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A B S T R A C T   

This study discovered the potential application of kaolin (Kln) and silver-kaolin (Ag-Kln) in gelatin-composite 
films as active packaging material for food products. Three different types of kaolins; raw Kln, Ag-Kln (1:2) 
mix and Ag-Kln (1:1) mix with various concentrations (15%, 30% and 45%) were prepared by solution casting. 
For the water barrier properties, the wettability test indicated that the addition of kaolin in gelatin films pro-
duced hydrophobic films and lower (p < 0.05) water vapour permeability, regardless of the kaolin type and 
concentration. Scanning electron microscopy images portrayed that higher inclusions of Ag-Kln compounds are 
able to develop smoother surface and homogenous cross-section. In addition, by incorporating these two ma-
terials, films with great antimicrobial effect towards both Gram-positive and Gram-negative bacteria were 
produced. Elevation of Ag-Kln concentration also proved to lower the transmission of ultraviolet-vis light 
through the films. These findings suggested that gelatin film with Ag-Kln has a potential and beneficial in food 
packaging industry due to its enhanced properties.   

1. Introduction 

Demand for foods in the next 30-40 years is expected to grow rapidly 
due to progression in human population, increasing consumer pur-
chasing power and urbanization (Satterthwaite, McGranahan, & Tacoli, 
2010). Producers and stakeholders need to make a significant invest-
ment in producing more environmentally sustainable products in the 
future. Advanced packaging has a distinctive role in enhancing food 
security, reducing food losses and prolonging the shelf life. Nowadays, 
research on active packaging has evolved tremendously due to its po-
tential in delaying food spoilage and extending the shelf life of food 
products. 

Active packaging reinforced with natural extracts has been empha-
sized due to the safety concerns and consumer’s preference (Jridi et al., 
2019). Bio-polymer packaging helps in conserving the environment 
while protecting the food by improving the barrier towards oxidative 
agent, external moisture and aroma. Natural bio-composite films are 
usually made from proteins, polysaccharides, and lipids. Their great 
characteristics are not limited to sustainability and eco-friendly, they 
also edible, biodegradable, and safe for human consumption (Li, Yang, 
Deng, Guo, & Xue, 2020). Gelatin is an abundance protein-based 

biodegradable component derived from the hydrolysis process of ani-
mals’ collagen (Liu et al., 2020). Kam et al. (2018) reported that gelatin 
possesses numerous properties, for instance, as thickening agent and 
stabilizer. Gelatin’s characteristics depend on the versatility (different 
sources) and various features subjected to the ages of animals, processes, 
etc. 

Fish gelatin films exhibit lower water vapour permeability and 
relatively low moisture stability due to the variances in amino acid 
composition. It is also suggested to incorporate other fillers to fabricate 
bio-composite films with better applicability (Hosseini & 
Gómez-Guillén, 2018). Liu et al. (2020) stated that films with 
high-resistance and flexibility were produced due to the reaction 
occurred which affected the crosslink network physically. Studies using 
gelatin as the polymer base had shown better properties, including great 
barrier against ultra-violet (UV) light, gases, volatile substances, and 
thermal (Li et al., 2020; Liu et al., 2020) owing to its innate chemical 
structure (Abedinia, Ariffin, Huda, & Nafchi, 2018). Several studies 
revealed that composite films can be formulated to improve water and 
gas barrier properties (Al-Hassan & Norziah, 2012; Suderman, Isa, & 
Sarbon, 2018). Blending gelatin with other biopolymers not only re-
duces the hydrophilicity, it may also recover both the physical and 
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functional properties of films (Ghaderi, Hosseini, Keyvani, & 
Gómez-Guillén, 2019; Córdoba & Sobral, 2017). 

Kaolin was formerly used in the paper industry due to its economical- 
friendliness and sustainability (Maisanaba et al., 2015). It is a hydrated 
aluminosilicate with a soft structure and exists as a white clay mineral 
that belongs to a part of the group of industrial minerals (Maisanaba 
et al., 2015). Kaolin is applied as paper coating to improve the bright-
ness, smoothness and glossiness (Bergaya & Lagaly, 2013). It also en-
hances printability of the paper (Ma & Bruckard, 2010). Kaolin is also 
being used in tableware and ceramics (Mecif, Soro, Harabi, & Bonnet, 
2010) for its hardness and colour attributes. 

According to Food and Drugs Administration (Food & Drug Admin-
istration, 2002), kaolin is listed with the other minerals substances that 
are considered as “Generally Recognized As Safe” (GRAS) when added 
indirectly to human food with no limitation. It also has been used in the 
manufacturing of paper and paperboard which contacts with food. 
Kaolin which is used as an extra filler in the gelatin film matrix is pre-
dicted to increase the tortuosity of permeant molecules diffusion path. 
Kaolinite particles possess di-octahedral minerals within the chain 
structure, bonded with a single layer of silica tetrahedral layer (SiO4) 
and a layer of aluminium octahedral (Al2 (OH)4). This explanation 
clarifies the compound’s ability in blocking the water penetration. These 
bonded layers consist of embedded oxygen anion between Al and Si, 
which are also known as platelets. The platelets give no response when 
hydrated due to the strong hydrogen bonding (Slivka, 2002), which in 
turn, produces a better hygroscopic material. On the other hand, kaolin 
is a good carrier for silver in optimizing the antimicrobial activity to-
wards both Gram-negative and Gram-positive foodborne pathogens. 

Silver in kaolin clay is found to be useful since it helps in enhancing 
the antibacterial activities of kaolin (Jou & Malek, 2016). Silver has 
been recognized as a good additional active ingredient to blend with 
natural polymers, such as gelatin, starch, chitosan and cellulose in 
producing food packaging materials, due to its potential in antibacterial 
activity, good thermal stability and low toxicity (Qin, Liu, Yuan, Yong, & 
Liu, 2019). Roy, Shankar, and Rhim (2019) and Salari, Khiabani, 
Mokarram, Ghanbarzadeh, and Kafil (2018) revealed that silver was not 
just succeeded in inhibiting pathogens growth, but also increased the 
mechanical strength of polysaccharide-based films. Research by 
Sharma, Yngard, and Lin (2009) claimed that silver particles in a small 
consumption gave advantageous effects towards human being’s health. 
Silver has been included in developing antibiotic for human consump-
tion in the medical field for bacteria resistance (Odeniyi, Okumah, 
Adebayo-Tayo, & Odeniyi, 2020) due to its effectiveness in antimicro-
bial activity, chemical stability, and excellent catalytic effect (Kumar, 
Pammi, Kollu, Satyanarayana, & Shameem, 2014). Rao et al. (2019) 
explored that silver employed in antibiotics had great potential as an 
anti-cancer, with its capability in fungicide and bactericide. However, 
there is a concern about the safety of silver in the application of food 
packaging materials. According to European Food Safety Authority 
(EFSA Panel on food contact materials, enzymes, flavourings & pro-
cessing aids (CEF), 2011), silver ion migration rate from the packaging 
film matrix to its contents is limited up to 0.05 mg Ag/kg food. 

