IOP Conference Series: Materials Science and Engineering

PAPER « OPEN ACCESS

Wound Dressing Based on Banana Peels Waste and Chitosan by
Strengthening Lignin as Wound Healing Medicine

To cite this article: Teuku Rihayat et al 2019 IOP Conf. Ser.: Mater. Sci. Eng. 506 012056

View the article online for updates and enhancements.

Bringing you innovative digital publishing with leading voices

to create your essential collection of books in STEM research.

This content was downloaded from IP address 89.185.77.83 on 15/04/2019 at 18:26


https://doi.org/10.1088/1757-899X/506/1/012056
https://oasc-eu1.247realmedia.com/5c/iopscience.iop.org/437637555/Middle/IOPP/IOPs-Mid-MSE-pdf/IOPs-Mid-MSE-pdf.jpg/1?

Ist South Aceh International Conference on Engineering and Technology IOP Publishing
IOP Conf. Series: Materials Science and Engineering 506 (2019) 012056 doi:10.1088/1757-899X/506/1/012056

Wound Dressing Based on Banana Peels Waste and Chitosan
by Strengthening Lignin as Wound Healing Medicine

Teuku Rihayat!, Suryani', Januar Parlaungan Siregar’, Zaimahwati!, Salmyah!,
Helmi', Sariadi!, Fitria?, Satriananda', Alfian Putra', Zahra Fona', Juanda',
Raudah!, Mawaddah!, Nurhanifa!, Shafira Riskina!, Wildan Syahputral,
Jamiluddin Jaafar?

! Department of Chemical Engineering, Lhokseumawe State Polytechnic, 24301,
Aceh, Indonesia

* Department of Dermato Venereology, Medical Faculty, University Syiah Kuala,
24311, Aceh, Indonesia

? Structural Materials and Degradation Focus Group, Faculty of Mechanical
Engineering, Universiti Malasyia Pahang, 26600 Pekan, Pahang, Malaysia

Corresponding author: teukurihayat@yahoo.com

Abstract. Recent studies in new applications of wound dressing offer and promote the process
of wound healing. The purpose of this study was to develop lignin-based wound dressing on
banana peel and then put it into chitosan film for wound dressing applications. The use of banana
peels helps the formation of skin compounds so that they can be used to treat better wounds.
Banana peel added to chitosan as matrix filler with concentration (0, 1, 3, 5, 7, 10% wt), then the
dressing membrane swelling in 48 hours is at 0% wt 120.5931%, at 1% wt 99. 9981%, 3% wt
79.2916%, 5% wt is 68.1819%, 7% wt is 61.9173% and 10% wt is 45.3981%. Fourier Transform
Infrared (FTIR) test, Scanning Electron Microscopy (SEM), swelling properties were carried out
to characterize the prepared film. Antimicrobial tests were carried out by disc diffusion method
and film growth inhibitory effects including different amounts studied in Escherichia coli and
Staphylococcus aureus. FTIR at a concentration of 7% wt showed that there was an interaction
between banana peel and chitosan on the absorption band 3185,728 cm™'. In SEM the best sample
morphology structure at 5% wt shows a good interface interface. Addition of banana peel as
lignin decreases the level of swelling of water in wound dressing. In addition, Staphylococcus
aureus is the most sensitive strain recorded in wound dressing. Banana skin which is included in
chitosan film seems to be a potential and new biomaterial for wound healing applications.

Keyword : chitosan, banana peels powder, fourier transform infrared scanning electron
microscope

1. Introduction

Wound infections are serious infections that have occurred in all parts of the world [1]. Many solutions have been

studied and found to be able to cure wound infections. Wound healing requires a complex method and certainly

does not restore the skin as usual. Severe wounds can even die from dark scars due to damage to skin tissue [2,3].
At present there are many multifunctional biomaterials for cell scaffolding, one of them is chitosan which is

highly recommended in the engineering of skin tissue because it has structural characteristics similar to glucosamine
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from the natural extracellular matrix [4]. Chitosan has good biocompatibility, low toxicity, anti-infection activity
and biodegradability [5]. Judging from the physical-chemical properties of chitosan, it can be used for various cell
forms such as wound dressing, membranes, coatings, fibers, and sponges. Several studies have shown that higher
molecular weight chitosan has better film-forming properties in skin tissue engineering [6]. This is the reason for
the use of chitosan as a cell scaffold, specifically in making wound dressing.

