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Abstract. Garlic and chitosan are well-known have an antimicrobial activity to terminate or inhibit the growth of 
bacteria. This study aims to synthesize, characterize chitosan-garlic film using FTIR, SEM, UV-VIS Spectrophotometry, 
and swelling analysis; and obtain antimicrobial activity during period time. The variation processes were a type of garlic 
extract, type of bacteria, and the concentration of garlic extract 1%, 2%, 3%, 10%, and 20%. Chitosan-garlic composite 
film as a product has an elastic and greasy texture. FTIR analysis shows that chitosan-garlic composite film has ionic 
interaction between chitosan and garlic extract. The water absorption ability of chitosan-garlic composite film cannot be 
well determined as not using a crosslinking agent that links garlic extract to composite film. SEM analysis shows the 
heterogeneous morphology surface of the chitosan-garlic film. Chitosan- garlic powder composite film at 20% 
concentration (b/v) tested against S. aureus has the highest antimicrobial activity with OD600 0,001342. Chitosan-garlic 
oil composite film at 20% concentration (v/v) tested against S. aureus has the highest antimicrobial activity with OD600 
0,0013. Spectrophotometry UV-VIS method confirmed that the antimicrobial activity of chitosan-garlic composite film 
increased compared to the concentration of garlic extract and decreased compared to storage time. The elasticity of 
chitosan-garlic composite film decreased compared to the concentration of garlic extract. 
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INTRODUCTION 

Indonesia is a tropical country where germs or bacteria are easy to grow and develop. In the case of open 
wounds, infections often occur due to the entry of germs or bacteria into the wound, so it is necessary to give 
antiseptic immediately to prevent the wound from getting worse [1]. 

According to [2], wounds disrupt anatomical structures and the body's physiological functions. The presence of a 
wound causes a biological response in the form of wound healing which has several phases, such as the hemostasis 
phase, the inflammatory phase, the proliferative phase, and the remodeling phase. After treatment, there will be 
vasoconstriction followed by vasodilation, thereby increasing the supply of blood in the wound area. In addition, 
platelets will de-granulate and secrete Platelet-Derived Growth Factor (PDGF) to attract polymorphonuclear 
leukocytes (PMN) to the wound area and start the inflammatory phase. PMN leukocytes and macrophages dominate 
the inflammatory response after four days. After the inflammatory phase, there will be a proliferative phase 
characterized by the formation of new blood vessels and collagen synthesis. Angiogenesis or the formation of new 
blood vessels is the key to the wound healing process. This process plays a role in supplying oxygen, nutrients, 
inflammatory cells, and removing necrotic tissue. Wound healing is a complex process, and incorrect wound 
treatment can result in more severe wounds, infection, and eventually scars.  

Several natural products have been known as drugs in wound healing, such as aloe vera, banana leaf, cocoa, tree 
bark, turmeric, glucan, honey, and propolis [3]. According to [4], cucumber contains flavonoids, saponins, and 
polyphenol compounds. The mechanism in the wound healing process in the presence of saponin triggers the 
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formation of collagen, which is a protein that plays a role in the wound healing process [5]. According to [6], 
saponin has an antibacterial function. If applied to the injured skin can inhibit bleeding because saponins can form 
adhesive compounds and cover the injured skin. Flavonoids have anti-inflammatory and anti-allergic properties that 
can regulate cell function by stimulating the production of Transforming Growth Factor- -), which can 
increase the migration and proliferation of fibroblasts in the scar area and induce Vascular Endothelial Growth 
Factor (VEGF), which plays a role in in the formation of new blood vessels [7]. Polyphenols have functioned as 
antimicrobials and antivirals [8]. 

The usage of films from polymers continues to expand in various fields such as biotechnological, 
pharmaceutical, medical, environmental, and agricultural industries [9]. One of the most critical factors in 
determining film performance is the selection of film materials. Natural polymers are currently receiving much 
attention to be used as a film because they are non-toxic, biodegradable, biocompatible, not expensive, and abundant 
[10]. In particular, alginate and chitosan are natural polymers that have potential as raw materials for composite 
films. 

