always related to the tensile strength, which indicates
the gel’s ability to be stretched when used as a coating [28].
Prosperity is good if the value is more than 50% and wrong if
the value is less than 10% [25]. Purwadi’s research (2010)
using chicken skin gelatin combined with soy protein isolate
had an average value of 6.88N, while EF elongated at
30.74%.

Cheese is a dairy product that contains high food nutri-
tional value [29, 30]. Based on the texture, cheese can be
divided into three parts: hard cheese, semihard cheese, and
soft cheese [31]. Various types of cheese can be found in
the commercial market [32]. Fresh cheese, commonly called
fresh cheese, does not require ripening or fermentation in
the manufacturing process [33].

Several factors influence the type and variety of cheese,
the degree of milk acidity in the curd formation process,
the type of microorganism used for fermentation [34], and
the nutritional composition of milk in cheese making,
including fat content, also including incubation temperature,
humidity, production process, and ripening time in process-
ing cheese [35, 36].

To extend the product’s shelf life and prevent skin for-
mation on the cheese, it is overcome by using a coating.
The commonly used coatings are wax and paraffin, but
wax and paraffin are nonedible. Therefore, an innovation
was created using layers from EF using organic materials
that can be functional, namely, konjac.

2. Materials and Methods

2.1. Materials. Fresh bovine milk (3.1% fat, 3.2% protein,
and 4.1% lactose) was obtained from a smallholder farm,
Enrekang Regency, South Sulawesi, Indonesia. KF was
obtained from a commercial supermarket in South Sulawesi,
Indonesia.

2.2. Research Design. This research was conducted in 2
stages. Stage 1 was to analyze the characteristics of whey-
based EF with a combination of KF. Stage 2 was to investi-
gate the prospects for the EF produced as a coating material
for HC. This method used a completely randomized design
(CRD) in one direction with three treatments and four
replications. The treatment in stage 1 was K1, 1% konjac
flour (KF); K2, 1.5% KF; and K3, 2% KF. The parameters
evaluated were the physical characteristics of the EF, such
as thickness, substantial drag, elongation, water vapor
transmission rate (WVTR), and gelation time. An EF with
the best physical characteristics will be selected to be
applied as a layer of HC. Figure 1 shows the process pro-
duction of edible film coating made from whey combined
with konjac flour.
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Phase 2 of this study used a completely randomized
design (CRD) with a factorial pattern using two groups,
group A applying EF to HC by different storage time (P1:
storage 0 days, P2: 10-day storage, P3: 20-day storage, and
P4: storage 30 days) and group B which are HCs without
EF coating which also have different storage times (Q1: 0-
storage days, Q2: storage ten days, Q3: storage 20 days,
and Q4: storage 30 days). Furthermore, the ripening process
was carried out at 4°C. The parameter measured pH and
organoleptic (aroma, color, texture, and preference) to
analyze the prospects using EF as a coating of hard cheese.

2.3. EF and HC Production. KF was weighed with an analyt-
ical balance (Sojikyo, 500 g/001 g) with the percentage (w/v)
1, 1.5, and 2 (%) dissolved in the liquid whey. Liquid whey is
obtained from the cheese making [37]. The flour and whey
solutions were thoroughly stirred using a hot plate and a
magnetic stirrer while being heated until they reached a tem-
perature of 90°C. When the solution reached 70°C, 30% plas-
ticizer was added from the main ingredient. When the EF
solution has reached a temperature of 90°C, the temperature
of the solution is maintained for 30 minutes. Therefore, the
solution was adjusted by adding 1-2ml of 1N NaOH until
it reached a pH of 7. Then, the solution was poured over a
12 × 12 cm printing glass, with a volume of 20ml, and cov-
ered by the same glass and then dried in an oven at 50°C
for 8 hours. The dried EF was removed from the printing

glass and stored in a container for 24 hours. Furthermore,
the EF is ready to be tested and used as a coating for HC.
EF and HC production can be seen in Figure 1.

2.4. Cheese Making. Cheese is made from pasteurized fresh
milk at 85°C for 15 seconds [38], then 0.3% papain is added
[39]. After coagulating the milk, it is printed on hemispher-
ical molds, perforated, and pressed with a press to release the
whey. The cheese is then stored on a cheese rack, and the
whey is drained [36]. The cheese is ripened for seven days
at 5°C until the color turns yellow [40]. The cheese is then
coated with konjac EF. The cheese was stored in the refriger-
ator to be investigated for quality.

2.5. Gel Strength and Elongation. The TS of the EF was mea-
sured using a digital meter HF 500. The size of the EF tested
was 8 × 3 cm2. The EF was attached horizontally to a clamp/
hook with an area of 1.5 cm on both sides of its length. The
TS value was read after sampling was removed from the
tools. Meanwhile, the elongation was calculated using the
following equation [23, 41]:

E =
100 × dafter – dbefore

dbefore
, 1

where E is the elongation of EF, after is the length EF
after pulled, and before is the length EFs before pulled.

Konjac four (w/v) dissolved in liquid whey

At a temperature of 70°C sorbitol was added as much as
30% of the total main ingredients

Te mixture was heated at 90°C

At a temperature of 90°C maintain the temperature for
30 minutes. Ten add NaOH to pH 7

Te edible solution is poured into each glass with a volume of 20 ml

Te edible solution is spread over the glass mold

Dried for 8 hours at 50°C

Removed from the plastic

Place in the prepared container

Edible flm

Applied to coat cheese

Figure 1: Edible film coating made from whey combined with konjac flour production.
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2.6. Thickness. EF thickness was measured using a microm-
eter (Syntec Digital Micrometer) with an accuracy of
0.001mm. Thickness measurements were performed at five
different locations on each EF sample to obtain a representa-
tive average thickness value [42].

2.7. Water Vapor Transmission Rate (WVTR). WVTR is the
rate constant at which water vapor can penetrate the EF at a
specific temperature and relative humidity. The WVTR glass
to be used is heated at 60°C for 10 hours [43]. The cold glass
was weighed first in an empty state before use. Then, the
glass has been filled with 3 grams of silica gel, and the glass
is considered again. Then, the EF was cut into a circular
shape with a diameter of 2.8 cm. The surface pieces of EF
are then placed in WVTR glass and weighed again. The glass
containing the sample is then stored in a controlled desicca-
tor with ±55% humidity. Every hour for 8 hours, the glass is
removed from the desiccator and reweighed. The WVTR
unit is expressed in g/mm2/hour. The WVTR formula was
calculated using the following formulation (modification
from Sukkunta et al. [44]):

CapWVTR =
G/n
A

, 2

where G/n is the difference in water weight increase, which is
absorbed by glass (g), and A is the wide area EF (g/mm2/h).

