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Abstract

This study explored the dietary effect on manure characteristics and potential of
biogas production from the manure of dairy cows feeding with pineapple peel as a
roughage source. Three mid-lactation primiparous crossbred Holstein dairy cows, which
had an average body weight of 443.5+10.6 kg and average milk production of 9.6+0.3
kg/d were assigned with three different diet types including T1, T2 and T3. T1 was a
control diet, which consisted of a mixture of dry Pangola grass and commercial pellet
(CL). Moreover, T2 was a mixture of dry Pangola grass, pineapple peel and CL, while T3
was a mixture of pineapple peel and CL. Dairy cow manure was collected on the day 10™
after feeding and anaerobic digestion of the dairy cow manure was operated with an HRT
of 30 days. Results showed that all diet types gave similar manure characteristics of high
organic matter and nitrogen. Average concentrations of TS and COD ranged from 82.59
t0 85.78 g/L and 85.47 t0 91.47 g/L, respectively, whereas TAN ranged from 1.54 to 1.67
g/L. However, a higher pH of 7.50 was found for the manure of dairy cow fed with T1,
while a lower pH of 6.50 was obtained with T3. Besides, the highest methane yield of
0.20 m*® CHa/kg VSadded Was obtained when using the manure of dairy cow fed with T1
as a substrate, followed by T2 and T3 which found at 0.14 and 0.11 m® CHa/kg VSadded,
respectively. This indicated the efficient potential of biogas production from the manure
of dairy cows fed with pineapple peel, which will improve sustainable utilization of
agricultural wastes and waste produced from dairy cow farm in the future.

Keywords : Pineapple Peel; Dairy Cow; Manure Characteristics; Biogas
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1. Introduction

In 2019, the total cow milk produces
around 522 million tons and it is expected
to rise every year [1], [2]. Such a high
dairy cow population will lead to a huge
quantity of feed resources needed.
Thailand is also one of predominantly
agricultural countries with having nearly
0.7 million dairy cows in 2019 [3].
However, feed shortage becomes a major
constraint to dairy production, including
the dairy cow farm in Thailand. A lack of
natural grasslands limits a large-scale
dairy cow production in Thailand,
especially during the dry season months
[4]. Therefore, several local feed
resources and agricultural by-products
have been investigated to use as feed
source for dairy cows such as pineapple
peel, rice straw, sugarcane molasses and
corn husk, as these contain high fiber for
maintaining optimal rumen function of
dairy cows [5]-[7]. Among the different
alternative feed sources suggested by the
researchers, pineapple peel becomes a
promising feed sources for dairy cows, as
pineapple has become one of the world
majority commercial crops, which it
grows best in the tropical areas [8].
Pineapple peel is a cannery by-product
waste of pineapple (Ananas comosus)
which ~ can  cause  environmental
pollutions, because this is highly
fermentable and perishable [8], [9].
However, pineapple peel can be used as a
potential roughage source for dairy cows
due to high amount of effective fiber and
sugars [5], [7]. Recently, the study of
Wittayakun et al. [7] has successfully
showed that pineapple peel could be used

as the main roughage for lactating dairy
cows without affecting milk production.

Additionally, as the value of global
manufacturing has continually increased
both for industrial and agricultural sectors,
which leading to a significant amount of
energy usage and requires efficient waste
management [10]. One of the renewable
energy resources that has become very
important is biogas. Biogas is produced
through anaerobic digestion consisting of
four subsequent steps, which are
hydrolysis, acidogenesis, acetogenesis
and methanogenesis. Biogas production
technology is important for
comprehensive utilization of biomass
such as livestock manures. Especially,
cow manure becomes a promising
alternative as it generally contains high
organic matter and biogas slurry can also
be used as nutrients-rich organic fertilizer
[11], [12]. Thus, the challenges in the
future biogas production from dairy cow
manure have changed to the development
of a combined efficient feed source and
potential resource recovery from the
manure. However, limited information
can be found in the literature on the effect
of manure characteristics and biogas
production from the manure of lactating
dairy cows fed with pineapple peel as the
roughage source. Therefore, the objective
of this study was to explore the dietary
effect on manure characteristics and
potential of biogas production from the
manure of dairy cows feeding with
pineapple peel as the roughage source.
The results obtained from this study can
be further used for utilizing agricultural
wastes to reduce environmental impacts
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and improving sustainability of waste
treatment for biogas production from
dairy cow farm in the future.

2. Research Methodology
2.1 Animals and Diet Types

Three primiparous, mid-lactation
(84+18 days in milk) crossbred Holstein
dairy cows, which had an average body
weight of 443.5+£10.6 kg and average milk
production of 9.6+0.3 kg/d, were assigned
with three different diet types including
T1, T2 and T3. Each diet type was a
mixture of different compositions, as
suggested by Wittayakun et al. [7]. T1 was
a control diet, which consisted of dry
Pangola grass to commercial pellet (CL)
containing 16%  protein  (Charoen
Pokphand PCL, Thailand) with a ratio of
70:30 on dry matter basis. Moreover, T2
consisted of dry Pangola grass to
pineapple peel to CL with a ratio of
35:35:30 and T3 consisted of pineapple
peel to CL with a ratio of 70:30. In this
study, the pineapple peel was collected
from a cannery factory located in
Lampang province, the Northern region of
Thailand.  For  transportation, the
pineapple peel was stored approximately
30 kg each in a sealed double layer
polyethylene plastic bag without any
preservative agents. Moreover, the
Pangola grass was harvested on the day
50" after planting from the grassland
located in the Faculty of Science and
Agricultural Technology, Rajamagala
University of Technology Lanna in
Lampang province and the dry Pangola
grass was chopped before used. This
Pangola grass (Digitaria eriantha) is a

high-quality tropical grass, which is
popularly grown in Thailand as a pasture
and widely utilized as a livestock feed
[13].

Feed for each lactating dairy cow
was balanced depending on its body
weight, milk yield and milk fat, which
following the nutrients requirement
recommended by the National Research
Council (NRC) [14]. Each diet
composition was weighted individually
before distribution as a mixed feed.
Moreover, each lactating dairy cow was
house individually in a 3x6 m? pen with
available drinking water and mineral
blocks. Moreover, all dairy cows were fed
twice daily at 7 AM and 5 PM at 110% of
expected intake  throughout  the
experiments [7]. Animal management and
experimental protocol was performed
with respect to animal care and welfare.

2.2 Anaerobic Digestion Setup

In this study, an anaerobic digestion
was used to explore the potential of biogas
production under anaerobic conditions
from the manure of dairy cow as a
substrate. Three different manure sources
from the dairy cows fed with three diet
types of T1, T2 and T3 were used. The
anaerobic digestion reactors with a
working volume of 5 L were operated in a
complete randomized design with a
hydraulic retention time (HRT) of 30 days
[11], [15]. AIll experiments were
conducted in triplicate. Daily anaerobic
digester temperature was measured using
a digital thermometer (SCT-lilliput,
Scichem Tech). The temperatures of all
anaerobic digesters were observed in a
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range of 32 to 34°C, which implied that
the operating digestion process was
performed by mesophilic bacteria that had
temperature ranged between 30 and 38°C
[15].

2.3 Sample Collection and Analysis
Grab samples of dairy cow manure
were collected on the day 10™ after
feeding and stored in a refrigerator (4°C)
until used. Before start-up an anaerobic
digestion, the manure was diluted with tap
water in a ratio of 1:1 (dairy cow manure:
tap water) to achieve a Total Solids (TS)
content of approximately 5% [16]. The
mixed liquid samples of undiluted manure
from the dairy cows fed with different diet
types of T1, T2 and T3, as well as samples
of the end anaerobic digestion process
were collected. The stored undiluted
manure samples and digested samples
were first measured pH using pH
electrode (OHAUS Starter ST5000-B
Bench pH Meter, USA). Then, the
measurements of TS, Volatile Solids
(VS), Chemical Oxygen Demand (COD),
Total Organic Carbon (TOC), Total
Ammonia Nitrogen (TAN), and Total
Phosphorus (TP) were determined in
triplicate for the undiluted manure
according to standard methods [17].
Moreover, the concentrations of VS and
COD were measured for the samples at the
end of anaerobic digestion process. The
amount of gas produced was also
measured daily in the gas collection unit
using volume displacement. Besides, the
CHs and CO:2 content of biogas were
measured at the end of system
performance to examine the quality of

biogas production by using a gas
chromatography (Model 7890, Agilent,
USA). The removal efficiencies of VS and
COD were calculated using equation (1)
and the methane yield was calculated
using equation (2) as follows [18], [19].

(Cx,in _Cx,out )*100

Nx = 1)
§ Cx,in

When

nx = Removal efficiencies of x (%), as
this study refers to VS and COD

Cxin = Concentrations of x at the
beginning (mg/L)

Cxout = Concentrations of xat the end of
system performance (mg/L)

Ven
Yeu, = —— 2
CHa =g ()
When
Ycn, = Methane yield
(M3 CHa/kg V Sadded)

Ven, = Cumulative volume of methane

production at the end of system
performance (m* CHa)

VSin = Mass of original VS content of
the substrate (kg VSadded)

3. Results and Discussion
3.1 Characteristics of the Manure from

Dairy Cows Feeding with Different
diets
Table 1 gives a summary of the
most important characteristics of the
undiluted manure from the dairy cows
feeding with three different diet types of
T1, T2 and T3, which were used as a
substrate to anaerobic digestion for biogas
production in this study.
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Table 1 Characteristics of the undiluted manure from the dairy cows feeding with
different diet types, which used as a substrate to anaerobic digestion for biogas
production. (pH and concentrations are average values and standard deviations are shown

between brackets, which calculated from the results of 3 samples.)

Cow manure from dairy cows feeding with

Parameters Unit different diets?
T1 T2 T3
pH - 7.50 (0.09) 7.10 (0.10) 6.50 (0.06)
Total Solids (TS) g/L 85.78 (2.12) 83.46 (2.50) 82.59 (2.51)
Volatile Solids (VS) g/L 70.40 (2.05) 65.87 (1.65) 63.56 (1.85)
Chemical Oxygen Demand (COD) g/L 91.47 (3.25) 87.60 (2.67) 85.47 (2.75)
Total Organic Carbon (TOC) % 33.79 (1.05) 33.59 (1.75) 33.02 (1.85)
Total Ammonia Nitrogen (TAN) g/L 1.54 (0.09) 1.59 (0.08) 1.67 (0.09)
Total Phosphorus (TP) g/L 0.40 (0.02) 0.43 (0.02) 0.44 (0.03)

2T1: Control diet, dry Pangola grass to commercial pellet (CL) with a ratio of 70:30 on dry matter basis,
T2: Dry Pangola grass to pineapple peel to CL with a ratio of 35:35:30, and

T3: Pineapple peel to CL with a ratio of 70:30.

As shown in Table 1, the manure
from the dairy cows was characterized
mainly by high organic matter and
nutrients especially nitrogen as compared
to the average characteristics of human
waste [15]. The dairy cow manure
revealed average concentrations of TS and
COD with a range of 82.59 to 85.78 g/L
and 85.47 to 91.47 g/L, respectively.
These results are in agreement with the
previous studies, which also reported high
concentrations of TS and COD ranged
from approximately 51 to 107 g/L and 55
to 124 g/L, respectively [20]-[22]. This
clearly showed that the dairy cow manure
requires significant treatment for a
sustainable and safe treated -effluent
before discharge to the environment. As
the dairy cow manure contained such a
high concentration of organic matter
content, consequently, it becomes an
excellent substrate for the production of
biogas. Moreover, another advantage of
ruminants manure especially cows is that

the manure is readily utilized for the
fermentation phase and it already has the
necessary methanogenic bacteria [23].
However, it is important to note that the
differences in diet types resulted in
different characteristics of the manure,
especially pH values. An average pH for
the manure of dairy cow fed with T1 was
found at 7.50, while lower pH values of
7.10 and 6.50 were found for the manure
of dairy cow fed with T2 and T3,
respectively. The low pH for the dairy
cow manure fed with T3 could be
explained by the chemical properties of
pineapple peel, which has rather low pH
values of 3.47-3.84 [24]. In the literature,
information about the biogas production
from the manure of dairy cow feeding
with pineapple peel as a roughage source,
which resulting in a lower pH than using
dry Pangola grass, is still limited and
needs to be further investigated.
Moreover, the nutrients nitrogen (N)
and phosphorus (P) in terms of TAN and
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TP were also determined in the manure
used as a substrate for the biogas
production. The results clearly showed
that the manure of dairy cows fed with T1,
T2 and T3 contained high N. The average
TAN concentrations ranged from 1.54 to
1.67 g/L and these results were in
agreement with the studies of Frear et al.
[22] and Liu et al. [25], who also reported
the high TAN concentrations of 1.72 and
2.17 g/L, respectively. For this study,
similar average concentrations for TOC,
TAN and TP in the manure of dairy cows
fed with T1, T2 and T3 were observed.
This may cause by the similar organic
carbon, N and P fractions in both dry
Pangola grass and pineapple peel,
resulting in the similar organic carbon and
nutrients excretion [26]-[29]. Moreover, it
is also important to note that ammonia
inhibition in anaerobic digestion of the
dairy cow manure feeding with T1, T2 and
T3 is not expected to become a limiting
factor, as Frear et al. [22] showed that
TAN concentrations of 1.87 g/L (at pH
6.87) and 2.65 g/L (at pH 7.88) had no
adverse inhibition on methane-forming
bacteria.

3.2 System Performance of Biogas
Production from the Dairy Cow
Manure

Fig. 1 shows the cumulative biogas
production from the dairy cow manure
feeding with three different diet types of

T1, T2 and T3 throughout the whole

experiment.

As shown in Fig. 1, the dairy cow
manure feeding with all three diets were
possible to use as a substrate for biogas

production. The cumulative biogas
production from the manure of dairy cow
fed with T3 increased significantly in the
first 8 days and reached the highest
amount of 40 L after 16 days of digestion
process. Whereas when using the manure
of dairy cows fed with T1 and T2, the
cumulative biogas production increased
significantly in the first 20 and 12 days,
respectively, and reach the highest amount
of 58 L after 25 days and 44 L after 18
days of digestion process, respectively.
These results clearly showed that the
manure of dairy cows fed with different
diet types would lead to different potential
of biogas production. Moreover, a rapid
increase in biogas production in the first 8
days from the manure of dairy cow fed
with T3 could be explained by a low pH in
the manure used, as acidic condition could
increase the rates of particle disruption,
hydrolysis and acidogenesis steps [30].

