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ABSTRACT

This work was achieved on the preparation of antimicrobial ceramic hybrid polyethylene films with natural chamomile
extracts. The antimicrobial activity and various physicochemical properties of the prepared films were evaluated. Various natu-
ral products demonstrated antimicrobial activity. Among them, chamomile extracts showed strong activity and no cytotoxicity
rather than that of the natural extracts. Porous ceramic materials were synthesized and demonstrated loading and controlled
release of natural antimicrobial extracts. Furthermore, chamomile loaded ceramic hybrid films showed antimicrobial activity that

was maintained for over 15 days.
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1. Introduction

he term feed or fodder refers to materials containing the

organic and inorganic nutrients necessary to sustain
livestock, for the production of livestock products (such as
eggs, milk, meat, feathers, etc.), and for growth, breeding,
and feeding processes.” The ideal feed or fodder has a high
level of nutrients for the particular livestock, is innocuous/
nontoxic, with nutrients that do not spoil easily, and is fresh
enough so that the digestibility of the nutrients is high.? It
is important to ensure that hazardous substances are not
included in the feed or fodder that livestock consume, since
such substances can affect the health of people. In particu-
lar, the contamination of feed or fodder by microorganisms
not only directly and indirectly causes diseases in animals,
but is also a critical cause of spoiling in feed or fodder, which
can result in its ultimately losing its nutritive value. Also,
when the feed or fodder are contaminated by fungi types
with the ability to exude toxins, acute or chronic poisoning
can be caused, resulting in livestock mortality and degraded
livestock health, including stunted growth.*?

Various factors affect whether microorganisms are haz-
ardous in feed or fodder, including the type of feed or fodder,
the type of contaminating microorganism, the microorgan-
ism count, and whether satisfactory conditions for microor-
ganism habitation exist in the feed or fodder. Such factors
can determine whether the feed or fodder will have a harm-
ful effect on livestock health, or on the health of people con-
suming the livestock products.>®
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Contamination by various microorganisms cannot be pre-
vented, because feed or fodder is handled under conditions
where microorganism contamination can occur, including in
the production, manufacturing, transportation, and storage
of the feed or fodder raw materials.”®

In order to solve this problem, diverse types of antimicro-
bial packaging films have been developed, which had a cur-
rent global market valued at 3.5 trillion Korean won in
2016. Packaging materials for processed foods saw an aver-
age annual growth of 3.5%, reaching 300.1 trillion Korean
won in 2012.7

In particular, marine feed has a high moisture content
compared to other feeds, making it highly susceptible to
microorganism growth and rapid spoiling. Antimicrobial
packaging film is considered the most definite solution to
this problem.'®'V

Major spoilage bacteria in marine feed have been reported
to include Bacillus methylotrophicus, Bacillus methylotrophi-
cus, Rhodotorula minuta, Debaryomyces sp.'® Research in
antimicrobial material development and applications is
being carried out to prevent such factors, and recently, stud-
ies on natural antifungal substances have been actively pur-
sued, to address the issue of antibiotic abuse.'>'?

Research on antibacterial substances from natural sources
has been extensively conducted and such studies continue
to this day. Antibacterial substances existing in plants are
mostly secondary metabolites such as alkaloids, flavonoids,
terpenoids, phenolic compounds, quinones, and volatile oils
or their derivatives."” Such antibacterial substances from
natural sources are relatively safer compared to antibiotics
and synthetic chemotherapeutic agents, and have the added
advantage of being less prone to causing resistant bacte-
ria.'®
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However, these antibacterial substances from natural
sources do not have the same level of effects compared to
synthesized antibiotics, so commercialization of natural
antibacterial substances has been slow.

Among such substances, chamomile is the herb most com-
monly used for medical purposes. Various types of bioactive
compounds exist in chamomile and these compounds are
typically extracted for use in medicinal and cosmetic prod-
ucts. Approximately 120 secondary metabolites have been
identified, whose major components are a-bisabolol, bisabo-
lol oxides A and B as well as chamazulene or azulenesse. o-
bisabolol oxide A, a-bisabolol oxide B, and bisabolone oxide
A have been reported to exhibit antibacterial effects.!™!®

Porous ceramic materials have uniform porosity and high
surface area, and these materials are applied in a variety of
fields, as media, supporting structures, for absorption and
separation, and as the sensors of functional materials.'>**

Because antibacterial substances extracted from natural
sources are organics, they consequently have difficulty with-
standing the temperatures of a film fabrication process. As
an alternative, porous ceramic materials with high encapsu-
lation efficiency can be used as the media, to inhibit the
microorganisms that can occur in the high moisture content
feed or fodder, and to enhance moisture absorption effi-
ciency by utilizing the hygroscopic characteristics of the
ceramic material. This combination of features may mean
that the feed or fodder can be stored for extended periods of
time.

