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Abstract 
 
Plant- associated bacteria have been known for their direct and indirect abilities to promote plant 
growth. Because of their benefits on plants, they are generally recognized as plant growth promoting 
bacteria (PGPB). In the present study, epiphytic bacteria were isolated from surfaces of roots, stems 
and leaves of rice plants that were grown in organic farms.  Of 113 bacterial isolates, 68 and 45 
isolates were stained Gram- positive and Gram- negative, respectively.  Based on their cell shapes, 
106 isolates were bacilli while seven isolates were cocci.  The use of the 16S rRNA gene sequence 
analysis indicated that they were members of phyla Fimicutes (54.87%), Proteobacteria (38.05%) 
and Bacteroidetes ( 7. 08% ) .  All isolates were assessed for their abilities in nitrogen fixation, 
phosphate solubilization, siderophore production, auxin production and 1- aminocyclopropane-1-
caboxylic acid (ACC) deaminase activity.  The result showed that 91 isolates were tested positives 
for at least one activity. The antagonistic activity against the pathogenic fungus Pyricularia oryzae 
was also tested.  Twenty- three isolates inhibited the growth of the fungal mycelia.  The percentage 
of growth inhibition of these isolates against P. oryzae ranged from 73.10+3.24% to 100.00+0.00%. 
The protease and chitinase activities were found in 19 and 2 isolates, respectively. However, crude 
preparation of bioactive compounds from bacterial cultures yielded negative results.  Based on the 
results obtained in this study, the surfaces of rice plants were colonized by various bacteria with 
potentials in plant growth promotion. 
 
Keywords: epiphytic bacteria, plant growth promoting bacteria, Pyricularia oryzae, rice 
DOI 10.14456/cast.2019.7 

 
 

1. Introduction 
 
Diverse groups of bacteria were found associated with plants. They may colonize either plant 
rhizosphere as rhizobacteria, outer surfaces of plant organs as epiphytic bacteria or plant 
intercellular spaces as endophytic bacteria. A number of these bacteria were found to provide 
various direct benefits for plant growth as well as indirectly protect plants from phytopathogens. 
They are recognized as plant growth promoting bacteria (PGPB). Much research effort has been 
dedicated to study these bacteria for their application in agriculture in order to decrease our 
dependence on excessive use of chemicals that has led to the contamination of toxic compounds in 
environments [1]. 
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One of the direct mechanisms by PGPB is the increase of bioavailability of plant nutrients. 
Nitrogen is the most important nutrient for plant growth. However, it is mostly found as the diatomic 
gas that is not readily available for plants. It has to be converted into ammonia by either physical or 
biological nitrogen fixation.  Several nitrogen- fixing bacteria in various genera including 
Azosprillum, Herbasipirillum, Bacillus, Burkholderia and Pseudomonas were found to provide 
fixed nitrogen to their plant hosts [2] .  Phosphorus is considered the second- most important 
macronutrient for plants. However, a large amount of phosphorus is fixed or trapped in organic and 
inorganic compounds [3] .  Phosphate- solubilizing bacteria are able to release phosphorus from its 
insoluble forms for plant absorption and utilization during growth and development.  PGPB of 
genera Bacillus, Pseudomonas and Burkholderia are examples of phosphate- solubilizing bacteria 
[4] .  Iron is one of the macronutrients required for plant growth.  However, it is generally found as 
insoluble ferric (Fe3+) hydroxides. This limits the uptake of iron by plants. Many PGPB were able 
to increase the availability of iron by secreting iron-chelating siderophores. Subsequently, the iron-
bound form of siderophores is imported into the plant cells [5]. Members of the genus Pseudomonas 
were well known for their siderophore production [6] .  Modulation of phytohormones is another 
direct mechanism found in PGPB. Auxin is an important hormone that regulates virtually all aspects 
of plant growth and development. The most common form of auxin in plants is Indole-3-acetic acid 
( IAA)  that is also produced by many bacteria [7] .  Examples of IAA- producing PGPB are 
Azospirillum brasilense, Pseudomonas putida and Pantoea agglomerans [8] .  Ethylene is a 
phytohormone that is required for plant stress responses.  The precursor of ethylene biosynthesis is 
1-aminocyclopropane-1-carboxylic acid (ACC) that is converted into ethylene by the activity of the 
ACC synthase enzyme [9]. However, overproduction of ethylene induced by stress conditions could 
lead to growth reduction and senescence [10]. Previous studies showed that a number of PGPB were 
able to lower the ethylene level by producing ACC deaminase that converts ACC into α-ketobutyrate 
and ammonia. This resulted in the decrease of the ethylene levels and the increase of stress tolerance 
in plant hosts [11-13]. PGPB may indirectly confer disease resistance on the plant host through their 
antagonistic activities against phytopathogenic fungi.  These activities may be derived from their 
ability to produce hydrolytic enzymes that disrupt cell wall components of the pathogens.  Protease 
and chitinase degrade proteins and chitin that are components of the fungal cell wall [14] . 
Alternatively, many PGPB were shown to produce antifungal compounds that inhibited growth of 
the pathogens. Members of genera Bacillus and Pseudomonas were prominent PGPB in this regard 
because of their ability to synthesize various groups of antibiotics including ribosomal and non-
ribosomal peptides and polyketides [5]. 
 The aim of the present study was to investigate diversity and plant growth promoting 
activities of epiphytic bacteria of rice plants grown in organic farms that did not permit the use of 
chemical fertilizers and pesticides.  We isolated epiphytic bacteria from the surfaces of roots, stems 
and leaves of rice plants collected from Bangkok, Chonburi, Saraburi and Suphanburi provinces, 
Thailand.  Characterization of culturable isolates was determined based on their morphological 
characteristics and 16S rRNA gene sequences.  Both direct and indirect plant growth promoting 
activities were examined.  The result provided basic information of potential epiphytic PGPB for 
further in planta analysis and their application as biofertilizers and biocontrol agents.  

 
 

2. Materials and Methods 

 
2.1 Rice samples and isolation of epiphytic bacteria 
 
Whole rice plants grown in organic farms were collected from Bangkok (13°52'56. 8" N 
100°53'05.1"E), Chonburi (13°12'37.9"N 101°26'20.8"E), Saraburi (14°21'14.7"N 100°54'20.1"E) 
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and Suphanburi (14°32'35. 2" N 100°03'25. 6" E)  provinces, Thailand.  Samples from Bangkok 
location was of Hom-Nil variety while those from other locations were of Rice-Berry variety. Roots, 
stems and leaves were rinsed under running water and cut into small pieces. 
 
2.2 Isolation of epiphytic bacteria 
 
Samples were separately put in glass bottles containing 100 ml of sterilized distilled water.  The 
bottles were shaken on a rotary shaker at 180 rpm for 30 min. Bacterial cell suspension was serially 
diluted and plated on nutrient agar ( NA; HiMedia, India)  plates and tryptone soya agar ( TSA; 
HiMedia, India) plates. All plates were incubated at 30oC. Bacterial colonies were picked once they 
appeared on the surface of the media. This process was continued for seven days. Bacterial colonies 
were purified by repeatedly streaking on NA plates.  
 
2.3 Morphological characterization 
 
Pure isolates were examined for morphological characteristics including Gram- staining and cell 
shapes.  The procedure was as follows:  bacterial cells were smeared on a glass slide and fixed by 
passing through flame for a few times, crystal violet was used as the primary stain and removed 
after 1 min of staining. This was followed by addition of Gram’s iodine on the smear for 1 min. The 
primary stain was removed by 95%  ethanol within 20 s.  The washing step was stopped by rinsing 
the slide with water. Safranin was used for staining the smear for 1 min and subsequently removed 
by rinsing with water. Bacterial cells were observed under a light microscope. 
 
2.4 Identification of bacterial isolates using 16S rRNA gene sequences 
 
Genomic DNA of all isolates was prepared using a commercial kit (PrestoTM Mini gDNA Bacteria 
Kit, Geneaid, Taiwan). Nearly complete 16S rRNA gene fragments were amplified using universal 
primers 41F (5'-GCTCAGATTGAACGCTGGCG-3') and 1492R (5'- TACGGYTACCTTGTTA 
CGACTT- 3')  [15- 16] .  Amplified products were cleaned using a commercial kit ( Gel/ PCR 
Purification Kit, Favorgen Biotech Corp, Taiwan)  and sequenced using 41F and 1492R primers. 
Pairwise alignment of the 16S rRNA gene sequences was performed on the EzBioCloud database 
[17]. 
 
2.5 Plant growth promoting activities 
 
For nitrogen fixation, bacterial cells were washed in glucose- nitrogen- free broth [18]  and 
centrifuged at 5,000 rpm for 15 min with a Minispin microcentrifuge ( Eppendorf, Germany) .  The 
rotor diameter was 12 cm.  The supernatant was discarded, and the same liquid medium was used 
for cell suspension.  Two µl of the suspension were placed on glucose- nitrogen- free agar.  Plates 
were incubated at 30oC for 4 days.  The ability to grow on the same solid medium supplemented 
with 3 mM ( NH4) 2SO4 was used as the indication of a positive result.  To determine the phosphate 
solubilizing activity, bacterial colonies were spotted on Pikovskaya’s (PVK) medium and National 
Botanical Research Institute’s phosphate growth medium [19].  Bacteria were grown at 30oC for 4 
days and checked for phosphate solubilization on both media. Chrome azurol S (CAS) agar medium 
[ 20]  was used to examine the production of siderophores.  Bacterial colonies were streaked on the 
medium and grown at 30oC for 48 h.  
 To determine IAA production, bacterial cells were inoculated in 50 ml of nutrient broth 
(NB; Himedia, India)  containing 1% (w/v)  L- tryptophan and grown at 30oC for 48 h on a rotary 
shaker at 160 rpm.  Bacterial cells were separated from the culture by centrifugation at 2,500 rpm 
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for 5 min with a Minispin microcentrifuge ( Eppendorf, Germany) .  The rotor diameter was 12 cm. 
One- hundred µl of the supernatant were tested for the presence of IAA by mixing with an equal 
volume of Salkowski’s reagent [21]. For ACC deaminase activity, bacterial cells were washed in 1 
ml of Dworkin and Foster (DF)  salt minimal broth [ 22]  once by resuspension and centrifugation. 
Harvested bacterial cells were then resuspended in 1 ml of fresh DF salt minimal broth and 2 µl of 
the cell suspension were inoculated on DF salt minimal agar supplemented with 2mM ACC as the 
sole nitrogen source.  Bacteria were incubated at 30oC for 4 days.  Negative and positive control 
groups were bacteria grown on DF salt minimal agar and DF salt minimal agar containing 2 mM 
(NH4)2SO4, respectively. 
 
2.6 Indirect plant growth promoting activities  
 
The antagonistic activity against P.  oryzae was determined using the dual culture test.  Epiphytic 
bacteria were streaked on potato dextrose agar (PDA; SRL, India) .  A mycelium plug of P.  oryzae 
was placed 2 cm away from the bacteria. Plates were incubated at 30oC for 14 days. Control plates 
were prepared by inoculating P.  oryzae without epiphytic bacteria.  The inhibition zone was the 
indicator of a positive result. To determine the percentage of growth inhibition, the experiment was 
repeated with all antagonistic isolates.  Three replicates were performed for each isolate.  Control 
plates were prepared by placing the mycelium plug on the medium only. The percentage of growth 
inhibition in each replicate was calculated as shown in below equation.  

 
Percentage of growth inhibition = [(Rc-Re)/Rc] x 100 

 
 Rc is the radius of the fungal colony in control plates.  Re is the radius of the fungal colony 
in experimental plates.  For statistical analysis, one- way ANOVA was performed and followed by 
the Tukey test. P<0.05 was considered statistically significant. 
 To test for their protease and chitinase activities, epiphytic bacteria were inoculated on 
skim- milk agar medium and NA medium that was supplemented with 1%  colloidal chitin, 
respectively [23]. All plates were incubated at 30oC for 48 h. 
 For extraction of extracellular antifungal compounds, antagonistic isolates were cultured 
in 50 ml NB at 30oC for 7 days on a rotary shaker with 160 rpm.  Subsequently, cultures were 
subjected to liquid- liquid extraction using an equal volume of ethyl acetate as the organic solvent. 
Each culture was extracted three times and the exhausted supernatant was collected.  The solvent 
was evaporated using a rotary evaporator at 40˚C under 240 bars.  Remaining crude extracts were 
washed off the bottle using methanol and left in a desiccator until methanol completely evaporated. 
The extracts were weighed and resuspended in methanol at 150 mg/µl and 300 mg/µl concentrations. 
The suspension was placed on sterilized paper discs No. 1 (GE Healthcare, USA) .  The discs were 
left to dry and tested for growth inhibition on P.  oryzae in place of epiphytic bacteria as described 
in the dual culture test. 

 
 

3. Results and Discussion 
 
A total number of 113 epiphytic bacterial isolates were obtained from the rice plants.  Forty- seven 
isolates were obtained from root surfaces.  Thirty- one and thirty- five isolates were from stem and 
leaf surfaces, respectively.  Gram- staining of these isolates showed that 68 and 45 isolates were 
Gram- stained positive and Gram- stained negative, respectively.  Based on their cell shapes, 106 
isolates were bacilli while the remaining seven isolates were cocci.  
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 For molecular characterization, partial 16S rRNA gene sequences of all isolates were 
amplified and sequenced.  The sequences were used for the pairwise alignment analysis on the 
EzBiocloud database. Details of the result are provided in Table1. The result showed that 34 isolates 
displayed 100% sequence similarity with the sequences on the database. The sequence similarity of 
the remaining 79 isolates ranged from 98.50% to 99.99% when compared with the database. Sixty-
two isolates (54.87%) of the isolates belonged to the phylum Firmicutes and represented the largest 
group of the population.  They were classified into four different genera including Bacillus (51 
isolates) , Staphylococcus (6 isolates) , Fictibacillus (4 isolates)  and Exiguobacterium ( 1 isolate) . 
The second- largest group comprised of 43 isolates (38. 05%)  that were determined as members in 
the phylum Proteobacteria.  They were divided into seventeen genera.  Seven genera were found 
with more than one isolates. These included Pseudomonas (12 isolates), Acinetobacter (6 isolates), 
Burkholderia (4 isolates), Enterobacter (4 isolates), Klebsiella (3 isolates), Aeromonas (2 isolates) 
and Chromobacterium (2 isolates) .  One isolate was recorded for each of the following genera: 
Aquitalea, Brevundimonas, Citrobacter, Kinneretia, Pandoraea, Rahnella, Roseateles, Serratia, 
Vogesella and Xanthomonas. The smallest group contained eight isolates (7.08%) and belonged to 
phylum Bacteroidetes.  They were divided into three genera including Chryseobacterium (4 
isolates) , Chitinophaga (3 isolates)  and Sphingobacterium (1 isolate) .  Based on the isolation 
sources, the bacterial communities were relatively different (Table 1) .  On root surfaces, members 
of Firmicutes constituted 53.19% of the population. This was followed by Proteobacteria (34.04%) 
and Bacteroidetes (12.77%). In contrast, the dominant group (54.84%) on stem surfaces consisted 
of members in phylum Proteobacteria and was followed by Firmicutes (38. 719% )  and 
Bacteroidetes (6. 45% ) .  On the other hand, only those of phyla Firmicutes (71. 43% )  and 
Proteobacteria (28. 57% )  were recovered from leaf surfaces.  At the genus level, 18, 12 and 7 
different genera were found on roots, stems and leaves, respectively. This result indicated that root-
surface colonizing bacteria were likely the most diverse group. 
 The diversity of culturable bacteria observed in the present study was consistent with 
previous reports. Members of phyla Firmicutes, Proteobacteria and Bacteroidetes were commonly 
isolated from rhizosphere, organ surfaces and internal tissues of various plant species. For example, 
a previous study investigated the diversity of bacteria on grape plants that were grown in two 
different vineyards.  Despite the locations, Firmicutes and Proteobacteria were two of the three 
largest groups that colonized berries, leaves and barks of the plants.  Another group of isolated 
bacteria belonged to the phylum Actinobacteria [24] .  Similarly, our previous study showed that 
endophytic bacteria isolated from rice plants were members of Firmicutes, Proteobacteria, 
Bacteroidetes and Actinobacteria [25] .  The culture- dependent approach had a limitation for the 
study of bacterial diversity since not all bacteria could grow on synthetic media. It could only reveal 
small fractions of an actual bacterial population.  To overcome this limitation, several studies 
employed next- generation sequencing technologies and the metagenomic approach to obtain more 
inclusive information regarding the bacterial diversity.  A recent study used Illumina MiSeq 
sequencing for identifying bacterial operational taxonomic units (OTUs)  that were endophytes of 
rice sprouts, roots and stems.  Although members of the common phyla mentioned above still 
represented the dominant groups, OTUs of other phyla including Fusobacteria, Acidobacteria, 
Deinococcus-Thermus and Verrucomicrobia were also detected. Additionally, the study observed a 
high level of bacterial diversity at the genus level [26] .  In the present study, the level of diversity 
observed in root- colonizing bacteria was relatively higher than that found in stem-  and leaf-
colonizing bacteria.  Roots and other plant underground organs were well known for their richness 
in bacterial compositions.  An important contributing factor was derived from the secretion of root 
exudates that provided various types of organic compounds which may act as either nutritional 
resources that support bacterial growth and signaling molecules for bacterial chemotaxis [2]. 
 All epiphytic bacteria were examined for their direct plant growth promoting activities 
including nitrogen fixation, phosphate solubilization, siderophore production, IAA production and 
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ACC deaminase activity. Ninety-one isolates displayed at least one positive activity (Table 2). Forty-
nine isolates (43.36%) showed one activity. The second largest group of 33 isolates (29.20%) was 
tested positive for two activities. Only eight (7.08%) and one (0.88%) isolates displayed three and  
 
Table 1. Characterization of 113 epiphytic bacteria from rice plants based on the analysis of the 16S rRNA 
gene sequences. Numbers in parentheses indicate the number of isolates that were affiliated with each genus. 
 

Phylum Genus 
Roots Stems Leaves 

Firmicutes Bacillus (20), 
Exiguobacterium (1), 
Fictibacillus (3), 
Staphylococcus (1), 

Bacillus (10), 
Staphylococcus (2),  

Bacillus (21), 
Fictibacillus (1), 
Staphylococcus (3) 

Proteobacteria Acinetobacter (1), 
Aeromonas (2), 
Aquitalea (1), 
Burkholderia (2), 
Enterobacter (1), 
Klebsiella (1), 
Padoraea (1), 
Pseudomonas (3), 
Rahnella (1), Serratia 
(1), Vogesella (1), 
Xanthomonas (1)

Acinetobacter (4), 
Burkholderia (2), 
Chromobacterium (2), 
Citrobacter (1), 
Enterobacter (3), 
Kinneretia (1), 
Klebsiella (2), 
Pseudomonas (2) 

Acinetobacter (1) 
Brevundimonas (1), 
Pseudomonas (7), 
Roseateles (1) 

Bacteroidetes Chitinophaga (3), 
Chryseobacterium (3)

Chryseobacterium (1), 
Sphingobacterium (1)

‒ 

 
Table 2. Distribution of plant growth promoting activities among isolated epiphytic bacteria. N: nitrogen 
fixation, P: phosphate solubilization, S: Siderophore production, I:  IAA production, A: ACC deaminase 
activity. 
 

Activities Number of isolates
N 17
P 3
S 21
I 4
A 4

N+P 2
N+S 6
N+A 5
N+I 1
P+A 2
S+A 8
I+A 4
I+S 5

N+P+A 1
N+S+I 1
N+S+A 3
P+S+A 1
S+I+A 2

P+S+I+A 1
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four activities, respectively. Twenty-two isolates (19.47%) were tested negative for all activities. 
None of the isolates displayed all five activities. 
 Details of bacterial groups that displayed the positive activities are provided in Table 3. 
For nitrogen fixation, 36 positive isolates were able to grow on the glucose-nitrogen-free agar. 
Members of the phylum Firmicutes represented the dominant group (23 isolates) and were classified 
as Bacillus, Exiguobacterium, Fictibacillus and Staphylococcus. The second-largest group was 
Proteobacteria with 11 isolates that belonged to genera Acinetobacter, Aeromonas, Brevundimonas, 
Klebsiella, Pandoraea and Pseudomonas. Two isolates were affiliated with genera Chitinophaga 
and Chryseobacterium of phylum Bacteroidetes. For phosphate solubilization, the positive result 
was determined based on the presence of the clear zone around bacterial colonies on PVK and 
NBRIP media. Among 113 isolates, we found 9 isolates that displayed the phosphate solubilization 
activity. They were members of genera Bacillus, Burkholderia, Pseudomonas and Roseateles. Forty-
nine isolates were able to produce siderophores as indicated by the presence of the orange halo 
around the colonies that were grown on CAS agar medium. Thirty-one isolates that belonged to the 
phylum Firmicutes were members of genera Bacillus, Exiguobacterium, Fictibacillus and 
Staphylococcus. Fifteen isolates were of the phylum Proteobacteria. They included isolates of 
genera Acinetobacter, Aeromonas, Burkholderia, Kinneretia, Klebsiella, Pandoraea, Pseudomonas 
and Serratia. The remaining three isolates were of the phylum Bacteroidetes. They were classified 
as members of genera Chitinophaga, Chryseobacterium and Sphingobacterium.  
 The results on bacterial activities involved in the increase of plant nutrients were relatively 
consistent with previous reports. Except for Fictibacillus, Staphylococcus and Chitinophaga, strains 
of the other nine genera were described for their nitrogen-fixing capability on the basis of either 
growth on nitrogen-free medium or the ability to reduce ethylene by nitrogenase or the presence of 
the nifH gene which codes for a nitrogenase subunit [27-32]. For phosphate-solubilizing activity, 
positive genera found in the present study were also previously reported as phosphate solubilizers 
[31-33]. The only exception was genus Roseateles. For siderophore production, other strains of most 
genera found in the present study were capable of producing siderophores [25, 34-41]. In contrast, 
up to the date of manuscript preparation, there were no reports of plant-associated bacteria in genera 
Fictibacillus, Kinneretia and Chitinophaga that displayed siderophore production.  
 The test for IAA production was performed by mixing culture supernatant with 
Salkowski’s reagent. The pink color is the indicator of the presence of IAA. The positive result was 
obtained from the supernatant of 19 bacterial isolates. The predominant group consisted of 16 
isolates of the phylum Proteobacteria. They were classified into genera Acinetobacter, 
Burkholderia, Enterobacter, Klebsiella, Pandoraea, Pseudomonas and Rahnella. Three other 
isolates were all members of the phylum Firmicutes and belonged to genera Bacillus and 
Staphylococcus. Determination of ACC deaminase was based on the utilization of ACC as the sole 
nitrogen source in DF minimal agar. Thirty-one isolates were able to produce ACC deaminase. 
Among these, seventeen isolates belonged to the phylum Firmicutes and were classified as members 
of genera Bacillus and Exiguobacterium. Fourteen positive isolates of the phylum Proteobacteria 
consisted of members in genera Acinetobacter, Burkholderia, Enterobacter, Pseudomonas, 
Roseateles and Serratia. Other bacterial strains in the corresponding genera previously 
demonstrated for IAA production [25, 33, 37, 42-46] and ACC deaminase activity [27, 47-51] were 
consistent with our observation.  One exception was found with the genus Roseateles whose 
members, thus far, were not known for producing the ACC deaminase enzyme. 
 All 113 epiphytic bacterial isolates were screened for the antagonistic activity against P. 
oryzae, the causal agent of the leaf blast disease, on the basis of the inhibition zone formation in the 
dual culture test (Figure 1). Twenty-three isolates were found as the antagonists of the fungal 
pathogen. They were members of four different genera including Bacillus (16 isolates), 
Burkholderia (4 isolates), Chitinophaga (2 isolates) and Pseudomonas (1 isolate). The percentage  
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Table 3.  Affiliation and the number of isolates of epiphytic bacteria that were tested positive. 
Activities Affiliation 

Firmicutes Proteobacteria Bacteroidetes 
Nitrogen fixation 4 genera, 23 isolates 6 genera, 11 isolates 2 genera, 2 isolates
Phosphate 
solubilization 

10 genera, 3 isolates 2 genera, 6 isolates - 

Siderophore 
production 

4 genera, 31 isolates 8 genera, 15 isolates 3 genera, 3 isolates 

IAA production 2 genera, 3 isolates 7 genera, 16 isolates - 
ACC deaminase 2 genera, 17 isolates 6 genera, 14 isolates - 
Antagonism against 
P. oryzae 

1 genera, 16 isolates 2 genera, 5 isolates 1 genus, 2 isolates 

 
 
 
 

 
 
Figure 1. Formation of the inhibition zone between Bacillus sp. 1110 and P. oryzae (A) indicated 
the antagonistic activity of the isolate as opposed to the control plate ( B)  that was inoculated with 
the fungal pathogen only. 
 
of growth inhibition was determined in each of the antagonistic isolate (Figure 2). The highest level  
(100% growth inhibition) was observed in Bacillus sp.1021, Bacillus sp. 1110, Bacillus sp. 2211, 
Bacillus sp. 2306, Bacillus sp. 3210, Bacillus sp. 3308, Bacillus sp. 3310 and Pseudomonas sp. 
2302. The remaining isolates displayed the percentage of growth inhibition that ranged from 73.10% 
to 98.12%. Enzymatic protease and chitinase activities were tested on all 23 antagonistic isolates. 
The formation of the clear zone around bacterial colonies on skim-milk agar and NA supplemented 
with 1% colloidal chitin indicated the positive results of protease and chitinase, respectively. The 
result showed that 17 isolates produced proteases only. There were no isolates that only showed 
chitinase activity. Two isolates including Burkholderia spp. 1208 and 2208 displayed both protease 
and chitinase activities. To investigate the production of antifungal compounds, crude ethyl-acetate 
extracts of the antagonistic isolates were prepared. Although these isolates displayed relatively high 
levels of P. oryzae growth inhibition in the dual culture test, the crude extracts were unable to inhibit 
the mycelial growth of the fungal pathogen. 
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Figure 2. The percentage of growth inhibition of 19 antagonistic isolates against P. oryzae. Values 
represent mean +  standard deviation ( n =  3) .  Different letters indicate statistically significant 
differences between the percentage of growth inhibition of the isolates (P<0.05). 
 