Up until now, there have been many studies and development of wound dressing as an approach to the field of
tissue engineering to deal with the effects of injuries in a faster period of time [7].

Several studies have shown that chitosan has a weakness if it is used as a wound dressing, this is due to the low
mechanical strength of chitosan. In [8], trying to add lignin to chitosan, the results show that the tensile strength,
storage modulus, thermal degradation temperature and chitosan can be increased by adding lignin.

Lignin is considered a raw material with high recovery potential, widely available in nature, cheap and
environmentally friendly [9]. Lignin is almost present in all types of wood fiber plants [10], such as bananas, sugar
cane, sengon and so on.

Especially bananas, containing about 10% lignin [11]. For making wound dressing, the banana part used is the
skin, this is because besides lignin, the banana skin also helps the formation of skin compounds so that it can be
used to treat bruises, burns, and other wound infections [12]. In addition, the use of banana peel as a wound dressing
is supported by the availability of banana skin as waste [13]. The reuse of banana peel waste into a product can
increase its economic value.

The development of chitosan-based wound dressing and banana peel waste in Indonesia tends to be lacking, due
to limited information and research conducted. This is a good opportunity, especially in the medical field in
Indonesia, which generally relies on healing methods using chemicals. The incorporation of natural polymers
namely chitosan with banana peel is expected to be able to create wound dressing products with characteristics that
are appropriate and provide benefits, both in terms of science, health, and in terms of economics. The purpose of
this study was to make chitosan-based wound dressing and banana peel waste which were characterized using
Fourier Transform Infrared (FTIR), Scanning Electron Microscopy (SEM), Swelling Properties and antibacterial
susceptibility to Escherichia coli and Staphylococcus aureus.

2. Materials and Methods
2.1 Materials
Chitosan banana peel waste, glycerol, acetic acid, Escherichia coli bacteria and Staphylococcus aureus.

2.2 Processing of Banana Peels Powder

Banana Peels that have been collected, washed with water to remove dirt, and cut into small pieces and then dried
in an oven at 120°C for 24 hours. After drying, the banana peel is ground with micro milling. Then the skin is
crushed and sifted so that the particle size remains stable and stored at room temperature in a plastic container until
it is used. Furthermore, banana peel powder was carried out by morphological testing using Scanning Electron
Microscope (SEM) and functional group testing using the Fourier Transform Infrared (FTIR).

2.3 Synthesis of Membrane Wound Dressing Chitosan and Banana Peels Powder

Prepared as much as 1 gram of chitosan powder, dissolved in 2% acetic acid solution and stirred for 4 hours at room
temperature. Prepared 1 ml of glycerol and added as a crosslinker and plasticizer. Chitosan solution was put into
Teflon mold and mixed with banana peel powder with different concentrations (0, 1, 3, 5, 7 and 10% wt), dried at
40°C for 24 hours to evaporate the solvent and form a membrane. The prepared membrane is gently peeled, and
further dried by keeping the oven 40°C for 4 hours. To give a better sight, the membrane wound dressing
sample were depicted in Figure 1.
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Figure 1. Membrane Wound dressing sample
2.4 Measuring Techniques

2.4.1 Fourier Transform Infrared (FTIR)

The testing of synthesized chitosan functional groups was characterized using Fourier Transform Infrared (FTIR)
on wave absorption of 4000-500 cm™. For the wound dressing sample a thin and clear sized layer is formed. After
that the sample is inserted into the FTIR device tube to get the functional group contained in the sample. The
spectrum will be seen in the range 4000-500 cm™.

2.4.2 Scanning Electron Microscopy (SEM)
The homogeneity of the morphological structure of banana skin powder and wound dressing membrane as
distribution of chitosan matrix fillers was seen by Scanning Electron Microscope (SEM).

2.4.3 Swelling Properties

Weight specimens were immersed in distilled water at 37°C. After 24 hours of immersion, the specimen is removed
from the water, dried with a paper filter and weighed. The sample was soaked again for another 24 hours and then
removed from the water, dried with filter paper and weighed.