To the best of our knowledge, there has been no ample research on 
the application of kaolin in gelatin-based films and the combination of 
kaolin as fillers with silver compound for active packaging materials. 
Therefore, this study was carried out to develop gelatin composite films 
reinforced with silver-kaolin as an active packaging material. 

2. Materials and Methods 

2.1. Chemicals 

Fish gelatin used was 240-260 Bloom, supplied from Custom 
Collagen (Addison, Illinois, USA). Kaolin (Kln) and silver kaolin (Ag-Kln) 
was bought from Provet Group of Companies, Selangor, Malaysia. 
Buffered peptone water, nutrient agar and nutrient broth were obtained 

from EMD Millipore Corporation (Billerica MA, USA). Mueller-Hinton 
agar was purchased from Merck Sdn. Bhd. (Selangor, Malaysia) 
whereas, glycerol (99.5% purity) was supplied from Systerm (Karlsruhe, 
Germany). Staphylococcus aureus (ATC 12600), Listeria monocytogenes 
(ATCC 19111), Salmonella typhimurium (ATCC 13311), and Escherichia 
coli (ATCC 11229) were obtained from microbiology lab, Universiti 
Putra Malaysia. 

2.2. Film Preparation 

Gelatin powder, 4 g was dissolved in 70 ◦C distilled water for 30 min 
as described by Tongnuanchan et al. (2015). Then, 12.5% (w/w) glyc-
erol as a plasticizer was added in the film-forming solution (FFS) in the 
range of 45-50 ◦C. Next, different kaolin powder; raw kaolin, Ag-Kln 
(1:2) mix and Ag-Kln (1:1) mix were added with 15%, 30%, and 45% 
concentrations. Ag-Kln (1:2) mix represents the ratio of 1:2 of silver 
particles to kaolin amount, whereas Ag-Kln (1:1) mix represents a 1:1 
ratio of silver to kaolin. Again, the temperature was increased to 70 ◦C 
and the solution was stirred well. Mixing was done for 30 min on a hot 
plate. Twenty mL of FFS was poured on plastic petri dishes (64 cm2) and 
dried at 28 ◦C for 48 h before peeling. Finally, the dry films were 
conditioned at 23 ± 2 ◦C with relative humidity (RH) of 50 ± 5% prior to 
analysis. A film without kaolin and Ag-Kln was prepared as a control. 

2.3. Film Thickness 

The thickness of the film was measured by using a digital micrometre 
(Mitutoyo Co., Kawasaki, Japan). Different spots were tested, including 
the centre of the film for both thickness and mechanical test. A total of 
six measurements were calculated to obtain the films’ average thickness. 

2.4. Opacity 

The opacity test was carried out according to the procedure by 
Maryam Adilah, Jamilah, & Nur Hanani, 2018. The films were cut into 
rectangular size (1 × 4 cm) to be fit inside the cuvette of Genesys 20 
UV-Vis spectrophotometer (Thermo Fisher Scientific, Madison, Wis-
consin, USA). Absorbance measurement of each film was recorded at 
600 nm, and calculation for the opacity was as below:  

Opacity = Abs600/x                                                                                

where Abs600 is the absorbance value at 600 nm and x was the thickness 
of the film (mm). 

2.5. Mechanical Properties 

Tensile strength (TS), Young’s modulus (YM) and elongation at break 
(EAB) of the films were assessed by using INSTRON 3365 Machine 
(Instron Co., Canton, Massachusetts, USA). Eight measurements on 
average were evaluated, with each film cut into 1.5 cm wide and 9 cm 
long. Films were then conditioned at 23 ± 2 ◦C and RH of 50 ± 5% for 48 
hours before further analysis. The strips were gripped before the ma-
chine started to stretch the films at 50 mm/min of crosshead speed and 
10 kN of tensile load. Five cm was set for the initial separation. The 
tensile strength (σ = force/initial cross-sectional area), elongation at 
break (E) and Young’s modulus (EM) values were obtained from the 
Instron Bluehill Universal Software (Norwood, MA, USA). 

2.6. Scanning Electron Microscopy (SEM) 

The scanning electron microscopy (SEM), model LEO 1455 SPEM 
(Cambridge, United Kingdom) was used to view the surfaces and cross- 
section structures of the films. Firstly, samples were fixed on bronze stub 
and carbon-taped before sputtered coated with gold and vacuumed 
using Sputter Coater SCD 005 (BAL-TEC SCD) for 20 min. Visualizing 
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analysis was done using magnification ranging from 250 to 3000x with 
accelerating voltage at 12-15 kV. 

2.7. Atomic Force Microscopy (AFM) 

The roughness of the film was determined using Dimension Edge 
atomic force microscope (Bruker Crest, Camarillo, California, USA). The 
analysis mode was set up using ScanASYST (Peak force Tapping Mode) 
and SCANASYST-AIR cantilever (T =650 nm, L = 115 μm, W = 25 μm, fo 
=70 kHz, k =0.4 N/m). The scan size used was 8 x 8 μm at 5.0 μm/sec of 
scan rate. The root-mean-square roughness (Rq) was calculated and 
reported as the roughness value with an average of four replicates. 

2.8. Ultra-Violet Light Transmission 

Each film sample was analysed in triplicate for ultra-violet (UV) ray 
between 180 and 800 nm. Namely, there were 3 types of UV radiation 
that had been tested; UVA (320-400 nm), UVB (280-320 nm) and UVC 
(180-280 nm). Visible light wavelengths, ranging from 400-800 nm 
were also tested for all types of films. Films were cut into 1 × 4 cm size 
before placed in a cuvette. Empty cuvette was used as blank reference 
and absorbance was measured by using a UV-vis spectrophotometer 
(Thermo Fisher Scientific, Madison, Wisconsin, USA). 

2.9. Water Solubility 

A total of three films for each of the different types of samples were 
cut into a square (4 × 4 cm) and dried at 100 ◦C in a crucible for 24 h to 
determine the initial dry mass (Kavoosi, Rahmatollahi, Dadfar, & Pur-
fard, 2014). Next, the films were immersed in 50 mL of distilled water 
and left for 24 h at room temperature. Then, the films were filtered 
through Whatman No. 1 filter paper and dried again in the oven at 100 
◦C for 24 h to determine the final dry mass. The equation below was used 
to calculate the water solubility (WS) of the films:  

WS (%) = [(W0 – Wf) / W0] x 100                                                           

where Wo and Wf are initial and final dry mass, respectively. 