 
 The antagonistic isolates obtained in our study belonged to four different genera including 
Bacillus, Pseudomonas, Burkholderia and Chitnophaga. This was somewhat in agreement with 
previous reports. Strains of genera Bacillus and Pseudomonas were shown for their capability to 
inhibit the mycelial growth of P. oryzae [52-53]. In contrast, Burkholderia glumae 411 gr-6 was the 
only strain of the genus Burkholderia that was characterized and reported for its inhibitory effect on 
the fungus [54]. However, because of its pathogenicity in causing the panicle blight disease [55], its 
direct application as the biocontrol agent may be limited. Members of the genus Chitinophaga were 
scarcely associated with inhibition of phytopathogen growth. An isolate of the genus was able to 
reduce the severity of the damping off disease in potato that was caused by Rhizoctonia solani [56]. 
Inhibition and suppression of pathogen growth and colonization by PGPB occur through various 
mechanisms. One of them is the production of cell-wall degrading enzymes. Protease and chitinase 
were important for the disruption of proteins and chitin of the fungal cell wall, respectively [5]. In 
our study, protease was likely more involved in the inhibition of P. oryzae growth than chitinase. 
This was because 17 out of 23 isolates were protease-positive. Additionally, two isolates showing 
chitinase activity also produced protease. Another major mechanism of disease suppression by 
PGPB is the production of antibiotic compounds. Despite the strong antagonisms of the 23 isolates 
against P. oryzae in the dual culture test, the crude extracts of all isolates obtained in this study 
failed to suppress the fungal growth. This result suggested the influence of culture media on 
antifungal compound production. The dual culture test was carried out on PDA while bacterial 
culture used for the extraction of antibiotic compounds was grown in NB. The influence of culture 



Current Applied Science and Technology Vol. 19 No. 2 (May – August 2019) 

75 
 

media and growth conditions on antibiotic production was previously demonstrated in other studies. 
For example, optimization of culture media and growth conditions of Streptomyces rimosus MY02 
increased the production rate of an antifungal compound against Fusarium oxysporum [57].  

 
 

4. Conclusions 
 
Epiphytic bacteria were isolated from roots, stems and leaves of rice plants. Characterization of 
these isolates based on the 16S rRNA gene sequences showed that they belonged to phyla 
Firmicutes, Proteobacteria and Bacteroidetes. The bacterial community on root surfaces was the 
most diverse group. Bacterial diversity from each location also followed the same trend. Ninety-one 
isolates displayed at least one of the tested direct plant growth promoting activities. The percentages 
of positive isolates from the four isolation sources were different. Isolates from Saraburi province 
showed the highest percentage (91.43%) followed by those from Bangkok (77.78%), Cholburi 
province (75.68%) and Supanburi province (75.00%). Twenty-three isolates showed the 
antagonistic activity against P. oryzae. The percentage of P. oryzae growth inhibition ranged from 
73.10% to 100%. Protease and chitinase activities were detected in some of the antagonistic isolates. 
In contrast, crude extracts of all isolates were tested negative for the inhibition of P. oryzae growth. 
Several epiphytic bacteria isolated in the present study were potential candidates as PGPB for further 
in planta analyses. 
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Abstract 
 
This article presents the electrical modeling of the nickel- metal hydride battery ( NiMH) , which is 
used in electric vehicles.  According to the battery life cycle, the physical and electrical models of 
the proposed battery should be analyzed in detail for the condition to control the electric vehicle 
operation.  This article focuses on the NiMH battery, which was used in personal electric vehicles. 
This type of personal electric vehicle is used to provide personal mobility for handicapped and 
elderly people. The proposed battery model is considered in both state-of-charge (SOC) and voltage-
current characteristics to find the mathematical model of the NiMH battery. The proposed electrical 
model of the battery was studied under static and dynamic behaviors.  The simulation results show 
that the proposed battery model can represent the behavior of a battery as the real behaviors.  The 
MATLAB/Simulink environment is selected to analyze and simulate the battery model on both 
static and dynamic behaviors.  Therefore, the proposed battery model can verify the study of the 
battery life cycle on the personal electric vehicle application for the future work. 
 
Keywords:  Battery, electric model, personal electric vehicle, electrochemical impedance 
spectroscopy, nickel-metal hydride batteries. 
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1. Introduction 
 
General electric vehicles can be classified into 5 types as follows:  battery electric vehicle ( BEV) , 
plug- in hybrid electric vehicle ( PHEV) , hybrid electric vehicle ( HEV) , fuel cell electric vehicle 
(FCEV) and personal electric vehicle (PEV) [1-2]. The important elements of the general electric 
vehicle ( EV)  is the driving system, the car control and monitoring system, and the battery as the 
power source of the electric vehicle [ 3] .  Different EV types from various manufacturers also use 
hybrid electric vehicle because of its high- power energy density.  Figure 1 shows the diagram of a 
personal electric vehicle, which consists of a transmission system, an electric machine, a DC/AC 
 
 
 
converter, a DC/DC converter, a regenerative braking system, supercapacitors, and a battery.  The 
battery is the main component of the electric vehicle system as the system power source. The output  
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Figure 1. Basic diagram of a personal electric vehicle [4] 

 
 
voltage of the battery is controlled by the DC/DC converter for the desired voltage value. Therefore, 
the state-of-charge of the battery was considered during the electric vehicle mobility. 

The battery is a storage source of the electric vehicle that can be recharged by connecting 
with the charging cable at the charging station or household.  The storage capacity of the NiMH 
battery is defined by parameters such as the voltage, current, and temperature. The state-of-charge 
condition of the battery is measured to analyze both dynamic and static behaviors.  Therefore, the 
proposed study can classify the important features and electrical characteristics of the NiMH battery. 
The key factors to evaluate the NiMH battery are the SOC and state of health (SOH) of the battery. 
Meanwhile, the internal impedance modeling of the NiMH battery is considered under SOC and I -
V characteristics [5] .  The derivation of the internal impedance modeling was determined from the 
electrochemical impedance spectroscopy ( EIS)  technique.  The voltage and current sinusoidal 
waveforms of the battery are shown in Figure 2.  

 

t

i V

 
 

Figure 2. Signal voltage and electrical current at the terminal of the NiMH battery 
 

The waveform of the voltage and current at the terminal of NiMH battery can be classified 
to find the difference in angle between current and voltage. The phase angle can be used to compute 
the battery impedance by using a Nyquist plot based on the sampling rate of the waveform. 
Therefore, we will propose the electrical modeling of the NiMH battery in a personal electric 
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vehicle, which provides personal mobility to support handicapped and elderly people. The proposed 
battery model is considered in both state-of-charge (SOC) and voltage-current characteristics to find 
the mathematical model of the NiMH battery.  

 
 

2. Materials and Methods 
 

2.1  NiMH Battery Testing 
 
The NiMH battery was tested by using the test battery machine (TBM). The impedance equivalent 
models of the NiMH battery can be computed by measuring the value.  The simulation of the EIS 
method was selected to define by varying the voltage range from 9. 6 to 14. 4 V and the ampere-
hours rate is 6. 5 Ah.  Therefore, the voltage and ampere- hour rates are specified from the NiMH 
battery rate.  Meanwhile, the charge and discharge time of the NiMH battery are defined from the 
ampere- hour rate and pulse charging condition.  The voltage- current and phase shift angle of the 
battery can be presented as the portal angle, and the model diagram in Nyquist plot is shown in 
Figure 3 [6]. 
 

Nyquist Plot

Real Z

-I
m

 Z

 
Figure 3. Nyquist plot of the battery model 

 
Figure 3 shows a Nyquist plot of the NiMH battery as the impedance electric circuit. This 

cycle shows the real and imaginary values of the NiMH battery impedance, which are the resistance 
and capacitance values. The Nyquist plot also shows the size and phase of the impedance represented 
by the vector size of | Z | as shown in equation (1). 
 

                 (1) 
 

This NiMH battery model shows the parameters that are considered under the state- of-
charge (SOC) and I -V characteristics. The nominal voltage parameter of the cells was varied from 
9.6 to 14.4 V, and the ampere-hour magnitude is 4.5 Ah. A cell of the NiMH battery was tested to 
find the model as the electrical equivalent circuit model.  The electrical characteristic of the NiMH 
battery was measured and analyzed using the electrical equivalent circuit [7]. The battery model can 
be formed in Thevenin equivalent circuit, which can calculate a voltage source as an open- circuit 
voltage. The resistance and capacitance (RC) are the dynamic electric models of the NiMH battery. 
The internal resistance (Ri) of the battery is normally the combination of the parameter, which has 
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been suggested by Chen and Rincon-Mora [ 8] .  The dynamic behavior is modeled as polarization 
resistances R1, R2 and effective capacitances C1, C2. The model is used to characterize the transient 
response during the transfer of battery power. The electrical equivalent circuit of the battery can be 
determined by using equations (2) and (3), and the circuit model is presented in Figure 4. 
 

   

1 1 2 2

1 1 1 2 2 2
cell oc i batt

V I V I
V V R I

R C C R C C
     

           (2) 

     1 2cell oc i battV V V V R I   
            (3) 

 

 
 

Figure 4. Equivalent circuit model of the NiMH battery 
 
 

2.2  Electrical Parameter Calculation of the NiMH Battery 
 
The internal resistance ( Ri)  of the NiMH battery appears when the charge stops with reference, 
which is an abrupt voltage decrease. The contiguous voltage decrease is associated with the internal 
resistance of the cell.  The battery has a process of charge and discharge at various SOCs.  The 
internal resistance can be calculated by equation (4). 
 

                  (4) 
 
 The battery voltage was measured by using the open-circuit cell connection, where the cell 
voltage depends on the ambient temperature and the SOC [ 9- 11] .  The parameter behavior of an 
NiMH battery is nonlinear. The parameters are changed by the ambient temperature and SOC of the 
battery. The SOC model setting is used to set the temperature and difference number between charge 
and discharge.  The parameters show the state- of- charge of the battery via the measurement of 
battery conditions. The initial capacity of the battery is determined in terms of the SOC and ampere-
hours using equation (5). 
 

             
                   (5) 
 
 

The frequency response analysis determines the change in pulse charge in the operation 
frequency range of 40 Hz - 3 kHz with the 4.5-A, 14.4-V test circuit as shown in Figure 5. 
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Figure 5. Electrical circuit for the frequency response testing of the batteries 
 
 
 Figure 5 shows that the frequency signal consists of a voltage- controlled current source 
(VCCS), a current detection resistor (Ri) , a voltage divider resistor (RL), and an external inductor 
(Li). The variable inductance (L) in the tested battery can be computed by equation (6). 
 
 
                   (6) 
 
 
 
 
 

Where L  is the inductance of the internal battery, l  is the external inductor, 1rf  is the test 

frequency that is not divided by the external inductor, and 2rf  is the test frequency that is divided 
by the external inductor in a circuit. The spatial frequency response was analyzed by measuring the 
effects of each cycle of measurement.  The phase difference was a measurement of the electrical 
current and the voltage of the load resistance. The resistance phase difference was varied from 100 
mHz to 5 kHz, which was equal to 0 degree. The electrical circuit did not affect the phase difference 
in the frequency range.  The operation frequency was used to find the equivalent circuit to prepare 
for the conditions before the battery testing. The battery must be controlled at ambient temperature 
before test setting.  The two voltage waveforms were measured by an oscilloscope at the terminals 
of the battery ( VB)  and voltage bracket resistance ( VRi)  as shown in Figure 6.  Therefore, the 
impedance of the battery can be computed using equation (7). 
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Figure 6. Two voltage waveforms of the proposed battery 
 

Where  is the impedance,  is the dropout voltage of the battery,  is the dropout voltage of 

resistance, and  is the internal resistance. 
 

The model of the NiMH battery for the personal electric vehicle was found based on the 
electrical circuit model. The test voltage range of the NiMH battery was 9.6-14.4 V. The TBM was 
used to collect the experiment result to model the battery properties to the electrical circuit model. 
The experimental system was composed of an NiMH battery with a nominal voltage of 14.4 V and 
the ampere-hour of 4.5 Ah. The TBM used a data acquisition (DAQ) device and recorded the battery 
testing results. The experiment temperature was controlled at 25 °C to avoid the temperature effect. 
The TBM can charge and discharge a battery at a maximum current rate of 20 A.  The TBM was 
arranged to measure 9 parameters as follows:  the constant-current, final voltage, voltage/time, last 
voltage, constant power, constant ampere pulse, last voltage, pulse last voltage and final ampere-
hour.  It comprised the voltage, current, SOC measurements and a computer interface with 
summarized specifications of the TBM using the condition of pulse last voltage. 

The testing of the NiMH battery obtained the SOC of the battery. The battery ampere-hour 
was 4. 5 Ah for the testing condition.  The pulse last voltage was presumed to compass the battery 
SOC value if the OCV value remained for a sufficient amount of time. The NiMH cell cannot operate 
in the steady- state mode during 600 s.  However, the cell voltage increased after discharging and 
decreased after 600 s at the same SOC and OCV values.  

 
 

3. Results and Discussion 
 
The two waveforms can be calculated from the parameters in the electrical model of the proposed 
battery.   The initial tests to measure the battery cell voltage were applied at regular intervals of      
100 s to V0, which was equal to 10. 1 V.  The proposed battery was charged from 4. 5 V to 11. 5 V 
until the highest voltage reached 10. 9 V.  The voltage was constant, but the electricity supply was 
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reduced to the final value. When the battery charging was full at 200 s, the battery discharging began 
at 4.5 A. The final voltage was equal to 9.6 V; then, the battery reached the equilibrium point. Figure 
7 can be analyzed using the relationship between voltage and time to compute the battery 
parameters, which are shown in Figure 8. 
 

 
Figure 7. SOC voltage curve 

 
 

 
 

Figure 8. Nyquist plot of the frequency range from 100 mHz to 5 kHz 
 

The equivalent circuit model of the proposed battery can be found by measuring the phase 
difference of the electrical current and voltage of the load resistance.  The phase difference was 
varied from 100 mHz to 5 kHz.  Using the Nyquist plot, we could calculate the inductance and R2 
and C2 with the input voltage phase.  It is more understandable that the capacitor discharge and 
discharge rates are not equal under the same cycle. The charging rate in the electrical model can be 
considered constant. The discharge testing had a longer time period than the charge time period. For 
the frequency response, the impedance of the battery can be calculated from the change rate of the 
phase difference. All variable parameters can be drawn in the equivalent circuit model as shown in 
Figure 9. 
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Figure 9. Electrical model of the NiMH battery 
 
 

4. Conclusions 
 
This article presents the electrical modeling of batteries with a focus on NiMH batteries in personal 
electric vehicles.  The proposed battery model was considered in both SOC and voltage- current 
characteristics to find the mathematical model and electrical circuit model of the NiMH battery. The 
simulation results show that the proposed battery model can express the behavior of an NiMH 
battery.  The MATLAB/Simulink environment was selected to analyze and simulate the battery 
electric model on both static and dynamic behaviors.  The equivalent circuit model of the proposed 
battery can be found by measuring the phase difference of the electrical current and voltage of the 
load resistance. With the Nyquist plot, we can calculate the inductance and R2 and C2 using the input 
voltage phase. The charging rate in the electrical model can be considered constant. The discharge 
testing had a longer time period than the charge time period.  For the frequency response, the 
impedance of the battery can be calculated from the change rate of the phase difference. Therefore, 
the proposed battery model can verify the study of the battery life cycle in personal electric vehicle 
applications in future work. 
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Abstract 
 
Absorbable cassava starch- based sponges are prepared by freeze- drying method.  The mixing 
solutions of cassava starch, poly (vinyl alcohol)  and glycerol with various weight ratios are put in 
the freeze-dryer machine at -40 ºC for 24 h to change to sponge form with interconnecting porosity. 
The obtained sponge at 50/35- 15 weight ratio of CS/PVA- glycerol is soft yet tough, foldable and 
tolerable to the hands, easy to manipulate and cut into the desired form. The results of porosity and 
water absorption test reveal high water absorption of the sponge with 67%  of total porosity and 
522%  of water absorption.  Iodine test and UV- Vis absorption show no starch dispersion into the 
medium after sponge immersion in PBS for 7 days. The blood absorbability of the sponge is higher 
than gauze and cotton pad in the same size. The results demonstrate that the prepared sponge could 
effectively be used as absorbable for medical applications. 
 
Keywords: Cassava starch, Poly (vinyl alcohol), absorbable sponge, medical application 
DOI 10.14456/cast.2019.9 

 
 

1. Introduction  
 
Medical materials with porous structures and absorbable property have widely been used for many 
years and apply for medical applications including an absorbable surgical hemostatic agent [1-4] .  
As observed, a significant cause of death in trauma patients is unrestrained bleeding [5]. Thus, the 
priority in emergency medical treatment is to decrease unexpected blood loss.  In the past years, 
numbers of hemostatic materials have been developed aiming to increase the survival rate and 
reduce bleeding problems in wounded patients [6-10]. 
 
 
 
 

 
 
 
 

 
*Corresponding author: Tel.: +66638877722  
            E-mail: pusita.ku@gmail.com 



Current Applied Science and Technology Vol. 19 No. 2 (May – August 2019) 

90 
 

The hemostatic agent is an alternative to usual modalities of hemorrhage control.  The 
required properties of the ideal hemostatic agents are non- toxic, good biocompatibility, ready and 
easy to use, light, stable, and can rapidly control huge bleeding with low-cost [11, 12]. The numerous 
natural polymers such as chitosan, cellulose, gelatin, collagen and starch have been examined for 
hemostatic biomaterial agent development due to their biocompatibility and inherent biological 
properties has increasingly been utilized in various fields, mostly due to its low cost, readily 
available, renewable, biocompatible and biodegradable [13, 14]. In the case of medical application, 
starch has been used as tissue engineering scaffolds, drug delivery devices, absorbing liquid sponges 
and absorbable hemostatic agents [16-25]. 

Apart from any other starch, cassava starch ( CS)  is one of the commonly used as models 
of eco- friendly biomaterials.  CS is easy to process in several forms of medical materials such as 
film, gel, fibers and sponge.  However, the mechanical properties of CS- sponges are usually poor. 
This can be relieved by blending with other synthetic polymers before a three- dimensional porous 
structure preparation.  

Poly (vinyl alcohol)  (PVA) is a non- toxic synthetic polymer produced from poly ( vinyl 
acetate)  through hydrolysis.  It is an attractive material due to its outstanding characteristics and 
excellent properties such as biodegradability, biocompatibility, swelling, safety and strength [ 26-
28] .  Thus, PVA has found uses in different applications such as adhesives, paper, textile, food, 
pharmaceutical, biomedical, and commonly used in medical devices [ 29, 30] .  PVA is frequently 
blended with many types of natural polymers to improve its mechanical properties and stability. CS 
contains free hydroxyl groups that can interact with PVA. However, the CS and PVA sponges have 
never been prepared for use as a hemostatic material. 
 The main purpose of this study is to prepare the CS/PVA sponges by a simple method 
without using chemical cross- linker to avoid the toxic residue.  The CS/ PVA solution was 
homogenized by glycerol addition. Then, the mixing solution was used to form the porous structure 
sponge using the freeze- drying method to produce a high absorbable anti- bleeding sponge.  The 
effects of PVA and glycerol content on the physical and thermal properties, swelling, stability, 
porosity, and absorbability of the obtained CS/PVA sponges were also investigated.  The potential 
for a hemostatic agent, blood absorbability of CS/PVA sponges was also studied. 

 
 

2. Materials and Methods 
 
2.1 Materials 
 
Cassava starch (CS) was obtained from commercial Thailand cultivation.  Poly (vinyl alcohol) 
(PVA) with the average molecular weight of 85,000-124,000 and 99 % hydrolyzed was purchased 
from Aldrich Chemical Co. , Inc. , USA.  Glycerol with 86- 89 %  assay was purchased from Fluka 
Bio-Chemika, Germany. All chemicals used were analytical grade. 
 
2.2 Fabrication of CS-based sponge 
 
An aqueous solution of 3 %  w/v CS was prepared by dissolving CS powder in distilled water at 
65°C until the starch gelatinized.  The 3 %  w/v PVA was prepared by dissolving PVA powder in 
distilled water at 100°C for 60 min. The prepared CS and PVA solutions were mixed with glycerol 
at 50°C for 60 min to prepare CS/PVA- glycerol solutions with various weight ratios ( 50/25- 25, 
50/30-20, 50/35-15, 50/40-10, 50/45-05) .  Afterwards, the mixed solutions of CS/PVA-glycerol 
were poured into molds (1.5 cm radius and 1 cm height) and kept in a domestic freezer at -22°C for 
24 h.  The pre- freeze mixed solutions were lyophilized in a freeze- dryer ( CoolSafe 110, Svan Vac 
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Newzeland)  under vacuum at - 40°C for 24 h to produce the porous structure sponge.   In order to 
obtain an appropriate CS/ PVA- glycerol composition for preparation of CS- based sponge, all 
obtained CS-based sponges with various weight ratios were composition optimized. 
 
2.3 Characterization of CS-based sponges 
 
2.3.1 Functional group analysis 
 
The functional groups of samples were analyzed by Attenuated Total Reflectance- Fourier 
Transform Infrared Spectroscopy (ATR-FTIR). The ATR spectra of sponge samples were recorded 
with a Spectrum100 (Perkin Elmer Inc.) in the range between 4000 to 600 cm-1.  
 
2.3.2 Thermal stability 
 
Thermal stability of the sponge samples was characterized using differential scanning calorimetry 
(DSC) and thermogravimetric analysis (TGA). The Perkin-Elmer DSC was used for DSC analysis 
with a heating rate of 10 Cmin over the temperature range of 40 to 200 C under a purged nitrogen 
atmosphere.  The TGA instrument used was STA 6000, Perkin- Elmer in non- isothermal mode, 
heating rate is 10 °C/min under an inert nitrogen atmosphere over the temperature range 50-600 °C. 
 
2.3.3 CS-based sponge stability 
 
The essential stabilities of the CS- based sponge were estimated by studying the in- vitro release of 
the carbohydrate from the prepared sponge [31] .  The CS-based sponge sheets (1.5×1.5×0.5 cm3) 
were immersed in 20 ml of phosphate buffer saline ( PBS) , pH 7. 4 for 7 days.  Then, the released 
carbohydrate in PBS was studied by pH measurement, iodine test using a UV- Vis 
spectrophotometer, UV- 2401PC ( SHIMAZU Corporation) .  Iodine solution was dropped into the 
PBS medium after 7 days of sponge sheet immersion and the PBS medium was measured at 580-
600 nm by the UV-Vis spectrophotometer [32, 33]. 
 
2.3.4 CS-based sponge porosity 
 
Percent porosity of the sponges was evaluated by the liquid displacement method [31]. The porosity 
is defined as total volume of the pores (Vi – Vf) divided by total volume of the porous sample (Vm 
–  Vf) .  Sponge samples were immersed in hexane in measuring cylinder and the changed hexane 
volume was then observed, and the porosity of the sponges (ε) was calculated from equation (1). 
 

 100
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VV

VV
               (1) 

Where  Vi is an initial hexane volume in a measuring cylinder, 
Vm is the hexane volume after the sponge immersion for 10 min,  
Vf is the remaining hexane volume after the removal of the hexane absorbed sample. 

 
2.3.5 Water absorption and water equilibrium 
 
All dry sponge samples were weighed and immersed in water at 25 °C. After immersion at different 
time intervals, the sponges were removed from the medium and instantly weighed after absorbing 
excess water from the surface. The % water absorption (A) was calculated using equation (2). The 
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water equilibrium (Weq) in the swollen samples was calculated [34] using equation (3). 
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Where  Wd is the weight of the dried sponge, 
Wr is the weight of the water-removed sponge, 
Ws is the weight of the saturated swollen sponge. 

 
2.3.6 Blood absorption capability 
 
To compare the blood absorption capacity of the CS-based sponges with gauze and cotton pad, their 
absorption capacity was studied to estimate surgical blood loss as mentioned by Kristen et al.  [35] 
with some modifications [36].  Each of the sponge, gauze and cotton pad samples in the same size 
(3×5×0.5 cm3) was placed in Petri-dishes, the Petri-dishes were consecutively filled with 0.5 ml of 
collective amounts of fresh pig blood ranging from 0.5-5 ml. The saturation was defined as the point 
at which no dry sample was evident or felt. 

 
 

3. Results and Discussion 
 
3.1 Fabrication of CS-based sponge 
 
As cassava starch ( CS)  is a renewable biopolymer, the obtained sponges are expected to contain 
higher CS content and can still be prepared to sponge form with good properties.  Therefore, the 
CS/PVA-glycerol sponges with various weight ratios at 50/25-25, 50/30-20, 50/35-15, 50/40-10 
and 50/ 45- 05 were prepared.  However, only the polymer blended solution with PVA content 
equivalent to or higher than 35 weight ratio and glycerol content equivalent to or lower than 15 
weight ratio can be fabricated to the sponge form. This is because the polymer blended solution with 
PVA content lower than 35 makes the sponge break and brittle while a polymer blended solution 
with glycerol content higher than 15 makes the sponge unstable. This suggested that the addition of 
PVA and glycerol can help to form the CS-based sponges. The obtained sponges with various weight 
ratios of CS/PVA-glycerol were shown in Figure 1. The fabrication process intrinsically generated 
the porous structure of CS- based sponges.  The moisture formed in the blended solution during the 
homogenization, after solvent evaporation by freeze- drying methods, promoted the formation of 
pores structure. The sponges at 50/35-15, 50/40-10 and 50/45-05 weight ratio of CS/PVA-glycerol 
were smooth, soft, tough, foldable and can simply be made into the desired shape.  Therefore, the 
CS-base sponge with these three compositions was selected for more characterization. 
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Figure 1. CS-based sponge with various weight ratios of CS/PVA-glycerol,                                 
(a) 50/35-15, (b) 50/40-10 and (c) 50/45-5 

 
3.2 Functional group analysis 
 
The CS- based sponge was prepared from CS, PVA and glycerol.  The functional groups of the 
starting materials (Figure 2a) and the prepared samples with different proportions (Figure 2b) were 
confirmed by FTIR spectroscopy. All peaks emerged in CS, PVA and glycerol had also appeared in 
the CS- based sponge with a slight chemical shift value.  In Figure 2b, there were the absorption 
peaks at 3277 cm-1, 3279 cm-1 and 3278 cm-1, which were corresponded to O-H stretching vibration 
of 50/35-15, 50/40-10 and 50/45-5 weight ratio of CS/PVA-glycerol, respectively. The absorption 
peaks at 1033 cm- 1, 1035 cm- 1 and 1031 cm- 1 corresponded to C- O stretching of the CS/PVA-
glycerol sponges with the weight ratio of 50/35-15, 50/40-10 and 50/45-5, respectively. Comparing 
with CS, the O-H stretching and C-O stretching showed the absorption peaks at 3279 cm-1 and 997 
cm-1, respectively.  In the CS/PVA-glycerol sponges, the peaks of O-H stretching showed stronger 
absorption peak, while C- O stretching shifted to higher wave number and became more intense, 
which indicated that the H- bonding increased.  The FTIR results indicated that CS and PVA were 
blended by intermolecular force ( H- bond) , and the H- bonding density depended on the sponge 
composition. Moreover, the glycerol addition can improve the compatibility of CS and PVA due to 
the increase of H-bonding by more polymer chains motion.    