In this study, a porous ceramic material was loaded with a
natural antibacterial substance and added to polyethylene
film, and its physical and antibacterial properties against
spoilage bacteria were analyzed, along with its ability to
improve the storability of feed or fodder.

2. Experimental Procedure

In this study, material synthesis was carried out using a
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surfactant and silica precursor, and a porous ceramic mate-
rial with uniform pore size was used as the starting mate-
rial.

Figure 1 shows a schematic diagram of the porous ceramic
material. 4 g of the surfactant Pluronic P123 from Sigma
Aldrich was added to 2 M HCI and stirred for 24 h. Here,
the mixture solution was stirred within a constant-tempera-
ture water bath and the solid Pluronic P123 gradually
became a transparent solution. The temperature of the bath
was 40°C. Afterwards, 10 mL of Tetraethyl-orthosilicate
was added as the silica precursor, and stirring was carried
out for 8 h so that the reaction could occur consistently.

After adding the silica precursor, formation of the silica
particles began. Once the stirring was finished, the solution
was poured into a steel pressurizer which was then placed
in a high temperature oven, where pressure and heat was
applied for 8 h. Then, after cooling to room temperature, dis-
tilled water was used for cleaning and the specimens were
obtained after filtration and vacuum drying. The dried spec-
imens were then calcinated for 6 h at 550°C to fabricate a
porous ceramic material with uniform porosity. A Micromer-
itics TriStar I1-3020 specific surface area analyzer was used
to measure the pore size and specific surface area based on
the absorption/separation results in nitrogen, and a scan-
ning electron microscope (SM300, Topcon) and transmission
electron microscope (JEM-2000EX, JEOL) were employed
to observe the particles.

In order to add antibacterial substances extracted from
natural sources to the porous ceramic material with uni-
form porosity, a candidate material with antibacterial prop-
erties was selected. The antibacterial effects of its extract on
2 representative fungi strains that appear in fish feed were
investigated, by evaluating the minimum inhibitory concen-
tration (MIC) through a Broth dilution assay. Also, concen-
trations appropriate for use were identified based on safety
testing of the antibacterial substances extracted from the
natural sources.

Fig. 1. Schematic structure of porous ceramic materials.
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In this study, an MTT assay was carried out using
HaCaT, which is widely used in signal transduction studies,
among Keratinocytes, which comprise the human epider-
mis. This was performed so that other experiments could be
conducted using the identified concentration, or for applica-
tion to other products.

First, the HaCaT cells were seeded into a 96-well plate at
1 x 10° cells/ml concentrations and 100 ul each followed by
24 h cultivation in a 37°C, 5% CO, incubator. Then, after
removing all the culture media, serum-free media were used
to process the specimen, diluted at 5 pg/mL - 200 pg/mL to
be 100 pl per well, followed by 24 h cultivation. Once fin-
ished, the MTT reagent was dissolved to a concentration of
5 mg/ml using PBS (Phosphate buffer saline), divided into
20 pl each, and cultivated for 4 h. After removing all media
including the MTT reagent and specimen, 100 pl of isopro-
panol was added to each well, followed by 30 minutes of
shaking (dark condition). The sample’s absorbance values
were then measured using the ELISA reader at 570 nm.

120 mM of the natural antibacterial substance which
exhibited the optimal results among the 4 substances, was
loaded into 1 g of the porous ceramic material. It then
underwent thermogravimetric analysis to evaluate its
encapsulation efficiency. The thermogravimetric analysis
(Product name: TA SDT Q600) was carried out in a nitrogen
atmosphere from 20°C to 700°C at 5°C/min. Also, the releas-
ing behavior after the antibacterial substance was loaded
into the material was observed, by examining the amount
released when the material was exposed to distilled water
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at room temperature (25°C). A UV-VIS spectrometer (Prod-
uct name: JASCO V550) was used to observe the release
behavior. The absorbance was measured at the intrinsic
wavelength band (A = 245 nm) of the antibacterial sub-
stance extracted from natural sources using the JASCO
V550 for the range of 200 nm to 300 nm.

To prepare the antibacterial substance loaded ceramic
material composite feed or fodder packaging film, a porous
ceramic material containing a pellet form master batch was
prepared, and the film was then fabricated by mixing the
master batch and resin at a weight ratio of 1:9. The organic
material content of the entire film was 3% and the thickness
of the film, manufactured by the Blown extrusion produc-
tion method, was 3 um. Right after extrusion, a bag making
machine was used to produce envelope shaped products.

Experiments were carried out to assess the feed preserva-
tion using the antibacterial material loaded ceramic com-
posite packaging film, in comparison to conventional pack-
aging film. Changes in the feed that were preserved in a
sealed state at room temperature, and the feed stored using
the selected antibacterial material added packaging mate-
rial, were observed with the naked eye.

3. Result and Discussion

Figure 2(a) shows scanning electron microscope images
used to observe the porous ceramic material particle shapes,
and transmission electron microscope images used to
observe the uniform porosity. It was determined that the

BET Pore volume
(m*/g)

Average pore

(em?¥/g) diameter (nm)

753.9 1.29 6.66

Fig. 2. (a) SEM and TEM images of porous ceramic materials, (b) Nitrogen adsorption-desorption isotherms and pore-size distri-

bution of porous ceramic materials.
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Table 1. Antimicrobial Evaluation of the Various Extracts from Natural Sources

Rhodotorula minuta

No Samples Concentration (%) Inhibitory zone (mm) Images
0.5 10
1 Phenoxyethanol (Control) 1.0 12
2.0 15
0.5 11
2 Arctii Fructus 1.0 11
X /i
2.0 11
0.5 11
3 Agrimonia pilosa Ledeb 1.0 11
2.0 11
0.5 11
4 Moutan Cortex Radicis 1.0 11
2.0 11
0.5 12 -
5 Chamomile 1.0 13
2.0 14
porous ceramic material particles were in long bundles of 120 |
1.5 - 2 pm. The transmission electron microscope image T 100 = 1 ] ] [ = —
revealed that the pore sizes were uniform, at about 6 nm. 5 o |
Fig. 2(b) shows the absorption-desorption isothermal curve, s
pore size, and specific surface area measurement analysis ij 60 |
results, that were used to analyze the pore distribution .;E 40 |
characteristics. >
The Type IV graph can be observed with a distribution 8 2
curve of 2 - 20 nm mesopores. Also, an average pore size of 0 N T T
o R
6.6 nm and a specific surface area of 753.9 m*/g were o Ghamonsgoi)

observed. Based on these findings, it was concluded that a
porous ceramic material with a 6.6 nm pore size would be
fabricated.

Table 1 and Fig. 3 shows the antifungal property results
of the natural source antibacterial substance, and the cyto-
toxicity evaluation result of the substance with the optimal
antifungal characteristics. Phenoxyethanol, Arctii Fructus,
Agrimonia pilosa, and Moutan Radicis Cortex, which have
been reported to exhibit antimicrobial effects, were selected,
diluted to 0.5, 1, and 2% solutions, and smeared on a disc to
be placed on the Rhodotorula minuta strain, which was
applied to a corpuscle agar medium, where cultivation was
conducted for 5 days. Then, the area of the transparent

ORate| 100.00 | 10210 | 10527 | 107.79 | 104.92 | 10351 | 10289 |

Fig. 3. MTT assay of natural chamomile extracts.

growth inhibition zone formed was measured, which
showed that the inhibition zones of the Arctii Fructus, Agri-
monia pilosa, and Moutan Radicis Cortex were 11 mm. That
value did not change with different concentrations.

On the other hand, the chamomile showed an antibacte-
rial effect similar to the antimicrobial Phenoxyethanol used
as the control group. Additionally, it was found that the
antimicrobial effect increased according to the concentra-
tion. Through these results, it was observed that chamomile
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Fig. 4. (a) TGA analysis and (b) release profiles of chamomile loaded porous ceramic materials.

exhibited antibacterial effects, and chamomile was subse-
quently used to assess its cytotoxicity.