2.8. Gelation Time. The EF GT was tested by calculating the
time required using a stopwatch after the EF solution heated
with a hot plate stirrer was poured into a printing glass until
the solution solidified (formed a gel).

2.9. pH. EF solution was evaluated to pH by using Hanna pH
meter [45]. The sample was weighed as much as 5 g, then
mixed into 25ml of distilled water, and homogenized. Fur-
thermore, it was blended well after adding 50ml of distilled
water again. The pH of the solution was measured with a pH
meter (Scott Instrument 850-pH meter).

2.10. Sensory Evaluation. The organoleptic evaluation in this
study used the hedonic scale [46] to assess the quality of HC-
coated whey-konjac EF and without whey-konjac EF using
different storage times. Panelists were asked to score accord-
ing to the impressions obtained and the criteria provided.
Panelists can evaluate existing samples based on milk aroma,
texture (hardness), color, and preference. Panelists assess
each piece by marking it as a number with the scale provided
on the questionnaire sheet. Sensory evaluation was carried
out in the laboratory in a specific room by a panelist of 30
members (male and female), aged between 17 and 23 years,
based on EFs with the addition of different KF had a signif-
icant effect (P < 0 01) on the GT of EFs. Duncan’s further
test showed that the more KF was used, the more the GT
value would decrease. This is because KF can make a good
gel. This is the opinion [25], which states that adding KF
to manufacture EFs greatly determines the time for EF gela-
tion. A mixture of KF can produce a good gel, and this is due
to a synergistic relationship in gel formation to make a gel

with higher gel strength, better texture, and more ranging
between 20 and 25 years old.

The texture was rated as very hard (number 1) and very
soft (number 6). The colors are very white (number 1) and
very yellow (number 6). Likewise, the product appearance
is dislikes (number 1) and like (number 6). Likes: rate your
preferred EF based on your favorite cheese texture, milky
aroma, and color.

2.11. Data Analysis. Data analysis in stage 1 used a one-way
variance analysis [47] with four repetitions. If the results of
the variance analysis have a significant difference, then con-
tinue with Duncan’s significant difference test. The data
obtained in the study’s second phase were analyzed using a
two-way analysis of variance with 20 repetitions. Data on
pH values and sensory tests were analyzed using variance
analysis, and if there were significant differences, then fur-
ther testing was carried out with Duncan’s test.

3. Results

3.1. Physical Properties of EF

3.1.1. Gelation Time. Gelation time (GT) was measured
using a long glass, which was calculated using time, starting
from when the solution was poured until it was printed until
the solution formed a gel [48]. The film formation process is
a result of the temperature treatment of the gel formation
process, resulting in the formation of a matrix or network
through intermolecular and intramolecular hydrogen bond-
ing interaction. Gels are approximately 99.9% water but have
more solid characteristics, particularly elasticity and stiffness
[25]. Table 1 shows the effect of KF concentration on the
manufacture of whey-based EF. GT was measured using a
long glass and calculated using time, starting from when
the solution was poured until it was printed until the solu-
tion formed a gel [49]. The film formation process is a result
of the temperature treatment of the gel formation process,
resulting in the formation of a matrix or network [50]. Gels
are approximately 99.9% water but have more solid charac-
teristics, particularly elasticity and stiffness [25].

The GT in processing EFs made from whey DC with dif-
ferent combinations of KF is 8.50–14.29 seconds. The results
of this study were lower than those of studies of EFs with
other materials. Husnaeni’s study (2022) on EF made from
casein with the addition of red ginger juice found that the
GT was 17.13–24.73 seconds and, meanwhile, elasticity.
Setiani et al. [42] stated that starch gels are thicker and more
stable than protein gels in EF formation. Arsal’s research
(2021), based on casein with the addition of KF in making
EF, has an average GT of 19.5–13.9 seconds. Arsal [25] also
said that KF, or konnyaku, a source of hydrocolloid polysac-
charides, comes from the amorphophallus plant. Adding KF
to the EF solution can shorten the compressed time of the EF
after being poured into the mold. KF contains high gluco-
mannan, which can absorb water, bind water, form a gel
(gelling agent), and increase elasticity [51]. Adding KF to
the EF solution can shorten the solidification time of EF after
being poured into the mold. The low GT value indicates that

4 Journal of Food Processing and Preservation



the EF produced is more elastic than others whose EF is
more rigid and stiffer.

Table 1 also illustrates the average thickness of whey-
based EF produced by treating different KF concentrations,
which are 0.15–0.01mm. Several factors that influence EF
thickness are the type and composition of the material used.
Several studies have shown almost the same thickness,
including the results of this study. The results of research
[52] using casein as a base material were the resulting thick-
ness of 0.04–0.06mm. The EF uses the essential ingredients
of whey [53] and agar with a 0.02–0.04mm thickness. Fox
et al. [54] used corn starch as the primary material for mak-
ing EF, obtaining a 0.08 – 0.13 mm thickness.

Analysis of variance indicated that the manufacture of
EF through the addition of KF with various concentrations
had a very significant effect (P < 0 01) on the thickness of
the EF. Duncan’s further test showed that the viscosity value
would increase if the increased concentration levels of KF
were added to the EF. The reason why EF is getting denser
is because there are more and more solids in EF as a result
of the composition of the ingredients used. One factor that
influences the viscosity of this product is the ingredients
contained in the solution [52]. Figure 2 shows a cheese-
coated EF-based whey-konjac EF.

The amount of solids in solution is positively correlated
with viscosity. Viscosity will increase with the higher num-
ber of solids in the product. Nugroho et al. [55] suggested
that an increase in the number of solids in solution resulted
in more and more polymers making up the EF matrix. So,
the more KF concentration, the more viscosity will increase,
affecting the EF material’s thickness.

The EF thickness increases with the increased concentra-
tion of starch. This is because the more starch added, the
matrix of the polymer composite film will increase, and the
amount of EF solids will increase so that the resulting film
will be thicker. An increase in starch concentration caused
the solids in the film to increase [56]. Consequently, the
thickness of the EF also increased. Bourtoom [23] also
reported similar results that the ratio of potato starch will
increase monoglycerides and can produce EF with increased
thickness.

The volume of edible solution can also cause a difference
in the thickness of the EF poured on the printed plate; the
more edible solution is produced in EF sheets, the greater
the thickness is with the same surface area. The thickness
of the EF can be adjusted depending on the volume of the
solution poured into the mold. The greater the volume of
the EF solution used, the thicker the resulting EF will be
increased because the total solids in the EF solution will be
more significant.

