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Abstract

The purpose of this study was to optimize the processing conditions for the
production of edible films from a mixture of fish gelatin (6% w/v), red pitaya
peel powder (0.5% wi/v), and glycerol (2% w/v) using Response Surface
Methodology (RSM) with a Central Composite Design (CCD). The process
factors evaluated were homogenization speed (A), drying time (B), and
drying temperature (C). The responses measured were tensile strength
(TS), elongation at break (EAB), thickness (T), moisture content (MC),
and solubility (S). TS decreases with higher A (-0.0007A) but increases
with C (+0.0025C). EAB is optimal at high A (+1.50A) but decreased
with B (-0.1866B) and C (—9.65C). T was influenced by AB,AC,and BC
interactions as well as the quadratic effects of A, B, and C. MC increased
with A (+0.2318A) and B (+0.0725B) due to the high hygroscopicity of the film
but decreased with C (-0.5497C). S decreases with all factors (—0.0643A,
—0.2738B, —2.36C). The optimum conditions (A = 9000 rpm, B = 19 h, C
= 50°C) yielded TS = 0.0221 MPa, EAB = 125.25%, T = 0.209 mm, MC =
12.46%, S =46.70%. The resulting film exhibited natural color characteristics
(L*=75.07,a*=9.2, b*=5.8), WVTR (345 g/m?/24 h), moderate antioxidant
activity (38.47-48.85% DPPH inhibition), and bactericidal effect vs. E. coli
and S. aureus (MBC/MIC ratios 1.12 and 1.81, respectively), meeting CLSI
criteria (MBC/MIC < 4). FTIR analysis was used to strengthen the presence
of functional group interactions within the film matrix, while SEM observations
were conducted to assess the uniformity and surface density.
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Introduction based, eco-friendly solutions. As a result, the
Shifting consumer preferences for food-grade plastic food packaging sector is expected to
packaging, prioritizing quality, disposal, and evolve, with edible films potentially becoming
sustainability, drive the development of biopolymer-  replacements.’ Plant-based biopolymers, such
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as proteins, polysaccharides, and lipids, are
increasingly favored over petroleum-based
plastics for their sustainability, biodegradability,
and nutritional benefits.? Edible films made from
these food-grade biopolymers and additives, being
renewable and biodegradable, show promise
as substitutes for some conventional synthetic
packaging used to protect and preserve food.?

Edible films can be made from food waste, such as
fruit peels; however, not all types of fruit peels are
suitable for this purpose. Notably, fruit peels are rich
in bioactive compounds and natural antioxidants,
which are often used in biopolymer-based edible
film formulations to enhance their biological activity.*
One of the main components of fruit peels that has
potential as a raw material for edible films is pectin.
Specifically, pectin can be used as a base matrix
for edible, safe-for-consumption, environmentally
friendly food packaging films.® The peel of red pitaya
fruit is one of the richest sources of pectin. This peel
accounts for 30-35% of the total weight of red pitaya
fruit and contains about 10.8% pectin.® Furthermore,
red pitaya peel is rich in antioxidants due to its high
polyphenol content, with antioxidant activity superior
to that of the fruit pulps, thus potentially serving
as a natural source of antioxidants.” In addition to
carbohydrates, red pitaya fruit skin also contains
bioactive compounds, particularly as a major source
of betalains (betacyanin and betaxanthin), which
act as pigments, antimicrobials, and antioxidants.®
Pitaya is an exotic fruit from Latin America and the
Caribbean Islands, belonging to the Cactaceae
family and the Hylocereus genus.® According to
2023 horticultural statistics, pitaya production in
Indonesia reached 317,407 tons nationally,' with
East Java contributing 225,203 tons." As a result,
this high production generates abundant fruit
peel waste, which, given its antioxidant potential,
encourages researchers to explore pitaya peel as a
raw material for edible films. In addition, the addition
of anthocyanin and/or betacyanin slightly reduces
the film's crystallinity but significantly increases
its ability to block UV-visible light and water vapor,
enhances its ammonia sensitivity, and strengthens
its antioxidant and antimicrobial properties.’? The
pigment betacyanin, which acts as an antioxidant
and antimicrobial, has been explored by Qin, Liu,
et al.,”® who produced edible films from polyvinyl
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alcohol (PVA) enriched with red pitaya peel extract
(RPPE), resulting in films with good antioxidant and
antimicrobial activity.

Numerous studies have developed edible films
from various biopolymer materials by optimizing
formulations to enhance mechanical, barrier, and
bioactivity properties. In addition to formulation
optimization, additives such as plasticizers (glycerol,
sorbitol), fillers (nanocrystalline cellulose, essential
oils), and plant extracts have been used to improve
performance to match synthetic packaging.
However, research on optimizing key production
process conditions such as homogenization
speed, drying time, and temperature are remains
limited, even though these factors strongly
affect microstructure, porosity, and film stability.
Specifically, homogenization rate changes droplet
size and particle distribution.™ At speed up to
14,500 rpm, particle size decreases, while higher
speeds increase it."® Generally, decreasing particle
size increase TS and EAB, with no clear trend in
T.'® Notably, smaller particle sizes increase MC
and decrease S."” Meanwhile, temperature and
drying time significantly influence the physical and
mechanical properties of edible films by controlling
water evaporation, reorganizing the polymer
structure, and forming micropores in the biopolymer
matrix."® Increasing the drying temperature will
decrease the drying time and result in a decrease
in TS and EAB," as well as T, MC, and S.?°

To optimize these process conditions, the optimal
formulation RPPP with fish gelatin developed by
Rahma et al.?' will be used. This formulation was
selected because it has demonstrated favorable
physical and mechanical properties; however, it
requires further optimization to ensure not only
favorable physical and mechanical properties but
also bioactive properties. Therefore, in this study,
process conditions will be optimized using the
variables of homogenization speed, drying time, and
drying temperature.