Chitosan is a polymer that can be used in the pharmaceutical and medical fields. The solubility of chitosan is 
highly dependent on pH; it often becomes a limitation in the chitosan’s utilization. Chitosan is difficult to dissolve in 
organic solvents and alkaline or neutral solvents. Chitosan can be dissolved well in acidic conditions [11]. Chitosan 
is also one of the second most significant polysaccharides in nature after cellulose. The cation structure (amine and 
hydroxyl groups) shows that chitosan has broad antimicrobial ranges against bacteria such as Escherichia coli, 
Salmonella typhimurium, Staphylococcus aureus, and Listeria monocytogenes [12].  In addition, chitosan has film-
forming properties, hydrophobic, biodegradable, non-toxic, and transparent [13]. 

Garlic (Allium sativum) has been known as traditional medicine. Garlic has antibacterial properties against both 
gram-positive and gram-negative bacteria. Garlic (Allium-Sativum) has chemical substances such as Allicin, 
scordinin, allithanin, and selenium. Allicin contained in garlic has functioned as an antibiotic to increase human 
immunity. Allicin can also inhibit bacteria and yeast growth and has good sensitivity to both gram-positive and 
gram-negative bacteria. The non-protein amino acid (alliin) and the enzyme alliinase are the most active ingredients 
contained in garlic. Both compounds will interact and form Allicin which is the main biologically active component 
in garlic when it is crushed [14]. 

The addition of garlic extract in chitosan film is supposed to make the chitosan film has a higher antibacterial 
ability when compared to it the chitosan film. 

The purpose of this study was to synthesize and characterize chitosan-allium sativum film, which was produced 
by combining chitosan with garlic extract (Allium sativum) to create a film that has a higher antibacterial ability and 
could assist in accelerating the wound healing process. 

EXPERIMENTAL METHODS 

Materials 

The medical-grade chitosan purchased from Biotech Surindo (Cirebon, Indonesia) was used directly without any 
treatment. The degree of deacetylation (DD) and the viscosity-average molecular weight (Mv) of chitosan are 81,81 
% and 2,700 kDa, respectively. The acetic acid, Glycerin, NaOH, and nutrient broth were pure analysis grades and 
purchased from Merck, Germany. Garlic powder was purchased from CV. Internusa, Surabaya. Garlic oil was 
purchased from Bulk Apothecary, Ohio. 

Preparation of Chitosan-Allium Sativum Film 

Chitosan solution 2% (w/w) was prepared by dissolving chitosan powder in 0.75 % (v/v) acetic acid solution. 
The allium-sativum mixture was made by dispersing garlic powder on aquadest. Chitosan and allium sativum 
solution were mixed in a magnetic stirrer into a homogenous mixture on a certain ratio. Then, the glycerin was 

The solution was ca
soaked in 2% (w/v) NaOH for 24 hours. NaOH solution was used as a non-solvent to precipitate the film.  
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Characterization of Chitosan-Allium Sativum Film 

The chitosan-allium sativum film was subjected to Fourier Transform Infra-Red spectroscopy to characterize the 
functional group's chemical changes. Fourier transform infrared spectroscopy (FTIR 8400S Shimadzu, Japan) was 
done using the KBr disc technique in the range of 4000 – 400 cm-1. All of the spectra were recorded at room 
temperature with a resolution of 4 cm-1 for 45 scans. 

The characterization of Chitosan-Allium sativum film was analyzed by studying morphology, chemical structure, 
and swelling behavior. Morphological analysis was carried out using Scanning Electron Microscope (SEM). The 
morphology of the film surfaces was observed using an SEM FEI INSPECT S-50, Netherlands. The film was 
attached to double-sided carbon tape and subsequently placed in a sample holder. 

The swelling analysis was carried out by immersing a 5 x 5 cm film sample in distilled water for a definite time 
and then weighing it. The procedure was repeated until the film achieved equilibrium. It was assigned by constant 
weight. Furthermore, the swelling parameters were analyzed by comparing the changes in the film mass at a certain 
time to the initial dry film mass. The following equation calculates the degree of swelling: 

 % =                (1) 

Antimicrobial Analysis of Chitosan-Allium Sativum Film 

Antimicrobial analysis was determined by using UV-VIS spectrophotometry.  The analysis was carried out at a 
wavelength of 600 nm for S. aureus and E. coli bacteria. Film samples were weighed as MIC value, poured into 20 
ml of Nutrient Broth (NB), and then added control bacteria. Then, the samples were incubated for 20 hours in a 
shaker incubator. The usage of a shaker incubator is to maximize the contact between the film sample and the 
control bacteria. After 20 h of incubation, the Optical Density (OD) of mixtures were determined at = 600 nm. The 
OD results indicate the number of bacterial cultures present in the sample mixtures. 