3.2. Tensile Strength (ST). The volume of edible solution can
also cause a difference in the thickness of the EF poured on
the printed plate—the more edible solution produced in EF
sheets, the greater the thickness with the same surface area.
The thickness of the EF can be adjusted depending on the
volume of the solution poured into the mold. The EF thicker
will become, the more significant used EF solution volume.
This is because the total solids in the EF solution will be
more significant. The same thing was stated [57]: the
material’s composition and properties greatly determine
the EF thickness.

TS is the maximum pull reached until EF is intact before
breaking. Strong TS is a mechanical characteristic of EF. The
strong interest determines the strength of the EF. The
greater the ST, the better the EF resists mechanical damage.

The average TS EF based on whey at various KF concen-
trations is 3.20–8.17N, as seen in Table 1. TS from EF gives
more significant results when compared with that made
from whey and porang protein flour that is 0.4-6.5N. The
results of Judge’s research (2015) used whey and agar to have
a TS value of 13.3–22.9N. The TS of EFs from research [25]
made from 3% casein with a konjac combination of 1.2–
1.5% showed no difference; there was 7.4–7.4N. Several
factors, including the type and amount of material for man-
ufacture and plasticizers, influence the TS of EFs. The type
of material determines TS on EF [58]. Each type of material
has a different power to form molecular bonds. Arsal [25]
noted that the material formulation used in making EF has
the TS edible film.

The analysis of variance indicated that the addition of
KF concentration in the manufacture of EFs significantly
affected the TS of the EFs. Duncan’s further tests show that
TS will increase as more KF is added to produce EF. The
results also show that the thicker the EF, the higher the ten-
sile strength. This is due to the presence of hydrogen bonds
in the flour, which results in stronger chemical bonds of
konjac edibles, so to achieve maximum tensile strength, it
is necessary to have good tensile strength. This is the expla-
nation [42], which states that the hydrogen bonds formed
will cause an increase in the matrix of the EF. Konjac will
experience a glassy and mutual bond when drying the film,
resulting in a compact film matrix and high tensile strength.
Handayani and Nurzanah [59] suggested that changes in TS
are caused by interactions between protein molecule chains
so that less and less of the film matrix is formed. The reduc-
tion in intermolecular interactions is due to the high concen-
tration of plasticizers or liquid concentrations, which disrupt
the cohesiveness of the starch, reduce intermolecular inter-
actions, and increase the mobility of the polymer [6]. The
results of Kasmawati’s research (2018) conducted a study

Table 1: Physical properties by using KF with different concentrations for making whey-based EFs.

KF concentration (%) GT (sec) Thickness (mm) TS (N) Elongation WVTR (g/mm2/hour)

1.0 14 50 ± 1 73c 0 08 ± 0 00a 3 20 ± 0 00a 22 00 ± 2 16c 1 60 ± 0 24a

1.5 11 25 ± 0 50b 0 10 ± 0 02a 3 80 ± 0 60a 18 50 ± 0 57b 3 13 ± 0 00b

2.0 8 50 ± 1 29a 0 15 ± 0 01b 8 17 ± 1 00b 18 25 ± 0 50a 7 34 ± 1 20c

Note: different superscripts indicated very significant difference (P < 0 01). WTPR: water vapor transmission rate.
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of shallow whey-based EFs using the plasticizer sorbitol,
which affected strong traction. This is because the sorbitol
concentration can cooperate in reducing the bond between
polymer materials to increase the TS and soften the EF.
Sorbitol can reduce the intermolecular forces on the polymer
chains, increasing the flexibility of EFs, widening the
distance between molecules, and reducing hydrogen bonds
in the polymer chains.

The solid tensile properties are physical characteristics
related to the strength of EFs to withstand physical damage
when used as food packaging materials. The EF with the
highest TS is expected to withstand maximum physical
impairment so that product damage received is minimal.
EFs with high TS can protect packaged products from
mechanical disturbances [60].

Elongation shows the elasticity of the EF. Prosperity is
the maximum change in length during stretching until the
film sample breaks. The average elongation value of whey-
based EFs produced by treating with different concentra-
tions of KF is 18.25–22.00%. This is very different from the
research results by Arsal [25], using the essential ingredients
of casein with a combination of KF 20.4–22.4%. Sara and
Karakteristik [61] with whey-based ingredients has an elon-
gation of 20.00–73.33%. Further test results showed that
each concentration of KF experienced a different expansion
than others.

Variance analysis indicated that the percentage of KF in
the manufacture of EF had a very significant effect (P < 0 01)
on the elongation of EF. Duncan’s further test results show
that the higher the concentration of KF used in making
EF, the higher the elongation value. This is due to adding
flour to accompany konjac by increasing the plasticizer used.
The addition of dissolved solids and plasticizers affects the
performance of the polymer chain, thereby affecting the
elongation of the EF [41]. A high elongation value indicates
that the EF is more flexible. The addition of plasticizers that
are inappropriate or exceed a certain amount will result in
low elongation of the EF so that the EF becomes inflexible
and brittle [58]. Increasing KF, mainly starch and glucoman-
nan, to a certain level of use does not change its effectiveness;
however, if the amount is higher, it will affect the elongation
of the EF [25]. Adding 3% concentration would decrease the
elongation of the EF. Molecule chain bonds of the solid con-
stituent materials will reduce molecular motion and increase

the gelation temperature transition [62]. The bond formed
will be stiffer if the gelation transition temperature increases.

3.3. WVTR. WVTR is the rate transmission possible water
vapor passes or penetrates an EF on temperature and
humidity specific. Research results influence the concentra-
tion of flour konjac in manufacturing EFs made from base
whey, as shown in Table 1.

The average value of the water vapor transmission rate
(WVTR) of whey-based EF produced with different concen-
trations of KF was 1.60–7.34% g/mm2/hour. This result is
higher than research on EF with other materials. Al Awwaly
[63] used a whey-based ingredient with various glycerol con-
centrations having an average WVTR of 0. 01–0.014 g/mm2/
hour. Wahyuni [58] used casein-marked WVTR with an
average of 3.26–5.00 g/mm2/hour.

Analysis of variance indicates that the KF concentration
in making whey-based EF has a significant effect (P < 0 01)
on the WVTR value. Duncan’s further test showed that the
more KF added, the higher the WVTR value. This is because
the WVTR value is influenced by the type and amount of
material used to process EFs. The magnitude of the water
vapor transmission rate is caused by the type and amount
of material used [58]. The hydrophilic water vapor related
to the material transmission rate is used in EF making
[64]. This condition causes the EF to absorb more and more
water from the environment. The addition of plasticizer also
affects the value of WVTR. The transmission rate of water
vapor increased with the addition of plasticizers inmanufactur-
ing EFs. The EFs made of protein and polysaccharides have the
characteristic of high-water vapor transmission [61]. The
increase in the intermolecular distance and the hydrophilic
nature of sorbitol leads to a rise in the water vapor transmit-
tance signature. The increase in intermolecular distance causes
the formation of a free whey protein EF matrix space that facil-
itates water vapor diffusion.