2.10. Water Vapour Permeability (WVP) 

The water vapour permeability (WVP) of the film sample was 
measured according to Maryam Adilah, Jamilah, & Nur Hanani, 2018. 
Crucibles were first filled with 6 mL of distilled water. Each film sample 
was then covered the top of the crucibles. Then, the crucibles were 
placed inside a desiccator that was tighten using seal grease. The tem-
perature and RH were maintained at 25 ± 1 ◦C and 50 ± 2%, respec-
tively. The temperature and RH were chosen due to the ASTM E96 WVP 
standard method with a slight modification. 

The crucibles were weighed every hour for nine hours total interval, 
and a linear graph of weight gain versus time was performed. Four 
replicates were used for this analysis. The equation below was used to 
calculate the WVP of the film: 

WVP = (weight difference) x (film thickness) / {(Exposed area) x 
(time) x (partial pressure difference)} 

2.11. Moisture Content 

The moisture content (MC) was measured according to the method of 
Soradech, Nunthanid, Limmatvapirat, and Luangtana-Anan (2012) with 
some modifications. The film samples were cut into 4 × 4 cm and left 
conditioned in a desiccator (RH = 50% ± 3% at 23 ± 2% ◦C) for 48 hours 
before analysis. Each film sample was then dried in an oven at 100 ◦C for 
24 h. The weight before drying and the weight loss after drying were 
measured and expressed as a percentage, based on the final weight of the 
film. Four replicates were done per formulation. 

2.12. Water Contact Angle 

The water contact angle (WCA) was measured according to Garrido, 
Leceta, de la Caba, and Guerrero (2018) using contact angle metre, 
model OCA 15EC (Data Physics Instruments GmBH, Filderstadt, Ger-
many). The film was cut into 3 cm x 10 cm strips and fixed on top of a 
glass slide. Then, the glass slide was placed on the movable stage 
attached to the contact angle analyzer and adjusted accordingly. Next, 3 
μL of distilled water was dropped from 1.5 cm height on the sample’s 
surface using a micro syringe. A camera that was set in the instrument 
was used to capture the image of both sides of the water droplet angles 
formed on the film’s surface. The contact angles of the water droplet on 
both sides were computed using SCA20 software with five replicates for 
each film sample and averaged. 

2.13. Antimicrobial Activity (Disc Diffusion Method) 

The disc diffusion method (DDM) was used to assess the antimicro-
bial activity of the films (control, kaolin, and Ag-Kln) against food-borne 
pathogens (Ponce, Roura, del Valle, & Moreira, 2008). Discs with 5 mm 
were cut and tested against Gram-negative bacteria (Escherichia coli (E. 
coli) and Salmonella typhimurium (S. typhimurium)) and other two types 
of Gram-positive bacteria (Staphylococcus aureus (S. aureus) and Listeria 
monocytogenes (L. monocytogenes)). The bacteria were inoculated from 
the stock and dipped in the nutrient broth for growth. They were placed 
in an incubator shaker at 35 ◦C for 48 h before each of the bacteria was 
streaked on the nutrient agar plates and left for the next 24 h. Subse-
quently, discs which were sterilized beforehand were placed onto 
Mueller-Hinton agar which had been swabbed with the bacteria 
(approximately 106-107 CFU/mL of the tested bacteria). Then, they were 
left incubated inverted at 35 ◦C overnight and diameter of the inhibition 
zone halo was measured in mm to evaluate the antibacterial capacity of 
the films. All of the equipment and apparatus, including the films used in 
preparing the analysis were sterilized using autoclave for 30 min at 120 
◦C (Bauer, 1966; Gómez-Estaca, De Lacey, López-Caballero, 
Gómez-Guillén, & Montero, 2010). 

2.14. Statistical Analysis 

The statistical analysis was done using two-way (un-stacked) anal-
ysis of variance (ANOVA) and Tukey’s multiple tests using Minitab 18 
software (Minitab Inc., State College, Pennsylvania, USA) with signifi-
cant level at (p < 0.05). 

3. Results and Discussions 

3.1. Physical Properties of Films 

3.1.1. Film Thickness 
This study revealed that the incorporation of raw kaolin in gelatin 

composite films resulted in a great increment of the thickness (Table 1). 
The differences were also significant between control, raw kaolin and 
Ag-Kln films. This might be due to the elevation of kaolin powder 
compound and silver particles which are presented within the polymer 
matrix. In another way, when comparing among different concentra-
tions; 15%, 30%, and 45%, the differences observed were also signifi-
cant. This could be due to the combined effect of kaolin, which 
incorporated between the protein network, as well as the increased solid 
content in the resulting films as supported by Jafarzadeh, Alias, Ariffin, 
Mahmud, and Najafi (2016) using semolina films reinforced with 
nanokaolin. This is also proved by the images obtained from SEM 
analysis in Fig. 1. A higher concentration of kaolin and silver-kaolin in 
gelatin films showed a significant effect on the thickness of the films 
caused by the greater amount of compounds introduced, which had 
interrupted the organized structure of the film matrix, thus resulted in a 
thicker film (Tongnuanchan, Benjakul, Prodpran, & Nilsuwan, 2015). 
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Also, this result correlates to the increment of films’ opacity values 
(Table 1). 

3.1.2. Opacity 
Optical properties are considered crucial especially in food pack-

aging production as they can affect the consumers’ acceptability of the 
food product. Raw kaolin film resulted in significant opacity increment 
than clear gelatin control film due to the addition of kaolin powder in 
the FFS. Physically, control film appearance was transparent whereas 
raw kaolin film was misty and cloudy. Control film also showed the 
lowest opacity value compared to the films added with kaolin and silver 
powder (Table 1). The tortuosity features of kaolin make it more suitable 
to be blended in aqueous solution compared to halloysite (Lee & Kim, 
2002) and other clay; montmorillonite (Murray, 2000). Thus, developed 
film with greater opacity value, correlated to its advantageous attri-
butes; low viscosity, good solubility and liquidity (Christidis, 2013; 
Okada, Yoshizaki, Kameshima, Nakajima, & MacKenzie, 2010), as well 
as good chemical stability (Cheng, Ye, Chang, & Wu, 2019; Hu, Wu, Xu, 
& Chen, 2018). The films’ opacity increased (p < 0.05) gradually, pro-
portional to the kaolin concentration, caused by the aggregation of 
increasing kaolin amount in gelatin polymer matrix. The distribution 
pattern of interaction between kaolin and gelatin can be observed from 
SEM image (Fig. 1c) which shows the accumulation of kaolin com-
pounds on the film’s surface. As silver particles were introduced into the 
solution, the opaqueness elevated (p < 0.05) explaining the increase in 
value and how it affected the UV-light transmission rate (Table 2). 

