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Chitosan/Poly(vinyl alcohol)/Collagen Hydrogel Composites Containing
Jackfruit Axis Extract for Wound Dressing Application

Arpanan Laipresert'*, Warisa Thungrit'*, and Patcharaporn Wutticharoenmongkol'**
! Department of Chemical Engineering, Faculty of Engineering, Thammasat School of Engineering, Thammasat University,
Pathumthani 12120, THAILAND

Abstract

Jackfruit (Artocarpus heterophyllus Lam.) axis (JFA), a non-edible waste from jackfruit, has been reported for its phyto-
chemical compositions along with antioxidant and antibacterial properties. The aim of this study was to fabricate and investigate
the properties of wound dressing composites containing JFA extract. JFA was extracted using sonication in ethanol. The yield
of extraction was about 4.93%. The films of chitosan (CS)/poly(vinyl alcohol) (PVA)/collagen (Coll) hydrogel composites con-
taining JFA extract were prepared from the mixed solutions of 1% w/v CS, 1% w/v PVA, and Coll at various ratios including
5/4/1, 5/3/2, 4/5/1, and 4/4/2 by weight of solution. The JFA extract was added to the mixed solution at 0.25% w/w. A solvent
casting was performed followed by crosslinking via glutaraldehyde vapor treatment. The obtained films were named JFA-
CS/PVA/Coll 5/4/1, 5/3/2, 4/5/1, and 4/4/2. The actual JFA extract content was 19 + 3.6% based on the weight of dry film. The
antioxidant activity of JFA extract was evaluated by 1,1-diphenyl-2-picrylhydrazyl (DPPH) assay. The half-maximal inhibitory
concentration (IC50) of JFA extract was 0.250 mg/mL. The JFA extract only exhibited antibacterial activity against Staphylo-
coccus aureus (S. aureus), but not for Escherichia coli (E. coli), as determined by an agar disc diffusion method. The release of
JFA extract from the hydrogel composite films was studied by total immersion method in distilled water at 37°C during 0-8 h.
The JFA-CS/PVA/Coll 4/4/2 showed higher amount of JFA extract released than those from the ratios of 4/5/1, 5/3/2, and 5/4/1,
respectively. The degree of water swelling and weight loss of the films appeared in a similar trend to those of the release study.
The higher content of CS and lower content of Coll led to the lower amount of water swelling, weight loss, and JFA extract
released. Lastly, all types of JEA-CS/PVA/Coll films exhibited antioxidant activity of about 46-51% and antibacterial activity
against S. aureus. However, the JFA-CS/PVA/Coll 5/4/1 showed the least antioxidant and antibacterial activities. Based on the
overall results, the JEA-CS/PVA/Coll films revealed the potential for use in wound dressing applications.

Keywords: Jackfruit axis, Herbal extract, Chitosan, Poly(vinyl alcohol), Collagen, Wound dressing
Article history: Received 11 July 2022, Revised 20 October 2022, Accepted 20 October 2022

1. Introduction wound dressings [1-3]. Crosslinking of PVA is per-
formed by using radiation [4] and by chemicals e.g.
potassium persulphate [5], glyoxal [6, 7], and glu-
taraldehyde [6, 8] to enhance its physical stability and
to control the degree of swelling and weight loss dur-
ing wound healing period.

In terms of biological activity and environmentally
friendly, biodegradable, biocompatible, biomaterials,
non-allergic, and non-toxic materials are promising
materials for use in biomedical applications. Chitosan
(CS) is one of the most interesting biomaterials for
pharmaceuticals, tissue engineering, and wound heal-
ing. CS is a linear polysaccharide consisting of ran-
domly distributed B(1 — 4)-linked D-glucosamine
and N-acetyl-D-glucosamine. CS is also considered
hydrogel due to its three-dimensional network struc-
ture and water absorption ability. Moreover, it was re-
ported that CS contains antioxidant activity in which
pristine CS films, CS nanoparticles, and those loaded
with thyme oil [9] and clove essential oil [10] were
tested and exhibited antioxidant activities. Addition-

*Corresponding author; email: tpatchar@engr.tu.ac.th ally, CS has antibacterial activities against Staphylo-

Wound healing is a process where destroyed or
damaged tissue is cured or regenerated and replaced
by newly produced tissue. Wound healing materials
have been developed and have been utilized in which
an ideal wound dressing should provide moist envi-
ronment to support the growth of living cells, absorb
exudate from the wound, prevent infections, and even
accelerate tissue regeneration. The achievement of
wound dressing development depends on the selection
of matrix materials and the loaded drugs or bioactive
compounds that possess antibacterial, antioxidant, and
anti-inflammatory properties. Hydrogels have been
widely used as wound dressings according to their
ability to be swollen but not dissolve in water, which
allow them to absorb exudate from wounds and to
maintain the moist environment as well. Poly(vinyl
alcohol) (PVA) is one of the interesting hydrogels
employed as a carrier for controlled-drug release in
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coccus aureus (S. aureus) [10, 11], Escherichia coli
(E. coli) [10, 121, Bacillus subtilis (B. subtilis) [12],
Listeria Monocytogenes (L. Monocytogenes) [10], and
Salmonella Typhi (S. Typhi) [10].

In addition, various proteins or partially hydrolyzed
proteins, for example, elastin, silk fibroin, gelatin, and
collagen, have been utilized in wound dressing ma-
terials to improve biocompatibility, cell proliferation,
and cell differentiation. Nanofiber mats of CS/Coll
enhanced cell migration, re-epithelization, vascular-
ization, and expression of protein differentiation [13].
The composite wound dressings of CS/Coll/alginate
exhibited hemocompatibility, non-cytotoxicity, and a
higher rate of wound healing in rats than in gauze or
CS [14].

On top of that, development of wound dressings
can be carried out by incorporation of herbal ex-
tracts. CS/Coll membranes containing red propolis
extract showed antibacterial properties [15]. Films of
PVA containing various types of flower extracts from
lavender, peppermint, hemp, verbena, and sage plants
demonstrated antibacterial properties towards S. au-
reus and E. coli. and were non-toxic to the rabbit fi-
broblasts [16].

Jackfruit (Artocarpus heterophyllus Lam.) tree be-
longs to the family of Moracea. It is widely grown
in tropical countries, especially in Southeast Asia,
including India, Bangladesh, Myanmar, Sri Lanka,
Philippines, Pakistan, Malaysia, and Thailand [17].
Ripe fruits are sweet and always eaten fresh. Jackfruit
is usually consumed as a dessert or as an ingredient
in Asian recipes. It is abundant in nutrients, includ-
ing carbohydrates, carboxylic acids, fibers, minerals,
and vitamins. There are six main parts of jackfruit in-
cluding, flesh or pods, core or axis, pulp or rag, seeds,
seed shells, and rind. Jackfruit contains a broad spec-
trum of antibacterial, antioxidant, anti-diabetic, anti-
inflammatory, and anti-helmintics properties [17, 18].
Not only for its flesh, jackfruit rag and jackfruit axis
(JFA) were also revealed for their antibacterial [19]
and antioxidant [20] properties, respectively. Cytopro-
tective effect on human liver hepatoma cells was also
evident from using JFA extract [20]. JFA extract is
composed of 53 compounds with many types of func-
tional components, for example, glycosides, lipids, or-
ganic acids, amino acid derivatives, nucleic acids, thi-
ols, terpenoids, esters, alkaloids, phenolics, phytos-
terol, saponins, and flavonoid as disclosed by Li et.
Al [20].

In the present work, JFA was extracted and loaded
into the hydrogel composite films of CS/PVA/Coll.
The antioxidant and antibacterial activity of JFA ex-
tract were determined. The potential for use of the
JFA-CS/PVA/Coll films as a topical transdermal patch
or wound dressings was investigated. The release
characteristics of JFA extract from the films were stud-
ied by the total immersion method in distilled wa-
ter at 37°C for 0-8 h. The degree of water swelling

and weight loss of the films were evaluated. Lastly,
the antioxidant and antibacterial activity of the JFA-
CS/PVA/Coll hydrogel composite films were deter-
mined.

2. Experimental

2.1 Materials

Fresh jackfruit axis (JFA) was brought from a lo-
cal market in Pathum Thani, Thailand. Poly(vinyl
alcohol) (PVA; degree of hydrolysis: 86.0-89.0%,
MW: 85,000-124,000 g/mol) was purchased from
SD Fine Chemicals (India). Collagen (Coll; liquid,
from lamb placenta) was purchased from Chemipan
Corporation (Thailand). Glutaraldehyde (25% aque-
ous solution) was purchased from Acros Organics
(USA). Ethanol, methanol, and glacial acetic acid
were purchased from Carlo Erba (Italy). Chitosan
(CS; MW: 100,000-300,000 g/mol) and 1,1-diphenyl-
2-picrylhydrazyl (DPPH) were purchased from Sigma
Aldrich (USA).

2.2 Extraction of jackfruit axis

Fresh JFA was collected, cut into tiny pieces, and
dried at 60°C for 8 h. Dried JFA was immersed in
99% ethanol at a solid:liquid ratio of 3 g : 45 mL. The
mixture was sonicated for 30 min and further shaken at
room temperature for 24 h. Solid residue was filtered
out by vacuum filtration. JFA extract was collected as
filtrate in which ethanol was subsequently evaporated
by using a rotary evaporator. The obtained slurry was
further dried in a vacuum oven at 75°C for 4 h. Lastly,
dried JFA extract was obtained and kept in a desicca-
tor. The percentage of yield of extraction was calcu-
lated according to an equation (1):

mass of the dried JFA extract (g)
mass of the initial dried JFA (g)

Yield of extraction (%) = x 100 (D

2.3 Preparation of the JFA-loaded CS/PVA/Coll films

The solution of 1% w/v CS was prepared in 0.1
M acetic acid by continuously stirring the solution
at room temperature for 3 h. Aqueous solution of
1% w/v PVA was prepared by stirring the solution
at 80°C for 5 h until a homogeneous solution was
obtained. Coll solution was used as obtained. The
composite solutions were prepared by mixing 1% w/v
CS, 1% w/v PVA, and Coll at different weight ra-
tios of 5/4/1, 5/3/2, 4/5/1, and 4/4/2. JFA extract
was later added to the composite solution. For 100
g of the composite solution, 0.25 g of JFA extract
was added and mixed thoroughly. The JFA extract-
loaded composite solutions were casted onto a plas-
tic plate. The solvent evaporation was allowed to
proceed at room temperature for 24 h in a hood.
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The obtained hydrogel composite films were desig-
nated as JFA-CS/PVA/Coll 5/4/1, JFA-CS/PVA/Coll
5/3/2, JEA-CS/PVA/Coll 4/5/1, and JFA-CS/PVA/Coll
4/4/2, respectively. Lastly, crosslinking of PVA was
performed using a glutaraldehyde vapor treatment.
The JFA-CS/PVA/Coll hydrogel composite films were
placed in a closed plastic box containing a cup of glu-
taraldehyde (25% in water) at 40°C under a saturated
atmosphere of glutaraldehyde for 5 h of each side of
film. The hydrogel composite films were later placed
in a hood for 1 h to allow evaporation of the remain-
ing glutaraldehyde in the films. Glutaraldehyde acts
as a crosslinking agent for both PVA and CS. The
crosslinking reactions are demonstrated in Figure 1.
The hydroxyl groups of PVA and the amine groups of
CS react with aldehydic groups of glutaraldehyde to
form acetal bonds and imine bonds, respectively.

(a) Crosslinking of PVA with glutaraldehyde

PVA Glutaraldehyde

(b) Crosslinking of chitosan (CS) with glutaraldehyde

HO, NH, CH:OH, HO, NH, o o
Owomowo - HWH
o 9 4o NHCOCH:  CH,0N

Chitosan (CS) l Glutaraldehyde

by Opmene ]

CH20

\

HO, CH;O% HO, \
ow“mﬁwo
HoH,C O NHCOCH,

HO' CH,0

Figure 1: Crosslinking reactions of (a) PVA and (b) CS with glu-
taraldehyde.

2.4 Water swelling and weight loss of the JFA-
CS/PVA/Coll films

The degree of water swelling and weight loss of the
JFA-CS/PVA/Coll hydrogel composite films were de-
termined after immersion in distilled water at 37°C for
4 h. Each sample was cut into a square shape of 2x2
cm?2, dried in an oven at 40°C for 4 h, and immersed
in 40 mL of distilled water. The initial dry weight of
the sample was recorded as Mi. At 4 h of immersion,
the weight of the wet sample was recorded as M. Af-
terwards, the wet sample was dried in an oven at 40°C
for 4 h. The weight of the dried sample after immer-
sion was recorded as Md. The percentages of water
swelling and weight loss were calculated according to
equations (2) and (3), respectively.

M - M;
Water swelling (%) = (M—) x 100 2)

1
M- M
Weightloss(%) = (Td) % 100 3)

2.5 Release of JFA extract from the JFA-CS/PVA/Coll
films

2.5.1 Actual drug content

Prior to investigating the characteristics of JFA
extract release from the JFA-CS/PVA/Coll hydrogel
composite films, the actual drug content (i.e., the ac-
tual amount of JFA extract in the films) was deter-
mined for use as base values in the release study.
The film was cut into a square piece of 2x2 cm2 and
was completely dissolved in distilled water by contin-
uously stirring at 80°C for approximately 2 h. The
obtained solution was diluted with distilled water and
measured for its absorbance at a wavelength of 212 nm
(Amax of JFA extract) using a UV-vis spectrophotome-
ter (Hanon I3). The amount of JFA extract was calcu-
lated against the predetermined standard curve plotted
between the concentration of JFA extract and its ab-
sorbance at 212 nm.

