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ABSTRACT

The objective of this study was to study the influence of planting material and light exposure on bean

sprout growth. The experiments were conducted by a 2 x 3 Factorial experiment using a Completely Randomized

Design with three replications. There were two types of planting materials: hemp sack and loamy soil. Three types

of light exposure were used: natural light, light bulb, and without light. Growth data was collected, including the

survival percentage and the bean sprout length. The result demonstrated that there was no significant difference

(p > 0.05) between the effects of planting materials and light exposure on the survival percentage mean of the

bean sprout. Also, there was no interaction effect between them. However, a significant effect of planting

material and light exposure on the length mean of the bean sprout was found but there was no interaction effect

between them. The suitable planting material was loamy soil and the appropriate light exposure for growing bean

sprout was without light.

Key words: bean sprout, green bean, planting material, light exposure
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ABSTRACT

The objectives of this study were to determine the optimal method to modify dietary
fiber from cassava pulp and their effects on heavy metals bioaccessibility inhibition.
The preparation MDF (modified dietary fiber) from cassava pulp was started from separating
starch and protein from fiber through the application of enzyme in order to prepare crude
dietary fiber (CDF) that could be derived from enzymatic digestion condition of 0.1% of
a-amylase (w/v), 0.1% of amyloglucosidase (v/v) and 1% of neutrase (v/v), and modifying
them with 4 methods that were esterification method, halogenation method, oxidation method
and etherification method. The results showed that modification of CDF could improve
heavy-metal-binding properties as the chemical composition of MDF shows neutral detergent
fiber (NDF), acid detergent fiber (ADF), acid detergent lignin (ADL), cellulose,
hemicelluloses protein, moisture, fat and starch more than CDF. Furthermore, the functional
properties of MDF show a greater water holding capacity, oil binding capacity, water
solubility index, swelling capacity and COOH content than CDF.

In addition, to study the MDF (4 methods) affecting the heavy lead bioaccessibility
was estimated by using in vitro digestion model. The result showed that MDF from all
methods significantly reduced lead bioaccessibility in a dose dependent manner from 0-1000
mg of MDF (p < 0.05). Lead bioaccessibility was decreased by 25-80%. MDF 1000 mg
showed the strongest effect on heavy metal bioacessibility. A method comparison suggested
that MDF from etherification method significantly showed more inhibition than other
methods (p < 0.05) for all the amounts used. In conclusion, this study suggested that MDF
with etherification method could decrease lead bioaccessibility and could be applied in
functional food and dietary supplement products.

Key words: cassava pulp, dietary fiber, modification of fiber, bioaccessibility, heavy metal

al., 2005). Several reports have shown that
the accumulation of heavy metals in
humans can cause severe damage to kidney

INTRODUCTION
Humans can be exposed to heavy
metals through various pathways. Such as

water irrigation, solid disposal, sludge
applications, vehicular exhaust, and
industrial activities. (Khan et al., 2008).
Many researchers have reported the
transfer of heavy metals from polluted
soils to various sources of food, such as
vegetables (Bahemuk and Mubofu, 1999),
rice (Fu et al., 2008), wheat (Huang et al.,
2008) and chicken (Zhuang et al., 2009),
resulting in pollutant levels higher than
those declared permissible for human
consumption by the Food and Agriculture
(Wang et al., 2006). Heavy metals such as
lead, cadmium, and mercury are non-
essential nutrients, which are potentially
toxic at very low concentrations due to
their  nonbiodegradable  nature and
prolonged biological half-life (Barbier et

and liver as well as impair the immune and
central nervous systems, resulting in vital
pathological changes and functional
abnormalities (cognitive and behavioral),
gastrointestinal toxicity, and chronic renal
failure (Sabolic, 2006).

Bioaccessibility is the maximum
concentration of chemicals or nutrients that
are released from the food matrix into
aqueous fraction following simulated
digestion, which are then available for
absorption by the intestinal mucosa. The
combination of in vitro digestion model and
Caco-2 cell line is useful tool to measure
bioaccessibility and  bioavailability. In
addition, this method can give information
related to in vivo experiments (Courraud et
al., 2013).
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Chelating agents could decrease the
bioaccessibility of heavy metal to be absorbed
or reabsorbed in the gastrointestinal tract.
Ethylenediaminetetra acetic acid (EDTA),
diethylenetriaminepentaacetic acid (DTPA)
2,3-dimercaptopropanol (BAL), D-
penicillamine  (D-B,  B-dimethylcysteine),
deferoxamine  dimercaptosuccinic  acid
(DMSA), penicillamine and 2, 3-dimercapto-
1-propane sulfonate (DMPS)are used as
chelating agents for the removal of heavy
metal through inhibition of heavy metal
bioaccessibility or intestinal re/absorption,
however, many of these treatments have
reported side effects and are thus not suitable
for long term application. In recent years,
many researchers have reported applying
dietary fibers as adsorbents of heavy metal
because of their nontoxic properties
(Nawirska, 2005; Hu et al., 2010; Zhuang et
al., 2009).

Cassava (Manihot esculenta Crantz.)
is the third most important crop in Thailand.
Cassava pulp, a by-product of cassava starch
factory processing, contains a large quantity
of starch, accounts for approximately 10-
30% by weight (wet) of the original tubers.
Therefore, the tapioca starch industry in
Thailand is estimated to generate at least one
million ton of cassava pulp annually from 10
million tons of fresh tubers (Kosugi et al.,
2009). Most of cassava pulp are used for
feed. The above information shows that
cassava pulp has high level of fiber. So, there
iIs a potential of using cassava pulp for
binding heavy metals and preventing their
toxicity. The advantage of dietary fiber is
that is can be absorbed/bound with heavy
metal or other materials and carries them
through the gastrointestinal tract because it is
resistant to digestion by the human
alimentary enzymes (Zhang et al., 2011).

