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Abstract

Palm fruit after O h of harvesting was collected and extracted. Extraction with methanol gave the highest
yield with the value of recovery yield at 21.64%. High saponin, phenol and tannin were also detected. The chemical
composition of palm fruit after 0-240 h of harvesting was characterized. The results showed that phenolic, vitamin E,
protein and carotene decreased as harvesting time increased. In contrast, enzyme activity in lipase increased as
harvesting time increased. The highest lipase activity was achieved at 120 h of harvesting and the activity increased
to 4.76 U/mg after partial purification. Therefore, palm lipase was used as the catalyst for biodiesel production
using waste cooking oil as substrate. Purified enzyme reached the optimal reaction time for biodiesel production
after 6 h. A similar result was also obtained from commercial lipase. A longer incubation time (12 h) was observed
in crude enzyme. Highest methyl ester content (96.5-98%) was achieved in this study and biodiesel specifications

were characterized and passed Thailand’s fuel and American Society for Testing and Materials (ASTM) standards.

Keywords: Second Generation Biomass, Transesterification, Alternative Energy, Methyl Ester

Introduction

Currently, the highest yielding edible oil crop in the world is oil palm (Elaeis guineensis Jacq.). It is
cultivated in 42 countries, consuming approximately 11 million ha worldwide [1]. Palm oil contains both saturated
and unsaturated fatty acids [2] and also 1% of minor constituents with nutritional and beneficial health properties [3].
Carotenes in palm oil range between 400-3,500 mg/L. However, it contains about 15-300 times more retinol
equivalents (vitamin A) than carrots and tomatoes [4]. Small amounts of phytosterols (300-620 ppm), squalene
(250-540 ppm), phospholipids (20-100 ppm), co-enzyme Q10 (20-80 ppm) and polyphenolics (40-70 ppm) are
also observed in palm oil.

Intense development of the palm oil industry in Thailand contributes to the country’s economic growth
mainly through the trading of crude palm oil and its products [5]. However, there is an abundance of illegal entry
of palm from Malaysia and Indonesia which makes palm prices in Thailand volatile. In addition, the other problem
in the palm oil industry is habitat degradation. Once the oil palms have started to produce, the fruit must be harvested
at the right moment to avoid natural degradation. If palm fruit becomes too ripe suddenly after harvest, many
clusters will drop and the quality of the fruit will be poor. To our knowledge, many researchers have reported
about chemical compositions in palm oil [1-5]. However, there have been no reports documenting the chemical
compositions, including phenolic acids, tocols (tocopherol and tocotrienol), carotene and lipase profile of the palm
fruit after the harvesting and ripening stages. Such information is necessary for better understanding of the physical
and biochemical events. Therefore, this paper aims to determine the biochemical constituents, phytochemical
compositions and antioxidant activity of oil palm fruit cultivated in southern Thailand after 0-240 h of harvesting.

In addition, lipase profile of oil palm fruit was investigated and the possible application of enzyme for biodiesel

production was also determined.
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Materials and methods

Plant Collection

Oil palm fruit (E. guineensis) were collected from the Faculty of Science, Thaksin University, Thailand
and used as the sample for this study. Oil palm fruit was collected following an oil palm fresh fruit bunch (FFB)
grading standard guideline (ARDA, Thailand). Orange mesocarp with a weight around 15.29 +3.0 g were classified
during the ripen stage. The ripen fruits were picked from different parts of bunches and left for 0-240 h after

harvesting under room temperature (28 = 2°C). Afterward, the samples were separated under specific time, washed
thoroughly under running tap water, cut into smaller pieces and blended under suitable solvent [6].

Solvent Extraction

Five organic solvents (acetone, ethanol, methanol, chloroform and hexane) and 0.05 mM Tris-HCl buffer
(pH 8) were used to extract chemical compositions in oil palm. Fifty grams of sample were dissolved in respective
solvents (500 mL) using sonication for 10 minutes. The extract was filtered through filter paper (Whatman No.1
with pore size of 11 um) using a vacuum pump and the extraction process was repeated two times. The extract
from organic solvent was concentrated at 40°C and 90 rpm using a rotary evaporator [6]. The samples obtained

were kept at -20°C for further study. Extraction yields were weighed and calculated using the following formula:

Dry weight of extract

Extraction yield (%) = x100

Dry weight of plant powder

Chemical Composition Study

Chemical composition studies were determined for qualitative analysis to identify the presence of
biochemical constituents. Total phenolic content was measured by the Folin-Ciocalteu method [6]. Qualitative
analysis was done following the basic protocols [7]. Ash and moisture were analyzed by oven assay [8]. The total
amount of palm oil was determined by solvent extraction [9]. Protein was determined following AOAC procedures [10].
Vitamin E, tocopherol, tocotrienol and carotenes content were analyzed by High Performance Liquid
Chromatography (HPLC) followed the method of Schieber et al. [11]. The activity of lipase was determined for
the absorbance at 410 nm compared with p-nitrophenol standard curve at concentrations ranging from 0-1.0 pg/mL [12].
Scavenging Activity

DPPH scavenging radical activity of oil palm extract against stable DPPH was assessed [13]. In addition,
the ABTS and ABTS radical cations (ABTS+) and the FRAP were determined at 734 and 593 nm, respectively.
The results were expressed as grams of Trolox equivalents per 100 g of dry weight (DW) [13-14].

Lipase Preparation for Biodiesel Production

Lipase was extracted by 50 mM Tris-base buffer (pH 8.0) from oil palm fruit after 120 h of harvesting
[12]. The enzyme was determined for protein and lipase activity. Afterward, enzyme solution was freeze dried
and utilized as “crude enzyme”. For partial purification of enzyme, Aqueous Two Phase System (ATPS) with

20% of polyethyleneglycol (PEG) 1000 and 15% of NaHzPO4 were employed. Therefore, purified lipase was
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collected and characterized. The enzyme solution after ATPS was freeze dried and utilized as “partial purification

enzyme”.

Transesterification Reaction for Biodiesel Production

Waste cooking oil and lipase from oil palm fruit was utilized as substrate and catalyst, respectively. The
enzymatic transesterification reactions were carried out in a test tube that contained 2 g of waste frying oil, 5.6
Unit of enzyme/10 g oil and 6:1 alcohol-to-oil molar ratio. The reaction was carried out in an incubator at 35°C
with constant stirring at 200 rpm. Experiments were carried out to optimize the reaction conditions varying reaction

time. At the end of the reaction period, samples were taken from the reaction mixture and centrifuged in order to
obtain the upper layer that was analyzed.

Determination of Biodiesel Properties

Biodiesel from lipase was characterized for viscosity, acid value and free fatty acid content. The viscosity
was analyzed by the gravity method. In addition, acid value and free fatty acid content were determined by the
titration method [12]. The Fatty Acid Methyl Ester (FAME) content in the product liquid was analyzed by a
Shimadzu GC-2010 equipped with a hydrogen flame ionization detector. The separation was carried out on a
DB-1HT capillary column (30 m x 0.25 mm id, Agilent Tech). The operating conditions were set as following:
the temperature of sampling inlet was 370°C and detector temperature was 375°C; the starting temperature of the
column was 150°C, increasing at 10 °C/min up to 205°C, then increasing at 2°C/min up to 215°C, finally increasing
at 10 °C/min up to 360°C and then maintained at 360°C for 10 min. The split ratio was 1:50 and the carrier gas
was nitrogen at a pre-column pressure of 100 kPa. Peaks in the chromatograms were identified by comparing
retention times with the standards of known substances such as methyl salicylate, methyl palmitate, methyl stearate,

methyl oleate, methyl linoleate and methyl linoleate [14].