2.5.2 Release assay

The release behaviors of JFA extract from the JFA-
CS/PVA/Coll hydrogel composite films were studied
by a total immersion method. The tested film was cut
into a square shape of 2x2 cm2 and immersed in 40
mL of distilled water in a capped bottle at 37°C. The
releasing medium was slowly stirred using a magnetic
stirrer during the releasing time, ranging between O -
8 h. At each specified time point, 1.0 mL of the re-
leasing medium was withdrawn and diluted with dis-
tilled water before measuring its absorbance at 212
nm. At each time of solution withdrawal, the same
amount (1.0 mL) of distilled water was refilled into
the bottle in order to keep a constant volume of releas-
ing medium. The amount of JFA extract released were
quantified from their absorbances against the predeter-
mined standard curve of JFA extract in distilled water.
The cumulative percentage of JFA extract released at
each time point was calculated according to the equa-
tion (4):

L %100 )

total

Cumulative JFA extract release(%) =

where C; is the cumulative weight of JFA extract re-
leased at time t and C,otal is the weight of the JFA ex-
tract in the CS/PVA/Coll films. The experiments were
carried out in triplicate.
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2.6 Antioxidant activity

The antioxidant activity of JFA extract and the JFA-
CS/PVA/Coll films were evaluated by the radical scav-
enging DPPH assay. For the antioxidant activity of
JFA extract, the aqueous solutions of JFA extract were
prepared in a range of concentrations of 0.156 — 10.00
mg/mL. Each 1.0 mL of JFA extract solution was
mixed with 3.0 mL of 0.5 mM DPPH solution in
methanol. The mixture was kept in darkness for 30
min and was measured for absorbance at 517 nm by
the UV-vis spectrophotometer. The control solution
was a pristine 0.5 mM DPPH solution which was pre-
pared and stored in the same condition as those of the
tested samples. The antioxidant activity was calcu-
lated according to the equation (5):

(Ac — Ag)
A

c

Antioxidant activity (%) = x 100 (5

Where Ac is the absorbance of the control and Ag
is the absorbance of the sample.

Later, the concentration of JFA extract at which
50% of DPPH free radicals are scavenged (IC50) was
calculated.

For the antioxidant activity of the CS/PVA/Coll
films and the JFA-CS/PVA/Coll films, the tested film
was cut into a square shape of 2x2 cm2 and immersed
in 40 mL of distilled water at 37°C for 8 h. After
that, 1.0 mL of the releasing media was withdrawn
and mixed with 3.0 mL of 0.5 mM DPPH solution in
methanol. The mixture was further kept in the dark-
ness for 30 min. The absorbance at 517 nm was de-
termined. The antioxidant activity of these films was
calculated according to the equation (5). The experi-
ments were carried out in triplicate.

2.7 Antibacterial activity

The antibacterial activity of JFA extract, the
CS/PVA/Coll films, and the JFA-CS/PVA/Coll films
against Gram-positive Staphylococcus aureus (S. au-
reus: ATCC 6538) and Gram-negative Escherichia
coli (E. coli: ATCC 8739) bacteria were evaluated by
the agar disc diffusion method. The circular filter pa-
per disc saturated with 0.6 mg/mL JFA extract and the
various types of JFA-CS/PVA/Coll films with a diame-
ter of 6 mm were placed on a plate containing bacteria
in agar. The agar plate was incubated at 37°C for 24 h.
The observed diameter of clear zone which included
the diameter of disc was measured. The clear zone of
inhibition was calculated from the subtraction of the
diameter of disc (i.e., 6 mm) from the diameter of clear
zone and later divided by 2. Deionized water was used
as a negative control, while ethanol was used as a posi-
tive control. Specifically, vancomycin and gentamicin
were used as the positive controls forS. aureus and E.
coli., respectively.

3. Results and Discussions

3.1 Yield, antioxidant, and antibacterial activity of
JFA extract

JFA was extracted by using 99% ethanol assisted
with sonication and shaking for 24 h. The average
percentage of yield was 4.93 + 0.65%. The antioxi-
dant activity of JFA extract based on DPPH free rad-
ical scavenging assay at the concentrations of 0.156,
0.312, 0.625, 1.250, 5.00, and 10.00 mg/mL were in-
vestigated. The antioxidant activities of JFA extract in
a range of concentrations of 1.25 — 10 mg/mL were
markedly high and were not much changed according
to the change of concentration (see Figure 2), which
was approximately 91 — 92%. For the lower range of
concentrations, the antioxidant activity was decreased
with decrease in JFA extract concentration. The half-
maximal inhibitory concentration (IC50) of JFA ex-
tract (defined as the concentration at which 50% of
DPPH free radicals are scavenged) was 0.250 mg/mL.,
which was determined from the data in a range of con-
centrations of 0.156 — 0.625 mg/mL.

Antioxidant activity (%)

0 1 2 3 4 5 6 7 8 9 10
Concentration of JFA extract (mg/mL)

Figure 2: Antioxidant activity of JFA extract based on DPPH assay.

JFA extract was further investigated for antibac-
terial activity against Gram-positive S. aureus and
Gram-negative E. coli bacteria by the agar disc dif-
fusion method. The clear zone of inhibition are pre-
sented in Table 1. The JFA extract exhibited antibac-
terial activity against S. aureus only, but not for E. coli.
Deionized water and ethanol were used as the negative
and the positive control, respectively. Photographs of
the bacteria cultured plates are shown in Figure 3.

From these results, the JFA extract possessed both
the antioxidant and antibacterial activities and re-
vealed the potential for use as an active ingredient in
wound dressings. The hydrogel composite films of
CS/PVA/Coll containing JFA extract were further fab-
ricated. The study of the release behavior of JFA ex-
tract therefrom, water swelling, weight loss, antioxi-
dant, and antibacterial properties of the films were per-
formed.

3.2 Water swelling and weight loss of the JFA-
CS/PVA/Coll films

The hydrogel composite films containing JFA ex-

tract were fabricated by solvent casting technique
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Table 1. Antibacterial activities of JFA extract against S. aureus and E. coli as determined by the agar disc diffusion method.

samples Clear zone of inhibition (mm)
S. aureus E. coli
Negative control: deionized water  0.00 + 0.00 0.00 + 0.00
Positive control: ethanol 1.20 £ 0.15 0.50 £ 0.00
JFA extract 1.36 £ 0.42 0.00 + 0.00

Figure 3: Photographs of the antibacterial activity testing by the
agar disc diffusion method for the JFA extract against (a) S. aureus
and (b) E. coli.

at various ratios of CS, PVA, and Coll. The ob-
tained hydrogel composite films were designated
as JFA-CS/PVA/Coll 5/4/1, JFA-CS/PVA/Coll 5/3/2,
JFA-CS/PVA/Coll 4/5/1, and JFA-CS/PVA/Coll 4/4/2.
These films were crosslinked by glutaraldehyde vapor
treatment before use. The average thickness of the
films was 135 + 54 pm.

Degree of water swelling and weight loss are ones
of the important parameters of the hydrogel, especially
for use in wound dressing applications. The release
behaviors can be explained in regards to the degree of
water swelling in which the ability to hold water and
to allow drugs to diffuse are related [21, 22]. Also,
drug release according to the mass loss of the matrix
is one of the release mechanisms [22].

Figure 4 shows the amount of water swelling and
weight loss of the JFA-CS/PVA/Coll films at 4 h of
immersion in distilled water. Similar trends of water
swelling and weight loss were observed. These val-
ues ranked ascendingly as the JFA-CS/PVA/Coll films
with the ratios of 5/4/1, 5/3/2, 4/5/1, and 4/4/2, respec-
tively.

For the amount of water swelling, the values of
the JFA-CS/PVA/Coll films with the ratios of 5/4/1,
5/3/2, 4/5/1, and 4/4/2, were 220.8 + 8.2%, 296.5 +
9.1%, 312.7 + 12.8%, and 330.4 + 13.3%, respec-
tively. For the degree of weight loss, the values of the
JFA-CS/PVA/Coll films with the ratios of 5/4/1, 5/3/2,
4/5/1, and 4/4/2, were 13.3 = 1.2%, 15.2 + 1.4%, 19.2
+ 2.6%, and 28.2 + 3.1%, respectively.

Comparing the hydrogel composite films with dif-
ferent contents of CS, it seemed that the films with
higher amount of CS (the ratios of 5/4/1 and 5/3/2)
exhibited lower water swelling and weight loss than
those of the films with lower amount of CS (the ratios
of 4/5/1 and 4/4/2). The similar trends of observation

were disclosed by other research that the crosslinked
CS/PVA nanofibers had the lower water swelling and
weight loss with the presence or increasing CS content
[23, 24].

Comparing the hydrogel composite films with dif-
ferent contents of Coll, it seemed that the films with
higher amount of Coll (the ratios of 5/3/2) exhibited
higher water swelling and weight loss than those of
the films with lower amount of Coll (the ratios of
5/4/1). The water swelling and weight loss of the hy-
drogel composite films with the ratio of 4/4/2 were
also greater than those of the ratio of 4/5/1. Similar
to the observations of Lan et al. [25] that the incor-
poration of Coll into porous PVA hydrogels for use in
cartilage tissue engineering led to a higher degradation
of hydrogels.

It is widely known that the amount of water swelling
and weight loss notably correspond to the release be-
havior of molecules from the matrix [21]. The results
of water swelling and weight loss are further discussed
with the release characteristics in the next session.

400 35

350 @ Water swelling (%) ——Weight loss (%)
U r 30
g 7 ER b2
< X
s 250 <
£ ’{/ N
O 200 A -
g 1 =
I3 —{/ L 15 =S
5 150 A e
] =
5]
2 100 10

50 4 r3

0 0

5/4/1 5/3/2 4/5/1 4/4/2

Ratio of JFA-CS/PVA/Coll

Figure 4: Water swelling and weight loss of the JFA-CS/PVA/Coll
films at 4 h of immersion in distilled water.

3.3 Release of JFA extract from the JFA-CS/PVA/Coll
films

Prior to studying the release characteristics of JFA
extract from the JFA-CS/PVA/Coll hydrogel compos-
ite films, the standard curve of JFA extract was pre-
pared. The plot between the concentration of JFA ex-
tract in distilled water and its absorbance at 212 nm
(Amax of JFA extract) was a straight line with the linear
equation of y = 0.002X + 0.0902. The coefficient of
determination (#2) as to determine the best fit of the
data was 0.929.
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3.3.1 Actual JFA extract content in the JFA-
CS/PVA/Coll films

The actual JFA extract contents in the JFA-
CS/PVA/Coll films were determined for use as base
values in the release study. The percentages of actual
JFA extract contents were calculated from the actual
weight of JFA extract presented in the film divided by
the weight of the film. The average percentage of ac-
tual JFA extract content was 19 + 3.6%.

3.3.2 Release characteristics of JFA from the JFA-
CS/PVA/Coll films

The release of JFA extract from the hydrogel
composite films was investigated by total immersion
method in distilled water at 37°C during 0 — 8 h.
Figure 5 shows the percentages of cumulative release
amount of JFA extract from 4 types of films. The re-
sults were reported as the percentages of the cumu-
lative weights of JFA extract released divided by the
actual weight of JFA extract in the films. For all types
of films, the burst release of JFA extract was observed
at the initial time of release in a range of 0 — 20 min.
Later, gradual release until reaching constant values
appeared since approximately 180 min. The maxi-
mum amount of JFA released at 480 min (8 h) from
the JFA-CS/PVA/Coll films with the ratios of 5/4/1,
5/3/2, 4/5/1, and 4/4/2 were about 24.1 + 1.6%, 42.1
+3.1%, 44.4 + 3.6%, and 47.1 + 3.6%, respectively.

Interestingly, the results of the release study highly
corresponded with the trend of the degree of water
swelling and weight loss. Comparing the hydrogel
composite films with different contents of CS, it was
found that the films with higher amount of CS (the
ratios of 5/4/1 and 5/3/2) exhibited lower amount of
JFA extract released than those of the films with lower
amount of CS (the ratios of 4/5/1 and 4/4/2). This was
due to the lower water swelling ability of the JFA-
CS/PVA/Coll film with the ratio of 5/4/1 and 5/3/2
films and therefore, the drug or substance molecules
were more difficult to diffuse out from the matrix.
Moreover, molecules can also be released from the
mechanism of weight loss of matrix [22]. Since the
JFA-CS/PVA/Coll 5/4/1 had the lowest weight loss
among all types of films, it showed the lowest amount
of JFA extract released.

Comparing the hydrogel composite films with dif-
ferent contents of Coll, it was noticed that the films
with higher amount of Coll (the ratio of 5/3/2) exhib-
ited much higher amount of JFA extract released than
that of the films with lower amount of Coll (the ratio
of 5/4/1). A similar trend was also observed for films
with the ratios of 4/5/1 and 4/4/2, in which the film
with higher amount of Coll (the ratio of 4/4/2) showed
greater amount of JFA extract released than that of the
film with lower amount of Coll (the ratio of 4/5/1).
Repeatedly, this was due to the lower water swelling
ability and lower weight loss of the film with the ratio
of 5/4/1 compared to the ratio of 5/3/2 (also the ratio

of 4/5/1 compared to the ratio of 4/4/2). Therefore, it
was more inconvenient for the substance molecules to
diffuse out from the matrix.

3
by

o
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Figure 5: Cumulative release amounts of JFA extract from the JFA-
CS/PVA/Coll films in distilled water at 37°C.

3.4 Antioxidant activity of the JFA-CS/PVA/Coll films

The antioxidant activity of the CS/PVA/Coll films
(non-JFA extract loaded) and the JFA-CS/PVA/Coll
films were examined by the DPPH assay. The scav-
enging of hydrogen radicals of DPPH can be evalu-
ated by the decrease in absorbance at 517 nm (Ayax Of
DPPH) according to, the equation (5). The releasing
media were collected at 4 h of immersion in distilled
water and were quantified for the antioxidant activity.