Cumulative Biogas (L)

Time (Days)
Fig. 1 Cumulative biogas production
from the manure of dairy cows feeding
with 3 different diets; () T1: Control
diet consisted of dry Pangola grass to
commercial pellet (CL) with a ratio of
70:30, (o) T2: Dry Pangola grass to
pineapple peel to CL with a ratio of
35:35:30, and (A) T3: Pineapple peel to
CL with a ratio of 70:30.
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Table 2 System performance of biogas production from the manure of dairy cows feeding
with different diet types on pH in the effluent (pHeft), biogas compositions of CH4 and
CO2, removal efficiencies of VS and COD, and methane yield. (pH and biogas
compositions are average values. Standard deviations are shown between brackets, which
calculated from the results of 3 samples).

System performance of biogas production

Parameters? Unit from dairy cow manure feeding with different diets®
T1 T2 T3
PHert - 7.07 (0.05) 6.58 (0.03) 6.18 (0.03)
CHy in biogas % 60.33 (1.95) 50.95 (1.36) 41.75 (1.62)
CO: in biogas % 38.55(1.15) 46.79 (1.50) 51.33(1.48)
VS removal efficiency % 40.32 36.72 34.36
COD removal efficiency % 45.67 41.45 38.10
Methane yield m® CH4/Kg VSadded 0.20 0.14 0.11

@ Volatile Solids (VS) and Chemical Oxygen Demand (COD).
b T1: Control diet, dry Pangola grass to commercial pellet (CL) with a ratio of 70:30 on dry matter basis,
T2: Dry Pangola grass to pineapple peel to CL with a ratio of 35:35:30, and

T3: Pineapple peel to CL with a ratio of 70:30.

In addition, Table 2 summarizes the
system performance of biogas production
from the dairy cow manure feeding with
different diet types on pH values in the
effluent, compositions of biogas, removal
efficiencies of VS and COD, and methane
yield. Generally, the anaerobic digestion
process is sensitive to various processing
conditions including pH values, in which
optimum pH for acidogens ranged from
5.5 to 6.5 and for methanogens ranged
from 6.8 to 7.2 [15], [31]. Based on the
data shown in Table 2, the average pH
values at the end of the system were
decreased in all three anaerobic digesters
of the dairy cow manure and reached
down to pH values of 7.07, 6.58 and 6.18
when using the manure of dairy cows fed
with T1, T2, and T3, respectively. These
results indicated that only the anaerobic
digester of the dairy cow manure feeding
with T1 could give the optimal system
performance of biogas production and

biogas quality. This confirmed by the
results of pH value at the end of the system
when using the manure of dairy cow fed
with T1 that was in the optimum pH range
for methanogens and therefore the highest
cumulative  biogas production  was
observed. In addition, as expected, the
biogas quality in term of CH4 and COz2
contents, in which identified the quality of
biogas, showed that the anaerobic
digestion of the manure of dairy cow fed
with T1 resulted in a higher average CH4
content of 60.33%, followed by T2
(50.95%) and T3 (41.75%). This high CHa4
content of the biogas production also
confirmed that methanogenesis was
performed optimally in the anaerobic
digestion of the manure of dairy cow fed
with T1 and this is in agreement with the
review study of Nasir et al. [11] that was
reported the CHa content as between 50
and 70%. Besides, in the anaerobic
digestion of the manure of dairy cows fed
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with T2 and T3, biogas contained rather
high amount of CO2 content. This high
amount of CO2 most likely produced
during the hydrolysis and acidogenesis
steps as the methanogenic activity was not
fully developed at low pH [30].
Moreover, the removal of organic
matter in the forms of VS and COD
degradation was also shown in Table 2.
The results revealed poor biodegradable
fraction of the dairy cow manure VS as
compared to other livestock manure [11].
This is mainly due to the high amount of
inorganic compounds and fibers in the
diets that could not digest in the digestive
system of dairy cow and therefore the
dairy cow manure will be hardly degraded
during the anaerobic digestion [11]. In this
study, the average VS removal
efficiencies ranged from 34.36 to 40.32%,
which were comparable to an ultimate
biodegradable fraction of the dairy cow
manure VS of approximately 40% [32].
With a high total cumulative biogas
production (Fig. 1) and CH4 content
obtained from the anaerobic digestion of
the manure of dairy cow fed with T1, the
methane yield of as high as 0.20 m?
CHa/kg VSadded Was achieved and this
would translate to the methane yield of
0.49 m® CHa/Kg VSdegraded. This result is in
agreement with the review study of Nasir
et al. [11] and the guidelines of Shelford
et al. [33], which reported the methane
yield from anaerobic digestion of the dairy
cow manure as between 0.16-0.26 m?
CHa/kg VSadded and the appropriate
estimation of methane production based
on VS degradation of 0.50 m® CHa/kg
V/Sdegraded. Besides, lower methane yields

of 0.14 and 0.11 m® CHa/kg VSadded Were
found when using the manure of dairy
cows fed with T2 and T3, respectively.
The low methane vyield in anaerobic
digestion of the manure of dairy cow fed
with T3 could be explained by (1) an
inhibition of methanogenic activity at low
pH value and (2) a higher lignin content in
pineapple peel than dry Pangola grass as
this expected to increase in lignin
excretion in the manure [27], [30], [34].
The studies of Amon et al. [35] and Li et
al. [36] showed that high lignin content in
the manure could significantly reduce the
methane yield. In order to make the use of
pineapple peel as a substitute roughage
source more attractive, several methods
can be used to enhance methane yield such
as anaerobic co-digestion with other
organic wastes and pH adjustment in
anaerobic digester. The anaerobic co-
digestion would help to optimize feed
compositions, macro and micronutrients,
pH, and toxic compounds [11], [23], [30],
[37]. For example, the review study of
Nasir et al. [11] reported that anaerobic
co-digestion of the dairy cow manure with
other organic wastes could enhance the
methane yield up to 0.31 m® CHa/kg
VSadded When using anaerobic co-
digestion of the dairy cow manure with
kitchen waste. However, the anaerobic co-
digestion process of the dairy cow manure
still needs to be further investigated with
respect to types of organic wastes used
and mixing ratios. Additionally, pH
adjustment in anaerobic digester can also
be considered by using a base solution to
the optimum pH range for methanogenic
activity. This would help to enrich
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methanogens as well as to prevent acid
accumulation in the anaerobic digester,
resulting in a higher methane yield [30].

4. Conclusion

In this study, it was found that all
diet types of T1, T2 and T3 resulted in
similar manure characteristics of high
organic matter and high nutrient nitrogen.
However, a higher pH was found for the
manure of dairy cow fed with T1, while
lower pH values were obtained with T2
and T3. Moreover, it was found that the
highest methane yield was obtained from
the manure of dairy cow fed with T1,
followed by T2 and T3, respectively. The
low methane yield from the manure of
dairy cow fed with T3 is the most likely
can be explained by an inhibition of
methanogenic activity at low pH value
and a higher lignin content in pineapple
peel. However, the anaerobic co-digestion
process with other organic wastes and pH
adjustment in anaerobic digester could be
used to further enhance the methane yield.
Based on the results obtained from this
study, it can be concluded that the manure
of dairy cows fed with pineapple peel as a
substitute roughage source was an
effective potential substrate for biogas
production. This study not only offers the
opportunity to develop sustainable
utilization of agricultural wastes for
feedstock, but also improve the
sustainability of waste management for
biogas production from dairy cow farm in
the future.
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Abstract

This research aimed to study the quality changes of coating salted eggs partially replacing soil
from termite mound with turmeric powder at the level of 0%, 5%, 15% and 25% during storage for
4 weeks. The results showed that the increasing in turmeric level caused a decrease in salt content
in raw egg yolk and raw egg white which led to decrease in hardening ratio of egg yolk. The hardness
values of cooked - salted egg yolk decreased while those of cooked - salted egg white slightly
increased. At the same salting period, the color values of raw egg yolk and raw egg white coated with
different levels of turmeric were slightly different. Egg yolks changed to a yellowish orange color while
egg whites showed lightness with a direction of red and slightly yellowish color. The raw egg white
coated with higher level of turmeric powder exhibited more yellowness which was in accordance
with the increasing in curcumin content. From the results of 9-point hedonic scale in terms of color,
aroma, overall taste and overall liking, it was found that salted eggs coated with turmeric powder to
partially replace soil at a level of 25% with 2 weeks of preserved duration had high scores of sensory
acceptability which did not differ significantly from the control samples (0% turmeric) (p>0.05). The
curcumin content analyzed in dry egg white was 3.885 mg/g at week 2 and increased to 13.291 and

18.484 mg/g at week 3 and 4, respectively.

Keywords : Salted Egg; Turmeric; Soil From Termite Mound; Qualities During Storage
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WunenviunaLnunsidauIsuUaInu1edu lng
%meﬁ@mmwﬁz@mqmamw Al wagyalsgam
duila soufaiuimansinesgiuidunuiding
aeluddenly Tudaeszegiianisiiusnuen 4
ot wieldidunuimalunmsiauindndueily

wnwenayulnsdy o feld

2. A5n15NAaad

2.1 nswiseadngaulidae

"o Al =1 =
I%Lﬂ@WIﬁﬂuﬂ’ﬁW@a@Quﬁaﬂ']ﬂ(ﬂa'l(ﬂl,lla\i

Tuyd danindeslvi Tnelidintdndegnuseunas 70

Y

n$u wazilmundng 45 — 55 fadwns tiledaun

Aalazannudningely ihAussuUainukaLnGe
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sal o '

Toieumaslsaitensiaindu 3 : 1 annthudud
adludrumaufisnsau 1: 1.5 aulidnfuwdaily
wonlalivavianes sufudsunay ifudnuly
pgnmanadniigamgiivios (30+3 ssmiwaldoa)
NUHUNTNIARDINUUANAIYTA] (Completely
Randomized Design; CRD) Usznauniy 4 aans
flo msmaununsidiuaeudaindensuiiutesay 0
(Lﬂuﬁﬂwmaamwﬂm) 515 uag 25 AUaIAU
Dntuguiiognen 9 davuriinsienmnly

AR ) AUATU 4 dUn

2.2 MyIAThgn LAY
2.2.1 msAeeivsunanndaluliunadufvuas

ldvaAniu

nsuenlaunieanainlien uaAsIE
Usinanndelulais 2 dufinensanainiu auas
999 AOAC [4] TnedesetanminUszanas 1.00 a3y
WALFN 0.1 N AgNO; 9713 20 fiadans uag HNO,
$1uau 10 fadans antuthldduuumaiudou
JunsElduNaLTIunazats (anuiu AgCl,) o
agldnanduuseann 10 w7 seansavanadudiag
wEndnfesas 5 Ferric Alum Indicator 91ntaily
Tn5msaRae 0.1 N KSCN 9unsziisansazant
Wasududthaala Juiinusuinsves KSCN 714

U warfmuamuaunsi (1) Al

SezazUsunaunie

= 58 X [(Vl X Nl) - (V2 X Nz)]/W (1)

1ag? V, Ao Usunsves AgNO, (Hadans);
N, g ANNLTUTUDT AgNO; (N); V, A USuIng

289 KSCN (Jadans); N, An ANLUuduues KSCN

v
o Y '

(N) wag W Aa Wninsiegne (nSu)

2.2.2 M5IAANE

Lﬁammwznmejuﬁaaﬂ’m iliAnuwe
avdmpassuunyAuesnudidadietinaren U
Trwisudrdnandluunsiuazlvvafvlumen L*
a* ke b* ﬁwm%ﬂ Colorimeter (Konica Minolta
CR-410, Japan) Tag L* §ie1 0 fla 100 (0 = fiafign
uar 100 = ad19fign) mn a* fdnduvanuans
firnnevesduns wazle a* faduauuansfianig
Ypdlgn dmsu b* madladuuinuaniidnig
Yosdndes uazidle b* fanduavuansfianiswesd

18U UATLALI AU INIAIAINN ANV B IE
a5 (Total Color Difference; AE*) waelaung
wuRusazldvauRuiisuiufegsuinsgiude

| ' av o o a
Tounanazluvninliiiunisnen feaunisi ()

AE = J(AL)2+ (A2)2+ (AD)? @

a7 AL* = L*999678819 — L*U09629814
W193g7; Aa* = a*189629879 - a*U89A2I9819
1103511 waz Ab* =b*uaaiiegns - b*ueefiing

HINI7U

2.2.3 dndruluunsfiudiesia (Hardening Ratio)
o ! A 2 o & v
Fadrulvuneudeinduaiovazvos
S o 1 A & o o [ Y o 1
huiinlaunaudsi leeeenluny udnihliung
1INAILUT 9 VUATZAT9NTDY (Whatman No.1) 1iie

PV -

fdnduiilulivmennly andutaiminvedly
uasttagn (W,) wéldfiminnanaiiolfliunsdoud
Yuuazifuvesmariioganelulvasenun daanny
duiduveauds (W) [5] thadildunduands

aunsi (3)

Fraultunafiudas = (W, /W,) x 100% (3)
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2.2.4 USinaannuduvedliunaduduuazlienn

WuAU

mnsuenlaiasoanainlaun waIAsIEi
Usunaannudululits 2 drufiuensenaindy
Fauladizues AOAC [4] Tnedadnoendlilgdmin
fusdueu 1 - 2 n§u ldaslunvuzergiidendsinu
msauﬁqmmﬁ 105 asAnwaldeoad LWuian 3
Hluswagnsdminuduey wldeuiiguuad
105 sarnaaded e 5 - 6 Falus theenain
Fouldluloganinuty wdrdnimdnvosnivuy
WEauinoge ud M SesarUSINAANLT U

sumglulusEnINanIso U

2.2.5 AN201AR5UaARIA (Water Activity) vasly
& a 1 &8 a
wagLANAULazlUuANRU
$NSwenbUkAaeana NtV LaIASIEH
ANIBLABSLBARIALLLUNT 2 d@auNkeneanaIniu
fa8LATea Water Activity Meter (Aqua Lab 4TE,
USA)

2.2.6 Aanundsvadliunsuazliviagn
Tarrauwiwasliunsgnuazlivngnae
LS89 TAXT2i Texture Analyzer (Stable Micro
Systems, Surrey, England) Yrlafilalundazds
neaedlusanidunan 10 it @unamdami
o) wenduiiduldunsuazlgviesnaindu
wisushegaliunslagldiinunsa daui%imazjnﬁu
L“fluﬁm?{wqm@iwum Ix1x1 Ludiuns lag
MegeazgnnanIeiTiansenszuen (P50; WuNu
Augnan 50 fadwns) drualdamsalunis
wAeufivesiniawiiu 10 fadwns/Aund wazna
dnadludesas 50 vesnnugeFieEaTY AULse
g9qniiléa1nns1m Force - Deformation wansis
AANLTIBdLAaziaEge in1snaaeuiieens