Results and Discussion

Effect of Solvent on Extraction Yield

Oil palm fruit gave the highest amount of recovery yield (21.64%) with methanol extraction. However,
the other solvents yielded only 4.80-14.32% (Table 1). Bioactive compounds from plants belong to various
chemical groups. Methanol is an amphiphilic compound which has a polarity index of 5.1. The molecule of
methanol consists in a single atom of a tetrameric carbon, linked to 3 hydrogens, and a hydroxyl (-OH) group.
The hydroxyl group is the polar group, and the three hydrogens, the water-insoluble hydrocarbon chain [15].
Therefore, methanol gave the highest extraction yield because it can dissolve both polar and also non-polar
molecules. The biologically active constituents of the plants were extracted using methanol through standard
methods. During extraction, plant material was dispersed and solubilized by solvents with similar polarity [6].
Polyphenols were frequently recovered from the plants by polar solvents such as ethanol and methanol. Ethanol
is safe for human consumption. Methanol and aqueous acetone have been recognized to be suitable for lower

molecular weight polyphenols and higher molecular weight flavanols, respectively [17].
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Chemical Composition

The highest chemical composition was observed in oil palm fruit after 0 h of harvesting. The sample
contained moisture, carbohydrate and protein content at 30.24%, 9.86% and 5.12% on a dry matter (DM) basis,
respectively. While the lipid content and ash were 52.94% and 1.84%. The level of moisture, protein and ash were
similar to those of African oil palm fruit as reported by Atchley [16]. It has been known that nutritional composition
and antioxidant activity are influenced by several parameters such as cultural practices, climatic conditions,

locations, soil types, temperature, water stress, nutrient availability and fertilization parameters [18].

Table 1 Yield of oil palm fruit (50 g) extracted using different types of solvents.

Yield Yield
Solvents Solvents
gram % recovery gram % recovery
Acetone 4.84+£0.10° 9.68“ Methanol 10.82 £ 0.25¢ 21.64%
Ethanol 7.16+0.10 14.329 Chloroform 240+0.11% 4.80”
0.05 mM Tris-HCI 7.16+0.10° 14.329 Hexane 2.90 £0.10" 5.80”

buffer (pH 8)

(@), (b),(c),(d),(e) - Statistical analysis. Different letter(s) in the same column indicate significant differences (p<0.05).

Phytochemical Study

The qualitative analysis of phytochemical constituents of oil palm fruit with methanol extraction are
indicated in Table 2. The presence of different biochemical constituents in oil palm fruit may indicate their possible
use in pharmacology application. For example, alkaloids can increase blood circulation and nutrient absorption.
In addition, phenolic compounds are playing an important role in food and medical applications due to their
capacity to stimulate some cellular enzyme functions [19]. Likewise, flavonoids are a significant compound that

affects various biological systems [6].

Table 2 Group of phytochemical, method and phytochemical content in oil palm fruit at 0 h of harvested.

Group of Oil palm fruit Oil palm Qil palm
Method Unit N
phytochemical (This study) fruit” leaves
Alkaloids Bromocresol green method — mg/g dry 1.60 +0.10" 5.15 5.00
Saponin Uematsu method weight, 350+ 020 108.24 24.00
Flavonoid ~ The Dowd method bw 0.30£0.10” 118.03 257.00
Phenolic Folin-Ciocalteu method 3.60 +0.01° Not report 70.07
Tannin Konate and Souza method 3.50 +0.10“ 85.87 165.00

a, b Data obtained from [22] and [6], respectively.
(@), (b),(c) - Statistical analysis. Different letter(s) in the same column indicate significant differences (p<0.05).
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The Chemical Composition of Oil Palm Fruit at Various Time of Harvesting

Phenolic contents were also determined from oil palm fruit after 0-240 h of harvesting. The highest phenolic
content for methanolic extract was 3.60 = 0.01 mg gallic acid equivalents (GAE)/g DW after 0 h of harvesting.
The phenolic content gradually decreased during 0-240 h after harvesting to a relatively low level (2.80 + 0.01 mg
GAE/g DW) (Table 3). Oil palm fruit at 0 h of harvesting yielded the highest vitamin E content (0.10 +0.01 mg/g DW)
and protein (2.40 + 0.01 mg/g DW). The level of tocols and carotene during various times after harvesting were also
investigated. The highest tocopherol (850 mg/kg), tocotrienol (800 mg/kg) and carotene (790 mg/kg) were observed
at 0 h after harvesting. However, oil palm fruit (this study) contained low amounts of tocopherol when compared to
the other reports [1-4]. It was due to many physical and environment factors such as palm varieties and cultivation

area that affected the tocols contents [2, 6].

Table 3 Phenolic content, vitamin E, lipase, tocopherol, tocotrienol and carotene of the methanolic extract from

oil palm fruit after 0-240 h of harvesting.

Phenolic L . .
Hour after tent Vitamin E Protein Lipase Total Total Total
conten
harvested (mg GAE/ content content activity tocopherol tocotrienol carotene
mg g
(h) W) (mg/g DW)  (mg/g DW) (U/mg) (mg/kg) (mg/kg) (mg/kg)
0 3.60+0.019  0.10+0.01Y 24040019 030+0.01% 850+1.20" 800+2.40" 790+ 7.00%
24 320+0.019  0.09+0.01° 1.00+0.019 0.60+0.01" 845+2.10¢ 789+2.10¢ 720+ 1.30"
48 320+0.019  0.09+0.01Y 0900019 080+0.01° 820+2.00" 750+1.90"  680=2.00"
72 3.00+£0.01”  0.08+0.01Y 0.80+0.01Y 1.00+0.01° 780+1.50¢  751+2.40" 650 +4.00"
96 3.00+0.01” 0.08+0.01Y 080+0.01°Y 120£0.01° 700+£2.109  700+2.40° 580+ 8.00°
120 3.00£0.01”  0.07+0.01° 0.70£0.01° 1.40+0.01” 650+1.80° 680+2.10¢  530+5.00
144 3.00+0.01”  0.07+0.01° 0.70+0.01° 1.10+£0.01° 650+1.80°  650+1.50° 450 +7.00°
168 2.80+0.01”  0.06+0.01” 0.60+0.01” 1.00+0.01° 600+1.00® 600+2.10 340 +2.00“
192 280+0.01”  0.05+0.01” 060+001” 1.00+0.01Y 600+1.50” 600+1.90” 260 +2.00°
216 2.80+0.01”  0.03£0.01” 0.50+0.01” 1.00+0.01 600+1.00® 600+1.80” 200 +3.00"
240 280+0.01”  0.03+0.01% 050+001® 0.80£0.01° 580 +1.50" 589+1.90° 130+ 1.00”

(a), (b),(c)...(j) - Statistical analysis. Different letter(s) in the same column indicate significant differences (p<0.05).

Antioxidant Activity using Radical Scavenging Activity

The activity of methanolic extract from oil palm fruit after 0-240 h of harvesting was determined by three
in vitro methods. The highest content of antioxidant activity was observed in oil palm fruit at 0 h after harvesting.
The level of antioxidant from oil palm fruit based on FRAP, ABTS and DPPH assay (IC50) was 10.05 mmol
TE/100 g DW, 3.21 mmol TE/100 g DW and 5.0 pg/mL, respectively. High antioxidant activity corresponded
with high phenolic as well as flavonoid content in oil palm fruit. Phenolic compounds, carotenoids, tocols and

other phytochemicals from oil palm fruit exhibit antioxidant capacity causing the reduction of oxidative stress
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attributed to chronic disease, heart disease, neurodegenerative disease, cancers and diabetes [20]. Palm carotenes
have been known for their antioxidant activities such as preventing chromosomal damage in bone marrow, reducing
on white blood cell counts and enhancing survival after X-ray irradiation [20].
Lipase Activity in Oil Palm and Its Application for Biodiesel Production