For the CS/PVA/Coll films, the antioxidant activi-
ties of the films with the ratios of 5/4/1, 5/3/2, 4/5/1,
and 4/4/2 were 38.68 + 0.29%, 38.57 + 0.35%, 38.12
+ 0.29%, and 38.84 + 00.22%, respectively (see Fig-
ure 6). Even though there was no JFA extract pres-
ence, the CS/PVA/Coll films still exhibited antioxidant
properties. The antioxidant ability could come from
the presence of CS, which has been reported for its
antioxidant activity [9, 10]. However, the difference
of composition ratios had no effect on the antioxidant
activity. For the JFA-CS/PVA/Coll films, the antiox-
idant activities of the films with the ratios of 5/4/1,
5/3/2, 4/5/1, and 4/4/2 were 46.40 +0.31%, 50.79 +
0.35%, 50.77 = 0.32%, and 50.83 + 0.35%, respec-
tively (see Figure 6). Obviously, the films containing
JFA extract (the JFA-CS/PVA/Coll films) exhibited
greater antioxidant activities than those of the non-JFA
extract-loaded films (the CS/PVA/Coll films). No-
tably, the presence of JFA extract helps improve the
antioxidant activity of the films from about 38% to
about 46 — 51%. However, the values of the films with
the ratios of 5/3/2, 4/5/1, and 4/4/2 were not much dif-
ferent. Except for the films with the ratio of 5/4/1,
it showed the lowest values among all types of films.
This could be due to the lowest release amount of JFA
extract from the film with the ratio of 5/4/1 and, there-
fore, there was the least antioxidant activity.
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Table 2. Antibacterial activities of CS/PVA/Coll and JFA- CS/PVA/Coll films against S. aureus and E. coli as determined by the agar disc

diffusion method.

samples Clear zone of inhibition (mm)
S. aureus E. coli

Vancomycin (positive control for S. aureus) 3.24 + 0.24 N/A

Gentamicin (positive control for E. coli) N/A 3.70 + 0.05
CS/PVA/Coll 5/4/1 0.06 = 0.01 0.00 = 0.00
JFA- CS/PVA/Coll 5/4/1 3.30 +£0.70 0.00 = 0.00
JFA- CS/PVA/Coll 5/3/2 4.14 £ 0.18 0.00 = 0.00
JFA- CS/PVA/Coll 4/5/1 4.02 +0.59 0.00 = 0.00
JFA- CS/PVA/Coll 4/4/2 4.14 £ 0.84 0.00 = 0.00

60

OCS/PVA/Coll
@JFA-CS/PVA/Coll

50 — — =

40 T

30 T

20

Antioxidant activity (%)

5/4/1 5/3/2 4/5/1 4/4/2
Ratio of CS/PVA/Coll

Figure 6: Antioxidant activities of the CS/PVA/Coll films and the
JFA-CS/PVA/Coll films at 4 h of immersion.

3.5 Antibacterial activity of the JFA-CS/PVA/Coll
films

Antibacterial activity of the CS/PVA/Coll films
(only for the ratio 5/4/1) and the JFA-CS/PVA/Coll
films against the Gram-positive S. aureus and Gram-
negative E. coli bacteria was evaluated by the agar disc
diffusion method. Table 2 shows the clear zones of
inhibition that were measured from the photographs
of the cultured plates (see Figure 7). The clear zones
of inhibition of the positive control forS. aureus (van-
comycin) and for E. coli (gentamicin) were also re-
ported. For the CS/PVA/Coll 5/4/1 films, it had no an-
tibacterial activity against E. coli as the inhibition zone
was not observed, but it slightly inhibited the growth
of S. aureus. The antibacterial activity against S. au-
reus could come from the presence of CS, which has
been reported for its antibacterial properties [10, 11].

For all types of the JFA-CS/PVA/Coll films, they
had no antibacterial activity against E. coli. However,
they expressed excellent antibacterial activity against
S. aureus., as observed from the large inhibition zones,
which were even greater than that of the positive con-
trol (vancomycin). It should be noted that the an-
tibacterial activity of the JFA-CS/PVA/Coll 5/4/1 film
was the lowest among other JEA-CS/PVA/Coll films.
This result corresponded well with the release study in
which the JEA-CS/PVA/Coll 5/4/1 film had the lowest
release amount of JFA extract and therefore led to the
lowest antibacterial activity.

Based on the overall results, all types of the JFA-
CS/PVA/Coll films exhibited excellent antioxidant and

antibacterial activity against S. aureus. Even though
the JFA-CS/PVA/Coll 5/4/1 expressed the least abil-
ity among these films. It was revealed that all types
of the JFA-CS/PVA/Coll hydrogel composite films can
be promising materials for use as topical transdermal
patches or wound dressings.

4. Conclusions

In the present contribution, jackfruit axis (JFA) was
extracted and loaded into the hydrogel composite films
of CS/PVA/Coll. The films were prepared at various
ratios of CS/PVA/Coll, including 5/4/1, 5/3/2, 4/5/1,
and 4/4/2 by weight. The actual JFA extract content
was 19 + 3.6% based on the weight of dry film. An-
tioxidant activity of JFA extract as evaluated by DPPH
assay showed that the half-maximal inhibitory concen-
tration (/Csp) of JFA extract was 0.250 mg/mL. An-
tibacterial activity as determined by an agar disc diffu-
sion method revealed that JFA extract inhibited growth
of S. aureus, but not E. coli. The release of JFA extract
from the hydrogel composite films (JFA-CS/PVA/Coll
5/4/1, 5/3/2, 4/5/1, and 4/4/2) was studied by the to-
tal immersion method in distilled water at 37°C dur-
ing 0-8 h. The JFA-CS/PVA/Coll 4/4/2 showed higher
amount of JFA extract released than those from the
ratios of 4/5/1, 5/3/2, and 5/4/1, respectively. The
amount of JFA extract release was in accordance with
the trends of degree of water swelling and weight loss
in which the higher content of CS and lower content of
Coll led to the lower amount of water swelling, weight
loss, and JFA extract release. Lastly, all types of JFA-
CS/PVA/Coll films exhibited antioxidant activity in
a range of 46-51% and antibacterial activity against
S. aureus. To be noted, the JFA-CS/PVA/Coll 5/4/1
showed the least antioxidant and antibacterial activ-
ities among all types of films, which corresponded
with the lowest amounts of JFA released. Based on
the overall results, the JFA-CS/PVA/Coll films at all
ratios which exhibited excellent antioxidant and an-
tibacterial properties revealed the potential for use as
topical transdermal patches or use in wound healing
applications.
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Abstract

The Strategic Environmental Assessment (SEA) is a systematic process to support decision-making in the formulation of a
policy, plan, or program with a focus on participation. The development of indicators is an important process in the SEA. The
objectives of this study were to develop and define appropriate and comprehensive indicators for the SEA of electric power
development program in Krabi Province, Southern Thailand, and to determine weights for the dimensions and indicators. This
study is a mixed-methods research project that collected data from the stakeholders in the area and experts through participatory
processes as well as reviewing documents from various sources. The findings reveal that 16 indicators were developed in 4
dimensions, divided into 6 indicators in the economic dimension, 2 indicators in the social dimension, 5 indicators in the
environmental dimension, and 3 indicators in the energy/technology security dimension. The Analytical Hierarchy Process
(AHP) was employed for weighting the dimensions and the indicators. The developed indicators were well accepted by the
stakeholders in the area and relevant agencies and were able to be adopted in the impact assessment of strategic alternatives for
power development in the SEA.
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1. Introduction pacts, including the impacts on the integrity of natu-
ral resources and the environment in the area. On the
other hand, a large number of community leaders and
local people living around the site have strongly sup-
ported the construction as they believe the plant can
create prosperity in the area and provide benefits to
the local communities. This has resulted in a serious
conflict between these two groups. This conflict had
a serious impact on the development of electric power
in Krabi as the relevant agencies could not construct a

Southern Thailand is a world-class tourist destina-
tion, then the electrical demand in the area has trendily
increased due to a steady increase in tourist numbers.
Krabi is one of southern provinces that tourists come
to visit at most [1, 2]. The Ministry of Energy has
set a construction plan for two new power plants in
the south using coal fuel, one in Krabi and another in
Songkhla [3]. Krabi Province has a small old power

plant that currently serves as a supplementary plant. new coal-fired power plant in the area, and the direc-

The r.a.tionale of the plan fo.r constructing a plapt in tion of electric power development in the area was not
Krabi is that the Andaman side of Southern Thailand clear.

does not have a large power plant causing risk to en-
ergy security in the area.

On one hand, the construction of a large power plant
in Krabi has been strongly opposed by tourism sector,
fishery groups, and local people as well as NGOs and
independent scholars from outside, as they are con-
cerned with environmental pollution and health im-

As aresult, in a near future Krabi Province may face
a shortage of power supply that would strongly affect
all economic sectors as well as the people’s quality of
life. Hence, the Strategic Environmental Assessment
(SEA) can be applied to help cope with the problems.
Unlike Environmental Impact Assessment (EIA), the
Strategic Environmental Assessment (SEA) is a study
at the policy, plans, and programs level, while EIA is a

*Corresponding author; email: p.jiranon@ gmail.com project-level study that focus on a detailed study of the
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impacts of a project [4-7]. One of the most important
steps in SEA process is development of indicators for
assessing strategic alternatives of the development [8].

The development of appropriate indicators for alter-
natives assessment requires a comprehensive review
and analysis of the data, and significantly, opinions
from the stakeholders. The overall framework is con-
sistent with strategic issues and sustainable develop-
ment objectives, embracing economic, social, and en-
vironmental aspects. It must have enough information
and can be continuously monitored in the long term
[4, 5, 8, 9]. This study is a part of SEA for electric
power development of Krabi Province. The objectives
are 1) to develop and define appropriate and compre-
hensive indicators for impact assessment of strategic
alternatives for power development of Krabi Province
in the SEA study, and 2) to determine weights for the
dimensions and indicators which are consistent with
technical and sustainable development principles, as
well as acceptable to all relevant sectors.

1.1. Literature Review

Asian Development Bank (2015) [10] defined the
indicators for conducting SEA study regarding energy
development under 8 security issues in line with sus-
tainable development which are pollution, land and
biodiversity, water resources and aquatic biodiversity,
climate change, food security, social security, health
and safety security, and economic stability. In addi-
tion, the other studies suggested SEA-related indica-
tors for electric power development include employ-
ment, cost of electricity generation, cost of technol-
ogy investment, social return on investment analysis,
and problems from migrant workers, etc. [11-14].
EPPO (2018) [15] defined the indicators for PDP 2018
as 3E, consisting of energy security, economics, and
ecology. This was inconsistent with the sustainable
development dimensions (economic, social, and envi-
ronmental). However, some social indicators were not
included in the indicators for the impact assessment of
the SEA, such as public acceptance which was an im-
portant indicator in gaining acceptance from the locals

[7].

2. Methodology

This study is a mixed-methods research. It was di-
vided into 2 steps: the development and determina-
tion of indicators and the determination of weights of
dimensions and indicators. The data were collected
from key informants in the area and relevant experts.

2.1. Key informants

The key informants in this study were local lead-
ers, representatives from tourism and fishing groups,
NGOs that were active in the coal-fired power plant
development project, and officers of relevant agencies,
especially Krabi’s electric generation office. They

were derived from the stakeholder analysis and were
purposively selected by the researchers. The stake-
holders in the area were classified into two main
groups: supporting and opposing groups of a coal-
fired power plant. This is in accordance with Huailuek
(2020) [16] and Sriruang (2019) [7] who studied the
conflict in power plant development in Krabi Province
and found that there were 2 main conflict groups in the
area with very serious opposition to each other.

In addition, to help make the results of the study
more accurate academically and acceptable to these 2
groups. The study additionally collected information
from experts who were academics, senior government
officers, and private sector who have high knowledge
and experiences in the economic, social, environmen-
tal, energy, or technological field concerning power
plant development.

2.2. Development and determination of indicators

The development and determination of indicators
used a qualitative research method to collect primary
data from the key informants, and secondary data from
relevant documents. The key informants in this pro-
cess of development and determination of indicators
consisted of 103 local leaders and representatives of
tourism and fishery groups in Krabi , NGOs, and offi-
cers of relevant agencies and 17 experts in economic,
social, environmental, energy, and technological ar-
eas, totaling 120 people.

The data collection was a series of focus group dis-
cussions (3 rounds of group discussions) for the key
informants and a semi-structured interview to collect
data from the experts. The objectives of each round of
focus group discussion are as follows:

The 1st round: To obtain the opinions of the key
informants about the overall development direction of
Krabi Province and their concerns towards different al-
ternatives of power development.

The 2nd round: To let the key informants consider,
criticize, and recommend the draft dimensions and in-
dicators.

The 3rd round: To confirm the adjusted indicators
by the key informants.

The data from each focus group discussion would
be analyzed and synthesized based on the opinions of
key informants to develop dimensions and indicators
for the SEA of electric power development in Krabi
Province.

2.3. Determination of weights of dimensions and in-
dicators

The determination of weights of dimensions and in-
dicators employed a quantitative research method by
using a questionnaire to compile the opinions of key
informants and applied the Analytical Hierarchy Pro-
cess (AHP) in comparing weights of dimensions and
indicators and summarize the weight values of the di-
mensions and indicators [17].



Interdisciplinary Research Review

11

The respondents in this process were derived from
representatives of stakeholders in the area who were
selected by each group. For the group supporting
the construction of coal-fired power plant, 9 local
leaders and officers of relevant agencies were rep-
resented, while 10 local leaders, and representatives
from tourism and fishery groups and NGOs were rep-
resented the opposing group. In addition, the 32 ex-
perts were also asked for weighting the dimensions
and indicators.

This study used questionnaire as a tool to collect
data from the key informants. The results were the
weights of dimensions and indicators for the next step
in the SEA of electric power development in Krabi
Province.

3. Data Analysis

This study employed 2 methods of data analysis.

Part 1: the development and determination of indi-
cators used content analysis, which are the qualitative
analysis method for the data obtained from key infor-
mants and experts.

Part 2: the determination of the weights of dimen-
sions and indicators employed the Analytical Hierar-
chy Process (AHP). AHP is a two-way comparison
technique useful for analysts to focus on individual
components or factors at a single time [18]. The pair-
wise comparison assigns weights between criteria in
pairs by using numbers instead of values to calculat-
ing the importance scores between each criterion [17,
19]. In this study the scores are evaluated through pair-
wise comparison analysis of dimensions and indica-
tors. The calculation are as presented in the Equation

(1):

Wi= ——— (1

where w; is the weight value of the dimension or in-
dicator, n is the number of dimensions or indicators,
C; is the score value of the dimension or indicator, i
is the order of the dimension or indicator, and is the
respective product of points for each dimension or in-
dicator.

The weights from the 3 groups were averaged to ob-
tain the final weights for the proposed dimensions and
indicators in order to draw acceptance from all groups
of key informants especially the supporting and op-
posing groups of coal-fired power plant.

The outputs of these 2 parts were the developed in-
dicators and weights of dimension and indicators for
the impact assessment of strategic alternatives of elec-
tric power development program in Krabi Province.

4. Results

From the analysis of primary and secondary data
described above, the key findings of this study can be
divided into 4 parts as follows:

Part 1: Key issues from focus group discussions

The group opposing the construction of the coal-
fired power plant suggested key issues related to the
development direction of Krabi Province which are: 1)
the environmentally-friendly development should be a
main concept for Krabi Province development since
the area has a high potential for development based
on its natural resources and can link to sustainable
development. The development of industry is possi-
ble but there should not be a large factory in the area
as it can pose the adverse impact on the environment
and local people. Moreover, the province development
should be linked to the context of the area, especially
tourism and fishery which are consistent with the lo-
cal resources. 2) The electric power development in
Krabi should focus on alternative energy since various
sources of raw materials can be obtained from the area
especially biomass. In addition, the alternative energy
can help minimize environmental and health impacts
from production of power. Meanwhile, the coal-fired
supporting group expressed their concern that renew-
able energy, such as solar energy, is not stable that
can significantly affect the energy security. Moreover,
if there is a high proportion of electricity production
from renewable energy, it will affect the price of elec-
tricity. They also believed that modern technology
of coal-fired power plant can control the impact on
the environment and can retain the price of electric-
ity. However, both groups agreed that base-load plant
was still necessary for energy security, although the
opposing group accepted only a gas power plant not a
coal-fired power plant.

Part 2: Key issues from the experts

From the interviews, several experts suggested that
since the development direction of Krabi Province is
focused on tourism and services, the area needs a sta-
ble electric power supply. In addition, the develop-
ment of power plant in Krabi has to consider 3 prin-
ciples: 1) sufficiency and continuity of the power sup-
ply, 2) suitability of electricity price, and 3) low pollu-
tion and low impact on the environment and local peo-
ple. The development of renewable energy has limita-
tions such as the availability and price of raw materials
and the stability of power especially solar power, etc.
Hence, Krabi electric power development is still nec-
essary to have a base-load power plant using fossil fuel
with modern technology to control pollution. How-
ever, some of the experts mentioned about the signif-
icance of international agreement on climate change
in which the power production sector is one of the
main focuses of the carbon reduction policy. Hence,
the development of power supply in the area should
be in line with this agreement by moving towards the
alternative energy not fossil fuel. In conclusion, ac-
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cording to the experts’ opinions, the development of
electric power in Krabi should be in accordance with
the 4E principles: Economic, Environmental, Energy
security, and Engineering.

Part 3: Dimension and indicators for alternatives as-
sessment

Based on the content analysis of the data from
key informants and reviews of related documents, this
study developed and defined dimensions and indica-
tors for the SEA’s alternatives assessment of power
development in Krabi as follows:

Four dimensions were established. The first 3 di-
mensions are in accordance with the sustainable de-
velopment principles, consisting of 1) economic, 2)
social, and 3) environmental dimension. In addition,
the 4th dimension, which is another important issue
in power development, is energy/technology security
dimension.

Sixteen indicators were developed and determined
under the 4 dimensions. Six indicators are of eco-
nomic dimension: employment, tourism, fishery, agri-
culture, revenue from selling raw materials/fuel, and
electricity price per unit. Two indicators are of social
dimension: acceptance of people towards generation
of electricity and change in health status of local peo-
ple. Five indicators are of the environmental dimen-
sion: water quality, air quality, solid waste, aquatic
biodiversity, and greenhouse gas emissions. Lastly,
three indicators are in dimension of energy/technology
security: fuel/energy sufficiency, power distribution
ability, and efficiency of pollution treatment technol-
ogy. Details of the dimensions and indicators as well
as their references are shown in Table 1.

The draft of dimensions and indicators for the as-
sessment process developed from reviewing related
document and the opinions of key informants and ex-
perts were brought into a final focus group discussion
of key informants in Krabi Province. Though there
were some questions from the participants, after dis-
cussions and explanations from the researchers, the
majority of key informants accepted that these dimen-
sions and indicators were suitable with the context of
power development in Krabi and could be used for the
impact assessment process in the SEA process. Thus,
the study can proceed to the next step of determining
the weight score of these dimensions and indicators.

Part 4: Weights of dimension and indicators

Determination of the weights of dimensions and in-
dicators was carried out by using the Analytical Hi-
erarchy Process (AHP). The data were collected from
key informants as respondents. The total number of
respondents were 51 people from 3 groups—the sup-
porting group, the opposing group, and the experts.
To draw the acceptance from the 2 groups in the area,
the study gave importance to all groups equally. The
primary weights of dimensions and indicators from
each group were then averaged to conclude the final
weights which would be used in the assessment. The

final weights were revealed to all respondents. The
details are shown in Table 2.

Consequently, when determining the weights of di-
mension and indicators for the assessment process in
the SEA, it was found that the environmental dimen-
sion was the highest weighted dimension at 0.331. In-
dicator 2.1 Acceptance of residents towards the elec-
tricity generation was with a weight of 0.117, followed
by Indicator 2.2 Change in health status of local res-
idents, and Indicator 4.3 Efficiency of pollution treat-
ment technology with a weight of 0.104 and 0.888,
respectively. The indicator with the least weight was
Indicator 1.1. Employment with a weight of 0.028.

5. Discussions

The results of this study determined sixteen indi-
cators for alternatives assessment in the SEA study
of power development in Krabi Province. They are
divided into 4 dimensions: economic, social, en-
vironmental, and energy/technology security which
are in accordance with the sustainable development
principle and the studies of the Office of Natural
Resources and Environmental Policy and Planning
(ONEP) (2007) [24] and Poboon (2013) [14]. These
indicators can be applied in the SEA of the electric
power development program in Krabi which have been
accepted by all sectors.

In sum, it can be seen from the weighting scores
of dimensions that the environment (0.331) is the
most important dimension in alternatives assessment
of the power plant development, followed by econ-
omy (0.276), society (0.221), and energy/technology
security (0.172), respectively. This is consistent with
the results of the study of Poboon (2013) [14] and
Takamol et al. (2021) [25]. However, this is not con-
sistent with Abdul, Wengqi, and Tanveer (2021) [26]
who prioritized renewable energy sources for electric-
ity generation through the AHP-VIKOR integrated ap-
proach in Pakistan, which found that the highest rated
dimension was the economic dimension, followed by
environment, energy quality, with the political and so-
cial dimensions having the least weight.

Moreover, the weighting score of the indicators
with the highest value is acceptance of people towards
electricity generation (0.117), followed by change in
health status of local people (0.102), both of which
are the social dimension indicators. The third high-
est score indicator is efficiency of pollution treatment
technology (0.088). These results indicate that power
development in Krabi must have minimal impact on
the environment and local people and must be ac-
cepted by all sectors in the area [14]. The fourth high-
est score indicator is electricity price per unit (0.077),
indicating that the price of electricity is important as
the higher price can put a burden to business and all
groups of the local people [15, 20]. On the other hand,
the lowest score indicator is employment (0.028). This
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Table 1. Dimensions, indicators and their references

Dimensions/ Definitions References
Indicators
Economic

Employment Increase in employment as a result of power development, including [10, 12, 20], experts’

employment to carry out various activities in the power plant. opinions and focus group
discussions

Tourism Potential changes in tourism business in the area, both positive and [14, 20], experts’ opinions
negative, caused by power development, especially number of and focus group
entrepreneurs and income from tourism. discussions

Tourism Potential changes in tourism business in the area, both positive and [14, 20], experts’ opinions
negative, caused by power development, especially number of and focus group
entrepreneurs and income from tourism. discussions

Fishery Potential changes in fishery, especially local fishery if different types [20], experts’ opinions and
of electric power generation are developed. focus group discussions

Agriculture Potential changes in agriculture caused by power development, Experts’ opinions and

Revenue from
selling raw
materials/fuel
Electricity price per
unit

Acceptance of
people towards
generation of
electricity
Change in health
status of local
people

Water quality

Air quality

Solid Waste

Aquatic biodiversity

Greenhouse gas
emissions

Fuel/energy
sufficiency

Power distribution
ability

Efficiency of
pollution treatment
technology

which can be both positive and negative, such as changes in
agricultural productivity, change in farmland.

Increase in people’s income as a result of power development
especially income from sales of raw materials/fuels such as rubber
wood, other biomass, and energy crops, etc.

Price per unit of electricity generated by different technologies/fuels,
including transmission and distribution costs, and other costs.

Social
People accept or oppose the power generation project in the area.
This is mainly due to the level of confidence in the pollution control
process and the expected benefit or negative impact on the area and
their communities.
Changes in both positive and negative determinants of health from
power generation, including availability and quality of medical
services, environmental quality, risk of accident, etc.
Environmental
Changes in surface water and coastal seawater quality due to power
generation processes, with important parameters such as water
temperature, dissolved oxygen content and heavy metal content, etc.
Amount of primary air pollution emissions, including sulfur dioxide
(S0O2), nitrogen oxides (NOx) and particulate matter smaller than 2.5
microns (PM2.5), which are generated and released into the
atmosphere from power generation.
Solid wastes from the power generation process such as bottom ash,
fly ash and the other wastes which can have negative impact on the
environment and local people. In addition, the ability to manage or
recycle such wastes are considered.
Changes in the abundance of larvae of important aquatic fauna
caused by power generation activities and related activities such as
fuel transportation, etc.
Amount of greenhouse gas emissions from power generations
calculated in the form of carbon dioxide equivalence.
Energy/technology security
Availability of the amount of fuel/energy that can be used to generate
electricity to meet the electricity demand with the continuous
stability of power generation.
Ability of power generation technologies to provide electrical power
to meet the demand of various sectors in terms of quantity and quality
without problems of power supply interruption, power outages, etc.,
Efficiency of technology for treatment of pollution from power
generation, such as air pollution, water pollution and waste, etc.

focus group discussions

[10, 13, 20, 21], experts’
opinions and focus group
discussions

[15, 20], experts’ opinions
and focus group
discussions

[14], experts’ opinions and
focus group discussions

[10-12, 22], experts’
opinions and focus group
discussions

[10-12, 14, 22-24],
experts’ opinions and
focus group discussions
[10-12, 14, 22-24],
experts’ opinions and
focus group discussions

[10-12, 14, 22], experts’
opinions and focus group
discussions

[10, 12, 14, 15, 24] and
experts’ opinions

[10, 12, 14, 15] and
experts’ opinions

[10, 15], experts’ opinions
and focus group
discussions

[10, 15], experts’ opinions
and focus group
discussions

[10, 15], experts’ opinions
and focus group
discussions
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Table 2. Weights of dimensions and indicators

Indicators supporting opposing experts Total* Adjusted** Ranking
Economic (0.276)

Employment 0.042 0.010 0.050 0.102 0.028 15
Tourism 0.025 0.044 0.061 0.130 0.036 14
Fishery 0.025 0.049 0.057 0.131 0.036 14
Agriculture 0.029 0.082 0.054 0.165 0.045 11
Revenue from selling raw materials/fuel 0.041 0.111 0.043 0.195 0.054 10
Electricity price per unit 0.171 0.038 0.069 0.278 0.077 4
Social (0.221)

Acceptance of people towards generation of 0.180 0.155 0.192 0.528 0.117 1
electricity

Change in health status of local people 0.153 0.178 0.142 0.472 0.104 2
Environmental (0.331)

Water quality 0.081 0.069 0.060 0.210 0.070 7
Air quality 0.085 0.063 0.081 0.228 0.076 5
Solid Waste 0.070 0.058 0.050 0.17 0.059 8
Aquatic biodiversity 0.063 0.080 0.074 0.218 0.071 6
Greenhouse gas emissions 0.034 0.062 0.070 0.167 0.055 9
Energy/technology security (0.172)

Fuel/energy sufficiency 0.093 0.046 0.098 0.236 0.041 13
Power distribution ability 0.104 0.050 0.095 0.249 0.043 12
Efficiency of pollution treatment technology 0.137 0.237 0.142 0.515 0.088 3

* The sum of the weight for each indicator was divided by 3 as it gave equal importance to the 3 groups.
**Adjusted is the weight of each indicator multiplied by the dimension weight.

is likely because the stakeholders see that changes in
employment are not solely the result of the develop-
ment of electric power, but are the consequences of
various economic activities such as tourism and other
occupations in the area [16].

6. Conclusion and Recommendations

Key findings of this study are the indicators that
were accepted by all stakeholders and can be used for
the SEA study of electric power development program
of Krabi Province. In addition, they could be applied
in relevant energy development studies or the other
SEA studies. However, as the other studies certainly
have different context, the indicators should be mod-
ified to be consistent with their study objectives and
arising issues. Moreover, the most important step in
development of the indicators is public participation.
Hence, any SEA studies that expect to obtain appro-
priate and acceptable indicators must pay the highest
attention in stakeholder analysis and involvement of
the stakeholders throughout the process to ensure ac-
ceptable results.
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Abstract

Aerating the pond by converting electrical energy into mechanical energy to mix air with water to produce dissolved oxygen
(DO) is high electricity consumption, which is considered low efficiency compared to adding pure oxygen to the water of similar
energy consumption. The idea proposed is to produce pure oxygen with solar energy to aerate the pond water efficiently. This
can solve problems for farmers by reducing the mortality rate of aquatic animals and increasing productivity. An automatic
oxygen-filling system on a buoy, therefore, is built in this research. Moreover, the performance of an automated oxygenation
system on a buoyancy system for a low-energy aquaculture pond without mechanical propulsion for aerating was determined.
This article discusses the construction of a floating buoy driven by solar energy and pure oxygen gas generating equipment. The
system of automation control, processing and sensors, and data transmission with the server of the system is designed based
on available technology. The result of research and local knowledge showed that the developed system can create a technique
for producing oxygen gas sufficiently to supply water sources. It is a way to directly add 100% pure oxygen to water, which is
more than the traditional method that adds only 21% pure oxygen. This system also focuses on low-cost development, at least

lower than the market price, including in engineering, so that it is affordable by aqua farmers.
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1. Introduction

Aquaculture has expanded widely due to market de-
mand, and Thailand has high aquaculture potential. In
2015, freshwater animals produced in fisheries are up
to 435,765 tons of aquatic animals with 25,469.5 mil-
lion Baht [1]. It can be seen that the amount of aquatic
animal production produced in 2015 was less than in
2009 at 553,700 tons, which is caused by problems
such as the environment, water quality problems from
natural disasters, and epidemic problems. The major
problem is water quality problems [2]-[5]. There are
many factors affecting water quality problems. Nev-
ertheless, the primary causal factor is that the oxygen
content in the water is less than the standard set for
each aquaculture species due to the current increase in
aquaculture densities per pond size [2], which causes
the dissolved oxygen content to decrease rapidly. An-
other issue is the energy consumption of dissolved
oxygen, which is particularly problematic in locations

*Corresponding author; email: adisorn@webmail.npru.ac.th

where power is not yet available. Aquaculture grow-
ers have been obliged to use generators to generate
power to aerate oxygen to the water. They employ
a propeller-type aeration device, which is popular in
aquaculture ponds but consumes much electricity to
raise the dissolved oxygen in the pond because of the
need to increase the number of impeller sets to en-
hance the oxygen content. Consequently, Figure 1
shows that farmers must pay more to produce aquatic
animals.

Based on a study of the literature on aeration sys-
tems in aquaculture conducted by researchers. So-
lar energy has been discovered to be a viable energy
source for aeration into the water in various ways [3].
Furthermore, the generation of hydrogen gas and oxy-
gen from water is being investigated [4], [5], as the
development of water quality management systems in
ponds offers information or alerts farmers, and de-
creases losses or regulates water quality to maintain
continuous quality [6]-[8].

However, in terms of water aeration efficiency or
quality, the method of oxygenation using pure oxy-
gen from liquid oxygen tanks was tested [9-10]. In
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Figure 1: The propeller aerators are commonly used in aquaculture ponds.

addition, automated oxygen monitoring and manage-
ment systems for high-density marine fish farms are
being developed. The device can accurately moni-
tor the dissolved oxygen concentration of ponds and
water treatment ponds, and it may show reports and
graphics, as well as record data and alarms. The tech-
nology may also automatically boost the quantity of
dissolved oxygen by instructing the oxygen machine
and solenoid valve to provide pure oxygen at the spec-
ified time [9]. In only 5 minutes, the artificial oxygen
mixer had the greatest oxygen diffusion rate of 4.93
kgO2/hr. Under seawater standard circumstances, dis-
solved oxygen can be raised from 0.00 mg/1 to satura-
tion with a minimal wastage rate of 9.81 percent when
utilized with pure oxygen gas. Consequently, in an
emergency, oxygen mixers may be utilized in combi-
nation with pure oxygen. In terms of adding oxygen to
improve water quality, it was discovered that the oxy-
gen aeration pump had a maximum efficiency of 0.06
kgO2/kw.hr owing to the lowest energy usage.

In the next section, the concept of the au-
tonomous oxygenation system on buoyancy for aqua-
culture ponds with low energy consumption and non-
mechanical drives unit is explained as the methodol-
ogy and theory for building the prototype. Section
3 shows innovation buoyancy for aquaculture ponds
prototype in the lab, and section 4 describes the exper-
imental results when using the prototype on the farm.
Finally, the conclusion is discussed in section 5.

2. Methodology and Theory

The amount of oxygen in aquaculture must always
be controlled to maintain good quality which is a fac-
tor in the growth of aquatic animals. The low amount
of oxygen in the water causes less oxygen to breathe in
the water, and it also impairs the growth of the aquatic
animal or weakens it, and eventually dies. This sec-
tion will describe the modeling of buoyancy for aqua-
culture ponds. The concept consisted of the solar cell
panel as an energy source, power control unit, and bat-
tery charge. The oxygenation equipment and oxygen
measuring device were created. Also, the processing
and control unit and the device for data communica-
tion system were built.

2.1. Buoyancy and stability

Buoyant Force (FB) is the lose weight of object on
the liquid equalization to the liquid weight the same
as the object floated volume. For the forces at work in
buoyancy, the object floats at rest because the upward
force of buoyancy is equal to the downward force of
gravity [10]-[14]. The buoyant force is given in the
equation (1).

__)
Fg=pVg (D

where 171; is buoyant force measured in Newton (N),
p is density of the liquid measured in g/cm? or kg/m?>,
V is the volume of the displaced body of liquid mea-
sured in m>, and g is the gravitational acceleration.
Therefore, the buoyant force is equal to the weight of
the liquid when the volume of the liquid is equal to the
volume of the object floated under the liquid. Object
density is the proportion between the mass and volume
of the object. It can give as the equation (2) [15]-[18].

m
= — 2
P=y 2)

m is the mass of object measured in gram (g) or
kilogram (kg). Then, we can design the buoyance for
aquaculture ponds.

2.2. Energy and charger controller units

The electric producer is applied from the solar cell,
which transduced the ultraviolet light to electrical en-
ergy. The electrical energy obtained is the direct cur-
rent, measured in Watts (W). In the control units, there
is the charge controller, an electric charge from the
solar cell into the battery. However, the amount of
electric charging is propitiated for saving the battery
lifetime and supplying the electric current to the load.
Therefore, when the battery is full, the charge con-
troller stops or charges less. In other words, solar en-
ergy is controlled by the electric charge controller in
case the battery is full. The energy is supplied to the
system when there is no sunlight or at nighttime. The
electrical supply from the solar system consists of the
solar cell panel, battery, and solar charge controller.
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1) The specification of solar cell panel can be cal-
culated as the following. The processor and collector
unit requires 5 Volts and 2 Amperes (10 Watts), the
oxygen generator unit requires 12 Volts and 5 Am-
peres (60 Watts), and the control and oxygen supply
units require 12 Volts and 1 Ampere (12 Watts). Con-
sequently, the total power consumption is 82 Watts for
5 hours a day. Therefore, the solar cell panel is 82
Watts.

2) For the battery for collecting electric charge from
the solar cell panel, Sealed Lead Acid (SLA) battery is
used, which is cheaper than Deep Cycle (DC) battery.
The battery requires 12 Volts and 70-ampere hours
(Ah) or greater than, etc., 12 Volts 80 Ah and 12 Volts
100 Ah.

3) The electric charge controller controls the charge
of electricity into the battery, thereby prolonging the
battery’s lifespan. The battery must be equal to or
greater than the current (Amperes) flowing from the
solar cell panel to the battery, so the specific charge
controller should be larger than the current of the so-
lar panel.

The technology of electrolysis oxygen generator is
distinguished between water and gas by using the elec-
trolysis method. It is the process of passing an external
direct current (DC) current into the electrolyte solution
through various metal plates. It conducts electricity
through a solution and then causes a chemical reac-
tion as shown in Fig. 2. The apparatus used to separate
a solution with electricity is called an electrolyte cell
or electrolytic cell. The main components of the sys-
tem are the electrode, electrolyte solution container,
and direct current generators such as batteries or solar
cells, as shown in Fig. 2.

For oxygen concentrator design, 1) Electrode (an-
ode and cathode) is stainless steel 316L, size 120x70
x 0.5 mm., total 8 pairs. 2) DC power supply uses
electricity from the battery through the control system,
size 12 Volts 80 Ah. 3) Electrolyte solution uses bak-
ing soda solution (NaHCO3). The researchers applied
electricity to the water to separate hydrogen and oxy-
gen gas, which can be used to produce simple oxygen.
The researchers developed a series of wet electrolysis,
which is immersed in water and compounds to pro-
duce oxygen. Efficiency is improved by controlling
the frequency voltage and continuing to supply elec-
tricity as shown in Fig.2.

2.3. Developed a sensor to measure the dissolved oxy-
gen content in water

The dissolved oxygen sensor is divided into two
groups. 1) Optical sensor is used to detect red
light emitting from blue light emitting coated with an
oxygen-enriched substance. 2) Electrochemical sen-
sor uses the principle of detecting ions in a solution
from electrochemical electrolysis. The researchers
applied micro-current sensor technology to a polaro-
graphic DO sensor through a coupling and amplifica-

tion circuit to measure the measurement process and
the specified probe properties. This is in the process
of further development, calibration, and performance
of use for the future.

3. Innovation Buoyancy for Aquaculture Ponds

All developed systems were installed on buoys for
preliminary testing. As shown in Fig. 3, the systems
include the solar generation system, the oxygen gen-
eration system, and the sensor and control system.

The energy from the solar cells was tested through
the charge controller from 8:00 a.m. to 5:00 p.m. Then
the light intensity, charge voltage, charge current and
electric power from the solar panel were collected.
The test was repeated five times, and the results were
analyzed by statistical data, as shown in Table 1. From
Table 1, the system can charge energy from sunlight
for about 8 hours, focusing on the use of open space
(floating on the surface of the pond), which is suffi-
cient to charge the battery for use after sunset or not
enough light.

The use of an automated oxygenation system on the
developed buoys was tested. Production of pure oxy-
gen (O2) was added to the aquaculture tank. Four-
three-month-old Red Tilapia were taken to test and
reared. Then, the concentration of pure oxygen
(O2)produced by the developed system was approxi-
mately 94.4 percent, measured with the Oxygen An-
alyzer model JAY-120. Table 2 shows that the de-
signed oxygen generation system can produce oxygen
for aquatic animals when used in the pond as well. The
value of DO is within the standard that aquatic animals
can survive when compared to a small pond that uses
water circulation and a small jet system. It was found
that in the experiment, the system can produce oxygen
continuously for about 8-9 hours continuously. It is
electrically charged during the day and at night using
the power of a battery charged by a solar panel.

4. Experimental and Results

The eight low-power, non-mechanical-powered,
buoyancy-based automated oxygenation systems for
aquaculture ponds were built. The actual test was car-
ried out in the animal pond at Nong Din Daeng Sub-
district, Mueang District, Nakhon Pathom Province,
Thailand. The details of the construction of an auto-
matic oxygen filling system on the developed buoys
are presented below.

4.1. Implementation of the autonomous oxygenation
system on buoyancy for aquaculture ponds

The 8 buoy systems are set up at the point that needs
to add oxygen within the culture pond. Next, the water
quality standards such as pH, salinity, and dissolved
oxygen in water were measured before the introduc-
tion of the developed oxygen filling system. When the
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Figure 2: Principle of separation of gas from water by electrolysis method [11].
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Figure 3: Solar power generation and oxygen generation system on a prototype buoy.

Table 1. Solar cell battery charge test results.

Time Period  Number of Test

Mean of Test Charging the Power from Solar Cell

Light intensity ~ Voltage charging  Current charging  The Power from Solar
(Time) (lux) (Volt) (Ampere) Cell Panel (Watt)
8.00 am. 5 16220 12.5 0.6 7.50
9.00am. 5 23870 12.7 0.7 8.89
10.00am. 5 43650 12.8 0.9 11.52
11.00am. 5 76490 13.0 1.02 13.26
12.00am. 5 98035 13.7 1.05 14.39
13.00pm. 5 93750 135 1.07 14.15
14.00pm. 5 86180 13.1 0.95 12.45
15.00pm. 5 5690 13.1 0.75 9.83
16.00pm. 5 3990 12.7 0.72 9.14
17.00pm. 5 1130 12.4 0.61 7.56

system was activated, the dissolved oxygen measure-
ment test was performed every 1 hour, starting from
8:00 AM to 7:00 PM. The tests were repeated five
times and the measured values were averaged.

From Table 3, the study found that the system can
supply oxygen to the 168 cubic meter pond. By es-
timating that one set of buoys can produce approxi-
mately of 394.45 oxygen (mg-O2/kg/h). It can pro-
duce oxygen for 400 fish at 500g size. The value
of oxygen in water (DO) was approximately not less
than 5 mg/l throughout the experiment. The system

can measure water quality and transmit data to the
server system at any time. The oxygen supply can
be controlled manually (Manual) or automatically via
wireless communication/via Web application, includ-
ing charging and supplying power. It can supply oxy-
gen to the water at about 390 mgO2/kg/h. Addition-
ally, the system is able to alert the maintenance via an
audit file through the visual display device and test the
functionality via the Internet or web application.
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Table 2. Comparison of two aerations dissolved oxygen before-after.

Time Number of Mean of Air Mean of Amount of Dissolved Oxygen (DO) (mg/1)
Measurement  Test (time)  Temperature Water Electrolysis oxygen PSA Concentration
(minute) (Celsius) Temperature ~ generator method  oxygen generator method
(Celsius) Before After Before After
10 5 34.3 322 5.40 6.40 5.56 6.28
20 5 34.3 322 5.40 6.45 5.56 6.35
30 5 342 323 5.40 6.59 5.56 6.39
40 5 34.1 31.2 5.40 6.83 5.56 6.54
50 5 34.1 31.3 5.40 6.94 5.56 6.68
60 5 34.0 31.2 5.40 7.06 5.56 6.87
70 5 332 30.5 5.40 7.18 5.56 7.03
80 5 332 30.3 5.40 7.30 5.56 7.09
90 5 333 30.1 5.40 7.43 5.56 7.11
100 5 332 30.0 5.40 7.46 5.56 7.20
110 5 32.3 30.3 5.40 7.55 5.56 7.26
120 5 322 30.2 5.40 7.59 5.56 7.30

A\
f

W e

8

Figure 4: The implementation of autonomous oxygen generation on buoyancy for aquaculture ponds

Table 3. The results of testing the implementation of the

automated oxygen filling system on the developed buoys.

Buoyancy  Mean of Air Temperature ~ Mean of Water Temperature ~ Amount of Dissolved Oxygen

Item (Celsius) (Celsius) (DO) (mg/l)

Before After
1 33.89 32.56 421 5.09
2 33.76 32.44 4.21 5.13
3 33.89 32.56 4.35 5.13
4 33.89 32.56 421 5.13
5 33.89 32.56 4.54 5.15
6 33.89 32.56 4.34 5.07
7 33.89 32.56 4.41 5.12
8 33.76 32.44 4.49 5.14

4.2. Cost and saving for farmers

Analysis and evaluation of engineering economics
from the buoyancy oxygen filling system consisted
of 1) electric power generation and distribution sys-
tem 120 watts (12 V,50 Ah), costing 10,000 baht, 2)

oxygen production system not less than 1.25 LPM,
electric power, costing 10,000 baht, 3) Water Oxy-
gen Monitoring (DO) system, costing about 10,000
baht, 4) control system and data transmission, costing
about 5,000 baht, and 5) floating frame and other ac-
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cessories, costing about 5,000 baht. Finally, the price
of the developed system is about 40,000 baht per set.
It can continuously produce at least 90% pure oxygen
gas at least 180 liters per hour or at least 900 liters per
day, from 5 working hours.The designed and devel-
oped buoyancy oxygenation system can produce ap-
proximately 180,000 liters of oxygen per year (based
on 200 working days per year). Oxygen transfer ef-
ficiency (SOTR) is not lower than 0.020 kg oxygen
per hour, which can estimate the cost of operating the
break-even point payback period and net present value
(NPV) as follows: 1) estimated operating expenses is
equal to 106,800.00 baht per year, 2) break-even point
is to produce 1,702.00 kg per year, and 3) payback
period is 0.925 years or approximately 11 months. Fi-
nally, the net present value (NPV) is 43,200.00 baht.

5. Conclusion

This research and development is a design of buoy-
ancy with its power source. It is an oxygen production
device, the control system, processing, and sensors
with solar energy. Pure oxygen gas is generated and
information is sent and received by working with the
server of the designed system. This research focuses
on techniques for producing sufficient oxygen for sup-
plying to water sources according to the scope of tech-
nology and energy available. It is controlled by a mi-
crocontroller or computer system automatically. The
design is low-cost research and development which all
components used are domestic materials with the price
lower than the market price or based on appropriate
technology, which uses various knowledge to design
an engineering system for agriculture to be practical
in the field.
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Abstract

The study aims at monitoring and evaluation the sensitivity of hydraulic off-takes and improving implementation program of se-
lected hydraulic off-take in the Left Main Canal scheme (LMC scheme) to help manage the Mae Lao irrigation scheme (MLIS),
Chiang Rai province in the dry season. Water scarcity is always a serious problem in the dry season due to over cultivated
area, investigating irrigation water supply along the main canal level in terms of equity of water distribution is necessary to the
monitoring and evaluation. 13 selected hydraulic off-takes structures along the LMC are measured by the off-take sensitivity in-
dicator for identifying low, medium and high values of off-takes sensitivity. All results found that the upstream-end section has
low sensitivity values (less than 1), while the middle and downstream-end sections have high sensitivity values (greater than 2).
According to these study results, the recommendation for implementation program of selected off-takes along to the LMC are
such that 1. For the low off-take sensitivity values covers the upstream-end section only require intermittent gate adjustments
2. For the medium off-take sensitivity values includes some parts of the upstream-end only require moderate adjustment and
frequency maintenance program 3. While the high sensitivity, including almost all structures located from the middle to the
downstream-end section, would require frequent adjustments, calibrations, and maintenance program before the beginning of
wet and dry seasons.
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1. Introduction studied the sensitivity of hydraulic structures. By ap-
plying this approach at the canal level, and then [10]
developed the concept of sensitivity for conveyance
system levels in order to investigate the overall lev-
els of the system and the effects of water perturbation
for irrigation water distribution.

The Left Main Canal scheme (LMC scheme) is one
sub irrigation district area, under the Mae Lao Irriga-
tion Scheme (MLIS). The LMC scheme supply irri-
gation water for the 1,920 ha of paddy (rice growing)
area in the dry season. Over-cultivation and poor per-
formance of hydraulic structures [15] lead to extreme
water scarcity during dry season. Over cultivation ne-
cessitates more irrigation supply; while poor perfor-
mance of hydraulic structures adversely affects water
distribution equity, particularly, from main canal level
to secondary canal level. Therefore, monitoring and
evaluation of hydraulic off-take sensitivity during the
dry season (March to the end of April) is fundamental
to improve cost-effectiveness of ensuring water distri-
bution equity along the main canal level.

Hydraulic off-take sensitivity is the approach to as-
sess flow variation of hydraulic control structures for
irrigation. This approach was developed by [4], [6]

Sensitivity study of irrigation water conveyance
covers all levels of conveyance system. MASSCOTE
approach [7] was developed by FAO in year 2007 to
investigate hydraulic off-takes sensitivity from sub-
system of irrigation conveyance to overall conveyance
system. Moreover, there have been many studies rele-
vant to hydraulic sensitivity. For example, [5] studied
hydraulic sensitivity indicators to assess canal opera-
tions at irrigation canal networks in Iran. [14] stud-
ied the influence of cross-regulator settings on off-
takes through hydraulic structure sensitivities in the
Doroodzan irrigation network in Iran. In Thailand, [8]
studied the sensitivity of main hydraulic structures to
monitor water distribution plans and operate hydraulic
structures within irrigation canal networks managed

*Corresponding author; email: Pudd. Woody @ gmail.com by the Royal Irrigation Department (RID).The study
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has two main objectives : 1. to investigate the sensi-
tivity of off-takes on the main canal level during dry
season in the LMC scheme 2. to improve implemen-
tation program of hydraulic off-take structures on the
main canal level.

1.1. Study Area

In the Figure 1., the LMC is one of four major sub-
irrigation schemes under the MLIS, which is the large
irrigation scheme in the northern of Thailand. The
LMC scheme is located in Amphur Mae Lao, Chiang
Rai province. It is one of two irrigation districts (the
Right Main Canal scheme and the Left Main Canal
scheme) belonging to the larger MILS scheme. Gen-
erally, the LMC scheme supplies irrigation water for
rice paddies in the irrigation service area. The LMC
scheme is divided into five irrigation zones. During
the dry season, irrigation service area can supply irri-
gation water in Zone 2 (43 ha), Zone 3 (450 ha), Zone
4 (890 ha), and Zone 5 (537 ha) respectively.

The Left Main Canal scheme
Irrigation Service Area in each Zone A

Zonel=0ha
Zone2 =43 ha
Zone 3 = 450 ha
Zone 4 = 890 ha
Zone5 =537 ha (e

Downstream Lol

s
— Kilom eters

Figure 1: The Left Main Canal (LMC) scheme

1.2. Off-takes in the main canal system

In the LMC scheme, the main canal length is 24.7
km. 13 hydraulic from the total of 17 off-take struc-
tures were selected for this study. Selected hydraulic
off-takes and all position along the leftside of main
canal in each structure were shown in the Table 1.(*).

1.3. Irrigation scheduling

Generally, irrigation scheduling during dry season
starts on January and finishes by May every year. The
scheduling controls irrigation supply along with the
main canal level by rotational flow pattern from zones
5 to zone 2. In Table 2., the scheduling starts from
zone 5 (2 days), zone 4 (2 days), zone 3 (3 days) to-
zone 2 (3 days). In this study, selected days for mea-
suring hydraulic off-take sensitivity started from 17'h
March to 21°t April for 36 days.

1.4. Theory

1.4.1. Flow description of hydraulic off-takes

Concept of off-takes sensitivity was originally pub-
lished by the FAO report no. 63 in year 2007 [3]. In
the Figure 2., flowing description through hydraulic
off-takes with different downstream conditions (free-
flow or submerged conditions).

Sluice gate —
Stage 1 \ |

Stage 2
Upstream A

\V4 Downnstream
N
H upstream

H downstream

H refference

Figure 2: Flowing description through hydraulicoff-takes with dif-
ferent downstream

According to Figure 2., general governing equa-
tions of flow through hydraulic off-takes are:

q= aA (Hus - Hds)a (Stage 1) (1)

q=db(Hy—He) (Stage?) 2)

Where, A is flow section parameter through the
structure (A is area through the orifice for an undershot
flow, and A is the crest length for an overshot flow);a
is discharge coefficient equal to c(2g)*;c is flow co-
efficient function of the shape of the flow (¢ 0.5 for an
orifice);a’ and b are hydraulic parameters of the stage
2;a, b are exponent equal to 1/2 for undershot flow, to
3/2 for overshot, and about to 1.6 for normal flow;H,,
is water level upstream of the structure;H,, is water
level downstream of the structure;H,.s is areference
level depending on the downstream flow conditions;q
is discharge through the structure.

H,.r is a constant reference level taken at: (1) the
crest level of the weir where there is ameasurement
weir; or (2) a reference level (bottom bed or a crest
level) further downconditioning the flow at the struc-
ture. It is assumed that dH,.; equals 0.

1.4.2. Conditions of flow through hydraulic off-takes

Free-flow conditionsat the offtake, equation in stage
2 is irrelevant and itreduces to one equation as equa-
tion in stage 1. Then, Hds is taken either as the crest
level of the weirin the case of overshot, or as the ori-
fice axis in the case of undershot. Moreover, flow pa-
rameters characteristics (@ and 3) are affected by flow
conditions in the Table 3.
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Table 1. Weights of dimensions and indicators

Zone Position(km + m) Hydraulic structure

5 3+756 Off-take 1*
5+023 Off-take 2*
54600 Off-take 3*

4 7+455 Oft-take 3.1*
8+123 Off-take 4*
8+848 Off-take 5*
9+862 Off-take 6*
10+621 Off-take 7*
11+672 Off-take 8*
12+976 Off-take 9%

3 16+006 Off-take 10*
17+468 Off-take 11*
18+429 Off-take 11.1%*

* Selected hydraulic structure off-takes for study

Table 2. Irrigation scheduling for the LMC scheme during the dry season (2020)

Month Zone 5 Zone 4 Zone 3 Zone 2 Zone 1

March 17,18 19,20 21,22,23 24,25,26 27,28,29
30,31

April 1,2 34,5 6,7,8 9,10,11
12,13 14,15 16,17,18 19,20,21 22,2324

Bold numbers are selected days for study

2. Methodology

The methodology of study has been adapted from
[1], which was developed as a tool to improve irriga-
tion project by monitoring and evaluation. The proce-
dure was summarized by steps as below.

1. Identification target of hydraulic off-takes in the
main canal level, selected to study for 13 hydraulic
off-take structures, was measured the water level at up-
stream and downstream in each structure (see in Table
1.).

2. Setting objectives that two objectives of this study
(to investigate the sensitivity of off-takes on the main
canal level during the dry season and to improve im-
plementation program of hydraulic off-take structures
in the study area) were set in the study through mea-
surement of hydraulic off-takes sensitivity as the indi-
cator.

3. Defining hydraulic off-takes measurement that
the measurement of water depth (upstream and down-
stream) was measured by two operation gate staffs
during selected time periods for 36 days (see in Table
2.).

4. Analysis outputs that two outputs (sensitivity of
hydraulic off-takes and implemented program opera-
tion of hydraulic off-takes), was analyzed by the hy-
draulic off-takes sensitivity indicator and then all indi-
cators were analyzed for searching low, medium and
high sensitivity values in each structures along to the
main canal for improving implementation program of
hydraulic off-takes in the main canal level.

2.1. Data collection

To investigate the variation of irrigation supply of
the main canal level in the dry season, data was col-

lected during March to April (see in Table 2.) in
year 2021and 13 hydraulic structures will be selected
to measure the water at upstream and downstream in
each structure at the LMC scheme. For investigation
of characteristics of main canal level, semi-structure
interview will be held on the office before the irriga-
tion supply season began by irrigation staffs using a
Participatory Rural Appraisal (PRA) technique [2].

2.2. Analysis

The analysis of this study consisted of two steps ac-
cording to two study objectives. Off-takes sensitiv-
ity analysis and implementation program of hydraulic
off-take structures analysis were analyzed through rel-
evant information in data collection procedure.

2.2.1. Off-takes sensitivity analysis

The off-takes sensitivity is defined as a ratio of the
relative variation of outputs (downstream water level)
to the variation of the inputs (upstream water level) of
controlled gate of water distribution. This is shown in
equation (3).

Variationo foutputs
S ensitivity = — f - P 3)
Variationo finputs

The sensitivity of off-takes and the cross regulators
are shown in equations (2) and (3).

Dqlq . _i
S — take = —— 4
of f — take DH (m™) “)
Where S off-take is the sensitivity of off-takes, Dq/q

is the ratio of relative discharge of the hydraulic struc-
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Table 3. Conditions of flow and reference to be considered in calculations

Specific conditions HREF Stage 2. equation 107 B
Undershot free flow Orifice axis Not needed 0.5 no
Overshot free flow Crest level of the weir Not need 1.5 no
Undershot submerged by a H crest of the Need 0.5 1.5
downstream measurement measurement weir

weir

Undershot submerged normal H bed bottom of the Need 0.5 1.66
uniform flow downstream

canal section

ture and DH is the water differential depth upstream
and downstream (m).

In equation (5), head equivalent (HE) is developed
to reduce the equation term(q. DH) in equation (4). It
represents to the characteristics of flow condition (un-
dershot or overshot flow) as shown in the Figure 2.1t
can be shown in the equation (5).

HE = (Hup — Hds)/[(a/B)(Hds — Href)](m) (5)

In this study, assumption of flow conditions is de-
fined as the undershot free flow, so, the head equiva-
lent (HE)is equal to different depth between H up and
H ds due to irrelevant equation of stage 2 ( is not con-
sideration) in the Table3.

According to the equation (4), the term of differen-
tial equation (Dg/q) is represented by the exponential
value as constant term ()of hydraulic off-takes and DH
is represented by HE. So, the hydraulic off-takes sen-
sitivity equation is newly developed in the equation

(©).

Soff — take = % m™) (6)

The meaning of hydraulic off-takes sensitivity can
be defined as follows: low sensitivity (less than 1),
medium sensitivity (between 1 and 2), and high sensi-
tivity values (over 2).

2.2.2. Implementation program of hydraulic off-take
structures analysis

All sensitivity of hydraulic off-takes was mapped in
the table for searching low, medium and high values of
sensitivity index of each structure along the main canal
of the study area.If any structures were high sensitivity
values, it will be required to increase frequency of op-
eration maintenance and calibration in the implemen-
tation programs, referred by the Thai Royal Irrigation
Management manual[11], [12] and [13].

3. Results

3.1. Hydraulic off-takes sensitivity in the main canal
level

Measurement of water level sites began fromzone

5 to zone 2 respectively. However, in real situation,

the measurement could not be measured in zones 2
due to no irrigationwater supply in this zone. General
characteristics of hydraulic control structures on the
main canal level during measurement the water depth
can be described that:

o Cross-regulators in the main canal are not fully
opened or some structures are closed. Both overshot
flows and submerged flow conditions can be occurred
along in the canal. o The cross regulator and hydraulic
off-takes on the secondary canal level were fully open.

An average hydraulic off-takes sensitivity on the
main canal level was shown intheFigure 2.It con-
cluded that in the upstream-end section, the off-take
sensitivity values of zone 5, from 3+756 km to 5+600
km, demonstrated low sensitivity values (less than 1),
except for off-take 1, had a medium sensitivity value
(1.14). Next, in the middle-end section, the off-takes
sensitivity in zone 4 (74455 km to 8+976 km) showed
higher sensitivity values (over 2), except for off-take
4, had a medium sensitivity value (1 - 2). And the
downstream-end section in Zone 3, 16+006 km to
18+429 km was a high sensitivity value.

For the weekly averages of off-takes sensitivities
along the main canal level in the Table 4, zones 5 in-
creased from weeks 1 to 3 and decreased from weeks
3 to 4., zone 4 slowly increased from week 1 to week
2, sharply increased in week 3, and then decreased
form weeks 3 to week 4. And the sensitivity values
for zone 3 increased from week 1 to week 2; how-
ever,both weeks 3 and 4 could not be measured due to
no irrigation water supply in this area.

3.2. Improving implementation program of hydraulic
off-takes on the main canal level

Final results of this during selected time period pro-
vided helpful information to improveimplementation
program through operation and maintenance program
in the main canal level of the study area. It can be
described as below.

In the TableS., almost hydraulic off-take struc-
tures were generally high off-takes sensitivity (over
2). These structures had highly variation of irriga-
tion supply, so adjustment, calibration, and mainte-
nance programs of hydraulic control should be strictly
monitored(more than 2 times per year).In this study,
there are three groups of off-take structures of sensi-
tivity values (low, medium, or high). Groups with low
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Table 4. Average hydraulic off-takes sensitivity per week in the main canal system

Average sensitivity of off-take in each week(m™')

Zone Position Hydraulic
Structure  yveek 1 (March) Week 2 (April)  Week 3 (April) Week 4 (April)

5 3+756 Off-take 1 0.98+.02 1.06+.02 1.34+.05 1.17£.30

5 5+023 Oft-take 2 0.71+.01 0.94+.06 0.83+.03 0.76x.05

5 5+600 Off-take 3 0.67+.07 0.65+.02 0.70+.06 0.49+.04
Week 1 (March) Week 2 (April) Week 3 (April) Week 4 (April-May)

4 T+455 Oft-take 3.1 1.41+.06 1.67+.00 4.01+.16 1.55+.30

4 8+123 Off-take 4 1.30+.21 1.88+.21 1.93+.07 0.66+.12

4 8+848 Off-take 5 3.94+.61 3.33+.00 6.70+.45 2.56+1.61

4 9+862 Oft-take 6 4.01+.16 3.75+.42 5.63+.63 3.84+0.71

4 10+621 Off-take 7 2.19+.19 6.25+2.08 1.97+.81 2.86+0.47

4 11+672 Off-take 8 3.35+£.22 1.19+.19 1.66+.34 4.82+3.51

4 12+976 Oft-take 9 3.06+.79 2.50+.00 1.34+.58 1.20+.47
Week 1 (March) Week 2 (April) Week 3 (April)

3 16+006 Off-take 10 3.30+1.14 2.15+.29 NA

3 17+468 Off-take 11 3.69+.51 3.20+.96 NA

3 18+429  Off-take 11.1 2.83+.04 4.79+1.73 NA

Remark: the value less than 1 = low sensitivity, the value between 1 to 2 = medium sensitivity
Remark: and the value more than 2 = high sensitivity, NA = Not available

Off-takes sensitivity (m)
w

Average off-takes sensitivity along the main canl level

H Values

Off-takes
Position (km)

Figure 3: Average off-takes sensitivity along with main canal level.

off-take sensitivity (off-takes 2 and 3) should be re-
quired only low-frequency gate adjustments program
(1 time per year), groups with medium off-take sen-
sitivity should be requiredmoderate frequency adjust-
ments and maintenance program(both wet and dry
season starting). And the last group (high sensitiv-
ity) should be requiredmost frequent operation, adjust-
ments, calibration, and maintenance program(more
than 2 times per year).

The implementation procedure; operation, adjust-
ment, calibrate and maintenance program are refer-
enced by the RID manual.

4. Discussion and conclusion

4.1. Discussion

According to thesestudy objectives, to make im-
provements or modifications of irrigation supply man-
agement on the main canal level, relevant factors affect
to achieve the goal of monitoring and evaluation in this
study can be described as below.

o Experienced staff capable for measuring water
levels and high-quality measurement tools is neces-
sary to measure water level data accuracy because
more accuracy data of H us and H ds needed to re-
quire a skillful for using staff gauge and read all water
depth values.

o For the assumption of the study, the undershot free
flow condition was chosen to considerate because two
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Table 5. Improvements of implementation process on the main canal level

Off-take structures Off-take Adjustment/ improvement of the
sensitivity implementation process
Off-takes 2 and 3 Low Low frequency of adjustment(1 time
per year)
Off-takes 1 and 4 Medium Average frequency of adjustment and

Off-takes 3,3.1,5,6,7, High
8,9,10,11 and 11.1

maintenance(both wet and dry season
starting)

maintenance(both wet and dry season
starting)

Most frequent adjustments, operation,
calibration, and maintenance(more
than 2 times per year)

major reasons that (1) reduction a complexed equation
in flow condition (stage 2.) in order to simplified to
get water depth information and (2) smoothly flow of
water in the main canal during the most water scarcity
period in the dry season. So, the flow assumption will
be a concept according to [10].

o Although, the irrigation scheduling was set by the
rotational flow, started from zone 5 (2 days), zone 4
(2 days), zone 3 (3 days) tozone 2 (3 days), in the real
situation of irrigation supply, it was a continuous flow
(not a rotational flow). The irrigation scheduling can-
not control to supply irrigation water from zone 5 to
zone 2 because the water user group of upstream-end
section open hydraulic off-takes. So, the water user
groups among middle and downstream- end section
were not enough received the irrigation supply. This
why the reason that almost hydraulic off-takes (middle
and downstream- end sections) were high off-take sen-
sitivity because these areas had low water depth level
in each hydraulic off-takes. So, almost flow condi-
tion in these sections were not undershot flow condi-
tion, this cause affected to variation of sensitivity of
off-takes.

o Operation and maintenance program including,
monitoring the water level and calibrating of hydraulic
infrastructures, i.e., off-takes, cross-regulator on the
main canal level should be implemented appropriately
according to RID manuals. All of actions should
be strongly support relevant equipment, people and
budget by the irrigation management budget (by the
RID and by the local irrigation budget) according to
the participatory irrigation management concept, have
been promoted by the RID.

o The water user group necessary to join the mon-
itoring waterlevel in the main canal level. Two main
reasons of importance of water user groups were (1)
strength of water user groups through the strict rule
of water usage for control to open and close all off-
takes along to the LMC needed to handle a tailed-end
problem in irrigation supply topic and (2) participatory
irrigation management from hydraulic off-takes net-
work distribution to field irrigation distribution needed
to operate and maintenance by them according to the
participatory irrigation management concept because
only government sector could not possibly to operate

and maintain all irrigation network distribution in the
LMC scheme.

4.2. Conclusion

Study results point to conclusion that almost all hy-
draulic sensitivity in upstream-end section show slow
sensitivity values (less than 1), the middle and down-
stream end sections show high sensitivity values (over
than 2). And for the implementation program of hy-
draulic off-takes on the main canal level, the recom-
mendation focuses on frequency of calibration, op-
eration and maintenance program of these structures
that the low off-take sensitivity (off-takes 2 and 3),
is on the upstream- end section, only required low-
frequency adjustments, the groups of medium off-take
sensitivity, including some parts of the upstream- end
section, require moderate frequency adjustments and
maintenance. While most of the high sensitivity struc-
tures located from the middle to the downstream- end
of the canal, require frequent adjustments, operation,
calibration, and maintenance program.
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Abstract

This cross-sectional descriptive-correlational design aimed to examine correlation of biosocial factors and health literacy with
competency of older adults on management and health promotion for older adults in urban communities, Bangkok Metropolis.
The sample group consisted of older adults in urban communities in Bangkok Metropolis and recruited with stratified random
sampling by the population ratio of older adults in each community with a total of 196 participants. Research instruments were
employed for data collection, including a demographic questionnaire, a self-administered questionnaire of health literacy ques-
tionnaire, and self-administered questionnaire of the competency of older adults. Data were analyzed by descriptive statistics
and Pearson’s correlation coefficient.

The findings revealed that an education level factor and a chronic disease factor were correlated with the low level of
competency for the overall management and health promotion (r =.273,p < 0.001; r =.226,p <0.001, respectively) with a
statistical significance level of .01. Moreover, the health literacy factor, including the access to the health information and
service, the knowledge and understanding of the health of older adults, the health information communication of older adults,
the ability to choose the appropriate guidelines, and the appropriate health management correlated with the competency on
overall management and health promotion (r = .456,p <0.001; r = .632,p <0.001; r = .587,p <0.001; r = .576,p <0.001; r =
.620,p <0.001; r = .425,p <0.001, respectively) with a statistical significance level of .01.

In conclusion, the biosocial factors, namely the education level factor, the chronic disease factor, and the health literacy
factor, correlated with the competency of older adults for management and health promotion.

Biosocial factors and health literacy in correlation with the competency of older adults on management and health promotion
for older adults will be brought into effective programs for the health promotion in older adults in urban communities.

Keywords: biosocial factors; health literacy; competency for management and health promotion; older adults
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1. Introduction

Nowadays, the society of the aging population
shows the trend to be extending and appears to be two
times more population than the children population.
At the same time, the proportion of the working-age
population begins to decrease. In 2021, while the ag-
ing population in Thailand was counted to be 16.73%
of the country’s population, it was found to be 18.78%
of the population in Bangkok and the largest aging
population in the country. (1) Furthermore, the health

*Corresponding author; email: theerapon.phu@ku.ac.th

problems of older adults in Bangkok urban commu-
nities are very complex and more than 80% of older
adults reported having chronic diseases. The most-
found diseases included hyperlipidemia, hypertension,
and diabetes which were reported by 83%, 76%, and
53% of older adults, respectively. (2) This group of
diseases has led to more death than the other group
and is caused by consuming sweet, greasy, and salty
food, packaged food, fast food, processed food, and
the behavior of adding fish sauce, sugar, and salt into
food. These inappropriate consumption behaviors pro-
voke various diseases in older adults. Moreover, 10%
of older adults in Bangkok urban communities are
bedridden patients (2) and most of them have physi-
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cal health problems, including the need for multiple
medicines in each meal, urinary incontinence, and in-
somnia. These older adults need more assistance from
families, communities, and healthcare teams for daily
needs, physical rehabilitation, and long-term support
from the people in the communities with the will to
assist. (3)

The development of the competency of older adults
in management and health promotion is significant as
a proactive healthcare service approach of the Min-
istry of Public Health. (4) This approach enhances
the academic knowledge, attitude, and skills of the
village health volunteers to fully assist the healthcare
service for the older adults in the communities with
the associated network of community health. (5) Pre-
vious studies illustrated that health promotion knowl-
edge was essential for the competency of health care in
older adults. There were the skills and ability to access
the knowledge, the knowledge and understanding for
performance analysis, the older adult health manage-
ment, the ability to guide in healthcare, the promotion
of older adult health management, and the ability to
promote healthcare for older adult patients. (6)

The majority of studies on the health literacy of
older adults in Bangkok were survey studies and qual-
itative research about the keys to building health lit-
eracy for individuals. The results of those studies
showed that most older adults possessed the health
literacy level of a fair and poor, while the keys to
building health literacy are to help them access, un-
derstand, assess, and apply the health knowledge for
better health of self and others. (7) However, lit-
tle is known about the factors that influence older
adults’ competency in management and health promo-
tion, which are necessary for health knowledge pro-
motion to support older adult patients in the commu-
nities. Thus, this statement of problems exposes the
need to explore the biosocial factors and health lit-
eracy correlated with the competency of older adults
for management and health promotion for older adults.
These factors demonstrated correlation on health pro-
motion for older adults.

Objective This study aimed to examine the cor-
relation between biosocial factors (sex, age, educa-
tion level, and chronic disease), health literacy, and
the competency of older adults on management and
health promotion for older adults in urban communi-
ties, Bangkok Metropolitan.

Hypotheses 1. Biosocial factors (sex, age, edu-
cation level, and chronic disease) are correlated with
older adults’ competency for management and health
promotion for older adults in urban communities,
Bangkok Metropolitan.

2. Health literacy is correlated with the competency
of older adults on management and health promo-
tion for older adults in urban communities, Bangkok
Metropolitan.

2. Conceptual Framework
3. Methodology

The conceptual framework is derived from the con-
cept of health literacy. This concept believes that
the ability to access health information, services,
knowledge and understanding for self-analysis, self-
assessment, and self-management would affect health
management and promotion.

A cross-sectional descriptive correlational design
was utilized.

Population and Sample Group

The target population for the current study was
1,014 older adults from 10 Bangkok urban communi-
ties. These sampling communities were around Nava-
mindradhiraj University and featured similar lifestyle
and urban community characteristics.

Sample size was calculated using Cochran’s for-
mula with a reliability level of 95% and an acceptable
error of 0.5%. comes from the percentage of older
adults with poor health literacy. (8)

The estimated sample size was 196 with stratified
random sampling using the ratio of older adults in each
community. Then, simple random sampling would be
with the list of older adults in each community with
the acceptable characteristics according to the criteria.

Instruments

The research instruments consisted of 4 items about
personal information, 30 items for health literacy
questionnaire, and 50 items for older adult compe-
tency questionnaire. There are three levels of scores
for each item: poor, fair, and good.

Instrument Validation Test

The research instruments were tested for the content
validity by five experts. The health literacy assessment
and the older adult competency assessment were eval-
uated for the content validity index (CVI) with score
0.86 and 0.88, respectively. The reliability using Cron-
bach’s alpha coefficient analysis with reliability level
of .87 and .88, respectively.

Human Subjects Protection

The ethical approval to implement the study was
gained from the Central Research Ethics Commit-
tee (CREC) in Thailand, no. COA-CREC083/2021.
The researchers had declared the study’s objective,
the right to refuse to answer, the right to withdraw
from the study, that their personal information would
be kept private, and the raw data would be immedi-
ately terminated after the study finished. After that,
the consent forms were signed. The pilot study was
conducted using 30 participants who met the inclusion
criteria, and this number was not included in the final
sample size.

Data Collection 1. Requesting the official letter
from the Dean of Kuakarun Faculty of Nursing, Nava-
mindradhiraj University, to be sent to the Minister of
the Ministry of Public Health, Bangkok, to explain the
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Primary Variables

Biosocial factors
- Sex
Age

- Education level

Dependent Variables

Competency in management and

health promotion

Health literacy of older adults

- Ability to access health information and services

- Information communication in older adults
- Ability to choose appropriate guidelines

- Appropriate health management

- Health knowledge and understanding in older adults

- Knowledge of management and

health promotion for older adults
- Attitude towards services for
older adult

- Ability to manage and promote

the health of older adults

Figure 1: Conceptual Framework

objective of the study and ask for permission to gather
the data.

2. Meeting with the sampling group and asking for
their cooperation.

3. Gathering and validating the data and asking the
participants to complete the self-administered ques-
tionnaire when needed.

The data collection was undertaken between De-
cember and January 2022.

Data Analysis

1. Conducting a descriptive analysis using a soft-
ware package to gain frequency, mean, percentage,
and standard deviation.

2. Analyzing the biosocial factors and the health
literacy correlating the competency of older adults for
management and health promotion in older adults us-
ing Pearson correlation.

4. Results

The sample consisted of 196 older adults with
29.6% male and 70.4% female. The majority of
the participants were between 60 — 69 years old
(66.84%) with an average age of 67.98 years (S.D.
= 6.37). Most participants informed that their high-
est level of education was an elementary school cer-
tificate (49%) and a high school/vocational certificate
(57.1%). Most reported chronic diseases covered hy-
pertension (57.1%), hyperlipidemia (37.2%), and dia-
betes (26%).

The health literacy level analysis showed that most
participants acquired overall fair health literacy level
(66.84%). When investigating each factor, most health
literacy scores were found to be at a fair level, in-
cluding the ability to access health information and
services (48.98%), health knowledge and understand-
ing in older adults (51.02%), the ability to choose ap-
propriate guidelines (51.53%), the appropriate health

management (47.45%), and the health media literacy
(53.57%). However, information communication in
older adults was revealed to be at a fair and good level
(40.30%). Moreover, the analysis of the competency
of older adults in management and health promotion
showed that the majority of the participants earned a
good level of older adult health knowledge and promo-
tion (65.82%). While an attitude towards older adult
services reported a fair level of literacy (76.53%), the
ability to manage and promote the health of older
adults also signified a fair level (62.75%), as showed
in Table 1.

In Table 2, the correlation analysis emphasized on
the fact that the biosocial factors and the chronic dis-
ease factor correlated with the competency of older
adults on management and health promotion for older
adults (r = .280,p <0.001; r = .209, p = .003, respec-
tively) and the overall management and health pro-
motion (r = .273,p <0.001; r = .226,p <0.001, re-
spectively) with a statistical significance level of .01.
In terms of the health literacy and the competency of
older adults, it found that the ability to access health
information and services and health knowledge and
understanding in older adults correlated with the com-
petency in the attitude towards older adult services (r
= .144,p <0.001; r = .207,p <0.001), the ability to
manage and promote the health of older adults (r =
480,p <0.001; r = .615,p <0.001), and the compe-
tency on overall management and health promotion (r
= .456,p <0.001; r = .632,p <0.001) with a statisti-
cal significance level of .01. For the informative com-
munication among older adults, the ability to choose
appropriate guidelines, and the health media literacy
correlated with the ability to manage and promote
health (r = .603,p <0.001; r = .615,p <0.001; r =
.186,p <0.001) and the competency on overall man-
agement and health promotion (r = .587,p <0.001;
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r =.576,p <0.001; r = .425,p <0.001) with a sta-
tistical significance level of .01. Regarding the over-
all health literacy, the appropriate health management
factor correlated with the older adult health knowledge
and promotion (r = .172,p <0.001), the ability to man-
age and promote health (r = .465,p <0.001), and the
competency on overall management and health pro-
motion (r = .620,p <0.001) with a statistical signifi-
cance level of 0.01.

5. Summary and Discussion

The biosocial factors in terms of education level
and chronic diseases were correlated with the abil-
ity to manage and promote the health of older adults.
The competency for overall management and health
promotion indicated that education level implies the
level of knowledge and skills, which are the factors
affecting one’s ability to manage and promote their
health. This finding is in line with previous studies
(9) that pointed out the correlation between education
level and the ability of older adults to support them-
selves. Moreover, the correlation between the chronic
disease factor and the competency of older adults was
indicated. As seen by the fact that older adults with
chronic diseases got a high score in terms of health
literacy, especially what is related to those diseases,
which in turns they are able to take care of themselves.
10)

The health literacy regarding access to health infor-
mation and services hinted at correlation with the at-
titude towards services of older adults and the compe-
tency for the overall management and health promo-
tion. A possible explanation is that utilizing own skills
to choose sources of information, knowing to search
for information on how to perform, and fact-checking
yield a positive attitude and skills about management
and health promotion. This result is also relevant to
previous studies that access to health information by
participating in social activities to gain access to health
information with ease can assist older adults in helping
themselves and others. (7, 11)

Moreover, the health literacy concerning health
knowledge and understanding of older adults were
correlated to the attitude towards services for older
adults, an ability to manage and promote health, and
the competency for the overall management and health
promotion. Because of the knowledge and the cor-
rect understanding of the guidelines bring a good atti-
tude and the ability to manage and promote the health
of oneself and others. This finding confirms previ-
ous studies (12), which revealed that health knowledge
and understanding correlated with improved health be-
havior in older adults.

The health literacy involving information commu-
nication of older adults showed a correlation with the
ability to manage and promote health and the com-
petency for management and health promotion since

the ability to communicate, whether speaking, read-
ing, writing, and persuading others to understand and
accept the information about how to behave affect the
ability to manage and promote health. (6, 11) Besides,
it is in compliance with the previous studies which
stated that the lack of healthy communication skills
might lead to more mistakes in decision making about
health. On the other hand, good health communica-
tion skills in older adults will facilitate managing and
promoting health for oneself and others. (7, 13)

Health literacy is related to the ability to choose ap-
propriate guidelines. It also correlated with the ability
to manage and promote health and the competency for
the overall management and health promotion. Older
adults who read and understand health information
may explore more knowledge and decide on the uses
of appropriate resources of information to promote the
health of oneself and others in the community. This
result is aligned with the previous studies (11, 12),
which indicated that the ability to choose the appro-
priate guidelines is correlated to the self-care behavior
of older adults.

In addition, health literacy in connection with the
appropriate health management was shown to be cor-
related with the knowledge of health management and
promotion, the ability to manage and promote health,
and the competency on overall management and health
promotion. As a result of having the ability to set a
goal, plan, perform accordingly, act on the ways to
perform in the right track, older adults also need the
knowledge to act accordingly for effective manage-
ment and appropriate health promotion. (7, 11)

For the health literacy regarding the health media
literacy, the correlation between the ability to manage
and promote health and the competency for the over-
all management and health promotion were seen by
the ability to fact-check the sources of information and
the ability to compare the ways of communication to
avoid the risks on health of oneself and others. Fur-
thermore, a media assessment facilitates the direction
to older adults’ competency management and health
promotion. (6) This is in line with the previous studies
pinpointing that health information assessment con-
ducted by actively searching for information, under-
standing it thoroughly, and exchanging it improves the
ability to help oneself and others. (7)

In conclusion, the results showed that educational
level, chronic disease, and health literacy significantly
correlated with the competency for management and
health promotion among older adults in urban com-
munities.

Suggestions The suggestions from the results of the
study were as follows:

1. This study showed that most older adults re-
ported a fair overall health literacy level. Therefore,
it is suggested to support the improvement of older
adults’ overall health literacy level by developing pro-
grams for health literacy promotion for older adults.
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Table 1. Number and percentage of samples divided by health literacy level and the competency for management and health promotion of older

adults (n=196)

Level

Viable Good Fair Poor

No. %  No. %  No. %
Health literacy
Ability to access health information and services 43 21.94 96 48.98 57  29.08
Health knowledge and understanding in older adults 66 33.67 100 51.02 30 15.31
Information communication in older adults 79  40.30 79  40.30 38 19.40
Ability to choose appropriate guidelines 49 25 101 5153 46  23.47
Appropriate health management 44 22.45 93 4745 59  30.10
Health media literacy 64 32.65 105 53.57 27  13.78
Overall health literacy 18 9.18 131 6684 47 2398

Competency for management and health promotion

Knowledge of management and health promotion for older adults 129

Attitude towards service for older adult

Ability to manage and promote the health of older adults

65.82 56  28.57 11 5.61
46 2347 150 76.53 0 0
28 1429 123 62.75 45 2296

Overall competency for management and health promotion

49 25.0 144 73.5 3 1.50

Table 2. Biosocial factors and health literacy affecting the competency of older adults on management and health promotion for older adults in

urban communities, Bangkok Metropolitan (n=196)

Biosocial factors
and health literacy

The competency of older adults on management
and health promotion for older adults

Knowledge of Attitude toward  Ability to Overall
management and  services for manage and  competency for
health promotion  older adult promote the  management and
for older adults health health promotion

Biosocial factors

1. Sex 0.006 0.015 0.002 .007

2. Age 0.074 0.038 -0.022 .003

3. Education level -0.062 0.099 0.280* 273%

4. Chronic disease 0.069 0.086 0.209* 226*

Health literacy

1. Ability to access health -0.138 0.144%* 0.480%* 0.456*

information and service

2. Health knowledge and 0.073 0.207* 0.615% 0.632*

understanding in older adults

3. Information communication ~ 0.050 0.103 0.603* 0.587*

in older adults

4. Ability to choose 0.079 0.050 0.615* 0.576*

appropriate guidelines

5. Appropriate health 0.172% 0.110 0.465%* 0.620%*

management

6. Health media literacy -0.046 0.032 0.186* 0.425%

* Statistical significance level of .01

2. This study showed the significant correlation be-
tween the competency for management and the health
promotion of older adults. Thus, it is suggested to
organize projects to advance health literacy in older
adults so that they can help themselves and others.

The suggestions for future studies were as follows:

1. It is suggested to examine the predisposing fac-
tors, the enabling factors, and the reinforcing factors
which affect the competency of older adults on man-
agement and health promotion of older adults in the
communities.

2. It is suggested to develop a program about
the competency of older adults for management and
health promotion of older adults in the communities.
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