When a mortality rate is greater than 20% relative to the
control group with unprocessed specimens, it is determined
to have toxicity, and this was reflected in the concentrations
chosen for later experiments. The cytotoxicity evaluation for
chamomile conducted in this study revealed cell viabilities
above 100% within the experiment concentration range. It
was determined that cytotoxicity was not exhibited.

Cell viability (% of control) =
(Specimen absorbance / Control group absorbance) x 100

Figure 4(a) shows the thermogravimetric analysis results,
used to identify the encapsulation efficiency after loading
120 mM of functional substance into the porous ceramic
material used in this study. It was observed that there was
a mass change of approximately 33% in the temperature
range from 100°C to 400°C, where the moisture in the anti-
bacterial organic materials was removed. Through this, it
was determined that the antibacterial substance extracted
from natural sources had been loaded to 33% in the porous
ceramic material.

Figure 4(b) shows the release behavior of the loaded anti-
bacterial substance. The initial concentration when loaded
by 33% was 42.42 mM/G, and the release concentration rel-
ative to the loaded amount was 26.73 mM/g. This value con-
verted to percentage resulted in a release of 64.81%.

A PE film containing the control, using the fish feed with
high moisture content, and 3% of the chamomile added
porous silica (CM@silica) was fabricated with a concentra-
tion of 42.42 mM/g. Then the feed or fodder was packaged,
and the film’s efficiency was observed using the naked eye
during storage.

For the case of EP (soft extruded pellet), the moisture con-
tent ranged between 20 - 30% when stored at room tem-
perature or refrigerated. Also, the expiration date did not
exceed 15 days, and the gradual appearance of bacteria was
observed after 10 days for the conventional soft EP feed as
shown in Fig. 5. After 15 days, the growth of the mold could

Fig. 5. Visual inspection of the efficiency changes in packag-
ing types.

be observed with ease.

For the chamomile added packaging material, no visible
mold contamination like that of the control could be
observed. Table 2 shows the result of the feed preservation
experiment, using the chamomile processed feed packaging
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Table 2. Comparison of Total Microbial Counts Changes
between Control and Packaging Films Containing
Chamomile Extracts as a Function of Storage Time

Storage time (day)

1 5 10 15

Control 23 x 10" 24 x 10° 49x 10° 2.5 x 107
(cfulg)

Sample 93, 101 12x10° 39x10° 3.2 x 10°
(cfu/g)

material and the control for a regular microbial count. It
was found that the chamomile applied case did not allow an
increase in the microbial count, and the allowable microor-
ganism threshold of 5.0 x 10° cfu/g was not exceeded. But
because the microorganism count exceeded this threshold
after 15 days for the control, it was not suitable for use as
feed or fodder.

Through this study, the chamomile processed feed pack-
aging material was demonstrated to increase the feed expi-
ration date by approximately 5 days, compared to the
conventional packaging.

4. Conclusions

In this study, low density polyethylene and porous ceramic
material loaded with antibacterial substances extracted
from natural sources were combined to manufacture a func-
tional film with antibacterial effects, and the properties of
the fabricated film were investigated. The porous ceramic
material had an average particle size of 1.5 - 2 ym and a
uniform porous structure, with pore sizes of 5 nm. This gave
the material outstanding antibacterial substance loading
capacity.

Among various natural substances with reported antimi-
crobial effects, chamomile was selected as the antibacterial
substance, because it can inhibit a fungus strain with an
efficiency similar to that of a control synthetic antimicrobial
agent.

The thermogravimetric analysis result of the chamomile
loaded porous ceramic material showed a loading of approx-
imately 33%, and the MTT assay analysis result revealed no
cytotoxicity with a cell vitality of above 100%, within the
experiment concentration range.

The release characteristic of the antibacterial substance
loaded ceramic material at room temperature was investi-
gated and found to have a high release behavior of 64.81%
relative to the initial loading concentration.

Also, the duration of feed preservation, and the allowable
microorganism value were studies, using both conventional
low density feed packaging material and the antibacterial
substance loaded ceramic material hybrid packaging film.
The results showed that the storage period can be extended
by over 5 days relative to the conventional film.

This study determined that that the material developed in
this study exhibited the ability to inhibit the problem of
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spoilage by fungi in conventional marine feed.
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