 

 
 
Figure 2. FTIR spectra of (a) starting materials (a1: PVA, a2: glycerol, a3: CS) and (b) CS-based 
sponge with various weight ratios of CS/PVA-glycerol (b1: 50/35-15, b2: 50/40-10, b3: 50/45-5) 

 
 
 
 



Current Applied Science and Technology Vol. 19 No. 2 (May – August 2019) 

94 
 

3.3 Differential scanning calorimetry 
 
Normally, the first heating run of starch DSC thermograms shows a broad endothermic peak at about 
100 °C.  The crystalline melting temperature in native starch was previously studied and reported. 
For example, in the case of the amylopectin part in sago starch, the melting temperature peak is 
between 50 and 150 °C [ 37]  while some study revealed that the starch chains interacted with the 
remaining water by H- bonding which showed the endothermic peak at 126. 9 °C due to the 
crystalline melting [ 38] .   Moreover, there is a report presuming that it may be because of water 
adsorption occurring above room temperature during the heating scan [ 39] .  At this moment, there 
is no conclusion for these descriptions but all native starch shows this peak [40]. As the discussion, 
in Figure 3, there is the broad peak at 93 °C, 94 °C and 96 °C on DSC thermogram of CS- based 
sponges at 50/35-15, 50/40-10 and 50/45-5 weight ratio of CS/PVA-glycerol, respectively. The CS-
based sponge with higher glycerol content showed the lower temperature of the broad peak because 
glycerol functioned as the plasticizer which can increase the mobility of polymer chains and 
decrease the crystallinity of the sponge. 
 

 
 
Figure 3. DSC thermogram of CS-based sponge with various weight ratios of CS/PVA-glycerol, 

(a) 50/35-15, (b) 50/40-10 and (c) 50/45-5 
 
3.4 Thermogravimetric analysis  
 
Figure 4 shows the weight remains against temperature as measured by TGA for various CS-based 
sponges.  The TGA thermograms of CS- based sponges with various weight ratios of CS/ PVA-
glycerol showed three similar main stages of degradation process as discussed previously [41, 42]. 
The sponges presented an initial drop between 50 to 200 °C which corresponds to a mass loss of 
absorbed moisture and possibly, glycerol ( boiling point of glycerol is about 198 °C) .  It should be 
noted that all sponges were dried at 50 °C before the TGA analysis, thus, most of the moisture was 
already removed, resulting in smaller mass loss of glycerol that relates with the amount of added 
glycerol into each composition of approximately 15% , 10%  and 5%  of 50/35-15, 50/40- 10 and 
50/45-5 weight ratio of CS/PVA-glycerol, respectively. The second stage (200-500 °C) is the main 
stage of decomposition and it can be attributed to CS and PVA depolymerization [43]. And the final  
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Figure 4. TGA thermogram of CS-based sponge with various weight ratios of CS/PVA-glycerol, 
(a) 50/35-15, (b) 50/40-10 and (c) 50/45-5 

 
stage of weight loss above 500 °C is generally carbonization stage with slow degradation rate. 
Furthermore, CS- based sponges showed very little ash ( less than 5% )  after thermal degradation. 
The results concluded that the thermal stability of the prepared CS-based sponge was appropriate to 
meet the necessities for fabrication, storage, sterilization, and use as absorbable material. 
 
3.5 CS-based sponge stability 
 
This study was carried out to estimate the stability of the sponges. If the samples are to be operated 
successfully and stable, the main components as CS should not leach out from the sample. 
Accordingly, in- vitro carbohydrate releases from CS- based sponges were evaluated by pH 
measurement, iodine test, and UV-Vis absorption at 580-600 nm. 

The leaching of carbohydrate from all CS- base sponges was observed after 7 days of 
sponge immersion, after that, there was not much change in pH value.  Moreover, the iodine test, 
which was investigated by UV- Vis absorption at 580- 600 nm ( Figure 5) , indicated that the CS-
based sponge was almost unchanged and the leached- out fraction is negligible after 7 days.  This 
behavior can conclude that the sponge can be used in the PBS medium up to 7 days. 
 From Figure 6, the percent porosity of the CS-based sponges drastically decreases with the 
decrease of glycerol content up to 10 % weight ratio, then it increases afterward due to the glycerol 
and PVA contents. This is because glycerol performed as a plasticizer which usually inserts between 
the CS and PVA chains to expand the free volume of the polymer chain.  Moreover, increasing of 
PVA content leads to the sponges with lower porosities. However, the porosity of CS/PVA-glycerol 
sponge at 50/45-5 weight ratio increases possibly because this composition with a small amount of 
glycerol which is not enough for function as a plasticizer can help the CS and PVA chains more 
compatible. 
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Figure 5. UV-Vis absorption of PBS medium after 7 days of CS-based sponge immersion          
(A) at 580-600 nm and (B) at 0-800 nm 

 
 

 
 

Figure 6.  Percent porosity of CS-based sponge with various weight ratios of CS/PVA-glycerol, 
(a) 50/35-15, (b) 50/40-10 and (c) 50/45-5 

 
3.6 Water absorption and water equilibrium  
 
One of the important functions of the medical absorbable sponge is good liquid absorbing capability 
[ 44, 45] .  The water absorption of CS- based sponges was presented in Figure 7.  Three different 
ratios of CS-based sponges could absorb 3-5 times of their own dry weight in 80 s. Since the water 
absorption of the sponges is related to its porosity, thus water can be more easily absorbed in the 
sponges due to both porous structure and the absorbing of CS and PVA. This water uptake is higher 
than the reported value for porous materials [46-50]  which demonstrated a usual water absorption 
of 10 - 200%. Moreover, the absorption rate increased continuously with time until its equilibrium 
at about 80 s.  
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 From Figure 8, the water equilibrium of 50/35- 15, 50/40- 10 and 50/45-5 exhibited as 
522% , 296%  and 392% , respectively, that related to their porosity, thus water can be more easily 
absorbed in the porous sponge due to the openness of the sponge structure. In the case of the 50/35-
15 weight ratio of CS/ PVA- glycerol with 522 %  water absorption at equilibrium, which was 
probably attributed to high absorbability sponge that could be used for medical absorbable materials. 
 

 
 

Figure 7. Water absorption of CS-based sponge with various weight ratios of CS/PVA-glycerol, 
(a) 50/35-15, (b) 50/40-10 and (c) 50/45-5 at various time intervals 

 

 
 

Figure 8. Water equilibrium of CS-based sponge with various weight ratios of CS/PVA-glycerol, 
(a) 50/35-15, (b) 50/40-10 and (c) 50/45-5 

 
3.7 Blood capability 
 
The comparison of viscosity, surface tension and relative density between fresh human blood and 
fresh and aged pig blood showed a notable similarity between the human and pig bloods, even when 
the pig blood is up to two weeks old, provided it has been incubated at 4°C for that period.  This 
means that it is valid to use pig blood instead of human blood for educational purposes [ 51] .  This 
blood capacity test of the CS-based sponge, the pig blood was used as a model blood. To study the 
blood capacity of the CS-based sponge, the 50/35-15 weight ratio of CS/PVA-glycerol was selected 
to study due to its highest water absorption.   As shown in Figure 9, it revealed that the 50/35-15 of 
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Figure 9. Blood absorption capacity of (a) CS/PVA-glycerol sponge at 50/35-15 weight ratio,    
(b) Cotton pad and (c) Gauze pad samples in the same size 

 
CS/PVS-glycerol sponge completely absorbed a maximum of about 3 ml of the pig blood. The blood 
absorption capacity of the sponge is higher than gauze and cotton pad in the same size.  Moreover, 
the CS-based sponge showed no sticking problem with skin due to its smooth surface and stability. 
These again suggested that the porous CS- based sponge could be used as an absorbable sponge for 
medical applications. 

 
 

4. Conclusions 

 
The absorbable CS-based sponge composite was successfully fabricated by using the freeze-drying 
method.  The FTIR results indicated that the polymer compositions were blended by hydrogen 
bonding. The CS, PVA and glycerol contents affect the sponge properties and the water absorption 
of the sponge is also related to its porosity.  The sponge at the 50/35- 15 weight ratio of CS/PVA-
glycerol was soft and easy to blend into the desired shape.  Moreover, its absorption increased 
continuously with time and reached 522 %  water absorption at 80 s.  Iodine test and UV- Vis 
absorption showed that the CS- based sponge was almost unchanged and the leached- out fraction 
was negligible after sponge immersion in PBS for 7 days.  Moreover, TGA result revealed that the 
thermal stability of the CS-based sponge was appropriate to meet the necessities for sterilization and 
its ash less than 5% after thermal degradation at 600 °C. Furthermore, blood absorption capacity of 
the 3×5 cm2 sponge was about 3 ml, and the capacity can increase with the larger sponge size.  As 
conclusion, the results demonstrated that the prepared sponge could be acceptable for use as 
absorbable material in biomedical applications.  

 
 

5. Acknowledgements 
 
The authors gratefully acknowledge the Rajamangala University of Technology Isan, Nakhon 
Ratchasima for all supports and liberality.  Thanks to our colleagues who provided vision and 
knowledge that greatly assisted the research. 
 
 
 



Current Applied Science and Technology Vol. 19 No. 2 (May – August 2019) 

99 
 

References 
 
[1] Bunzen, D.L., Lins, N., Leal, M.D., Lira, M.M.D. and Neto, S.D.C., 2014. Middle ear packing 

materials:  comparison between absorbable hemostatic gelatine sponge and sugarcane 
biopolymer sponge in rats. Brazilian Journal of Otorhinolaryngology, 80, 237-244. 

[2] Chen, Y., Zhang, Y., Wang, F., Meng, W., Yang, X., Li, P., Jiang, J., Tan, H. and Zheng, Y., 
2016. Preparation of porous carboxymethyl chitosan grafted poly (acrylic acid) superabsorbent 
by solvent precipitation and its application as a hemostatic wound dressing. Materials Science 
and Engineering C, 63, 18-29. 

[3] Chang, Y.I., Yang, Y.Y., Cheng, W.Y. and Jang, L., 2017. Making PVF porous sponge with 
and without using the pore- forming agent.  Journal of the Taiwan Institute of Chemical 
Engineers, 74, 246-254. 

[4] Xie, Y. , Yi, Z. X. , Wang, J. X. , Hou, T. G.  and Jiang, Q. , 2018.  Carboxymethyl konjac 
glucomannan -  crosslinked chitosan sponges for wound dressing.  International Journal of 
Biological Macromolecules, 112, 1225-1233. 

[5] Champion, H.R., Bellamy, R.F., Roberts, C.P. and Leppaniem, A., 2003. A profile of combat 
injury. The Journal of Trauma Injury Infection and Critical Care, 54, 13-19. 

[6] Kozen, B.G., Kircher, S.J., Henao, J., Godinez, F.S. and Johnson, A.S., 2008. An alternative 
hemostatic dressing:  comparison of CELOX, HemCon, and QuikClot.  Academic Emergency 
Medicine, 15, 74-81. 

[7] Ward, K.R., Tiba, M.H., Holbert, W.H., Blocher, C.R., Draucker, G.T., Proffitt, E.K., Bowlin, 
G. L. , Ivatury, R. R.  and Diegelmann, R. F. , 2007.  Comparison of a new hemostatic agent to 
current combat hemostatic agents in a swine model of lethal extremity arterial hemorrhage. 
The Journal of Trauma Injury Infection and Critical Care, 63, 276-284. 

[8] Kheirabadi, B. S. , Acheson, E. M. , Deguzman, R. , Crissey, J. M. , Delgado, A. V. ,  
Estep, S.J.  and Holcomb, J.B. , 2007.  The potential utility of fibrin sealant dressing in repair of 
vascular injury in swine. The Journal of Trauma Injury Infection and Critical Care, 62, 94-103. 

[9] Kauvar, D.S., Lefering, R. and Wade, C.E., 2006.  Impact of hemorrhage on trauma outcome: 
an overview of epidemiology, clinical presentations, and therapeutic considerations.  The 
Journal of Trauma Injury Infection and Critical Care, 60, 3-11. 

[10] Heckbert, S.R., Vedder, N.B., Hoffman, W., Winn, R.K., Hudson, L.D., Jurkovich, G.J. and 
Maler, R. V. , 1998.  Outcome after hemorrhagic shock in trauma patients.  The Journal of 
Trauma Injury Infection and Critical Care, 45, 545-549.  

[11] Johnson, D., Bates, S., Nukalo, S., Staub, A., Hines, A., Leishman, T., Michel, J., Sikes, D., 
Gegel, B. and Burgert, J., 2014. The effects of quikclot combat gauze on hemorrhage control 
in the presence of hemodilution and hypothermia. Annals of Medicine and Surgery, 3, 21-25. 

[12] Khoshmohabat, H., Paydar, S., Kazemi, H.M. and Dalfardi, B., 2016. Overview of agents used 
for emergency hemostasis. Trauma Monthly, 21(1), e26023. 

[13] Achneck, H.E. , Sileshi, B. , Jamiolkowski, R.M. , Albala, D.M. , Shapiro, M.L.  and Lawson, 
J. H., 2012.  A comprehensive review of topical hemostatic agents:  efficacy and 
recommendations for use. Annals of Surgery, 251, 217-228. 

[14] Doppalapudi, S. , Katiyar, S. , Domb, A. J.  and Khan, W., 2015.  Biodegradable natural 
polymers.  In:  F.  Puoci, ed.  Advanced Polymers in Medicine.  Switzerland:  Springer 
International Publishing, pp. 33-66. 

[15] Nair, L. S.  and Laurencin, C. T., 2006.  Polymers as biomaterials for tissue engineering and 
controlled drug delivery. Advances in Biochemical Engineering/Biotechnology, 102, 47-90.  

[16] Salgado, A. J. , Gomes, M. E. , Chou, A. , Coutinho, O. P. , Reis, R. L.  and Hutmacher, D.W., 
2002.  Preliminary study on the adhesion and proliferation of human osteoblasts on starch-
based scaffolds. Materials Science and Engineering: C, 20, 27-33. 



Current Applied Science and Technology Vol. 19 No. 2 (May – August 2019) 

100 
 

[17] Salgado, A.J., Coutinho, O.P. and Reis, R.L., 2004. Novel starch-based scaffolds for bone tissue 
engineering: cytotoxicity, cell culture, and protein expression. Tissue Engineering,10, 465-474. 

[18] Salgado, A.J., Figueiredo, J.E., Coutonho, O.P. and Reis, R.L., 2005. Biological response to 
pre- mineralized starch based scaffolds for bone tissue engineering.  Journal of Materials 
Science: Materials in Medicine, 16, 267-275. 

[19] Torgbo, S.  and Sukyai, P., 2018.  Bacterial cellulose- based scaffold materials for bone tissue 
engineering. Applied Materials Today, 11, 34-49. 

[20] Shibata, N. , Nishumura, A. , Naruhashi, K. , Nakao, Y.  and Miura, R., 2010.  Preparation and 
pharmaceutical evaluation of new sustained- release capsule including starch- sponge matrix 
(SSM). Biomedicine & Pharmacotherapy, 64, 352-358. 

[21] Malafaya, P. B. , Stappers, F.  and Reis, R. L., 2006.  Starch-based microspheres produced by 
emulsion crosslinking with a potential media dependent responsive behavior to be used as drug 
delivery carriers. Journal of Materials Science: Materials in Medicine, 17, 371-377. 

[22] Bice, C. W. , MacMasters, M. M.  and Hilbert, G. E., 1944.  Proposed use of starch sponges as 
internal surgical dressings absorbable by the body. Science, 100, 227-228.  

[23] Vasconcelos, D.C.L., Brandão, F.G., Nunes, E.H.M., Caldeira, L., Houmard, M., Musse, A.P., 
Hatimondi, S. A. , Nascimento, J. F.  and Vasconcelos, W. L., 2012.  Synthesis and structural 
characterization of potato starch sponges. Journal of Non-Crystalline Solids, 358, 2663-2666. 

[24] Korchin, L., 1956.  An investigation to determine the effects of starch sponge implanted in 
bone. Journal of Dental Research, 35, 446-457. 

[25] Niu, W., Wang, Y., Liu, Y., Zhang, B., Liu, M., Luo, Y., Zhao, P., Zhang, Y., Wu, H., Ma, L. 
and Li, Z., 2017.  Starch- derived absorbable polysaccharide hemostat enhances bone healing 
via BMP-2 protein. Acta Histochemica, 119, 257-263. 

[26] Hassan, C. M.  and Peppas, N. A., 2000.  Structure and applications of poly ( vinyl alcohol) 
hydrogels produced by conventional crosslinking or by freezing/ thawing methods.  Advances 
in Polymer Science, 153, 37-65. 

[27] Baker, M.I., Walsh, S.P., Schwartz, Z. and Boyan, B.D., 2012. A review of polyvinyl alcohol 
and its uses in cartilage and orthopaedic applications.  Journal of Biomedical Materials 
Research Part B: Applied Biomaterials, 100, 1451-1457. 

[28] Zhang, Y., Ye, L., Cui, M., Yang, B., Li, J., Sun, H. and Yao, F., 2015. Physically crosslinked 
poly( vinyl alcohol) - carrageenan composite hydrogels:  pore structure stability and cell 
adhesive ability. RSC Advances, 5, 78180-78191. 

[29] Baker, M.I., Walsh, S.P., Schwartz, Z. and Boyan, B.D., 2012. Polyvinyl alcohol in medicine 
and pharmacy:  a perspective.  Journal of Biomedical Materials Research Part B: Applied 
Biomaterials, 100, 1451-1457. 

[30] Gaaz, T.S., Sulong, A.B., Akhtar, M.N., Kadhum, A.A.H., Mohamad, A.B. and Al-Amiery, 
A. A., 2015.  Properties and applications of polyvinyl alcohol, halloysite nanotubes and their 
nanocomposites. Molecules, 20, 22833-22847. 

[31] Bhardwaj, N. and Kundu, S.C., 2011. Silk fibroin protein and chitosan polyelectrolyte complex 
porous scaffolds for tissue engineering applications. Carbohydrate Polymers, 85, 325-333. 

[32] Gontard, N., Guilbert, S. and Cuq, L., 1992. Edible wheat gluten films: influence of the main 
process variables on film properties using response surface methodology.  Journal of Food 
Science, 58, 190-195. 

[33] Nwokocha, L. M.  and Ogunmola, G. B., 2014.  Colour of starch- iodine complex as index of 
retrogradability of starch pastes. African Journal of Pure and Applied Chemistry, 8, 89-93. 

[34] Huang, X., Sun, Y., Nie, J., Lu, W., Yang, L., Zhang, Z., Yin, H., Wang, Z. and Hu, Q., 2015. 
Using absorbable chitosan hemostatic sponges as a promising surgical dressing. International 
Journal of Biological Macromolecules, 75, 322-329. 



Current Applied Science and Technology Vol. 19 No. 2 (May – August 2019) 

101 
 

[35] Kristen, H., Connie, C.Y., Joseph, S. and Abel, T., 2007. A clinically practical way to estimate 
surgical blood loss. Dermatology Online Journal, 13, 17. 

[36] Algadiem, E.A., Aleisa, A.A., Alsubaie, H.I., Buhlaiqah, N.R., Algadeeb, J.B. and Alsneini 
H.A., 2016. Blood loss estimation using gauze visual analogue. Trauma Monthly, 21, 34131. 

[37] Hamdan, S., Hashim, D. M. A., Ahmad, M.  and Embong, S., 2000.  Compatibility studies of 
polypropylene (PP)-sago starch (SS)  blends using DMTA.  Journal of Polymer Research, 7, 
237-244. 

[38] Ge, X. C., Xu, Y., Meng, Y. Z.  and Li, R. K. Y., 2005.  Thermal and mechanical properties of 
biodegradable composites of poly ( propylene carbonate)  and starch- poly ( methyl acrylate) 
graft copolymer. Composites Science and Technology, 65, 2219-2225. 

[39] Mano, J. F., Koniarova, D. and Reis, R. L., 2003.  Thermal properties of thermoplastic 
starch/synthetic polymer blends with potential biomedical applicability.  Journal of Materials 
Science: Materials in Medicine, 14, 127-135. 

[40] Kaewtatip, K.  and Tanrattanakul, V., 2008.  Preparation of cassava starch grafted with 
polystyrene by suspension polymerization. Carbohydrate Polymers, 73, 647-655. 

[41] Galdeano, M.C., Grossmann, M.V.E., Mali, S., Bello-Perez, L.A., Garcia, M.A. and Zamudio-
Flores, P. B., 2009.  Effects of production process and plasticizers on stability of films and 
sheets of oat starch. Materials Science and Engineering: C, 29, 492-498. 

[42] Saiah, R., Sreekumar, P.A., Leblanc, N. and Saiter, J.M., 2009. Structure and thermal stability 
of thermoplastic films based on wheat flour modified by monoglyceride. Industrial Crops and 
Products, 29, 241-247. 

[43] Lomelí-Ramírez, M.G., Kestur, S.G., Manríquez-González, R., Iwakiri, S., Muniz, G.B. and 
Flores- Sahagun, T. S., 2014.  Bio- composites of cassava starch- green coconut fiber:  part II-
structure and properties. Carbohydrate Polymers, 102, 576-583.  

[44] Muzzarelli, R. A. A., 2009.  Chitins and chitosans for the repair of wounded skin, nerve, 
cartilage and bone. Carbohydrate Polymers, 76, 167-182. 

[45] Wang, C.C., Su, C.H. and Chen, C.C., 2008. Water absorbing and antibacterial properties of 
N-isopropyl acrylamide grafted and collagen/chitosan immobilized polypropylene nonwoven 
fabric and its application on wound healing enhancement.  Journal of Biomedical Materials 
Research Part A, 84, 1006-1017. 

[46] Anisha, B.S., Sankar, D., Mohandas, A., Chennazhi, K.P., Nair, S.V. and Jayakumar, R., 2013. 
Chitosan- hyaluronan/ nano chondroitin sulfate ternary composite sponges for medical use. 
Carbohydrate Polymers, 92, 1470-1476. 

[47] Costa, E. D. , Pereira, M. M.  and Mansur, H. S., 2009.  Properties and biocompatibility of 
chitosan films modified by blending with PVA and chemically crosslinked.  Journal of 
Materials Science: Materials in Medicine, 20, 553-561. 

[48] Parida, U. K. , Nayak, A. K. , Binhani, B. K.  and Nayak, P. L., 2011.  Synthesis and 
characterization of chitosan-polyvinyl alcohol blended with cloisite 30B for controlled release 
of the anticancer drug curcumin. Journal of Biomaterials and Nanobiotechnology, 2, 414-425. 

[49] Vimala, K., Mohan, Y.M., Sivudu, K.S., Varaprasad, K., Ravindra, S., Reddy, N.N., Padma, 
Y., Sreedhar, B. and MohanaRaju, K., 2010. Fabrication of porous chitosan films impregnated 
with silver nanoparticles: a facile approach for superior antibacterial application. Colloids and 
Surfaces B: Biointerfaces, 76, 248-258. 

[50] Hou, Y., Xia, Y., Pan, Y., Tang, S., Sun, X., Xie, Y., Guo, H. and Wei, J., 2017. Influences of 
mesoporous zinc- calcium silicate on water absorption, degradability, antibacterial efficacy, 
hemostatic performances and cell viability to microporous starch based hemostat.  Materials 
Science and Engineering C: Materials for Biological Applications, 76, 340-349. 

[51] Raymond, M. A. , Smith, E. R.  and Liesegang, J., 1996.  The physical properties of blood-
forensic considerations. Science and Justice, 36, 153-160. 



Current Applied Science and Technology Vol. 19 No. 2 (May – August 2019) 

102 
 

The Response of the Mediterranean Fruit Fly, Ceratitis capitata 
(Wied.) (Diptera:Tephritidae) Males to Trimedlure Diluted with 

Some Fixed Oils 
 

Sherihan M. Al-amin1,2*, Moustafa M. El-metwally1, Nashat A. Ali1 and                   
Abdel-all A. Abdel-all2 

 
1Plant Protection Rsearch Institute, Agricultural Research Center, Cairo, Egypt 

2Faculty of Science, Assuit University, Assuit, Egypt 
 

Received: 28 September 2018, Revised: 11 February 2019, Accepted: 20 March 2019 
 
 

Abstract 
 
The Mediterranean fruit fly, Ceratitis capitata (Wiedemann)  has a high economic importance 
because of its rapid development and wide host range in the world.  The chemical production of 
synthesized sex pheromone, trimedlure (TML) is more expensive so there are new trends to reduce 
the cost of TML. In this study, some of the fixed oils (sunflower oil, corn oil, and paraffin oil) were 
used to dilute TML in two concentrations, 75% and 50% and tested in the field by Jackson trap for 
one month in two areas ( Saheil- saliem and Elbadary)  in Assuit Governorate.  In the first district 
( Saheil- saliem) , no significant differences were found along the exposure of all treatments under 
normal field conditions except at TML- C 50%  which was the lowest response (relative 
attractiveness of 11.92%). In the second district (Elbadary), TML-PF 75%, TML-SF 75% and TML-
SF 50%  showed highly significant differences when compared with other treatments but no 
significant differences among these three treatments were appeared. Infrared analysis (IR) and GC 
analysis were achieved on TML before and after dilution.  According to IR analysis, it was found 
that there were no new function groups appeared after dilution with any fixed oils.  Besides, no 
changes in retention time of TML after dilution were detectedin GC analysis. 
 
Keywords: Medfly, MFF, trimedlure, TML, fixed oil, effectiveness, Jackson trap 
DOI 10.14456/cast.2019.10 

 
 

1. Introduction 
 
The Mediterranean fruit fly, Ceratitis capitata (Wiedemann) is the dangerous fruit pest because the 
diversity of its hosts and its ability to tolerate cooler climates are better than most other species of 
tropical fruit flies. Its life cycle is short and has heavy populations. Early detection of incipient 
infestations of C.  capitata is essential because it allows both the delimitation of the outbreak and 
the implantation of control and eradication measures while the pest population is still small.A rapid 
response not only limits crop damage but also reduces the programmatic costs incurred in the 
eradication effort [ 1, 2] . Alternatives were investigated to reduce production costs and volatility of 
trimedlure (TML)  and capilure (CPL)containing TML plus extenders and enriched ginger root oil 
(EGRO) containing the male attractant α-copaene, have been compared with TML[3]. 
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TML was used as sex pheromone to attract males of C. capitata. Regarding the latter, TML 
is now the standard male medfly attractant in USA detection programs and is deployed in solid 
dispensers (polymeric plugs) containing 2 g of the lure (and no toxicant) that are placed in Jackson 
traps, which in turn are suspended within the canopy of host trees [4]. 