Mgauniiviesdn 5 AT

2.2.7 M153LAT1ERUS AR SATIUAI8TT UV-
visible Spectrophotometry
MnsvaeunulelavesidiiaseiuTunm

wesaiusieinaila UV - Visible Spectrophotometry

o

aARves ICH guidelines [6] fail

2.2.7.1 N15ASIAFBUAIAIINLIIAAUNNAINTS
AANAULLEIFIEN
Y v 9

§ a

aEsuInIgIuAesAlU (Sigma Aldrich) 11

i
Lm%mﬁazmammg’mﬁizﬁmmm%m%u 1
fadnsu/dadans medmyiararewniuea (Seeay
99.9) ntiudeansfisduanudidy 5 Tulasnday
fiaddns udwhlvawnuiiiomaiiueaauiisen
n1saAnauLaIgIan (A,,) A1835 UV - Visible

Spectroscopy (fi33An31E139AAY 200 — 800 nm)

2.2.7.2 n15A52388UN5 1Y Ava 93T nada U

(Method Validation)

As19@eUAIA1e 9 Laun Anuludunss
(Linearity), A111QN#A0Y (Accuracy), AUKLUET
(Precision) I9411AN15A523117 (Limit of Detection;
LOD) AadfAan1siatdsusua (Limit of
Quantification; LOQ) A7 8 LA 09 UV — Visible
Spectroscopy (Analytikjena Specord 200 Plus,

Germany)

2.2.7.3 anuduidunsatasdreanududuvas
@135 (Linearity and Range)
wiguasazgateunsguaesaduludivia
avanenuea (Govay 99.9) 71 6 szAuAMUTLTY
(0, 0.5, 1.0, 1.5, 2.0 waz 4.0 lulasnsu/diadans)
WnnsnsadeuAInIsgandukanduiagn 3 Ju
doillos (Aududuas 2 91) (0 = 6) AMuiEves
P.V. Kadam et al. [2] ¥ranfilgundonnsinainy
Wudunss Aruiamiaunisannoguazan

FuUszanSuanenisandula RY) dmsuai LOD
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waz LOQ A1nANANTELULNINGEIU (o) way
ANMUTUVRLEUNTIN (S) Aeduns; LOD = 3.3(c/S)

kay LOQ = 10(o/S)

2.2.7.4 anuwsiugn (Precision)
Wmsiassremudeauuresnnududu
yesanasgILidualFnnNInsgu ng
i’mm’wmsgmﬂ?ﬂuuaqﬁuaqmimmgmma%@ﬁuﬁ
NIIUAMULTNTULLLDY (0, 0.5, 1.0, 1.5, 2.0 Lag
4.0 lulpsnsu/Radans) fTaarnelutuientu (3

4191281) (ntra-day) wazNinauduianaiuiu
AoLied (nter-day) m1u35989 P.V. Kadam et al.
[2] Wa2ATIUMIAIT DA T BUUUNINTFIU

#1905 (%Relative Standard Deviation; %RSD)

2.2.7.5 augnsias (Accuracy)
Aranugndesdudrfivenanulndides
sEninemasafiumiininszeils Tnensiiuedng
11A 357U (Spiked Sample) Ans1UAULTL T
widueu 3 seau (lAwn 1.0, 2.0 waz 4.0 lulasnsy/

a a

faaans) aslulumpgaldvninenmefuilunay

U LAWINNITHASIEUSUUINUITNSNAEDU

la waAUIUIPYaENISNAUAY (%Recovery)

2.2.8 msmUsananaeiplululdviaauiudie
wAda UV- Visible Spectrophotometry
tldvnlurhutiuuuutidonuds antuun
THaziBun Feshedransldnaondumissdiuiu
0.50 N5Y WAuEsazansunIuea (Seuag 99.9) as
TUluuSune 5 Gadans arnduiiliadngae
w3esdansledadunan 30 uift udathluiven
ﬁwm%mﬂwmmmqmuqﬁ (N-BIOTEK NB-205V,
Korea) Tigaungiivios 1luran 1 Au 91nduriings
Jusisaiiousnansazargeanainazneudisyiv

A911L57 5,000¢ +Jw3an 10 w1l gatenaniy

msazmsﬁagjéf’muumﬁLﬂiwﬁmﬁmmma%@
fupuisnageuiinaunisasisaeunnuldls wan
mwnndulumiefiadnusensultvnedivnay
Usinaumnuiuvesnsldviluusasinogioenuds
dwmsuldannsfinendefuiildnauviuazyinnig
afnmeisdnesduazldidudlngns Blank Tun1sin

AINTAANTULES

2.2.9 MMSNAFUNISUSTENEUNE
$INNSNAFBUNIIUTLANFUN AR 87T ANS

¥

NARBUAINYDU (9 - point hedonic scale) A8
NAABUIIUIU 60 AU [7] YNSRI euRI819lagiin
I9umenfiuundnsltazenn mntutludadunan
10 Wit Funamdsaninien) wdwilisulagly
dhlvariu unziUdensen uadwtumunueILes
wislflown 110 6 veslasiagn vesgludienu
SoufifilDnativ fagnagniLauesegnaaaud
az 1 fegmeiaavdu 3 63 lngdnsduasu
Yausuazignaasudiuuinseninesens
Uszidiudegnssely Aadnvugiivaaou éun &

NAU FAVIPLAYTIN WaTAUTBULAYSTIY

2.3 ANSIATITAN9EDH

o v -

Urdeyailauriinsizvinanisainlag
33129 1ALLUTUTIN (ANOVA) Tz fumany
Wotfudorar 95 uazIATITRAMULANAIIVB
AnadslundazdUairiais3 Duncan’s New

Multiple Range Test (DMRT)

3. Namﬁwﬂaamaﬁﬁlﬁzﬁwa
3.1 MyaszidsunanndalulduasAufu

1 < a
wazluvaNfv

Usuranderadeluldwnavazlyviilu

o

dUainiaueadaliiiunswenidufidinduses
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az 0.10 waz 0.29 mudIfu waidleszesinainis
wonuway Mldunsuazlirnfuiiniuniswening
THviunamaunuiusesudainludiunadesas 0 5
15 uaz 25 fUSunanndeifiaty

10015199 1 01U Tudua1uian 1 luwnad

a

wendeviululsunadiuansieiu SUsunannded
AnsrgilaldunndieiuegiidediAgnisaia
(p>0.05) usiilasraziarniswenuiuty (FUavid
23 uar 4) wu manendasiluszdugs axd
USinaundeiinsesilatiosninnsnendieviuly
sgRudteg1eidod1Ayni19add (p<0.05)
Wuieiunan1siaTzusitannaetuldanifu
(M51991 2) WU Lﬁawaﬂé}’aaﬁufﬂuszﬁuﬁqﬁu%
iliuSunasndedirnanas (p<0.05) 91nN15&UNA
sxnuin WeUSunamiufinanndu Anuaiunsely
Asinesaturesiussulainazanas Lieswen
NdmﬁuﬁﬂigﬁﬂE’JLL'VISﬂEJQIU@ULL@SQW%UIM@Q@?J@Q
ndeld Fehlinisunsndusnunfe mnaudngly
anas JsdenndastunImaassldnInTInaLNUy
seuvarndmduwenlddaluusuafiunniy o
demaliusunanndelulafidnanas Tagledudinen
pennnluUsuiusesay 10 20 uay 30 HUSu
indeluldvntosningnsaiuauiilsifinine 8] Tog
AsifiuduresUiinanndeluliunsiosninlian
iesannsdeaninsssurdvesliwnsaziinnns
LU?isJuLLﬂaqL"fjJuImaﬂziwLaaﬁaﬁwﬁjuuazﬁimaqa
vadlufiuBaszgnuanUdosoanunaniusysening
TsAudeludarnenisunsnduveanaeainlauia
igliuns Tuvazfinisideannuesldunazdima
linnunilnanas vilinsunsndundedigliea
¥ ey

ilosvarnanisnenunuty Usunanndely
TdunsRuiinendioviunaununsidfuasudain

Soway 0 uay 5 danudusdsdved1Agyn1eads

(p<0.05) duldunafisfviinendeviiudesay 15
way 25 uansuwaldunisiiut uvesUsunannie
Wissidntosuaziialdunnseiusdrslidodfy
naEdf (p>0.05) dwmsuldvaduduluynszdunis
wonseviiy fuwliunisifinfuvessmnanie

WoszezaInIsuanuIuTues sltd1Agn19a s

(p<0.05)

A15199 1 Ysunawndeluldwaadufvnneniaely
YUV AN UAUIDUUAINUNNEIU WUTEeEIaT 4

#Uaat

= SovazUBinanndelulduaaduiiu
Amnaes

o

UaWiTi 1 duanifl 2 dUaiil 3 duaviii 4

0% il 048™°10.13 09174010  098°4:0.06  0.96*+0.03
5% iy 04773001 0847481023 0.81°°:0.03  0.89°410.05
15% v 0.49™54003  0.63”°+012 0574007  0.59%°+0.01
25% vy 0441005 059°"40.12 05474008  0.54°+0.00

vaemg  f18nwsnvIsangy a, b ¢ AuAnAfuAILUIRY LansAanL
upnsnsegadifeddgmneeda (p<0.05) ns vuedaliwanmisiuetisdided Ay
N9aEdd (p>0.05)

FdnN¥IN1YIBINaY A, B C AUANANIFUALLLILBY LAR A2
upnAegaiitedfymeaia (p<0.05) NS muneiiabiuanansiusgelitudiny

NE0A (p>0.05)

A15197 2 Ysunanndeluldvnfuduineniaeld

YUV ALNUAUIUUAINUNNEI Wuszezan 4

£ L3
dUan
P = = —

= SowazUSunanndeluldviahudv
dmnaey ——— v d e v d

dUanin 1 dUanin 2 dUenin 3 duavin 4
0% vy 2.09°°40.01  3.44%°40.01 379%40.33  3.61%%+0.00
5% iy 188°°+003  291°C40.04  371%440.06  3.44°%10.02
15% iy 1.83°940.05  2.82°%40.03  3.61°3005  3.60°4:0.09
25% afu 17594002 270%£0.00  3.08°%40.01  3.51%+0.04

vunewn  fdnusniwdangy a, b c umndatuniuinge tanany
unnsieeediledAgneEdii (p<0.05) ns mnefisliuwanseiuseeiiteddey
NW@EdA (p>0.05)

FdnuIn1YIBINgy A, B C AN UALLLILEY LERIA2L
unneegaditedfymeeaiin (p<0.05) NS mnefidhiwanansiusgeidudiny

N9@di (p>0.05)

3.2 N15I9ANE
dlofiarsannmlaesiu (m151991 3 91ndhe

‘lU‘U’J’W) WU LHB528EIaINITNENUINTY LULAY
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\uAuynamaassdiAanuaing (L) Arannudud
uns (@*) warArnnududindes (b*) anasedned
Hed1Agyn1eaia (p<0.05) wtail nsdsuulacs
vadliunsaonndosiulsinanndeiiiinty Taanas
Lmsﬂ?ﬁmnﬁavﬁwqﬂﬁi%Lﬁﬂ“’ﬁuw%fau 9 fun1sgayde
ihanelulteangdsuinden dsaliliunaifud

v

AnwalrwIawazilidnanag [9]

A15197 3 AAlumey L* a* way b* vasluunafy

funnenlaglgrlunanawnuauIauUainu1edlu

P%
= a

GRS srfiAnauainaindudndes el 019
esunannUSunanndefianasdwmalilauasiinng
Eoanmsssurinandufeunduazadniiesnin
druaranududvieswazaranuduiunsaziian

anasantiey (p<0.05)

AN519% 4 AALUWBY L* a* wag b* vadlivnidy
funnantagl gl uNINAWNUAUIBNUAINUIIEIY

Wussezinan 4 dansi

Anuadng (%) vesldurfuiu

Wuszoznan 4 dUanid

Fmaans

AruEe (1) vasliunufuiu

damans PR ST T PR
dUanvin 1 AUain 2 AU 3 e 4
0% il 92.68*+1.09 92704061 90.36*°+0.50 90.31°%+0.16
5% afu  9027°40.17 89.20°%40.25 85.60°°40.43 87.69°C+0.55
15% 95l 89.49°%°40.36 89.95°4+0.56 88.70°°+0.64 85.52°C40.32
25% afiu 885444039 84.36°10.24 86.02°°+0.81 83.19%°40.24
. Aanududuasddiden %) veddvnfuiu
aa‘wmam o P @ sl @ sl o P
dUavn 1 dUain 2 dUavin 3 dUanvin 4
0% i 23004011 2384006 -231°%%:003 -2.21°40.03
5% uly -2267:014 21544005 229074002 -196*%+0.07
15% aflu 2534007  2.25°40.03 -232°%40.02 -2.27°%40.06
25% afiu  -247°44005 2290P10.12 2.28%%40.02  -2.25°%40.05
. Ananuiludimaesiedintu (b*) vadlvafuau
aQ'VIﬂﬁEN o el @ sl @ sl o el
dUavn 1 dUain 2 dUavin 3 dUavin 4
0% iy 4.92°°10.56  4.53°°3037 6224040  5.74°°+0.03
5% uiy 523041028 52454012 572°%:0.17  6.46°440.17
15% aflu  4.89°40.21  647°°4026 632°°10.11  7.10°440.09
25% iy 5.64°°40.10  6.80°%40.02 6.28*+0.13  7.35%440.31

FUnwiit 1 FUaiii 2 duavidi 3 FUnii 4
0% fiu  5219°°40.07 53.37°°40.07 47.86>°40.45 48.54°%10.49
50 4iu  5258°%+0.18  5330°440.05 46.70°°+0.09 51.53°+0.39
15% viu  5332°%4027 54.71°44027 47.86°°+0.56 51.51°°+0.30
25% vy 54.27°%+0.60  55.9540.86 50.40°°+0.40 51.56°°+0.37
- Aanududuaddider @) vedduanfuiv
RARERN @ ¢ @ ¢ o sl o sl

AUaun 1 dUaun 2 duavii 3 dUavii 4
0% uflu  24.65™7°10.23 22234002 22.04'"+584 20.18"°+1.66
5% afiu 239374089 23724092 212271062 18.64°C+0.22
15% vy 2374744051 214154161 19574043 16.96°°40.23
25% wiu 23.707°40.71 232974066 19.527°%+0.51 17.61°°%40.14
- Aranuidudindededihdu (0" vadluunafuiu
2MARDY ] ST PR RS