(Mw-Md)

% Swelling = X100

(1
where, Mw is the wet weight and Md is the dry weight of the sample.

2.4.4 Antimicrobial Susceptibilty

The antibacterial activity of membrane chitosan-banana powder wound dressing was investigated using the disc
diffusion method on a petri dish [14]. Bacterial cultures that grow in the mid-logarithmic phase are placed in agar
media. Escherichia coli and Staphylococcus aureus are injected into agar media. After compaction to coat the agar,
the chitosan-banana powder (15 mm diameter) membrane with different concentrations (0, 1, 3, 5, 7 and 10% wt)
was placed on the agar surface. The layers were incubated at 37°C for 24 hours and at 28°C for the next 72 hours.

3. Result and Discussion

3.1 Fourier Transform Infrared (FTIR)

The spectra of FTIR membrane chitosan wound dressing-waste banana peel with different concentrations (0, 1, 3,
5,7 and 10% wt) has been recorded in wave spectrum of 4000-500 cm™. The chitosan spectrum and banana peel
powder are shown in Figures 2 and 3, respectively.
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Figure 2. FTIR Spectrum of Chitosan

From Figure 2 it is shown that chitosan contains many functional groups (hydroxyl, carbonyl, carboxyl, amine,
and amide). Please note that adding glycerol to chitosan does not provide a new band in the chitosan spectrum.
Previous studies on banana peel powder revealed that banana peel powder contains polymers (pectin, hemicellulose
and lignin) and they are rich in organic functional groups such as -COOH, -NH, and O-H [15]. Characteristics of
absorption of chitosan and banana peel bands are similar to those previously studied [16]. FT-IR on banana skin
chitosan (10% by weight), as shown in the picture there is a clear composite difference between the ingredients
compared to the pure chitosan spectrum. Its peak at 3520 cm™ corresponds to the expanding O-H stretch wave and
shifts to 3628 cm™. Increasing the intensity of the band 2898 cm™ which corresponds to the C-H wave. The new
band appears at 1760 cm™ which corresponds to the carboxyl group.

FTIR results also show the role of acid in chitosan. With FTIR profiles that show absorbance similar to each
other, this shows the role of acids in the reaction of chitosan nanoparticles preparation. Acids are not intra- and
intermolecular-bound with di- and tri- carboxylic acids [17]. The FTIR spectrum also does not show the formation
of new polymers. This shows that chitosan does not polymerize with acid. It can be concluded that acids only act
as proton donors which can dissolve chitosan [18].

% Transmittance
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Figure 3. FTIR Spectrum of Banana Peels Powder
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Figure 3 shows the membrane membrane of wound dressing containing banana peel powder with different
concentrations (0, 1, 3, 5, 7 and 10% wt). From the picture it was noted that there was an increase in amide intensity
which reached its peak at 1638 cm™ with the addition of fillers. Bands on the absorption band of 2890 cm™ and
2,900 cm™ have increased as indicated by the characteristics for C-H due to the addition of fillers. This band appears
on the absorption band 1760 cm™ which corresponds to the carboxyl group in addition to increasing the intensity of
the absorption band 1440 cm™ which occurs an interaction between the positive charge of the amine chitosan group
and the negatively charged carboxyl group on banana skin which makes good interactions filler and matrix.

% Transmittance
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Figure 4. The FTIR of the membrane wound dressing of 7% wt

3.2 Scanning Electron Microscope (SEM)
In Figure 5 shows the SEM morphological structure of banana skin powder particles. The particle size is in the
range of 20-80 um in length and 20-30 um in width.

Figure 5. Morphological structure of banana peels powder

The morphological structure of SEM with concentrations (0, 1, 3, 5, 7 and 10% wt) of chitosan and banana peel
powder is shown in Figure 5. Morphological analysis of SEM showed that uniform wound dressing membrane
fillers were distributed in a 5% wt concentration chitosan matrix, with the increase in filler concentration in irregular
distribution with several filler aggregates.
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Figure 6. Membrane morphological structure of wound dressing at concentrations (a) 0% wt; (b) 5% wt; and (c)
10% wt

3.3 Swelling Properties

It is important to determine the swelling properties of water for biomaterials if they are used as wound cover
material. This is a measure of the film's capacity to absorb wound exudates. The ideal environment for good wound
healing is to keep the wound moist [19].