TML provides a successful monitoring program by timing pesticide sprays more 
accurately.  As TML is itself fairly expensive to be produced and also has high volatility, thus the 
objective of this work is to reduce the high price of this synthetic pheromones by diluting pure crude 
material by 50% with fixed oils.  Three fixed oils were used in this experiment; corn oil, sunflower 
oil, and paraffin oil.  TML was diluted with these oils into two concentrations, 75%  and 50% . 
Comparison among different concentrations of TML was investigated under field conditions and 
detection response of adult's males to these treatments was also recorded. 

 
 

2. Materials and Methods 
 
2.1 Study area and orchards 
The experiment was carried out in Assuit Governorate, Egypt in two locations (with high infestation 
by Ceratitis capitata, Mediterranean fruit fly or medfly or MFF) : Saheil- saliem and Elbadary in 
about two feddans in mandarin orchards. 
 
2.2 Experimentation 
Three fixed oils, i. e.  sunflower oil, corn oil and paraffin oil, were mixed with crude TML in two 
concentrations:  75%  and 50% .  A 2 cm- long wick was saturated with 2 ml of the treatments and 
hanged in Jackson trap.  Jackson traps were prepared to hang on the tree at the height of 1. 5- 2 m. 
Three replicates were achieved for each treatment.  The replicates were distributed randomly in the 
field and the distance between two adjacent was about 35 m to avoid interactions among treatment. 
A survey was done weekly for 5 weeks.  A captured fly per trap per day ( CTD)  was weekly 
calculated. 
 
2.3 Data analysis 
Statistical analysis was done by one-way ANOVA. Two types of chemical analysis were achieved 
on TML and its dilutions.  By using FTIR and GC analyses, a change of basic structure of TML is 
recorded.  The infrared absorption spectrum of TML ( before dilution) , TML with corn oil ( 1:1) , 
TML with sunflower oil (1:1) and TML with paraffin oil (1:1) was carried out. 

 
 

3. Results and Discussion 
 
3.1 The efficacy of TML and its response in the field before and after its dilution 
 
3.1.1 The first district 
Data presented in Tables 1 and 2 showed the response of MFF males to different TML 
concentrations.  In Table 1, the result was recorded throughout the period of exposure in the field, 
by using L. S. D.  test at probability 5%  significant differences among all treatments in all 
concentrations.  The efficiency of MFF males attracted to traps was observed during each weeks of 
exposure. When comparing TML as crude substance (98% ) with TML diluted with paraffin oil 
(TML- PF 50%  and TML-PF 75%) , TML diluted with sunflower oil (TML- SF 50%  and TML-SF 
75%), and TML diluted with corn oil (TML-C 50% and TML-C 75%) on the first week, there were 
significance differences among TML 98% and other diluted TML with TML-SF 50% showed the 
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lowest result (2.35). There were no significant differences among the exposure period on the 2nd 
week. The response in the 5th week was generally higher than other weeks. On an average, no 
significant differences were recorded among the exposure of all treatments under normal field 
conditions, except at TML-C 50% which was significantly lower than other exposures (3.62). 

Among all concentrations used throughout the first three weeks of study, no significant 
differences on the efficiency of MFF males attracted to traps were observed except for 98% 
concentration in the 1st week, which was significantly higher (7.74) than other tested concentrations. 
In the 4th week of study, no significant differences on the efficiency of MFF males attracted to traps 
were observed among all concentrations, except at TML- C 50% , which was significantly lower 
(2.39) than other tested concentrations. In the fifth week of study, TML-C 75% was superior (8.92). 

In Table 2, it shows the efficiency of TML- baited Jackson traps and its different 
concentrations for five weeks.  For TML aged one week, the attractiveness to MFF males was 
31.63% but the efficiency gradually decreased to 14.12% after five weeks of exposure under normal 
field conditions. For TML-PF 75%, it showed more or less the same percentage of efficiency along 
the experiment procedure.  However, the relative attractiveness of TML-PF 50% was higher when 
compared to week one and reached the highest efficiency in the 4th week at 19. 55% .  The high 
efficiency of TML- SF 75%  was in the 2nd week at 21. 85%  while the efficiency of TML- SF 50% 
was 17.01% when the age of lure was in the 3rd week. 

General means of males’ number of CTD over the tested period of study ( 5 weeks)  were 
5.51 for 98%, 4.04 for 75% and 4.77 for 50% (diluted by paraffin oil), 4.79 for 75% and 4.11 for 
50% (diluted by sun flower oil) , 5.67 for 75% and 3.62 for 50% (diluted by corn oil)  (Table 1) . 
Values of average percentages of attracted males through 5 weeks were 18.06%, 13.05%, 14.61%, 
15.88, 12.81, 14.83 and 10.93% for concentrations at 98%, TMC-PF 75%, TMC-PF 50%, TML-SF 
75%, TML-SF 50%, TML-C 75% and TML-C 50%, respectively (Table2). These results indicated 
that there was semi- equal of the efficacy of each treatment towards adult males of MFF along the 
experiment and TML-C 50% was the lowest. 
 
 
Table 1.  Responses of MFF males to different concentrations of TML under field conditions in 
mandarin orchards in Saheil-saliem district. 
 

Concentration 
of TML  

Oil Weeks of inspection* General 
mean* 1st 2nd 3rd 4th 5th 

98% - 7.74a 2.93a 5.70a 4.50a 6.57a 5.51a 

75% 
TML-PF 

3.46b 3.07a 3.82a 4.54a 5.28b 4.04a 

50% 2.21b 2.75a 6.00a 6.39a 6.50a 4.77a 

75% 
TML-SF 

4.57b 4.64a 4.03a 3.92a 6.78a 4.79a 

50% 1.75b 3.21a 5.71a 4.61a 5.25b 4.11a 

75% 
TML-C 

2.39b 2.03a 5.42a 6.32a 8.92a 5.67a 

50% 2.35b 2.61a 2.89a 2.39b 7.85a 3.62b 

L.S.D 5%  3.13 2.82 2.51 2.63 2.98 1.55 
Note: TML=Trimedlure   PF=paraffin oil       SF= sunflower      C= Corn oil       p value < 0.05 
*Different superscript letters in the same column means significant different. 
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Table 2.  The relative attractiveness of MFF males captured into traps loaded with different TML 
concentrations in Saheil-saliem district. 
 

Concentration 
of TML  

Oil Weeks of inspection General 
mean 1st 2nd 3rd 4th 5th 

98% - 31.63% 13.79% 16.98% 13.77% 14.12% 18.06% 
75% TML-

PF 
14.14% 14.45% 11.41% 13.89% 11.35% 13.05% 

50% 9.43% 12.95% 17.87% 19.55% 13.27% 14.61% 
75% TML-

SF 
18.78% 21.85% 12.00% 11.99% 14.76% 15.88% 

50% 6.42% 15.11% 17.01% 14.11% 11.41% 12.81% 
75% TML-C 9.96% 9.56% 16.15% 19.34% 19.16% 14.83% 
50% 9.61% 12.37% 8.61% 7.32% 16.76% 10.92% 
Total  100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

 
 
3.1.2 The second district 
The results for the second district was presented in Table 3.  In the first week, there were no 
significant differences among all different concentrations in captured C. capitata with L.S.D 5% of 
2. 90 except at TML- PF 50% with the lowest response of 1. 17 whereas at TML- SF 50%  gave the 
highest response of 9. 46 in comparation with other treatments (Table 3) .  For lures aged 2 weeks, 
TML-SF 75% baits resulted in significantly higher trap captures (9.85) than others. In the 3rd week, 
TML- PF 75%  had highly significant trap captures ( 5. 21)  whereas TML- C 50%  had the lowest 
significant in the number of male medflies ( 2. 28) .  In the 4th week, there were no significant 
differences among TML-SF 50%, TML-C 75% and TML-C 50%. Also, there were no significant 
differences among these three concentrations in the 5th week. In general, along with the exposure of 
all treatments under normal field condition, TML- PF 75% , TML- SF 75%  and TML- SF 50%  had 
highly significant differences in comparison with other treatments followed by crude substance at 
98%. 

Table 4 showed the percentage of the attractiveness of each treatment.  Within the 
experiment, the percentage of attracting of adult males of MFF varied from week to week.  For the 
lure aged 1 week, TML-SF 75% and TML-SF 50% gave higher efficiency than other lures with the 
efficiency of 20.61% and 32.13%, respectively. In the 2nd week, TML-SF 75% still showed higher 
efficiency than other lures (19.63%). For lures aged 3 weeks, TML-PF 75% and TML-SF 75% had 
higher efficiency at 21. 37% and 19. 77%  in capture males of C.  capitata.  In the 4th week, TML 
( 98% )  and TML- PF 75%  were superior than other treatments with the efficiency of 32. 63%  and 
26.30%, respectively. In the 5th week, TML-PF 75% and TML-PF 50% had the higher efficiency at 
28.17% and 20.26%, respectively. A high percentage of attracting the pest was TML 98% in the 4th 
week with 32.63%whereas TML-C 75% and TML-C 50% showed the lowest attractive along the 
exposure.  Generally, TML- PF 75% , and TML- SF 75%  were higher attractiveness to MFF adult 
males with 20. 95%  and 17. 69% , respectively and TML- C 75%  and TML- C 50%  had the lowest 
attraction of 7.10% and 8.51%, respectively. 
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Table 3.  Responses of MFF males to different concentrations of TML under field conditions in 
mandarin orchards in Elbadary district. 
 

Concentration 
of TML 

Oil Week of inspection* General 
mean* 1st 2nd 3rd 4th 5th 

98% - 2.82bc 7.82abc 3.18abc 3.76a 0.46b 3.59ab

75% TML-
PF 

3.78bc 7.92ab 5.21a 3.03ab 1.53a 4.30a 

50% 1.17c 5.32b 3.50abc 1.42bc 1.10ab 2.51b 

75% TML-
SF 

6.07b 9.85a 4.82ab 1.75bc 0.75ab 4.56a 

50% 9.46a 8.00ab 2.67bc 0.86c 0.53b 4.31a 

75% TML-
C 

3.32bc 5.82ab 2.71bc 0.35c 0.53b 2.35b 

50% 2.82bc 5.43b 2.28c 0.35c 0.53b 2.39b 

L.S.D 5%  2.90 2.89 1.98 1.80 0.76 1.20 
Note: TML=trimedlure        PF=paraffin oil     SF=sunflower oil          C=corn oil    p value< 0.05 
* Different superscript letters in the same column means significant different. 
 
Table 4.  The relative attractiveness of MFF males captured into traps loaded with different 
concentrations of TML in Elbadary district. 
 

General 
mean 

Weeks of inspection 
Oil 

Concentration 
of TML 5th 4th 3rd 2nd 1st 

15.88% 8.47% 32.63%13.04%15.59%9.66% 98% 
20.95% 28.17% 26.30%21.37%15.78%13.14% 

TML-PF 
75% 

12.30% 20.26% 12.32%14.36%10.61%3.97%50% 
17.69% 13.28% 15.19%19.77%19.63%20.61% 

TML-SF 
75% 

15.23% 9.76% 7.46%10.95%15.95%32.13%50% 
7.10% 9.76% 3.03%11.12%11.61%11.27% 

TML-C 
75% 

8.51% 9.76% 3.03%9.36%10.82%9.57%50% 

100% 100% 100% 100% 100% 100%  Total 

 
3.2 The chemical structure of TML before and after dilution with some fixed oils 
 
From IR and GC analysis, it was found that the infrared absorption spectrum of each solution 
showed the same characteristic of maximum absorption bands as presented in Figures 1-4 and there 
were no new function groups appeared after dilution. 

The characteristic band at 2,957.16 cm-1 was corresponding to aliphatic cyclohexane, ester 
group forming 1,780.73 cm-1 was corresponding to carbonyl group band and C-O group at 1,280.21 cm-1, 
methyl group band at 1,457.20 cm-1 and chlorine group occurred at 845.70 cm-1. All these functional 
groups occurred after dilution with any oil used in this study. 
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Figure 1. IR spectrum of TML before dilution 
 

 
 

Figure 2. IR spectrum of TML after dilution with paraffin (1:1) showing no new function group 
 

 
 

Figure 3. IR spectrum of TML after dilution with corn oil (1:1) showing no function group 
appeared compared to reference 
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Figure 4. IR spectrum of TML after dilution with sunflower oil (1:1) showing no function groups 
appeared compared to reference 

 
Another chemical analysis was achieved through GC analysis of each solution; TML 

before and after dilution, and analysis of each oil. For TML after dilution with each oil, it was found 
that there was no change in retention time approximately to any diluted solution that appeared at 
0. 395, 1. 415, 1. 400, 1. 400, 1. 395, 1. 400 and 1. 395 min of TML, sunflower oil, corn oil, paraffin 
oil, TML-PF 50%, TML-SF 50%, and TML-C 50%.  

TML has retention time at 0.395 min. Disappearance of TML retention time after dilution 
may be due to the composition of new unstable hydrogen bonds between the oil and TML that make 
them miscible together. However, no change in the main chemical structure of TML or TML was 
broken at the beginning of injection at boiling point temperature (104-134˚C) lower than that used 
in diluted solution (200-250˚C). 

The reasons of dilution of TML with these oils can be summarized as follows: 
1) Paraffin oil, corn oil and sunflower oil were fixed oils and used as carrier oil. Unlike 

essential oils, they do not contain concentrated aroma, have mild distinctive smell and do not 
evaporate. The use of carrier oils should be as natural and clear as possible. Carrier oils can be easily 
blended to combine their properties of viscosity, acceptability, lubrication, absorption, and aroma 
and so forth [5]. 

2) TML has ester group and the tested oils also have ester group, that means high 
miscibility without any change in basic structure of TML, as shown in Figures 1-4. 

3) Each oil used in this study is cheap and available in markets. 
 
3.3 Discussion 
 
The pheromone is a complex medley having three to five major components that attract females  
[6, 7] plus at least 50 minor components whose function has not been elucidated [8] .  Gas 
chromatograph and IR spectrum analyses indicated that there are changes in the main chemical 
structure of TML. Because of its high cost and its high volatility, recent researches focused attention 
on several alternatives that were effective male lures towards the medfly.  Ceralure, an iodinated 
analogue of TML, was shown to be 4-9 times as attractive to male medflies as TML  
[9, 10] .  Capilure, that replaces a portion of TML with proprietary extenders that evaporate [11, 12] , 
was used for C.  capitata detection [ 3, 4, 13- 15] .  In addition to these TML- based alternatives, 
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enriched ginger root oil (Zingeber officinale L.), which contained α-copaene, was used as attractant 
to male medflies [3, 16-19] that may be more superior than TML. 
 The results of our experiments confirm the finding of El - Abbassi and El - Metwally [20] 
who tested the efficiency of different concentrations of sex attractant trimedlure (TML) diluted with 
paraffin oil on attractant males of the Mediterranean fruit fly, C. capitata (Wiedemann). They found 
that 75%  concentration of TML was superior to 98%  concentration throughout 8 weeks and 
especially in guava orchards. Data obtained from these trials are in agreement with results reported 
by Jang  
et al.  [ 10]  who found that doses of ( - )  ceralure B1 of 87. 5%  and 75%  were as effective as 98% 
concentration in attracting med fly. Jang et al. [9] also found that in outdoor olfactometer cage and 
in field tests, there were no significant differences in medfly male capture into traps loaded with 
10.0 µg and 1.0 µg of TML. Moreover, in the second week captures at traps baited with 10 mg TML 
decreased drastically and they were not significantly greater than control.  Our results were also in 
alignment with data obtained by Khrimian et al.  [21] and Khrimian [22] who developed an easier 
synthesis of the racemic ceralure B1, and subsequent studies showed that >75%  optically pure  
(-)-ceralure B1 could be as effective as the 98% (-)-ceralure B1, and the racemic ceralure B1 was 
also attractive.  The results of our experiments confirm the finding of Nabih [ 23]  who mentioned 
that no significant differences between ginger oil of purity 100%  and ginger oil 75%  in attracting 
MFF males. 
 Early detection of incipient infestations of C.  capitata is essential because it allows both 
the delimitation of the outbreak and the implantation of control and eradication measures while the 
pest population is still small.  A rapid response of C.  capitata to TML not only limits crop damage 
but also reduces the programmatic costs incurred in the eradication effort [1, 2]. 
 The chemical structures of trimedlure or TML before and after dilution do not 
change. There are no change in chemical structures of main compound ( TML)  in comparison to 
TML before dilution and no new function groups appear in any treatment comparative to target 
material ( TML) . Thus, the efficacy of TML after dilutions was not affected.  This work is the first 
time of applying diluted TML which indicates the economic importance for the application in the 
field because it can give similar result as crude TML (98%). 

 
 

4. Conclusions 
 
In conclusion, dilution of trimedlure or TML with some of the fixed oils as carriers to avoid the 
interaction between TML and the diluted substances can also be used for attracting adult males of 
MFF besides the use of pure TML.  This procedure will reduce the cost of TML by diluting 1l of 
TML to 2l with fixed oils like paraffin oil, sunflower oil and corn oil. These oils are cheap, available 
and not volatile for a longer period that enable TML to keep its effectiveness in the field for a long 
time without renewal preparations. 
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Abstract 
 
This work investigates the transmission model of MERS-Cov using SEIR model which divides the 

total human population into four subclasses:  susceptible, exposed, infected and recovered.  Two 

equilibrium points were exhibited: the disease-free equilibrium *
1E and the endemic equilibrium *

2E . 
The basic reproduction number was computed via the next generation method. Two types of global 

stability of these equilibrium points were investigated through the theory of Lyapunov. 
Specifically, the exponential stability was investigated using a square type Lyapunov candidate 
function; while the asymptotic stability was investigated through a Logarithm type Lyapunov 
candidate function. It is theoretically shown that, when the reproductive number is less than unity. 

The disease-free equilibrium state is globally asymptotically stable, and the endemic equilibrium 

state is globally asymptotically stable if the reproductive number is greater than unity. Numerical 

results with parameters obtained from the previous work also illustrates the global asymptotical 
stability of the  MERS-Cov system. These results can further be used for the design of a controller 
that drives the MERS-Cov system and the effective control reproductive number is less than 1 so 
that the stability of the controlled system would be  similar to that of the uncontrolled disease-free 
system. 
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1. Introduction 
 
MERS-Cov is the short name for Middle East Respiratory Syndrome.  Cov has been added since 
the disease was caused by a corona virus. It was first detected in 2012 in Saudi Arabia as a case of 
severe viral pneumonia which developed to a case of acute respiratory distress syndrome and 
death [1]. In Thailand, the first case was a 75 years old male from Oman, who was reported with 
the symptoms on 18  June 2015.  On 23 January 2016, a second case from an Arab person was 
reported.The third case was reported in a person from Kuwait on 30 July 2016.MERS-Cov 
transmission has been found in many countries around the world; Asia, Europe, the United States 
and North Africa.  World Health Organization (WHO) reported 2,123 laboratory-confirmed 
infection cases with corona virus world wide, including at least 740 deaths in 27 countries during 
September 2012 to January 2018 [2]. 

On 23 August 2017, the one additional Middle East Respiratory Syndrome (MERS-Cov) 
case was reported by the national IHR focal point of the United Arab Emirates (UAE) [3].The risk 
assessment by WHO indicates that MERS-Cov causes severe human infections resulting in high 
mortality and has demonstrated the ability to transmit between humans.  So far, the observed 
human-to-human transmissions have occurred mainly in health care settings. Figure 1 shows the 
confirmed cases of infections and deaths in 2016, with peaks around March, July and October. It is 
implied that MERS-Cov infection cases occur worldwide. 
 

 
 

Figure 1. Confirmed global cases and death of MERS from 1 January 2016 to15 November 2016 [4]. 
 

In 2013, Aburizaiza et al. [5]  investigated the Anti–Middle East Respiratory Syndrome 
Antibodies in Blood Donors and Slaughterhouse workers in Jeddah and Makkah.  Their 
investigation looked for the antibodies using immune fluorescence assay (IFA) , a differential 
recombinant IFA, and a plaque-reduction serum neutralization assay.  Altogether, 130 blood 
donors were sampled during 2012 in Jeddah and 226 slaughter house workers were sampled in 
October 2012 in Jeddah and Makkah, Saudi Arabia.  In 2014, Chowell et al.  [6]  formulated a 
mathematical model to study the outbreak of MERS-Cov during April-October 2013 in Arabian 
Peninsula. Kim et al. [7] studied MERS-Cov transmission dynamics in South Korea, resulting in 
the formulation of SEIAHR model (susceptible-exposed- infectious- infection but asymptomatic- 
hospitalized-recovery). They found the basic reproductive number in two periods. First period was 
very large due to the superspreader. The second period was reduced significantly after intensive 
interventions to reduce the basic reproduction number.  The literature reviews arouses our interests 
in the development of the mathematical model and Lyapunov stability analyses. This work 
considers the global dynamical transmission model, where three types of stability, namely, local, 
exponential and asymptotic stabilities were investigated through the use of the Lyapunov function 
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candidates. Specifically, the square-type Lyapunov functions were used to show the exponential 
stability of the equilibrium points, while the logarithmic-type Lyapunov candidates was chosen to 
illustrate the global asymptotical stability of the equilibrium points.  The next generation method 
was also applied to compute the basic reproductive number. 

 
 

2. Formulation of the Model and Stability Analyses 
 
In this model, we study Susceptible-Exposed-Infected-Recovered (or SEIR) model to describe the 
dynamical transmission of MERS in Thailand.We assume that the transmission of corona virus is 
possible only through the pathway of person-to-person contacts, not through the camel-to-person 
contacts, which would be possible if we were considering the situation in Saudi Arabia.  The 
human population is classified into four sub-classes:  susceptible individuals ( )hS , exposed 

individuals ( )hE , infected individuals ( )hI and recovered individuals ( )hR . The total population of 

the human at time t is denoted ( )hN t where ( ) ( ) ( ) ( ) ( )h h h h hN t S t E t I t R t    .  Human recruitment 

rate is denoted as B anddenotes the rate at human-to-human MERS-Cov contract occurs. The rate 

of expose for susceptible human is given by 
h h

h

S I

N


.   The rate at which the exposed human 

become infected is denoted as .  Recovery rate of human with MERS-Cov is γ. where  and  are 
the natural death rate and the additional disease death rate due to the MERS-Cov infection, 
respectively.  The number of members in the susceptible class is increased by the human 
recruitment rate B  and reduced by infection and the natural death.  The exposed population is 
increased by the infection of a susceptible, but is reduced through natural death.  The infected 
population increases when an exposed person becomes infectious but is diminished by recovery 
from the disease, natural death and additional disease death. The recovered population is increased 
by the recovery of infected person and decreased by a natural death. The transmission schematic is 
shown in Figure 2. 
 

 
 

Figure 2. Flow chart of transmission model of human population 
 
The transmission flow chart admits the following system of differential equations defined: 
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The non-negativeness of the solutions 
 
Proposition 1 Let ( ( ), ( ), ( ), ( ))h h h hS t E t I t R t be the solutions of equations (1)-(4). 

Denoting also the invariant set 4( , , , ) :h h h h h B
S E I R R N



 
   
 

. Then the closed set is positive 

invariant. 

Proof We begin by setting ( ) ( )h h h h hN t S E I R     and assume that h B
N


 . Note that the total 

population hN is non-negative definite on 4R  Then we have: 

 

  
h h h h hdN dS dE dI dR

dt dt dt dt dt
     

( ) ( )
h h h h

h h h h h h
h h

dN I S I
B S E E I I R

dt N N
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            
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B N I B N
dt

        

 

Then it follows that 0
hdN

dt
 on 0 ( ) (0) (1 )h h t tB

N t N e e 


     .  As , tt e     and we have 

lim ( )h

t

B
N t


 , ( )hN t approaches

B


 . Since the region of all solutions of  is in 4R  . 

 

2.1 Equilibrium Points 
 

Proposition 2 Equations (1)-(4) have two equilibrium points: for 0 1R  the equilibrium points is 

the disease free steady state * * * * *
1 ( , , , ) ,0,0,0h h h h B

E S E I R 


 
  
 

. For 0 1R  , the equilibrium point is 

the endemic steady state * * * * *
2 ( , , , )h h h hE S E I R  and satisfies * * * *, , , 0h h h hS E I R  , where 

    *
*h

h
h

h

BN

N
S

I 



                            (5) 

               
*

*
*( )( )h

h
h

h

I
E

B

I N


   


                             

(6) 

    * ( )( )

( )( )
h

hB N
I

      
     
   


  

            (7) 

and 

                              
*

*
h

h I
R




                                          (8) 

Proof  Steady states * * * *( , , , )h h h hS E I R of our equations are found by setting equations ( 1) -( 4)  to 
zero. 

                         0
h

h
h

I
B S

N


 

   
 

                              (9) 
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         ( ) 0
h h

h
h

S I
E

N

                (10) 

       ( ) 0h hE I                  (11) 

                      0h hI R               (12) 

From equation (9) we have *
*h

h
h

h

BN

N
S

I 



 

Equation (10) implies: 
* *

*

( )

h h

h
h I

E
N

S
 




 

  

*
*

*

( )

h
h

h

h
h

h

BN

N

N

I
I

E


 

 

 
  


 

  
*

*
*( )( )h

h
h

h

I
E

B

I N


   




 

Equation (11) implies: 

  
*

*
h

h E
I



 


 

 

  

*

*
* ( )( )

h

h h
h

B

N

I

I
I


   

  

 
  







 

  * ( )( )

( )( )
h

hB N
I

      
     
   


  

 

Equation (12) implies: 

  
*

*
h

h I
R




  

 
Remark 1 The local stability of *

1E is obtained by next generation matrix [8-9] .  We identify 

classes E and I as being relevant. The disease-free steady state * * * * *
1 ( , , , ) ,0,0,0h h h h B

E S E I R


 
  
 

 

Gains and losses:

   

: ( ) /

: 0

: ( )

: ( )

h h h

h

h h

Gains to E S I N

Gainsto I

Losses from E E

Losses from I E I



 
   


   

 

The F  (gains) and V (losses) matrices 
 

(0)

(0)

h h

h h h

h h

h h h

S I

E N E
F

S I

I N I





   
               
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 

 

( ) ( ( ) )

( ) ( ( ) )

h h h
h h

h h h
h h

E E I
E EV

E E I
I I

     

     

          
         

 

Then we have   

  

0 00 0

00
h

hh

F F BS
NN




  
       
     

 

  
0

V
  

  
  

    
 

  1 1

0( )( )
V

   
     

   
      

 

  1

1

( )( )

1
0

V


      

  



 
     
 
   

 

  1G FV  

  

1
0 0

( )( )

0 1
0h

G B

N


      




  

 
             
       

 

  

0 0

( ) ( )( )h h

G B B

N N

  
        

 
   
     

 

0R is the dominant eigenvalue of the matrix 1G FV . Then we have 

       0 ( )( )h

B
R

N

 
     


  

          (13) 

 
2.2 Exponential stabilities of the equilibrium states 

Theorem 1 Let * * * * *
1 ( , , , ) ,0,0,0h h h h B

E S E I R


 
   

 
, and 3 max ,

I

N

       
 

.  The disease free 

equilibrium *
1E is exponentially stable in the 

h h hdF
B N I B N

dt
       when 0 1R  . 