AUauin 1 dUauin 2 dUaui 3 auavin 4
0% wilu  33.00%°4153 333174161 28727°1168 26.89°°+1.20
5% il 30.96°°4056 31.44°40.12 29.04"1035 25.65%C+0.39
15% afiu 299744013  29.86°440.69 28.90™°+0.17 26.767C+0.74
25% wilu 29.99°+0.26  30.55°440.17 28.637°40.54 25.05°°40.17
wnewg  S8nY3NSIngY a, b ¢ MANATUAILLING uARIAIL

unnssegailiveddeyneeda (p<0.05) ns vaneiabiwansnsiusgefitud ey
N9EdR (p>0.05)

fdnyin1wseng A, B C FupnenefunLLLILEY LEnIA2
unnssegnafidudfyneadn (p<0.05) NS wunedislidunnsinsiueegalidodiAey

NWEdA (p>0.05)

& a v a A a X oo
UBNYINUY Uiuﬂmi%uuaﬁix%mll%umwﬁ

wwasugneluFIusSURIAUUBNVRILULAY ALY

'
= I

wihfldudiiazateseaingiiegluliunsiiogly
nauwalsfiuseduazlsluraiu dawalininuadng
' & A Asy v X 4'
vasluunaAnAtanasuasiidduduu [10] wle
Wiguiisuen L* a* waz b* veslduaudufvly

AUaniaeany wudn lwasnnwenviuluszaun

MGG f9NYIN1¥I89Ng Y a, b ¢ AuanarafulunuIns uanenIu

unneegaditedfymeadin (p<0.05) ns munefdldunnasiuetedidudAny
N4@0R (p>0.05)

FadnwanmSingy A, B C fuandsfulunuiuou wanse
uanansegnadifudfgmneeda (p<0.05) NS nunefidliunnssiuegadiuddey

Nadd (p>0.05)

A15199 4 uanspndvesldurnduiu wuin
dlosyuznainisnenuiuiy Hmnﬁuiunﬂ%a
nAansiliA1ANaIe (L) anas Aranutudung
(@ wazArrududindes (0% 1iiuTuegadl
Hod1Agyn19aia (p<0.05) nanafe lgv1iiianig
Yosdunsnandmdendntesroulunieadng Wle
Wisulsumanufudmdes (b® vesldvniniu
nsnandrviivlulsunafiuandsfiuiduan

WeInu Wuln Aaegiebivninnenaleviuly
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al o w

USunauunndu aziian b* Windusg1elivedAnmnig

)
[V %) v

adf (p<0.05) viadl \inandindnsvosviuiiunn
Furudngudenlaléinndu (11 as1efi 5 wang
ANAULANA19VB9ELAYIINTENINIAID819A U
feg191n3g71u (Total Color Difference; AE*) qg
Wuldan fiszeznainisweniiieatuy Wewandae
sinlud3mnamnniy i AE* vasldunuayldenadl
wunldufiuidu dudte Adlnesaiuvessnegnaiinen
Suﬁyuiuﬂ'%mmqaﬁmiLﬂ?iauLLUaamﬂﬁaasmL%'mﬁu
ﬂ'aumiwaﬂqqmfw"haﬂwaﬁwammﬁﬂuﬂ%mmﬁaa
11 wenand AiszeziainisnenuIuty denaly
A1 AE* voeldunsnazldviiduualdufindy

WULRE N

A15199 5 A1ANUBANA1VBIELAYSINVBILTWAS
wazlvvhufuinenlagld vl unana LN uA U DY
Jarnuisdrududiedrsuinsgiu (A9 1Ju

Szezan 4 U

A1 AE* vpeldundiAnfy

danmaos ] PR PR PR

AUauin 1 dUavn 2 dUaui 3 dUauii 4

0% i 227°841.09 25254096  6.93°+048  7.51°%+0.81

5% il 221°84025 2971021  9.87°/+045  7.60°°+0.27

15% vl 352°940.11 36574128  11.1640.14  8.75°°40.11
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The Application of Hard Film Coating for Extension Tool Life

on Inclined Punch in the Trimming Process
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Abstract

The objective of this research is to increase the tool life of trimming process by surface coating
technology. The procedure of this research consists of two sections. In the first section, the friction
coefficient was investigated with the ball on disk technique by using a tribometer. Steel ball was
produced from cold work tool steel grade SKD11 (JIS) hardened to 60+2 HRC. Two types of surface
coating, namely AICrN and TiAIN, were conducted by PVD technique. Disk material used in this
experiment was made by stainless steel JIS; SUS 304 of 2 mm thickness. For the second section, the
wear tests of trimming die were performed by using flat punch and inclined punch 45 degrees without
surface coating as well as the inclined punch 45 degrees coated with AICrN and TiAIN (PVD). Workpiece
material used for the wear test was stainless steel JIS; SUS 304 of 2 mm thickness. Additionally, the
finite element analysis was carried out for explanation the deformation of the workpiece during
trimming operation. Although the friction coefficient of the surface coating was higher than non-
coating, it could be extended the tool life ostensibly. As the result of FEM, the inclined punch 45
degrees could be generated the long sheared surface more than the flat punch. This is due to the
internal stress of workpiece that did not connect from the punch to the die, so the crack propagation
would be delayed. The inclined punch 45 degrees coated TiAIN has a highly durable which can be
used up to 5,000 strokes.

Keywords : Coating; Hard Film Coating; Trimming Die; Wear; Cold Rolled Steel Sheet
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Abstract

This research aimed to study the use of coarse aggregate obtained from removing old recycled
asphalt pavement (RAP) in the production of the porous concrete paving block. Crushing and size
separation of the coarse aggregate by using standard sieve size by selected the gradation size of the
coarse aggregate that passed to sieve size 1/2” and retained on sieve size 3/8” and other that passed
to sieve size 3/8” and retained on sieve size No.4 by mixing ratio 50 : 50 of the mass as replaced
natural coarse aggregate. Portland cement quantity about 18% and 20% by weight of the aggregate.
The water to cement ratio was 0.30 and 0.35 respectively. Compressive strength, flexural strength,
and water permeability were investigated. The results showed that the cement content and water to
cement ratio was influenced the strength properties and water permeability rate of the porous
concrete paving block. The porous concrete paving block mixed with higher cement content (20%)
had the compressive strength at the age of 28 days increased by 16-24% when compared with lower

cement content (18%). On the other hand, the water permeability rate decreased by 5.1-8.1%.

Keywords : Paving Blocks; Porous Concrete; Recycle Asphalt Pavement; Water Permeability; Coarse

Aggregate
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Abstract

This research was aimed to study the compressive strength, chloride binding capacity and
chloride diffusion coefficient of concrete replaced by ground bottom ash (GBA), and limestone
powder in ordinary Portland cement (OPC). The water to binder ratios were 0.55. The results showed
that the compressive strength of concrete with GBA was lesser than that of OPC concrete at 28 days.
Also, the compressive strength of concrete with limestone powder was close to that of OPC concrete
and compressive strength could develop of concrete with GBA 20% and 30% higher than that of OPC
concrete at 56 days. Moreover, the total chloride of the concrete containing GBA and limestone
powder was less than that of OPC concrete. The chloride penetration of the concrete containing GBA
and limestone powder was less than that of OPC concrete. The chloride binding capacity of the
concrete made with ground bottom ash and limestone powder were higher than that of OPC
concrete. Finally, the chloride diffusion coefficient of the concrete containing GBA and limestone

powder was less than that of OPC concrete.

Keywords : Concrete; Chloride Binding Capacity; Chloride Diffusion Coefficient; Ground Bottom Ash;

Limestone Powder
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anu . o . iwj anun Basy gadu Aaglsn
i R e (CALERNIR (%lag wu. (%lne uu. #adu
G Yanusza) Yanuszau) YanUszanu)
5 0.391 0.370 0.021 0.054
15 0.188 0.173 0.015 0.080
25 0.100 0.090 0.010 0.100
1 CcC
35 0.062 0.032 0.030 0.484
45 0.038 0.030 0.008 0.211
5 0.230 0.160 0.070 0.304
15 0.080 0.036 0.044 0.550
2 CC-20BA 25 0.020 0.015 0.005 0.250
35 0.000 0.000 0.000 0.000
45 0.000 0.000 0.000 0.000
5 0.288 0.196 0.092 0.319
15 0.086 0.063 0.023 0.267
3 CC-30BA 25 0.019 0.010 0.009 0.474
35 0.011 0.009 0.002 0.182
45 0.009 0.005 0.004 0.444
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5 0.370 0.300 0.070 0.189

15 0.136 0.129 0.007 0.051

q CC-5LP 25 0.040 0.033 0.007 0.175
35 0.010 0.009 0.001 0.100

45 0.010 0.005 0.005 0.500

5 0.365 0.299 0.066 0.181

15 0.059 0.044 0.015 0.254
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5 25 0.014 0.010 0.004 0.286
35 0.000 0.000 0.000 0.000

45 0.000 0.000 0.000 0.000
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5 0.350 0.280 0.070 0.200
15 0.160 0.150 0.010 0.063
25 0.050 0.050 0.000 0.000
6 CC-15BA-5LP
35 0.030 0.006 0.024 0.800
a5 0.000 0.000 0.000 0.000
5 0.360 0.340 0.020 0.056
15 0.149 0.120 0.029 0.195
7 CC-25BA-5LP 25 0.041 0.033 0.008 0.195
35 0.018 0.009 0.009 0.500
a5 0.011 0.005 0.006 0.545
5 0.363 0.250 0.113 0.311
15 0.161 0.127 0.034 0.211
8 CC-10BA-10LP 25 0.055 0.041 0.014 0.255
35 0.014 0.009 0.005 0.357
a5 0.011 0.010 0.001 0.091
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i e e (%lne uu. (%lne uu. (CAGERTIR fadu

ot JeaUszau) JeaUszau) JanUszau)

5 0.250 0.185 0.065 0.260
15 0.060 0.030 0.030 0.500
9 CC-20BA-10LP 25 0.016 0.014 0.002 0.125
35 0.010 0.009 0.001 0.100
a5 0.010 0.009 0.001 0.100
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i ansn e (%lae uu. (%lae uu. (%lae uu. gadu
) Jaqusza) Janusza) Jaausza)
5 0.425 0.330 0.095 0.224
15 0.200 0.198 0.002 0.010
25 0.135 0.126 0.009 0.067
1 CC
35 0.080 0.070 0.010 0.125
45 0.050 0.020 0.030 0.600
5 0.360 0.180 0.180 0.500
15 0.090 0.060 0.030 0.333
2 CC-20BA 25 0.024 0.019 0.005 0.208
35 0.022 0.016 0.006 0.273
45 0.014 0.012 0.002 0.143
5 0.310 0.280 0.030 0.097
15 0.092 0.080 0.012 0.130
3 CC-30BA 25 0.020 0.015 0.005 0.250
35 0.010 0.009 0.001 0.100
45 0.010 0.000 0.010 1.000
5 0.400 0.322 0.078 0.195
15 0.175 0.110 0.065 0.371
q CC-5LP 25 0.120 0.104 0.016 0.133
35 0.065 0.051 0.014 0.215

45 0.040 0.026 0.014 0.350
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anUszda) aqUszdaw) aUszaw)
5 0.292 0.190 0.102 0.349
15 0.131 0.100 0.031 0.237
CC-10LP

5 25 0.075 0.057 0.018 0.240
35 0.035 0.026 0.009 0.257

a5 0.016 0.012 0.004 0.250
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i R s (%lae uu. (%lae uu. (%loe uu. gadu
L) Januszau) Januszau) JeaUszau)
5 0.321 0.250 0.071 0.221
15 0.187 0.168 0.019 0.102
25 0.050 0.025 0.025 0.500
6 CC-15BA-5LP
35 0.040 0.020 0.020 0.500
45 0.016 0.011 0.005 0.313
5 0.386 0.251 0.135 0.350
15 0.160 0.100 0.060 0.375
7 CC-25BA-5LP 25 0.029 0.021 0.008 0.276
35 0.014 0.011 0.003 0.214
45 0.014 0.007 0.007 0.500
5 0.380 0.300 0.080 0.211
15 0.130 0.065 0.065 0.500
8 CC-10BA-10LP 25 0.060 0.040 0.020 0.333
35 0.030 0.030 0.000 0.000
45 0.020 0.010 0.010 0.500
5 0.330 0.260 0.070 0.212
15 0.10 0.070 0.030 0.300
9 CC-20BA-10LP 25 0.030 0.015 0.015 0.500
35 0.020 0.010 0.010 0.500

45 0.010 0.009 0.001 0.100
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Abstract

This research proposes an application of resistive and capacitive soil moisture sensors to
investigate the influences of paddy temperature on the electrical signal received from sensors when
tested with paddy moisture in the range 9.2 - 22.75%wb at 40 - 80°C to determine the relationship
between paddy moisture and electrical signals. It was found that the mean signal values between 20
- 40 seconds from both sensors were inversely linear correlation with the moisture content of the
paddy. Temperature is the factors that influence the measured electrical signal. R? Adjust R? (95%
confidence interval), and RMSEC showed that the model developed from the resistive sensor signals
was accurate in calculating the moisture content of paddy between medium to high temperature in
range 60 - 80°C more than the low temperature range. While the capacitive sensor signals model is
accurate in calculating paddy moisture between low to medium temperature in range 40 - 60 C.
Therefore, the resistive soil moisture sensor is possible and more suitable for applying as a paddy

moisture sensor in the high temperature drying processes than a capacitor soil moisture sensor.

Keywords : Moisture Content of Paddy; Resistive Soil Moisture Sensor; Capacitive Soil Moisture Sensor;

Drying
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Influence of Processing and Storage Conditions on
Physicochemical Properties of Chili Powder and Roasted

Chili Powder
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Abstract

Development of chili powder products through consumer survey to be used as the
information for the development of high quality chili powder. The quality and physicochemical
properties of chili powder during storage were investigated. The sound and red pods of fresh chili
were washed and blanched at 100°C for 3 min. Blanched chili pods were soaked in 0.25% sodium
metabisulfite with 1.0% citric acid for 30 min prior to drying in a tray dryer at 65°C for 14 h to obtain
dried chili with a final moisture content of approximately 8%. Dried chili pods without stem were
ground to obtain chili powder. Roasting before grinding resulted in the reduction of moisture, a,
and color values. The results of study on the quality changes of chili powder during storage showed
that storage temperature was the important factor affecting the changes in physicochemical
properties and percentage of consumer acceptance. Meanwhile, aluminum foil packaging slowed
the increase of aflatoxin content in chili powder better than polypropylene. However, aerobic
bacterial count of the developed chili powder product is very low compared to the microbiological
specifications while yeast and mold were not detected. The product contains a standard level of
aflatoxin content after 12 weeks in all storage conditions which corresponds to the awareness of
consumers in terms of quality, cleanliness and safety are important factors in deciding to buy chili

products.