The lipase significantly increased from 0-120 h after harvesting (Table 3). The highest lipase activity
(1.40 U/mg) was observed at 120 h after harvesting then the activity remained constant up to 216 h. Therefore,
lipase was extracted from palm fruit at 120 h after harvesting. Afterwards, 20% of polyethylene glycol (PEG)
1000 and 15% sodium dihydrogen phosphate (NaHZPO4) were utilized to purify lipase from oil palm fruit. Lipase
activity increased significantly from 1.40 U/mg to 4.76 U/mg after the purification step (data not shown). Crude
and partial purified enzymes were utilized as catalysts for biodiesel production using the transesterification method.
The optimal reaction time for biodiesel production using crude enzyme was 12 h while partial purified enzyme
reached the highest methyl ester content (96.5%) after 6 h of incubation time. Generally, the suitable time for
enzymatic reaction was around 6-24 h due to the source of enzyme and substrate. In this study, the highest methyl
ester content (98%) was achieved from biodiesel using crude lipase as the catalyst. It may due to the stable of
enzyme in transesterification process. Normally, the longer an enzyme is incubated with its substrate, the greater
the amount of product that will be formed. However, the rate of formation of product is not a simple linear function
of the time of incubation. All proteins suffer denaturation, and hence loss of catalytic activity, with time. Some
enzymes, especially in partially purified preparations, may be noticeably unstable, losing a significant amount of
activity over the period of incubation. Purified enzymes in diluted solutions are denatured more rapidly than
enzymes in crude extracts [20]. Biodiesel from lipase catalyst was characterized for the specifications according
to Thailand’s fuel and ASTM standards. An acid value (0.45 mg/g KOH), the viscosity (3.97 mm’/s) and free
fatty acid content (0.21%) of biodiesel from lipase were not significantly different from commercial biodiesel and

it also passed Thailand’s fuel and ASTM standards.

Conclusion
The presence of different biochemical constituents in oil palm fruit may indicate their possible use in
pharmacology application. Palm fruit contained high content of antioxidant activity, saponin, phenol, tannin,
phenolic, vitamin E, protein and carotene. In addition, lipase activity (1.40 U/mg) was achieved in palm fruit at
120 h of harvesting and the activity can be increased to 4.76 U/mg after partial purification. Palm lipase showed
a possibility to catalyst transesterification reaction using waste cooking oil as substrate. The biodiesel with 96.5%
methyl ester content was achieved after 6 h of reaction and biodiesel specifications were characterized and passed

Thailand’s fuel and ASTM standards.
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Abstract

This study was aimed to compare the enumeration of Lactic Acid Bacteria (LAB) between spread plate
method and using of Petrifilm "™ Aerobic Count Plate associated with de Mann Rogasa Sharpe (MRS) broth. They
were used to enumerate of 4 tested LABs [Pediococcus pentosaceus 1 L14/1 (L14/1), Ped. acidilactici 125 (L25),
Lactococcus lactis ssp. lactis 1 126 (L26), Enterococcus faecium N15 (N15)] and LABs from fermented milks.
The results indicated that both methods could be enumerated the tested LAB from starter (1.5%10° cfu/ml) at
dilution rate of 10 are not statistically different (p < 0.05) but are statistically different when enumerated from
yoghurts at dilution rate of 10° and 10, However, the detection limit of colonies of LAB could be enumerated,
using Petrifilm"™ Aerobic Count Plate associated with MRS broth, at dilution rate of 10”*. From the results it may
imply that Petrifilm™ Aerobic Count Plate associated with MRS broth could be efficaciously used for enumeration

of LABs.

Keywords: Enumeration Method, Lactic Acid Bacteria, Fermented Milks, Petrifilm
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MmhnAneniaeeds billinuuanannuedeiisdirgneaia N3aUmsie019 10° (p < 0.05) AN
' Y
52AUMI19919 107 wundaulalaiiniy ldnnnsaeditinnuuanaenuegaiiiod Ay nieana
(mM319% 1)

Ao ~ o= A a £ A o s & e X
m3ai 1 510u InTatlveauaiiEensauandnusgnmens 10y TaeIsMINT e UUIUDIMITIHUTO
< =} v A ~ 1 o Y ¥
(399 MRS (5 81fsui 3T Petrifilm™ Aerobic Count Plate 11 1937371911131 @8%0111a7) MRS

m:;%?;ﬁ 35mMs SuIran (x10%) Aefiaaans (CFU/ml) Mean = SD
L14/1 L25 126 N15

10" Spread  1593.33+676.72 2052.67 +158.92 2231.67+144.70  1365.00 + 786.28
Petrifilm  476.00 + 0.00" 476.00 + 0.00" 476.00 + 0.00" 476.00 + 0.00"

10° Spread 240.00 + 95.28 231.67 + 60.80 250.00 + 65.42 190.00 + 50.60
Petrifilm  200.00 +133.49  168.33 +32.95 158.67+23.00°  133.33+39.27

10° Spread 38.33+13.29 35.00 +25.10 30.00 + 14.14 43.33 +15.06
Petrifilm  25.00 +16.33 24.00 + 4.20 36.33 = 13.05 43.50 + 13.53

L14/1, Ped. pentosaceus 1 L14/1 (L14/1); L25, Ped. acidilactici 125 (1L25); L26, Lactococcus lactis ssp. lactis 1 L26 (L26); N15,:
Enterococcus faecium N15 (N15); Spread, ﬁmiﬂazmm%“lu%mmwmﬁw%wﬁa MRS; Petrifilm: 3% Petrifilm™ Aerobic

Yo £ & B an &
Count Plate 1450nu0 113 @eu¥otman MRS; , p<0.05 vs ITNITNTLULYD
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2. MIATINTVUUATIGENTAUAAANDIANAAS UIT UMD
mIasniUsnLLUaRB snsauanannnRaAS TR TAeTEMIATINTLLILNTNTZ 0D
TunuomsiasadenTs MRS AR ouftniTs Petrifilm™ Acrobic Count Plate 1143900 W13 1A64130
M7 MRS RaUATERUMIE1 10°-10° wuth waasasiuminiaansasmiuiuuniiensa uandn

9 v a

lslll ad A \ 2 | A W a d.
MADIITUANUUANANNUDINUUITIAYNNADA (MINN 2)

1 o = A A a a 1% o @ 4 o as ¥
M99 2 9ulalativesuuanisensauananluraasusnunIinion 191 IasdsMInsz e Uy
P P < o . . H ] @
UDIMITAUFOUTVI MRS 1581ReUAVIT Petrifilm™ Aerobic Count Plate 114518191115
2 2
([@eU¥DIMAI MRS

o d
Snuwaa (x10°) nelaaans (CFU/mI) ' o Al o oo
manssanSanaunus (r)

LAY a
" ’ngi Mean = SD
115199219 T . 4 . v ., 4 ad
wnfseIndenau Tensn wnfseandouan Tenpsn
Spread >300.00 26.00 £2.91
10° . ND ND
Petrifilm 3.30+0.20 0.45+0.27
, Spread 123.33 £ 23.16 123.33 £7.02
10° ) ) r=0.003 r=0.643
Petrifilm 5.67+0.83 2.13+1.14
Spread 673.33 £234.59 596.67 £ 104.08
10" . . =0.006 r=0.500
Petrifilm 16.00 £ 7.21 7.33+4.16

