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Abstract

The objective of this research was to study the effect of substitution of wheat flour with
Cavendish banana flour on specific volume, density, antioxidant activity, and the sensory acceptance
of bread using Cavendish banana flour instead of wheat flour as 0% (control), 10%, 20% and 30% of
the total flour weight. It was found that an increasing amount of Cavendish banana flour caused the
darker of the bread appearance, and the specific volume of the bread decreased from 4.22 t0 2.69
cm?/g, while the bread density increased from 0.24 to 0.37 g/cm’. The total phenolic content and
antioxidant activity of the bread made of Cavendish banana flour instead of wheat flour were
significantly greater than the control bread (p<0.05). Also, the sensory acceptance scores by panelists
in terms of appearance, color, aroma, taste, texture, and overall acceptance of bread using 10-30%
of Cavendish banana flour content were not significantly different compared to the control bread
(p>0.05). Therefore, the bread using 30% Cavendish banana flour gave the highest amount of total

phenolic compounds and antioxidant activity with well accepted by consumers.

Keywords : Cavendish Banana Flour; Bread; Specific Volume; Antioxidant Activity; Sensory Acceptance
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1nn15AnEINITITLTINa18 el 8IUN
nownuwdsandlundasusivuntluliunwd
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Tundeusavaneiug muvaniafauiisendinma
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Abstract

The shelf-life extension of mulberry paste by using humectants to place sugar content could
maintain the moisture while reducing the water activity (a,) of the product. The objectives of this
research were to study on humectants replacement and the changes of the mulberry paste product
quality during storage. The sugar content in the standard formula was replaced by 10% w/w glycerol
and 90% w/w of maltitol and maltodextrin mixture (20:80 w/w). The final mulberry paste product
consisted of mulberry, maltodextrin, maltitol, glycerol, salt and citric acid by 69.80% 21.62% 5.40%
3.01%, 0.17% and 0.07%, respectively. The chemical compositions: carbohydrates, proteins, fat, ash,
fiber, and moisture, of the product were 76.92% 2.39% 0.14% 4.19% 4.30% 12.06%, respectively. The
total energy by calculation was 318.50 kcal/100 g. The anthocyanin content was 68.32 mg cyanidin-
3-glucoside/g. Total titratable acidity (citric acid equivalent) was 0.60%. The reducing sugar and total
sugar values were 1.74% and 3.90%, respectively. The consumer acceptance as evaluated by
untrained panelists was in the level of moderately like (7 score). The product packed in glass bottle
containers was stored at 27+2 °C for 4 weeks. The a,, was increased while the textural properties:
hardness, adhesiveness, and chewiness, were decreased. The chemical quality analysis showed
significant decreases (p<0.05) in the moisture and the anthocyanin contents. The microbial quality;
total plate count and yeast and mold measurements were significantly increased (p<0.05), however,
the values were within the acceptable range according to the Thai community product standard

(35/2558).
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Abstract

In this study, examination of label information, physical and microbiological qualities was
performed in 30 clear-plastic and 3 opaque-plastic bottled drinking water products distributed in city
municipality of Ubon Ratchathani. Results showed that 12 clear-plastic (36%) and 3 opaque-plastic
(9%) bottled drinking water samples had no expiry date on the product labels, which were discordant
to the criteria for drinking water in sealed containers imposed by the Ministry of Public Health of
Thailand no. 383 (2017). Odorless appearances of all drinking water samples were observed. Values
of pH in 4 clear-plastic (12%) and 3 opaque-plastic (9%) bottled drinking water samples were in the
ranges of 6.21+0.00-6.29+0.03, which were below the allowable limit (pH 6.5-8.5). All bottled
drinking water products contained numbers of total coliform and fecal coliform bacteria less than 2
MPN/100 mL and were devoid of E. coli. Therefore, based on the quality of clear-plastic and opaque-
plastic bottled drinking water products distributed in city municipality of Ubon Ratchathani, 15
samples (45%) did not meet standard for drinking water in sealed containers declared by the Ministry
of Public Health of Thailand (1981 and 2017) owing to no expiry date labeled on the products and
pH value below 6.5.