Keywords : Product Development; Chili Powder; Pretreatment; Storage; Aflatoxin
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wasn1sAnEEnIzASHARLazNIS U TiTise
A mndnUuiindald Inediasginisasunas
audAn1ualin e InaUNIg n519ATIENNY
USUIUAITNEOZNAIMONTU LasnAdaUuNITEaNsy

URNATHET

a L%

2. s2gUI5IY

2.1 dnghiu

v '
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2.2 A35n1519a849

2.2.1 N1SANWINAUAR WAZAIINADINITVDY

a L (3

UslnaNiifanand aueiannnsn

e

= o a v v

AnwirunAuazaudesnsvesuilaeid
AeaNAndugInTnuie nSndunaskdnduaulsgy
nwsn et deyaildundunuimislunisudn
winluganmgaiasafuanudeanisvesiiuilan
Tngnisadranvuasuninlunisdisiadeyanis
Usgrnsmans uarasuauiieaiunginssuns
Fouazn1suilnn arwnszuiinvesduilaniidise
wWInuwiynInUu uagkdndnaulszuannnin aan
naudmuneIIuIg 150 AU AI8IBNTdUAIREN9
Tngliorfeainuirazilu (Non-probability) wuu
aza2n (Convenience Sampling) [9], [10] A1%un

wnagiengveaguIlandeus 18 Yyuly lu

WIMeNdesadn uazlundminunusiil

2.2.2 NSANYIENIITNSHAALATAISIRUShE B
AMANWINUY
Yannfildumiunszuaunswenlaenis

anuudengungd 100 eseieaidoa LHunan 3

uil Welru3naqdunide uassudaouled

Mntungnsnainluansazaneloieumnnludale

Soway 0.25 Smfunsadnsn Sevay 1.0 \Wuan

30 unt [11] Mndusuurisiegouaufounuuan

(Tray Dryer) Viqquﬁ 65 asAnaalug 1ulian

14 $lus ldndnuiennuduaadiioussana

Souay 8
Yndnusieilaundndundnvu Tnetndn

wisilifiafusenudniseanidy 2 diu drufinds

Prluumdundnduiudl wazdndrutaludlae

éw”mLLUaﬁ%miﬁﬂmai%ﬁauam%fau (Hot Air Oven)

ﬁqmmﬁ 120 eAwalfea [Wual 10 wi Lﬂ?ilﬁl

YL UDAALAULAATNHIUNITIU LAENEUDA 1 ASS

I dunsnfuazihluuaduniniu dmdnluid
wazlidAuluussdsiuandnety 2 vin fie Tnd
Tns#idu (Polypropylene, PP) wazegiiileuass
(Aluminum Foil, AL) U331ad 100 n¥usieqs LAud
UNNIAUANFANY 3 S¥AU (20, 30 uay 40 84"
waldea) lneflaamadl 5 oswrwaded [Wugungd
AIUAY dUAI9E1ININYURBNUITIATIEINS
Wasuwlasaut@niuadnisnin Téun Vs

o

AT [12] TAA1BIRDILBARLRA (a,) ABLATDY

Aqualab (3u Series 3 TE. US¥ v Decagon
Devices, Inc., UseinAanigalasni) InA1AUNEINe
(L%, Arduns (@, Adwaes (b% dr81a309
Spectrophotometer (Nippon Denshoku SE6000,

Tokyo, Japan) W&IATUIUAIAIINLANG VD IE

Taesau (AF*) a1nauns (1) e L*, ag* waz by

AoAdvansnUunauiu

AE* = [(L* -Le¥? + (a*-ac®)2 + (0* b9 (1)

Arsivvinnanstiaiiuiie (Capsaicinoids)
Tagl#ia3a4 HPLC (Shimadzu LC-10AD, a Detectors
(RF-10AXL), Japan) [13] 3tAs1gR U1 aunsed
Wenua [14] UsunmBaduazsi [15] Swasizhian
USuruatsezwWaimendulaely ELISA kit
(MycoJudge; Tokyo, Japan) kagnaaaun1eauiu
voeuslaa $1uu 50 Au Tngslviazuuunuvey

(9-Point Hedonic Scale)

2.2.3 Mydnseidoya

ynsmaaes 3 61 faun1sniouiiosdly
Juflamsiasigsi uaztrdeyadiliainnisinan
ANAINAI INIATIZAAUUUTUTIU (ANOVA) 6
wuted1Agyn1aifazA1ulniA Duncan’s New
Multiple Range Test (DMRT) WiennaouaiIny

LANANUDIALRAY
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3. nan1sAneLazaAUsIena
3.1 NAN1TANWIIAUAR LATAIUABINTS
vasfjuslnafisivanandasiannwin
NNHad1IEUTINATIUIY 150 AU dndu
Wumariedosay 29 wavinAndsovas 71 oy
diulvgjergegludie 18-25 U n1s@nuwisedy
USuey1ns 913ntn@nen wagntinauensu tay
s1el@ 20,001-50,000 UM WUNISUSIAANS ALY
sUuuuse Tawn winam winuvia winUu geansn

a [

wazunsn Wudu lnenadrsranuinmnsndudu

a o ¢ alal = a & v
Hanfuaniin1suslanasan Andusesay 61 90
° vl 2 v p= a
Had1sIdnSuUsEnuiindesar 78 fin1suilaa
n3nludSunanade 1-3 Yeurimody wariainud
ASUSINA 3-5 JumedUa Y WadlunISTaNsNdIU
Ingfie natnan wazduslaadeinslvinanduean

a a <3 I
NINUBIYNIILNUUIU 3-6 LADU

Quality and safety products must not contain chemical residues.

Quality and safety products must not contain foreign matter e.g dust, insect etc.
You consider the quality and safety.

Quality and safety products must have no mold.

The product must have a standard certification.

Quality and safety products must manufacture from a GMP certified factory.

Quality and safety products must process from the fresh chili from a GAP certified...

Aflatoxin can cause cancer

The higher quality and safety products commanding higher prices.

Quality and safety products must be naturally red color and no synthetic adding.
Source of sales affect to quality and safety of the products.

Dried chili, chili powder and products are generally has mold contamination.
Dried chili, chili powder and products contained aflatoxin.

Quality depends on price.

Color intensity affect to hotness level. (darker is more spicy)

Brand affect to buying decision.

sUn
Y

87

a‘

SUN

U

1 uansdannunseniinvesuilnauazade
ddyluntsindulafendniusiulssuainnn a1n
Han1sdInuuslaalinuasevnasants
AMAMUAANUABAT YV INERS I Fudndeadl
\SomneFuseInmAIm Foslinisuussuanmind

faunmuaonds lifidon LifAawdanUaoy du
Wi ung wiae wagdeslifiansananslundniug
wWinus winUu viiendnfamifiuussuannmdn uaz
NARAuIITTInA LAz UaeRf BB INILUNSEUIUMS
Nﬁmmﬁmmgmgﬂqﬁuﬁﬂwmz (Good Manufacturing

Practice, GMP)

3.2 NaN1SANIENTITNITHAAKAZAITAY
Shensenan NIy
PMNHANTANYIVIAUAR LAZAUADINITVDY

Auslnafifisiendndnsiannnin dnléludeyalu

60

90
Strongly agree (%)

1 anunsgrinvesfuilaauazadedAglunisindulatondndueiuusguainnsn (V=150 Au)
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nMsimumdnluiiiaunimuazanutasafony
mnudeanisvesiuilnauazAnuinisiasunlag
AN wazautAvsalimenmszninaiu tngld
FULUUAN1IENTISHARNY DY K. Chaethong and R.
Pongsawatmanit [11] kagitasignaut@niaad
neaInuazaBunIsveaninUuiiiudunounis
wSsLuanseiY (131971 1) wudwdnUuiindele
nnsnuRefitlddilusinaninuiuanasile
Wisuieuiuaudulunsnduitli@s (0<0.05)
Wyl et uiunisanasvesal a, ti0991n
TN BvEnanninsauwidlunsi
Yreenannudndaeiuaznisanaiueidi a,, [16]
agslsAnuAmLTuvaEntuT 2 wuuTinasle
LhAusauduiinasgusvualilidudesas
13.5 [17] ArdAnuaing (L) voswdnuuiildrunis
fdlauiiu 32.8 wnnrlunsndu@adawindu
30.9 (p<0.05) waneInsEUIUNSAIneuUATUNSn
Uuyinlsady msldgamniigdunisdailiansd
Yenalushegruinaudensathmadindrufaan
Uffsewadansa (Maillard Reaction) wagUfjiisen
ﬂ?iLUgauLﬂUﬂﬂiﬂLma%ﬂﬂfﬁma (Caramelization)

A a1

[18], [19] veugNAdwag (a*) Ypan3nvuiiian

o

ana0g 19l dudA(p<0.05) N1BUFINITUININ
LLﬁalﬂﬁ'adaumﬁqmmﬁ 120 parAuwaldea 1Ju
181 10 Wit iesanansuauuuiiu (Capsanthin)
fuansuszneundniilidunduninanasdoniu
nSTUIUNSIIANS o [20] WulhefuAdinaes
(6% vosdnduitldsunismiimanauiiodiouiv
w3nduAa o19Llesu1ainnisaalsfiaves
a15UszneuTalundnntendenszuiunisn na
nMsnsIRaeURaAMFLRAUNISlunEnULTNGR1H
Taouvunuifisudenuafienguuelsdnly
Usunasdunnidowsuiisuiuunnsgiududi

wnwas (WSnUw) Afmualidiuiewuaiisengy

A15197 1 audiniaaiinignnuazaunsdves

NINUUTNRIUTURBUNITHAT IUNANANGU

Properties Unroasted Roasted
Moisture (%, wb) 8.3+0.22 5.2+0.5°
Qyw 0.321+0.000*  0.270+0.000°
L* 32.8+0.92 30.9+0.9°
a* 25.4+1.5° 17.2+0.5°
b* 16.3+1.0° 10.6+0.4°
Total capsaicinoids 584+26 572+12
(mg/100 g,db)™
Aerobic Plate Count <10 <10
(CFU/g)

Yeasts and Molds ND ND
(CFU/g)
Aflatoxin (ug/kg, db) 4.55+0.10 <1.49

PR a-b NLANANAUIULLINOU LERIAULANANS

o8 1EtdRYNSERRA (p<0.05) , ns = not significant

walsUnaaslaiiu 5x10° Talatinensy waglinudan
wazsluninduiindnldisaeswin Sansgiu
Avuafoliiiy 1x10? laladaensy LagHanis
Jpziliunaesiamenduluninduldfuazndn
Jusdawvinfu 4.55 wastiesnin 1.49 lulasnsu
soRlansutmdnuis audu dedatesndnd
wmsgruimvualilidii 15 lulasndudenlansy
[21FaenAdpsiuTIBnuIdeNseyitAudeuan
AsEUIUN1IMTITanUSInaEserHamendy [22]
wannstiunndudnaslimluussgfuei
wANA19TY 2 ¥8n Ae PP way AL (31J17i 2) wasifiudi
gauniunnenanu (5, 20, 30 uag 40 83eN
wardea) Wusvezian 12 d&ami nuiraamgiuas
szavanfuinadeniswdsuudas Weodiuly 12

&Uannt laensnUualnaz liAmdlaanuTu wagan

'
a

a,, Wil vuuiu Inannizediedanisiiiui

a

QaunQiias 40 asrwaea winUuauayliniden

Y Y
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n) )

3UN 2 n) wInUunussluussadaeiviia AL

v q

) WInUuNUsIgluusIauivila PP

auTueaiutuduminfudesas 6.4 uay 8.6
iy dedfalalifusnmsgruainnudundndud
fnun Govaz 11) Wuerfufunisiudsuwlas
Y091 a, wintudwazlidaien a, aufiudy
iy 0.280 waw 0.345 anudidu Fedasind
WnuauInsgIunrualaliiiy 0.6 Tuemisuis
23] 1 AE* lushegrenintusiaesiiussgluussy
Fasifiuansnaiy uazifufigamgiisngg A Ae* &
ANNLARTIRAR a1 5UasuLUasdlann

ApULAUNIN mﬂ%’a;ﬂawé’uﬁu 12 &UAvINUIINGEn

YuldArdiuunldunisiiuvenn A uanndindn
Uuis lneanizegudinisiiviaaumaiias 30 uaz
40 esruwalioa (UN 3) Visililesannnindudnil

N15UATULUAIBIAIEAR AT NAUNIINNATD

N3EUUNTAINILEUNYNGe vinlansduinnaly

Y

Fog1uiuTuLariiAl o* Aranatee1elitsdAy
Mnaswadlruiunduansusenaundnilianng

Tunsnarendanisaq Iinlwlnsiiudureean
A Tunsndumdesninnsnlulial Inenunng
o ! & | o & <
eIl AF* dauadunnvia 1 vasnisnulu
nanfugInSnUuaesuUNUITYluUTIYine PP

waz AL vauziian A lundnduiiivaangd

ATUAN 5 asmwadua fimafiutuisadntios
idesangumgiiAviinasensivdsuulamesdd
#@anAaeInu R. L. Coleman et al. [24] wag D. S.
Lee et al. [25] ﬁiﬂamudwqquﬁﬁﬂ 15 way 25
DIANTALTYE A1UNTOAIEIUNSNLAILATNINLTE
mendenisviuidlfuazidegumgiifiuidu 40
parnwadua winuiayiiauninsluuasiidimnia
wazddAniy dsesuneldannnisaaiodives
59A1ng A Carotenoid warUfAsen1siinansd
haa [26]

HANsUTEIUAANIS sEanduany
mssausurewuilan Sruau 50 au Tuszninafiv
wanfginanUu WWuan 12 dUansk wuin gaumgl
wazsrezanivdmananiseeusurefuilan
Tnefiguuugiinisiiu 5 way 20 ssALwaldea i
wunlthianasdndosudsuivouddUnmia 12
aglurenseensuveuslnaseninteiosay 80-90
(5T @) vaugfinsnvuilAuiiguugd 30 sarn
wadua finnsueudutiesnindeuas 80 luduansidi
10 1Wuduly draundnduiiiuiigumgd 40 saen
wallua NSesazn1seausunenannuaninvulil
Franadluduaidugveinisiu unnasanty
nAn AT n3nUumddiaifesazniseauiune
nAnsfusianastiosnindesas 80 naidUANT 8
Hushilu Je¥osazmsvensuvesifuslnaduiusiv
wultumsiasustasesan AF* TaendnUuda
fifdn At Windutiosniininlulyids aenndes
fudesaznissousudsiamanastosninlugaeiu
vaan1siivlunngamgd uazsesasniseausud
AlndiAgeiundanisiiu 10 dUaiiluduld Ine
TudUanidl 12 veanisiAviigungil 30 uazao
ssrwaidoa ninduduazlidiussgluuss
fuaivlia PP uaz AL fin1svausuvesiuslaaee

nandusianashnareeiu nuan1sIdedlowandli
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Juanmgnisdeudeluemisle [27] vausfiussy