Materials and Methods

Materials

The materials used to make edible film are red
pitaya fruit (Sumberkencono Village, Banyuwangi
City, Indonesia), Fish gelatin (Redman Gelatine
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Fish 200 Bloom), glycerol (PT. Jayamas Medica
Industri), and distilled water. Both fish gelatin and
glycerol used in this study are food standard grade.

Preparation of RPPP

The method for producing RPPP follows the
procedure described by Rahma et al.,?" with
modifications to the drying conditions. Ten kilograms
of red pitaya fruit weighing 400-500 g per fruit were
selected, then washed thoroughly and peeled. The
peeled skin was cut into 5-mm pieces and dried in
a cabinet dryer at 50°C for 36 hours. To produce
RPP powder, the skin was milled and sieved using
an 80-mesh sieve.
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Experimental Design

Three continuous factors were optimized using RSM-
CCD generated by Design-Expert® Version 13. The
factors and their actual levels were: homogenization
speed (A: 9,000-11,000 rpm), drying time (B: 19-21
h), and drying temperature (C: 40-50°C), determined
from preliminary studies and equipment capabilities
The experimental matrix consisting of 8 factorial
points (1), 6 axial points (+xa), and 6 center point
replicates (total 20 randomized runs) is presented in
Table 1. The rotatable CCD used an axial distance
a = 1.682 (automatically calculated by software for
k = 3 factors to achieve rotatability).

Table 1: Combination of process conditions for producing edible films based on experimental design

Run Process Conditions

A (Coded) A (RPM) B (Coded) B (Hours) C (Coded) C (oC) Type
1. 0 10000 0 20 0 45 center
2. -1 9000 1 21 -1 40 factorial
3. -1 9000 -1 19 -1 40 factorial
4. 1 11000 1 21 1 50 factorial
5. 0 10000 0 20 0 45 center
6. 1 11000 -1 19 1 50 factorial
7. -1 9000 -1 19 1 50 factorial
8. 1 11000 -1 19 0 40 factorial
9. 1 11000 1 21 0 40 factorial
10. -1 9000 1 21 1 50 factorial
1. 0 10000 0 20 0 45 center
12. 0 10000 0 20 0 45 center
13. 0 10000 0 20 -1.68 35 axial
14. 1.68 12000 0 20 0 45 axial
15. 0 10000 0 20 1.68 55 axial
16. 0 10000 1.68 22 0 45 axial
17. -1,68 8000 0 20 0 45 axial
18. 0 10000 0 20 0 45 center
19. 0 10000 -1.68 18 0 45 axial
20. 0 10000 0 20 0 45 center

Each experimental condition was executed in
triplicate independent runs (resulting in a total 60
films produced), with responses measured as mean
+ standard deviation (SD). Five responses were
evaluated: TS (MPa), EAB (%), T (mm), MC (%), and
S (%). Data analysis was performed using Analysis of
Variance (ANOVA) at a significance level of p < 0.05.

Model validity was verified through R?, difference
(adjusted R?-Predicted R?) values, adequate
precision ratio, and the lack-of-fit test. Optimal
conditions were determined through numerical
optimization maximizing composite desirability.
Criteria for optimizing process conditions: the target
for all factors and responses is in range except for
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TS, which is maximized. The importance scale is set
at 3 for all factors and responses except T, which
is set at 5.

The film produced under these optimal processing
conditions was subjected to further analysis,
including color analysis, WVTR, antioxidant activity
analysis (DPPH inhibition), and antimicrobial
activity analysis (MBC and MIC). Additionally,
confirmation was performed through FTIR and SEM
microstructure analysis.

Preparation of Film

The formulation developed by Rahma RA, et.al.,!
with modifications to the homogenization process.
These modifications are designed to achieve
finer particle dispersion and a more compact film
structure, but they also result in longer drying times
at higher temperatures.

The method for making edible film is as follows:
6% (w/v) fish gelatin and 0.5% (w/v) red pitaya
peel powder were dissolved in 150 ml of distilled
water, then heated in a 750 W microwave (National
Microwave) for 50 seconds. Then, 2% (w/v) glycerol
is added and homogenized with a magnetic stirrer at
a speed of 200 rpm and a temperature of 80 °C for
15 minutes, and homogenization is continued with a
motor stator homogenizer (IKA T 25 digital ULTRA-
TURRAX®, IKA-Werke GmbH & Co. KG, Germany)
at a speed of 9,000 — 11,000 rpm and a time of 4
minutes. Then, homogenization was continued with
a batch ultrasonic homogenizer (Branson Sonicator
Model 1510, 40 kHz) for 20 minutes. The molding
process was carried out by pouring 25 g of the
mixture into a 10 x 10 cm silicone mold and drying
it for 19-21 hours in a food dehydrator (Kris, 700 W,
220-240V) at a temperature of (40-50) °C. The dried
film sheets were peeled from the mold and stored in
an airtight container for further analysis.

Film Characterization

Mechanical Properties

ATA-XT Plus Texture Analyzer appropriate for ASTM
D882 was used to evaluate tensile strength and
elongation at break. Films were divided into 4.5 x
9 cm strips, secured with grips, and dragged at a
speed of 10 mm/s until they broke (n = 3). When the
film breaks, the device can instantly show the tensile
strength and elongation at break values.

Thickness

A Mitutoyo (Mitutoyo Corp, Kawasaki, Japan) digital
micrometer with an accuracy of +0.001 mm.?? was
used to measure the film thickness at ten different
random sites for each sample,? and the values were
averaged (n=3).