Keywords : Clear Plastic Bottled Drinking Water; Opaque Plastic Bottled Drinking Water,

Coliform Bacteria; Fecal Coliform Bacteria; E. coli
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wuayii3e lawn Indole Production Test, Methyl
Red Test (MR Test), Voges-proskauer Test (VP
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A5l 1 Qmmwmﬂﬁmmamwmadﬁ:ﬂﬁmmif\rﬂmﬁﬁi”mmﬂummLwﬁmauﬂiquaiwmﬁ Usendlne
s1gazidanuuaan INTFIU
e 4 3§ é Egg ;:% AnwauzUIIYAN Anwazdn  naur pH** innulu |
2 2 S« AYULUTIN
R >§ @ - A
Unain
ihduussgInelananadnla
1 v v v vandlseslindu 14 laifindu  7.25+0.02 WU
1 2 v v v nliseslindiu, se8yy Ta lifindu  7.13+0.03 ]
3 v v v vandlseslingu 14 lifindu  7.24+0.01 U
il v v v nliseslindiu, se8yy Ta laifindu  8.02+0.01 ]
2 5 v v v vandlseslingu 14 lafindu  8.02+0.00 U
6 v v v nliseslindiu, se8yy Ta laifindu  8.03+0.00 ]
7 v v v nliseslinii, e8YU Ta Lifindu  6.860.04 WU
3 8 v v v vandlseslindau T lufindu  6.95+0.01 U
9 v v v nliseslindi, e8yU Ta Lifindu  6.65+0.02 WU
10 v v v vandlseslingau T lufindu  7.4420.02 U
4 1 v v v Yniisosdndiu 14 Lifindu  7.54+0.01 WU
12 v v v vandlseslindu T lufindu  7.53+0.01 U
13 v v v vnliseslinii, e8YU Ta lifindu  7.14+0.03 WU
5 14 v v v vandlseslingau T lufindu  7.20£0.00 U
15 v v v Pniisosdndiu 14 Lifindu  7.23+0.01 WU
16 v = v vnlisesdiniu, o8y Ta lifindu  6.68+0.01 Tainu
6 17 v - v vndisoslngau la lufindu  6.64+0.02 Taiinu
18 v - v vandlseslingu 14 lifindu  6.6420.02 Taipinu
19 v v v nliseslindiu, se8yy Ta laifindu  8.02+0.01 ]
7 20 v v v vnlisesliniu, o8y Ta lifindu  8.05+0.00 N1
21 v v v nliseslindiu, se8yy Ta lifindu  8.04+0.06 ]
22 v - v vandlseslingu 14 lifindu  6.26£0.06 Taipinu
8 23 v - v vndisoslngau la lufindu  6.22+0.00 Taiinu
24 v = v vnliseslini, e8UU Ta lifindu  6.21+0.00 Tainu
25 v = v vnliseslini, seuyy Ta lifindu  6.71+0.09 Tainu
9 26 v = v vnliseslinii, e8yU Ta Lifindu  6.75+0.02 Tainu
27 v = v vnliseslini, seuyy Ta lifindu  6.80+0.01 Tainu
28 v - v Yniisosdndiu 14 lafindu  7.05+0.00 Taieinu
10 29 v = v vnliseslin, o8y Ta lifindu  6.67+0.07 Tainu
30 v o- v anilseslindiy, sesyu Ta Liifindu  6.29+0.03 laieinu
11 31 v = v vnliseslin, o8y Ta lLifindu  6.28+0.02 Tainu
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2 v - v anilseslindiu, sesyu Ta laifindy  6.29£0.02 laieinu
11 = a1 1 a 1
33 v - v vilsesiiniiu, sesyu la Lifindu  6.27+0.04 Taieim

vy, - iy,
* UgN1eNSsnTNans sy auuil 383 e, 2560 138ansuaniaaInveemnsiunwuzussy Wimnualiiniswaneiu Weu
uazl WEn YiTeNIABIY YOUALNAIYBIUTENNGR [16]

*sznansensasIsaee atuil 61 wa. 2524 Faahuilaatun1vuzussyiiteain laivuadaudunse-ansesipy

BEYIYNIN 6.5-8.5 wardasliiingy [17]

M1919% 2 Usunasuaiisengulaanesy ARaladnesy uwag £ coli Tusiegaufuussyuiniidvingly

WANALIAUATEUaTIYET Ussinalng

Coliform Fecal coliform E. coli

I
Hv I | g a & & o & g a & uﬂﬂig’muﬂﬂﬂu
a8 MDY (LOUNLIUND (LOUNLDUND (LOUNLIUND i -
o an o an a an MMYUUITYNUAaUN *
100 Hadansg) 100 Hagdansg) 100 Hadansg)