Table 1. Swelling Properties of Wound Dressing

Swelling (%)
Sample 0h 24h 48h
0% wi 57.94 93.14 120.59
1% wt 33.06 60.17 100
3% wt 19.22 50.94 79.29
5% wt 10.18 40.94 68.18
7% wt 59.72 33.73 61.92
10% wt 29.92 24.18 45.4

Water absorption from chitosan is related to the hydrophilic group (hydroxyl and amino groups) of the
polysaccharide. Membrane swelling of chitosan-banana powder wound dressing after 24 hours and 48 hours of
immersion in distilled water were shown in Figure 7.

140
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";’ 40 —@—Sample 5 % wt
20 —®—Sample 7 % wt
o Sample 10 % wt
0 10 20 30 40 50 60

Time (h)

Figure 7. Swelling properties on membranes wound dressing chitosan-banana peels powder
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It is clear from the figure that the 0% wt sample shows a higher swelling rate compared to the added filler,
adding banana skin powder to chitosan results in a decrease in swelling and hence increases water resistance This
behavior is caused by a kind of interaction between negatively charged compounds in banana peel powder such as
carboxylic acids and positively charged groups on the chitosan backbone chain. This interaction limits the mobility
of the chitosan chain which reduces water uptake. To better understand the effect of banana peel powder on chitosan
swelling behavior, the plot of water uptake versus time is illustrated in Figure 7.

3.4 Antimicrobial Activity

The point of this study shows that the combination of chitosan with banana peel fillers has a synergistic
interaction with a broad antimicrobial spectrum against gram negative, gram positive bacteria and even against
strains of yeast culture that show the ability of biofilm formation. The results in Figure 8 show that the chitosan-
sanitary membrane as a banana peel has a synergistic action with the highest activity of 10% wt. In addition,
Staphylococcus aureus is the most sensitive strain recorded for this membrane.

Chitosan-banana peel powder dressing membrane also showed higher activity against Escherichia coli strains
(gram negative bacteria) than Staphylococcus aureus strains (gram positive bacteria). On that basis, several studies
note that chitosan affects gram negative and positive but rather like argumentative effects, some findings indicate
more effectiveness against gram negative compared to gram positive [20].

However, this finding regarding the surface polarity of bacteria, the outer membrane of gram-negative bacteria
has a lipopolysaccharide, very negatively charged, which allows attachment to polycational chitosan relative to
gram-positive, which consists of peptidoglycan associated with polysaccharides and teicoic acid [21]. which in turn
supports glucose [22]. Effects similar to fungal and yeast cells that can interfere with growth [23].

(b)
Figure 8. Effect of antibacterial activity to membrane wound dressing chitosan and banana peel powder on (a)
Escherichia coli and (b) Staphylococcus aureus

Scientists support another mechanism, the antimicrobial activity of chitosan which is associated with metal
chelation, where chitosan has excellent metal binding ability because the amine group takes cationic metals with
chelation [24]. Here, we hypothesize that such a relationship is one of the new approaches to improve the properties
of these composites [25] such as increasing biodegradability and antimicrobial activity, moreover banana peels
contain polymers such as lignin, hemicellulose and pectin [26] which can help improve composite properties newly
formed. Therefore, we can use it for medical purposes as wound dressing. In the food industry, banana flour/chitosan
is applied to preserve new vegetables, showing antimicrobial properties against bacteria when used [27].

Although in this study banana peels were used as they are, the results of antibacterial studies were comparable
to those studied by P.B. Franco and his co-authors studied the antibacterial activity of chitosan membranes
associated with active compounds extracted from banana peels [28].
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4. Conclusion

The use of banana skin helps the formation of skin compounds so that it can be used to treat better wounds.
Banana skin is added to chitosan as a matrix filler with concentrations (0, 1, 3, 5, 7, 10% wt), then the swelling
of the swelling membrane in 48 hours is at 0% wt 120.5931%, at 1% wt 99. 9981 %, 3% with 79.2916%, 5%
with 68.1819%, 7% with 61.9173% and 10% with 45.3981%. FTIR at a concentration of 7% wt showed that
there was an interaction between banana peel and chitosan on the absorption band 3185,728 cm-1. In SEM
the best morphological sample structure at 5% wt shows a good interface. Addition of banana skin because
lignin reduces the level of swelling of water in wound dressing. In addition, Staphylococcus aureus is the
most sensitive type recorded in wound dressing. Banana peels included in chitosan films seem to be potential
and new biomaterials for wound healing applications.