MATERAILS AND METHODS
1. Sample preparation

Cassava pulp were obtained from
Sanguan Wongse Starch Co., Ltd. Drying
at 60 °C for 8-12 hours leaves were ground
with a grinder (High speed grinder, 3500 w,
Simon, Inc., Foodmachine, China) until
they were a fine powder. The extraction

process of the CDF was obtained from
enzymatic digestion condition of 0.1% of a-
amylase (w/v), 0.1% of amyloglucosidase
(v/v) and 1% of neutrase (V/V)
(Kachenpukdee et al., 2016).
2. Analytical Characterization of Fiber

The fiber was analyzed according to the
crude  protein, moisture, ash, fat,
carbohydrate, acid detergent fiber (ADF),
acid detergent lignin (ADL) and neutral
detergent fiber (NDF). NDF (Van Soest et
al., 1991). The percentage of cellulose was
calculated from ADF-ADL and the
percentage of hemicellulose was calculated
from  NDF-ADF. Functional property
analysis included water holding capacity
(WHC) (Jasberg et al., 1989), oil holding
capacity (OHC) (Caprezet al., 1986),
solubility (AACC, 2000) method No. 44-19,
swelling (Robertson et al., 1999) and COOH
content (United States Pharmacopeia, 1995).
3. Preparation of MDF

Modification of CDF could be
developed with improving physiochemical
and functional properties for binding with
lead (Pb). Modified CDF with 4 methods
such as esterification method (Type I)
(Doczekalska et al., 2014), halogenation
method (Type Il) (Aokiet al., 1999),
oxidation method (Type III) (O’Connell et
al., 2008) and etherification method (Type
IV) (Saliba et al., 2000). The MDF powder
was then kept in a sealed container until
further treatment.
4. In vitro digestion

Binding of heavy metals was
investigated using the following model
solutions: lead (Pb) 2.1 ppb lead (II)
nitrate. Samples  (after removal of
sequential fractions) was weighed in 1 g
portions and added into 300 mL conical
flasks which will then be treated with 100
mL of appropriate model solution. After
thorough mixing, the flasks were stored at
room temperature. From each flask (after
30 min of storage) a 7 mL portion of the
solution was taken and placed in the test-
tube centrifuge (Nawirska, 2005) and
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mixed with MDF. One milliliter of saline
(0.9% w/v sodium chloride; NaCl, Sigma-
Aldrich) was added to the test tube and
was homogenized twice by a cell disruptor
at 20 kHz and 150-500 Watts for 30 s and
was then mixed with MDF (0-1000 mg)
prior to initiation of digestions.

The 2-stage in vitro digestion model
used in the present study was originally
described by Garrettet al. (1999) with
modification. The gastric phase was
initiated with additional porcine pepsin
(3 mg/ml, Sigma Chemical Co., St. Louis,
MO) and adjustment of the pH to 2-2.5 with
0.1 M HCI (Analytical grade, Sigma
Chemical Co.). Samples were vortexed and
flushed to the top of the tube with nitrogen
gas (99.99%, Air Gas, Indianapolis, IN) and
were then incubated at 37°C for 1 h in a
shaking water bath at 150 rpm (VWR,
Cornelius, OR). The intestinal phase was
initiated by pH adjustment to 5.3 with 100
mM sodium bicarbonate solution (Sigma

5. Data analysis

Relative bioaccessibility (%)

Chemical Co.) and addition of 9 mL of a
bile  extract/pancreatin/lipase  mixture:
pancreatin (0.4 mg/mL, Sigma Chemical
Co., St. Louis, MO), lipase (0.2 mg/mL,
Sigma Chemical Co.) and porcine bile
extract (2.4 mg/mL, Sigma Chemical Co.);
then, the pH was adjusted to 6.5-7.0 with
0.1 M NaOH (Analytical grade, Sigma
Chemical Co.), and the solution was made
up to 30 mL with 0.9% saline (pH 7).
Samples were vortexed and flushed to the
top of the tube with nitrogen gas and were
incubated at 37°C for 1 h in a shaking water
bath at a speed of 150 rpm. One sample
tube was separated for digesta, and the other
3 sample tubes were centrifuged at 167,000
g for 35 min (Beckman L8-70M, Beckman
Coulter, San Antonio, TX). Aliquots of raw
materials, digesta, aqueous phases, and
residual pellets were collected and stored at
-80°'C prior to analysis. Concentrations of
metal ions was measured by atomic
absorption spectrometry (AAS).

= (ug/L of Pb in aqueous)/(pg/L of Pb in digesta) x100

Absolute bioaccessibility (1g/g) = (% Bioaccessibility x ug of Pb starting material)/100

Uptake efficiency (%)

= (Accumulation of Pb in cell (ng/well))/(Pb content in test

media (ng/well)) x100

Data are expressed as the mean +
standard error. For cellular uptake studies,
a sample size of n=3 was used. Statistical
analysis for each parameter assessed was
performed using analysis of variance
(ANOVA) followed by Tukey’s post hoc
test. Differences among means were
considered statistically significant at p <
0.05.

RESULT AND DISCUSSION

1. Characterization of crude dietary
fiber (CDF) and modified dietary fiber
(MDF)

Table 1 presents in percentages the
physicochemical properties of CDF. From
the analysis, CDF contained crude protein,
ash, moisture, fat, starch, neutral detergent

fiber (NDF), acid detergent fiber (ADF),
acid detergent lignin (ADL), cellulose, and
hemicelluloses by 1.21, 2.97, 6.57, 0.54,
10.20, 78.78, 72.16, 2.29, 69.87 and 6.62%
respectively. The CDF shows high neutral
detergent fiber (NDF), which included
cellulose, hemicellulose and lignin. It has
been reported that insoluble fiber can bind
with heavy metal better than soluble fiber
(Mertens, 1987). However, MDF shows
more neutral detergent fiber (NDF), acid
detergent fiber (ADF), acid detergent
lignin (ADL), cellulose and hemicelluloses
and less crude protein, moisture, fat and
starch than is contained in CDF after
modified are that 0.83, 5.85, 4.32, 0.34,
1.09, 88.23, 81.19, 6.17, 75.02 and 7.04 %
respectively.



215815398 YH1INaemNA 11 lagsvuanans 1xe 12(1) : 13-21 (2563) 17

The functional properties of the
CDF shown in Table 2 are that water
holding capacity is 5.97 %, oil binding
capacity 4.87 g oil/g sample, water
solubility index 3.18%, swelling capacity
7.80 ml/g DM and COOH content 4.84%.
MDF are that water holding capacity is
8.32%, oil binding capacity 6.37g oil/g
sample, water solubility index 7.58%,
swelling capacity 11.43 ml/g DM and
COOH content 7.96%. The functional
properties of MDF show a greater water
holding capacity, oil binding capacity,
water solubility index, swelling capacity
and COOH content than CDF.