3.4. pH. Potential hydrogen (pH) is a parameter to deter-
mine a solution’s acidity and wettability level. In this dangke
ripening study, the pH was measured to compare cheese
covered with EF without using a coating of EF. The pH value
can be seen in Table 2.

The pH value of HC continued to increase up to 30 days
of storage. HC without an EF coating obtained a pH value

K1 K3K2

Figure 2: Cheese-coated EF-based whey-konjac (konjac 1.0 (K1), 1.5 (K2), and 2% (K3)).
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ranging from 5.19 to 5.32. Meanwhile, HC using an EF layer
received a result of 5.08–5.16. The longer the HC is stored,
the more alkaline or pH value increases. The longer it is
stored, the more alkaline it becomes or loses its acidity,
and the pH value can affect the taste of a food product
[65]. However, in this study, the change in pH was stable
for both types of cheese, so it did not significantly affect
HC either without an EF or with an EF coating. The variance
analysis showed that HC without EF and using EF with dif-
ferent storage times had no significant effect (P > 0 05) on
the pH value of HC. This is presumably not influenced by
the activity of bacteria present in cheese products. The activ-
ity of lactic acid-forming bacteria is caused by the bacteria
capable of producing lactic acid at certain temperatures,
especially at optimal growth temperatures. The fermentation
process involving LAB is characterized by the accumulation
of organic acids, causing a decrease in pH and an increase in
lactic acid levels.

The pH decreases during the ripening process in cheese,
generally due to lactic acid produced by lactic acid bacteria
(LAB); the higher the lactic acid (LA) content in the cheese,
the lower the pH. LAB in cheese can produce LA from the
lactose present in cheese, which is needed to form flavors,
preventing pathogenic bacteria’s growth and the safety of
the final product [66]. LA is the result of glucose metabolism
from the breakdown of lactose. The increase in LA occurs
due to the presence of H+ ions. Because the decomposition
produces volatile lactose acid and breaks down the organic
phosphates in the casein, producing acid, LAB will continue
to form LA until the amount of cell activity decreases [67].
The activity of LAB cells can be reduced or even die if the
medium they grow is too acidic.

The lower the pH of fresh cheese, the softer the curd
formed, while the higher pH will produce elastic fresh
cheese. A low pH will make curd with a brittle texture
and easily crushed [55]. Meanwhile, a high pH will pro-
duce an elastic texture. Acidity affects activity in the
coagulation process. This also occurs in the manufacture
of fresh cheese with papaya fruit extract. The acidity of
milk produced with papaya latex coagulants can affect
clotting activity and the curd’s strength. It can affect
cheese yield [54].

A drop in pH occurs because BAL activity produces
energy through the fermentation process with the broken
substrate, which becomes simpler components. Formation
energy is addressed for metabolism cells. One substrate con-
tained in the liquid starter is lactose in the milk medium.

3.5. Organoleptic Test of FHC Coating by EF. Organoleptic
assessment is a test based on sensing processes. The body
parts that play a role in sensing are the eyes, ears, sense of
taste, smell, and touch. The ability of these five sensory
organs to give impressions or responses that can be analyzed
or differentiated based on the level of images presented by
the panelists. The field of appearance describes the distribu-
tion or range of tools that receive sensory stimulation. The
ability to provide an impression can be distinguished based
on the ability of the sense organs to react to the stimulus
received. These abilities include the ability to detect,
recognize (recognition), differentiate (discriminate), com-
pare (scaling), and express likes or dislikes (hedonic) [68].

Color is the first sensory that can be seen directly by the
panelists. The presence of spots on the surface of the cheese
can identify damage to the color of the cheese. Cheese coated
with and without EF has the color characteristics presented
in Table 3.

Observations on the color change of HC without EF and
HC coated with EF can be seen in Table 3 and Figure 3. The
color of HC without EF increased during storage from 3.16 to
4.40 (slightly yellowish white), and HC coated with EF experi-
enced an increase in color during storage of 3.86–5.33%
(yellow-white). The results of this study were higher than the
results of research [33], which obtained a product of coconut
cheese with a color of 3.44. From the variance analysis, we can
see that the length of storage of DC had a very significant effect
(P < 0 05) on the suitability of the cheese color coated with EF
and without EF. Further test results showed that the longer
DC was stored without an EF layer, the more yellow the color.
This is because the yellow color of DC is caused by ripening.
The ripening cheese within a month will produce complex
and yellow cheese [69]. The color of the EF that the naked eye
can detect is yellowish. Color gets a slight influence from whey
color. The whey color of some literature is yellowish-white. The
carotenoid content in the milk determines the intensity of the
color. These carotenoids are pigments that produce a yellowish
color. The carotenoid pigments found in cow’s milk will give a
yellow color to the coagulum-formed [55].

Texture is one of the characteristics of physical organo-
leptic assessment using the sense of touch or hands. Texture
is also important to assess consumer acceptance of food
products. Texture is one parameter affecting consumer
acceptance because it affects food delicacy. The texture
formed is influenced by the raw materials of a food product
[70]. The research results on the texture of HC using and
without EF coating can be seen in Table 3.

The texture of HC coating with EF decreased with the
length of storage, namely, 4.05-5.04. Likewise, HC with an
EF layer, namely 3.55–4.26. Analysis of variance showed that
the storage time of DC had no significant effect (P > 0 01) on
the texture value. It can be seen in Table 3 that the longer the
storage time, the texture of DC, both coated and not using
EF, will produce a hard texture. This is due to the ripening
process, which results in more extended storage and a more
complex cheese texture. Cheese ripening too long will pro-
duce a challenging cheese [71].

Aroma is the smell emitted by a processed food product
caused by chemical odor stimulation by the sense of smell

Table 2: Potential hydrogen (pH) dangke uses whey-konjac-EF
and without the use of EF by storage time.

Storage time (h)
pH

HC without EF HC coated EF

0 5 24 ± 0 06 5 16 ± 0 01

10 5 23 ± 0 21 5 16 ± 0 01

20 5 32 ± 0 13 5 08 ± 0 00

30 5 19 ± 0 02 5 08 ± 0 00
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due to the presence of volatile contents that can affect a
food’s acceptance by consumers and increase the attractive-
ness of the food product. The smell is caused by chemical
odor stimulation by the olfactory nerves in the nasal cavity
[72]—the results of the aroma study of DC products coated
with and without EF.