An intense colour was observed for the FFS with the presence of 
silver and kaolin. This is due to the white metallic lustre of silver com-
pounds causing the pure clear gelatin film to be more opaque and pro-
duced films with better organoleptic properties (Austin, 2007). Obvious 
significant differences were noticed among control film and films 
incorporated with kaolin and silver-kaolin. Ascribing to the increased in 
concentration, films with higher opacity level were developed. This was 
implied to the increase of impurities and yellowish colour of the films as 
a greater amount of Kln and Ag-Kln were added. The active compounds’ 
colour gave resistance for the spectrophotometer to measure the films 
since more solid compounds were reinforced which justify the rise in 
value. According to Atarés, Bonilla, and Chiralt (2010), and Mbey, 
Hoppe, and Thomas (2012), the addition of concentration affected some 
colour parameters depending on the type of compound used. 

3.1.3. Mechanical Properties 
The strength of the film was determined based on the films’ brittle-

ness and elasticity. The mechanical properties should be able to protect 
the integrity of the packaged product (Yang et al., 2016). Young’s 
modulus (YM) is a measure of the ability of a material to withstand 
changes in length when tension or compression is applied. Table 1 shows 
that YM values of the films decreased as kaolin was incorporated. 
However, the values then increased significantly (p < 0.05) proportional 

to the kaolin and silver content. 
Control film was found to be more elastic than kaolin and Ag-Kln 

films. Nevertheless, among the films with active compounds; kaolin 
and Ag-Kln, the YM values were observed to increase significantly, 
which showed that incorporation of Ag-Kln (1:1) mix produced films 
with higher elasticity than raw kaolin and Ag-Kln (1:2) mix. Incorpo-
ration of the silver particles had caused the Ag-Kln (1:2) mix and the Ag- 
Kln (1:1) mix improved the YM significantly (p < 0.05) to higher values, 
ranging from 63.35 to 115.46 MPa and 63.50 MPa to a high elevation of 
376.20 MPa, respectively. As expected, the higher the concentration of 
Ag-Kln in the composite matrix, the stronger the films produced, 
consecutively, enhancing the rigidness and elasticity. This is in agree-
ment with the studies from Kanmani and Rhim (2014) when the addi-
tion of clay and silver compounds into their gelatin films increased YM 
value. 

Tensile strength (TS) is the resistance of a material to break when 
tension is applied towards it. Control film possessed the highest TS value 
compared to kaolin and Ag-Kln films due to the elasticity of gelatin 
structure which is hard to rupture probably due to the strong peptide 
bonds presence. The declining effect of the films’ intrinsic stiffness was 
relatively related to the substitution of kaolin particles embedded. This 
was caused by the surface tension reduction which occurred between 
gelatin polymer matrix and clay particles. Incomplete dispersion of 
stacked clay in the polymer network resulted in an irregular structure 
matrix (Fig. 1c) and affected the film’s ability in resisting high stress 
force. Malleable kaolin clay incorporation in gelatin FFS had separated 
the clay platelets which left scattered within the solvent as water drives 
away the platelets apart. In addition, lower TS values with the intro-
duction of silver particles was due to the decrease in inter and intra 
molecular chain interactions of bio-polymer with the silver compounds 
(Bang, Shankar, & Rhim, 2019; Shankar & Rhim, 2015). This combi-
nation also had resulted in a globular structure of the polymer matrix 
caused by the silver compounds aggregation, consequence from the 
hydrophilic gelatin and hydrophobic silver fusion. However, a signifi-
cant increase was spotted among raw kaolin films and Ag-Kln films. As 
the concentration increased to 45% for each type of kaolin film, the TS 
values were also increased significantly (p < 0.05). 

The increased ability in withstanding high resistant was owing to the 
silicate’s characteristics, such as large surface area (ranging in 750 m2/ 
g), high aspect ratio (50-1000), and high elastic modulus proportional to 
the increment of kaolin amount (178 GPa) (Alexandre & Dubois, 2000; 
Pavlidou & Papaspyrides, 2008; Ray & Bousmina, 2005). Films’ TS 
increased (p < 0.05) as silver particles were added into kaolin-gelatin 
films, possibly due to the interfacial interaction between kaolin and 
silver in the polymer matrix. The combination of kaolin-gelatin com-
posite film and silver caused the film to become more rigid and stronger. 
Improvement of this mechanical property can be vividly observed at 
45% of both Ag-Kln (1:1) mix and Ag-Kln (1:2) mix films in Table 1. The 
highest concentration of Ag-Kln film showed a notable value of TS in 

Table 1 
Film thickness, opacity and mechanical properties of control gelatin film and gelatin films incorporated with raw kaolin, Ag-Kln (1:2) mix, and Ag-Kln (1:1) mix.  

Film Samples Concentration (%) Thickness (μm) Opacity Young’s Modulus (MPa) Tensile strength (MPa) Elongation at break (%) 

Control - 61.00 ± 1.00Cd 0.08 ± 0.01Cd 775.40 ± 17.50Aa 18.20 ± 1.50Aa 14.49 ± 0.45Abc 

Raw Kaolin 
15% 75.00 ± 1.00Bc 0.37 ± 0.02Bc 42.36 ± 1.91Cc 1.79 ± 0.06Bc 17.18 ± 1.20Aa 

30% 76.00 ± 3.00Bc 0.52 ± 0.01Bb 86.14 ± 3.16Cc 1.85 ± 0.06Bc 14.65 ± 0.52Ab 

45% 80.00 ± 1.00Bc 0.55 ± 0.01Ba 114.17 ± 1.11Cb 3.37 ± 0.06Bb 12.48 ± 0.84Ac 

Ag-Kln (1:2) mix 15% 77.00 ± 2.00Ab 0.74 ± 0.01Bc 63.35 ± 8.34Cc 1.76 ± 0.25Bc 10.97 ± 0.84Ba  

30% 81.00 ± 5.77Ab 0.80 ± 0.05Bb 121.32 ± 4.67Cc 2.35 ± 0.15Bc 8.65 ± 0.28Bb  

45% 83.00 ± 2.65Ab 1.31 ± 0.04Ba 115.46 ± 16.15Cb 2.38 ± 0.01Bb 7.36 ± 1.69Bc 

Ag-Kln (1:1) mix 15% 76.00 ± 3.00Aa 1.34 ± 0.01Ac 63.50 ± 18.50Bc 2.10 ± 0.06Bc 14.67 ± 0.17Ba  

30% 81.00 ± 1.50Aa 1.42 ± 0.05Ab 128.30 ± 7.68Bc 2.61 ± 0.25Bc 10.71 ± 0.57Bb  

45% 89.00 ± 1.00Aa 1.87 ± 0.02Aa 376.20 ± 22.10Bb 3.51 ± 0.18Bb 4.32 ± 0.90Bc 

Values are given as mean ± standard deviation. 
Small letters (a,b,c,d) in the same column indicate significant difference between concentrations (p < 0.05). 
Capital letters (A,B,C) in the same column indicate significant difference between type of kaolin (p < 0.05). 
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Fig. 1. SEM images of control films and gelatin films incorporated with raw kaolin, Ag-Kln (1:2) mix and Ag-Kln (1:1) mix.  
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accordance to Yoksan and Chirachanchai (2010) who also obtained a 
superior increase of TS when a larger amount of silver particle was 
incorporated. Kaolin inclusion at a low rate could cause an impact on the 
disruption of the polymer networks, therefore decreased the flexibility 
of kaolin-gelatin composite films. However, the presence of silver 
compounds had resulted an intense on the inter- and intra-molecular 
chain networks (Basumatary et al., 2018). Thus, increased the films’ TS. 