RESULTS AND DISCUSSIONS 

The research purpose is to study garlic extract (Allium sativum) on the antimicrobial properties of chitosan-
Allivum sativum film. The process variables studied were the mass ratio of the garlic extract to chitosan and the 
kinds of garlic extract used. The antimicrobial performance was tested on both gram-positive and gram-negative 
bacteria. It was also tested to know the effective changes of the antimicrobial properties over a lifetime period. The 
antimicrobial performance of chitosan-allium sativum film was tested by using UV Spectrophotometer. In addition, 
the physicochemical properties of the films were characterized using FTIR (Fourier Transform Infra-Red 
Spectroscopy) and SEM (Scanning Electron Microscopy). The water absorption ability of the film was conducted by 
Swelling analysis. 

Chitosan-Allium Sativum Film 

In this study, a composite film of chitosan and garlic extract was carried out regarding the research of [15] by 
modifying the concentration range of chitosan used so that the resulting film structure is not too thick with the 
presence of chitosan with a semi-powder texture. The solution obtained is clear in color, and bubbles are formed due 
to stirring. In the process of making chitosan-garlic composite films, chitosan cannot be dissolved entirely, even 
though chitosan has properties that are soluble in dilute acid solutions. 

The addition of glycerin and garlic extract with the ratio of glycerin to acetic acid-chitosan solution refers to the 
research of [16]. The amount and type of garlic extract added were variables used in this study, with the types of 
extracts being garlic oil and garlic powder. The amount of garlic extract added will correlate with variations in the 
concentration of garlic extract in the chitosan-garlic composite film, namely concentrations of 1%, 2%, 3%, 10%, 
and 20% (v/v) for garlic oil and 1 %, 2%, 3%, 10%, and 20% (w/v) for garlic powder. Garlic extract will dissolve in 
acetic acid (CH3COOH) because garlic extract is polar and because the structure of Allicin will be stable in 
compounds containing hydroxyl groups [17]. 

drying, the appearance of the film will change the color of the film to be browner when compared to before drying. 
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Then the film was immersed in a 2% (w/v) NaOH solution to release the film. The use of 2% (w/v) NaOH solution 
serves as a non-solvent solution, where NaOH has OH- ions that can bind to H+ ions from the acetic acid solvent 
that is remaining on the chitosan-garlic composite film. OH- ions will release Na+ and bind to H+ ions due to 
hydrogen bonds, which are the strongest ionic bonds, so that H+ ions will be released from the chitosan-garlic 
composite film, leaving marks on the film will become film pores. The chitosan-garlic composite film that has been 
formed and released from the mold has a thick, chewy, and slippery texture. 

 

   
                                                    (a)     (b) 

FIGURE 1. Chitosan-Allium Sativum Films (a). Garlic Powder; (b) Garlic Oil 

Figure 1 shows that the chitosan-garlic powder film has a heterogeneous surface compared to the chitosan – 
garlic oil film. Garlic powder has the characteristics of being easy to clot and cannot dissolve completely, so the film 
formed has a more brittle structure.  

It shows that the higher concentration of garlic oil added to the chitosan-allium sativum film, the film was white-
yellowish and reduced the film elasticity. Otherwise, the higher the concentration of garlic powder added to the 
chitosan-allium sativum film, the film elasticity decreased. The optimum film elasticity is a film which a garlic 
concentration of 3% (w/v). 

FTIR Characterization of Chitosan-Allium Sativum Film

The characterization of the physical properties of the chitosan-allium sativum film was carried out using the 
FTIR Spectrophotometer analysis to indicate the functional group of the compound. The active substance in garlic 
extract that is responsible as an antibacterial agent is Allicin. It has the primary functional group S = O (sulfoxide). 
The S=O (sulfoxide) functional group has a wavenumber between 1030 cm-1 – 1070 cm-1. The presence of sulfoxide 
on the film indicates that the film has the ability of an antimicrobial. 