Table 3 and Figure 3 display that the longer the incuba-
tion time, the more HC coated with EF, and the smell of
milk decreases without coated EF. Analysis of variant data
indicated that the length of DC storage had no significant
effect (P > 0 01) on the aroma value of HC milk without

EF or HC EF coating. This is because the longer the storage,
the less smell of milk. The aroma value in this study shows
that the aroma of milk is in the control treatment or 0 days
(without cooking) because the control treatment is still in
the form of fresh cheese, so the milk aroma is still detected.
Consumers prefer the control cheese in this controlled study.
Unripened cheese is a type of fresh cheese without ripening;
the aroma of the cheese has not been formed and is still
dominated by the aroma of the milk used [73].

The hedonic test is a preference test (Table 4). Panelists
expressed likes or dislikes. This level of preference is called
hedonic. The panelists’ level of choice for food products
includes preference for texture, color, and aroma [74].

With longer storage, the HC coated with EF decreased
by 3.50 and 4.03. Meanwhile, HC without EF ranged from
3.24 to 3.71. The preference value is similar to Daulay’s
[73] results, where EF research produces a preference value
ranging from 2.59 to 4.00. Analysis of variance showed that
the curing time of HC coated with EF at 5°C had no signif-
icant effect (P < 0 01) on preference. The longer the storage,
the more complex the cheese texture. Besides that, the EF
does not stick to the cheese and makes the appearance of
the cheese less attractive to the panelists. The cheese ripened
too long will produce hard cheese, resulting in panelists not
liking the product [75].

4. Conclusion

The whey-based EF combined with KF with a percentage of
1.5% is perfect in decreasing its viscosity and elongation. HC
coated with and without EF can increase the pH value and
color but decrease the texture, aroma, and preference value.
EF, made from whey and konjac, can be used to coat hard
cheese, and for 20 days of storage at 5°C, the quality of the
cheese is good.

Data Availability

The data supporting the study’s finding are available and will
be provided upon reasonable request by the corresponding
author.

Table 3: Average score color, texture, and aroma HC coated whey-konjac EF and without coated EF.

DC Storage time (h) Code Color Texture Aroma

HC without EFs

0 WT 1 3 86 ± 0 33a 4 93 ± 0 24 4 93 ± 0 24

10 WT 2 4 19 ± 0 62a 5 04 ± 0 88 5 04 ± 0 88

20 WT 3 3 90 ± 0 21a 4 16 ± 0 19 4 16 ± 0 19

30 WT 4 5 33 ± 0 58b 4 05 ± 0 20 4 05 ± 0 20

Coated DC EFs

0 CT 1 4 40 ± 0 57a 4 26 ± 0 55 2 08 ± 0 63

10 CT 2 3 19 ± 0 62a 3 80 ± 0 67 3 70 ± 0 54

20 CT 3 3 16 ± 0 33a 3 93 ± 0 77 3 48 ± 0 15

30 CT 4 4 07 ± 0 27b 3 55 ± 0 21 3 05 ± 0 34

Note: different superscripts show a significant difference (P < 0 05).
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Figure 3: Radar map of average score color, texture, and aroma
HC-coated whey-konjac EF and without coated EF (WT: HC
without EFs; CT: coated DC EFs).

Table 4: Average preference coated DC whey-konjac EF and
without coated EF.

Storage time (h)
Preference

Cheese without EF Coated DC EF

0 3 50 ± 0 10 3 50 ± 0 10

10 3 56 ± 0 46 3 56 ± 0 46

20 4 00 ± 0 37 3 24 ± 1 19

30 4 03 ± 0 30 3 71 ± 0 30

8 Journal of Food Processing and Preservation



Conflicts of Interest

The authors have declared no conflicts of interest for this
article.

Authors’ Contributions

R.M. was responsible for the conceptualization. R.M., F.A.A.,
and R.W.K. were responsible for the data curation. R.M. and
F.A.A. were responsible for the formal analysis. R.M. and
F.A.A. were responsible for the methodology. R.W.K. was
responsible for the software. R.M. was responsible for the
validation. R.M., F.M., F.A.A., W.H., I.I, K.K., W.S.P., and
M.A were responsible for the investigation. R.M., F.A.A.,
and R.W.K. wrote the original draft. R.M., F.M., F.A.A.,
W.H., I.I., K.K., W.S.P., M.A., and R.W.K. wrote, reviewed,
and edited the manuscript.

Acknowledgments

The Research and Community Service Institute of Hasanud-
din University funded this research. This research was
founded from Hasanuddin University Research and Com-
munity Service Institute with funding of IDR 67,000,000
(US$ 4466) (contract number 323/UN4.22/PT.01.03/2023).

References

[1] Y. Zhong, G. Cavender, and Y. Zhao, “Investigation of differ-
ent coating application methods on the performance of edible
coatings on mozzarella cheese,” LWT-Food Science and Tech-
nology, vol. 56, no. 1, pp. 1–8, 2014.

[2] S. Pashova, “Application of plant waxes in edible coatings,”
Coatings, vol. 13, no. 5, p. 911, 2023.

[3] S. Kandasamy, J. Yoo, J. Yun et al., “Application of whey
protein-based edible films and coatings in food industries: an
updated overview,” Coatings, vol. 11, no. 9, p. 1056, 2021.

[4] A. Kocira, K. Kozłowicz, K. Panasiewicz, M. Staniak,
E. Szpunar-Krok, and P. Hortyńska, “Polysaccharides as EFs
and coatings: characteristics and influence on fruit and vegeta-
ble quality—a review,” Agronomy, vol. 11, no. 5, 2021.

[5] S. Frasisca, I. Rostini, A. H. Suryana, and I. R. Pratama, “Effect
of addition glycerol plasticizer to the characteristics of catfish
(Pangasius sp.) surimi protein EF,”World News of Natural Sci-
ences, vol. 30, no. 2, pp. 243–256, 2020.

[6] M. L. Sanyang, S. M. Sapuan, M. Jawaid, M. R. Ishak, and
J. Sahari, “Effect of plasticizer type and concentration on phys-
ical properties of biodegradable films based on sugar palm
(Arenga pinnata) starch for food packaging,” Journal of Food
Science and Technology, vol. 53, no. 1, pp. 326–336, 2016.

[7] K. Katsara, G. Kenanakis, E. Alissandrakis, and V. Papadakis,
“Honey quality and microplastic migration from food packag-
ing: a potential threat for consumer health,” Microplastics,
vol. 1, no. 3, pp. 406–427, 2022.