=b

€

uRALANsNeiundulldinanon1seausuveg

U3lnA WANMAI99INIIBIIUVBY M. Rattanaporn

e

[28] Be51Ba1uegnstAvnuvesinUuluussq
fausivila PP uaz AL figungdl 45 ssrwaidoa
WU 28 wag 56 U AuEeU
HANITIATIEINIUTUIeYNameanguly
wan SausininUuuazndniudiluussaiasiunneis
fiu 2 wila A PP uaz AL wazifuiigamniiunneiis

14 (5, 20, 30 way 40 ssAwaLTya) [WuszazIan

12 #UA9 wansdannanedl 2 nunisifiuduaes
USinmesvamendulundndsininluiaeauy
Segamplininfufiugeiu lnsanzegieddly
Fograwintulaidn lnsussydasivin AL finng
dutuveserrlamendutiosninluussasusivia
PP o1aifonnmnmaasyiulnvesdosuaraing
asfivernamenduiionmgil 25-40 ssriwaidea
291 Inem3nUudeivinaeswamendutiesnin
nindulddadaudnouiv dn1sfiuiuodied
udAyUSsuifioutuaBusuiiguvgiinigiu 30
waz 40 paradud uazliunnm1asEnineussy
Fausiaeiinfy Pkduinszuiumsdmslunms

anuarvrasNSHiLTuvaIssamendulusEInaiy
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AmunsnUufinasldisaeauuniondanisifiu 12
FUamidviumesramenduliiAuiuinsgu
AMuuald Ae Aeediiu 15 lulasnsumeilansy
[17) luvauzAvSunesramenduiigunsialy
Frogramdnuriuazninvufismuienuiesmain
Tuuszwmalng 17 120 frvgranudsunuezilan
nenduluninUuannnin 19.7 lulasnsuseilansy
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M13197 2 Usunasezamendu (Wlasnsuseilansuihwdnuia) lundnduiivaamalivandieiu Wura
12 &Uaa

Unroasted Roasted
Storage temperature PP AL PP AL
Freshly prepared 455+ 0.07¢ 4,55+ 0.07° <1.49 <1.49
5°C 9.75+ 0.16% 5.84+ 1.74 <1.49 <1.49
20°C 14.29+0.23% 9.69+ 0.08° <1.49 <1.49
30°C 13.62+ 0.00" 5.33+0.16"° 1.84+0.0045¢ <1.49
40°C 13.33+ 0.00% 8.79+ 0.00%° 2.20+0.00%¢ 2.67+0.08¢

o o

neme a—c Awanasululiuey war A-C AwsnasiululuinlansnnusanasesiidedAgnig

anm (p<0.05)

v a a o 14

andulaidendendndugiuuszuainnin windun
NARbAANS N AN uUATUSINIAIUTU
A1 a, AN L* a* b* wagUSuneslaivenduanas
Waigununsnluldmuaziinswasunlaswesd
v 1 1 I3 a <@ & [ o
Wepninluseniranu eaumginisiuiluladendn
Aa | a a | v
ilnaran1sdsunUasnunmalaedwanesouay
nsgauTuvefuIlnafianas ueNUIIuavila
AL Yrerann1siinduvasUsunaerainondulu
winUulgdnitussyiaaiviia PP agslsiniunn
Jumaznsnlumananlaiusuaaisiweaznaimen
Fuogluinmuaiuinsgiuldifiu 15 lulasnuse
Alansu wazan1iznisivddnadanisilasuniag
AuAMALazAUUAOA BYR AN A AISAY
nandugnindulugegidouresduaziiud

aauvndiaiieasnnmvasnUuA leuug e

a a
5. naAn3sudsznIe
NUYANYUINNUNIINGIFYTIEN uae
Y9vauAMINYIFIUInNTTUINYAT Laginalulad

819115 UM IngqeTedn Naduayununisinw

“punantulema” (WeaItynsy gugy)
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Abstract

This research objective was to design the ginger candy compression machine and determine
the efficiency and capacity for saving time and labor in pressing ginger candy for community enterprise
groups Pim Malaherb, Chiang Rai Province. Ginger candy compression machine consists of the main
structure, namely the extruder and power transmission systems. The machine was designed with two
horsepower motors or 1.5 kilowatts to drive the shaft and to rotate the screw through the flange.
This study installs the inverter to control the motor speed at 1,000+10 1,200+10 and 1,400+10 rpm.
The extrusion die had an average diameter of 9.7 millimeters. The results found that the motor's
speed that was suitable for compression was a Rotational speed of 1,400+10 rpm. When the speed
increased, the efficiency and the working rate increased too. The amount of ginger stirred was used
at 300 500 600 900 1,000 1,500 2,000 and 3,000 grams. The maximum efficiency was 90.85 percent.
The efficiency increased with the amount of ginger stirred. The ginger candy compression machine's
engineering economic analysis results found that the machine's operating cost was 18,063.6 baht per
year. When considering the machine's operation at 792 hours per year, the payback period was 6

months and 11 days.

Keywords : Efficiency; Ginger Candy; Working Rate
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Screening of Bacteria Isolated from Black Tiger Shrimp (Penaeus

monodon) Intestine Using as Probiotics in Aquaculture
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Abstract

In this study, 14 bacterial strains isolated from gastrointestinal tract of black tiger shrimp
(Penaeus monodon) was investigated for their probiotic potential. The results showed that 6 strains,
namely S1, S3, S6, S7, T4 and T5 were able to degrade 3 nutrient substances including protein,
starch, and lipid among which S3, S7, and S2 were the best tested nutrient-degrading bacteria,
respectively. Six bacterial strains were unable to lyse red blood cells including S2, S3, T0, T1, T2
and T3. S2 strain showed the strongest antibacterial activity against shrimp pathogenic Vibrio harveyi
following an agar overlay technique. Based on environmental tolerance tests, S2 and TO strains
grew well under wide ranges of environmental conditions, e.g. sodium chloride concentration (0-
8%), pH (6-10), and temperature (25-37°C). As a consequence, S2 strain had the most probiotic
potential for shrimp culture owing to no hemolysis of red blood cells, inhibition of V. harveyi
growth, protein and lipid degrading ability, and high environmental tolerance for shrimp cultivation.
The strain was identified as Micrococcus sp. S2. However, additional study focused on immune
response, nutrient digestibility and growth promotion of the strain should be further performed in

marine shrimp.

Keywords : Probiotic; Black Tiger Shrimp; Aquaculture; Nutrient; Sustainability
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w1 3 wfiald léun S1, 53, 56, S7, T4 uag T5 1o

' va

aeiugngeslusiu wlwazludulifvian fe S3

3

(3.81), 57 (2.0) uaz S2 (3.30) MuAIFU Fan3197 1

15197 1 UszanSanveanuaiisenwenlaann

aldfenaditunisgeslusiiu ullwaglodu

Isolate ID Protein Starch Lipid
S1 3.05 1.0 1.85
S2 3.70 - 3.30
S3 3.81 1.0 2.06
Sa 1.61 - -
S5 1.5 - -
S6 1.79 1.0 1.81
S7 2.96 2.0 2.18
S8 1.59 - -
T0 - - 1.19
T1 - - 2.04
T2 2.33 - 2.16
T3 - 14 1.33
T4 1.67 1.4 1.27
T5 1.97 1.3 1.37

—: no bacterial growth on the medium
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Wsau aflulawsavazlfuduanseinns

o 1 § o ¢

ianudAgydonyed dniunuardniun saudads

o 9

a

Tunisdaasunisiasaiule n1sinIULaY

o

[ ]

peAUsEneavvedlasIasesenie auunfinan
81115f9n19n13ATnUszneudlelysiulu
0afUsENOUNENAIUA 28-57% V09tmtine1mIs
Juogfurdiavasds [14] uenaniifasznoudy

N oA

TosTusaus 6-10% [15] Fauninuuaiisoii
anwansolumsdesansomnsmanilgffuies
MAszuuNIuiueIIsveNegey aaduuazld
ansomsliABety dwasenswdyiulndidiudu

Tuies [3], [7]

3.2 nstiudaienalsa V. harveyi
qnsnisduds V. harveyi faeimailn Agar
well diffusion vasuuafiFefinenldaindldds
nasmuluusaeiugvindu Tiun s2, 53 uay T2
Tnefiusvansamwiniu + luvasiiuuafidemani
fquin1ssuda V. harveyi g_jvﬁmﬁawﬂaauﬁm
wmadla Agar Overlay Tag S3 1HuaneWusdil
Uszﬁw%quqﬁqm (+++) 79989U1AD S2 wag T2
(+4) §9015197 2 9110159 ASunYinve
wuadisenuidn S3 dasruunladu Bacillus
pasteuri ey S2 way T2 dasuunlaidu
Micrococcus sp. A1 UNALAILUATLSEANA
Bacillus fiavuannsalunisadsansiidonstiuds
wuaiiselanainvatessie 1y a15UjTous
(Polymyxin, Bacitracin tag Gramicidin) WUALNDT
To%u Fnoslsnes lalvluilaznsndunignnge [3]
drunuaili3eana Micrococcus Huffisnee1u

ANUANNITOMNSTUTNTDABLI AL UREINY LAKA

E. coli, Salmonella typhimurium, Listeria
monocytogenes,  Staphylococcus  aureus,
Klebsiella pneumoniae W @& ¥  Aeromonas

v
v o '

hydrophila [16], [17] msnwluadsidamuinns

¢ v ¥
= v o A

nagaugnsnIsdugntenalsnnleinalln Agar

' £%

Overlay fiAngenitnisnaasunieinaila Agar
Well Diffusion ﬁaﬁmmﬁmmmsmémmiaaﬂqwé
99U UATIIElUIENAAOU N1TISLNUVBIATON
qrisTinannuuaTielurazvaaeudie Agar well
diffusion uazansoengnsuatsiBanziunTs
WAAYOILUATILIY (Membrane-bound Agents)
18] fatunisdnuiluadiifuanddiiuinnaia
Agar Overlay {Wumafiadinlunisnadeunninis

N a

fudavenelsaiiorndeniuafiieniinuauiidu

v
3

nslulafndmsunisinngidesdniin
A15199% 2 UsEAnSamnsduss V. harveyi U949
wuafiseiuenlaainanldianaimmewatia Agar

well diffusion Wag Agar overlay methods

Isolate ID Agar well Agar overlay
S1 - -
S2 + ++
S3 + +++
S4 - +
S5 - -
S6 - +
S7 - +
S8 - -
TO - =
T1 - -
T2 aF ++
T3 - +
T4 - -
T5 - +

- = no inhibition zone, + = 1-2 mm, ++ = 3-5 mm, +++

=6-8 mm

3.3 ﬂ'ﬁﬁjaﬁlﬁa']ﬁll,ﬁﬂlaaaﬂl,l»ﬂﬂ

MnuuAfidens 14 aeiug nuiuuadide
fligevaaedadenuas ldun s2, 53, T0, T1, T2
ey T3 (m‘awﬁ 3) ﬂ?iﬁL%ﬁﬂ@]ﬁ’]ﬂﬂiﬁﬂ@ﬂﬂa%J

P

indeaauwadlaaraidunisustilesduinatudl



RMUTP Research Journal, Vol. 16, No. 1, January-June 2022 111

ANAIN1satuN1TAalsA eI NNANETS
Hemolysin Aflgnavihateidenuiwadvesidinibon
wAd wazsiniinadenalnnisyiiatedevesdinden
17lusEnIen1sRne [19] wiadralsAniunis
wanvoainldonuaserainaina g dulauiu
' o a a N a X I Y

WU @158ALIIRININLUANLTING VY LTUAU [20]
gadurnkuaselafinanuaiuisanelsaazly
o v a @ 2 = Vo a a

Pl dulnslulefnidusurie feudinwuaiise
TuaslinuaudAduind Wesainuinvaalulu
dwndeufaznelifanisunsszuinlsaluguyue
wsadninneg vilndnivseuywdvieuazaunels
wazeavhliAanansenudeiAswgnalunedaudn
P18 e unIsAnwIluAsItI s wuAS ety

annsadesaansiindonunsmageuludunely

AN319971 3 NsdRsAAELInADALAYDILUATIS T

wenlianaldianaiiiuuemis Blood Agar

Isolate Hemolysis Isolate Hemolysis
ID pattern ID pattern
S1 B-hemolysis S8 B-hemolysis
S2 Y-hemolysis TO Y-hemolysis
S3 y-hemolysis T1 Y-hemolysis
S4 a-hemolysis T2 Y-hemolysis
S5 a-hemolysis T3 Y-hemolysis
S6 B-hemolysis T4 B-hemolysis
S7 B-hemolysis T5 B-hemolysis

[B-hemolysis = complete hemolysis of red blood cells,

Ol-hemolysis = partial hemolysis of red blood cells, Y-

hemolysis = no hemolysis of red blood cells

% o o A
3.4 N1AAVLLUALLUANLIY
WedwuailiSvaneiuinlidesaaroln
LB DALAILNITATILUNTRALUATISE TANANISNAADY

FIAN519N 4

M15797 4 sllavewuaiiGuaneiugiligosaaeidn

N PN v oV vy °
Laamm\i‘wLLﬂﬂimﬁ]WﬂaﬂlaQQqaﬂﬂ’l

Isolate ID Bacterial species
S2 Micrococcus sp.
S3 Bacillus pasteurii
TO Methylococcus sp.
T1 Pantoea sp.
T2 Micrococcus sp.
T3 Listeria denitrificans