P & S P " o T
Spread, 35M 3032 1610 1UNUB M IABUTBLTI MRS; Petrifilm: 35 Petrifilm™ Aerobic Count Plate 199U si@easemad
3
MRS; ND, Tinuanuduius; ', p < 0.05 vs 35mMInTe10150

v o d as . ™ . 4 Y U dw &’ v ad &,
ANUTUWUTUDIIT Petrifilm™ Aerobic Count Plate N1¥ TNV ¥R MRS MITMINTzenye
[ v J 1 as U 1% dy ¥ @
MIMIANVFUNUTTLHI19IT Petrifilm™ Aerobic Count Plate 3IUNUDIMITIABUFBIHNAY MRS AU
as X aa a a LA o . ~ A
Fmsnszneme lunuaiiBonsauananusgns NszaUMsII919 107°-10° WUIWEO Ped. pentosaceus 1 L14/1
v 9 [
zuﬂ’quﬁnﬁu'ﬁ'ﬂuqamzﬁumsﬁamq 10°(=0.949) 13® Ent. faecium N15 Ianuduwusmuiosiszaumsne
k2 v
107 (=0.517) 14a% 10° (=0.491) 1¥0 L. lactis ssp. lactis 1 L26 NANudunusiuioenszaumsiesa 10°
] o v J ~ _ A y
(=0.368) A% Ped. acidilactici 125 AN URUT (=-0.490 71 10, 1=-0.760 11 10°)
Y '
AMNSUHAAN BN UUNITANUINNIF0ITTUANNFNN U UL unadlesnszAuMIT9919 107
8 ad 1 e 9 A ?x’; as 1= [ Y4 ~ 7
(=0.643) taz 10° (=0.500) TuTenia ualuuuFomdeuduniaedds luanudusius —0.003 A 107,
=0.006 71 10°)
PinamuaiiGensaranfindigaiannsaasiativla
o a ° § @ asy e Y ¥ I
fnunuaiitensatananmganaminns191iv1d laglmansznedouuaueImsHeutoni
. . s o ) 2 o
MRS nuNansaasniulalafildnsedumsiens 10° endude Ene. faecium N15 8131300352931
uulalail lanszaumsned 10° aumMsns1TUTIIUIUANEINTALAAANAIETT Petrifilm™ Aerobic
[ A 2 ]
Count Plate 71 1¥3571A U 1M15@8UF¥MAY MRS WUNa 1130091 Us 11U IaTall ldnseaumsidenis
8 vy & o o ay g o A 4 4
10® 8A3UIA Ped. pentosaceus! L14/1 eninsansnviuiuiulalail lanszdunmsnens1o” @131eh 3)
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X
mswn 3 Tl'lu’)ul,lfﬂﬂ'1/'IL'§EJﬂﬁﬂl,Lﬁﬂ(ﬂﬂﬂﬁﬁ’ﬂ‘ﬁ@ﬂﬁﬂﬂﬁ'm'lﬁﬂﬁﬁﬁ]i]uﬂllmﬂﬂ’\]‘ﬁﬂ']ﬁﬂi:%?ﬂl“]ﬂﬂﬂuiﬂuﬂWWﬁmﬂ\?
W’E)LHN MRS 1135 Petrifilm™ Aerobic Count Plate m“lﬁmmnumﬂmamwamm MRS

ssdums NI (X10°) Aeladans (CFU/mI) Mean + SD
- IEMS3
199N L14/1 L25 L26 N15
. Spread 159333 +676.72 2051.67+158.92  2231.67+144.70  1365.00 + 786.28
1 Petrifilm  476.00 £ 0.00 476.00 £ 0.00 476.00 £ 0.00 476.00 + 0.00
. Spread 240.00 + 95.29 231.67 + 60.80 250.00 + 65.42 190.00 + 50.60
10 Petrifilm  200.00 + 133.49  168.33 +32.95 158.67 + 23.00 133.33 +39.27
. Spread 38.33 +13.29 35.00 +25.10 30.00 + 14.14 4333 +15.06
v Petrifilm 25.00 + 16.33 24.00 + 4.20 36.33 +13.05 43.50 +13.53
; Spread 10.00 + 10.95 0 0 20.00 + 16.73
v Petrifilm 7.00+6.16 433+234 533+3.01 10.67 +4.13
B Spread 0 0 0 6.67+12.11
1 Petrifilm 0 2.67+1.63 1.67+1.97 5.00 +2.76

L14/1, Ped. pentosaceus 1 L14/1 (L14/1); L25, Ped. acidilactici L25 (L25); L26, Lactococcus lactis ssp. lactis 1 126 (L26); N15,

Enterococcus faecium N15 (N15); Spread, FFmInseneelunuems@eaiend MRS; Petrifilm: 3% Petrifilm™ Aerobic
Vo o

Count Plate Gl%’iauﬂ‘i_l’mﬂm,aﬂdwamm MRS

anUs18man1sIve

msastuuuaniGensaLanfin

INHAMINARBIAINTIATINILT IIIMILATIS onTALARRNLE N RIS IMBadEUAY 1.5%10° CFU/nI
E A AR5 UN339919 10°-10° 10%a 2 35 nazWwamsasanfusmulaTlail liuandafuiisedy
M99 10° ugRszauMIEe 107 TnamsasniusimuInlafinnaaesTsianuuanaiy
(3199 1) miiiennnniFinaveauaiid snsauananuinmu luagidosiiavesmsasintius iy
TnTail 1A63% Petrifilm™ Acrobic Count Plate Farfiuasiuu InTailfiannsaiu g linsifiv 250 CFU/mI [10]
ugeen lsAmumsasIniusIuLuaiEonsanandn 1as33 Petrifilm™ Aerobic Count Plate 1A91433A137
u,agslﬁfﬁgiNmﬁ'aﬂﬂiuﬁawm'hjﬁ’mm‘%emamm‘é’mg%ﬂuﬂ%mmmm waz1gTsenuReITuns
1k Petrifilm™ Aerobic Count Plate 14MIATINTULUANITENTALAAAN lactococei THNUTANUUANAIIAY
’r)fiwﬁﬁﬂﬁﬁtggﬁanﬁﬂmﬁﬂuﬁﬁ%mim’mﬁﬂﬂﬁ%miﬂizmm%yaqlumwm?:w%a Elliker itaz M17[16]
Snaamsaaqldamsnlsis Petrifilm™ Acrobic Count Plates U3 uduluNMsATINTLT LAY
ﬁ;ﬁum‘%sﬁwﬁmﬂu"ﬁﬁﬂizwej”ﬂnm AR s T M IIZINe (Pour Plate Method) 1151219
U515 lumsasrniuduuming 1 ua. uaﬂﬂmﬁs‘fqﬁiwqm’jwmsmafnﬁmmﬂﬁGﬂﬁlﬁﬂﬂmi%’mmﬁ
11 goate’s cheese #20M 31438 Petrifilm™ Acrobic Count Plate A suifouf 3R A0S IAIAD
Plate Count Aagar (PCA) Ianut31)59n laiuana i (t = 1.33, p = 0.193) uazianuduwusmaduves
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doya liuanam1aniu (,=0.971, p=0.0001) [7] ¥50M31 AU Petrifilm™ Aerobic Count Plate Tlasanindiuau
Y Fd Y ¥
nuaiFensatanan luuNA UL S suRsu UITA AN UIVEINUINZIYD (Pour Plate Method) A2801¥15 184130
MRS, KF 1ag KFS WUNTasianuduiusnann (= 0.97) 1151 MRS uazddmsy KFS (= 0.84) uaz
\ ~ < a a4 a ' < < ! an
KF (= 0.82) u@oinasuniwaniissnnnsauananiniyenaneeni a1a lsnmuaziinlainnsleds
. ™ . 3 A & A 3 o o & ax
Petrifilm™ Acrobic Count Plate 1ilunma@onnilaiidzain 110137 tazmangdmiuduisunesgiuluns
S S A a s0’
@379 UNY Aerobic Bacteria ttaguuaiisensatanan luiium [7, 15]
Y Y v v
msan luasainyImaaeddsn Idnanindduamnsansiniusulalan Idannaasus