Figure 1 and Figure 2 show the presence of the S=O functional group in the garlic and composite film, it was a 
shift from 1074.02 cm-1 to 1043.61 cm-1 in the 10% garlic oil-chitosan film (v /v), and there was a shift from 
1026.13 cm-1 to 1035.13 cm-1 on the 2% (w/v) chitosan-garlic powder film. The shift in wavenumber on the 2% 
(w/v) chitosan-garlic powder composite film indicates an ionic interaction between the S=O functional group in 
chitosan and garlic powder indicated by the widening of the functional group peak. The S=O functional group in 
garlic oil/powder has a relatively small peak compared to several other peaks. 
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FIGURE 2. IR-spectrum of (a) Allium Sativum; (b) Chitosan 

 
Garlic has properties that are not heat-resistant so that during the extraction and drying process of garlic at high 

does not contain the S=O functional group. This compound also has antimicrobial properties but is not as effective 
as Allicin. In Fig. 3 (c), there is no absorption of the O-H stretching functional group. Since making garlic oil with a 
temperature of 100 C, the sulfur compounds contained in garlic, namely allyl cysteine, evaporate. This allyl cysteine 
compound contains the O-H functional group. 

 

 
 

FIGURE 3. IR-spectrum of (a) Chitosan-Allium Sativum from oil garlic 10 % (v/v); (b) Chitosan-Allium Sativum from garlic 
powder 2%; (c) garlic oil 

 
During the extraction and drying process of garlic into garlic powder, most of the Allicin is converted to other 

sulfur compounds such as diallyl sulfide and diallyl disulfide. This sulfur compound does not contain the S=O 
functional group. This shows that Allicin contained in garlic powder is less than Allicin contained in garlic oil. 
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Scanning Electron Microscopy (SEM) Characterization of Chitosan-Allium Sativum Film 

Morphological analysis was carried out on the surface of the chitosan-garlic composite film using Scanning 
Electron Microscopy (SEM). Based on Figure 4, the 10% (v/v) chitosan-garlic oil composite film has an uneven, 
random, and hollow structure. In Fig. 4 (A), (C), and (D), the surface of the film is irregular due to the presence of 
bubbles. The bubbles on the film's surface are garlic oil that does not bind to chitosan, so it does not mix 
homogeneously. In this study, we did not use a crosslinker that functions as a binder between garlic oil and chitosan. 

 
 

FIGURE 4.  SEM Analysis of Chitosan-Garlic Oil Film 10% (v/v): 
(A) 100x magnification; (B) 1000x magnification; (C) Magnification 5,000x; (D) Magnification 10,000x 

 
There is a smooth surface on the film, a chitosan matrix, while the heterogeneous and irregular surface is caused 

by the nature of the chitosan-garlic composite film, which is not resistant to heating film undergoes a drying process, 
there are parts that shrink. 

The FTIR results validated the SEM results, which show that the addition of garlic oil to chitosan gives a smaller 
wavenumber of the hydroxyl group so that it can be proven that garlic oil and chitosan do not mix homogeneously 
because of the small interaction between the –OH group in garlic and the chitosan group –NH2 in chitosan. 

An inhomogeneous mixture causes many areas that are uneven, hollow, and irregular. Therefore, the garlic 
attached to the film may come off. 

The Swelling Analysis of Chitosan-Allium Sativum Film 

Based on Table 1 and Table 2, 3 % Swelling for chitosan-garlic oil and garlic powder composite films showed 
negative results. It is because, in this study, there was no crosslinker / chemical binding agent between chitosan and 
garlic extract oil or powder, so that when immersed in distilled water, there were some garlic extracts that were 
released from the chitosan-garlic composite film, which affected the weighing results of the film in wet conditions. 