[8] B. W. Saputro and E. N. D. E. Susanto, “Karakteristik edible
film dari campuran tepung semirefined karaginan dengan
penambahan tepung Tapioka dan gliserol,” Jurnal Pengolahan
dan Bioteknologi Hasil Perikanan, vol. 6, no. 2, 2017.

[9] R. K. Gupta, P. Guha, and P. P. Srivastav, “Natural polymers in
bio-degradable/edible film: a review on environmental con-
cerns, cold plasma technology and nanotechnology applica-

tion on food packaging- a recent trends,” Food Chemistry
Advances, vol. 1, article 100135, 2022.

[10] M. Rumyaan, F. J. Polnaya, and H. C. D. Tuhumury, “Charac-
teristics of edible film made from bitter cassava starch with
glycerol,” AGRITEKNO: Jurnal Teknologi Pertanian, vol. 11,
no. 2, pp. 102–107, 2022.

[11] D. Felix da Silva, C. Y. L. Ogawa, F. Sato, A. M. Neto, F. H. Lar-
sen, and P. T. Matumoto-Pintro, “Chemical and physical char-
acterization of konjac glucomannan-based powders by FTIR
and 13C MAS NMR,” Powder Technology, vol. 361, pp. 610–
616, 2020.

[12] F. Laignier, R. A. Akutsu, I. R. Maldonade et al., “Amorpho-
phallus konjac: a novel alternative flour on gluten-free bread,”
Food, vol. 10, no. 6, pp. 1206–1213, 2021.

[13] P. Tripetch, S. Lekhavat, S. Devahastin, N. Chiewchan, and
C. Borompichaichartkul, “Antioxidant activities of konjac glu-
comannan hydrolysates of different molecular weights at dif-
ferent values of pH,” Food, vol. 12, no. 18, p. 3406, 2023.

[14] A. R. Ganesan, M. Shanmugam, P. Ilansuriyan,
R. Anandhakumar, and B. Balasubramanian, “Composite film
for edible oil packaging from carrageenan derivative and kon-
jac glucomannan: application and quality evaluation,” Polymer
Testing, vol. 78, article 105936, 2019.

[15] M. R. Fatma and M. Taufik, “Karakteristik EF Berbahan Whey
Dangke dan Agar dengan Menggunakan Gliserol dengan Pre-
sentase Berbeda,” JITP, vol. 4, no. 2, pp. 63–69, 2015.

[16] S. Galus and J. Kadzińska, “Moisture sensitivity, optical,
mechanical and structural properties of whey protein-based
edible films incorporated with rapeseed oil,” Food Technology
and Biotechnology, vol. 54, no. 1, pp. 78–89, 2016.

[17] X. Yang, A. Li, D. Li et al., “Improved physical properties of
konjac glucomannan gels by co-incubating composite konjac
glucomannan/xanthan systems under alkaline conditions,”
Food Hydrocolloids, vol. 106, article 105870, 2020.

[18] S. B. Widjanarko, Bahan pembentuk gel, Gramedia Pustaka
Utama, Jakarta, 2008.

[19] S. M. Avramescu, C. Butean, C. V. Popa, A. Ortan, I. Moraru,
and G. Temocico, “Edible and functionalized films/coating-
s—performances and perspectives,” Coatings, vol. 10, no. 7,
p. 687, 2020.

[20] A. S. Nandane and R. Jain, “Study of mechanical properties of
soy protein based edible film as affected by its composition and
process parameters by using RSM,” Journal of Food Science
and Technology, vol. 52, no. 6, pp. 3645–3650, 2015.

[21] T. Pinto, A. Pinto, and A. Vilela, “Edible coatings and films
for preparation of grapevine by-product infusions and in
freshly processed products,” Coatings, vol. 13, no. 8, p. 1350,
2023.

[22] N. Iglesias, E. Galbis, L. Romero-Azogil et al., “In-depth study
into polymeric materials in low-density gastroretentive formu-
lations,” Pharmaceutics, vol. 12, no. 7, pp. 636–644, 2020.

[23] T. Bourtoom, “EFs and coatings : characteristics and proper-
ties,” International Food Research Journal, vol. 15, no. 3,
pp. 237–248, 2008.

[24] A. Nurdiana, R. Marlina, and W. Adityasning, “Berantas Hoax
Seputar Vaksin Covid-19Melalui Kegiatan Edukasi dan Sosiali-
sasi Vaksin Covid-19,” ABDIMAS: Jurnal PengabdianMasyara-
kat, vol. 4, no. 1, pp. 489–495, 2021.

[25] A. N. Arsal, Physical Characteristics of EF Made from Casein
and KF (Amorphophallus Konjac), In etra Pak Processing Sys-
tems, Sweden, 2021.

9Journal of Food Processing and Preservation



[26] Y. A. Shah, S. Bhatia, A. Al-Harrasi et al., “Mechanical proper-
ties of protein-based food packaging materials,” Polymers,
vol. 15, no. 7, p. 1724, 2023.

[27] D. Domene-López, J. C. García-Quesada, I. Martin-Gullon,
and M. G. Montalbán, “Influence of starch composition and
molecular weight on physicochemical properties of biodegrad-
able films,” Polymers, vol. 11, no. 7, p. 1084, 2019.

[28] A. F. Elerian, M. A. Abu-Saied, G. H. Abd-Elnaim, and E. M.
Elnaggar, “Development of polymer electrolyte membrane
based on poly(vinyl chloride)/graphene oxide modified with
zirconium phosphate for fuel cell applications,” Journal of
Polymer Research, vol. 30, no. 1, 2023.

[29] M. M. El-Loly, A. G. Mohamed, and E. S. A. Farahat, “Innova-
tive vegetables-processed cheese: II. High nutritional and func-
tional attributes,” Bioactive Compounds in Health and Disease,
vol. 5, no. 1, pp. 13–32, 2022.

[30] H. Górska-Warsewicz, K. Rejman, W. Laskowski, and
M. Czeczotko, “Milk and dairy products and their nutritional
contribution to the average polish diet,” Nutrients, vol. 11,
no. 8, p. 1771, 2019.

[31] F. D. Nicosia, I. Puglisi, A. Pino, C. Caggia, and C. L. Randazzo,
“Plant milk-clotting enzymes for cheesemaking,” Food, vol. 11,
no. 6, p. 871, 2022.

[32] K. Inoue, W. Fu, and T. Nakamura, “Explaining the different
textures of commercial processed cheese from fractured struc-
tures,” International Dairy Journal, vol. 97, pp. 40–48, 2019.