'
= @

wIRTERUMIE4 10-10° udl¥nansasiniulalativesnaaeaisianuuandiasiu (@13197 2)
061415701533 Petrifilm™ Acrobic Count Plate 11194 13f U M3 1a00% 1A MRS 64 lsimang ansumssiy
SuuuuaiizennnaasausiuninTasasanszdd liumase s immnz anduduuuaidensauanan
%d"lﬁ’ﬂ%”uﬂgqmﬂ%’muiﬂamﬁwﬁumwmgaw‘gamm MRS adlUndounundaduaiuuminamdumgi
mmi;jﬁamﬂ%’ﬂuzﬁa%aﬂﬂizGj’uslﬁ’uuﬂﬁﬁﬂﬂimmﬂamﬁty'l@ﬁﬁuu@izﬁai’mmﬁﬂﬁmmmﬁﬁﬂﬂimmﬂan
pmlgimsnlaounlasanmiiunsauazenderademiasntiusuure ARG nsauanan [8, 15]
Wy mzRanINesRszneuvesssATiitoghumy Petrifilm™ ldUdimsi yuesuaiiGonsauanin 39
Ml luemveamsiendiinureansarminua it ensauanaa lduandaiunnnianeds ug
i‘i’mm'hiﬁwﬁﬁwﬁmmnduLmﬂﬁﬁ‘ﬂﬁfmﬁu'lﬁ’imﬁﬂswanm%’miu Petrifilm™ Aerobic Count Plate Tu
mﬁ91tn%ummmgmﬂmsanmuaﬂﬁnmﬂwmmﬂ'ﬂLiﬂﬂsmmﬂmﬂmﬁmmawammmuwuﬂ cmmﬂswam
319416 Petrifilm™ Aerobic Count Plate $ 3/ 8 1M13@0901MAY M17 390 11151304150 MRS 1 pH 5.4
Tz lumsasn Srep. salivarius tade Wiz aunninigiiy las s e Lo, bulgaricus
DD NNIINANIZATATDIDTHITAEUTD [8] TABDINTDNNIINANUNLNIUADINIZIIAGENTDITD
AR THALANA NN

S A a c: ‘S‘ U k4

msmfSnanuaiiGansatanfindigafiannseasieiula
1 9 Y
WA Petrifilm™ Aerobic Count Plate 1o 1935 mnUemsmeusenial MRS amnsnlikanmsasiniy

o a o 1 [ . { @ 2%
funuaiiFensatanandiga lanszaumsNea 10° (<10 CFU/mI) Nsgaumaaasdu 1.5x10° CFU/ml
. Y 1
F9A1991NMIATINTURIEITNITNTZIBTD 99190812 1A 1AY Petrifilm™ Aerobic Count Plate 11150

' 3 1 Y
asmiunuaiiseniilSinanyerios Wieo1HowNMINMS 191511ATU0INMIATINIUINGA 2 TBUAULANATS

Y
nuAe 35MInsz1erens 191511A51#e 0.1 ua.ua 35 Petrifilm™ Aerobic Count Plate 191/511a5 1 wa.
X o Y o AA o ¥ ax 1 @ 5 @ ' " . IS a a
vamTdhaulalainiuenniaedsuanaenuua s 18U UayUIWRY Petrifilm™ Hisg@nFam
Y
@ = A Jd @

TumsasrniunuaiiselufFinanseriesld Taewnninisszgndunu Petrifilm™ E. coli @11150A579111

1%0 Escherichia coli 9NAW tazyagns lulSinansadifiod 10 CFU/g [17]

a W
asilmwamsIde
a A a a Lﬁ'd’ o = A 19 c{gﬂ Y 8 o k2
uuafisensauandnusgnsmimnAnuINszaumaanIdy 1.5x10° CFU/ml dwnsagnasininld
" A ' @ X § I~ [ J

A01LAY Petrifilm™ Acrobic Count Plate #1143 mi U015 @8uF0IMaT MRS N5zAuwad 10-10° CFU/mI
Tagnun hitinnuuanaiumasmivuuuasmsnsznereiszaumad 10° CFU/mIuadmsumsasniy
uuaiiFonsauananainraasusiuuinINNIEesIsin NIRRT U 1IN INDIR ST NEUNTI BY
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Tundnsasiuumin umfimsniaveawaiitensauanin atrelsimumsannivswuuaiiensauanin
1011k Petrifilm™ Aerobic Count Plate 1143900 M15@0aFEIMAY MRS 1AAIHANIASINTLT I
uuafidensauananldfinulndfesiuTmsasniununszneie azmn isildwiavewnnife
nsauanAnaziinl§ Y Petrifilm™ Aerobic Count Plate aunsnasius wauuuaiizensauandndga
1¢fszdumad 10CFUmI SadnnsasniunuTsmsnszaeie uaﬂmﬂﬁnﬁﬂianﬁmgm Petrifilm™
Acrobic Count Plate 719310 ue 1 siaoadfoman MRS fanumaduazielumsihl1FUfiRmens e
TS unuaiitensarananui gnamse Iavesmsasniuvewuaiid onsauaninudazaiiniay
Indifoariu ia:uﬁ%qfchﬁmsaﬂﬁuﬁmaumaﬁﬁwqﬂ@ﬁniwmima%ﬁmmﬁ%msﬂizmm%ﬁ) 90190AW
1) 16Tz 19y Petrifilm™ Acrobic Count Plate 39ufIe M3 AsuFoma) MRS T1szanalfiilus
miL“]ﬁmﬁ}uiu@]i?ﬂﬁﬂﬁWUJu!LUﬂﬁﬁﬂﬂiﬂuaﬂaﬂU%qw%blﬁ}LL@iﬁm%ﬁﬂﬂﬂizq%ﬂ%ﬂuﬂﬁ@lii%iﬁJﬁN?H
uuafizonsauanannuuniinedeslimsliumanuiunsavesndasusiuumin Ifianumnz ay
nouvzih linaaeu

MvaunM
1 Y H
QTL!’.]%ﬂllﬁ/i1Jfnﬁﬁu‘U’c’ﬁgui]TﬂIﬂiQ'miﬂ’J13J533Jﬁﬂ!,ﬁﬁ]W@lu101uﬁfﬂﬂl%ﬁﬁuﬂ ISHIN VI, Lae
@n7. (ABC 179, aM.) sHaNU WU-TRF_ABC5901
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The Nutrient Content of Various Compost from Organic Garbage
in Nakhon Si Thammarat Rajabhat University
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Abstract

Nutrient contents from organic garbage in Nakhon Si Thammarat Rajabhat University were studied
and presented. It was found that the difference of nutrient contents on of the turned pile compost which
were a pig and a goat manures, were statistically significant. The total amount of nitrogen in composting of the
goat manure was found and equal to 0.00005%, the total amount of phosphorus in composting of the pig manure
was found and equal to 0.000022% and the total amount of potassium in composting of the goat manure was
also found in maximum value and equal to 0.000308%. Furthermore, the nutrient contents in the turned pile
liquid compost were also studied and found not significant different. The total amount of nitrogen, phosphorus

and potassium in turned pile liquid compost were found and equal to 0.2, 0.04 and 0.6 mg/1, respectively.

Keywords: Liquid Compost, Turned Pile Compost, Nutrients, Organic Garbage
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Abstract

This study aimed to investigate factors related to exercise behavior among students in Thaksin University,
Phatthalung Campus. Of these, 400 students were simply selected. The data was gathered by using questionnaire
which Cronbach ’s alpha coefficient of attitude, perceived benefits, perceived barriers, motivations and practice
towards exercise were 0.71, 0.81, 0.91, 0.83, and 0.91, respectively. Data was analyzed by using descriptive
statistics and multiple logistics regression. The results found that gender, body mass index, lacking of exercise
place, perceived benefit and practice towards exercise behavior were statistically related to exercise among
students. Results suggested that the university administrator should promote and provide the appropriate place

for physical exercise activities among students in Thaksin University, Phatthalung Campus.