Elongation at break (EAB) expresses the capability of a material to 
resist changes of shape without crack formation. However, EAB values 
were inversely proportional to the type of kaolin and concentration. 
Table 1 portrays that control film exhibited the highest value and there 
was no significant effect between control film and raw kaolin film. As the 
silver compound added into kaolin-gelatin films, a significant (p < 0.05) 
decrease was noted, from 17.18% to 4.32%. An increase in concentra-
tion also resulted in a significant decline in EAB value for each type of 
kaolin film. Generally, the addition of Ag-Kln in gelatin composite films 
showed a depletion (p < 0.05) for EAB indicating the less flexibility of 
the films (Voon, Bhat, Easa, Liong, & Karim, 2012). This was probably 
attributed to the presence of kaolin clay which restrains the molecular 
motion of the polymer chains in the matrix. 

3.1.4. Scanning Electron Microscopy (SEM) 
Images obtained by SEM indicated that control film, as expected had 

the smoothest and even surface as opposed to the films with kaolin and 
Ag-Kln addition (Fig. 1a). On the other hand, raw kaolin film was viewed 
with intercalated sheets and cracks formation. This implies that kaolin 
incorporation resulted in heterogeneous film. As discussed previously on 
the increasing of the films’ thickness (Table 1), it could also be one of the 
factors for the rougher films produced when kaolin was introduced in 
gelatin composite film. Possibly, the protein network was affected by the 
kaolin particles which disrupted the smoothness of the film’s structure. 
A similar trend of irregular film’s structure with kaolin addition was 
reported by Jafarzadeh et al. (2017). Nevertheless, films’ structures 
were observed with less micro pores when silver particles were added 
into the FFS which also aided in uniformities of the film (Fig. 1e-h). The 
pores and cracks formation were marked (circle) in Fig. 1c and e. No 
detectable separation was to be seen for silver-kaolin (1:1) mix film and 
the structure became more linear. Ag-Kln (1:1) mix film showed more 
homogenous surface compared to raw kaolin and Ag-Kln (1:2) mix films, 
which implied that as silver concentration increased, particles within 
the films became more compatible with each other. This explained that 
the surface distribution pattern was affected by the concentration of 
kaolin clay and silver particles used. Bang et al. (2019) also reported that 
silver was homogenously dispersed in gelatin-based film, due to silver’s 
high surface to volume ratio and the increase of Ag + content (Shankar 
& Rhim, 2017) in kaolin. The interaction between Ag-Kln and gelatin 
showed a uniform distribution and eventually, developed an even sur-
face without agglomeration as shown in Fig. 1g. 

3.1.5. Atomic Force Microscopy (AFM) 
The atomic force microscopy (AFM) images are shown in Fig. 2. The 

least roughness value (Rq) of the film was obtained at 0.003 μm for the 
control film. Root mean roughness of the films (Rq) was calculated and 
the results were similar to data reported by Alexandre, Lourenço, Bit-
tante, Moraes, and do Amaral Sobral (2016) about montromorillonite 
clay films that having rougher surface compared to control film. The 
results supported that kaolinite attributes were the reason for the 
increasing roughness value of the film which also explained that the 
accumulation of clay being lodged in the bio-composite film has reached 
above certain extent (Rhim, 2011). Nonetheless, when silver compound 
was embedded in the kaolin-gelatin film, the roughness value dropped 
to 0.109 μm and became more ceaseless which was also considered as a 
homogenous structure. Roughness value increased when kaolin content 
elevated up to 45% of incorporation and gradually dropped as silver 
particles were added. Silver attributes are so divergent, including having 
a good solubility rate, thus, describing this substance as being highly 
soluble (Greenwood & Earnshaw, 2012) and easily dispersed in 
kaolin-gelatin FFS. AFM results were corresponding to previous analysis 
(SEM) that by adding silver particles in kaolin-gelatin films aided in 
increasing the cohesiveness of the films’ matrix network. Peaks formed 
were also less as the concentration of Ag-Kln increased. 

3.1.6. Ultra-Violet Light Transmission Property 
Direct UV light exposure to food products can deteriorate the quality. 

Ramos et al. (2013) stated that ultra violet (UV) light barrier property is 
required to protect food as well as to sustain its nutrients and to prevent 
lipid oxidation. By packing food in low UV light transmittable films, it 
will also forbid the discolouration of food stuffs. Namely, three zones of 
UV region have been acknowledged generally; UVC (180–280 nm), UVB 
(280–320 nm) and UVA (320-400 nm). 

Gelatin alone as based in the film was highly transparent without any 
colour to be observed as protective property. Table 2 shows that the 
control film had the highest absorbance measurement for all wave-
lengths and made a significant reduction when kaolin was incorporated. 
Therefore, by adding kaolin clay, the UV barrier was increased. Raw 
kaolin films’ absorbance values reduced (p < 0.05) from 32.60% to 
1.36% for the highest visible light wavelength (800 nm) inversed pro-
portional to the concentration. Gelatin films with Ag-Kln also displayed 
excellent optical properties, mainly as UV light barriers. For the UVA, as 
more silver particles been added, there was a significant decrease (p <
0.05) until only 1.37% and 0.07% of ultraviolet light transmittance 
could be pass-through at 45% of Ag-Kln (1:2) mix and Ag-Kln (1:1) mix 
films, respectively. At 800 nm of wavelength, 45% of Ag-Kln (1:2) mix 
film showed 2.25% of absorbance, whereas Ag-Kln (1:1) mix film 
experienced a lower transmission rate, which is 0.18% of absorbance 
value. The increasing amount of silver particles aided in deterring the 
UV light transmission. 

Table 2 
UV light transmittance of control gelatin film and gelatin films incorporated with raw kaolin, Ag-Kln (1:2) mix and Ag-Kln (1:1) mix.  

Film Samples Concentration (%) 
UV Light Transmittance (%) Visible Light Transmittance (%) 

200 nm 280 nm 400 nm 500 nm 600 nm 800 nm 

Control - 65.05 ± 1.35Aa 72.72 ± 0.42Aa 78.34 ± 0.03Aa 81.00 ± 0.12Aa 82.45 ± 0.12Aa 83.98 ± 0.28Aa 

Raw Kaolin 
15% 22.00 ± 1.10Bb 24.25 ± 0.65Bb 24.00 ± 0.18Bb 27.29 ± 0.10Bb 29.3 ± 0.14Bb 32.60 ± 0.41Bb 

30% 9.52 ± 1.14Bc 10.12 ± 0.94Bc 9.00 ± 1.56Bc 10.96 ± 1.83Bc 12.13 ± 2.01Bc 14.02 ± 2.25Bc 

45% 0.00 ± 0.00Bd 0.23 ± 0.20Bd 0.54 ± 0.19Bd 0.83 ± 0.27Bd 1.02 ± 0.32Bd 1.36 ± 0.46Bd 

Ag-Kln (1:2) mix 
15% 19.80 ± 3.55Bb 22.69 ± 0.94Bb 22.09 ± 1.91Bb 25.21 ± 2.05Bb 27.07 ± 2.16Bb 30.22 ± 2.41Bb 

30% 9.51 ± 1.88Bc 12.06 ± 1.27Bc 11.66 ± 1.07Bc 14.05 ± 1.23Bc 15.55 ± 1.33Bc 18.12 ± 1.54Bc 

45% 0.15 ± 0.03Bd 0.86 ± 0.52Bd 1.37 ± 0.30Bd 1.77 ± 0.03Bd 1.97 ± 0.07Bd 2.25 ± 0.02Bd 

Ag-Kln (1:1) mix 
15% 8.42 ± 0.47Cb 11.32 ± 4.34Cb 10.71 ± 3.29Cb 12.82 ± 3.84Cb 14.01 ± 4.17Cb 16.07 ± 4.92Cb 

30% 0.00 ± 0.00Cc 0.72 ± 0.55Cc 1.83 ± 0.60Cc 2.39 ± 0.78Cc 2.68 ± 0.88Cc 3.09 ± 1.04Cc 

45% 0.00 ± 0.00Cd 0.00 ± 0.00Cd 0.07 ± 0.01Cd 0.14 ± 0.10Cd 0.17 ± 0.11Cd 0.18 ± 0.11Cd 

Values are given as mean ± standard deviation. 
Small letters (a,b,c,d) in the same column indicate significant difference between concentrations (p < 0.05). 
Capital letters (A,B,C) in the same column indicate significant difference between type of kaolin (p < 0.05). 
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Fig. 2. Atomic force microscopic (AFM) images of control films and gelatin films incorporated with raw kaolin, Ag-Kln (1:2) mix and Ag-Kln (1:1) mix.  
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Protein-based films have a great amount of aromatic amino acids, 
such as phenylalanine, tyrosine, and tryptophan that are believed to 
protect the film from UV light transmission (Arfat, Benjakul, Prodpran, 
Sumpavapol, & Songtipya, 2014) by absorbing more UV radiation 
(Ramos et al., 2013). Hence, it helps in protecting the packaged food. 
Gelatin protein, unluckily, is absent with tryptophan and only has a 
small amount of phenylalanine and tyrosine (Hafidz, Yaakob, Amin, & 
Noorfaizan, 2011). Thus, explaining the low barrier capability of gelatin 
film in blocking the UV transmission at these wavelengths compared to 
other protein-based films (Sáez-Orviz, Marcet, Weng, Rendueles, & Díaz, 
2020). The significant increase in film’s UV barrier property was due to 
the silver compounds reinforcement which successfully hindered the 
light refraction index caused by the interaction of Ag + ion in bio-based 
polymers (Kanmani & Rhim, 2014). The UV light transmittance per-
centages for gelatin-based films incorporated with kaolin and silver 
particle were significantly lowered than those obtained by Jafarzadeh 
et al. (2017) when using semolina film with kaolin alone. This phe-
nomenon was probably due to the residues of phenylalanine and tyro-
sine (Hansen, Jamali, & Hubbuch, 2013) in gelatin component (Huang 
et al., 2020) and active compounds particle dispersed within the com-
posite film matrix. Consequently, obstructed the light scattering which 
passed through the polymer (Kanmani & Rhim, 2014). Hence, these 
results demonstrated that the Ag-Kln compound distribution within 
gelatin film had provided a protection against the UV passage owing to 
the films’ opaqueness and Ag-Kln aggregation within the film matrix. 

3.2. Water Barrier Properties of Films 

3.2.1. Water Solubility 
The initial mass of the films were lesser than the final mass as the 

water had been absorbed by the films. A strong hydrogen bond can hold 
gelatin and water molecule together to increase the diffusivity coeffi-
cient, and resulting in an excellent water barrier property (Carvalho, 
Grosso, & Sobral, 2008). No significant difference was detected for 
control gelatin film and raw kaolin film. Nonetheless, as more silver 
particles were incorporated into the films, the solubility rate decreased 
significantly (p < 0.05) (Table 3). This stipulated that the addition of 
Ag-Kln helped in reducing the water uptake ratio of the films as 
demonstrated from moisture content (MC) analysis. Water solubility 
(WS) of raw kaolin composite film initially was 28.40% and it decreased 
(p < 0.05) with the increase of the kaolin clay content down to 20.50%, 
then it dropped substantially significant to 15.20% when Ag-Kln (1:1) 
mix was added. The water solubility was affected by the concentration 
and the type of kaolin used. Nyflött et al. (2017) agreed that clay 
addition improved polymer’s water barrier properties as the platelet 
layers altered the matrix and formed tortuous paths which made the 
diffusional channel harder to be penetrated by water molecules. Similar 
phenomena also have been reported by Rhim (2011) and Casariego et al. 
(2009). In addition, Ag-Kln in gelatin composite film produced better 
water retention than having clay incorporated in chitosan-based film 
(Casariego et al., 2009). This is generally concerning the robust inter-
action allying the hydroxyl groups and protein-based polymer via 
hydrogen bonds with large surface area, hence affecting the water sol-
ubility property. 

It is important to note that the bio-polymer and clay interaction 
which occurred in the film matrix lowered the availability of hydroxyl 
and amino groups that can interact with water, thus decreasing the 
films’ water solubility (Rhim, 2011). The reduction in solubility was 
more intense at 45% of Ag-Kln (1:1) mix film, indicating that the silver 
particles reinforced decreased the composite films’ hygroscopicity, 
which agrees to the data obtained in WVP (Table 3). 

3.2.2. Water Vapour Permeability (WVP) 
Sensitive or perishable food products should be protected by pack-

aging materials that can act as a barrier against moisture to prevent 
spoilage, which will result in longer shelf life. WVP of the gelatin films 

dropped significantly as kaolin was introduced (Table 3). Silver particles 
added subsequently reduced the WVP values even more (p < 0.05) with 
15% for any type of kaolin films showed higher WVP compared to 30% 
and 45% kaolin films. The hydrogen bonds formed within the polymer 
matrix had reduced the availability of hydroxyl and amino groups to 
associate with water (Boughriba, Souissi, Jridi, Li, & Nasri, 2020; Voon 
et al., 2012), thus, resulted in low WVP. 

A gradual decrease in WVP explained that films were improved on 
the presence of kaolin and silver addition, which limited the interaction 
with water macromolecules, thus leaving less free hydroxyl groups for 
water binding (Mbey et al., 2012). The interaction occurred included the 
rearrangement of protein network and minerals introduction. Kaolin 
generated an excessive complex path for water diffusion within the 
polymer matrix. In this way, a natural tetrahedral sheet of silica in 
kaolin linked through oxygen atoms acts as a natural cross-linker, 
leading to a more rigid and compact film matrix and improved the 
films’ physical properties. Furthermore, kaolin clay particles are hy-
drophobic in nature, thus helping in reducing the WVP (Mbey et al., 
2012), as supported by contact angle analysis. 

3.2.3. Moisture Content 
Based on the results in Table 3, MC of the composite films ranged 

from 1.91% to 0.45%. Control film had the highest value of moisture 
content and decreased (p < 0.05) as kaolin and silver compound was 
added. In general, the surface structure of normal gelatin film is hy-
drophilic, yet kaolin and silver compounds had successfully altered the 
physical properties of gelatin films. Hence, by increasing the concen-
tration of Kln and Ag-Kln, cohesiveness of the films increased, which in 
turn produced hydrophobic films as supported by WVP. 

According to Kanmani and Rhim (2014), moisture content which 
also could be translated to the total water molecules within the network 
microstructures of the film is one of the major properties to be counted 
in for a desirable active packaging material property. Kaolin platelets in 
the composite film had changed the material’s structure arrangement 

Table 3 
Water solubility, water vapour permeability (WVP), water contact angle and 
moisture content of control gelatin film and gelatin films incorporated with raw 
kaolin, Ag-Kln (1:2) mix and Ag-Kln (1:1) mix.  

Film 
Samples 

Concentration 
(%) 

Water 
Solubility 
(%) 

WVP (g/ 
m s Pa) x 
10-12 

Water 
Contact 
Angle (◦) 

Moisture 
Content 
(%) 

Control - 29.10 ±
0.26Aa 

1.59 ±
0.09Aa 

61.94 ±
1.96Bb 

1.91 ±
0.01Aa 

Raw 
Kaolin 

15% 28.40 ±
0.26Aa 

1.17 ±
0.09Bb 

112.80 ±
9.9Aa 

1.67 ±
0.26Ba  

30% 22.60 ±
0.46Ab 

1.14 ±
0.01Bbc 

112.96 ±
3.22Aa 

1.06 ±
0.24Bb  

45% 20.50 ±
0.51Ab 

1.11 ±
0.02 Bc 

116.03 ±
3.88Aa 

0.74 ±
0.25Bc 

Ag-Kln 
(1:2) 
mix 

15% 16.60 ±
0.26Ba 

1.08 ±
0.02 Cb 

113.33 ±
2.46Aa 

1.41 ±
0.04Ca  

30% 10.70 ±
0.27Bb 

1.04 ±
0.03 Cbc 

114.51 ±
3.17Aa 

0.92 ±
0.01Cb  

45% 9.10 ±
0.02Bb 

1.03 ±
0.02 Cc 

116.38 ±
0.46Aa 

0.46 ±
0.01Cc 

Ag-Kln 
(1:1) 
mix 

15% 15.20 ±
0.27Ba 

1.07 ±
0.05 Cb 

113.87 ±
4.24Aa 

0.92 ±
0.01Da  

30% 9.00 ±
0.01Bb 

1.05 ±
0.04 Cbc 

115.31 ±
1.11Aa 

0.60 ±
0.25Db  

45% 8.80 ±
0.01Bb 

1.02 ±
0.09 Cc 

116.74 ±
1.44Aa 

0.45 ±
0.01Dc 

Values are given as mean ± standard deviation. 
Small letters (a,b,c) in the same column indicate significant difference between 
concentrations (p < 0.05). 
Capital letters (A,B,C,D) in the same column indicate significant difference be-
tween type of kaolin (p < 0.05). 
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and behaviour. They interlinked the original hydrophilic chains by 
embedding at the amino acid branches with the tetrahedral side on the 
outer part. These altered sequences are less likely to attach with hy-
droxyl groups, hence, resulting in low moisture content (Gopalakrishnan 
et al., 2011). The addition of Ag-Kln into gelatin films caused the 
reduction of the polymer chains interactions, consequently, elevated the 
hydrophobicity property of the films. Jafarzadeh et al. (2017) also ob-
tained less MC due to kaolin incorporation. 

3.2.4. Water Contact Angle 
Water contact angle (WCA) which is one of the basic wetting prop-

erties was done by measuring the degree of water droplet onto the 
surface of the films (Table 3). Control film had the lowest value of WCA 
which was 61.94◦, and significantly increased (p < 0.05) as kaolin 
powder was added. Silver incorporation also enhanced the hydropho-
bicity. Nonetheless, a raised in concentration did not give any notable 
effects towards all types of kaolin films. Kaolin films’ WCA ranged from 
112.80◦ to 116.74◦ were considered as high value (Rhim, Hong, Park, & 
Ng, 2006) and concluded that films made from kaolin and addition of 
silver particles were hydrophobic. Hence, with the presence of 
silver-kaolin, films’ surfaces’ cohesiveness level up. These results pro-
posed that by combining gelatin with silver and kaolin, the chemical 
structure became more rigid, owing to the kaolin tetrahedral sheet and 
hydrophobic nature of silver (Bang et al., 2019) which made it less 
accessible to water. WCA degree values were also found to be influenced 
by the presence of kaolin particles which caused the reduction of 
polymer-polymer interaction. Kaolin and silver particles had filled in the 
micro voids in the polymer material, hence, enhanced the net water 
barrier effect. Eventually, film with a lower surface tension was devel-
oped (Yoksan & Chirachanchai, 2010). The findings supported the 
previous WVP results, and to sum up, data shown were superior in 
contrast to the information obtained for montmorillonite clay in 
agar-gellan gum film which is high in swelling capacity (Lee, Rukma-
nikrishnan, & Lee, 2019). 