In Table 2, the Swelling test can only be carried out on chitosan-garlic powder films with 1%, 2%, and 3% (w/v). 
It is because, at concentrations of 10% and 20% (w/v), the film formed has no elastic properties at all, and when 
immersed in distilled water, it will crumble. 
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TABLE 1. The Degree of Swelling of Chitosan-Allium Sativum (oil) Film  
 The Concentration of Garlic on Chitosan-Allium Sativum Film 
 1 % 2 % 3 % 10 % 20 % 

% Swelling -0.178 -0.188 -0.228 -0.199 -0.276 
 

TABLE 2. The Degree of Swelling of Chitosan-Allium Sativum (powder) Film 
 The Concentration of Garlic Powder on Chitosan-Allium Sativum Film 
 1 % 2 % 3 % 10 % 20 % 

% Swelling -0.102 -0.104 -0.089 - - 
 

In Table 2, the Swelling test can be carried out on chitosan-garlic powder films with concentrations of 1%, 2%, 
and 3% (w/v) only. It is because, at concentrations of 10% and 20% (w/v), the film formed has no elastic properties 
at all, and when immersed in distilled water, it will crumble. 

Antibacterial Analysis of Chitosan-Allium Sativum Film 

The results of the UV-VIS spectrophotometer analysis at = 600 nm or OD600 indicate the number of bacterial 
colonies contained in the sample. 

Based on Fig. 5 and Fig. 6, it can be seen that in the composite film-garlic powder and composite film-garlic oil, 
the higher the concentration of garlic extract, the more the antimicrobial properties of the composite film increased, 
which was indicated by a decrease in the value of OD600. 

 

 
FIGURE 5. The Effect of garlic oil concentration on antibacterial ability for S. aureus and E.Coli  

 
Based on Fig. 5 and Fig. 6, it can also be seen that both types of composite films have antimicrobial properties 

that are more effective against S. aureus bacteria. It is because gram-negative bacteria such as E. coli have a more 
complex wall structure consisting of 20% lipid and an outer membrane layer so that Allicin tends to be more 
difficult to diffuse into E. coli, while gram-positive bacteria such as S. aureus only have a wall structure consisting 
of 2% lipids, thereby increasing the permeability of Allicin and accelerating the process of cell destruction (Abiy & 
Berhe, 2016). Therefore, it can be concluded that the antibacterial properties of the chitosan-garlic powder 
composite film were more effective against gram-positive bacteria. 
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FIGURE 6. The Effect of garlic powder concentration on antibacterial ability for S. aureus and E.Coli 

 
This is following the research of Salima, Jeanna (2015), which states that the antimicrobial ability of garlic 

extract is more effective against gram-positive bacteria than gram-negative bacteria. 
The characterization of the antimicrobial properties of the chitosan-garlic oil composite film was carried out by 

analyzing the effectiveness of the antimicrobial properties of the composite film concerning time, with a selection of 
7 days. The composite film used was 10% (v/v) chitosan-garlic oil composite film using S. aureus bacteria. 
 

 
FIGURE 7. Effect of storage time on the effectiveness of antimicrobial properties of chitosan-garlic oil 10% (v/v) Film Using S. 

aureus Bacteria 
 

Based on Fig. 7, it can be seen that the longer the storage time of the 10% (v/v) chitosan-garlic oil composite 
film, the lower the antimicrobial properties of the film, which is indicated by the decrease in the OD600 value of the 
composite film. It is due to the nature of Allicin which is unstable and easy to re-metabolize into other sulfur 
compounds such as vinyldithiines and diallyl disulfide (ajoene), which also have antimicrobial power with less 
activity (Londhe, 2011). Therefore, the antimicrobial activity will decrease with the longer storage time of the 10% 
(v/v) chitosan-garlic oil composite film. It is following the research of Shokrzadeh et al. (2006), which states that the 
antimicrobial properties of garlic extract will decrease with the longer storage time. 
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CONCLUSION 

1. The chemical characteristics of the chitosan-Allium sativum (garlic) film based on the FTIR results showed 
a chemical interaction between several functional groups found in chitosan and garlic. The widening of the 
peak on specific functional groups in the film have validated the analysis. However, the interaction between 
the two components did not produce new peaks. Meanwhile, based on the swelling test results on the 
chitosan-Allium sativum composite film, the results showed a negative result because no crosslinker 
functions as a binder between chitosan and garlic. The results had a decreasing trend. 

2. The antimicrobial properties of the chitosan-Allium sativum (garlic) composite film increased effectiveness 
when the amount of garlic extract was more significant than the amount of chitosan in the composite film. 

3. The antimicrobial properties of the chitosan-Allium sativum (garlic) composite film has effectiveness, 
whose value decreases with time. 
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