3.5 NMTNUADANINLINADUVDILUATILTY
dethuuaiGeiilidevaaraindenunata
6 a1eWug udnwinisvuneaulunn-aig
WU11 Micrococcus sp. S2 hag Methylococcus
sp. T0 w3nldAlugasanudunse-medaus 6-10
@4 Pantoea sp. T1 1w3aléAfiaudunsa-a
7-10 (gﬂﬁl 1A) MsvegauNInuseltfsunaslse
WU11 Micrococcus sp. S2 hag Methylococcus
sp. TO W3gyfianganaznirefigaie 1a3glaalu
loifsunanlsa 0-8 % lay Micrococcus sp. 52
WanlaRfigalutisanuAsndosisnan (U7 18)
dmdunsmudegamniiang wuinaewugiiaiy
lﬁaﬁqﬂuﬂhﬁqquﬁﬂ%ﬂﬂ A® Methylococcus sp.
70 Ineia3aylafigunndl 10-37 earuwaifoa du
Micrococcus sp. S2 wag L. denitrificans T3 1338
lﬁﬁﬁqmwgﬁ 25-37 a9rgalged (E‘U‘ﬁ' 10)
nsAnwiuandiifiuiuuaiiGousazans
Wugiivefsneiu Iag Micrococcus sp. S2 @130
goglusaunazluiulad nurer1nnulunsa-ang
guvnginagalnududuiniondng du
B. pasteurii 3 anunsodesldnalusiu lutunay
wils wanudeanIzuaInasulalifdn Lay
Methylococcus sp. TO axnsanuseduindouls

v

Auazasgylannomnnlan urgesaatslaiesldu

9 Y

N 9

Wiy 1wy WeRansanauaudfivenisidu
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Inslule@nwuin Micrococcus sp. S2 iy
winrzaulun1stddulnsluledndmsunns
walﬁymﬁamﬂﬁqm Wesnnlddosaaedingen
uns Sanuasnsalunisdeslusaunazlusy Suds
V. harveyi lelusedunile w3 ldaluaniedidl
USunalafeuaaslss mrnudunsa-areaninauay
UM NINING A 0-8%, 6-10 Way 25-37 84A1
Wwalded muaau iliingsontinlan luaniiy
nsidssfsludmeiaiiianmduiiuazanuids
Uszuaa 1-3% lae M. Thongsom and L.
Chanudom [21] l@AnuenuLuAfilsea1nnI9LAY
9WNSHINLAL NUILUATISEuaRRnS U 7 To
Twan anunsawasgléfidnanudunsa-iasening
3.6 awnsadoouts WsAuuarlusiu wasduds v
parahaemolyticus wag V. harveyi 1o nsAnen
AeunthigsladudunnudSavesnisiduuniide
@na Micrococcus ﬁuﬁa M. luteus Dulnsluleadn
Tunsngiaesdn i Tnewuin M. (uteus @1ansa
Wun1swsaivle nisthaisensiuldlunis
WIYHUln N1950ATIRLAYAILAINITAIUNTT
fuvusielsafiinein A. hydrophila vesUania
(Oreochromis niloticus) a8 819¥ aLau [16]
91V Micrococcus sp. Ueaneiugdagniiu e
Wundaduailnsluladnnianisardmsunis
wzaesdaiindismuneludsemelng nauiu
wuaiideinslulefnuindu 1wy Bacillus way
Staphylococcus WHudiu [11] ilesanuuailise
slabiiunumlunisfiusnsinissendinuaznis
uanseenvasBuiAsatostunisuananssiugadn
nax Antimicrobial Peptides v¥asfanatinunfuasy
f’jaqm@ﬁﬁmﬁmﬁﬂﬁﬁmkﬂmﬂ White Spot Virus
[22] duuuaiiSerdnsuiiuenldlunsdneindaia
gninlfidulnslulefndmiumamnzdesdniy

WuLaeInu bawn Bacillus [41-[6], [8] n15@Anwbu

vy
v A &

mquLUumsmmaauqmamﬁ’mwﬂuiaﬁmmL%ya
Weadaenalinaldfdn Tnvanizedieda
awannsalumsiiudadonelse wuaiSefiuenld
mndlddsnadluadsiiaunsndudadenelsals
sudlossudisuiunisAnwineunting [16, 17,
21] wsedrglsAmuuuailiaureataiug do
Micrococcus sp. 52 WunuailiSefiauisadon
Tusiuuaglotulégs Fearsomisiaansvinil
dadussAusznounanluemisiimea way
waiiSerdaiiaiyldrluanmundeuning sk
fiaumunvautunldlunismividesdn sty
anmzundeuveadloding udegrslsinuiiody
mnﬁuﬂaxﬁw%mwLLazﬂiaUﬂqu@mauﬁaﬁﬁﬂm
Tnslulednluniswneidesdnivh Seasiinisdnen
nslidenandmtuuuaiiseinslulofnaeiugdu
Tunismnzidesdnivisely §1e199tldnanis
naaesiiunndisesnly nasldlnslule
Anuuuidenayldsuniseensuiiivseaniainly
nazdsdn it Tnsanzedisbdlufmea (4,
5,6,8] swanansausinsluloAnnianisamans

a

a o 1 ¢ d'
YUANNUTLNOUAIYAAUNTINAN [11] LU®991n

q

aun3dudazarsiugiinnuaiusanuanseiy

3

a

n1sldaaunsdnanierisdaasuunuimmiinnves
Wslulefnfiunnsnsiuseniy ldirazidunisnds

' =

wuleiiflodisszuunisdesemisuargnd

415079113 NINTEAUNNAY funaznisdudaone
15 Wudu ee Micrococcus sp. 52 orailuiduy
Fonaudfunuafi3oaeiusduiiinuaudafiag
wenldnnisinuluaiiilenaaougqrisudaide
felsA §as1897uT84 S. Nimrat et al. [8] finudn
drulafiléannnisedysauiu (Coculture) o<
wuRAflenan 5atewus laun 8. subtilis, B.

polymyxa, B. megaterium, B. licheniformis Wag

B. thuringiensis #slvstun1sduda V. harveyi
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'
N

onausrufunuaiZoaneiusduiinuaudaia
fuenldnnsinuiluasiliitennaeugrdduds
Jonelsn Mis1eeuves S. Nimrat et al. [8] 71
wudnlaildannnisedysauiu (Coculture)
YoIwuATSENaY 5 aewug Laun B. subtilis, B.
polymyxa, B. megaterium, B. licheniformis
way B. thuringiensis Slamslunisduds V. harveyi
Tuwvarfidndaildnndomeslifinuansaly
nsfufaderelsa sauveratin Micrococcus
sp. S2 ynauswuLUAiSoviaduiiinuanta
fuds V. harveyi diothanldlunsmizidesds
Nela enNAI19813L% U B subtilis F6 wa e
Enterococcus 52 Fadunuafiselnslulefinans

saa

Wusndedluresljuiinisvesnuedide lay
wuediSevisansanetusiuonldanmaiuoms
voafenardifianuisandnoulesivides
A30MNINATYATNAITE WS TITEAINTTY
Fudls V. harveyi lélunasanaasiuazifiuniny
Fumuselsalieauasiinain V. harveyi Tufs
naen [23] wenaNiAsinsAny s AnEam
nsnseduiAuiu n1stdesiulsa n1sdes
415919115 NNIRATUAITINT N1TAUATUNT
Wigwulanaznsinwaunaveqaunsdusedn
fuluszuumafuenmsvesuuaiiioviaiald

wuuenanlufameiasioly

4. d3d

Micrococcus sp. S2 Junuait3eiiuenls
Pnmadiuemsianardfifidnenmdulnslule
?mﬁm%’umawangaﬁamLaMﬂﬁqm lesann
lgoaaaifindonuns dnuauisalunisees
Tsduwazlatiu duds V. harveyi 18lusydunile
Wi laaluanezifivsunaladouaaslse a1

mwmﬁuﬂm-mm*ﬁwLLaszMQﬁﬂ”Sw Ao 0-8%,

6-10 way 25-37 peANgaldud auanu vinlu
ﬂ’]ﬁ]zﬁ%ﬁﬁi@ﬂié’ﬁiuamwmil,?:mﬁ:ﬂuﬁmzLaﬁ
fanudusitanazanuaulssaa 1-3% uay
Wgduasunsgesanso i wasysivle
167 TnwonmazilUlddulnslulefnuuudona
funuaisedinduiiuenliviearewugduid
auannsalunsiuda V. harveyi uinsdneni
Juiteenisaneilussdunasanaass fetuse
arsfnudnenmnisdulnslulefnvosaneiusil
Tufanziasioly wWu nsnseduglidudu n1s
Jasiulsn Msdeeansenms nsduasunisgady
A15919113 MsEEsNNITasYAUlaLazNIS A
auqaﬁuaqqauﬁéﬂﬁzﬁwﬁuiuizuuwwqLaummi

Wudy
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Abstract

The objective of this research was to study the development of cake decorated cream without
trans fat. selection of buttercream using as a standards recipe from 3 formulas 50 tasters by 9 Point
Hedonic Scales Test. The formula using buttercream had 8.37+0.71 points at very like level was
composed of butter 36.08 % shortening 15.47 % white egg 5.15 % sugar 25.77 % salt 1.03 % water
15.47 % and vanilla 10 %. Then substitute shortening with white kidney bean at 0, 25, 50, 75, 100 %.
The 100% white kidney bean recipe was the highest acceptable 8.42+0.75 points at the very like
level. The acceptance test with 100 consumers was 8.10+0.74 score at very like. The color of products
showed L* a* b* C and H were 37.52+0.04, 0.30+0.01, 11.19+0.04, 11.20+0.04, 88.42+0.07 respectively,
The Viscosity was 2857+26.62 cPs, Moisture was 31.78+0.05 w.b., Texture (Firmness) was
55340.06+68.39 g, Consistency was 47435.10+376.39 N. and Cohesiveness was 5.30+0.39 g.sec which
more than the standard recipe and nutritive values per one serving. Carbohydrates decrease at 0.19
gram, Energy increase at 32.43 kilocalories, Fat decrease at 1.97 gram, Sugar decrease at 30 gram and

more protein than the standard recipe with 0.23 gram. per serving at 150 g.

Keywords : Development; Cake Decorate Cream; Trans Fat
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Abstract

Architectural fabrics were continuously developed on their unique performance. Architects and
Engineers designed them for the application of important buildings around the world despite the
symptom that Architectural fabric sizes from manufactures are smaller than the application sizes.
Recently, although the well-known method used to weld Architectural fabrics to enlarge their size is
the high frequency welding, there were some application issues. To mitigate those issues, the researcher
created the hot air welding to replace the high frequency welding in consideration on the failing loads
of welded seams which are variable factors of the failing loads to indicate the weld strength and it is
crucial for the Architectural fabric application. This research presents the comparison of failing load of
weld seams between the hot air welding and high frequency welding by the test of Taguchi's Orthogonal
arrays L25 method. The test results demonstrated that Architectural fabrics welded by the hot air
welding has the highest failing loads of wrap, equal to 95.38 kN/m and the highest failing loads of weft
at 86.17 kN/m. Conversely, Architectural fabrics welded by the high frequency welding has the highest
failing loads of wrap, equal to 101.37 kN/m and the highest failing loads of weft at 97.78 kN/m. Based
on a forementioned results, there is no significant difference from both welding methods and thus

concluded that the hot air welding could be used to replace the high frequency welding method.

Keywords : Canvas; Manufacturing; Hot Air; High Frequency; Welded Seam
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2 21 0.4 6 72.66 65.74
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4 21 0.8 12 61.57 55.83
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Abstract

The objective of this study is to improve the efficiency in manufacturing process of Arabian-
style ventilation bricks with a new production method that uses a machine. The study focuses on all
steps of productions in order to increase productivity. After the experiment, the study shows that the
improvement of ventilation brick manufacturing includes the increase in production volume from 20
pieces per day to 50 pieces per day, representing an increase of 76.19 percent; and the decrease in
production cycle time originally from 1,401 minutes per piece to 97 minutes per piece, representing

a decrease of 93.07 percent respectively.

Keywords : Efficiency; Manufacturing Process; Vent Brick; Arabian Style
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The Overall Equipment Effectiveness Improvement of the
Water Filtration Systems in the Large Water Treatment Plant
by Total Productive Maintenance Evaluation: A Case Study of
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Abstract

This research objective is to improve the overall equipment effectiveness of the water filtration
systems in the case study of the Water Treatment Plant, which divides the water production into 4
production lines. The water filtration system has an electric actuator and gear, is the main machine in
the water filtration system. An electric actuator and gear have more machine breakdowns. That makes
the water filtration system is the bottleneck of the water production process. This research study is
divided into two steps: the first step is the presentation of the equation and the steps to measure the
Overall Equipment Effectiveness of the water filtration system. The equation used data from the
computer maintenance management system to analysis on mean time between failure data (MTBF),
mean time to repair data (MTTR) and water production process data. The results can be improved the
overall equipment effectiveness of the water filtration system increased to 0.11%, 0.68%, 0.44% and
2.44%, respectively in each production process line. And increased Quantity of Filtration Water increased
to 328,500 ma/year, 1,168,000 mz/year, 1,022,000 mz/year and 3,832,500 ma/year, respectively in each
production process line. In this research used the pillar of focus improvement. By adding a protection
system to prevent machine breakdown, because of the most of the problems are found that the
protection system malfunctions. This is the most problem in the 4" And then used engineering
knowledge to improve water production and the success factor are required a human resources of all
parties to cooperate, brainstorm and analyze the causes of various losses in order to eliminate them.

Keywords : Overall Equipment Effectiveness; Computer Maintenance Management System; Mean

Time Between Failure; Mean Time To Repair; Total Productive Maintenance
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Abstract

The objective of this research was to study the influence of drying air velocity characteristics
on paddy drying. The pneumatic dryer prototype was used in this study. Test drying 15 kg of Hom
Pathum paddy at 22 — 25% initial wet basis moisture content was tested drying under the drying air
temperature 80°C until its moisture is 14% wet basis with the two drying air velocity characteristics.
The first characteristic of drying air velocity is constant at 12.80 m/s and another is reduced velocity
every 15 minutes throughout the test process from 12.80 - 8.44 m/s. Drying in a vertical tube with a
diameter of 3.81 cm and height 1 m for study the drying behavior, drying rate (DR), specific energy
consumption (SEC), and thermal efficiency of drying. The results showed that drying with constant air
velocity gives a shorter time, higher drying rate, lower primary SEC consumption, and higher thermal

efficiency than drying with reducing air velocity.

Keywords : Pneumatic Paddy Drying; Drying Air Velocity; Drying Rate; Energy Consumption
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Parameter Analysis that Affects the Ability to Resistance
Penetration of Ammunition on the Aluminum Armor Surface

Using Finite Element Method
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Abstract

This research investigated the factors influencing the penetrating resistance of the armor
surface using the finite element method. In this study, firing tests on actual bulletproof armor and
finite element simulation modeling of bulletproof armor using the SolidWorks program were
compared. The pattern model of firing onto armor was created and simulated using the ANSYS Explicit
Dynamic program. The damage test was conducted in accordance with the National Institute of Justice
Level 3 standards. The bullet material used in the model was 7.62 mm tungsten carbide (WC) moved
at speed of 847+ 9.1 m/s. In this simulation, two different kinds of bulletproof armor were used: SKD1
and Aluminum AL7075. According to the simulations, the armor plates were stacked with thicknesses
of 6, 8, and 10 mm, and the angles of firing of bulletproof armor were at 0, 30, and 45 degrees. The
simulation findings showed that factors influencing the considerable resistance of the armor plates

to bullet penetration are increases in firing angle and armor thickness.