[33] N. A. Sari, “Total solids, protein content, and preference value
of mozzarella cheese from a combination of buffalo and cow's
milk,” Journal of Food Technology Applications, vol. 3, no. 4,
pp. 152–156, 2014.

[34] M. C. Coelho, F. X. Malcata, and C. C. G. Silva, “Lactic Acid
Bacteria in Raw-Milk Cheeses : From Starter Cultures to Pro-
biotic Functions,” Foods, vol. 11, no. 15, p. 2276, 2022.

[35] L. Bettera, M. Dreier, R. S. Schmidt, M. Gatti, H. Berthoud, and
H. P. Bachmann, “Selective enrichment of the raw milk micro-
biota in cheese production: concept of a natural adjunct milk
culture,” Frontiers in Microbiology, vol. 14, article 1154508,
2023.

[36] X. Zheng, X. Shi, and B.Wang, “A review on the general cheese
processing technology, flavor biochemical pathways and the
influence of yeasts in cheese,” Frontiers in Microbiology,
vol. 12, article 703284, 2021.

[37] E. F. Torres, G. González, B. Klotz, T. Sanz, D. Rodrigo, and
A. Martínez, “Effect of the addition of liquid whey from cheese
making factory on the physicochemical properties of whey
protein isolate gels made by high hydrostatic pressure,” Jour-
nal of Food Science and Technology, vol. 56, no. 1, pp. 245–
252, 2019.

[38] R. Malaka, W. Hakim, I. L. Irwansyah, A. Maria, S. Alimuddin,
and Bulkis, “Prospect analysis of dancees cheese as a high pro-
tein food source in the new era post-Covid 19,” in AIP Conf.
Proc., vol. 2628, Makassar, Indonesia, 2023no. 1, Article ID
050001.

[39] R. Malaka, F. Maruddin, S. Baco et al., “Determination of the
expiration time of dangke ripening cheese through physico-
chemical and microbiological analysis,” in IOP Conference
Series: Earth and Environmental Science, vol. 788, Makassar,
Indonesia, 2021no. 1.

[40] M. Sardiñas-Valdés, H. S. García-Galindo, A. J. Chay-Canul,
J. R. Velázquez-Martínez, J. A. Hernández-Becerra, and A. A.
Ochoa-Flores, “Ripening changes of the chemical composi-

tion, proteolysis, and lipolysis of a hair sheep milk Mexican
Manchego-style cheese: effect of nano-emulsified curcumin,”
Food, vol. 10, no. 7, p. 1579, 2021.

[41] T. Wittaya, “Influence of type and concentration of plasticizers
on the properties of EF from mung bean proteins,” Current
Applied Science and Technology, vol. 13, no. 1, pp. 51–58, 2013.

[42] W. Setiani, T. Sudiarti, and L. Rahmidar, “Preparation and
characterization of EFs from polunlend pati sukun-kitosan,”
Valensi, vol. 3, no. 2, pp. 100–109, 2017.

[43] Y. Chen and Y. Li, “Determination of water vapor transmission
rate (WVTR) of HDPE bottles for pharmaceutical products,”
International Journal of Pharmaceutics, vol. 358, no. 1-2,
pp. 137–143, 2008.

[44] S. Sukkunta, M. Mahidon, and M. M. K. S. Sapphayākō̜nsāt,
Physical and mechanical properties of chitosan-gelatin based
film, Mahidol University, 2005.

[45] A. A. Wardana and T. D. Widyaningsih, “Development of EFs
from tapioca starch and agar, enriched with red cabbage
(Brassica oleracea) as a sausage deterioration bio-indicator,”
IOP Conference Series: Earth and Environmental Science,
vol. 109, no. 1, article 012031, 2017.

[46] M. Fiorentini, A. J. Kinchla, and A. A. Nolden, “Role of sensory
evaluation in consumer acceptance of plant-based meat ana-
logs and meat extenders: a scoping review,” Foods, vol. 9,
no. 9, p. 1334, 2020.

[47] V. Bewick, L. Cheek, and J. Ball, “Statistics review 9: one-way
analysis of variance,” Critical Care, vol. 8, no. 2, pp. 130–136,
2004.

[48] U. N. Fateha, A. Asmanah, and A. Agusman, “Comparison of
gel preparation methods on gel strength measurement of car-
rageenan,” in IOP Conference Series: Earth and Environmental
Science, vol. 715, Serang City, Banten, Indonesia, 2021no. 1.

[49] I. Preibisch, L. M. Ränger, P. Gurikov, and I. Smirnova, “In situ
measurement methods for the CO2-induced gelation of bio-
polymer systems,” Gels, vol. 6, no. 3, p. 28, 2020.

[50] Y. I. Cornejo-Ramírez, O.Martínez-Cruz, C. L. Del Toro-Sánchez,
F. J. Wong-Corral, J. Borboa-Flores, and F. J. Cinco-Moroyoqui,
“The structural characteristics of starches and their functional
properties,” CYTA - Journal of Food, vol. 16, no. 1, pp. 1003–
1017, 2018.

[51] B. D. Meshram, V. K. Lule, S. Vyawahare, and R. Rani, “Appli-
cation of edible packaging in dairy and food industry,” in Food
Processing and Packaging Technologies - Recent Advances, no. -
article 107850, 2023IntechOpen, 2023.

[52] B. Rahardjo, M. D. Wiseso, and W. K. J. Nugroho, “Sifat Fisik,
Mekanik Dan barrier EF Berbasis Pati Umbi Kimpul (Xantho-
soma Sagittifolium) Yang Diinkorporasi Dengan Kalium Sor-
bat physical, mechanical and barrier properties of
Xanthosoma sagittifolium starch-based EF incorporated with
Po,” Aǧrı, vol. 34, no. 1, pp. 72–81, 2014.

[53] J. O. Pereira, J. Soares, E. Costa, S. Silva, A. Gomes, and
M. Pintado, “Characterization of EFs based on alginate or
whey protein incorporated with Bifidobacterium animalis
subsp. lactis BB-12 and prebiotics,” Coatings, vol. 9, no. 8, arti-
cle 9080493, 2019.

[54] P. F. Fox, T. P. Guinee, and T. P. Cogan, Fundamentals of cheese
science, vol. 1, no. 2, 2000, Aspen Publishers Inc., Maryland,
2000.

[55] P. Nugroho, B. Dwiloka, and H. Rizqiati, “Rendemen, Nilai
pH, Tekstur, dan Aktivitas Antioksidan Keju Segar dengan
Bahan Pengasam Ekstrak Bunga Rosella Ungu (Hibiscus

10 Journal of Food Processing and Preservation



sabdariffa L.),” Jurnal Teknologi Pangan, vol. 2, no. 1, pp. 33–
39, 2018.