References

1] Kamel N A Salwa L A E Neveen M.S. 2017. Chitosan/banana peel powder nanocomposites for
wound dressing application: Preparation and characterization Materials Science and
Engineering vol 72 pp 543-550

[2] Guarino V C Altobelli T R Ambrosio L 2015 Degradation Properties and Metabolic Activity of
Alginate and Chitosan Polyelectrolytes for Drug Delivery and Tissue Engineering Applications
AIMS Materials Science vol 2 (4) pp 497-502.

[3] Giines S Funda Tihmimlioglu 2017 Hypericum perforatum Incorporated Chitosan Films as
Potential Bioactive Wound Dressing Material International Journal of Biological
Macromolecules

[4] Kumar M.N.V Ravi 2000 A review of chitin and chitosan applications. Reactive & Functional
Polymers vol 46 pp 1-27.

[5] MaY Lian X H T Ming F Jianliang L Yang J Zhonghua L. Yong C Xiaohong H 2017. Chitosan
membrane dressings toughened by glycerol to load antibacterial drugs for wound healing.
Materials Science & Engineering vol 81 pp 522-531.

[6] Tan H Constance R C Karin A P Kacey G M 2009 Injectable in Situ Forming Biodegradable
Chitosan-Hyaluronic Acid Based Hydrogels for Cartilage Tissue Engineering. Biomaterials vol
30 pp 2499-2506.

[7] Ishihara M Kuniaki N Katsuaki O Masato S Makoto K Yoshio S Hirofumi Y Takemi M Hidemi
H Maki U Akira K 2002 Photocrosslinkable chitosan as a dressing for wound occlusion and
accelerator in healing process. Biomaterials vol 23 pp 833-840.

[8] Chen L Chang Y T Nan Y N Chao Y W Qiang F Qin Z 2009 Preparation and Properties of
Chitosan/Lignin Composite Films Chinese Journal of Polymer Science vol 27 (5) pp 739-746.

[9] Popa V I Adina M C Silvia G Teodor M 2011 Nanoparticles Based on Modified Lignins With
Biocide Properties Cellulose Chemistry and Technology vol 45 (3-4) pp 221-226.

[10] Bahri S 2015 Pembuatan Pulp dari Batang Pisang. Jurnal Teknologi Kimia Unimal vol 4 (2) pp
36-50.

[11] Wina E 2001 Tanaman Pisang Sebagai Pakan Ternak Ruminansia Balai Penelitian Ternak.
Wartazoa vol 11 1.

[12] Rangan A Manjula V.M Rajendran M.T Satyanarayana G.K Reghu M 2017 Novel method for
the preparation of lignin-rich nanoparticles from lignocellulosic fibers. Industrial Crops and
Products vol 103 pp 152-160.

[13] Vu H T Scarlett C & Vuong Q V 2018 Phenolic Compounds Within Banana Peel and Their
Potential Uses: A Review. Journal of Functional Foods vol 40 pp 238-248.

[14] C Deng L He M Zhao D Yang Y Liu 2007 Biological properties of the chitosan-gelatin sponge
wound dressing. Carbohydr. Polym vol 69 pp 83-589.

[15]  H Zheng L Wang 2013 Banana peel carbon that containing functional groups applied to the
selective adsorption of Au (III) from waste printed circuit boards Soft Nanosci Lett vol 3 (2) pp
29-36.