This  suggests that chemical
modification of dietary fiber enables an

improvement in the chemical composition
and functional properties of fiber and used
to evaluate the potential of dietary fiber to
bind/absorb heavy metal. The functional
properties that influence function along the
gastrointestinal tract are a combination of
water holding capacity, oil binding
capacity, water solubility, swelling
capacity and carboxyl group (-COOH)
content. The biological effects of dietary
fiber along the intestine and colon may be
improved by absorption in the gut and an
increase in stool weight (Eastwood and
Morris, 1992)

Table 1 Characterization of crude dietary fiber and modified dietary fiber

% Content (Dried basis)

Component

Crude dietary fiber

Modified dietary fiber

Type IV
Crude protein 1.21 +0.30° 0.83+0.34°
Ash 2.97 £0.63" 5.85 + 0.46
Moisture 6.57 + 0.98° 4.32+0.55°
Fat 0.54 +0.23" 0.34+0.11°
Starch 10.20 + 0.47° 1.09 + 0.42°
Neutral detergent fiber (NDF) 78.78 + 0.87° 88.23 +1.13°
Acid detergent fiber (ADF) 72.16 +0.52° 81.19 +1.64°
Acid detergent lignin (ADL) 2.29+0.92° 6.17 + 1.48°
Cellulose® 69.87 +0.81™ 75.02 £1.33™
Hemicellulose” 6.62 +0.93° 7.04+0.79°

¢ ADF -ADL, " NDF-ADF

* Values in the same row with different alphabet designations are significantly different at

p <0.05.

Table 2 Functional properties of crude dietary fiber and modified dietary fiber

Content
Functional properties Crude Modified
dietary fiber dietary fiber Type IV

Water holding capacity (WHC) (%) 5.97+0.29" 8.32+0.34°

Oil binding capacity (OBC) (g/g sample) 4.87+0.65" 6.37+0.32°
Water solubility index (WSI) (%) 3.18+0.65" 7.58+0.53"
Swelling capacity (SC) (mL/g dietary 7.80+0.98" 11.43+1.49°
fiber)

COOH content (%) 4.84+0.96" 7.96+0.89°

* Values in the same row with different alphabet designations are significantly different at

p <0.05.
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2. Bioaccessibility of lead (I1) nitrate (Pb) is impacted by co-digestion with MDF

Table 3 Modified dietary fiber (MDF) in amounts of 0-1000 mg. Total lead (Pb) 2.1 ppb
(lead (II) nitrate) in each phase and the relative bioaccessibility following in vitro

digestion.
: Total Pb (10”2 pg) Relative
Fiber Fiber : Bioaccessibility®
(mg) Digesta Aqueous (%)
CDF 0 19.5 + 0.05° 19.5 + 0.05° 100 + 0.00*1
(Control) 50 13.79 £ 0.12¢ 10.84 + 0.09° 78.60 + 0.62"2
100 12.06 + 0.11° 9.01 +0.08° 74.71 + 0.87%?
500 13.88 + 0.05° 8.93 +0.04° 64.32 + 0.84%34
1000 13.95 + 0.09° 8.90 + 0.02° 63.78 + 0.61%%
MDF 0 19.5 + 0.05° 19.5 + 0.05° 100 + 0.00*1
Type | 50 11.40 + 0.10° 8.29 + 0.10° 72.67 +1.22°%
100 10.92 + 0.09¢ 7.21 +0.04" 65.98 + 0.70%°
500 10.72 + 0.04° 5.14 + 0.03° 47.92 + 0.89°
1000 19.02 + 0.04° 5.08 + 0.01° 26.70 + 0.94%°
MDF 0 19.5 + 0.05° 19.5 + 0.05° 100 + 0.00*1
Type I 50 12.98 + 0.08° 8.89 + 0.08° 68.45 + 0.92"3
100 14.43 +0.12° 7.56 + 0.08"° 52.38 + 0.99%*
500 16.18 + 0.06" 5.74 + 0.05° 35.47 + 0.86%°
1000 19.32 + 0.05° 5.02 + 0.07° 25.98 + 0.73%'
MDF 0 19.5 + 0.05° 19.5 + 0.05° 100 + 0.00*1
Type 111 50 11.76 + 0.08° 9.08 + 0.10° 77.17 + 1.02"2
100 12.73 +0.19¢ 8.17 + 0.04" 64.14 + 0.87°*
500 15.67 + 0.07° 7.14 + 0.03° 4555 + 0.68%°
1000 17.65 + 0.09° 5.08 + 0.01° 28.60 + 0.56%°"
MDF 0 19.5 + 0.05° 19.5 + 0.05° 100 + 0.00%*
Type IV 50 11.31 +0.10¢ 7.14 +0.12° 63.12 + 1.02"34
100 8.87 + 0.09° 413 +0.07° 46.54 + 0.67°
500 12.17 + 0.04° 3.83 + 0.04% 31.45 + 0.67%°
1000 16.49 + 0.04° 2.08 + 0.02° 12.61 + 0.75%®

! Relative bioaccessibility is defined as the % of lead recovered in digesta.
* Data represent mean +/- SEM from n=3 independent in vitro digestion experiments
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* Presence of different letters indicate significant differences between treatments as
determined by a Tukey’s post hoc test (p < 0.05) a, b, c... is fiber dose effect and 1, 2, 3...is

fiber type effect.

The CDF and MDF were assessed
for their effect on Pb bioaccessibility effect
using the in vitro digestion model. The Pb
that remained in the aqueous fraction was
defined as evaluate potential of fiber to
reduce Pb. The first step involved studying
the effects of the amounts of CDF and
MDF on Pb bioaccessibility. Table 3 show
the effects of fiber in the form of CDF and
MDF from cassava on Pb bioaccessibility.
Both forms of dietary fiber showed
significantly reduced Pb bioaccessibility in
a dose dependent manner from 0-1000 mg
of CDF and MDF (p < 0.05).Pb
bioaccessibility was decreased by 63-68%
for CDF and 12-77% for MDF compared
to control (Not added fiber) with inclusion
of CDF and MDF up to 1000 mg per
digestive reaction. MDF 1000 mg showed
the strongest effect on Pb bioacessibility.
A comparison of 5 fibers suggests that
MDF by etherification method (type 1V)
showed significantly more Pb inhibition
than other types (p < 0.05).

All type of MDF showed that
significantly stronger binding with Pb than
CDF might be due to the chemical
composition and functional properties of
MDF. MDF showed more neutral detergent
fiber;  NDF (Cellulose,  Hemicellulose,
Lignin), acid detergent fiber; ADF (lignin,
cellulose), acid detergent lignin, and ADL
(lignin) than CDF. These are insoluble
fibers (cellulose, hemicellulose and lignin).
It has been reported that insoluble fiber is
able to easily bind with heavy metal than
soluble fiber (Mertens, 1987).