[56] M. Wahidin, A. Srimarlita, I. Sulaiman, and E. Indarti, “Trans-
parency and thickness of jackfruit and durian seed starch edi-
ble film,” IOP Conference Series: Earth and Environmental
Science, vol. 667, no. 1, article 012030, 2021.

[57] Husnaeni, Study of Functional and Physical Properties of EF, Fac-
ulty of Animal Husbandry. Hasanuddin University, Makassar,
2022.

[58] T. Wahyuni, Pengaruh Konsentrasi Kasein dan Volume Laru-
tan Edible Yang Berbeda Terhadap Karakteristik EF, Univer-
sity of Hasanuddin, Makasar, Indonesia, 2017.

[59] R. Handayani and H. Nurzanah, “Karakteristik EF Pati Talas
Dengan Penambahan Antimikroba Dari Minyak Atsiri Leng-
kuas,” Jurnal Kompetensi Teknik, vol. 10, no. 1, pp. 1–11, 2018.

[60] T. D. Suryaningrum, J. Basmal, and N. Nurochmawati, “Studi
Pembuatan EF dari Karaginan,” Jurnal Pascapanen Dan Biote-
knologi Kelautan Dan Perikanan, vol. 11, no. 4, 2018.

[61] N. E. M. Sara and E. F. Karakteristik, Berbahan Dasar Whey
Dangke dan Agar Dengan Penambahan Konsentrasi Sorbitol.
Skripsi, Program Studi Peternakan, Fakultas Peternakan. Uni-
versitas Hasanuddin, Makassar, 2015.

[62] J. Zhao, N. Jiang, D. Zhang, B. He, and X. Chen, “Study on
optimization of damping performance and damping tempera-
ture range of silicone rubber by polyborosiloxane gel,” Poly-
mers, vol. 12, no. 5, 2020.

[63] K. U. Al Awwaly, A. Manab, and E. Wahyuni, “Pembuatan EF
Protein Whwy: Kajian Rasio Protein Dan Gliserol Terhadap
Sifat Fisik Dan Kimia,” Jurnal Ilmu Dan Teknologi Hasil Ter-
nak, vol. 5, no. 1, pp. 45–56, 2010.

[64] F. A. Arief, Karakteristik Fisiko-Kimia EF dengan Penggunaan
Level Kasein yang Berbeda, Fakultas Peternakan. Universitas
Hasanuddin, Makassar, 2021.

[65] J. K. Negara, A. K. Sio, R. Rifkhan et al., “Aspek mikrobiologis,
serta Sensori (Rasa, Warna,Tekstur, Aroma) Pada Dua Bentuk
Penyajian Keju yang Berbeda,” Jurnal Ilmu Produksi Dan
Teknologi Hasil Peternakan, vol. 4, no. 2, pp. 286–290, 2016.

[66] F. Panebianco, F. Giarratana, A. Caridi, R. Sidari, A. De Bruno,
and A. Giuffrida, “Lactic acid bacteria isolated from traditional
Italian dairy products: activity against Listeria monocytogenes
and modelling of microbial competition in soft cheese,” LWT,
vol. 137, article 110446, 2021.

[67] M. Ulfa, I. M. Sugitha, and L. P. Trisna Darmayanti, “Pengaruh
Penambahan Skim terhadap Karakteristik Dadih Susu Sapi
yang Dibuat dalam Ruas Bambu Wuluh (Schizostachyum sili-
catum) di Bali,” Jurnal Ilmu Dan Teknologi Pangan (ITEPA),
vol. 9, no. 2, p. 211, 2020.

[68] H. Imbar, T. Vera, and R. Walalangi, “Organoleptic analysis of
several breakfast menus using local foods for restoring nutri-
tional needs of elementary school students,” Organoleptic
Analysis, vol. 8, no. 1, pp. 82–86, 2016.

[69] H. Chairunnisa, “Aspek Nutrisi dan Karakteristik Organolep-
tik Keju Semi Keras Gouda pada Berbagai Lama Pemeraman,”
Jurnal Ilmu Ternak Universitas Padjadjaran, vol. 7, no. 1,
pp. 16–21, 2007.

[70] C. G. Forde and D. Bolhuis, “Interrelations between food form,
texture, and matrix influence energy intake and metabolic
responses,” Current Nutrition Reports, vol. 11, no. 2, pp. 124–
132, 2022.

[71] W. P. Setiaji, H. Rizqiati, and N. Nurwantoro, “Aktivitas Anti-
oksidan, Nilai pH, Kemuluran dan Uji Hedonik Keju Mozza-
rella dengan Penambahan Jus Umbi Bit (Beta vulgaris L),”
Jurnal Teknologi Pangan, vol. 3, no. 1, pp. 9–19, 2019.

[72] K. Syamsu and K. Elsahida, “Making vegetable cheese from
soybeans using lactic acid bacteria isolated from curd,” Journal
of Agricultural Industrial Technology, vol. 28, no. 2, pp. 154–
161, 2018.

[73] M. Daulay, “Inovasi Pendidikan Islam Muhammad Abduh,”
Darul Ilmi: Jurnal Ilmu Kependidikan dan Keislaman, vol. 1,
no. 2, pp. 77–101, 2013.

[74] S. Sirajuddin, M. Masni, and A. Salam, “The level of preference
of instant rice bran milk products innovation with various fla-
vor variants as functional food,” Open Access Macedonian
Journal of Medical Sciences (OAMJMS), vol. 9, no. A,
pp. 567–571, 2021.

[75] A. Santillo and M. Albenzio, “Sensory profile and consumers’
liking of functional ovine cheese,” Food, vol. 4, no. 4,
pp. 665–677, 2015.

11Journal of Food Processing and Preservation


	Evaluation Dangke Cheese Processing by Edible Film Coating Made from Whey Combined with Konjac Flour
	1. Introduction
	2. Materials and Methods
	2.1. Materials
	2.2. Research Design
	2.3. EF and HC Production
	2.4. Cheese Making
	2.5. Gel Strength and Elongation
	2.6. Thickness
	2.7. Water Vapor Transmission Rate (WVTR)
	2.8. Gelation Time
	2.9. pH
	2.10. Sensory Evaluation
	2.11. Data Analysis

	3. Results
	3.1. Physical Properties of EF
	3.1.1. Gelation Time

	3.2. Tensile Strength (ST)
	3.3. WVTR
	3.4. pH
	3.5. Organoleptic Test of FHC Coating by EF

	4. Conclusion
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments



