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Abstract: Staphylococcus aureus is a normal bacteria flora in the oral cavity and often causes infections. Saffron
(Crocus sativus L.) contains flavonoids that can inhibit the growth of Staphylococcus aureus. Saffron extract is
formulated into edible film preparations because it controls drug release and maintains active substances,
especially antibacterial ones. This study aims to determine the effect of comparing PVA and xanthan gum
concentrations on edible film preparation physical characteristics and antibacterial activity. Also, to find out the
optimal formula. This study uses the Simplex Lattice Design method and Design Expert to determine the
concentration ratio. The optimization parameters of the preparation included pH, soluble time, water
absorption, and antibacterial activity test using the well diffusion method. The ANOVA results showed that
adding PVA concentration accelerated the dissolution time and increased the antibacterial inhibition. The
addition of xanthan gum concentration increased the pH value and water absorption. The test results obtained
a pH of 5.52, dissolution time of 22.25 seconds, water absorption capacity of 43.95%, and antibacterial inhibition
of 0.53 cm. The optimal formula was received at the concentration of PVA at 5.59% and xanthan gum at 0.41%.

The T-test shows that the equation of each optimal parameter is valid.

Keywords: Antibacterial against Staphylococcus aureus; Edible film; Optimization; PVA; Xanthan
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1. INTRODUCTION

Saffron (Crocus sativus L.) contains secondary flavonoids, terpenoids, anthocyanins, and
carotenoid metabolites. Flavonoid compounds are compounds synthesized by plants as a defense
system and respond to infection by microorganisms. Saffron (Crocus sativus L.) has an antibacterial
activity of Staphylococcus aureus at a concentration of 1000 g/petri with an inhibitory diameter of
15+0.14 mm [1].

Staphylococcus aureus is a normal flora bacteria in the oral cavity and can be pathogenic and
cause infection. These bacteria enter through food and occupy different parts or surfaces in the oral
cavity, which often causes disease in the mouth. The infection caused by this bacterium is the

presence of signs such as inflammation, necrosis, and abscess formation [2].
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The edible film is a thin layer of hydrophilic material made from proteins, carbohydrates,
and fats or their mixtures [3]. The edible film is divided into three main components: hyrocolloids,
polysaccharides, and composites [4]. One example of hydrocolloid is polyvinyl alcohol (PVA) which
has good film-forming properties and chemical resistance. Still, PVA in edible films has high moisture
sensitivity and water absorption, so it is necessary to have a crosslink, one of which is 0.5% citric acid
which can support the formation of polysulfone membranes, increasing the mechanical properties
and film stability [5]. Adding polysaccharides in edible films also increases the preparation's strength
and antibacterial ability [6]. Xanthan gum is a polysaccharide material that can quickly return to its
original shape and maintain the consistency of the preparation so that it is easy to pour, spread
evenly, and form an even layer. In addition, it has a good appearance and spreadability and can be
mixed with many pharmaceutical ingredients to improve the preparation's physical quality [7].

Based on the description above, in this study, researchers are interested in carrying out the
physical characteristics of edible film preparations, including pH, soluble time, and water absorption.
Testing of antibacterial activity on each run formula (I-VIII) and the optimal formula of the trial
against Staphylococcus aureus to determine the ability of edible film preparations as antibacterial.
Optimization of PVA and xanthan gum to determine the optimal procedure for manufacturing edible

film preparations.

2. MATERIALS AND METHODS

2.1. Materials

The ingredients for the extract are saffron (Crocus sativus L.) and 96% ethanol. The ingredients
for edible films are PVA, xanthan gum, citric acid, saccharin sodium, sorbitol, peppermint oil,
menthol, and aquadest. For testing, the antibacterial inhibitory were Staphylococcus aureus,
physiological NaCl 0.9%, Mueller Hinton agar media, McFarland reagent, artificial saliva, nutrient
agar media, and Nutrient Broth media.

2.2. Methods

Remaceration is one of the extraction methods with characteristic of soaked the sample with
suitable solvent [8], which can be applied with sample saffron (Crocus sativus L.). Dried pistils of
saffron (Crocus sativus L.) flowers were weighed and soaked using ethanol 96% using ratio of 1:50.
The soaking process was carried out during for five days. After the soaking process, filtrated the
product which aims to separate the filtrate and liquid extract. The liquid extract was evaporated using
a rotary evaporator machine of 70°C until viscous extract is obtained.

In making an edible film extract ethanol of saffron (Crocus sativus L.), the PVA component is
dispersed in several parts of distilled water and then heated on the free fire and stirred until a clear
liquid gel is formed. In the second step, the xanthan gum component was developed in distilled water
at a temperature of +70°C using a hotplate. The two gels were mixed in a mortar, added citric acid
and other ingredients (saccharin sodium, sorbitol, peppermint oil, and menthol), then distilled water
and crushed until homogeneous and poured into a beaker glass. The gel mixture was degassed for
10 minutes and then poured into a glass mold (20X20X1 cm). Drying is carried out in an oven at 40°C
for 1-2X24 hours. After drying, the edible film is allowed to stand for 10-15 minutes, peeled off from
the glass, and cut to a size of 2.2X3.2 cm [9].

The evaluation of edible film saffron (Crocus sativus L.) consists of pH, dissolution time, water
absorption, and antibacterial inhibition of Staphylococcus aureus. The pH evaluation began with one
stripe of edible film placed in a beaker glass and drabbled with aquadest until dissolved. Then, count
the pH from the dissolved liquid with a pH meter [10]. The dissolution time evaluation started with
weighing one stripe of edible film and then put into a beaker glass filled with factitious saliva as
much as 10 milliliters. Observed and counted the time using a stopwatch until the edible film
dissolved [11].
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Table 1. Edible Film Formula Design Extract Ethanol of Saffron (Crocus sativus L.).

Run
Ingredients
I IT III v V VI VII VIII
Extract Saffron (%) 8 8 8 8 8 8 8 8
PVA (%) 5 4 6 4.5 6 5 55 4
Xanthan Gum (%) 1 2 0 1.5 0 1 05 2
Citric Acid (%) 05 05 05 0.5 05 05 05 05
Saccharin Sodium (%) 0.1 0.1 0.1 0.1 01 01 01 0.1
Sorbitol (%) 5 5 5 5 5 5 5 5
Peppermint Oil (%) 2 2 2 2 2 2 2 2
Menthol (%) 01 01 01 0.1 01 01 01 01

Aquadest Ad (%) 100 100 100 100 100 100 100 100

Water absorption evaluation used a stripe of the edible film, which was weighed (Wo) and
then put into a beaker glass filled with aquadest for 10 seconds and weighed (W1). Count the
percentage of water absorption using the formula (W1-Wo) / Wo x 100 % [12]. In antibacterial
inhibition of Staphylococcus aureus evaluation, the first step is to inoculate the suspension of bacteria
on Nutrient Broth media and hushed until dried. The well is made using cylinder cup metal. The
dissolved edible film was then put into the well and incubated for 24 hours at 37°C. The inhibitory
zone formed around the well counted using vernier calipers [13].

The test data for pH, dissolution time, water absorption, and antibacterial inhibition of
Staphylococcus aureus for each run formula (I-VIII) were processed with Design Expert 10.0.1 software
with Simplex Lattice Design method to obtain the optimal formula from the optimization of the two
components, then made back with the same specs. The software optimization results were compared
with the actual results using the T-test software SPSS 23 validity test. This test was used to determine
the resulting formula and the formula in the software to obtain essential data (there or no significant
difference) so that the formula used was valid.

3. RESULTS AND DISCUSSION

Extraction of saffron (Crocus sativus L.) by remaceration method obtained a result is 76.95%.
The saffron extract obtained was subjected to a preliminary test of phytochemical screening and thin
layer chromatography (TLC). The test results showed that the saffron extract contained secondary

metabolites of flavonoids, tannins, alkaloids, terpenoids, and saponins.

3.1. Evaluation of Edible Film Saffron (Crocus sativus L.)

Table 2. Evaluation Results of Edible Film Saffron (Crocus sativus L.).