Keywords: Exercise, Students, Thaksin University, Phatthalung Campus
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Abstract

**Rn) in 50 drinking water samples collected from the community

Specific Activities of Radon-222 (
old market area at Meaung district in Yala province were measured and analyzed by using the RAD7 Radon
Detector with RAD H,0. It was found that the average value of specific activities of **Rn is 0.016 Bg/L and
average risk of committed effective dose for people was found to be 0.023 mSv/y. Thus, the average value of
specific activities of *’Rn and the annual effective dose for people in drinking water were lower than the

recommended values which were announced by United States Environmental Protection Agency (USEPA).
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Abstract

This research studied the manufacturing of thermal insulation sheet composed of labeling waste from
beverage industrial mixed with bagasse fiber from sugar industry. The procedure was carried on by immersed
the labeling waste and bagasse fiber into sodium hydroxide solution (NaOH) 1% (m/v) for 4 hours after that
thoroughly mixed the labeling waste with the bagasse fiber as 3 proportions, 25:75, 50:50 and 75:25. All proportions
of prepared waste were combined with latex adhesive 50 g and molded the thermal insulation specimen as the
rectangular shape, 9 x 10 x 1.5 cm. Dried the thermal insulation at the ambient condition for 7 days then attached
together as thermal insulation sheet, 45 x 100 x 1.5 cm. Afterward, the physical properties were analyzed. It was
indicated the thermal insulation manufactured from labeling waste and bagasse proportion as 75:25 was the most
appropriate to use. Implied from its properties as it was light greenish grey. The value of mass, density, including
moisture content compared with the other proportion were lowest that was equal to 44.66 +4.10 g, 0.17 +0.03 g/cm’
and 8.35 £ 0.15% respectively. The shatter index and combustion rate were tested and found thermal insulation
specimen could not fragile also it could be stopped combustion. However, when the thermal insulation was wet,
it would swell such the thickness swell was equal to 9.40 + 2.55 % then it was disintegrated later. Furthermore,
the comparison of temperature between the simulation system which was installed and not installed the developed
thermal insulation was analyzed. The result revealed that temperatures were significantly different (P < 0.05).

Simulation system also installed the thermal insulation from labeling waste and bagasse fiber, 75:25 proportion

was able to reduce the temperature down most effectively as 1.17 °C.
Keywords: Thermal Insulation, Labeling Waste, Bagasse
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Abstract

This study aimed to investigate cure characteristics and tensile properties of natural rubber filled with
silica from rice husk coated with polyethylene. The rice husk silica (SC/RH) was obtained after calcination rice
husk at 700°C. The results show that SC/RH containing 99% of silica with amorphous structure. The SC/RH was
improved with polyethylene (PE) through in situ polymerization comparing with the commercial silica (SC/com).
It was found that the silica surface was coated with PE. For further study, untreated silica (SC/RH and SC/com)
and PE treated silica (SC/RH-PE and SC/com-PE) were introduced as filler into natural rubber (NR). The
experimental results obviously show that the decrease in cure time and the increase in torque difference and tensile
strength of NR composites with incorporation of PE treated silica. This is due to the reduction of the adsorption
of curing accelerator and filler-filler interaction on the silica surface via PE leading to the improvement in rubber - filler

interaction which corresponded well with bound rubber result.

Keywords: Silica, Rick Husk, Polyethylene, Natural Rubber
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Abstract

The purposes of this research were to study details of labeling and packaging of 35 brands of the
replacement brush cutter blade purchased in Surat Thani province and to study the steel grades of the selected 7 brands.
The samples could be classified by manufacturer into 3 product categories: Imported Blade (IB), Local Manufacturer
Blade (LMB), and Unidentified Blade (UB). The numbers of IB, LMB, and UB were 4 (11.4%), 15 (42.9%) and
16 (45.7%) brands, respectively. Out of the 14 LMB brands, 2 brands had a completed details in Thai language
details on labels, 2 brands were traceable by internet searching. Other brands were not traceable. In additions,
the investigations of steel grades found that the blades were steel grades of 1050 1065 1070 and 1080, by referring
to ASTM A682, which they were not tool steel grade as referred by ASTM A686 and JIS G4401.

Keywords: Brush Cutter Blade, Brush Cutter Steel
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Abstract

This research to aims to study the compressive strength of porous concrete using Effective
Micro-organisms (EM) mixed in place of water at the proportion of 0, 5, 10 and 15% respectively at the blending
period of 7, 28 and 56 days. The findings are as follow: Using EM in place of water at 10% by weight at the
blending period 7, 28 and 56 days the compressive strength will be at 66.30, 67.75 and 150.87 kg/cm’, respectively.
This ratio is appropriate to develope properties of compressive strength with allotted time. Development of the
compressive strength of porous concrete using EM mixed features was better pozzolanic reaction as the excessive
element, Ca(OH), from hydration which has SiO, and AL O, will blend with EM, as the main elements, and
generates calcium silicate hydrate (CSH) and calcium aluminate hydrate (CAH), which are effective joining
substances between masses, thus increasing the compressive strength in porous concrete because EM has
qualification to kill inorganic substances in porous concrete. By that way, the porous concrete will have more
compressive strength. On the contrary, if EM has replaced water at a higher ratio or more than the accepted

ASTM (94 standards, this decrease will compressive strength for porous concrete.

Keywords: Compressive Strength, Effective Micro-organisms (EM), Porous Concrete
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The Effect of Awareness Program by Media on the Transmission
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Abstract

This paper, aimed to develope and analyze a non-linear mathematical model for the effect of awareness
programs driven by the media on the spread of Leptospirosis. The awareness program are treated as an intervention
for the emergent disease. We divided the susceptible populations into two sub-classes: susceptible class and
aware susceptible class. We assumed that susceptible individuals who come across with media campaign move
to aware susceptible class and in general avoid contact with infection. This model is analyzed by using stability
theory of differential equations. The results show that if the basic reproduction number R, <1, then the disease
dies out, however, if R, > 1, then the disease becomes endemic. Our analysis shows that the awareness programs

driven by the media have positive impact in reducing the infection prevalence of the infective population.

Keywords: Mathematical Model, Leptospirosis, Awareness Program
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Introduction

Leptospirosis is a zoonotic bacteriological disease, caused by members of the genus Leptospira. The
human is infected by drinking water in which a rat was found dead, and cattle that drink this water become
infectious. The human whose urine is used by other animals and cattle is also infected because the leptospirosis
disease germs come out in urine. Those who wade through dirty water are mostly infected from this disease
[1]. Infection induces antibody production in the animal renal carriers, shedding leptospirosis in their urine
several weeks or even months after infection. The symptoms of leptospirosis are generally flu-like, but the
disease can result in liver damage and renal failure [2]. In Thailand, leptospirosis occurs mainly in the rainy
season, with an increase in cases beginning in August, reaching a peak in October, and beginning to fall in
November [3].

Mathematical model play an important role to present the transmission dynamics of different diseases.
Many models have been proposed to represent the dynamics of both human and vector population. Pongsuumpun
et al. [4] developed mathematical models to study the behavior of leptospirosis disease. They represent the rate
of change for both human and rats population. The human population is further divided into two main groups:
juveniles and adults. The dynamical interaction including local and global stability of leptospirosis infected
human and vector population can be found in Zaman et al. [5]

The media may be the most important source of health information for the general public; it can play
a special role in providing a voice for people to express their experiences of illness [6]. In 1998 American
‘National Health Council” conducted a study, where it is was observed that 75% of the people receive health
news via the media (40% from the TV, 35% - by magazines or journals, 16% from newspapers, and 2% through
the internet) [7]. Recently some scholars used mathematical models to discuss the impact of awareness programs
on the diseases spreading and controlling in a given region. Statistical analysis on AIDS awareness programs
shows that public awareness can play an appreciable role in preventing the AIDS epidemic [8]. Misra et al. [9]
investigated the effects of awareness programs on the spread of infectious diseases and concluded that the spread
of an infectious disease can be controlled by using awareness programs but the disease remains endemic due
to immigration. Kaur ez al. [10] studied modeling and analysis of an SIRS epidemic model with effect of
awareness programs by media found that the awareness programs driven by the media have positive impact in
reducing the infection prevalence of the infective population in the region under consideration.

In this present study, we have proposed and analyzed epidemic model to study the effect of awareness
programs conducted through media campaigning on the spread of Leptospirosis. This some of the human beings,
if someone is not listen to any of the media awareness programs and will interact with infectives in anyway.
Hence, sending them back to unaware susceptible class is not reasonable as once someone is aware. In our
model we have kept such kind of individual in aware class only but we assume that they interact with infectives.

This leads to the assumption that some fraction of total aware susceptible population is interacting with infectives.
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The paper is organized as follows. In Section 2, we present the mathematical model. Section 3, we
show the basic properties of the model. Section 4, our model is analyzed with standard dynamical method.