However, MDF from etherification
method (Type 1V)showed the highest
effect on Pb bioacessibility because
etherification method is directly modifying
cellulose by grafting a second polymer as a
long branch on the molecule that give
cellulose new properties such as
hydrophilic or hydrophobic character,
improved elasticity, water absorbent and

ion-exchange capability. Esterification and
halogenation process could increase
carboxylic content of the fiber surface and
oxidation method could oxidize
approximately  70% of  cellulose to
insoluble fiber. These suggest that grafting
polymer to long branch molecule that
helped to absorbed metal ion in the fiber
structure better than absorb on fiber
surface. As a result, MDF Type IV showed
more reduced Pb than other types.

Bioaccessibilities can vary depending
on factors such as the composition of the
food matrix, pH, shaking time and enzyme
conditions. However, the bioaccessibilities
can be very different (38-83%) with the
same method (Torres-Escribano et al.,
2010).

The present results suggest that the
addition of dietary fiber may impact on Pb
bioaccessibiilty potentially by the binding
of Pb. The mechanism for Pb reduction is
likely to be a combination of physical and
chemical adsorption. Physical sorption is
nonspecific, which does not include the
sharing or transfer of electrons. Therefore,
these mechanisms are the absorption of
heavy metal in the fiber matrix while the
adsorbed molecules of heavy metal are free
to cover the surface of the adsorbent
(dietary fiber). Chemisorption is the
connection between the fiber matrix of
phenolic groups from lignin and carboxyl
groups from uronic acid (Zhanget al.,
2011), which is specific and dependent on
the formation of covalent bonds (sharing of
electrons) between the adsorbate and a
specific fiber surface site.

CONCLUSION

This study confirmed the positive
effects of MDF from 4 methods. The MDF
for removal heavy metal on inhibiting lead
bioaccessibility by using an in vitro
digestion model. These results suggest that
MDF might act as a chelating agent for



20 715815398 YH1INNaeNA 11 1ags1¥uenani 158 12(1) : 13-21 (2563)

reducing lead bioaccessibility, which could
reduce Pb exposure to the human body.
The result further demonstrate the
usefulness of an in vitro digestion model as
a rapid and cost-effective alternative for
evaluating the impact of ingredients on
bioaccessibility of heavy. Subsequent in
vivo studies are needed to expand on the
applicability of these results
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ABSTRACT

The purposes of this research are to (1) study direct and indirect the influence of knowledge management
and professional accounting skills on accountants’ competencies in the digital economy era, and (2) investigate
the congruence of casual relationship model of knowledge management, professional accounting skills and
competencies of professional accountants that influence the competencies of accountants in the digital economy
era. The model created consists of 3 latent variables and 13 observed variables. Quantitative data were collected
from the sample group which were 320 accountants who work in accounting offices in Bangkok and Nonthaburi.
They were selected based on simple sampling method. The instruments used were five-point rating scale
questionnaires. The data were analyzed by using descriptive statistics and structure equation model of influence
analysis. The results showed that a causal relationship model of important factors affecting the competencies
factor of accountants in the digital economy era of key competencies factors, management competencies and
technical competencies were consistent with empirical data Chi-square/df=1.708; GFI=0.965; AGFI=0.934;
RMSEA=0.047; SRMR=0.014.

The results also showed that knowledge management and professional accounting skills directly
influenced accountants’ competencies in positive direction with statistical significance at the level of .01 and with
the path coefficient equal to 1.28. It was directly influenced by the causal factors of accountants’ knowledge

management with direct effect in the negative direction with statistical significance at the level of .01 and with the
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path coefficient equal to -0.42. Additionally, it was found that the performance of accountants were indirectly

influenced by knowledge management through accounting professional skills with a coefficient is 0.758.

Key words: knowledge management, accounting professional skills, digital economy
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ABSTRACT

This research was conducted to study the use of parawood ash (PWA) as the replacement of Portland
cement type 1 in producing concrete paving blocks. The mixtures of PWA which contain 0, 10, 20 and 30% by
weight of binder were examined in this study. The control variable is the ratio between water and binder material
(0.330, 0.365, 0.405 and 0.455). The compressive strength of the concrete blocks was tested on different curing
periods of 7, 14, 28 days and the water absorption at 28 days. The result showed that the increasing amount of
PWA decreased the compressive strength but increased water absorption. The concrete blocks using PWA to
replace Portland cement type 1 at 10 and 20 percent meet the standard of TIS. 827-2531 and TIS. 2035-2543,

respectively.
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Concrete Paving Block Symbols
OPC PWA  Sand  Stone Dust  Water W/B

OPC100 605.00 - 928 580 199 0.330
OPC90PWA10 544.50 60.50 928 580 220 0.365
OPC80PWA20 484.00 121.00 928 580 245 0.405
OPC70PWA30 423.50  181.50 928 580 275 0.455
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Number of concrete paving block

Compressive strength Water absorption Total
Mixture
7 Days 14 Days 28 Days 28 Days (Block)

OPC100 5 5 5 5 20
OPC90PWA10 5 5 5 5 20
OPC80PWA20 5 5 5 5 20
OPC70PWA30 5 5 5 5 20
Total 20 20 20 20 80
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Specific gravity 2.65 2.61 2.4-2.9
Water absorption (%) 0.73 0.61 <0.7
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Fineness modulus (F.M.) 3.69 3.49 2.25-3.25
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Mix proportions (kg/ms) [kg. (Baht/kg.)]

Specimen
OPC PWA

Baht/m’ Baht/Block
Stone dust
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ABSTRACT

The objectives of the semi-experimental research were to investigate the learning achievement in a

statistics course and to explore attitudes toward statistics using project-based learning. The participants were

thirty-three students majoring in electrical technology and automotive technology at Pattani Technical College

who enrolled the course as a core subject in the first semester of academic year 2017. The course is composed of

theories with practice and project sections in the parallel form, and it was evaluated by the task skill form, the

final test, the project evaluation form, and the SATS-36 form. The findings revealed that the mean of the learning

achievement for college students after attending classes was above 70 percent, and eleven projects were

developed by all students. Some examples of project titles were satisfaction on the LED light bulb consumption

and people’s opinion on the racetrack opening in Pattani Province. Students in both groups had a rather agreeable

attitude toward the effort in studying statistics and the interest in this subject.

Key words: teaching statistics, attitudes towards statistics, project-based learning
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ABSTRACT

The objective of this research was to study five organic fertilizer formulas of the Sajor-caju mushroom

(Pleurotus sajor-caju) waste with the highest macronutrients (N, P, K) after fermentation and the highest portion

of Sajor-caju mushroom waste. The five levels of Sajor-caju mushroom wastes (50%, 60%, 70%, 80% and 90%)

were mixed with five levels of chicken dung and cow dung (50%, 40%, 30%, 20% and 10%). The results found

that organic fertilizer formula of the Sajor-caju mushroom waste with the highest macronutrients after

fermentation and the highest portion of Sajor-caju mushroom waste was the second formula which contained

2.28%, 2.63% and 3.82% of N, P, and K, respectively. 60% of Sajor-caju mushroom waste was used. Also, it is

classified in the high-quality organic fertilizer due to the Department of Land Development.

Key words: organic fertilizer, sajor-caju mushroom waste, macronutrients
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ABSTRACT

This research aimed: 1) to study the historical background, element and performance pattern of Nora
Rong Khru Rite of Song Pinong Silapa Ban Trang Troupe, Mayo District, Pattani Province, and 2) to determine
the identity of Nora Rong Khru Rite of Song Pinong Silapa Ban Trang Troupe, Mayo District, Pattani Province.
Data for the study were collected from documentary studies, field observations, interviews with individuals
involved, and hand-on practice in dance postures from Mrs. Prim Kaewthong.

The results of the study revealed that the troupe was the only performance group which was headed by a
female master. The group has been performing the art for the last 29 years. The performing art has been inherited
from Inkaew Nora Rong Khru troupe that originated from a male master of renowned Nora Samthong troupe
during the reign of King Rama I, 200 years ago (B.E. 2353/1810 A.D.). The major elements of the troupe
consisted of 8 performers, i.e. two female Nora masters, 1 actor, and 5 choruses. There were three types of
costumes for performance, ‘Kheangsai,” ‘Khreaung Boh,” and those for the clowns. Accompanying music was
played with folk musical instruments for 43 catchphrases divided into 31 and 12 verse styles with 20 tunes.
Dance postures ranged from squatting on the floor to standing posturer with slow to moderate tempo. The
instruments used in the performance were Kris, Chawala lamp, Pae, Saeng, betel leaf, coconut floral offerings,
and Sad Khla (mat). The rite was performed during the 6th, 7th and 9th lunar months of the year. The unique
appearance of the Nora show was a mixture of performance between Nora Rong Khru, Nora Khaek and Majong
theatre. In addition, the performance of Nora Rong Khru also reflected the role of female Nora in creating a sense
of community bond, love and adaptation of culture in the society, which contributed to the harmony of

multiculturalism of Thai Buddhists and Thai Muslims.

Key words: Nora Rong Khru Rite, song pinong silapa ban trang troupe, Pattani
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ABSTRACT

The purpose of this study was to examine the killing process, dissection and carcass quality of meat
goats in Krabi Province including 20 of male bore-anglo-nubians with the age of 4, 6, 7, 8 and 9 months, and 8 of
male local native goats with 2 and 4 years old. There are 4 slaughterhouses in Krabi Province where the killing
process and goat meal samples were collected for studying. The killing process of these 4 slaughterhouses are
performed by cutting the throat of the goat for getting rid of blood, taking out the offal, using fire to burn the goat
hair, and trimming the carcass in response to the consumers’ needs. Regarding the goat meat consumption in
Krabi Province, customers prefer to consume goat meat with bone by cutting offal and genital organs together for
sale. After the killing process, one goat carcass lost about 10 percentage of its weight. Goats slaughtered at the
age of 4-9 months weighed around 20-29 kilograms. The weight loss from the process was about 10 percent and
the pH value of goat was 6.55 after 1 hour killing and 6.05 after soaking the carcass at the temperature of 3 C° for
24 hours. The cost of cutting meat and cutting force is higher with the older goat. The nutritional values of protein

and fat in meat are 50.78-75.00 and 4.70-13.48 percent, respectively.

Key words: killing process, dissection, carcass quality, Krabi Province
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ABSTRACT

The objective of this study was to conduct an analysis of Hard Clam (Meretrix casta, Chemnitz, 1782)
conservation network in Palian watershed. This study used mixed methods of both qualitative and quantitative
research. The target groups consisted of 34 and 39 members of hard clam conservation network from two
communities - Ban Hin Khok Khwai and Ban Thung Tasae. The instrument was a set of questionnaires verified
by three experts with the IOC at 0.67-1.00. Regarding the relational structure among members of hard clam
conservation network, the centrality difference tested with Permutation t-test showed that Hin Khok Khwai hard clam
conservation network (HKK-HCCN) and Thung Tasae hard clam and mangrove conservation network (TT-HCMCN)
had the centrality degree (mean =0.651 and 0.676, respectively), betweenness centrality (mean=0.011 and 0.009,
respectively), and closeness centrality (mean=0.749 and 0.775, respectively). No significant difference was found
at the 0.05 level (p-value=0.62, 0.37 and 0.32, respectively). This indicated that communication activities about
hard clam conservation issues of members of each network were not significantly different. Both networks also had
nodes which passed through connections between each pair of nodes to distribute information, and their ability to
control communication within the network did not differ significantly. Moreover, they had nodes that could equally
communicate with other nodes in the network quickly and efficiently with no significant difference. Network
members who had many communication activities and high level of influence to control information flow within
network in HKK-HCCN were H7, H2, and H14. The female H7 was a secretary whose roles were to coordinate

with all network members, record meetings, and join activities of the network. The male H2 was a formal leader
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of the network (head of village) whose roles were to define guidelines for hard clam conservation, provide a
budget, and guard hard clam to inhibit boats from raking hard clam within the conservation area. The male H14
was a committee who participated in network activities. On the other hand, the TT-HCMCN had T1, T33, T34,
and T32. The male T1 was a natural leader of network (former head of village) whose roles were to define
guidelines for hard clam and mangrove conservation, find budgets for setting up hard clam conservation center
and roads to the center, and coordinate with public sectors at sub-district, district, and province levels about
conflicts occurring when boats of neighboring community came to rake hard clam in the conservation area. The
male T33 was a consultant whose role was to organize mangrove planting activities for outsiders who came to

study mangrove ecosystem. Finally, the male T34 was a member of municipal council, and the female T32 was a

committee participating in network activities.

Key words: social network analysis, conservation, hard clam, Meretrix casta, Trang, Palian watershed
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ABSTRACT

Phytochemical screening is an important procedure forthe isolation of new
compounds. This research aimed to screen phytochemicals in leaves, flowers and fruits of
Melaleuca leucadendra and Syzygium cinerea which belong to the family Myrtaceae. Extracts
of the plant material were prepared using various solvents in the order of their polarity,
including hexane, ethyl acetate, ethanol and methanol, respectively. Phytochemical screening
of the extracts revealed the presence of anthraquinones, terpenoids, flavonoids, saponins,
tannins and alkaloids in ethyl acetate, ethanol and methanol extracts of flowers and fruits of
M. Leucadendra, including in ethanol and methanol extracts of leaves of this plant as well as
in leaves and flowers of S. cinerea.

Key words: phytochemical constituents, Melaleuca leucadendra, Syzygium cinerea
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INTRODUCTION

Plants are now important target in
allopathic medicine, herbal medicine,
homoeopathy and aromatherapy. They have
special function comprising to different
groups, such as antioxidant, antispasmodics,
anticancer and  antimicrobials  etc. The
beneficial medicinal effects of plant
materials typically result from the
combination of secondary products present
in the plant. In plants, these compounds are
mostly secondary metabolites, such as
alkaloids, steroids, flavonoids, tannins and
phenolic compoundswhich are capable of
producing definite physiological action on
body (Raheela et al., 2012).

Phytochemistry deals with the
chemistry of plant metabolites and their
derivatives. Most of plant compounds that
have found to be medicinally useful and
interesting tend to be secondary metabolites
(Ameenah, 2006). Different phytochemicals
have been found to possess a wide range of
activities, which may help in protection
against chronic diseases. For example,
alkaloids prevent against chronic diseases.
Saponins inhibit hypercholesterolemia and
antibiotic properties. Steroids and
triterpenoids show the analgesic properties.
The steroids and saponins are responsible
for central nervous system activities
(Prashant et al., 2011). Phytochemical
studies are of interest to plant scientists due
to new and sophisticated drug discoveries
(Ovuakporie and MacDonald, 2016). A
variety of herbs and herbal extracts contain
different phytochemicals with biological
activity that can be of valuable therapeutic
index. Much of the protective effect of
herbal plants has been attributed by

phytochemicals, which are the non-nutrient
compounds.

The composition of the metabolites
are various according to the area of
growth, the soil, the weather conditions,
the time of harvest, the processing, the part
of the plant, the time of extraction, and the
solvents used in that extraction will all
have a significant implication on the final
chemical composition (Anthony et al.,
2009).

In this study, leaves, flowers and
fruits of two traditionally medicinal plants,
Melaleuca leucadendra and Syzygium
cinerea belonging to the family Myrtaceae
were selected to investigate the solvent
effect on phytochemical constituents.

MATERIALS AND METHODS
1. Chemicals

All chemicals were purchased from
Sigma - Aldrich (USA), Merck (Germany),
and Fluka Chemie (Switzerland).

2. Sample Collection and Treatment

The leaves, flowers and fruits of
Melaleuca leucadendra and Syzygium
cinerea were collected from Rajamangala
University of Technology Srivijaya, Trang,
Thailand in July-September 2017 as shown
in Figure 1 and Figure 2. The plants were
identified and a voucher specimen were
deposited at the Forest Herbarium,
Bangkok in Thailand (Specimen BKF no.
194868 and BKF n0.194869194870,
respectively).

The plant materials were air-dried
at room temperature (30 °C) for 5 days,
after that it was grinded to a uniform
powder.
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Figure 2 The parts of Syzygium cinerea (a) leaves (b) flowers (c) fruits

3. Extraction

The crude extracts were prepared
by soaking 1,000 g each of the dry
powdered plant materials in 4 L of hexane
at room temperature for 3 days using
maceration technique. The extracts were
filtered through a Whatmann filter paper
No.1 to give hexane extract. The resultant
residue was then soaked in ethyl acetate,
ethanol and methanol, respectively.
Finally, the 24 supernatants of the different
extracts were concentrated using a reduced
pressure rotary evaporator with the water
bath set at 40 °C.
4. Phytochemical Screening

The crude extracts were screened
qualitatively ~ for the  phytochemical

constituents utilizing standard methods of
analysis (Harborne, 1998; Trease and
Evans, 2002; Sutha, et al., 2016).

Anthraquinones determination:

About 200 mg of each crude
extracts were boiled with 10 ml of 10%
sulphuric acid in a water bath for 5
minutes. The hot mixture was filtered and
allowed to cool at room temperature. The
filtrate was shaken with 5 ml of
chloroform. The chloroform layer was
pipette into another test tube and a few
drops of 10% ammonia solution was
added. The appearance of rose pink color
was formed. This showed a positive result
for the presence of anthraquinones.
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Terpenoids determination:

Salkowski’s test: About 200 mg of
each crude extracts were dissolved in 2 ml
of chloroform. Concentrated sulphuric acid
(3 ml) was carefully added to form a layer.
The appearance of reddish brown
coloration of the interface was formed.
This represented a positive result for the
presence of terpenoids.

Flavonoids determination:

About 200 mg of each crude
extracts weredissolved in 3 ml of 50%
ethanol. A small piece of magnesium
ribbon was added and the mixture was
boiled for few minutes, this was followed
by the drop wise addition of concentrated
hydrochloric acid. The appearance of
reddish pink or dirty brown coloration was
formed. This indicated a positive result for
the presence of flavonoids.

Saponins determination:

About 200 mg of each crude
extracts were added in 5 ml of distilled
water in a test tube. The mixture was
boiled and filtered through a Whatmann
filter paper. The mixture was filtered while
hot and allowed to cool. The filtrate was
added to 2-3 ml of distilled water and
shaken vigorously for 2 minutes and
observed for the formation of a stable
froth, which appeared after ten minutes.
This represented a positive result for the
presence of saponins.

Tannins determination:

About 200 mg of each crude
extracts were boiled with 5 ml of distilled
water for five minutes in a water bath and
was filtered. A few drops of 10% ferric
chloride were added to the filtrate. The

appearance of bluish - black or bluish -
green precipitate indicated a positive result
for the presence of tannins.

Alkaloids determination:

About 200 mg of each crude
extracts were dissolved with 1 ml of 2%
sulphuric acid. The mixture was boiled for
five minutes in a water bath and then
filtered through a Whatmann filter paper.
Dragendorff’s reagent was added to the
filtrate, and the appearance of orange or
reddish brown precipitate indicated a
positive result for the presence of
alkaloids.

RESULTS AND DISCUSSION

By preliminary  phytochemical
screening of six different chemical
compounds such as anthraquinones,
terpenoids, flavonoids, saponins, tannins
and alkaloids were tested with twenty four
different crude extracts.

The preliminary phytochemical
studies on hexane, ethyl acetate, ethanol
and methanol extracts of Melaleuca
leucadendra revealed the presence of 61
trials which gave positive results out of 72
trials. The 61 positive results showed the
presence of anthraquinones, terpenoids,
flavonoids, saponins, tannins and alkaloids.
All of the chemical compounds showed
maximum presence in ethyl acetate,
ethanol and methanol extracts, for all parts
of the plant except for the leaves where
anthraquinones, saponins and tannins were
not found. In hexane extracts for the leaves
and fruits, anthraquinones, saponin and
tannins were not found, whereas on the
flowers, saponin and tannins were not
found. The  results of  qualitative
phytochemical analysis on the extracts of
Melaleuca leucadendra are shown in Table
1.



116

75815398 YH1INaeNA 11 1ags1¥uAaf5 1% 12(1) : 112-119 (2563)

Table 1 The phytochemical screening of Melaleuca leucadendra extracts

Phytochemical

Melaleuca leucadendra

Leaves Flowers Fruits

H EA E vV H EA E M H EA E M
Anthraquinones - - + + 4+ + + + - + + o+
Terpenoids + + + + 4+ + + + o+ + + 4+
Flavonoids + + + o+ o+ + + + o+ + + o+
Saponins - - + o+ - + + + - + + 4+
Tannins - - + o+ - + + + - + PR
Alkaloids + + +  + o+ + + + -+ + o+

Note: H = hexane, EA = ethyl acetate, E = ethanol and M = methanol
+ indicates presence and - indicates absence

The preliminary phytochemical
studies on hexane, ethyl acetate, ethanol
and methanol extracts of Syzygium cinerea
revealed the presence of 53 trials which
gave positive results out of 72 trials. The
53 positive results showed the presence of
anthraquinones, terpenoids, flavonoids,
saponins, tannins and alkaloids. All of
chemical compounds showed maximum
presence in all of parts in ethanol and
methanol extracts except inthe part of

fruits in  which anthraquinones were not
found. In hexane extracts, no anthraquinones,
saponins or tannins, including terpenoids,
were found in any parts of the fruits. In
ethyl acetate extracts, no anthraquinones or
saponins including terpenoids, were found
in any parts of leaves. The results of
qualitative phytochemical analysis on the
extracts of Syzygium cinerea are shown in
Table 2.

Table 2 The phytochemical screening of Syzygium cinerea extracts

Phytochemical

Syzygium cinerea

Leaves Flowers Fruits

H EA E M H EA E M H EA E M
Anthraquinones - - + o+ - - + + - - - -
Terpenoids + - + + + + 4+ + - +  + 4+
Flavonoids + + 4+ + + 4+ o+ 4+ 4+ o+ 4+ o+
Saponins - - + o+ - - + - _ T
Tannins - + + + - + + + . T T
Alkaloids + + 4+ + + 4+ o+ 4+ 4+ o+ 4+ o+

Note: H = hexane, EA = ethyl acetate, E = ethanol and M = methanol
+ indicates presence and - indicates absence

The phytochemical screening of the
leaves flowers and fruits of Melaleuca
leucadendra and Syzygium cinerea in
hexane, ethyl acetate, ethanol and
methanol extracts showed that two plants
generally contain the major secondary
metabolites in moderate abundance. These
phytochemicals were known to exhibit
medicinal physiological activities (Pius et
al., 2011).

Anthraquinones are the important
class of natural and synthetic compounds
with a wide range of applications. Besides
their utilization as colorants, anthraquinone
derivatives have been used for centuries
for medical applications, for example, as
laxatives, antimicrobial and anti -
flammatory agents include constipation,
arthritis, multiple sclerosis and cancer
(Enas and Christa, 2016). Furthermore,
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anthraquinones showed moderate to strong
inhibitors  of  tyrosinase. This  helps
digestion, reduces inflammation in arthritis
patients and also inhibits the growth of
cancer cells.

Terpenoids are considered to be
anticancer agent, anti - inflammatory,
sedative, insecticidal or cytotoxic activity.
Common triterpenes: amyrins, ursolic acid
and oleanic acid sesquiterpene like
monoterpenes, are major components of
many essential oil. The sesquiterpene acts
as irritants when applied externally and
when consumed internally, their action
resembles that of gastrointestinal tract
irritant. A number of  sesquiterpene
lactones have been isolated and they have
antimicrobial (particularly antiprotozoal)
and neurotoxic action (James, 2012).

Flavonoids are now recognized as
possessing an array of bioactivities with
several mechanisms relevant to potential
reductions in the pathogenesis of chronic
diseases such as anti - inflammatory and
antioxidant actions as well as alteration of
redox - sensitive signal transduction
pathways and gene expression (Warra et
al., 2013). The antioxidant potentials hence
could offer protection against heart disease
and cancer probably by enhancing the
body defense against pathology induced
free radicals generation (Enas and Christa,
2016).

Saponins are used industrially in
mining and ore separation, in preparation
of emulsions for photographic films, and
extensively, in cosmetics such as cleansing
formula. In addition to their emollient
effects, the antifungal and antibacterial
properties of saponins are important in
cosmetic applications.

Tannins have different functions in
that they serve as chelating agents for
metals ion, antioxidants in biological
systems, and as protein precipitating
agents. For human consumption, excess of
tannins could be toxicbecause tannins are
metal ions chelators and tannin - chelated
metal ions are not bioavailable hence could
decrease the bioavailability of iron leading

to anemia. Furthermore, the previous study
had correlated esophageal cancer in
humans to regular consumption of certain
herbs with high tannin concentration. Thus,
the concentration of tannins in the
Melaleuca leucadendra and Syzygium
cinerea may not be enough to induce overt
toxicity, hence may be appropriate for use
in nutraceutical beverage (Pius et al.,
2011).

Alkaloids are commonly found to
have antimicrobial properties against both
Gram - positive and Gram-negative
bacteria (Johnson et al., 2012) and are used
functionality in repellence, deterrence,
toxicity and growth inhibition by
herbivores/predators and in  growth
inhibition and toxicity by microbes/viruses
and as secondary metabolites for UV -
protection and nitrogen storage.

Successful determination of
biologically active ingredients from plant
material is largely dependent on the type of
solvent used in the extraction procedure.
Properties of a good solvent in plant
extractions includes, low toxicity, ease of
evaporation at low heat, promotion of rapid
physiologic absorption of the crude extract,
preservative action, inability to cause the
extract to become complex or to dissociate.
The factors affecting the choice of solvent
are quantity of phytochemicals to be
extracted, rate of extraction, diversity of
different compounds extracted, diversity of
inhibitory compounds extracted, ease of
subsequent handling of the extracts,
toxicity of the solvent in the bioassay
process, potential health hazard of the
extractants. The choice of solvent is
influenced by what is intended with the
extract. Since the end product will contain
traces of residual solvent, the solvent
should be nontoxic and should not interfere
with the bioassay. The choice will also
depend on the targeted compounds to be
extracted (Prashant et al., 2011). The
solvent effects identified in this study
revealed that the most efficient extraction
medium for phytochemical constituents
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was ethanol and methanol for Melaleuca
leucadendra and Syzygium cinerea.

CONCLUSION

Leaves, flowers and fruits of
Melaleuca leucadendra and Syzygium cinerea
contain several chemical constituents. It is
also evident that certain parts of Melaleuca
leucadendra and Syzygium cinerea gave a
positive test for a particular class of
chemical compounds whereas other parts
gave negative test for the same class of
compounds  localization  of  natural
products. Melaleuca leucadendra and
Syzygium cinerea can be a potential source
of useful drugs. However, further studies
are required to isolate the pure active
principle via modern techniques to
investigate the extracts for potential
pharmacological properties.
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ABSTRACT

MICE industry is the industry that delivers service and products to customers through the management
from human resources who have high potential. Therefore, human resources become the most important part of
the MICE industry. Moreover, human resources must be equipped with high skills, potential and experience in
management. In addition, the knowledge of psychology should be applied in order to efficiently serve and
respond to the customers’ needs. The research aims to study the potential of human resources in MICE industry
and present the guidelines for the human resource development to increase the competitive advantages in MICE
industry in Songkhla province. This research was conducted by using qualitative methods. The data were
collected by in-depth interview from 11 key informants who are administrations of relevant public and private
organizations in MICE industry. Research finding presents 4 aspects of competitive human resource desired in
MICE industry in Songkhla province: 1) Foreign languages communication skills, 2) Services skills,
3) Information Technology skills, and 4) Event management skills. The suggestion of this study is to support and
develop the human resource in MICE industry to be able to communicate professionally, provide excellent
service, be creative, and have innovative thinking and administration and marketing skills to increase competitive

advantages of MICE industry in Songkhla province.

Key words: MICE, Human resource development
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ABSTRACT

The research aims to 1) study the level of brand identity and perception of Thai tourists in
Phetchsamuthkhiri provincial group, 2) study the brand identity of Phetchsamuthkhiri provincial group which
affects the perception of Thai tourists. The research was carried out by using Quantitative Research method. The
population included Thai tourists travelling to Phetchsamuthkhiri provincial group, which consisted of Petchaburi
province, Samut Songkram province, Samut Sakorn province, and Prajuab Kirikhan province. A sample of 400
persons was selected. The sample group was divided into 100 persons per province using quota sampling method
together with convenience sampling method in all 4 provincial tourism destination. The data were analyzed by
descriptive statistics, mean, percentage, standard devastation, Pearson’s product moment correlation, and multiple
regression analysis.

The research results revealed as follows: 1) The result of the opinions level through the brand identity in
each aspect which had the highest mean included the appearance of Benjarong porcelain, the benefits of various
ingredients and materials for cooking, the worthiness of expenses and cost of living which was not too much high,
and the personality of the arts and cultural tourism destination. 2) The brand identity in each aspect of
Phetchsamuthkhiri provincial group in terms of image and personality of Phetchsamuthkhiri provincial group
could mutually predict Thai tourists’ perception, which included, Thai tourists perception = .473 +.202 (band

identity of image aspect) +.481 (brand identity of personality aspect).

Key words: brand Identity, perception, phetchsamuthkhiri
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ABSTRACT

This article presents an audio interference test kit for designing and developing audio interference test
kit that follows the theory of interference of sound by smartphone application (Hoel Boedec) which generates
frequency of sound waves of 600-1200 Hz. The test kit made from PVC pipe was able to adjust the pipe length to
study path difference between two waves. The test kit was tested for wavelength at room temperature by
observing the interference of the complementary sound through smartphone application (Advanced spectrum
Analyzer PRO). At the frequency of 600-1200 Hz, frequency measurements from smartphones were 602, 710,
796, 904, 1000, 1100 and 1200 Hz. The average deviation was 7.2 percent. The destructive interference through
the smartphone generated same frequency as the constructive interference indicated an average error of 12.8
percent. The result showed that the frequency is inversely proportional to the wavelength. The cause of
discrepancy may be due to non-release of specified frequency by the frequency generator. In addition, outside
interference affecting the receiver results in inaccuracy. As mentioned above, wavelength is reduced when the
frequency increases. Suggestions for this research is that the test kit can be used as a prototype in the physics
laboratory by schools. Since various materials and equipment can be easily procured. Also, it is easy to create and

provides clear results.

Key words: constructive interference, sound wave, smartphone, test kit
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ABSTRACT

The goat market is a highly demanded market despite still lacking distribution channels. The purpose of
this research is to developgoat marketing strategies in Songkhla Province. The field data were collected by
interviewing manufacturers, retailers, and entrepreneurs in goat menu restaurants in order to find conditions that
created flow in the distribution to increase the market in conformity with appropriate consumption.The results
showed that the structure of goat distribution channel consisted of 3 channels: distribution between goat farms,
distribution between goat farms and restaurants, anddistribution between goat farms and general customers.
All three distribution channels were based on the credibility and trust from the society while unique conditions in
distribution between goat farms were selling at a lower price than at the farm. Regarding to the distribution
between goat farms and restaurants,goat farm owners used credits to insure sustainable trading, and no trading
conditions were found in distribution between farms and the last customer.The findings revealed that goat
marketing strategies can be assigned in two aspects: clustering between goat farms to assist in integrating
knowledge in raising, and cost management.Strategy development with restaurant customers should focus on
providing services and creating promotions to expand more groups of consumers to increase the market size in
accord withsustainable needs of customers while general customers should focus on networks, personal

relationships, and after-sales services to expand the customer base.

Key words: goat market, strategy development, distribution channels, general consumption
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ABSTRACT

Drying of agricultural materials is food processing and preservation. There are many methods to dry

herb. This research aimed to study the Piper Betle herbal tea drying. The drying process of this herbal applied a

350-watt infrared heater as a heating dryer device. The 100-watt solar cell power was used with 100-ampere, 12-

volt of battery. The solar energy system was not connected to the electric grid (off grid system). The herbal drying

was able to use electric grid directly when the solar system does not produce electricity. In the experiment, 200

grams of Piper Betel leaves were used for drying. At the drying temperature of 50, 55 and 60 degree Celsius, the

drying time was 3, 5 and 7 hours. It was found that the moisture content of the Piper Betle leaves sharply

decreased under the drying condition of 180 minutes (3 hrs.) at 60 degree Celsius. The solar batteries were be able

to used for 90 minutes with each fully charged and the moisture content of Piper Betel herbal tea after drying was

less than 5 percent.

Key words: Piper Bitle Leave, herbal drying, solar cell power, infrared heater
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