Moisture Content

Gravimetric analysis was used to determine the
moisture content.?* A +0.5 g sample of edible film
was cut into small pieces (W, ), weighed in a weighing
bottle, then dried in an oven at 105 °C until its
weight was constant, and the constant weight of the
sample (W,) was weighed. The moisture content was
calculated based on the following formula:

W-Wo

moisture content = x 100% (1)

1

Solubility

With a few minor adjustments, the solubility analysis
employed the same methodology as Rahma RA et
al.?' The film is cut into pieces (2 cm x 2 cm), weighed
(W,), then dissolved in 50 ml of water for 6 hours,
after which it is stirred and filtered. The insoluble film
is then dried at 105 C until its weight is constant (W,).
Solubility was calculated as:

solubility = de;;’fx 100% (2
Color

Using a color reader (Minolta Color Reader),
the edible film's color is determined using color
characteristics such as L* (lightness), a* (redness),
and b* (yellowness). The sample covered with a
clear plastic is placed on a white background, and the
receptor is placed on the sample without excessive
pressure, and then, the measurement button is
pressed. Measurements were taken at 5 different
points and repeated 3 times. To determine color
changes caused by material factors and process
conditions, the color measurement results (L*, a*, b*)
were compared with the results of previous studies
to identify the differences (AL*, Aa*, Ab*).

Water Vapour Transmission Rate (WVTR)

The WVTR film was measured using Meindrawan
et.al.?® method with slight modification. The film was
cut to a diameter of 4 x 102 m and then used as
a cover for a beaker glass filled 10 g of silica gel.
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After being tightly covered with the film, the beaker
was placed in a desiccator with a saturated NaCl
salt solution (RH = 75%) at 27+3°C. Water vapor
absorption was measured by calculating the weight
gain by silica gel every 24 hours using the discard
sample method. The slope of the line from the
regression analysis of weight as a function of time
was used to calculate the film's WVTR g/m?/24 h

Slope

WVTR =222 ..(3)

The average readings of three film samples were
used to calculate WVTR values.

Analysis of DPPH Free Radical Scavenging Activity
The DPPH scavenging experiment was used
to examine the film's antioxidant properties.’

Measuring the absorbance of substances that can
react with DPPH radicals is the fundamental idea
behind the DPPH technique. The spectrophotometer
(Spectrophotometer UV Vis 1800, Shimadzu,
Japan) was used to measure the color change as
an absorbance at A517 nm.

Antimicrobial Activity

The dilution method, a quantitative technique to
ascertain the Minimum Inhibitory Concentration
(MIC) and the Minimum Bactericidal Concentration
(MBC), was used to analyze the antibacterial
activity of the edible film in this investigation. This
approach was selected because it complies with the
Clinical and Laboratory Standards Institute's (CLSI)
established standards and yields more accurate
results than diffusion-based assays.?

Table 2: The results of the response measurement of edible film on various process conditions

Run TS (MPa) EAB (%)

1. 0.0243 £ 0.0132 140.34 + 27.8206
2. 0.0168 + 0.0028 147.98 + 32.3300
3. 0.0160 = 0.0053 140.21 + 18.4528
4. 0.0180 + 0.0028 130.13 + 21. 4558
5. 0.0203 +0.0150 120.93 + 29.1662
6. 0.0217 £ 0.0036 136.49 + 19.1296
7. 0.0217 £ 0.0035 124.55 + 17.0227
8. 0.0170 = 0.0033 153.67 + 13.6473
9. 0.0168 £ 0.0018 139.58 + 13.2514
10. 0.0237 = 0.0050 132.26 + 25.0019
1. 0.0172 £ 0.0045 125.55 + 14.1457
12. 0.0188 + 0.0026 123.30 + 29.0494
13. 0.0130 = 0.0026 162.62 + 6.9295

14. 0.0162 = 0.0029 139.04 £ 0.0215

15. 0.0242 + 0.0018 114.44 + 8.5381

16. 0.0203 + 0.0038 131.79 + 11.8442
17. 0.0193 £ 0.0075 135.70 £ 5.3675

18. 0.0178 = 0.0029 142.24 + 12.4043
19. 0.0200 + 0.0096 130.35 £ 29.2125
20. 0.0143 £ 0.0017 146.62 + 10.5938

T (mm) MC (%) S (%)
0.189£0.012 13.32+£130  47.36 £ 1.56
0.201£0.012 13.62+175 5024 +2.54
0.194 £0.015 13.55+161  49.50 +3.34
0.225+0.043 1250 +£0.42  43.41 £ 3.59
0.200 £0.009 13.44+095  48.46 +2.17
0.220 £0.033 1271+£029  44.28 +4.08
0.206 £0.009 12.42+027  44.13 +5.06
0217 £0.016  13.63+17  51.00 £2.02
0.191+0.009 13.94+1.43  49.56 £ 3.55
0.212+£0.026 12.09+0.73  44.03 £ 5.62
0.201 £0.001 13.28+1.00 47.75+2.66
0.230 £0.045 12.88+1.63  49.91+2.98
0184 £0.011 1460+1.02 51.85+6.38
0.315+£0.021 13.73+£149 496+ 1.68

0184 £0.014 1271+£052  4521+2.39
0.209+0.046 13.89+0.96  50.44 £ 2.59
0.297 £0.010  1251+£0.98  50.33 £2.17
0.205+0.020 14.04+1.08  49.33 + 1.81
0.194 £0.005 13.20+1.83  51.67 £2.04
0211+0.017 13.44+189 51.28+1.14

Scanning Electron Microscopy (SEM)

The initial stage in preparing biofilm samples begins
with carefully placing the biofilm pieces into a holder
or sample stand. To ensure the biofilm remains
stable during analysis, a special adhesive shape of
carbon tape is used. Once the biofilm is securely and

evenly attached to the carbon tape, the next step is
to coat it with gold (Coxem SPT-20, 15mA, 90's, ~10
nm). After the coating process is complete and the
sample is confirmed to be dry and stable, the biofilm
is then placed in a scanning electron microscope
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(SEM) for analysis inspected at 500x and 1000x%
magnifications using a Hitachi FlexSEM1000 (5 kV,
WD =5 mm, SE detector).

Fourier Transform Infra Red (FTIR)

A Thermo Scientific NicoletiS10 FTIR spectrometer
fitted with an ATR (Attenuated Total Reflectance)
diamond crystal attachment was used to examine
edible films. Samples were chopped into 1 x 1 cm
pieces and dried for 24 hours at 25°C in a desiccator
before being placed directly on the cleaned ATR
crystal. Between 4000 and 500 cm™1, spectra were
recorded.

Results
The analysis results obtained for each parameter were
as follows: tensile strength (0.0130 — 0.0243 MPa),

elongation at break (114.44 — 162.62 %), thickness
(0.184 — 0.315 mm), moisture content (12.09 — 14.60
%), and solubility (43.41 — 51.85 %). The complete
measurement results can be seen in Table 2.

The response surface model (RSM) for all response
variables, that is: TS, EAB, T, MC and S, produced
p-values (<0.0001 to 0.0025), lack-of-fit (LOF)
(0.4133-0.8985), R? values (0.60-0.91) differences
between adjusted R? and predicted R? (0.135-
0.2434), and adequate precision (Adeg. P.) scores
(9.31-15.09). The Anova results are shown in Table
3, and the equation model is presented in Table 4.

The experimental results for confirmation of all
responses under optimum conditions are shown
in Table 5.

Table 3: Anova Result for All Responses

Responses Sig (p<0.05) LOF (p>0.05) R2 Difference Adegq. P.
(Adj. R2-Pred. R2)
TS 0.0024 0.8985 0.61 0.1361 9.31
EAB 0.0025 0.4880 0.60 0.1711 9.48
T 0.0011 0.5684 0.91 0.2434 12.73
MC <0.0001 0.7942 0.79 0.1350 15.09
S <0.0001 0.4133 0.77 0.1663 14.79
Table 4: Equation Model for All Responses
Responses Equation (Model) Equation
Number
TS TS=+0.0188 - 0.0007 A- 0.0000 B + 0.0025 C(Linear) 4
EAB EAB = 136.22 + 1.50A - 0.1866B - 9.65C (Linear) 5
T T=0.0269+0.0051A+0.0012B+0.0038C-0.0042AB+0.0017AC+0.0036 6
BC+0.0293A2,-0.0078B%- 0.0096C?; (Quadratic)
MC MC= 13.31 + 0.2318A + 0.0725B - 0.5497C (Linear) 7
S S=48.72 - 0.0643A - 0.2738B - 2.36C (Linear) 8
Discussion low. This phenomenon arises from a high-speed

Based on TS, EAB, T, MC, and S measurements
under various process conditions, the edible film
produced exhibited adequate mechanical and
physical properties for use as food packaging. The
drawback is that the tensile strength produced is too

homogenization process that produces smaller
particles. These smaller particles exhibit greater
compatibility with glycerol, which acts as a softener.
Consequently, flexibility improves, while mechanical
strength diminishes.?”
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Table 5 : The confirmation experiment for all responses under optimum conditions

Response Predicted Verification 95% Pl Low 95% PI High
TS 0.0221 0.0230 + 0.0052 0.0185 0.0257

EAB 125.25 123.76 £ 6.84 111.87 138.64

T 0.209 0.208 + 0.005 0.177 0.242

MC 12.46 12.42 +0.27 11.95 12.97

S 46.70 4531+ 4.17 44.49 48.90

Based on the ANOVA results and the resulting
equation models (Tables 3 and 4), it can be
concluded that all response variables exhibit strong
statistical significance, as indicated by model
p-values lower than 0.05.22 This confirms that the
quadratic model (for T) and the linear models (for
the other: TS, EAB, MC and S) adequately capture
the effects of homogenization rate (A), drying time
(B), and drying temperature (C) on the properties
of the edible film. The Lack-of-fit (LOF) p-values
exceeded 0.05 for all responses, indicating no
significant lack of fit and good agreement between
observed and predicted values. High R? values
reflected substantial variability explained by the
model, with thickness showing the strongest fit at
90.71%. The adjusted R? values remain robust, and
the difference between adjusted R? and predicted R?
is below 0.25 for all responses, indicating reliable
predictive capability without overfitting. Adequate
precision scores (Adeq. P.) above 4 further validate
the model’s signal-to-noise ratio, making it suitable
for navigating the design space and optimizing
process parameters.

Mechanical Properties

The two crucial metrics that are frequently used to
assess the mechanical characteristics of produced
edible films are TS and EAB.? Tensile strength
indicates the highest stress the film can bear before
breaking; elongation at break, on the other hand,
describes a film's capacity to tolerate shape changes
without breaking.?® The TS values obtained from this
study (0.0130-0.0243 MPa) are significantly lower
than those reported by previous studies, which were
2.08-9.18 MPa,® 2.76-9.34 MPa,?' 27-47 MPa,*
and 43.5 - 74.2 MPa." Conversely, the EAB values
(114.44-162.62%) are comparable to or higher
than those previously reported by other studies,
which were 52.78-135.56%,% 82.78—-153.89%,'
119.95-165.30%,* and 3.37-5.26 %.'° According to

Japanese Industrial Standards (JIS), edible films are
required to have a minimum tensile strength (TS) of
0.39 MPa and elongation at break (EAB) of 70%.3¢
In this study, the TS values were below the minimum
requirement, whereas the EAB values exceeded
the standard. These results indicate that the
developed film exhibits good flexibility but insufficient
mechanical strength. Significant differences inthe TS
values can be attributed to variations in formulation
and production process conditions. The relatively
high addition of glycerol in this study was likely to
reduce intermolecular interactions within the polymer
matrix, resulting in a more flexible but mechanically
weaker film. Differences in homogenization rates and
drying conditions may also influence the dispersion
of components and the structure of the resulting film.
As a direction for further studies, efforts to improve
the TS of edible films should focus on evaluating
process parameters, particularly homogenization
speed and time, given their role in influencing phase
dispersion and matrix structure formation. Reducing
the homogenization speed or time has the potential
to produce a more stable component distribution and
minimize polymer structure degradation. Additionally,
optimizing the plasticizer concentration is necessary
to control the mobility of polymer chains. The addition
of reinforcing agents can be considered to enhance
intermolecular interactions and compactness of
the film network, thereby improving mechanical
properties, particularly tensile strength.

The model recommended for tensile strength
and elongation at break is a linear polynomial
model with equations used for interpretation in
accordance with Equations 4 and 5. Based on the
recommended model, it can be shown that for TS,
the homogenization speed (A) has a negative effect,
while the drying temperature (C) has a positive
effect. This is because a high homogenization speed
causes the red pitaya peel powder to become finer
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in size and flattens the distribution of glycerol as a
plasticizer, which decreases the hydrogen bonds
between gelatin chains. As a result, the polymer
matrix becomes looser and more flexible, thereby
reducing the cohesive strength measured at tensile
strength. This is in line with research conducted by
Lee SC et.al.,*" which found that homogenization
speeds above 9500 rpm in the production of edible
fish gelatin films with cinnamon essential oil (CEO)
will reduce TS; the negative impact on TS likely
resulted from CEO aggregation due to the intensive
shearing forces, which disrupted matrix continuity
and weakened interchain cohesion. Increasing
the drying temperature increases the rate of water
evaporation from the gelatin matrix, reducing the
distance between polymer chains and increasing film
density, thereby producing an edible film with a more
compact structure and higher crystallinity, which
increases the TS value. This is in line with research
conducted by Bhatia S., et.al.®? on the manufacture
of edible films based on gelatin and chitosan with
ginger oil at higher temperatures, which produced
higher TS values.

Based on the recommended model, it can be
shown that for EAB, the homogenization speed
(A) positively affects the elasticity of the edible fish
gelatin film, while the drying time (B) and drying
temperature (C) have a significant negative effect.
Increasing the homogenization speed will increase
EAB, through the even dispersion of glycerol and
fine red pitaya fruit skin powder particles, thereby
reducing the hydrogen bonds in the gelatin chain
and making the matrix more flexible when pulled.
Conversely, longer drying times and higher
temperatures sharply suppress EAB, because
excessive water evaporation causes the matrix to
become brittle due to gelatin crystallization and
thermal contraction. Edible film elongation is highly
determined by the material composition. In a study
conducted by Taher N, et.al.?® using carrageenan
flour, beeswax, glycerol, and tapioca flour in constant
amounts, the change in edible film elongation is
highly likely to be affected by the homogenization
rate. Fish gelatin films dried at 4 °C had greater
strength and percent elongation values than those
dried at higher temperatures.®

Thickness
Film thickness is an important parameter for barrier
properties and water vapor permeability.3* Thickness
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is a crucial parameter that influences the use of film
as food packaging or for edible products. Thickness
affects the water vapor transmission rate, tensile
strength, and elongation percentage of the edible
film produced.® The T-values obtained from this
study (0.184—-0.315 mm) are comparable to or higher
than those reported by previous studies, which were
0.18-0.36%,2' 0.24—0.27%,2° 0.0714-0.114%,8 and
0.0482-0.0549%.3" This difference indicates that
the formulation and process conditions used in this
study made a significant contribution to the increase
in the thickness of the resulting film. The value of T
obtained from this study, with an optimum value of
0.209 mm, complies with the Japanese Industrial
Standard (JIS), which is a maximum of 0.25 mm.3®

The model proposed for T is a quadratic polynomial
corresponding to Equation 6, and effectively
describes the simultaneous influence of A, B
and C. This model accurately describes complex
dynamics of biopolymer film formation, where film
thickness is influenced by interacting mechanical
and thermal processes, resulting in accurate
predictions for optimal production conditions. Based
on the recommended model, it can be seen that the
quadratic model has linear, interaction, and quadratic
effects. The linear effect dominates through the
strongest positive coefficient A (+0.0051), which
reflects the optimal dispersion of red pitaya powder
and glycerol particles in the gelatin matrix to form
a thicker and more homogeneous film, supported
by moderate contributions from B (+0.0012) and
C (+0.0038) that facilitate solvent evaporation and
polymer chain arrangement through a controlled
thermal process. The thickness will increase with an
increase in the homogenization rate, which is likely
due to changes in the molecular structure of proteins
in the film matrix.®' The AB interaction is antagonistic
(-0.0042) due to structural degradation caused by
excessive friction followed by excessive drying,
while the AC (+0.0017) and BC (+0.0036) synergies
increase film density through efficient thermal-
mechanical equilibrium. The positive quadratic effect
of A? (+0.0293) indicates peak homogeneity at the
optimal speed, while B2 (-0.0078) and C? (-0.0096)
form an inverted parabolic curve, indicating that
optimal drying conditions are necessary to avoid
excessive contraction or denaturation of gelatin
protein.
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Moisture Content

Moisture content is a crucial parameter in charac-
terizing edible films, as it significantly impacts their
stability, durability, and functional performance as
food packaging materials. The packaging material
must effectively regulate the moisture levels within
the package.®® The MC values obtained from
this study (12.09—-14.60%) are comparable to, or
relatively lower than, those reported by previous
studies, which were 6.08-16.77%,% 10.8-31.3%,%"
and 11.5-19.3%." This range of values indicates that
the resulting film has a sufficiently controlled water
content, thereby potentially offering better stability
during storage.

The model suggested for MC is linear, with the
equation used for interpretation being in accordance
with Equation 7. Based on recommended model, it
can be shown that homogenization speed (A) has
a significant positive effect, drying time (B) has a
slight positive effect, while drying temperature (C)
has a substantial negative effect. Increasing the
homogenization speed will result in smaller and
more stable emulsion droplet sizes.*® In line with
this, increasing the homogenization speed will result
in smaller particle sizes and more even plasticizer
dispersion, thereby increasing MC due to increased
contact surface area and hydrogen bonding
with water molecules. Edible films dried at low
temperatures will exhibit higher MC, because longer
drying times will cause reorganization of the solution
structure due to prolonged interactions between
hydrogen bonds and Van Der Waals forces.®” Lower
temperatures result in longer drying times, allowing
for better polymer chain reorganization, reducing
interactions between polymer molecules and water,
and allowing water evaporation during the film drying
process.*®

Solubility

The percentage of water-soluble material in a film
is known as its water solubility, and it is frequently
used to show how resistant the film is to water.* The
S values obtained in this study ranged from (43.41-
51.85%), which is higher than those reported in
several previous studies (18.4-30.0%* and 33.23—
37.5%%), yet still falls within a range comparable to
other studies (46.72—66.78%)*' and is lower than
the very high solubility values (88.03-92.42%).2 This
variation indicates that the edible film formulation
used in this study yields a moderate level of solubility,
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influenced by the composition of the materials and
interactions within the film matrix. The relatively low
T value in this study indicates the presence of a fairly
strong matrix interaction, such as hydrogen bonding
between gelatin and the phenolic compounds or
polysaccharides from the peel of red pitaya fruit.

The model suggested for S is linear, with the
equation used for interpretation in accordance with
Equation 8. Based on recommended model, A,
B, and C are found to negatively affect solubility.
Increasing the homogenization speed (A) and
drying temperature (C) can enhance the crosslinking
between the polyphenols from red pitaya fruit peel
powder and the gelatin in the edible film polymer
matrix, thereby reducing the polar groups and
hydrophilic properties of the film, which in turn
decreases its solubility. According to Fauzan, HR.
et.al.,*' stronger cross-links between polyphenols
and gelatin in the polymer matrix decreased solubility
by reducing the films' polar groups and hydrophilic
properties. Increasing the temperature will result in
a more compact cross-link structure and reduce the
space between molecules, which ultimately reduces
the solubility of the film.#?

Selected Optimum Process Condition
Combination and Verification Value

The optimization process was conducted to
identify the optimal combination of processing
parameters that produces edible films with uniform
structure, minimal defects, and desirable functional
properties. The selected combination results were
a homogenization speed of 9000 RPM, a drying
time of 19 hours, and a drying temperature of 50 C
with a desirability value of 0.800. This desirability
value is greatly influenced by the range limits used
in homogenization speed, drying time, and drying
temperature, and the desired response in obtaining
the optimum value.*® The response verification is
shown in Table 5. The overall response verification
value for the selected process condition combination
has met the 95% prediction interval (Pl). These
results indicate that the model provides good
predictions for the overall response studied in the
RSM design.*

Color

The color measurement results for edible films
produced under optimal process conditions were
as follows: L* = 75.07 + 0.88, a* = 9.2 + 0.54, and
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b* =5.81 + 0.66, producing an attractive bright pink
hue characteristic of red pitaya peel incorporation.
Compare to pure gelatin-glycerol films** (L* =90.41 +
0.22,a*=-0.95+0.04, b*=0.64 + 0.02; translucent
pale yellow), addition of red pitaya peel powder
significantly reduced lightness (AL* = -15.34) while
substantially increasing red (Aa* = +10.15) and
yellow (Ab* = +5.17) components, yielding visually
appealing attributes. When compared to the color
of the edible film produced by Rahma RA et al.,*!
the values were as follows: L* = 70.01 + 1.24, a*
=15.52 + 2.06, and c¢* = 8.86 *+ 1.79, the effects of
process conditions A, B, and C increased brightness
(AL* = 5.06) and reduced the red (Aa* = -6.32) and
yellow (Ab* = -3.05) components. This is because
the smaller particle size resulting from treatment A
scatters more of the incident light, while treatments B
and C reduce color intensity due to the degradation
of betalain compounds.

Water Vapour Transmission Rate (WVTR)

The rate at which moisture moves through a polymer
substrate under regulated external temperature and
humidity conditions is known as the WVTR.#546 Edible
films produced under optimal process conditions
have a WVTR value of 345 +1.36 g/m?/24 h
The high WVTR value is due to the edible film
material being made from fish gelatin with glycerol
softener, both of which are hydrophobic. Research
conducted by Chen, X. et.al.*” found that edible
films that use gelatin and glycerol plasticizer had
a WVTR value of 450.1 + 10.3 g/m?/24 h A higher
WVTR value indicates that more water vapor will
be released from or absorbed by the packaging,
resulting in a decrease in the quality of the packaged
product. One way to reduce WVTR is to add other
ingredients that act as thickeners, such as eggshell
powder. Smart edible films with the addition of
eggshell powder produce lower WVTR values than
those without eggshells.*

Antioxidant Activities

The results of antioxidant activity measurements
(% DPPH inhibition) of edible films produced under
optimal process conditions and supplemented with
RPPP at concentrations of 0%, 0.5%, 0.75%, and
1% were 12.61 + 0.39%, 38.47 + 0.97%, 41.19
+ 0.39%, and 48.85 + 0.55%, respectively. The
inhibition percentage indicates the ability of food
films to suppress DPPH radicals. This value shows
that an increase in RPPP concentration will increase
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antioxidant activity by 3-3.9 times compared to
the control. This antioxidant activity comes from
polyphenolic compounds, betalain pigments, and
vitamins that are commonly found in the skin of red
pitaya fruit.