Run

Test
I II II1 v \% VI VII VIII

pH 4.86 5.50 6.06 466 6.14 546  5.29 4.59
Dissolution Time
30 33.7 12.7 373 12 28 26 30
(second)
Water Absorption (%) 7721 147.03 1971 92 36.46 88.71 4194 154.74

Antibacterial Inhibitory (cm) 0.51 0.37 075 040 077 049 0.55 0.35
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The test results on each optimization parameter were analyzed using Design Expert 10.0.1
software with the Simplex Lattice Design method. The effect of using PVA and xanthan gum on each

response to saffron edible film preparations can be seen in Table 3 and Figure 1.

Table 3. Simplex Lattice Design Equation of Edible Film Saffron (Crocus sativus L.).

Response (Y) Simplex Lattice Design Equation
pH Y =+1.01 (A) +2.58 (B) - 0.53 (A) (B)
Dissolution Time (second) Y =+2.09 (A) —22.54 (B) + 8.62 (A) (B)
Water Absorption (%) Y =+4.66 (A) +118.54 (B) - 13.44 (A) (B)
Antibacterial Inhibitory (cm) Y =+0.13 (A) +0.25 (B) - 0.08 (A) (B)
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Figure 1. Profile of Physical Characteristics and Antibacterial Activity of Edible Film Saffron from Combination
of PVA and Xanthan Gum Based on Simplex Lattice Design (a) pH; (b) Dissolution Time; (c) Water Absorption;
(d) Antibacterial Inhibitory.

The pH response results on the xanthan gum showed an increase in the pH value compared
to the PVA, which was due to the presence of D-glucuronic acid from xanthan gum so that the pH of
the edible film increased or became more acidic [14].

The results of the dissolution time response on the xanthan gum showed an extension of time
due to xanthan gum being a type of hydrocolloid with a rigid or tight molecular structure [15].
Increasing the concentration of xanthan gum in the preparation will increase the viscosity of the
dispersion medium, thereby reducing the speed of dispersion of edible film particles [16]. In addition,
the excessive use of xanthan gum will inhibit the interaction of xanthan gum with other polymers,
which causes the hardening of the texture of the edible film layer [17].

The response to water absorption in the xanthan gum showed an influence in increasing
water absorption compared to the PVA because xanthan gum was biopolymer or water soluble with
an extreme and dense molecular chain conformation so that it absorbed more water [7]. The increased
water absorption in edible film can be caused by adding xanthan gum concentration to bind water
molecules through solid hydrogen bonds [18].

The results of the chart of the diameter response of the antibacterial inhibition
of Staphylococcus aureus on the xanthan gum showed a decrease in antibacterial ability due to the
mass of the preparation having a high viscosity resulting in the formation of a thick barrier layer [19].
After contact with the test media or MHA media, the edible film solution causes difficulties for the
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active antibacterial substance to come out of the edible film, resulting in a small inhibitory zone
diameter.

The optimal formula obtained was PVA at 5.59% and xanthan gum at 0.41%, with predicted
results of pH 5.52, dissolution time of 22.25 seconds, water absorption capacity at 43.95%, and
antibacterial inhibition is 0.53 cm. Equation validation with a One-Sample T-Test aims to validate the
prediction equation on Design Expert obtained with experimental results. The optimal formula
shows results that are not significantly different from theoretical results from the design expert so
that the equations of each parameter are valid.

4. CONCLUSION

Comparison of the concentration of PVA and xanthan gum significantly affects the physical
characteristics and antibacterial activity of Staphylococcus aureus edible film preparations of saffron
(Crocus sativus L.) ethanol extract. PVA accelerates the dissolution time of edible film preparations
and increases the antibacterial inhibition of Staphylococcus aureus. Xanthan gum has the effect of
increasing pH and water absorption. The final result of this research concluded that a concentration
of PVA 5.59% and xanthan gum 0.41% can produce edible film preparations of saffron ethanol extract
(Crocus sativus L.) with optimal physical characteristics and antibacterial activity of Staphylococcus
aureus including pH 5.52, dissolution time 22.25 seconds, water absorption is 43.95%, and
antibacterial inhibition is 0.53 cm.
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