Section 5, we present numerical simulation of the model. Section 6, we conclude with a short discussion.

Mathematical Model
We consider human population of size N,, divided into four subclasses; susceptible class S, , infective
class I,, ,recovered class R,, and aware susceptible class S,, . Similarly, the rat population of size N,, is divided
into two subclasses; susceptible class S, and infective class 7, . Let M be the cumulative density of the awareness
programs driven by media in the region under consideration. It is assumed that susceptible individuals who
come across with media campaign move to aware susceptible class, in general, they avoid contact with infectives.

The disease is described by the following system of non-linear differential equations:

djt” =b, +A,R, — 1, S, =S, 1, —PS, 1, —aS,M (1)
“Z_;f = BSuly + BoSuly+ BiSyly — ttyLy Syl — vl (2)
dj;t” = Vol = Hy Ry =2 Ry, (3)
dj_:l —aS, M — .S, 1, — 1,5, (4)
S by S, = Sy ()
Do Sl =l =0, (6)
dd—Af=ﬂ+/1JH—ﬂoM (7)

S,00)>0,1,(0)=0,R,(0)=0,S,,(0)=0, S,(0)>0, 1,(00=20,M(0)=0.
with initials conditions .

The flow diagram describing population movements between the compartments is shown in Fig. 1.
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HiSi (/uH +6H)IH HuRy
T Syl T T
b, BiSuly R yHIH
—> SH ﬂZSH]R o~ 1 > Ry
A g ,
T : 1 : ' /,i‘HRH
aS, M [ .
= |
! 1
s, B.S M, : mly

» oy |—> M

%)
=
<
A 4
~
>

l ﬂ}SRIII l

/uRSR (/uR+5R)1R
Fig. 1 Flow diagram for the spread of Leptospirosis

Here, b,, is the recruitment rate of human population ; b, is the recruitment rate of rat population ;
B, B,, B;and f, are respectively represent the transmission coefficient between human, susceptible human
and infective human, susceptible human and infective rat, susceptible rat and infective human, and aware
susceptible human and infective human ; 4 is the dissemination rate of awareness among susceptibles of human
population due to media awareness programs ; 4, is the natural death rate of human population ; ¢, is the
natural death rate of rat population; A,, is the rate at which individual from recovered class move to susceptible
class again after loosing immunity; y,, is the natural recovery rate constant; J,, is the disease related death rate
of human population; 0, is the disease related death rate of human population; # is the rate constant
corresponding to regular media coverage, 4 is the rate constant influenced by number of infectives and 4, is
the natural decay rate constant of media coverage/awareness programs.

The total dynamics of human population ( NV,, ) and the total of rat population ( N, ) are given by

N,=8,+S,+1,+R, and N, =S, +1,, respectively.
dN

dtH =by —pyNy =6yl

a, _

dt
dR

d_tH:yH[H_/uHRH_/lHRH

ds,,

dt

dN

TZR :bR — Uy Ny _é‘RIR

(ﬁl]H +ﬂ21R)(NH _SM _IH _RH)+ﬂ4SMIH _luHIH _5H[H _}/HIH

:(’-M(NH_SM_IH_RH)_:BASMIH_:UHSM (8
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dl
7: =pd, (NR _IR)_luRIR =01,

M
ar p = p M

Basic Properties
Since the model monitors human population, rat popalation and media coverage, it is assumed that all
the state variables are non-negative at time ¢ = 0 . All parameters of the model are assumed to be non-negative.
It then follows from the differential equations that the variables are non-negative for allz > 0 . In the absence
of leptospirosis infection, N, < b—H, N, < b—R and M < Yl as t — oo . The solution of system (8) with

1 Hy Hy
initiate in Q) remain in the region Q) . This result can be summarized in the following theorem:

Theorem 1 Let (S,,/,.R,,S,,S;, 1z, M) be the solution of the system (8) with initial conditions
S,00)>0,1,0)=0, R,(0)=0, S,,(0)>0, S,(0)>0, [,(0)=0, M(0) >0 and closed set

b b
Q={(SH,]H,RH,SM,SR,IR,M)ERZ;NH <2 N, <% M si}.
Hy Hp Hy

Then Q is positively — invariant and attracting under the flow described by the system (8).
Proof Consider the Lyapunov function [11]
V(t)=(N,(t),N,(t),M)=(S,, +1,, +R,, +S,,,S, +1,,M)

The time derivative of this equation is given by:

dv
E:(by = Uy Ny =01y, by = g N =6l it + g1y — 14, M)

Now it is easy to prove that

dg” <b, —u,N, Jor N, Zb—H
t Hy
dN b
dR <b, — N, for N,>-%
t Hp
d—MS,u—,uOM for m>E
dt Hy

dv
Thus is follows that E < 0 which implies that Q is positively — invariant set and a standard comparison

theorem [12] is used to show that
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b, b
Thusas t—> o, OS(NH,NR,M)S(—H,—R,i] and so Q is an attracting set.
Hy Hp Hy

Mathematical Analysis

Firstly, we consider the equilibrium points for the model. Since the local stability of disease free
equilibrium point and disease endemic equilibrium point is governed by the reproduction number of the model.

4.1 Equilibrium Points

In order to obtain equilibrium points, we set all equations of the system (8) equal to zero. Our model
has two non — negative equilibrium.

1) Disease Free Equilibrium: DFE

Theorem 4.1 — 1 There exists disease free equilibrium point E,(N,,,1,,R,,S,,, Ny, Iy, M) of the system (8).

b
Proof  In the absence of disease, thatis /,, =0 and I, =0, we obtained N, = I R, =0,
Hy
b b
Sy o N, =—and M =~ where ay =y + Ay, ay =y (4, + A, )and
Qpa, + fy a, Hy Hy

ay = oy (:uH +/IH) :
b b b

Then E,(N,, 1R, S, Ny, M) = —,0,0,— 2% Tx o 2|
Hu oua, +u,ay Hy

2) Disease Endemic Equilibrium: DEE
Theorem 4.1 — 2 There exists disease endemic equilibrium point E,(N,,,1,,,R,,,S,,, Ny, Iz, M) of the

5

system (8) if 4 I 3+A I 2+A1* +A,=0and 44, —A, >0 where I, has positive roots.
1 H 2 H 3°H 4 2473 4 H

Proof  This is disease endemic equilibrium point as £, (N; ,I;, ,R; ,SL , N; ,]; M)

5

2 *
b, —=6,1, . vl §" _ % ([H) +asly, +ag

where N, = H R = > Oy *
My Hy + 4, a,l, +ag
b (B, +p, +S . +ul,
;: *R(ﬂSH :u[e ZR) . and M _ My )
BiOplyy + Bipiplyy + iy + 1z 0 Hy

Let a, = u, +A,,a, = 1, (,uH +ﬂu1,),a3 = oy (,uH -i-/ln),a4 = (—()L,ulé',]a1 —oa, —(x,uly”j/”)
a; = (opb,a, —aud, a —opa, —op,y, ),a; = ouby,a,,a, = ama, + f,a,,a, = 0pa, + [, a;
A = (1 By =ty B) s, (8, B+ 1 B+ 1 = Sy 11y ) 4 = gy Bty
A =y By =ty B ayas + (b B =7y iy ) sy = (8, By + 6, iy + iy By + phy, iy g ) ayag =
Hy?uBas = (S Boaia + iy Poaia, + iy foaiay + ¥y Brtts ) s
b, paa, — p, praas — o, Ba,a, —] I,

A = - aa, +(b, B - aag +
3 (IUH:B4 /UH:BI) 1%6 (Hﬂl yH#H) o [luHﬂZCllaB_ltuHﬂ2ag
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A = (1t By = 11y B, ) 0y + (by B, = 7 bty ) +(bHﬂ2a‘a7 nPhas =0y _]IR,
Hoy Brtag = 7, Pt

and 4, = (b, fra,as — u, frayag) 1, .