Proof Consider the following Lyapunov candidate: 

          2 2 2 2

1

1 1 1 1

2 2 2 2
h h h hV S E I R             (14) 

Let
Th h h hS E I R   x be the vector of states.  It is obvious from the Lyapunov candidate 1V

that the following in equality is satisfied: 

    2 2

1 1 2V  x x x            (15) 

where 1  and 2 are both unity. Consider differentiating the Lyapunov candidate in the trajectory 

of the system: 
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         2 2 2 2

1 '( )
h h h

h h h h h h hI E S I
V S S E I E I IR R

N N

                        
 

x

           
22 2 2

2

hh h hS E I R      
 

 

          
2

3 x                (16) 

Hence it follows that the differential inequality: 

   
  3

3
2

' ( ) ( )V V V
 


 x x x                  (17) 

or 3
0( ) ( ) tV V e x x which hereby implies the exponential stability of the MERS-Cov system.  

 

Theorem 2 Let * * * * *
2 ( , , , )h h h hE S E I R , and that

*hS

N

  , *h

B

S
  .  The endemic equilibrium *

2E is 

exponentially stable in the 
h h hdF

B N I B N
dt

      
 

when 0 1R   with

 2
0

max ,
I

N N R

  
  

        
. 

Proof Consider the following Lyapunov candidate: 

   
* 2 2 2

2

1 1 1
( )

2 2 2
V S S E I              (18) 

The derivative of  2V x  in the trajectory of the model is given by:  

       2 2 2*
2 '

h h h h
h h h h h h h

h h h

I I E I
V BS S S B S E I E I

N N N

         
    

                              

         2 2 2 2
h

h h h h
h

I
S E I R

N

      
 

         
 

 

    
        2 2 2 2

2
h h h hS E I R                         (19) 

where
 2

0

max ,
I

N N R

  
  

        
.  It then follows again that   3

2 2 3 2
2

' ( ) ( )V V V
 


 x x x , or

3
2 2 0( ) ( ) tV V e x x which thus implies exponential stability of the system. 

 
2.3 Global stability of the equilibrium states 

Theorem 3 Let * * * * *
1 ( , , , ) ,0,0,0h h h h B

E S E I R


 
   

 
, and h

B

N




 . The disease free equilibrium *
1E is 

globally asymptotically stable in the 
h h hdF

B N I B N
dt

       when 0 1R  . 

Proof We consider a Lyapunov function *( , , , ) ( ln )h h h h h h h h h hP S E I R S S S E I R     , then we 

have * * * *( , , , ) ,0,0,0 0h h h h B
P S E I R P


 

  
 

 and the derivative with respect to time in the trajectory 

of the system yields: 
*

1
h

h h h h
h

dP S
S E I R

dt S

         
   
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*

1 ( ) ( )
h h h h h

h h h h h h
h h h

dP S I S S I
B S E E I I R

dt N S N

         
  

              
  

 

*

1
h h h h h

h h h h h h h h h
h h h

dP S I S S I
B S E E E I I I I R

dt N S N

         
  

              
  

 

*

1
h h h h h

h h h h h
h h h

dP S I S S I
B S I E I R

dt N S N

     
  

          
      

  

* *
*1

h h h
h h h h h h

h h

dP S I S
B S S I E I R

dt S N

     
 

         
 

 

Substituting *h B
S


  yields: 

                 

*

1
h h

h h h h h
h h

dP S B B I
B S I E I R

dt S N

     
 

 
         

     

                

*

1
h

h h h h
h

dP S
B S B E I R

dt S
   

 
       

 
 

*

1
h h

h h h
h

dP S B S
B B E I R

dt S B

   
 

       
 

 

*

1 1
h h

h h h
h

dP S S
B B E I R

dt S B

   
   

         
     

*

*
1 1

h h
h h h

h h

dP S S
B B E I R

dt S S
  

   
         

   
 

*

*
2

h h
h h h

h h

dP S S
B E I R

dt S S
  

 
      

 
 

* *2 2

*

2 h h h h
h h h

h h

dP S S S S
B E I R

dt S S
  

  
    

 
 

* 2

*

( )h h
h h h

h h

dP S S
B E I R

dt S S
  

 
     

 
 

  
* 2

*

( )
0

h h
h h h

h h

dP S S
B E I R

dt S S
  

  
       

             
(20) 

 

Then we have 0
dP

dt
  and all terms in Equation (20)  are non-positive with 0

dP

dt
  if and only if 

* , 0, 0h h h hS S E I    and 0hR  in the equations (1)-(4) .  Using LaSalle’ s extension to 
Lyapunov’s method [10], the solution does not exist for * * * * *

1 ( , , , )h h h hE S E I R  . Therefore, the 

globally asymptotically stable of the disease-free equilibrium *
1E is satisfied. 

Theorem 4 Let * * * * *
2 ( , , , )h h h hE S E I R . If 0 1R  , then the endemic equilibrium point *

2E is globally 

stable in the 
h h hdF

B N I B N
dt

        

Assume that 
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*

*

h

h

h

S

N
B

S









 

 

Proof Let a Lyapunov function candidate be *K( , , , ) ( ln )h h h h h h h h hS E I R S S S E I    . 

Then we have  
*

( )
h

h h h h
h

dK S
S S E I

dt S
      

 
*

1 ( ) ( )
h h h h h

h h h h
h h h

dK S I S S I
B S E E I

dt N S N

       
  

            
  

 

*
*1

h
h h h h h

h

dK S
B S S E I I

dt S
    

 
       

 
 

* *

* *
1

h h h
h h h

h h h

dK S BS BS
B E I I

dt S S S
  

 
       

 
 

*

*
1 1

h h
h h h

h h

dK S S
B B E I I

dt S S
  

   
         

   
 

* 2

*

( )h h
h h h

h h

dK S S
B E I I

dt S S
  

       

 
* 2

* * * *
*

( )
0, ( , , , )

h h
h h h h h h h

h h

dK S S
B E I I S E I R

dt S S
   

 
        

 
           (21) 

Hence, the derivative * * * *0, ( , , , )h h h hdK
S E I R

dt
   with 0

dK

dt
 if and only if * , 0h h hS S E   

and 0hI  in the equations (1)-(4). Hence by LaSalle’s extension to Lyapunov’s method [10], the 
endemic equilibrium state *

2E is globally asymptotically point on  . 

 
 

3. Results and Discussion 
 
In this section, we give some numerical results of the presented system. The parameters are taken 
from the work of Lamwong et al. [11] for the Thai population only. 
 

Table 1. Parameters used in the numerical simulation [11] 
 

Parameter name Value 
B 1/ (75 365)  

hN  2000 

 0.05 
 1 / (75 365)  
 1/50 

 1/365
  1/50 
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The numerical solutions with the initial condition of 2,0,0,0
ThN   are plotted in the 

graphs as shown in Figure 3(a-d). Form Figure 3(a). the trajectory of the susceptibles starts at a 
value close to 2000, which then decays and steadies at around 400 around t=1000 days. The plots 
of the exposed and infected populations start at zeros, peaking at around t=600 days, before 
reaching the steady state at a value near zero at around t =1000 days. The plot of the recovered 
population response in Figure 3(d) shows the reverse case of the plot of Figure 3(a). Specifically, 
there is zero initial response in the recovered population compartment. This number then increases 
exponentially and is steady at approximately 1400 after 1000 days. The steady state being reached 
by each compartments of the system is a nonzero number, thereby depicting an endemic 
equilibrium which is asymptotically stable. 

 
 

4. Conclusions 
 
In this work, we analyzed the standard dynamical modeling method where both types of typical 
Lyapunov candidate functions used for investigating epidemiological models were chosen.  An 
exponential stability was investigated with the use of the square-type Lyapunov candidate, while 
the logarithm type Lyapunov candidate was chosen to show the global asymptotic stability of the 
equilibrium points. The model exhibits two equilibrium point, namely the disease-free steady state

*
1E  and the endemic steady state *

2E .  The basic reproductive number is calculated by using the 

next generation method. If basic reproductive number is less than one, the disease-free equilibrium 
state is globally asymptotically stable.  The endemic equilibrium state is globally asymptotically 
stable if the reproductive numberis more than one.  Four theorems were proposed as regards the 
stability of the MERS-Cov transmission using Lyapunov stability theories. Theorems 1  and 2 
proved the exponential stability of the MERS-Cov system, while Theorems 3  and 4  proved the 
global asymptotical stability of the MERS-Cov system. 
 

 
 

        3(a)         3(b) 
 

 
                                                 3(c)                                             3(d) 
Figure 3. (a) The susceptible population (b) The exposed population (c) The infected population 

and (d) The recovered population. 
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Abstract 
 
In this paper, a study of several exponential smoothing methods for forecasting crude palm oil 
productions in Thailand during January 2018 to March 2018 is presented. The exponential 
smoothing methods include the Double Exponential Smoothing (DES) method, the Multiplicative 
Holts-Winters (MHW) method, the Additive Holt-Winters (AHW) method, the Improved Additive 
Holts-Winters (IAHW) method, and the Extended Additive Holts-Winters (EAHW) method. The 
input data from January 2006 to December 2017 are collected from the database of the Department 
of Internal Trade, Ministry of Commerce, Thailand. The major contributions of our paper are 
twofold. First, the well-known exponential smoothing methods (i.e. the DES, the MHW, and the 
AHW methods) and the recent methods proposed in the literature (i.e. the IAHW and the EAHW 
methods) are tested and evaluated. Here, the best forecast results by optimal solutions are 
determined. Second, different sets of input data including 3-year data (2015-2017), 6-year data 
(2012-2017), 9-year data (2009-2017), and 12-year data (2006-2017) are used as the inputs for all 
forecasting methods. Here, how the different sets of input data affect forecasting accuracy are 
revealed. Our study demonstrates that the traditional AHW and the recently proposed EAHW 
methods provide the smallest forecasting error measured by Mean Absolute Percentage Error 
(MAPE) in forecasting crude palm oil productions. The study also indicates that both the AHW and 
the EAHW methods significantly show accurate forecast results when 12-year input data are 
applied. Forecast results of January 2018 to March 2018 and the trends of the average monthly and 
yearly palm oil productions are also reported. We believe that the research methodology and results 
presented in this work can be useful for strategy setting of the Thai agriculturist and government. 
 
Keywords: exponential smoothing methods, forecasting, crude palm oil productions, Thailand 
DOI 10.14456/cast.2019.12 
 
 
 
 

 
*Corresponding author: Tel.: 66 74 558831 Fax: 66 74 287276 
            E-mail: apidet.boo@gmail.com, apidet.b@psu.ac.th 



Current Applied Science and Technology Vol. 19 No. 2 (May – August 2019) 

124 
 

1. Introduction 
 
Oil palm (Elaeis guineensis) is the most popular oil crop in tropical rain forest regions. Thailand is 
the third largest palm oil producers in the world, following Indonesia and Malaysia [1]. Most of the 
palm oil produced in Thailand is used for domestic consumption in terms of food and an alternative 
fuel feedstock. During 2012-2016, the volume of crude palm oil consumed for food products and 
biodiesel was increased by 1.78% and 8.11% per year, respectively [2]. To arrange the food security 
and economic stability, the Thailand government, by the Department of Energy Business, allocates 
biodiesel productions with some flexibility blending ratios of B100 (pure biodiesel) and diesel, 
based on the volume of crude palm oil output situation. The biodiesel blending ratio which 
commonly used in Thailand is varied from B3 to B7 (or 3%v/v to 7%v/v biodiesel blended with 
diesel) [3]. As on the 1st quarter of 2017, the volume of crude palm oil obviously increased, thus the 
Department of Energy Business had an announcement to raise the biodiesel blending ratio from B5 
to B7 on 8 May 2017. Hence, the excess volume of crude palm oil supplied from markets was 
absorbed to prevent the fall in oil price problem. For this reason, an accuracy of forecasting future 
volume of crude palm oil with appropriate forecasting methods is an implement for the government 
to make immediate decision and to devise a suitable strategic plan of palm oil management in 
Thailand. 

To forecast time-series data, the well-known traditional exponential smoothing methods 
are widely used: the Holt’s linear exponential smoothing method (or the DES method) and the Holt-
Winters methods (the MHW and the AHW methods). They are suitably used for data that trend and 
seasonality behaviors are present. Although the mentioned methods are not new as presented in the 
research literature, they are popularly used in practice and various applications as reported by many 
researchers [4-11]. Here, many studies apply such methods due to their simplicity, robustness, low 
complexity, and algorithm efficiency [4-11]. 

According to the studies in the literature, the works related to forecasting using exponential 
smoothing methods were described here. We note that we concentrate on forecasting of palm oil 
productions/or prices which directly relates to this work. In Siregar et al. [12], a comparative study 
of exponential smoothing methods for forecasting palm oil productions in Indonesia was introduced. 
The input data from 2010 to 2014 (5-year data) were tested with the DES, the MHW, and the AHW 
methods. The authors concluded that the AHW method showed better performance than the DES 
and the MHW methods. In Wan Ahmad and Ahmad [13] exponential smoothing methods were 
applied to forecast crude palm oil prices in Malaysia in 2013. Forecasting accuracy of the 
exponential smoothing methods was reported, and the authors summarized that such methods could 
be efficiently applied for the considered application. Finally, forecasting oil prices using time-series 
methods was presented in Tularam and Saeed [14, 15]. The authors showed that the Holts-Winters 
methods with the input data from October 2011 to March 2016 collected from the United States 
Energy Information Administration, gave the better results in forecasting crude oil prices. 

According to the efficacy of the exponential smoothing methods in practice as introduced 
above, in this paper we apply them to forecast crude palm oil productions in Thailand. Several 
exponential smoothing methods including the DES, the MHW, the AHW, the IAHW, and the 
EAHW methods are selected and tested. The input data from January 2006 to December 2017 are 
gathered from the database of the Department of Internal Trade, Ministry of Commerce, Thailand. 
The contributions of our study are twofold. First, three traditional forecasting methods (i.e. the DES, 
the MHW, and the AHW methods) and two recent methods proposed in the literature (i.e. the IAHW 
and the EAHW methods) are tested. Thus, forecast results determined by optimal methods are 
provided. Second, four sets of input data (i.e. 3-year data (2015-2017), 6-year data (2012-2017), 9-
year data (2009-2017), and 12-year data (2006-2017)) are inserted as the input data. Thus, how the 
different sets of the input data affect forecasting accuracy of the selected methods is studied. Our 
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study shows that the AHW and the EAHW methods give the smallest forecasting error measured by 
the MAPE, in forecasting crude palm oil productions. In addition, the study reveals that, using more 
input data, like 12-year data, the AHW and the EAHW methods significantly provide more accurate 
results. Forecast results of January 2018 to March 2018 by the optimal methods and average monthly 
and yearly crude palm oil productions are also reported in this paper. 

 
 

2. Materials and Methods 
 
2.1 Input data 
Monthly crude palm oil productions from January 2006 to December 2017 (12 years) as the input data 
are collected from the database of the Department of Internal Trade, Ministry of Commerce, Thailand 
[16]. They are illustrated in Table 1. 
 
2.2 Forecasting methods 
The DES, MHW, AHW, IAHW, and EAHW methods are described here.  They are also summarized 
in Table 2. We note that, as mentioned in the introduction section, such forecasting methods as the 
different methods of the exponential smoothing family are selected for the test because they are widely 
used in practice and several applications as reported in [4-11], and many studies apply them due to 
their simplicity, robustness, low complexity, and algorithm efficiency [4-11]. In addition, we found 
that how well they perform in the case of the crude palm oil productions with the different sets of input 
data as proposed in this work was not yet investigated. 
The DES method: The DES method is suitably used to forecast data which shows a trend [9, 10, 17]. 
It includes a trend factor to the equation. Three equations are incorporated in this method as shown in 
equations (1) to (3), where Li  is the estimate of the level of the data series at the sample number i, Xi 

is the input value (the crude palm oil production provided in Figure 1), bi  is the estimate of the trend 
of the data series,   and   are the weighting factors with values between 0 and 1, and Yi+m is the 

forecast value (the forecast crude palm oil production) for the period i+m, where m is the number of 
forecast periods ahead. 
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Table 1. Monthly crude palm oil productions (metric ton) from January 2006 to December 2017 
 
 

Monthly crude palm oil productions of the years 2006 to 2017 

Month 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

1 37,235.8 75,633.1 86,608.3 83,585.0 89,568.0 49,965.8 130,127.1 190,823.7 110,592.2 60,449.7 85,652.2 96,750.7 

2 68,668.1 73,969.1 115,134.3 84,333.1 114,489.7 71,223.3 123,789.3 157,840.0 131,987.8 93,956.9 109,332.7 110,879.5 

3 113,396.9 86,889.5 148,951.3 118,579.1 140,780.3 119,903.5 136,420.3 162,546.9 204,559.9 169,545.7 166,879.1 180,740.8 

4 128,698.6 77,806.1 133,871.3 122,636.5 124,297.8 136,278.8 127,853.4 151,158.1 199,945.7 209,645.9 170,696.2 217,009.7 

5 122,438.9 80,216.8 168,465.4 116,402.9 130,425.2 165,055.8 133,911.1 173,196.9 237,217.6 239,227.0 148,475.5 224,189.5 

6 91,600.1 73,414.6 143,853.7 102,521.2 119,990.6 171,253.8 117,452.5 162,095.4 198,461.7 195,580.7 130,196.3 169,887.0 

7 85,809.1 78,821.0 141,235.1 108,375.9 118,336.7 170,619.2 134,117.8 176,227.3 174,780.5 160,435.9 127,011.5 159,035.2 

8 97,282.3 94,843.8 129,386.2 117,770.0 106,585.9 165,445.9 168,176.0 186,602.8 142,937.7 152,098.0 144,704.7 186,413.0 

9 102,093.5 99,581.6 130,114.4 128,550.3 95,806.4 158,593.3 184,083.2 162,276.6 129,878.1 154,470.7 148,685.9 206,238.5 

10 110,888.5 105,753.8 115,786.0 123,265.8 79,920.0 192,014.4 183,739.6 166,583.9 127,726.0 160,573.2 133,706.2 243,361.2 

11 93,603.3 97,369.2 86,881.2 87,626.9 57,898.4 180,255.7 178,281.2 138,454.7 90,218.7 132,042.0 131,053.4 253,231.2 

12 76,644.5 75,152.1 75,189.8 68,836.7 44,531.5 150,102.3 165,537.8 113,775.4 62,830.2 104,853.8 118,331.0 233,256.7 
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As recommended by researchers [9, 10, 17-19], the initial values for Li and bi are set using 
equations (4) and (5), where n is the number of months in a year. In addition, optimal values of   and 
  are also automatically determined.  They are selected when the forecasting error (MAPE) is 

minimized [19].  In this work, the minimization problem is solved using the Solver function in 
Microsoft Excel. More details and examples can be found in Tratar and Srmcnik [19]. We note that a 
brief description of the implementation of the DES method and the Solver function in Microsoft Excel 
are illustrated as an example in an Appendix. 
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Table 2. Summary of the DES, the MHW, the AHW, the IAHW and the EAHW methods 
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The Holt-Winters methods: The Holt-Winters methods are suitably used when both trend and 
seasonality patterns are present in the data series [9, 10, 17]. The Holt-Winters methods incorporate 
three equations: the first for the level, the second for the trend, and third for seasonality. Generally, 
there are two Holt-Winters methods: the MHW and the AHW methods, depending on whether the 
seasonality is modelled in multiplicative or additive forms. 

The MHW method is shown in equations (6) to (9), where (7) is identical to (2), Si is the 
multiplicative seasonal component,  is the weighting factor ( 10  ), and n is the seasonality length 

(the number of months in a year). As recommended by researchers [9, 10, 17-19], to initialize the level, 
trend and seasonal components, (10), (5) and (11) are used, respectively, where i = 1, 2, 3, …, 12. 
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For the AHW method, it is shown in equations (12) to (15), where (2), (7), and (13) are the 

same. As recommended by researchers [9, 10, 17-19], the initial values for the level and trend are the 
same as those for the MHW method.  In addition, to initialize the seasonal component, equation (16) is 
used instead. 
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In both MHW and AHW methods, optimal values of the weighting factors are also 

automatically determined during the test.  They are determined by minimizing the MPAE, and the 
minimization problem is solved using the Solver function in Microsoft Excel.  
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The IAHW method:  The IAHW method was recently introduced by Tratar in 2015 [20]. It is shown 
in equation (17), where the difference between the AHW and IAHW methods is only the equation for 
the level. The trend and seasonal components remain unchanged. In the IAHW method,   occurs only 
at the input Xi and not at the seasonal component Si-m.  Here, when 

mii SX  (the smoothed value is 

higher than the average in its seasonality), the level increases in comparison with the level in the earlier 
period.  The opposite adjustment occurs when 

mii SX  .  For the initial values for level, trend, and 

seasonal components, they are the same as those for the AHW method.  In addition, optimal values of 
the weighting factors are determined by minimizing the MPAE, where the minimization problem is 
solved using the Solver function in Microsoft Excel. Here, the solving method is the evolutionary 
algorithm, and the constraints are 1,,0   . 

 
                            111   iimiii bLSXL                                           (17) 

 
The EAWH method: The EAHW method was also recently proposed by Tratar in 2016 [19, 21]. It is 
shown in equation (18). The difference between the AHW and EAHW methods is the equation for the 
level.  The EAHW allows to smooth the seasonal component more or less than the AHW method, 
depending on the value of  ( 01   ). If   , the EAHW method reduces to the AHW method. 
If 1 , the EAHW method becomes the IAHW method. The initial values for the level, trend and 
seasonal components are identical to those for the AHW method. Also, optimal values of the weighting 
factors are automatically determined using the Solver function in Microsoft Excel. 
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2.3 Performance metrics 
In this work, the forecasting error referred to the Mean Absolute Percentage Error or MAPE [19, 22-
24] is selected as the performance metric. It is used because it provides the accurate and fair comparison 
of forecasting methods.  The MAPE is not prone to change in the magnitude of time series to be 
forecasted as recommended by Gentry et al. [25] and Alon et al. [26].  Moreover, it is frequently used 
in practice as reported by Ravindran and Warsing [27] and Booranawong and Booranawong [28]. The 
MAPE is shown in equation (19), where N is the number of data samples, ei  is the forecasting error 
from 

ii YY ' , '
iY  and 

iY  are the actual data and the forecast data, respectively.  The 95% confidence 

interval (CI) is also provided for the average results. 
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3. Results and Discussion 
 
Figure 1 demonstrates the comparison of the MAPE results determined by the DES, the MHW, the 
AHW, the IAHW, and the EAHW methods with their optimal weighting factors, when 3-year data, 6-
year data, 9-year data, and 12-year data are applied. Here, for fair comparison, the MAPE is calculated 
from the forecast results of January 2016 to December 2017 (N = 24). We note that for the MHW, the 
AHW, the IAHW, and the EAHW methods, the input data of the first years (12 months) are used for 
setting the initial values. 

The results indicate that, to forecast crude palm oil productions, the AHW and the EAHW 
methods give the smallest MAPEs (i.e. 6.94 and 7.05, respectively) when 12-year data are applied. 
Here, by considering the 95% CI, the performance by both methods is not significantly different. In 
addition, the results also reveal that using more input data, the MAPE is significantly reduced in the 
cases of the MHW, the AHW, the IAHW and the EAHW methods. However, this is not for the case 
of the DES method; the MAPEs are not different. 

 
 

 
 

Figure 1. The comparison of the MAPE determined by each forecasting method, 
 when 3-year data (2015-2017), 6-year data (2012-2017), 9-year data (2009-2017) 

and 12-year data (2006-2017) are applied. 
 
Figure 2 illustrates the comparison of the raw data shown in Table 1 and the forecast data determined 
by the forecasting methods with their optimal weighting factors, when 12-year data are applied. The 
optimal weighting factors which give the minimum of the MAPE, and the forecast results of January 
2018 to March 2018 are also provided in Table 3. As seen in Figure 2, the forecast data determined by 
the AHW and the EAHW methods are closer to the raw data than those methods. These results relate 
to the MAPE results as introduced in Figure 1; a good matching result represents the small MAPE. In 
Figure 3, we also demonstrate the comparison of the raw data and the forecast data determined by the 
EAHW method, when 3-year data and 12-year data are applied. Such an example shows that the 
forecast result using 12-year data is closer to the raw data than using 3-year data. 
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(a) Forecast data by the DES method; 12-year data 

 

 
 

(b) Forecast data by the MHW method; 12-year data 
 

 
 

(c) Forecast data by the AHW method; 12-year data 
 
 

Figure 2. The comparison of the crude palm oil productions between the raw data and the forecast 
data determined by each forecasting method, when 12-year data are applied. 
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(d) Forecast data by the IAHW method; 12-year data 
 
 
 

 
 

(e) Forecast data by the EAHW method; 12-year data 
 

 
Figure 2. (cont.) The comparison of the crude palm oil productions between the raw data and the 

forecast data determined by each forecasting method, when 12-year data are applied. 
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Table 3. The optimal weighting factors and the forecast data of January 2018 to March 2018 
 

Methods Optimal weighting factors Forecasted productions (2018) 
       Jan. Feb. March 

DES 1 0.0905 - - 238,388 243,520 248,652 
MHW 0.3085 0.2655 0.0990 - 160,258 221,592 351,574 
AHW 0.7975 ≈0 0.1719 - 211,328 232,285 281,082 
IAHW 0.9718 0 1 - 197,820 224,201 289,507 
EAHW 0.9303 0 0.5615 0.9344 211,991 230,492 281,301 

 
 
 

 
 

Figure 3. The comparison of the crude palm oil productions between the raw data and the forecast 
data determined by the EAHW method, when 3-year data and 12-year data are applied. 

 
 

As shown in Table 3, the results reveal that the forecast data of January 2018 to March 2018 
by all forecasting methods have the same trend. The crude palm oil production increases. Here, the 
results by the AHW and the EAHW methods are more reliable, since they provide the smallest MAPEs 
as presented before. 