The antioxidant activity value of the edible film
is comparable and competitive with the results
of previous studies, such as: EF Chitosan (CS)
+ the red dragon fruit peel extract 0, 3, 5, and 7
wt% CS (3.252 + 0.459 - 8.699 + 1.035 %),* EF
Fish gelatin+pectin + 0.5% lemongrass Essential
Oil (24.20 £ 0.10 %),%° EF CS + red dragon fruit
peel extract powder + MgO nanoparticle (37.64 +
0.83 %),%" EF Fish Gelatine + Boldine (51.1 — 81.2
%),%? and the nanocomposite films containing 1
wt% nanocapsules (EP/S-C; Essential oils, Soy
Protein Isolate-Carboxy Methyl Cellulose) exhibited
excellent antioxidant activity (66.6 + 0.3 %).5®

A comparative analysis with prior studies indicates
that the antioxidant activity of the edible film
developed in this research is classified as moderate,
positioned between the lowest (EF; CS+DFPE) and
highest (EF; fish gelatin+boldine) values, as well as
(EF; EP/S-C), which are characterized by excellent
antioxidant activity. These results suggest that the
resulting EF can be used as a direct packaging
layer on food to slow down lipid oxidation and color
changes, thereby extending the product’s shelf life.

Antimicrobial Activities

The edible film produced under optimal process
conditions showed bactericidal antimicrobial activity
against S. aureus (MIC 60.19 mg/mL, MBC 109.22
mg/mL; MIC/MBC ratio 1.81) and E. coli (MIC 109.90
mg/mL, MBC 123.01 mg/mL; MIC/MBC ratio 1.12).
An MBC/MIC ratio < 4 indicates the ability to kill
99.9% of bacteria after inhibiting growth, consistent
with the effective release of phenolic/betacyanin
compounds from red pitaya fruit peel powder in a
gelatin matrix. An antibacterial agent is deemed
microbiocidal against the tested strain when its MBC/
MIC ratio is < 4.54%°

The MIC and MBC values of this edible film are
relatively higher compared to those of edible films
produced by previous researchers; however, it
has a lower MBC/MIC ratio. Alginate Edible Film
with Lemongrass Oil*® MIC 2 mg/mL (S. aureus)
and 2 mg/mL (E. coli); Corn starch edible film with
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Cinnamon Oil double emulsion” MIC 0.09 mg/mL,
MBC 0.37 mg/mL, MIC/MBC ratio 4.11 (S. aureus)
and MIC 0.22 mg/mL, MBC 0.86 mg/mL, MIC/MBC
ratio 3.91 (E. coli); edible film Corn starch with Clove
0il® MIC 0.37 mg/mL, MBC 1.46 mg/mL, MIC/MBC
ratio 3.95 (S. aureus) and MIC 0.49 mg/mL, MBC
1.95 mg/mL, MIC/MBC ratio 3.98 (E. coli); edible film
Starch with Citrate® MIC 18.1 mg/mL, MBC 145 mg/
mL MIC/MBC ratio 8.01 (E. coli). A small MBC/MIC
ratio (£2) indicates that the edible film produced has
strong bactericidal properties.

Overall, the study's findings show that the created
edible film has great potential as an active
antimicrobial package that effectively combats
both Gram-positive S. aureus and Gram-negative
E. coli bacteria. The lower MBC/MIC ratio in E. coli
suggests that, even though this bacterium needs a
larger dosage to be inhibited, a deadly effect can
be effectively obtained once a certain concentration
threshold is reached. The higher sensitivity pattern
in Gram-positive (S. aureus) compared to Gram-
negative (E. coli) is also consistent with the standard
mechanism of bioactive release from gelatin, making
this film a viable competitive active packaging for
extending the shelf life of high-protein foods. These
findings confirm that edible films not only function
as physical barriers but also as delivery systems
for active compounds with a broad spectrum of
activity against foodborne pathogens. In the context
of food applications, these characteristics are
highly relevant for improving microbiological safety
and extending product shelf life. However, further
research is still needed to evaluate the stability of
antimicrobial activity during storage, the dynamics
of active compound release from the film matrix,
and its effectiveness in real food systems, so that
its potential application in the food industry can be
optimized sustainably.

Based on the results of the antioxidant and
antimicrobial activity tests, the edible fish gelatin
film supplemented with red pitaya peel powder
shows potential as dual-action active packaging
with moderate antioxidant capacity (38.47 + 0.97
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to 48.85 + 0.55) % DPPH inhibition to prevent lipid
oxidation and bactericidal activity (MBC/MIC ratios
1.12-1.81) to inhibit food pathogens, enabling
comprehensive protection against oxidative and
microbiological deterioration simultaneously. This
is because red pitaya fruit peel has antimicrobial
activity and antioxidant activity.®°

Scanning Electron Microscope (SEM)

Based on the results of characterization using a
Scanning Electron Microscope (SEM) at 500x
and 1000x magnification (Figure 1), it can be
shown that the sample surface has a relatively
homogeneous morphology in its main matrix,
although microfeatures in the form of randomly
distributed spherical structures are still observable.
These structures resemble bubbles with shapes
ranging from spherical to oval and exhibit a contrast
difference between the edges and the center,
indicating variations in surface topography.

The homogenization process in this investigation
was carried out at a speed of 9000 rpm, which should
theoretically result in a better dispersion and smaller
particle sizes. Nevertheless, the existence of pores
that could still be seen suggests that either trapped
air remained during the homogenization process
or that a homogeneous system was not entirely
produced. This is in line with earlier studies showing
that the microstructure and particle distribution in
edible films are greatly influenced by homogenization
settings. Higher energy homogenization typically
results in smaller droplet sizes and a more uniform
distribution, which enhances the film's mechanical
and physical characteristics.®'

Additionally, the 19 hour drying procedure at 50°C
aids in the development of porosity in the film
structure. Arandom pore distribution may occur from
the protracted solvent evaporation process, which
might cause voids to form due to unequal water
vapor release. Edible films frequently experience
this phenomenon, particularly when the evaporation
rate is not properly regulated.
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Fig. 1: The Morphology of The Edible Film Produced Under Optimal Conditions
Was Examined Using SEM at Magnifications of 500X (a) and 1000X (b)

%% Tram miran:
"
-
o
——
Nl
e
e

e

w10

.|5¢||@-

B A s o8 EERE

5,’5 L3

T =

’ Kkl : 'H-Ill : 1‘&3 = :ﬂ.J_-
‘Whamsarniars (em1)

Fig. 2: FTIR Spectra of Edible Film Produced Under Optimal Conditions

Fourier Transform Infra Red (FTIR) uses an infrared radiation beam.®? By altering
A popular method for identifying the functional intermolecular interactions, specifically hydrogen
groups in materials (gas, liquid, and solid) is Fourier ~ bonding between hydroxyl and amide groups,
transform infrared spectroscopy (FTIR), which  processing parameters like homogenization speed,
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drying temperature, and drying time may affect the
FTIR spectra of the edible film made of red pitaya
peel powder, fish gelatin, and glycerol. However,
because there are no chemical reactions, these
conditions do not produce new functional groups;
instead, they may cause modest peak shifts, band
broadening, and variations in peak intensity. Based
on FTIR spectroscopy analysis of edible films
made from fish gelatin (6% w/v), dragon fruit peel
powder (0.5% wi/v), and glycerol (2% w/v) produced
under optimal process conditions (Figure 2), some
important spectral peaks were identified. The peak
at 3280.46 cm™ indicates the presence of hydroxyl
(-OH) groups originating from fish gelatin, glycerol,
and bioactive compounds in dragon fruit peel
powder. €63 This peak is similar to that found in
studies of other protein-based edible films reinforced
with the addition of lipids. The peaks at 2934.57 cm"*
and 2872.82 cm™ are associated with aliphatic (C-
H) stretching, which also originates from the three
components, indicating the presence of aliphatic
bonds in the film formula.5

The peak at 1628.73 cm™ indicates the presence
of functional groups (C=C), which are likely derived
from the gelatin structure and compounds in red
pitaya peel.®® Peaks at 1628.73 cm™, 1548.19
cm™, and 1237.80 cm™ correspond to amides
I-111, respectively.®® The peaks at 1461.04 cm™
and 1355.80 cm™ are related to the presence of
functional groups (C-H),® indicating the presence of
aliphatic structures in gelatin and glycerol. The peak
at 1401.91 cm™ is located in the 1350-1449.57 cm™
region with a stretching vibration type that indicates
the presence of C-H bonds.%° The peak at 1034 cm™,
interpreted as C-N stretching (alkyl group), shifted
in gelatin film.%® The bands detected at around 1037
cm™ were attributed to the saccharide structure's
C-0O-C stretching vibrations.®® The main peak at
about 1030-1040 cm™ was related to the C-O
stretching vibration of the CH.®” In addition, the
peaks at 922.02 cm™ and 846.44 cm™ are probably
related to C-C skeletal vibrations in glycerol,®
indicating structural interactions in the film matrix.
Finally, the peak at 553.15 cm™ may be related
to inorganic vibrations or interactions between
components in the film.

Conclusions
This study demonstrates that although various
formulations of edible films have been extensively
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developed, the optimization of process conditions,
such as the speed of homogenization and the drying
process, remains limited. The results of the study
confirm that process conditions have a significant
influence on the mechanical and physical properties,
as well as the antioxidant activity, of the films.
Consequently, the optimization of process conditions
is a key factor in producing edible films with optimal
and balanced characteristics.

Process optimization of fish gelatin (6% w/v)-RPPP
(0.5% wiv)-glycerol (2% wi/v) edible film using RSM-
CCD successfully identified optimal conditions A:
9000 rpm, B: 19 h, C: 50°C yielding TS=0.0221
MPa, EAB=125.25%, T=0.209 mm, MC=12.46%,
S=46.70% with high desirability (0.800). Low
homogenization (A: 9000 rpm) maximized TS by
preventing excessive particle dispersion and the
entrapment of bound water, while higher Aenhanced
EAB through improved matrix homogeneity but
increased MC due to gelatin’s hygroscopicity. Short
drying (B: 19 h) optimized EAB by preserving
plasticizer functionality, though extended B elevated
MC via moisture equilibration. High temperature (C:
50°C) significantly reduced MC and improved TS
through efficient evaporation of bound water, but
sharply decreased EAB and solubility (S) due to
matrix densification.

Edible films produced under optimal processing
conditions exhibit adequate mechanical and physical
properties, though they have the drawbacks of low
tensile strength and high water vapor transmission
rate (WVTR); however, they offer advantages in
terms of antimicrobial and antioxidant activity, as well
as an attractive pink color. As a direction for further
studies, efforts to increase the tensile strength of
edible films should focus on optimizing the speed
and duration of homogenization, as well as adjusting
the plasticizer concentration and incorporating
reinforcing agents. This approach is expected
to improve the matrix structure and enhance the
mechanical properties of the film.
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