3.3. Antimicrobial Activity 

3.3.1. Disc Diffusion Method (DDM) 
The antibacterial activities of Ag-Kln in gelatin composite films were 

tested against Gram-positive and Gram-negative bacteria; four types of 
isolated bacteria were included, namely Staphylococcus aureus (S. 
aureus), Listeria monocytogenes (L. monocytogenes), Salmonella typhimu-
rium (S. typhimurium), and Escherichia coli (E. coli). As stated in studies, 
these bacteria are generally familiar food pathogens that are most likely 
to be found in food which causes food spoilage (Girdthep et al., 2014). 
Table 4 displays the inhibition zones of gelatin control film and three 
different types of kaolin films. Control films clearly showed no inhibi-
tory zone. 

Raw kaolin on the other hand, which acts as a carrier for antimi-
crobial agent showed the lowest inhibitory activities among kaolin films 
(7.30 mm to 8.00 mm), close to the data reported by Kanmani and Rhim 
(2014). According to Priyadarshini, Gopinath, Priyadharsshini, Mubar-
akAli, and Velusamy (2013), Gram-positive bacteria possess 
three-dimensional thick peptidoglycans (PG; ~20-80 nm) layer 
composing of short peptides of polysaccharide chains and resulting in a 
multiplex structure. This explained why the kaolin clay compound alone 
hard to invade Gram-positive bacteria at 15% of concentration. In spite 
of that, a significant difference could be noticed as the concentration 
increased. Nonetheless, a thin PG layer (~7-8 nm) coats Gram-negative 
bacteria with the negatively charged outer membrane, thus the bacteria 
are easier to be penetrated. Xu et al. (2006) had revealed that S. aureus 
was less susceptible compared to E. coli against silver composite films 
and implied that the antibacterial activities could be influenced by both 
chemical structure and bacterial cell wall structure. When kaolin clay 
was embedded with silver particles, inhibition zone diameter (IZD) 
became larger. The IZD for Ag-Kln films regardless of the concentration, 
ranged from 7.80 to 13.00 mm. S. aureus had the remarkable highest IZD 
when tested by the disc diffusion method (DDM) for all films as sup-
ported by research (Jou & Malek, 2016), followed by L. monocytogenes 
with 12.33 mm of IZD. Meanwhile, the inhibition halo for Ag-Kln (1:1) 
mix films against E. coli and S. typhimurium also embarked significant 
increases to 9.70 and 9.00 mm, respectively. The increased silver con-
tent in kaolin and its concentration in the film larger the IZD of the films 
towards bacteria, which also stipulated that the highest antimicrobial 
activity was at 45% of the concentration in Ag-Kln (1:1) mix film. Bac-
teria were more susceptible to Ag-Kln composite films due to bacterial 
contact with ionic silver. Silver-kaolin in gelatin films exhibited a wider 
IZD than previously reported works (Qin et al., 2019; Zhang & Jiang, 
2019) which studied regarding chitosan and silver nanoparticles. 

Silver is always known as an antimicrobial agent that could penetrate 
and disrupt microorganism cell wall. Only a few active compounds in 
silver particles succeed to react with the bacteria, resulting in inhibiting 
its growth (Sawai, Doi, Maekawa, Yoshikawa, & Kojima, 2002). Hanim, 
Malek, and Ibrahim (2016) also stated that silver possesses great anti-
bacterial properties and low toxicity. Feng et al. (2000), in their 
research, claimed that silver plays a significant role in improving the 
antimicrobial activity because it acts as the stockpile to the Ag+ ions 
released against a broad spectrum of Gram-negative and Gram-positive 
bacteria. To sum up, films with Ag-Kln (1:1) mix in the gelatin-based 
film presented a strong antibacterial activity against food-borne 
pathogens. 

4. Conclusions 

Gelatin-based packaging films reinforced with kaolin and silver 
particles were evaluated. The presence of these silver-kaolin compounds 

Table 4 
Inhibition zone of control gelatin film and gelatin films incorporated with raw kaolin, Ag-Kln (1:2) mix and Ag-Kln (1:1) mix.  

Film Samples Concentration (%) 
Inhibition zone of disk diffusion technique (mm) 

S. aureus (+) L. monocytogenes (+) S. typhimurium (-) E. coli (-) 

Control - 0.00 ± 0.00Dc 0.00 ± 0.00Cc 0.00 ± 0.00Cb 0.00 ± 0.00Db 

Raw Kaolin 
15% 0.00 ± 0.00CDc 0.00 ± 0.00BCc 7.00 ± 0.00Ba 7.00 ± 0.00Ca 

30% 7.00 ± 0.00CDa 7.00 ± 0.00BCa 7.00 ± 0.00Ba 7.70 ± 0.58Ca 

45% 7.30 ± 0.29CDa 8.00 ± 0.00BCa 7.70 ± 0.58Ba 7.30 ± 0.58Ca 

Ag-Kln (1:2) mix 
15% 7.80 ± 0.29Bb 8.10 ± 0.66Ab 8.00 ± 0.00Aa 8.20 ± 0.29Ba 

30% 7.30 ± 0.58Ba 8.70 ± 1.16Aa 8.70 ± 0.58Aa 7.70 ± 0.58Ba 

45% 9.30 ± 1.00Ba 9.70 ± 0.58Aa 8.00 ± 1.00Aa 8.50 ± 0.50Ba 

Ag-Kln (1:1) mix 
15% 8.00 ± 1.00Ab 9.00 ± 1.00Ab 8.30 ± 0.58Aa 8.70 ± 0.20Aa 

30% 11.00 ± 1.73Aa 10.33 ± 1.53Aa 9.00 ± 0.00Aa 9.10 ± 0.12Aa 

45% 13.00 ± 1.00Aa 12.33 ± 2.52Aa 9.00 ± 1.00Aa 9.70 ± 0.58Aa 

Values are given as mean ± standard deviation. 
Small letters (a,b,c) in the same column indicate significant difference between concentrations (p < 0.05). 
Capital letters (A,B,C,D) in the same column indicate significant difference between type of kaolin (p < 0.05). 
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had influenced the optical and ultra-violet light transmission. The in-
crease in the concentration of kaolin and silver particles remarkably 
affected the water barrier properties as supported by the WVP and WCA. 
On the other hand, AFM and SEM analyses proved that Ag-Kln (1:1) mix 
films produced better morphology surfaces and structures. Additionally, 
Ag-Kln films were profoundly inhibited the antimicrobial activity 
against both Gram-negative and Gram-positive bacteria (E. coli, S. 
aureus, L. monocytogenes and S. typhimurium). Despite of no Ag, films 
with Kln also had halo of inhibition which explained that Kln particles 
had the potential to inhibit the bacteria growth. In general, gelatin films 
with kaolin clay and silver particles demonstrated better functional 
properties with good compatibility and are recommended for further 
study as active food packaging materials. 
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