Then we have 4, (I; )3 + A4, (];1 )2 +A3I:, +4,=0 )

It is clear that if 4,4, — A, >0 then one of the roots of cubic equation (9) will be positive.

4.2 Basic Reproduction Number
In the following, the basic reproduction number of system (8) will be obtained by the next generation
matrix method [13].
We rewritten the system in matrix form ax = F(x)—V(x), Here F(x)represent the rate appearance of
new infections and ¥'(x) represent the transfer%tf individuals. The matrices F(x) and V' (x) for the system are

computed as follows.

0
(ﬂlIH +ﬁ21R)(NH =Sy~ 1y _RH)+ﬁ4SMIH
0
F(x)= 0 ,
0
Bl (NR _IR)
0

Uy Ny +6,1, by
(Uy + 6, +yu)ly
(ty + )Ry =yl y
V(x)=|B,Sy 1y + 1y Sy —oM (N, =S, —1,,— R, ) |W
Mg Ny +6ply = by
(g + )1y
MM — pr— i1,

e get Jacobain matrix of F'(x) and V' (x) evaluated at £,

0 0 0 00 0 0
[ b, aub,a, j
D
0 My opa, + Hya, 00 0 [b_H_ by a, jﬂz 0
" Boub,a, Hy  opa, + pHya,
opa, + Hya,

J(F(E))=0 0 00 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 Piby 000 0 0

Hp
K 0 0 00 0 0]
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Sy 0 |
0 Hy +0, +7y 0
7y M+, 0
J(V(E))=| £ (—ﬁ by ﬁj/@, w+ 0 0 (—“”bﬂ"l —b—H] 2, |Th
Hy Qua, + fHyd; M 0 Oua, + tyay My
0 7 0
0 U, +6, 0
L —H 0 0 Ho

e basic reproduction number R, is given by the spectral radius of the next generation matrix V™' Hence

R, = ,O(FV’l ) , where

b,  aubya
Hy  Opa, + Uy, a,

b

(0 0 0 0 0 0
00 0 00
Fr'=lo 0 0 0 0 0
000000
00 0000
000000
00 0000
bi_a,ub,,a]

aua, + 1, a P

Thus, R, = Hy Ha, + Hy dy
My + O

4.3 Stability Analysis

Uy + O

o

S O O O O

(10)

The local asymptotic stability of the disease free equilibrium point £ and disease endemic equilibrium

point E1 is established using variational matrix method and stated in the following theorem.

1) Stability of Disease Free State

Theorem 4.3 — 1 The system (8) with all positive parameters has a unique disease free equilibrium point E

and if R, <1 then E, is locally asymptotically stable

Proof

b
EO(NH’IH’RH’SMﬂNkﬁlR’M)=(_H>O>O>

Hy

oub,a,

Hence /,, =0 and /, =0 the disease free equilibrium is
bR
opa, + Hya, ’ Hp

L0,
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Ay =—My, A =—4t, , A and A, aresolution of quadratic equation A* + B A + B, = 0 . By the Routh-Herwitz
criteria [14], if B, >0 and B, > 0, then roots of the quadratic equation have negative real part. Hence, the
disease free equilibrium point is locally asymptotically stable.

2) Stability of Disease Endemic State
Theorem 4.3 — 2 Suppose R, > 1 then there is a unique disease endemic equilibrium point El of (8) which is

locally asymptotically stable.
bH _§HIH R = yH[H

Proof  The disease endemic equilibrium is N,, = , R, = ,
Hy My + 2y
* 2 * * %
= _a4(IH) +agl, +ag N = bR([)’3IH+,uR+5R) M*_/H'M]H
M= * Vg = : . M=
a; 1y +ay BiSelyy + Bty + i + 1S Hy

* *

and 1}, is the solution of 4, (I, ) +4,(I;,) + 4,1}, + 4,=0

The Jacobian matrix of the system (8) at E, is
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By Routh-Hurwitz criteria [14] since H, >0 forall i =1, 2, 3, 4, 5, 6, 7, each eigenvalues of (12) has the

negative parts.

Numerical simulation

In this section, we present the numerical simulation of the dynamical behavior of model. The set of

parameter values are given in Table 1.

Table 1 Parameter value used in the numerical simulation

Parameters b, b, u, H; O, O¢ Ay ¥y B Ji By

values (day ") 19 45 0.2 0.2 0.002 0.025 0.005 0.003 0.000075 0.00002 0.000005

Reference [5] Assumed

The stability of disease free equilibrium point E| is show in Fig. 2, we choose £, =0.00009, x = 0.1,
My =0.03, £,=0.001 and & =0.0002 and keep the other values of parameters to be those given in Table 1.
The disease free equilibrium point Eo for above set of parameters is as follow : N, =95,1, =0,R,, =0,
S, =0.315615,N, =225,1, =0,M =3.33333 . The eigenvalues and the basic reproduction number are
obtained as : A =-0.205,4, =— 0.200667,4, =— 0.2, 4, =— 02,4, =— 0.03, 4, = — 0.0989485,
A, =—0.0989485, R,= 0.197897 . Since all the eigenvalues corresponding to Eo be negative and basic

reproduction number is less than one, the disease free equilibrium point EO will be local asymptotically stable.
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Fig. 2 Time series of the (a) total of human population, (b) infective human population,

(c) recovered human population, (d) aware susceptible human population, (e) total of rat population,

() infective rat population and (g) the awareness programs driven by media. The fractions of populations
approach to the free disease equilibrium state E,(95,0,0,0.315615,225,0,3.33333).

The stability of disease endemic equilibrium point E, is show in Fig. 3, we choose f3,=0.009,

#=0.001, £,=0.3, f,=0.01 and 4 =0.00002 and keep the other values of parameters to be those given in

Table 1. The interior equilibrium point E, for above set of parameters is as follow : N; =94.979,

I, =2.09713,R,, = 0.0306897, S}, =0.000679979, N, = 224.995, I, =0.0419338, M~ = 0.0732376

The eigenvalues and the basic reproduction number are obtained as : 4, = — 0.299998,1, = — 0.274514,
A, =—0.204985, 1, = — 0.200013, 4, = — 0.199945, 4, = — 0.199945, 4, = — 0.149068, R,=1.94936.

Since all the eigenvalues corresponding to E, be negative and basic reproduction number is more than one,

the disease endemic equilibrium point £, will be local asymptotically stable.
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Fig. 3 Time series of the (a) total of human population (b) infective human population (c) recovered human
population (d) aware susceptible human population (e) total of rat population (f) infective rat population and
(g) the awareness programs driven by media. The fractions of populations approach to the disease endemic
equilibrium state E,(94.979,2.09713,0.0306897,0.000679979,224.995,0.0419338,0.0732376) -

Conclusion

In this paper, a nonlinear mathematical model is proposed and analyzed to determine the effects of
awareness programs driven by the media. The model is divided the human population into four subclasses and
rat population into two subclasses. It has been considered that the growth rate of awareness programs impacting
the population is assumed to be proportional to the numbers of infective class. It has been further assumed that
due to the effect of media, susceptible class individuals form a separate class of aware susceptible class individuals.
By analysis the model, we have found parameter R, . It is noted that when R, <1then the disease dies out and
when R; >1, the disease becomes endemic. The model has two non-negative equilibrium namely the disease
free equilibrium E, and the disease endemic equilibrium E, . It is found if R, <1, the disease free equilibrium
E, is locally asymptotically stable and if R, >1, then £ is unstable and the infection is maintained in the
population. The endemic equilibrium £, is always locally asymptotically stable when R, >1. The numerical
simulation We found the value of Rjwere 0.197897,1.94936 when g =0.1, 1, =0.03, 1y =0.001 and
41 =0.001, g, =0.3, 1, = 0.01 respectively. The analysis showed that awareness programs through the media
campaigning are helpful in decreasing the infective class in a human population. By awareness programs, at least
we could have prevented diseases whenever possible and where not possible to minimize complications and

maximize quality of life.
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