Keywords : Bulletproof Armor; Aluminum Armor; Finite Element Method
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Parameter quadratic (S2) 0
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15199 4 audRves SUS 304 [In ANSYS Program]
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Density (p, ¢/cm?) 7.9
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Shear modulus (GPa) 7
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JUN 2 LUTEU B U T 8E Y UTDIUNUN T 1A UNES
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Abstract

In conducting the research on Material Science, two composite materials, ultra higsh molecular
weight polyethylene (UHMWPE) powder and aluminum oxide (Al,05) powder were formulated by hot
compression molding process. The formulated materials demonstrated good mechanical properties.
Based on the studies, the ALO; grade selected was Al,O; HTM 30 harboring mixed uneven powder
particle sizes ranging from 2 to 5 microns (um) and selected proportion of Al,O5 alloy mixed for
improving mechanical and wear resistance properties of the UHMWPE composite material was the
UHMWPE+AL,O; HTM 30 at a ratio of 95:5%. When considering both material properties and cost
effectiveness in the impact test, 2-5 um AlLO; HTM carried the higher impact strength than other
aluminum oxide grades with the values up to 586.8 J/m at a ratio of 5% aluminum oxide. The
hardness test of the 2-5 um UHMWPE+ ALLO; HTM delivered the hardness at 58.8 using the standard
durometer. The tensile test values consisted of yield strength, ultimate tensile strength, elongation
at break, and modulus of elasticity equal to 20.52 MPa, 29.96 MPa, 265.80% and 784.46 MPa,

respectively.
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A15199 1 audfvesnedienduuiminluianags

B9em (UHMWPE) [12]

Properties Method Unit  Value

Density 1SO 1183 g/cm®  0.93
Bulk density 1SO 60 g/cm® > 0.40
Intrinsic viscosity [n] ISO 1628-3 ml/g 2300
Average molecular weight (cal.)  Margolies’s Eq. g/mol  5.5x10°

Average particle size, X50 Laser Scattering  um 150

Tensile strength at yield 1ISO527 MPa 22
Tensile strength at break 1SO527 MPa 35
Ultimate elongation 1SO527 % > 300
Izod impact strength ASTM D256 J/m NB
Hardness ISO 868 ShoreD 63
Melting temperature (10°C/min) ~ ASTM D3418 °C  130-135
Vicat softening point (1 kg) 1SO 306 °C  125-128

M15°99 2 audRvesegiifleneenlyd (ALO) [13]

Property A0,
Molecular weight (10° g¢/mol) 101.96
Melting temperature (°C) 2072
Poisson’s ratio 0.22
Specific gravity (¢/cm?) 3.96
Tensile modulus of elasticity (GPa) 370
Compressive Strength (MPa) 2600
Tensile ultimate strength (MPa) 260
Fracture Toughness MPa-mY2 a4
Density (g/cc) 3.9
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- 0.3 um (300 nm) WunansueivasusTm
BUEHLER 411 UseimAansigeLusni

- 2-5 um 1 ALO, 99.5%, HTM30 Grade,
Alpha Phase W11n15 Calcined WanlayUS Em
Indian Aluminium Co.,Ltd.

-5pum Ju ALO5 99.4%, Calcined B-grade

NARLMEUSEN Indian Aluminium Co., Ltd.
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way UHMWPE laagnadaiau Wy Corundum ALO,

fyundnszuueneelnuen Aeguvnivies

2000007

cor{

con
corundum, Al2 03, (2 1 1), 1.5463, 5
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150000
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100000+

corundum, Al2 Of
corundum, Al2 O3

50000+

Intensity (cps)
corundum, AI2 03, (20 2), 1.9638, 46|

corundum, AI2 O3, (0 0 6), 2.1648, 41
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250000
200000

150000~
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Corundum, Ai2 03, (0

100000+

Intensity (cps)

50000+

Corundum, Al2 03, (0 0 6), 2.1647, 41.
Corundum, Al2 03, (:

Corundum, Al2 03, (2 11

Corundum, Al2 03, (2

Corundum, Al2 O:
Corundum, Al2 03

Q(1/ang.)

5UT 6 Calcined ALO; HTM 30

3.2 NANIINAFDULLIINTSLNN
FUNUNARDULSINTEUNA TUUIAT BI
NAFOU AIIUNTIIXAIUNUT TABUTENIUYNAY
12.7x10 dadtuns TAMNANUITREUIN 2.54
fiaduns ATn1SRaNTEHINe UHMWPE ﬁLfJuﬂ’a@
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YUINBUNIA 0.3 pm (300 nm), 0.05 pm (50 nm),
Calcined ALO; B-grade 5 pum wag ALO; HTM 2-5
um ﬁ'é’mﬁd’;umamaqﬁLﬁauaaﬂlsdﬁ%’aaaz 5,8
Az 10 WAAEDATIAIUNAUNIUNITNAADULTY
nITUNNFIBTUNUNAABUYRAY 6 Tunaday YTl
lanan19ma19uA8A Impact Energy (J) kagan
AMUNUSBULIINTEUNA (J/m) mﬂgﬂﬁ 8 LarmM139
7 3 nuinflednindrunanvoseqiiionennles
\iudy dealiianunuseusinsyunnaas uiin
M5t udesazveseqdidousenledasluly
UHMWPE ﬁmﬂﬁu%dqmaiﬁﬁwammmvﬁnqﬁuﬁ
mu dlenSeuifiouisnsdunanegiidovesnled
Souay 5 wull ALO, HTM 2-5 pm aglirnaau
mm'aLLiﬂﬂﬁmenqaﬂdwaqﬁLﬁamaﬂi%ﬁmmé"uﬂ
feAfigeds 586.8 I/m ludusuineyninves
aqﬁﬁ&maaml%ﬁﬁgﬁuﬁ 0.05 um, 0.3 um wag 5
um wdinsnvesegiiiieneanledazaiai waf

lailadanaliA1aununusensInssunuangIg
uiltaddny wazvuineynregiieueanledfiil
YILENUNEB U UTIANgIlUAe Fedad

wasludwvesiuyuiasduunaginldldseseng

Y a 1 @, ) [ a
nsldnuassegaduglsssy dmsunsiansanly
ANUAIAINUNUADWTINTEWNNLUBIA UL NIEMT1dIU
nausovazaeegilifoveanlyni 5 uaz 8 10y

drunaunaIsiluRasanUsEnauiuAINISAEDU

' o
A o o ]

Arudue siold (ldnsdunaniovas 5 aghinin

%

6%

% Alumina

5%

486

3%

450 470 4%0 510 530 550 570 590 610

—m—Bgad -A- HTM =% -03 lupsou *—0.05 lunsou

AIMIBNUABLTINTEULNN (J/m)

JUN 7 A1ANUNUABUTINSEUNNTIdIUNEANYDS

sailifluuoanlydsingg

M15799 3 ANANUNUABLTINTEWNNN S DUATUBY

ALO, ThNIARIAY

AL,O;  B-grade HTM30 0.3 um  0.05 um
5% 570.54 586.79 574.27 -
8% 532.36 505.31 510.47 504.35
10% 482.26 474.81 - -

3.3 NaﬂﬂiﬂﬂﬁaUﬂ'J']ﬁJLL%\i

nsTanuudefigndosazdeadennis
nageuligndes 1y luntmaasui azidon
13 04¥nA213LT 9 Durometer §%e TECLOCK fu
GS-702G Type D uansfagud 8 lunsmaaeuiuy
Shore D Avadufidnuazuvay (Fadududou
dpniiszdeadenlyignies) myinanuudsly
198 Shore D tfuag fnanuudsaanuidaenis
ﬁmsmmmsaz‘uaﬂﬁaL‘ﬁuﬁwaﬁﬂiwﬁai’a@LLé’a
wlasreanunduatnruud sluniae Shore wa
MIVAFOUANULTINLNINTFIU ASTM D2240 (JIS
K 7215 D, ISO R 868 D)
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U7 8 1a3eavadaUAIuLTa Durometer WUy

Shore D

A15197 4 Aanuudandensesazues ALO,

Durometer
Specimens SD
Hardness (Shore D)

B-grade 5% 56.6 0.92
B-grade 8% 58.4 1.02
B-grade 10% 59.2 0.75
HTM-30 5% 58.8 1.72
HTM-30 8% 59.2 1.60
HTM-30 10% 59.4 0.49
Alumina 0.3 pm 5% 60.8 1.66
Alumina 0.3 um Il 8% 59.7 0.90
Alumina 0.05 pm 8% 61.9 2.47

navosrTifintuarnefeTantudain
welifintu a1nmsasit 4 NUINVUIABUNIAKS
ogfidousenledifivuinidnnituaziviunaion
avvesduNaNiuTuIzd At LT L RLT Y
Lﬁadﬁ’;aagﬁLﬁﬁmaaﬂlw‘ﬁmﬁmvﬁmﬁawamaﬂﬂ?jn
Aoliiioves UHMWPE #iudsdu dwsuriinves
Calcined Al,O; B-grade 5 pm iag ALO; HTM 2-5
um lenauasluly UHMWPE udaazlaiiuay
WANANNYBIAIANUD ﬁﬂﬁmmumﬂmwmaymﬂ
fidnas o 0.3 um w3e 0.05 pm azlineldin
mmLmrwhwaam:émmlfﬁaﬁLﬁu%’{uaﬂwﬁﬁaﬁwﬁm
fissdiunausosay 5 uaz 8 989 Calcined ALO,
B-grade 5 pm s ALO; HTM 2-5 um Judsfians

Prluusznaunisiansandentd

34 Naﬂ'ﬁ‘Vlﬂﬁa‘ULLﬁ\iaQ
Tunsvadeuussisdaeindes UTM azlén
7199 Usznauniean Yield Strength Tudas Linear
Elastic waz Ultimate Tensile Strength #am15197
5 @1%3UA1 Elongation at Break (A1N158A67 o
9vn Andufesaznsindivesingiigauiaiile
Wisuiisuiuaue1 s udu) uaz Modulus of
Elasticity w@nafams199i 6 A2en15ia3 8 w1y
NAEDUYAAY 5 Funumazthamaiaisluustasan
Tnefiarsananadrudeauusnsgiu (Standard
Deviation) i{udndy 9nnsnaaeunuIidiumay
511919 UHMWPE wazegiiflewsenlusdilivanzan
TunwsamisandAnanauasduyuvosog oy
oonlafithinuauuasiilulszgndldaumanaiiy
A9 UHMWPE+HTM-30 5% @164 ¢ LAAIAINITN

75 LALA15199 6

M15197 5 AULAUNTAATINUAZAIUATUNTLULTS

=

fegegnuas UHMWPE + ALO, Sogag 5, 8 wag 10

Yield Strength Ultimate Tensile

Specimens (MPa) Strength (MPa)
Average SD Average SD
UHMWPE+
12.41 0.25 29.2 0.6
B-grad 5%
UHMWPE + B-
12.21 0.05 29.16 0.42
grad 8%
UHMWPE+
10.88 0.27 29.57 1
B-grad 10%
UHMWPE+
20.52 0.43 29.96 0.71
HTM-30 5%
UHMWPE+
11.01 0.33 28.63 0.87
HTM-30 8%
UHMWPE+
11.36 0.46 29.19 0.69
HTM-30 10%
UHMWPE+
12.5 0.33 29.91 0.71
ALO; 0.3 5%
UHMWPE+
21.86 0.22 29.15 0.82
ALO,; 0.3 8%
UHMWPE+
11.26 0.48 29.85 0.78

ALO, 0.05 8%
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A15199 6 A1N1SEARD U AVIA uarlugaanIY

ganguvos UHMWPE + ALO; Sosax 5, 8 uag 10

Elongation Modulus of
Specimens at Break (%) Elasticity (MPa)
Average sD Average SD
UHMWPE+
254.24 1.95 796.62 3.13
B-grad 5%
UHMWPE + B-
256.42 1.54 847.66 3.77
grad 8%
UHMWPE+
239.52 1.60 907.99 3.35
B-grad 10%
UHMWPE+
265.80 3.20 784.46 3.28
HTM-30 5%
UHMWPE+
227.33 3.79 836.05 2.50
HTM-30 8%
UHMWPE+ HTM-
251.22 2.46 865.54 2.79
30 10%
UHMWPE+
260.34 1.81 854.75 2.23
ALO; 0.3 5%
UHMWPE+
258.09 3.77 885.04 294
ALO; 0.3 8%
UHMWPE+
253.42 1.41 889.09 4.84

ALO, 0.05 8%

4. d3duasanusnena

wadlenauminluanagedseln (Ultra

High Molecular Weight Polyethylene, UHMWPE)

o o a o

T unsTanunan wazdnsegfileneanlas (ALO,)

a Y

aa a Sy Y] a 9 |
ndanuuianssevay 99.5 Wuianasy dnsdu
5¥%I19 UHMWPE Uag ALO, agegil 95:5 fia 92:8
AuaIA U FegUdnualdagiulaziuunay vule
BUNAVDING ALO; 308N 5 um AeldnsdnTu
JUTouT 43598 10 MPa flgauvind 140 °C1Ju
181U 45 min WU ALO, HTM 2-5 pm aglsian

'3

ANUNUsBLIINTERIngInInegiideneanlydingn
duq FeAndigeda 586.8 J/m fdrunauegiiden
panlunsauay 5 n1snadauAIAINNLT YU
UHMWPE+ ALO; HTM 2-5 um wua 1@ a1aa1u

<
LbYIDEY

Y

7l 58.8 A28LA3 8ILBUINTFIU Durometer

PINNTNAABULIIR 99z LA A6 Usenauaay
Yield Strength = 20.52 MPa, Ultimate Tensile
Strength = 29.96 MPa, Breaking Strength = 22.83
MPa, Elongation at Break =265.8 % iLa¢ Modulus
of Elasticity = 784.46 MPa (A16199 a4 alé
nnsneaesazanansathlUldnelunmsiasgiila
srelusunsumesulnludiodiuns) nansnaassdi
lamanaaennanaiu F. S. Senatov et al. [2] 34
nanaladngnslunisnaniaznszulun1sHaniy
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