The average monthly productions of the crude palm oil using 3-year data and 12-year data 
are illustrated in Figure 4. The results demonstrate that the trends of the average monthly productions 
using 3-year data and 12-year data are likely the same. They follow the circle pattern. We can also 
observe that the forecast results of January 2018 to March 2018 as seen in Table 3 are consistent with 
the average monthly productions of January to March as seen in Figure 4. 

The average yearly productions of the crude palm oil using 12-year data are also illustrated 
in Figure 5. A four-order polynomial trend line is fitted to the average results, and the R-squared value 
is also provided. The result indicates that the average yearly production of the crude palm oil during 
2006 to 2017 have increased. There is more possibility that in 2018, the productions of the crude palm 
oil will increase. 
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(a) 3-year data (2015-2017); there is more variation during October to December 

 
 

 

 
(b) 12-year data (2006-2017) 

 
Figure 4. The average monthly productions of the crude palm oil. 
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Figure 5. The average yearly productions of the crude palm oil; 12-year data (2006-2017) 
 

The findings as presented in this work can be useful as an information for planning a 
suitable strategy of the Thai agriculturist and government.  For example, if crude palm oil 
productions in Thailand markets can be accurately predicted, an appropriate plan for managing the 
use of biodiesel can be immediately set.  As announced by the Thai governments during 2015 to 
2017, the biodiesel blending ratio was changed from 3. 5% to 6% by volume of diesel ( or B3. 5 to 
B6)  during April 2015, 7% to 5% during July 2016, and 5% to 7% during May 2017 to present. 
Here, the change depends on the number of crude palm oil productions in Thailand markets.  As 
shown by the forecast results in Table 3, we found that the crude palm oil productions of January 
2018 to March 2018 will increase. Consequently, to handle such a situation, the biodiesel blending 
ratio should be kept at 7% or higher, and the exportation of crude palm oil productions should be 
more supported (to prevent the decrease of crude palm oil prices). 

 
 

4. Conclusions 
 
In this work, several exponential smoothing methods including the DES, the MHW, the AHW, the 
IAHW, and the EAHW methods are employed to forecast crude palm oil productions in Thailand 
during January 2018 to March 2018.  The input data from January 2006 to December 2017 are 
collected from the Department of Internal Trade, Ministry of Commerce, Thailand.  Our study 
demonstrates that the well- known AHW and the recently proposed EAHW methods provide the 
smallest forecasting error (i. e.  MAPEs are 6. 94 and 7. 05 for the AHW and the EAHW methods, 
respectively). Our study also reveals that both forecasting methods show more accurate results when 
more input data are used; the forecast results using 12-year data are closer to the observed data than 
using 9- year data, 6- year data, and 3- year data. Additionally, the trends of average monthly and 
yearly crude palm oil productions are also reported in this paper. 

In the future work, to enhance the forecasting accuracy, other input data related to the crude 
palm oil production will be selected and tested, and more efficient forecasting methods will also be 
proposed. 
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Appendix  
 

An example of the implementation of the DES method in Excel program 
 
The implementation of the DES method and the use of the Solver function in Excel program are 
illustrated as an example here. More details can be found in [19, 21]. A snapshot of Excel spreadsheet 
is shown in Figure 6, where Li, bi, L1, b1, and Yi+m are calculated. Such calculations are corresponding 
to equations (1), (2), (4), (5), and (3), as presented in Section 2.  In Figure 7, the Solver optimization 
tool with setting is shown.  The MAPE is minimized by adjusting the values of the weighting factors, 
where they are in the range between 0 and 1 and their optimal values are automatically determined. 
 

 
 

(a) The calculation of Li, where C7 = $D$2*B7 + (1-$D$2)*(C6+D6) refers to   2233 1 bLXL    

 

 
 

(b) The calculation of bi, where D7 = $D$3*(C7-C6) + (1-$D$3)*D6 refers to     2233 1 bLLb    

 

 
 

(c) The calculation of L1, where C5 = B5 refers to L1= X1 
 

Figure 6. Implementation of the DES method in Excel program 
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(d) The calculation of b1, where D5 = (B16-B5)/11 refers to b1 = (X12-X1)/(12-1) 
 

 
 

(e) The calculation of Y122, where E126 = C125 + (1*D125) refers to Y122=L121 + (1*b121) 
 

Figure 6. (cont.) Implementation of the DES method in Excel program 
 
 
 

 
 

Figure 7.  Excel solver setting. 
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Abstract 
 
Burning of electric cable sheath leads to the emission of small particles and toxic pollutants that 
cause severe air pollution and human health effects.  In this study, size distributions of particulate 
matter and p-PAHs during open burning of cable insulation were examined. Lifetime cancer risk of 
PAHs was also assessed.  The particulate samples were collected on quartz fiber filters using an 
eight-stage cascade impactor with flow rate of 28.3 L min-1. The exposed filter was extracted with 
acetonitrile and then measured by GC-MS in the SIM mode for 16 PAHs identification. It was found 
that average concentrations of ultrafine, fine and coarse particles were 1,045.82 µg m-3 (11.45 % of 
the total mass), 3,557.50 µg m-3 (38.96 % of the total mass) and 4,529.03 µg m-3 (49.59 % of the 
total mass) , respectively.  The particle size distributions were bimodal with one major peak in the 
size range of 5. 8- 4. 7 µm and another minor peak in the size range of 1. 1- 0. 65 µm.  The 
concentrations of 16 PAHs adsorbed on ultrafine, fine and coarse particle were 717. 86 ng m- 3 
( 11. 47%  of the total PAHs) , 3,645. 43 ng m- 3 ( 58. 23%  of the total PAHs)  and 1,897. 19 ng m- 3 
(30.30% of the total PAHs), respectively. Distributions of BaA, BaP, DbA and BgP were unimodal 
with a peak in accumulation mode while those of Acy, Ace and Fla were bimodal with two peaks in 
accumulation mode.  Distributions of Flu, Phe, Ant, Pyr, Chr, BbF and BkF were multimodal with 
peaks in accumulation and coarse modes whereas InP was not detected.  The inhalable particles 
(PM10) contained mainly 5-ring PAHs (55.67% of total PAHs) followed by 4-ring PAHs (27.58% 
of total PAHs) , and 3- ring PAHs ( 14. 98%  of total PAHs) .  Only small amount of 2- ring PAHs 
(1.36% of total PAHs) and 6-ring PAHs (0.41% of total PAHs) was observed. The fraction of PAHs 
adsorbed on PM10 was ranked in the order Group 2B ( 53. 45% )  > Group 3 ( 33. 86%)  > Group 1 
(10.71%) > Group 2A (1.98%). The average concentrations of 16 PAHs and B[a]Peq were 6,260.47 
ng m-3 and 1,014.35 ng m-3, respectively. The estimated lifetime lung cancer risk during wire burning 
was 8.83E-02. 
 
Keywords: cable sheath, open burning, particulate matter, p-PAHs, risk assessment, size distribution 
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*Corresponding author: E-mail: suwannee.ju@kmitl.ac.th 



Current Applied Science and Technology Vol. 19 No. 2 (May – August 2019) 

141 
 

1. Introduction 
 
Electric cable wire is an essential part of all electrical and electronic devices.  Nowadays, large 
quantities of electronic waste ( e- waste)  such as discarded computers, televisions, refrigerators are 
produced worldwide due to high consumption and shorter life span of electronic products [1]. This leads 
subsequently to massive generation of used cable wire.  As it is composed of copper wire, which is 
high economic value, recycling of used cable is increasingly interested. There are several techniques 
used to recover copper from cable wire such as stripping, crushing, burning, high pressure water jet, 
cryogenic process and chemical treatment [2] .  However, open burning is a common technique for 
cable wire recycling in informal sector, where most of e-waste is managed unsafely. As cable sheath 
consists of polyvinyl chloride (PVC), polyethylene (PE), silicone rubber and flame retardant [3], burning 
of the plastic insulation releases a large amount of small particles and particle-bound toxic elements 
such as heavy metals, polychlorinated biphenyls and polycyclic aromatic hydrocarbons (PAHs) into the 
surroundings [4, 5]. 

Atmospheric particles comprise a wide range of particle sizes. They can be classified based 
on their origin into primary and secondary particles. The former is directly released from an emission 
source while the latter is formed from chemical or photochemical reactions of pollutants both in gas 
and particle phases [ 6, 7] .  The compositions and sizes of individual particles are changed during 
distribution in the atmosphere, relying on formation and destruction processes.  Small particles can 
remain suspended for long time and be dispersed for long distance in the air. Thus, size distribution 
of particles and their compositions are able to indicate their emission sources and fate of transport 
in the environment [ 6] .  Particulate matters, especially less than 2. 5 micrometers in diameter, are 
correlated with the increased respiratory and cardiovascular diseases because they can penetrate into 
the respiratory tract, and some may transfer to bloodstream [ 8] .  Several studies also indicated that 
smaller particle sizes potentially caused more health risk [9]. 

Burning of cable sheath is one of the main sources of PAHs derived from informal recycling 
of e-waste [5, 10]. Generally, PAHs in the atmosphere are found in vapor phase (g-PAHs) and particle 
phase (p-PAHs) [11]. The partitioning of a given PAH compound between particle and vapor phases 
depends on its vapor pressure, particle size and composition as well as ambient temperature [ 12, 
13] .  Allen et al.  [ 14]  reported that size distribution of atmospheric particle-bound PAHs related to 
vaporization and condensation mechanisms. In the atmosphere, low-molecular weight PAHs (2-3 rings; 
MW ≤ 178) are mainly found in a vapor phase (g-PAHs) while high molecular weight species (MW 
≥ 228) are largely adsorbed on particles (p-PAHs) [15, 16]. Harrison et al. [17] also proposed that 
most PAHs, especially those with more than four aromatic rings, easily adsorb onto combustion 
aerosols.  Specific compounds of PAHs are potentially toxic or mutagenic to humans that are 
associated with the increased risk of developing lung cancer [18, 19]. Previous studies revealed that 
high molecular weight PAHs were potentially more carcinogenic than low molecular weight ones 
[20]. It was found that carcinogenic PAHs were likely attached on fine particles [21-23]. In addition, 
p-PAHs remain in the surroundings for long period because they cannot be easily removed from the 
atmosphere by photolysis and other degradation pathways [ 24] .  Since inhalation deposition of 
airborne pollutants depends on particle sizes, fine particle-bound PAHs can travel deep into the human 
respiratory system and cause adverse health impact [25, 26]. However, the effects on human health of 
PAHs depend on their toxicity, concentration, exposure time and exposure routes.  The available 
information on size distribution of particle bound-PAHs ( p- PAHs)  released from open burning of 
cable sheath is still limited.  This study aimed to investigate size distributions of particles and p-
PAHs in different particle size ranges emitted from open burning of electric cable sheath.  Risk 
assessment of PAHs via inhalation exposure was also determined using lifetime cancer risk of 
PAHs. 
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2. Materials and Methods 

 
2.1 Air sampling 
 
Size distributions of particulate matter and p- PAHs adsorbed on inhalable particles emitted from 
burning of electric cable sheath were examined in a laboratory scale at Faculty of Science, King 
Mongkut’s Institute of Technology Ladkrabang. One kg of cable sheath was burnt in open air. The 
air sample was collected on quartz fiber filters ( Toyo Roshi Kaisha, Japan)  using an eight- stage 
cascade impactor (Thermo Andersen, USA). The air sample was taken at a flow rate of 28.3 L min-1 
for 30 min. The sampler was placed at 1.5 m above ground level in the downwind direction (1.5 meters). 
The particle sizes were separated into nine interval fractions: 10.0-9.0, 9.0-5.8, 5.8-4.7, 4.7-3.3, 3.3-
2.1, 2.1-1.1, 1.1-0.65, 0.65-0.43, and <0.43 µm. The sampling procedure was conducted following 
US EPA method [ 27] .  The gravimetric measurement was run in triplicate.  Details of the analysis 
are explained in Phoothiwut and Junyapoon [28]. 
 
2.2 PAHs analysis 
 
In this study, 16 PAHs consisting of naphthalene ( Nap, 2- ring)  acenaphthylene ( Acy, 3- ring) , 
acenaphthene (Ace, 3-ring), fluorene (Flu, 3-ring) phenanthrene (Phe, 3-ring), anthracene (Ant, 3-
ring), fluoranthene (Fla, 4-ring), pyrene (Pyr, 4-ring), benzo[a]anthracene (BaA, 4-ring), chrysene (Chr, 
4-ring), benzo[b]fluoranthene (BbF, 5-ring), benzo[k]fluoranthene (BkF, 5-ring), benzo[a]pyrene (BaP, 
5- ring) , dibenzo[ a,h] anthracene (DbA, 5- ring) , indeno[ 1,2,3- cd] pyrene (InP, 6- ring) and 
benzo[ ghi] perylene (BgP, 6- ring)  adsorbed on particles were extracted and analyzed using the 
Compendium Method TO- 13A, modification from US EPA [ 29] .  Each sample filter was cut into 
small pieces and then sonicated with 15 ml acetonitrile (99.9% HPLC grade, Sigma-Aldrich, USA) 
for 30 min. The extracts were analyzed by GC-MS in SIM mode (Agilent Technologies, USA) with 
an HP-5MS GC fused-silica capillary column, 30 m × 0.25 mm i.d. × 0.25 µm film thickness (J&W 
Scientific, USA) .  The carrier gas used was helium ( 99. 999%  purity, Praxair, Thailand)  at a flow 
rate of 1. 0 ml min- 1.  Field blank sample was also measured using the same method as the sample. 
Recovery efficiencies were examined in triplicate using spike method. Details of the PAHs analysis 
are described in Phoothiwut and Junyapoon [28]. 
 
2.3 Calculation of lifetime lung cancer risk of PAHs 
 
Lifetime lung cancer risk of PAHs was presented as excess cancer risk (ECR) from PAHs associated 
with particles through inhalation pathway.  A mixture of PAHs concentrations was converted to 
benzo(a)pyrene toxic equivalent (B[a]Peq). Total B[a]Peq can be calculated from equation 1. 

∑BሾaሿPeq ൌ ∑ ሺCi
n
iୀଵ ൈ TEFiሻ            (1) 

Where Ci was the concentration of individual PAH congener attached on particles, TEFi was the 
toxic equivalence factor of individual PAHs. TEFi value of Nap, Acy, Ace used the factors provided 
by Nisbet and LaGoy [30] and the other PAHs used the values proposed by Larsen and Larsen [31]. 
ECR was calculated following the Office of Environmental Health Hazard Assessment ( OEHHA) 
of the California Environmental Protection Agency (Cal EPA) [32, 33] as shown in equation 2. 

ECR ൌ ∑BሾaሿPeq ൈ URBሾaሿP            (2) 
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Where URB[a]P (unit risk)  of 8.7 x 10-5 was the estimate number of people for lifetime cancer risks 
from inhalation at a B[ a]P equivalent concentration of 1 ng m- 3 within a lifetime of 70 years [ 34, 
35].  

 
 

3. Results and Discussion 
 
3.1 Concentrations and size distributions of particulate matter 
 
In this study, nine inhalable fractions of particles were divided into three size ranges according to 
their formation mechanisms:  ultrafine ( nuclei mode, dae<0. 4 µm) , fine ( accumulation mode, 
0. 4<dae<2.1 µm)  and coarse particles ( dae>2. 1 µm) .  The concentrations of ultrafine, fine and coarse 
particles in ambient air during burning of cable sheath were in the range of 364.73-1,694.72 g m-3 with an 
average of 1,045.82±665.58 g m-3, 1,953.33-4,431.41 g m-3 with an average of 3,557.50±1,391.11            
g m-3 and 1,385.97-6,126.13 g m-3 with an average of 4,529.03±2,722.09 g m-3, respectively as shown 
in Figure 1(a). The wide concentration ranges of particles were observed. This may be due to the variation  
 

 

 
 

Figure 1. Concentrations of particle size range during open burning of cable sheath (a) and during 
no burning activity (b) 
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of burning and atmospheric conditions. The concentration range of each particle size during burning 
of cable sheath were significantly higher than those during no burning activity (Figure 1(b)).These 
results reveal that two main atmospheric components were coarse (49.59 % of the total mass)  and 
fine particles (38. 96 %  of the total mass) , and the minor component was ultrafine particles          
(11. 45 %  of the total mass) .  There was no mean difference between concentrations of coarse and 
fine particles (p-value>0.05). The size distribution plot of atmospheric particles during burning of 
cable sheath was bimodal with one major peak in the coarse particle size range ( 5. 8-4.7 m)  and 
another minor peak in the fine particle size range ( 1. 1- 0.65 m)  as shown in Figure 2( a)  while 
trimodal distribution was found during no burning activity (Figure 2(b)). Coarse particles are likely 
originated from incomplete combustion of plastic sheath whereas fine particles may be formed through 
different atmospheric formation mechanisms such as condensation of vapor species and accumulation of 
ultrafine particles [6].  
   

 
 
 
 
 
 

 

 

 

 

 
 
 
 
 

Figure 2. Size distributions of atmospheric aerosols during open burning of cable sheath (a) and 
during no burning activity (b) 
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3.2 Concentrations and size distributions of p-PAHs 
 
Concentrations of 16 PAHs adsorbed on each particle size range during open burning of cable sheath 
are presented in Table 1. In this work, recovery efficiencies of 16 PAHs (n = 3) were ranged between 
94.73 and 98.06 %. PAHs were likely generated from thermal degradation of PVC sheath through 
cracking and cross-linking processes of polymers [10]. The concentrations of total 16 PAH adsorbed 
on ultrafine, fine and coarse particles during burning of cable sheath were 717. 86, 3,645. 43 and 
1,897.19 ng m-3, respectively as shown in Figure 3. Total 16 PAHs were dominantly bound on fine 
particles (58.23% of the total PAHs) followed by coarse particles (30.30% of the total PAHs) and 
ultrafine particles (11.47% of the total PAHs). This is likely because p-PAHs in the accumulation mode 
were formed from condensation of vapor- phase PAHs as well as coagulation of their primary 
components.  These results are similar to the findings of previous studies reporting that carcinogenic 
PAHs were likely attached on fine particles [21-23]. 

In this work, 16 PAHs attached on particles were divided into four groups, depending on 
the numbers of aromatic rings in their structures: 3-ring PAHs (Acy, Ace, Flu, Phe, Ant), 4-ring 
PAHs (Fla, Pyr, BaA, Chr), 5-ring PAHs (BbF, BkF, BaP, DbA) and 6-ring PAHs (InP, BgP). For 
3-ring PAHs, distributions of Acy and Ace were bimodal with two peaks in accumulation mode 
whereas those of Flu, Phe and Ant were multimodal with peaks in accumulation and coarse modes 
as shown in Figure 4(a). For 4-ring PAHs, BaA had a unimodal distribution with a main peak in 
accumulation mode while Fla had a bimodal distribution with two peaks in accumulation mode. 
Multimodal distributions with peaks in accumulation and coarse modes were found in Pyr and Chr 
as shown in Figure 4(b). For 5-ring PAHs, distributions of BaP and DbA were unimodal with a main 
peak in accumulation mode while those of BbF and BkF were multimodal with peaks in 
accumulation and coarse modes as shown in Figure 4(c). For 6-ring PAHs, BgP had a unimodal 
distribution with a dominant peak in accumulation mode while InP was not detected (Figure 4(d)). 
These results indicate that most of less volatile PAHs preferentially condensed on fine particles, 
which is likely correlated with the previous work [14, 20]. However, burning parameters such as 
heat release rate, temperature, char length, afterburn time are required to be identified in future work. 
 

 

Figure 3. Concentrations of total 16 PAHs adsorbed on ultrafine, fine and coarse particles 
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Table 1. Concentrations of 16 PAHs adsorbed on each particle size range during open burning of cable sheath 
 
 

Particle size 

(µm) 

PAHs concentration (ng m-3) 

Nap Acy Ace Flu Phe Ant Fla Pyr BaA Chr BbF BkF BaP InP DbA BgP 

<0.4 6.98 2.68 6.71 5.47 17.51 11.82 8.97 8.71 38.98 23.65 71.06 430.69 77.90 n.d. n.d. 6.73 

0.43-0.65 19.57 5.92 29.59 17.93 86.09 11.36 313.24 147.22 176.58 164.54 174.17 270.02 211.42 n.d. n.d. n.d. 

0.65-1.1 7.33 4.54 16.13 9.76 29.91 10.70 207.03 16.06 16.30 39.89 n.d. 192.53 263.70 n.d. 37.94 19.13 

1.1-2.1 11.22 2.68 16.41 4.47 385.14 14.82 277.64 71.40 n.d. 65.30 n.d. 211.58 n.d. n.d. 86.17 n.d. 

2.1-3.3 8.60 2.43 10.44 5.21 92.74 7.92 68.57 6.13 n.d. 10.59 14.91 371.76 72.63 n.d. n.d. n.d. 

3.3-4.7 9.94 3.97 5.61 n.d. 15.73 3.62 5.18 2.55 n.d. 8.33 n.d. 181.50 44.59 n.d. n.d. n.d. 

4.7-5.8 7.45 2.43 27.14 4.81 10.13 3.64 2.36 4.00 n.d. 3.89 n.d. 239.71 n.d. n.d. n.d. n.d. 

5.8-9.0 7.47 2.84 6.72 4.61 14.43 2.81 2.67 3.08 n.d. n.d. 49.29 291.59 n.d. n.d. n.d. n.d. 

9.0-10.0 7.16 2.51 7.77 3.61 11.11 1.97 3.24 2.28 n.d. n.d. n.d. 213.52 n.d. n.d. n.d. n.d. 

Total 85.72 30.00 126.52 55.87 662.79 68.67 888.88 261.43 231.86 316.19 309.43 2,402.90 670.24 n.d. 124.11 25.86 
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Figure 4. Size distributions of 3-6 ring PAHs adsorbed on particles during open burning of cable sheath (a) 3-ring PAHs, (b) 4-ring PAHs, 
(c) 5-ring PAHs and (d) 6-ring PAHs 
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3.3 Risk assessment 
 
Figure 5 shows the ratios of 3- 6 ring PAHs and carcinogenic PAHs adsorbed on particles during 
open burning of cable sheath.  Ultrafine particles were composed of 2- ring PAHs ( 0. 92%  of total 
PAHs), 3-ring PAHs (5.84% of total PAHs), 4-ring PAHs (15.76% of total PAHs), 5-ring PAHs 
(76.59% of total PAHs) and 6-ring PAHs (0.89% of total PAHs). Fine particles contained 2-ring 
PAHs (1.05% of total PAHs), 3-ring PAHs (17.70% of total PAHs), 4-ring PAHs (41.01% of total 
PAHs) , 5- ring PAHs ( 39. 71%  of total PAHs)  and 6- ring PAHs ( 0. 53% of total PAHs) .  Coarse 
particles comprised 2-ring PAHs (2.14% of total PAHs), 3-ring PAHs (13.40% of total PAHs), 4-
ring PAHs (6.48% of total aPAHs) and 5-ring PAHs (77.98% of total PAHs). The inhalable particles 
(PM10) were predominantly composed of 5-ring PAHs (55.67% of total PAHs) followed by 4-ring 
PAHs (27.58% of total PAHs) and 3-ring PAHs (14.98% of total PAHs) as shown in Figure 5(a). 
These results show that adsorption of low volatile PAHs onto particle surfaces was easier than that 
of high volatile ones due to their volatile property.  This is closely related to the previous studies 
indicating that more than four aromatic rings readily adsorbed onto combustion aerosols [ 15-17] . 
However, only small amount of BgP, six-rings PAHs (0.41% of total PAHs) was observed. In this 
work, small amount of Nap attached on particles (1.36% of total PAHs) was detected even it is the 
most volatile PAHs. Several studies also found Nap in the particle phase [6, 36]. 
 

In this study, 16 PAHs were divided into four groups following the International Agency 
for Research on Cancer ( IARC) :  BaP as carcinogenic to humans ( Group 1) , DbA as probably 
carcinogenic to humans (Group 2A), Nap, BaA, BbF, BkF, InP and Chr as possibly carcinogenic to 
humans ( Group 2B) , Acy, Ace, Flu, Phe, Ant, Fla, Pyr and BgP as not classifiable as to its 
carcinogenicity to humans (Group 3)  [37] .  The fraction of PAHs bound on ultrafine particles was 
mainly classified as Group 2B ( 79. 59 %  of the total mass) , followed by Group 1 ( 10. 85 %  of the 
total mass) , and Group 3 ( 9. 56 %  of the total mass)  whereas Group 2A was not detected.  The 
fraction of PAHs bound on fine particles was dominantly classified as Group 3 (46.56 % of the total 
mass) followed by Group 2B (37.01 % of the total mass), Group 1 (13.03% of the total mass), and 
Group 2A (3.40 % of the total mass), respectively. The fraction of PAHs bound on coarse particles 
was mainly classified as Group 2B (75.15 % of the total mass)  followed by Group 3 (18.67 % of 
the total mass), Group 1 (6.18 % of the total mass) while Group 2A was not detected. The ratio of 
carcinogenic PAHs adsorbed on ultrafine particles was similar to that of coarse particles.  The 
fraction of PAHs bound on the inhalable particles ( PM10)  was primarily classified as Group 2B 
(53.45 % of the total mass) followed by Group 3 (33.86 % of the total mass), Group 1 (10.71 % of 
the total mass), and Group 2A (1.98 % of the total mass) as shown in Figure 5(b). The results reveal 
that some PAHs bound on particles during open burning of cable sheath were assessed as possible 
carcinogens to humans. 
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Figure 5. The ratios of 3-6 ring PAHs (a) and carcinogenic PAHs (b) adsorbed on particles during 
open burning of cable sheath 
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Table 2. Concentrations of 16 PAHs and B[a]Peq adsorbed on particles 
 

Compounds  TEF 

Cable sheath burning 
PAHs 

(ng m-3) 
B[a]Peq 
(ng m-3) 

Nap 0.001* 85.71  0.08571  
Acy 0.001* 29.99  0.02999  
Ace 0.001* 126.54  0.12654  
Flu 0.0005 55.88  0.02794  
Phe 0.0005 662.78  0.33139  
Ant 0.0005 68.67  0.03433  
Fla 0.05 888.88  44.44423  
Pyr 0.001 261.42  0.26142  
BaA 0.005 231.86  1.15932  
Chr 0.03 316.20  9.48589  
BbF 0.1 309.43  30.94302  
BkF 0.05 2,402.90  120.14512  
BaP 1 670.24  670.23810  
InP 0.1 n.d. n.d.  

DbA 1.1 124.11  136.52008  
BgP 0.02 25.86  0.51719  

Total   6,260.47  1,014.35  
Lifetime lung cancer risk 8.83E-02 

 
Note: TEFs derived from Larsen and Larsen [31] except TEFs* of Nap, Acy, Ace derived from 

Nisbet and Lagoy [30] 
E-02 means additional cases per 100 people exposed. 