[16] Castro R S D Cetano L Ferreira G Padilha P M Sacki M J Zara L F Martines M A U and Castro



Ist South Aceh International Conference on Engineering and Technology IOP Publishing
IOP Conf. Series: Materials Science and Engineering 506 (2019) 012056 doi:10.1088/1757-899X/506/1/012056

G R 2011. Banana peel applied to the solid phase extraction of copper and lead from river water:
preconcentration of metal ions with a fruit waste Ind. Eng. Chem. Res. Vol 50 (6) pp 3446-3451.

[17] Bodnar M Hartmann J F Borbely J 2005 Preparation and Characterization of Chitosan-Based
Nanoparticles Biomacromolecules vol 6 pp 2521-2527.

[18]  Moura MR & Aouada F A 2008 Preparation of Chitosan Nanoparticles Using Methacrylic Acid
Journal of Colloid and Interface Science vol 321(2) pp 477-483.

[19] W H Eaglstein et al Optimal use of an occlusive dressing to enhance healing: effect of delayed
application and early removal on wound healing Arch Dermatol vol 124 (3) pp 392-395.

[20] Papineau A M Hoover D G Knorr D & Farkas D F 1991 Antimicrobial Effect of Water-Soluble
Chitosans With High Hydrostatic Pressure Food Biotechnol. Vol 5 (1) pp 45-57.

[21] Huang J C 2002 Carbon Black Filled Conducting Polymers and Polymer Blends. Adv. Polym.
Technol vol 21 (4) pp 299-313.

[22] T H Emaga Robert C Ronkart S N Wathelet B Paquot M 2008 Dietary fibre components and
pectin chemical features of peels during ripening in banana and plantain varieties Bioresour.
Technol. Vol 99 (10) pp 43464354,

[23] N. Pitak S.K. Rakshit 2011 Physical and antimicrobial properties of banana flour/chitosan
biodegradable and self-sealing films used for preserving Fresh-cut vegetables LWT-Food Sci.
Technol. Vol 44 (10) pp 2310-2315.

[24] P Battaglini Franco L A de Almeida R F C Marques G Brucha M G N Campos 2016 Evaluation
of antibacterial activity of chitosan membranes associated to unripe banana peel Mater. Sci.
Forum vol 869 pp 859-863.

[25]  Zaimahwati Harry A Rihayat, T Deni R Saharman G 2015. The Manufacture of Palm Oil-Based
Polyurethane Nanocomposite with Organic Montmorillonite Nanoparticle as Paint Coatings
International Journal of Chem Tech Research vol 7 pp 2537-2544.

[26]  Rihayat, T Suryani Fauzi T Agusnar H Syafruddin Helmi Zulkifli Alam P N Sami M 2017
Mechanical Properties Evaluation of Single and Hybrid Composite Polyester Reinforced
Bamboo PALF and Coir Fiber vol 334 pp 1-8.

[27] Rihayat, T Suryani Arlina A Fonna Z Jalal R Alam P N Zaimahwati Sami M Syarif J Juhan N
2017 Determination of CEC Value (Cation Exchange Capacity) of Bentonite from North Aceh
and Bener Meriah, Aceh Province, Indonesia Using Three Methods vol 334 pp 1-7

[28] Suryani Agusnar H Wirjosentono B Rihayat T Nurhanifa 2017 Improving the Quality of
Biopolymer (Poly Lactid Acid) With the Addition of Bentonite as Filler vol 222 pp 1-7

[29] Rihayat T Suryani Zimahwati 2014 Preparation and Properties and Application of Renewable
Source (Palm Oil Polyol) Based Polyurethanes Coatings and its Thermal Stability Improvement
by Clay Nanocomposite Advanced Materials Research vol 887-888 pp 566-569.

[30] Rihayat T Suryani Zaimahwati 2014 Effect of Heat Treatment on The Properties of
Polyurethane/Clay Nanocomposite Paint Advanced Materials Research vol 525 pp 97-100.

[31] Rihayat T Saari M Hilmi M M Wan Yunus W M Z Suraya A R Dahlan K Z H M Sapuan S M
2007 Mechanical Characterisation of Polyurethane/Clay Nanocomposite Polymer and Polymer
Composites vol 15 pp 647-652

[32] Rihayat T Suryani 2010 Synthesis and Properties of Biobased Polyurethane/Montmorillonite
Nanocomposites World Academy of Science Engineering and Technology vol 4 pp 714-718