 
Table 2 shows the concentrations of 16 PAHs bound on particles and BaP- equivalent 

during open burning of cable sheath. The concentrations of total PAHs and total B[a]Peq during wire 
burning were 6,260.47 ng m-3 and 1,014.35 ng m-3, respectively. The B[a]Peq value during burning 
of cable sheath significantly exceeded 1 ng m- 3 of the European Union’ s annual average standard 
[ 38] .  The estimated lifetime cancer risk was 8. 83E- 02 ( 8. 83 additional cases per 100 people 
exposed). The experimental results proposed that some PAHs released from open burning of cable 
sheath were established lung carcinogens resulting in high lung cancer risk, which is in consistent 
with the study of Wang et al. [19]. 

 
 

4. Conclusions 
 
The ambient particles during open burning of cable sheath comprised coarse particles (49.59 % of 
the total mass) and fine particles (38.96 % of the total mass), and ultrafine particles (11.45 % of the 
total mass) .  The particle size distributions were bimodal with one major peak in the coarse mode 
(5.8-4.7 m range) and another minor peak in the accumulation mode (1.1-0.65 m range). Total 
PAHs were dominantly bound on fine particles ( 58. 23% of the total PAHs)  followed by coarse 
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particles (30.30% of the total PAHs) and ultrafine particles (11.47% of the total PAHs), respectively. 
The inhalable particles mainly contained 5-ring PAHs (55.67% of total PAHs) followed by 4-ring 
PAHs (27.58% of total PAHs) and 3-ring PAHs (14.98% of total PAHs), respectively. Some of the 
PAHs were determined as possibly carcinogenic to humans (Group 2B). The average concentrations 
of 16 PAHs and B[ a]Peq during open burning of cable sheath were 6,260. 47 ng m- 3 and 1,014.35    
ng m- 3, respectively.  The estimated lifetime lung cancer risk during wire burning was 8. 83E-02 
(8.83 additional cases per 100 people exposed). The exposure of PAHs adsorbed on particles during 
open burning of cable sheath was potentially high risk for developing lung cancer. 
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Abstract 
 
In this study, we analyzed SEIR model for human and SEI model for mosquitoes. We considered 
the development of dengue infection from dengue fever (DF) to dengue hemorrhagic fever (DHF). 
The stability of the endemic equilibrium and the disease-free equilibrium states are incurred by 
Routh-Hurwitz criteria. Numerical simulations for the model are used to solve a system of 
differential equations. It showed that the local stability for disease free states and endemic states 
depended on the basic reproductive rate of the disease. The results of this study is recommended as 
an effective control measure for reducing the transmission of dengue disease. 
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1. Introduction 
 
Dengue is a violent infectious disease that occurs in tropical and sub-tropical regions, being one of the 
average harsh arthropod borne viral disease in group of human death and morbidity [1-5]. Dengue 
occurs due to an infection of virus in the Flaviviridae Family. Four serotypes of the dengue virus, 
namely DENV-1, -2, -3 and -4 have been identified as the main causes of the infection. An infection 
with any type of these viruses may be asymptomatic or causing temperature sickness known as dengue 
fever (DF). Such epidemic occurs due to atmosphere change and limited understanding of the 
degenerate native of the dengue disease. The World Health Organization (WHO) has reported 
approximately 50 -100 million cases globally, including 50,000 cases infected with dengue 
hemorrhagic fever (DHF) or dengue shock syndrome (DSS) annually [1, 6-12]. The main prevalence 
of this epidemic disease is in Central America, Southeast Asia and South Asia [11-16]. 
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 Since preliminary symptoms of the DFF/DSS and DF are similar, a relatively short period of 
infection further complicates the diagnosis of the disease, as well as of the possible person having the 
capacity of spreading severe transpiration, DHF represents a separate pathophysiological procedure or 
is only the opposite end of a continuation of identical diseases. DF follows a change from the normal 
but rather a danger self-inclined course. DHF may show as a relatively mild infection at first but can 
quickly develop into life-menacing disease as fever reduces.  DHF can mainly be distinguished from 
the usual dengue fever due to three predictable classification phrases [4, 13]. 

 WHO classifies the type of DF based on the severity of illness. Classic dengue fever “break 
bone fever” is identified by beginning of a high fever. The symptom appears 3 to 14 days after the 
biting of infected mosquitoes. The characteristics of DF are myalgia, headache, rash and arthralgias. 
As the fever begins to subside 3 to 7 days after first appearance of the symptom, the patient may 
have complete resolution of symptoms, or go on to develop DHF. It assorts dengue virus as with or 
without forewarning covenant (aching belly, retaining, severe vomiting, mucosal hemorrhage, 
nausea and sleepiness, high hematocrit with low thrombocytes) and violent dengue (violent plasma 
puncture, violent hemorrhage, or stalk naught) [9, 13-18]. Cases of DHF are defined by four 
characteristics: recent history of any hemorrhagic manifestation fever, thrombocytopenia and 
evidence of increased vascular permeability. Cases of dengue shock syndrome meet the four criteria 
for DHF but also show signs of circulatory failure, rapid, narrow pulse pressure such as a weak pulse 
or hypotension. The risk of progression to DHF or DSS is increased in secondary infection when 
the individual has been infected previously by a different virus serotype [16-21]. 

 Many researches have applied mathematical model to describe the transmission of dengue 
fever. The work of Sungchasit and Pongsumpun [8] used SEIR model to describe the transmission 
of dengue disease between human and mosquito in each season. SIR model was used to study the 
transmission of dengue infection with two types of mosquitoes such as Aedes aegypti and Aedes 
albopictus mosquitoes [22]. Changal et al. [17] studied about the clinical course and IgG/IgM ratio 
was used to separate the difference between primary and secondary infections. Esteva and Vargas 
[7] used SIR model for describing the transmission of dengue fever in a constant human population 
and variable vector population. Syafruddin and Noorani [14] studied the system of differential 
equations for the dynamics of SEIR model for DF. For more detailed prediction of the epidemic, it 
is necessary to examine the higher order moments, namely the variance of the number of infected. 
The predictability of mean-field models depends on the variations around the mean [22-25]. In this 
work, we focus on the mathematical model of dengue disease with the development of dengue 
infection from DF to DHF. 

 
 

2. Mathematical Model 
 
We use mathematical model to formulate the dynamical equations between human and mosquito 
populations. The development of dengue infection from DF to DHF is considered. We separate the 
human population into 4 groups, namely Susceptible group (S), Exposed group (E), Infectious group 
(I) and Recovered group (R). The infectious group is further subdivided into two subclasses; those 
infected with DF and those whose disease has morphed into DHF. The mosquito populations are 
subdivided into 3 groups, namely Susceptible group (S), Exposed group (E) and Infectious group 
(I) because the mosquitoes do not recover from infection. The basis of evidence is that all human 
population and mosquito population possess fixed rate sizes [6-8, 15, 17]. The characteristics of 
dengue fever transmission can be described through a state transition diagram as shown in Figures 
1-2 [7, 17, 21]. The variables and parameters for model is explained in Table 1. 
 



Current Applied Science and Technology Vol. 19 No. 2 (May – August 2019) 

156 
 

 
Figure 1. The state transition diagram for the human population 

 
 

 

 
 

Figure 2. The state transition diagram for the mosquito population 
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Table 1. The variables and parameters in model 
 

Variables/ 
parameters 

Description 

hS  The number of susceptible human population 

hE  The number of exposed human population (infected but not yet 
transmit the dengue virus)

1hI  The number of DF patients 

2hI  The number of DHF patients 

hR  The number of recovery human population  

vvS  The number of susceptible mosquito population 

vvE  The number of exposed mosquito population (infected but not yet 
transmit the dengue virus)

vvI  The number of infectious mosquito population  

hh
 

The birth rate of human population 

hh
 

The death rate of human population 

TN  The total human population 

hh
 

The transmission probability of dengue virus from mosquito to 
human

IP

1
 

Incubation rate of dengue virus in human population  

1 The recovery rate of DF cases 

2  The recovery rate of DHF cases 

vv  
The transmission probability of dengue disease from human to 
mosquitoes 

  The rates of change from DF cases to DHF cases 
BB The recruitment rate of mosquitoes 

vN  
The total mosquitoes 

vv  
The death rate of mosquitoes 

EP

1
 The incubation rate of dengue virus in mosquito population 

 
From the state transition diagram of Figure 1, the following system of differential equations is 
written for the human population. 
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Similarly, the state transition diagram of Figure 2 admits the following system of differential 
equations for the mosquito population. 
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Therefore, the rate of changes for total human and mosquito populations is equal to zero. From  
 
Setting                    and                , we can have   𝜇௛௛ ൌ 𝛿௛௛.    Birth rates and death rates are 
 
equivalent for human population. For mosquito population, we have   𝜇௩௩ ൌ  𝐵𝐵. 
 
We introduce the normalized variables 
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, then the reduced equations become 
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with the conditions 
121  hhhhh RIIES

and 
1 vvvvvv IES

. 
 
 

3. Analysis of Mathematical Model 

 
We analyze the formulated model and described the variant region and the positive of solutions. 
The feasible solution set of systems enters the region with the initial conditions as follows: 

}1;10:),,,,,{( 2121  vvvvhhhhvvvvhhhh IEIIESIEIIES . 

We will just define the conditions for local stability through an analysis of the boundaries of the 
areas where the equilibrium points are in   [22]. 
 
3.1 Equilibrium points 
 
The equilibrium points are incurred by setting the righthand side of equations (9)-(14) equal to zero. 
We obtained the equilibrium points as follows: [7, 22] 
Disease free equilibrium point: 
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3.2 Stability analysis 
 
Theorem 3.2.1 Disease free equilibrium point of the method is locally asymptotically stable if 

0 1R   and unstable if 0 1R  . 

Proof:  We consider the equations 
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The eigenvalues are computed from the solutions of the characteristic equation 0S I  , where 

S is the Jacobian matrix at the equilibrium point and I is the identity matrix of dimension 6x6. If all 
the eigenvalues have negative real parts, then the equilibrium point is locally stable [7]. 
 

 The Jacobian matrix evaluated at )0,0,0,0,0,(0
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The characteristic equation is given as  
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All six eigenvalues possess negative real parts if they satisfy the Routh-Hurwitz criteria. Hence, the 
equilibrium point is locally asymptotically stable if the following conditions are satisfied [7-9, 11, 
13, 19]. 
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The conditions of equations (27)-(30) are investigated numerically. Figure 3 plots the 
results of this investigation. It is evident that if R0 < 1, the Routh-Hurwitz criteria is satisfied.  

 

 

 
 

Figure 3. The parameter spaces of disease-free equilibrium point that influences  

the Routh-Hurwitz criteria with the value of parameters; 178.01  , 1/ (365*74)hh  ,

5.0hh , 8.0vv , 2 0.4  , 87.0EP , 001.0 , 09.0IP , 100,000TN  ,

000,5vvN  

 
Each subfigures of Figure 3 shows the values for each condition of equations (27)- (30) 

where the parameter 1A is changed and the other parameters are kept fixed.  It is evident that the 

Routh-Hurwitz situations are satisfied for the case of 10 R .  

 

Theorem 3.2.2   If 10 R , the endemic equilibrium stable 1P  is locally asymptotically stable. 

Proof: The Jacobian matrix is evaluated on the endemic equilibrium point 
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The six eigenvalues are again found from solving the characteristic equation. 
 

 

The solution of equation (31) will yield negative real parts if the Routh-Hurwitz criteria is satisfied, 
i.e. the conditions of equations (27)-(30) are satisfied with Ai = Di, i = 1, 2, 3, 4, 5 and 6. 

To simplify the computations, numerical analysis into conditions laid out in equations 
(27)-(30) was conducted in similar fashion to the disease-free case. Figure 4 plots the results of the 
investigations. It is seen that the Routh-Hurwitz criteria will be satisfied for R0 > 1.   

From Figure 4, the Routh-Hurwitz conditions are satisfied in the case of 0 1R  . Each 

Figure shows the values for each condition when there is the variation of the parameter 1A . We can 

see that the Routh Hurwitz criteria of equations (27)-(30) are again satisfied. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6 5 4 3 2 1

1 2 3 4 5 6 0D D D D D D                      (31) 
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Figure 4. The parameter spaces in support of endemic equilibrium point which convinces  

the Routh - Hurwitz criteria with the values of parameters; 178.01  , )74*365/(1hh , 5.0hh ,

8.0vv , 4.02  , 87.0EP , 006.0 , 09.0IP , 000,600TN , 000,30vvN  

 
3.3 Numerical Simulation 
 
From practical point of view, numerical results are very important for any analysis. In our study, we 
suggested the mathematical model in support of dengue disease considering the development of 
dengue disease from DF to DHF. We also performed the numerical solutions by using set of 
parameter values. We considered the dynamics of our model for both disease-free and endemic 
states. The parameter values used in this study are given in Table 2. The numerical results are shown 
in Figures 5-7 [6, 8, 11, 13, 15, 17]. 
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Table 2. Parameters used in simulations for secondary dengue fever. 
 

 
 
 
 
 
 
 
 

Parameter Biological meaning Values 

hh
 

The birth rate of human population 1

(365*74)
per day 

hh
 

The death rate of human population 1

(365 * 74)
 per day 

TN  The total human population 300,000 per day 

hh
 

The transmission probability of dengue virus from mosquito to 
human 

0.01 – 0.009  

IP

1
 

The incubation rate of dengue virus in human population 0.01 – 0.000009 per day 

1 The recovery rate of DF cases 0.1 – 0.09 per day 

2  
The recovery rate of DHF cases 0.1 – 0.9 per day 

vv
 

The transmission probability of dengue disease from human to 
mosquito  

0.1 – 0.99  

BB The recruitment rate of mosquitoes  0.1 – 0.9 per day 

vvN
 

The total mosquitoes 200 - 100,000 per day 

vv
 

The death rate of mosquitoes 0.1 – 0.0007 per day 

EP

1
 

The incubation rate of dengue virus in mosquito population 
0.01 – 0.0087 per day 

  The rates of change from DF cases to DHF cases 0.1 - 0.9 per day 



Current Applied Science and Technology Vol. 19 No. 2 (May – August 2019) 

166 
 

 
 

                         (aa)                                                                         (ab) 
 

 

(ac) 
 

Figure 5. The time series of each population group 
 

                                             (aa) The time rate of change for the susceptible human population, 
                                    (ab) The time rate of change for the exposed population (infected   

                    but not yet transmit the dengue virus) at time, 
         (ac) The time rate of change for the DF patients, 

            (ad) The time rate of change for the DHF patients, 
                                             (af) The time rate of change for the exposed mosquitoes (infected  
                                                    but not yet transmit the dengue virus) at time, 

                        (ae) The time rate of change for the infectious mosquitoes 
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                                          (ad)                                 (ae)     
 

 
          (af) 

 
Figure 5. (cont.) The time series of each population group  

 
 
 The disease-free equilibrium is locally stable in support of the choice of parameter values 

within Table 2. The parameters used to generate the plots of Figure 5 are 178.01  ,  

)74*365/(1hh , 005.0hh , 009.0vv , 8.02  , 87.0EP , 04.0 , 

09.0IP , 100,000TN  , 000,3vvN , respectively. 
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                             (a)                   (b) 

 

 
                           (c) 
 

Figure 6. The time series of each population group 
 

                                            (a) The time rate of change for the susceptible human population,  
                                            (b) The time rate of change for the exposed population (infected  
                                                  but not yet transmit the dengue virus) at time, 
                                            (c) The time rate of change for the DF patients, 
                                            (d) The time rate of change for the DHF patients, 
                                            (f) The time rate of change for the exposed mosquitoes              
                                                  (infected but not yet transmit the dengue virus) at time, 
                                            (g) The time rate of change for the infectious mosquitoes. 
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                                                  (e)                                      (f)                          

 

        (g) 

Figure 6. (cont.) The time series of each population group 
 
 The endemic equilibrium is locally stable within support of the choice for parameter values 

within Table 2. The parameters used to generate the plots of Figure 6 are 178.01  , 

)74*365/(1hh , 009.0hh , 0008.0vv , 9.02  , 87.0EP , 9.0 ,

0006.0IP , 000,100TN , 000,3vvN , respectively.  
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                                          (aa)                                                                   (ab) 

 
           (ac) 

Figure 7. Numerical solution of (15)-(20) demonstrates the solution trajectory for  
each pair of population group(aa) The solutions projected onto the coordinates (Sh, Eh) 

(ab) The solutions projected onto the coordinates (Sh, Ih1)  
(ac) The solutions projected onto the coordinates (Sh, Ih2) 
(ad) The solutions projected onto the coordinates (Sh, Ev) 
(ae) The solutions projected onto the coordinates (Sh, Iv) 
(af) The solutions projected onto the coordinates (Eh, Ih1) 

                             (ag) The solutions projected onto the coordinates (Eh, Ih2) 
                (ah) The solutions projected onto the coordinates (Eh, Ev) 
                (ai) The solutions projected onto the coordinates (Eh , Iv) 
 

   
                             (ad)                                                                          (ae) 
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                 (af) 
 

 
                      (ag)                                                       (ah) 

 

 
            (ai) 

 

Figure 7. (cont.) Numerical solution of (15)-(20) demonstrates the solution trajectory for  
each pair of population group 

 
 The endemic equilibrium is locally stable in support of the choice for parameter values 

within Table 2. The parameters used to generate the plots of Figure 7 are 178.01  , 

)74*365/(1hh , 009.0hh , 0008.0vv , 9.02  , 87.0EP , 9.0 , 

0006.0IP 000,100TN , 000,3vvN , respectively. 
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4. Conclusions 
 
In this paper, we analyzed the SEIR model for human populations and SEI model for mosquito 
population. The model is considered by taking infection times (primary and secondary infections) 
into account. The results are to predict the developing tendency of disease and recovery. The model 
equations were solved analytically. We obtained the basic reproductive number R0, when 0 1R  . 

The trajectory approaches the disease-free equilibrium point such as indicated within Figure 5. The 
trajectory solutions approached to the endemic equilibrium point as shown in Figure 6. The R0 is 
given as follows: 

                
)1()()()1(
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NN
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

                        (32) 

 

 Based on the epidemiological data, we estimated R0 for the dengue sequential infection in 
Thailand. The implication of this point is to feasible defect for the model.  
 Next, we compare the behavior solutions of each population group between SEIR and SIR 
model for human population. The basic SIR model is derived simply by removing the exposed 
human population compartment Eh. Specifically, equations (1)-(5) are now rewritten as follows: 
 

   
hhhvvhhhThh

h SISN
dt

dS
                (33) 

  1
11 1 1

h
hh h h hvhh h

dI
S I I I I

dt
                     (34) 

  
2221

2
hhhhh

h III
dt

dI
                (35) 

  
hhhhh

h RII
dt

dR
  2211

              (36) 

 

 The parameters used to compute the behavior solutions of equations (33)-(36) are kept the 
same as the SEIR model. Figure 8 (i) plots the responses of the SEIR model, while Figure 8 (ii) plots 
the responses of the SIR model of equations (33)-(36). We can see that the solutions of SEIR model 
converge to the equilibrium states faster than SIR model. The parameters of SIR model are the same 
as in SEIR model. 

For the simulation seen in Figure 8 (iii) for SEIR model and (iv) for SIR model, the existing 
only in the imagination part of the complex roots is roughly 0.002698 and 0.014759. Thus, we can 
forecast the period with the oscillations as they approach P1 by method of the solutions of the 
linearized system, acquiring 2 / 0.002698 6.38   years and 2 / 0.014759 1.17  years, 

respectively. 
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(i) Behavior in structured SEIR model 
 

Figure 8.  Plot of number of susceptible and infected humans in SEIR model and SIR model 
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(ii)  Behavior in structured SIR model 

 
 

Figure 8. (cont.) Plot of number of susceptible and infected humans in SEIR model and SIR model 
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(iii) Behavior in Ih1 and Ih2 structured SEIR model    (iv) Behavior in Ih1 and Ih2 structured SIR model 
 

Figure 8. (cont.) Plot of number of susceptible and infected humans in SEIR model and SIR model 
 

          (i) The time series for each of population group for the SEIR model. The parameters  

                are 178.01  , )74*365/(1hh , 007.0hh , 0003.0vv , 8.02  ,  

               5.0 , 100,000TN  , 5,000vvN  , 0.09EP , 0.0008IP  and 47.150 R .  

               The solutions converge in support of the endemic disease state (0.0000455,0.15546,  
               0.0000979, 0.000002448, 0.36766, 0.004406).  It is seen that the solutions oscillate  
               to the endemic disease state. 
        (ii) The time series of each population group for the SIR model. The parameters are  
               1 0.178  , 1/ (365*74)hh  , 0.007hh  , 0.0003vv  , 2 0.8  , 5.0 ,  

              100,000TN  , 5,000vvN  and 0 19.17R  . This model has no hhE  and vvE . The  

               solutions approach to the endemic disease state (145.95425, 0.0299943, 0.00003742,  
               0.001838).  We can see that the responses oscillate to the endemic disease state. 
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Abstract 
 
One of the tools used worldwide nowadays for achieving sustainable development is “Life cycle 
assessment.”  This tool is being used to assess and compare environmental impacts of products or 
services through their entire lifetime. Researchers and environmental experts in both academia and 
industry are using Life cycle assessment (LCA) as it presents a quantitated and qualitative tool that 
reflects the environmental impacts.  In spite of this, it was noted that limited studies employed this 
important tool in Egyptian cases.  The goal of this review paper was to identify potential usage of 
LCA in Egypt. This was done by evaluating the conducted studies concerning this area in Egypt and 
main gaps and challenges were determinined, accordingly.  Improvement options and future 
requirements for using LCA in Egypt would then be recommended. 

In order to assess the statues of the LCA studies in Egypt, the published documents by both 
national and international scholars related to LCA cases conducted in Egypt during the period of 
2006 till 2019 were collected and reviewed.  It was found that 39 documents were published 
concerning this area. The published documents covered seven main area of studies namely; building 
and construction materials, aquaculture farming, energy, industrial manufacturing, transportation, 
water treatment and waste handling.  Top publications were in the building and construction 
materials field accounting for 44%  of the total publications followed by energy, aquaculture 
farming, waste handling strategies, and industrial manufacturing of textile and packing materials 
(13%, 13%, 13 and 8% of the total publications, respectively). The main benefits as well as gaps of 
the conducted studies were discussed for each area. Current concerns, need of future studies as well 
as related recommendation and suggestions were also presented. 
 
Keywords: Life cycle assessment, sustainable development, Egypt 
DOI 10.14456/cast.2019.15 

 
 

1. Introduction 
 
In view of the increasing awareness concerning environmental issues worldwide, several techniques 
were developed to assess the environmental impacts and assist in mitigating and minimizing the 
negative impacts.  Life cycle assessment ( LCA)  is one of techniques developed for these issues. 
LCA is employed to estimate the environmental impacts of products, services or systems 
considering all inputs from raw materials, water, energy and outputs from end product, air 
emissions, liquid discharge and solid wastes.  LCA studies are used to identify the main points of  
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environmental concern in a product or service life cycle to improve them.  They can also assist 
decision makers in the industrial sector as well as policy makers in setting priorities, strategic 
planning and product design [1]. 

LCA methodology was introduced for the first time to the research community in the late 
1960s, then developed by many countries [2]. International standards on “Environmental 
management of life cycle assessment” were developed for understanding and frame working usage 
of this important tool.  ISO 14041:1998 [3] was the first developed standard and it clarifies what is 
meant by LCA goal and scope. In addition, it explains how to design the system model, the inventory 
analysis and data collection. It was followed up in 2000 with ISO 14042: 2000 [4] which served as 
a guide to understand the life cycle impact assessment phase and its relation to other phases and ISO 
14043 [5]  was established to help explain the results and data obtained from previous phases. 
Furthermore, ISO14040: 2006 [1] describes the principles and frameworks of life cycle assessment 
including its four main phases; the goal and scope, life cycle inventory, impact assessment, and data 
interpretation. As presented in Figure (1), ISO14044: 2006 [6] is the last version of the standards. 
This ISO combines the three previous ones [3 - 5] and in combination with IISO 14044 [1] and 
replace them by presenting the requirements and guidelines for conducting LCA study. 
 
 

 
 

Figure 1. Conceptual framework on LCA [1] 
 

Nowadays many organizations have adopted the life cycle thinking and LCA studies are 
being conducted worldwide by researchers in universities, research centers and industrial plants. In 
Egypt, in spite of the increasing awareness and concern about environmental issues, there are limited 
studies on the use of LCA as a tool for environmental sustainability. 

This review article will attempt to evaluate the current status of LCA studies conducted in 
Egypt and to identify potential usage of LCA in future investigation.  The main objectives are to 
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identify conducted LCA studies in Egypt, determine main gaps and challenges in conducted LCA 
studies in Egypt and recommend improvement options and future requirements for using LCA in 
Egypt. 
 
Data Assessment 
 
In order to assess the conducted LCA studies in Egypt, the published literature was collected, 
classified and evaluated following the adopted methodology by various researchers [7- 9] as shown 
in Figure 2. The methodology consists of the following steps:  

a) Setting a time frame of required data. Data were collected from published documents related 
to LCA in Egypt from 2006 when the final international standard of LCA [1] was released till 
date 2019.  
b) Framing questions, three main questions were taken into consideration; How many 
documents were published related to LCA in Egypt?, What type of documents? and Which 
topics were covered?  
c) Identifying search criteria and conducting search. Search was done on “ISI Web of Science”, 
Science direct”, “ Scopus”, “ Google”, “ Google scholar”  and “ Research gate”  using the 
keywords “ Egypt”, “Life cycle assessment” and “LCA”. 
d)  Screening records, classification and evaluation of collected data.  The classification and 
evaluation would consider published documents such as “research papers” and “review papers” 
published in local journals, international journals or conference proceedings. Documents should 
be related to LCA in Egypt published during the period from 2006-2019. 

 

 
 

Figure 2. Data collection and evaluation methodology [7-9] 
 

Overview on LCA Publications Related to Egypt 
 
Summary of the published documents related to LCA in Egypt is presented in Tables 1 and 2. It was 
found that 39 publications were concerned on LCA studies in Egypt. Thirty-three papers were case 
study investigations using LCA as an environmental assessment tool and the rest were working 
papers or review papers.  Most of the documents (85% ) were published in international peer-
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reviewed journals, a few in conference proceedings (13 %) and only one (3%) in a national paper. 
Most of the conducted studies were done by national universities and research centers and only one 
research study by one holding company. This reflects the need to promote LCA as an environmental 
and sustainable tool within the private sector in Egypt. 
 
Table 1. Summary of local LCA studies in Egypt published during 2006 -2019 
 

Area of study Aim of study Reference Publication 
Type 

Affiliation  

 
Aquaculture 

Analyze the 
environmental impact 
of tilapia production 

in different 
production systems

[10], [11], 
[12]

International 
paper

Stockholm Resilience 
Center / WorldFish 

[13], [14] International 
paper 

Alexandria University  

 
 

Building and 
construction 

materials  

 
 

Assessing the 
environmental 

impacts of residential 
buildings and 

construction materials 

[15] Local paper Tanta University 
[16], [24], 
[25], [26]

Conference 
paper

 
Egypt-Japan University 

of Science and 
Technology (E-JUST) 

[17], [18], 
[19], [20], 
[21], [22], 
[23], [27], 

[28]

International 
paper 

[29] International 
paper

Cairo University  

[30]   International 
paper

Menoufia University 

A framework for 
incorporation of green 

building materials

[31] International 
paper 

Housing and Building 
National Research 

Center 
Transportation Estimating the 

environmental 
impacts of vehicles 

tires 

[32]   International 
paper 

 E-JUST 

Water 
treatment 

Assessing the 
environmental 

impacts of water 
systems 

[33] International 
paper 

Technische Universität 
Berlin, Germany 

  
Assessing the sewage 

sludge treatment 
process 

[34] International 
paper

National Water 
Research Center 

Waste 
handling 

[35] Conference 
paper 

Technische Universität 
Braunschweig, 

Germany 
[36] International 

paper
Mansoura University 

Comparing the waste 
handling scenarios of 
synthetic fiber waste

[37] International 
paper 

Alexandria University  

 



Current Applied Science and Technology Vol. 19 No. 2 (May – August 2019) 

181 
 

Table 1. (cont.) Summary of local LCA studies in Egypt published during 2006 -2019 
 

Area of study Aim of study Reference Publication 
Type

Affiliation  

 Assessing the 
potential use of 

some agricultural 
and industrial  

wastes as building 
materials 

[38] International 
paper 

National Research Center 

Identifying the 
impacts of different 
waste management 

strategies for 
recovery of used 

lubricating oil 

[39] International 
paper 

Alexandria Petroleum 
Company (APC) 

Industrial 
manufacturing 

LCA of aluminum 
foil packaging 

material 

[40] International 
paper 

Alexandria University 

Evaluating the 
environmental 

impact of textile 
materials 

[41] International 
paper

[42] International 
paper

Università Politecnica 
delle Marche, Italy 

Energy  Evaluating energy 
infrastructure and 

their impacts  

[43] International 
paper

School of Engineering, 
Kyushu University, Japan

[44] International 
paper

University of Hamburg, 
Germany 

[45] International 
paper

E-JUST 

[46] International 
paper

Beni-Suef University 

Assessing the 
environmental 

impact of renewable 
energy materials 

[47] International 
paper 

 Riga Technical 
University, Latvia 

Others The interplay of 
environmental 

assessment methods; 
and characterizing 

the 
institutional         

background in Egypt 

[48] International 
paper 

 The British University in 
Egypt (BUE)  

 
 
 
 
 
 



Current Applied Science and Technology Vol. 19 No. 2 (May – August 2019) 

182 
 

Table 2. Summary of local LCA studies in Egypt per type and affiliation 
 

Affiliation International 
Journal 

National 
Journal 

Conference 
proceedings 

Total % 
Name Country 

Alexandria University 

Egypt 

5 5 12.8 

Egypt-Japan University of 
Science and Technology  

(E-JUST) 
11 4 15 38.5 

Menoufia University 1 1 2.6 

Mansoura University 1 1 2.6 

Alexandria Petroleum 
Company (APC) 

1 1 2.6 

Cairo University 1 1 2.6 

National Research Center 
(NRC)

1 1 2.6 

Environment and Climate 
changes Research Institute 
National Water Research 

Center

1 1 2.6 

Tanta University 1 1 2.6 

Beni-Suef University 1 1 2.6 

British University in Egypt 
(BUE)

1 1 2.6 

Housing and Building 
National Research Center 

1 1 2.6 

Technische Universität 
Braunschweig, 

Germany 

1 1 2.6 

Technische Universität 
Berlin

1 1 2.6 

University of Hamburg 1 1 2.6 
Stockholm Resilience 

Center / WorldFish 
Sweden 3   3 7.7 

Riga Technical University Latvia 1 1 2.6 
Università Politecnica delle 

Marche 
Italy 1   1 2.6 

School of Engineering, 
Kyushu University 

Japan 1   1 2.6 

Total (Number) 32 1 6 39 100.0 

 
 
As per the covered topics, Table 3 summarizes the number and percentage of publications per area 
of studies.  Seven areas of studies were addressed in this study namely; aquaculture, industrial 
manufacturing, building and construction materials, transportation, energy, water treatment and 
waste handling. 
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Table 3. Number of local LCA publications per covered area of studies  
 

Area of study  
Number of 

Publications %  

Aquaculture  5 13% 

Industrial manufacturing 3 8% 

Building and construction materials 17 44% 

Transportation 1 3% 

Water treatment 1 3% 

Waste handling 6 15% 

Energy  5 13% 

Other 1 3% 

Total  39 100% 
 
 
Cover Areas of Study, Related Challenges and Gaps  
 
1) Building and construction materials  
LCA publications related to building and construction materials were the major area of publications, 
accounting for 44% of the total published documents. Publications in this area include assessments 
in several case study that aimed to estimate the carbon emissions or evaluate the environmental 
impacts of local building construction in several locations across Egypt [ 19, 24, 29]  when the 
environmental impacts of various construction materials such as cement, bricks [16, 18, 21-23, 25-
26] , sidewalk pavement [ 27, 30]  and pile foundation [ 28]  were compared.  One study employed 
LCA as a support decision tool in green building design [20]. The concerns about the impacts of the 
building and construction sector on the environment have arisen recently due to the continued 
expansions and constructions by both private and public sectors in different areas across Egypt. 
However, the conducted LCA studies in this area until now have focused only on modeling the 
environmental impacts of the cases in question without taking the cost analysis or social impacts 
into consideration.  Thus, the sustainability of this expanding sector should be taken into 
consideration.  

Furthermore, the development or usage of green building materials as an ecofriendly 
alternative to conventional building materials was not addressed properly.  The only study in this 
area was conducted by Garas et al. [28] who investigated the impacts of using some agricultural and 
industrial waste, i.e.  rice straw cementitious bricks, rice straw bales, and concrete mix with granite 
waste building materials as building materials for the construction industry.  Based on their results 
they found that used waste for developing new eco- friendly building materials can significantly 
reduce the negative environmental impact of the construction industry. However, the related impacts 
differ for each case study. In agreement with Ay-Eldeen et al. [28] and Azouz [31], there is a need 
for database on alternatives for eco-friendly building. The usage of agricultural and industrial wastes 
as building materials will reduce the waste handling problems, reduce production costs and 
minimize negative environmental impacts of the construction industry.  Future LCA studies in the 
area of building and construction materials should address this issue with more focus on other 
agricultural and industrial wastes for different construction application (buildings and roads). 
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2) Energy  
Due to the energy crisis worldwide and global interest in replacing the dependence on fossil fuels 
and ongoing attempts to replace it by renewable energy sources, LCA studies related to energy are 
gaining more and more importance.  The published documents related to this topic and Egypt 
represents 13%  of the total publications, these studies were done at different levels.  The studies 
conducted by Aly and Managi [ 43]  and Shaaban et al.  [ 44]  employed LCA to assist the policy 
decisions making by assessing the energy infrastructure and their impacts on societies’  capital 
assets. The studies highlighted the positive potential of using different energy and renewable energy 
systems.  

Technology oriented studies presenting the potential impacts of applying different energy 
sources were conducted by Armanuos et al.  [ 45]  and Menoufi et al.  [46] .  Armanuos et al.  [ 45] 
compared between the environmental impacts of running an irrigation system for rice cultivation by 
diesel fuel pumps verses solar pumps.  They declared that the usage of solar pumps was more 
ecofriendly and reduced the overall impacts. Their study took the cost analysis factor which would 
be of most importance when introducing such a technology. Menoufi et al. [46] compared between 
the potential impacts and energy performance of two photovoltaic systems “ Building Added 
Concentrating Photovoltaic ( BACPV) ”  and a “ conventional Building Integrated Photovoltaic 
(BIPV)”. They presented the novel design related environmental impacts and payback. Their study 
reflected the potential usage of novel solar energy systems and promoted its employment, which 
seems a promising solution for using renewable energy in Egypt.  

The potential impacts of using novel materials for biodiesel production was addressed by 
only one study [47]. Fawzy et al. [47] conducted LCA study to model a novel Egyptian system for 
biodiesel production from Jatropha using waste water in unused desert land.  Their results showed 
the environmental benefit of using Jatropha for biodiesel production.  However, the cost analysis 
and social impacts were not addressed in this study.  Similar studies using other novel materials 
including agricultural and industrial waste materials for biofuel production are strongly 
recommended for future studies.  Using hybrid systems of biomass and solar energy can be a 
potential area of future studies as well. 
 
3) Aquaculture 
Egypt is considered as the top producer of farmed tilapia in Africa and one of the top ten worldwide 
[ 13- 14] .  Aquaculture farming is a very important industry in Egypt that has been expanding over 
the last few years [13-14]. Published LCA studies related to aquaculture in Egypt represented 13% 
of the total. Aquaculture farming of tilapia and environmental assessment of its production systems 
were the main concern of the studies in this area.  “Nile tilapia”  is considered as one of the most 
important sources of cheap protein in Egypt.  The author of the studies [ 10 - 14]  agreed that both 
energy consumption for fish feed production and aeration of aquaculture farming ponds together 
with the production of fish feed were the main contributors to the environmental impacts of this 
industry.  In order to reduce the negative environmental impacts, they suggested to adopt energy 
saving practices by better energy management of the aquaculture farm to reduce the overall energy 
consumption.  In addition, they emphasized on the need to use novel fish feed formulas and new 
ingredients.  In agreement with researchers [ 10 - 14] , the use of local ingredients for fish feed will 
reduce the overall footprint of the aquaculture production cycle.  The cost benefits as well as the 
impacts on the surrounding society has to be taken into consideration since it will be an opportunity 
for jobs’ creation. 
 
4) Water, wastewater treatment and waste handling  
Mahgoub et al. [33] conducted LCA study on the environmental impacts of water systems in Egypt. 
For wastewater treatment, comparative studies for different handling strategies at industrial and city 
levels were covered by 15% of total LCA publications related to Egypt. At city level, the conducted 
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studies evaluated the environmental impacts of wastewater treatment processes in Alexandria city 
[ 35] , and the different treatment technologies in relation to cost analysis were compared [ 34, 36] .  
The possibility of using new technologies can be considered in future studies.  

At the industrial level, one study aimed to identify the preferable waste handling strategy 
for hazardous solid waste in synthetic textile industry [ 37] , different waste management strategies 
for recovery of used lubricating oil were evaluated by Hassanain et al. [39]. Garas et al. [38] used 
some agricultural and industrial waste materials for production of building materials.  The number 
of LCA studies related to waste handling is low in comparison to the number of industrial 
applications in Egypt.  Further waste management options for different products can be evaluated 
for achieving a more eco- friendly and sustainable industry.  Waste management strategies for 
handling different types of waste at city level can also be addressed.  These waste management 
strategies can address the preferable options for handling municipal solid waste and household waste 
by landfill, incineration, recycle or reuse. 
 
5) Industrial manufacturing 
Topics related to industrial manufacturing represented 8% of the total publications. The conducted 
studies addressed the environmental impacts of textile production [ 41, 42]  and packing materials 
manufacturing [40]. The studies suggested means for the improvement of current production process 
in order to obtain a more ecofriendly production, however, cost analysis and social impacts were 
not considered by any of these studies. Egypt is a major industrial country in the MENA region with 
many manufacturing facilities to meet the local demand and for exportation. The conducted studies 
only addressed the production of synthetic fabrics, cotton yarn and foil packing material, future LCA 
studies should focus on other products such as equipment manufacturing, different textile materials, 
food and dairy products, cement industry and so on. 
 
6) Transportation  
In spite of the important rule of transportation sector, huge impacts on environment and especially 
on energy consumption and climate change affected the society. Only one LCA related to this sector 
in Egypt was conducted [32]. Elkafoury and Negm [32] assessed the life cycle of vehicles tyres on 
Egyptian road network in order to estimate the environmental impacts of their production and 
consumption phases. 

With only one conducted LCA study in this sector the area is open for further studies. The 
potential of reducing greenhouse gases ( GHG)  emissions and mitigating related climate change 
impacts using alternative routes and methods for products transportation can be addressed [ 49] . 
Furthermore, the potential of reducing fossil fuels consumption by using alternative renewable 
energies is a rich area for investigation as well. 
 
Towards Promoting LCA Studies in Egypt  
 
LCA proved to be an efficient tool for researchers, engineers who design products and decision-
makers in the industry as well as policy makers [ 6] .  This important tool should be employed in 
Egyptian studies more frequently.  Main gaps of each area of study and related improvement and 
future need of studies were illustrated in the previous section. The main challenges that face further 
usage of LCA as a tool for sustainability in Egypt are the lack of local experts and the awareness 
about this important tool limits its utilization [49]. In agreement with Yacout [49], capacity building 
workshops and scientific events such as conferences can be organized to promote benefits of this 
tool on how to employ it and to connect between international experts in this area and national 
researchers.  
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Data limitations, in terms of unavailability of recent local data for conducting the research 
and for benchmarking of results is a challenging point for consideration.  The availability of data is 
a key factor for conducting any LCA [50]. In this case, data has to be collected from case studies by 
the research group that could be subjected to some uncertainty.  In order to minimize bias, data 
analysis for uncertainty has to be taken into consideration [51]. Additionally, the absence of a local 
database, a National Egyptian Life Cycle Inventory ( NELCI)  database is required to standardize 
LCA research studies in Egypt.  In Agreement with various researchers [ 17, 31, 41, 50- 51] , the 
development of a NELCI is a must to obtain more accurate results concerning LCA studies in Egypt. 

 
 

2. Conclusions 
 
Life cycle assessment is an efficient tool for environmental sustainability worldwide.  However, 
limited investigations employed LCA in Egyptian studies.  The current status of LCA studies 
conducted in Egypt was evaluated for potential usage of LCA in future investigations.  Conducted 
LCA studies in Egypt were identified. Determination of main gaps and challenges and recommend 
improvement options and future requirements for using LCA in Egypt were also analysed by 
reviewing the published documents concerning LCA in Egypt.  The covered areas of study were 
identified as well as the main gaps and challenges. Areas of concern and topic to be addressed were 
suggested for future studies in each study area.  Improvement options for promoting LCA usage as 
a tool for sustainable development in Egypt were presented as well. 
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Abstract 

This research aims to develop the average control chart  ( x chart ) using the shape parameter of 
the Inverse Gaussian Distribution by Bayesian Estimation for estimating mean and variance, and to 
compare the process potential capability (Cp)   and the actual process capability index (Cpk)   for 
Monte Carlo simulation with 10,000 replications assuming that the specification is  0.001.  The 
result shows that the process potential capability (Cp) and the actual process capability index  (Cpk)  

of the Adjusted x chart  using Bayesian Estimation of the shape parameter of the Inverse 

Gaussian Distribution for estimating mean and variance have more capability than the x chart
under the normal distribution when the sample size is less than 30.  For the sample size of 30, the 
two control charts have the indifferent capability process. 
 

Keywords:  Adjusted x chart , Bayesian Estimation, shape parameter, Inverse Gaussian 
Distribution 
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1. Introduction 
 
Statistical Process Control is a critical tool in maintaining the quality of products and services in the 
new manufacturing process to meet the standards that manufacturers and consumers require.  It is 
the highest satisfaction for the products and services in order to maximize profits in the long run. 
This will result in the company to be able to continue its quality control. Statistical methods are used 
to calculate and apply the results for decision-making in relation to the quality of products in various 
areas such as the development of products to meet the standards of the manufacturer itself and the 
development of product standards to have equivalent level to other manufacturers in the market [1]. 

The most widely used instrument for statistical quality control is a control chart that applies 
the attribute data such as p- chart and np- chart to estimate mean and variance under assumption of 
the data with Binomial distribution.  For the variable data, the control charts, like 
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, R-chartx chart  are used. Estimating mean and variance under the assumptions have a normal 
distribution [2-3].  
 The attribute control chart has broadly been developed. Quesenberry [4] proposed a Q 
Chart for binomial random variables for controlling the proportion of waste in the process. Khoo [5] 
offered a control chart for moving averages. De Oliveira et al. [6] and Ryand and Schwertman [7] 
proposed beta control chart. Their results showed that the Q control chart has more efficiency than 
the control chart controlling the proportion of waste in the process. 
 Moreover, Rungruang [8] compared the efficiency of 3 control charts which are beta, 
moving average and the queue control chart. When the data has a binomial distribution in the 
parameters n and p, the criteria used to compare the efficiency of the control chart is the average run 
length (ARL) of 240 simulating situations with replication of 10,000 times by Monte Carlo 
technique. It was found that when the process was under the moving averages and queue control 
charts, it was equally efficient without process control. For the beta control charts, it was more 
efficient in case of less number of waste with small variation. On the other hand, the moving average 
control chart was more efficient in case of large number of waste with large variation at all levels of 
sample size. 

 For the variable data, the widely used control charts are , R-chartx chart  to estimate 
mean and variance under the assumption of normal distribution. If the data is not normal distribution, 
the normal distribution in estimating mean and variance for controlling in the upper limit (UCL) and 
lower limit (LCL) will lead to high error of the estimations. So, we apply the shape parameter ( ) 
of the Inverse Gaussian Distribution by Bayesian estimation for adjusted mean and variation in 

average control chart ( x chart ). Moreover, we compare the process potential capability (Cp)  
and the actual process capability index (Cpk) for Monte Carlo simulation with 10,000 replications. 

 
 

2. Materials and Methods 
 
The Inverse Gaussian Distribution has right distribution (Figure 1). The probability density function 
is: 
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where   is the shape parameter ( ( )E X  ) and   is the scale parameter [9]. 

 
 

 
 
 
 
 
 
 
 
 

Figure 1 Probability density function of the Inverse Gaussian 
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The estimation of the shape parameter (𝛼) of the Inverse Gaussian Distribution by Bayesian 
estimation using Weibull as prior distribution can be derived as:  
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 Where ),...,,|,( 21 nWB xxxh   is posterior distribution, 

   ),:( xLIG  is likelihood function, 

  ),( g  is Weibull prior distribution, The probability density function is as: 
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WB exg   , 0x , 0 , 0                           (3) 

 

 The expectation of the parameter  is as:  
       

                                                    ),...,|(ˆ 1 nWB xxE                                                               (4) 

                                        



0

21 ),...,,|,(.ˆ  dxxxh nWBWB  [10].                                  (5) 

 The (5) equation is not integral in close form so we  cannot  find the posterior distribution. 

We use Lindley's Approximation [11] within square error loss, the equation for approximation is as: 

                              2 4
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1 1
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  Where 1   is the first Derivative of   by   

      2   is the second Derivative of   by   

        is natural Logarithm of Weibull Prior Distribution 

     1  is the first Derivative of   by   

      l    is natural Logarithm of Inverse Gaussian Distribution Function by   

     2l     is the second Derivative of  l  Function by   

     3l    is the third Derivative of  l  Function by   
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The variance of the shape parameter ( ) has the following formula 
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 We obtained the estimator of mean and variance of the shape parameter in the Inverse 

Gaussian Distribution.  We adjusted mean and variance of the formula of average control chart  

( x chart ). The formula of x chart  is as: 
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 Then, we replaced  ˆ
WBX   and ˆ( )WBVar   

The formula of the adjusted x chart  is as : 
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 So, we calculate the process potential capability ( pC  ) and actual process capability index 

( pkC )   with in assume that the specification is  0. 001.  The formula of the process potential 

capability ( pC  ) is as : 

 
                                                            (16) 

 

   where  upper specification limit USL   

              specification limit LSL lower  

  For the actual process capability index ( pkC ) the formula is as : 
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 Cp =  Process Capability. A simple and straightforward indicator of process capability. 
 Cpk  =    Process Capability Index.  Adjustment of Cp for the effect of non-centered distribution. 
 
 Afterwards, simulation in R program was implemented supposing that

0.01,0.02,0.03,0.04,0.05  ( the Copper plating process in Gravure Printing was stopped 

when the values exceed) , 5,10,15, 20, 25,30n  for 10,000 replications and calculating the 

process potential capability ( pC  )  and the actual process capability index ( pkC ) , assuming that 

specification  is  0.001 because this can be accepted by customers.  The criteria of pC and pkC
are not less than 1 for the process ability to be accepted (ISO/TS 16949). 

 
 

3. Results  
 

The simulation was computed by Monte Carlo from 30 situations ( = 0.01, 0.02, 0.03, 0.04, 
0.05 and n  =  5, 10, 15, 20, 25, 30)  with R Program of 10,000 replications in specification 

 0. 001. Furthermore, the process potential capability ( pC  )  and  the actual process capability 

index ( pkC )  of the average control chart ( x chart )  under normal distribution and adjusted 

p
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average control chart (  Adjusted x chart )  under Inverse Gaussian Distribution with shape 
parameter ( ) were calculated. The results were as follows: 

 In case of 5n  , the Adjusted x chart  has more capability in process than the 

x chart  in customer requirement in parameter 0.04  ( 1.63pC  , 1.47pkC  )  and 

0.05   ( 1.76pC  , 1.22pkC  )  but the x chart  has no capability in process for 

customer requirement. 

 In case of 10n  , the Adjusted x chart  has more capability in process than the 

x chart  in customer requirement in parameter 0.01,0.02,0.03,0.04,0.05  (all 

situations)  and  the x chart  has capability in process for customer requirement in parameter 

0.01   ( 1.53pC  , 1.25pkC  )  but the other case of the x chart  has  no capability in 

process for customer requirement. 

 In case of 15n  , the Adjusted x chart  has more capability in process than the 

x chart  for customer requirement in parameter 0.01  ( 1.30pC  , 1.23pkC  ) , 

0.02  ( 1.45pC  , 1.32pkC  )  and 0.03  ( 1.73pC  , 1.34pkC  )  but the  

x chart has capability in process for customer requirement in parameter 0.01  1.25pC  , 

1.13pkC  ) and 0.02  ( 1.78pC  , 1.56pkC  ). 

 In case of 20n  , the Adjusted x chart  has more capability in process than the

x chart  for customer requirement in parameter 0.01,0.02,0.03,0.04,0.05  (all 

situations) , but the x chart  has capability in process for customer requirement in parameter 

0.01  ( 1.17pC  , 1.01pkC  ) , 0.03  ( 1.79pC  , 1.35pkC  )  and 0.04     

( 1.87pC  , 1.42pkC  ).  

          In case of 25n  , the Adjusted x chart  has more capability in process than the

x chart  for customer requirement in parameter 0.01  ( 1.70pC  , 1.35pkC  )  and  

0.02   ( 1.76pC  , 1.36pkC  )  but the x chart has capability in process for customer 

requirement in parameter 0.04  ( 1.80pC  , 1.55pkC  )  and 0.05  ( 1.89pC  , 

1.40pkC  ).  

          In case of 30n  , the Adjusted x chart  and the x chart  have capability in process 
for customer requirement in all situations (Table 1 and Figure 2). 
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Table 1. Situations for comparing pC , pkC  in x chart  and Adjusted x chart . 

Situations Type of Control Chart 

x chart  Adjusted x chart  

n   
pC  pkC  pC  pkC  

5 0.01 0.85 0.72 0.82 0.97 

 0.02 0.87 0.73 0.78 0.88 

 0.03 0.75 0.66 0.78 0.67 

 0.04 0.93 0.85 1.63** 1.47** 

 0.05 0.98 0.86 1.76** 1.22** 

10 0.01 1.53** 1.25** 1.84** 1.47** 

 0.02 0.98 0.87 1.75** 1.39** 

 0.03 0.79 0.75 1.85** 1.42** 

 0.04 0.87 0.82 1.77** 1.32** 

 0.05 0.98 0.85 1.89** 1.38** 

15 0.01 1.25** 1.13** 1.30** 1.23** 

 0.02 1.78** 1.56** 1.45** 1.32** 

 0.03 0.99 0.92 1.73** 1.34** 

 0.04 0.87 0.75 0.85 0.76 

 0.05 0.78 0.63 0.94 0.75 

20 0.01 1.17** 1.01** 1.87** 1.47** 

 0.02 0.96 0.88 1.95** 1.52** 

 0.03 1.79** 1.35** 1.89** 1.49** 

 0.04 1.87** 1.42** 1.67** 1.34** 

 0.05 1.88** 1.39** 1.60** 1.32** 

25 0.01 0.68 0.40 1.70** 1.35** 

 0.02 0.76 0.55 1.76** 1.36** 

 0.03 0.79 0.60 0.89 0.45 

 0.04 1.80** 1.55** 0.93 0.56 

 0.05 1.89** 1.40** 0.78 0.44 

30 0.01 1.87** 1.45** 1.79** 1.45** 

 0.02 1.95** 1.37** 1.70** 1.44** 

 0.03 1.88** 1.36** 1.95** 1.67** 

 0.04 1.75** 1.32** 1.99** 1.70** 

 0.05 1.78** 1.36** 1.59** 1.23** 

** pC , pkC > 1 , the capability in process is in customer requirement (ISO/TS 16949) 
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Figure 2. pC , pkC , 0.01,0.02,0.03,0.04,0.05   and 5,10,15, 20, 25,30n   
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4. Conclusions 
 
The process potential capability (Cp)  and the actual process capability index (Cpk)   of the average 

control chart ( x chart )  and the Adjusted control chart (Adjusted x chart )   show that when 

the sample size is 5- 25, the process potential capability (Cp)   and actual process capability index  

(Cpk)  of the Adjusted control chart ( Adjusted x chart )  have more capability in process for 

customer requirement than  the average control chart ( x chart ). Moreover, when the sample size 
is 30, the process for customer requirement is capable of both control charts. For the shape parameter 

supposing that the simulation for Copper plating process in Gravure Printing ( = 0.01, 0.02, 0.03, 
0. 04, 0. 05) , it was found that the parameter is small.  Further investigation shoud be done  by 

Adjusted x chart  in situations of the big shape  parameter.  For the shape parameter ( ) , the 
Bayesian estimated in the Inverse Gaussian Distribution using the Weibull as prior distribution was 
more efficient when the sample size was small.  The approximation of the shape parameters is 
impossible to find the formulas in the form of closed form.  Therefore, Lindley's Approximation 
technique is consistent [ 10] .  It can be concluded that the shape parameter of the Inverse Gaussian 
using Weibull as prior distribution has more efficiency than using Gamma as prior distribution in 
case of small sample size. 
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