WANUTIITIANaaRnta

1 <2 <2 Taiwu Al
1 2 <2 <2 Tainu B
3 <2 <2 Taiwu Al
i <2 <2 Tainu I
2 5 <2 <2 Taiwu Al
6 <2 <2 Tainu I
7 <2 <2 Taiwu Al
3 8 <2 <2 Tainu B
9 <2 <2 Taiwu Al
10 <2 <2 Taiu B
i 11 <2 <2 Taiwy !
12 <2 <2 Taiu B
13 <2 <2 Taiwy !
5 14 <2 <2 Taiu B
15 <2 <2 Taiwy !
16 <2 <2 Taiu B
6 17 <2 <2 laiwu B

<2 <2 lalny B

—
[es]
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M13199 2 YSunauuaiiiSenguladvesy Adaladvesu uas £ coli ludeghahanussguiniidmiiely

WAMALIAUATEUATI¥ENT Useindlne (vi)
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oy o | & a &
g1 MNIDYIIN (LAUNLDUND

100 &iadans)
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(Buidusa

100 3iadans)

E. coli ¥ 4
e wnsgruunnly
(uNLURD - -
e AYUTUITINUAGUN *
100 Nagaans)

WANUTIIMBIANanadnla

19 <2 <2 Taiwu B
7 20 <2 <2 Tainu !
21 <2 <2 Tainu B
22 <2 <2 Taiwu Al
8 23 <2 <2 Taiwy WU
24 <2 <2 Taiwu Al
25 <2 <2 Taiu B
9 26 <2 <2 Tainu B
27 <2 <2 Taiu B
28 <2 <2 Tainu !
10 29 <2 <2 Tainy WU
30 <2 <2 laiwu B
ﬁwﬁuusaqmmﬁmwmaﬁﬂﬁu
31 <2 <2 Taiwu B
11 32 <2 <2 Tainu !
33 <2 <2 Tainu B

*U5ENIANTENTNAIBITUGY aUUN 61 w.a. 2524 Tenuslaalun1dusussaiUaain tamnualinsianudiinawuaiise

nauladvesudesndi 2.2 Wufiduse 100 faddns wazlinu £ coli [17]

a

U 12 d19819 (Fouar 36) uaswaradn
y1efuiua 3 feds (Fevas 9) Alaifinnsszyiu
NUABIYUURAINHAANUINA1UUTENIANTENTIS
a5150gY atudl 383 .. 2560 1309n15UANS
aa1nueI01sTuNTUzUTTy @UUT 2) Aeduans

v
= o =

AIUNUNDEY ueanandAtadunsn-Aaves

v oo
o &

nnussguanudulngdaiaudunse-ang
ogluv29 6.2120.00 - 8.050.00 T3 1LAIATFIM
‘13??{ﬂumsﬁuzuﬁiﬁ;ﬁ%aﬁmﬁﬁmumimamz‘vmn
assuguvessemelnsatiull 61 wa. 2524 du
Fosdidnanudunsn-A1ogszning 6.5-8.5

WU TNANUTIRUIANINR 7 e laun Uh
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12) ATAIAINIINATFIUVBINTENTIIA51TUGY
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AuussguIAmatainy UL 3 Mo (Fou
az 9) TANAININNIATIUYOINTLNTIAIT1T0UGY

Ao dr1egluYae 6.27+0.04-6.29+0.02

3.2 YanauuaiiGenguladnasuidalad

Wasu wag E. coli

31NNIANYIAIAUNIMNITaTIINeTunIs
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q

Wosu war £ coli ludieg1auranussyviai
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hiussqettun 33 feghs fvsnauuniie
nauladvesy uaziidaladviesy doundn 2 Wuidu
#io 100 fiadans wazasialinu £ coli wailldi
Wulumanessudensisudisuiuinnsgiues
51?1'11114:1wuwﬁﬁgﬁﬂmaﬁmamiwsm
a515uguueUszimalnefidinualvduiuia
wuaiisenguladnesutdosndn 2.2 Wufitdusie 100

1a3ans warns3linu £ coli (m5197 2)

4. aAUIUNANITANEN

31nn153aduiinseazidgnaainuu
WARSuTALUTTUIRTis sl wanmeauAs
guasvsn wuithduussgueddlnainisssy
Foutmiinan anuiingn Juiinan uafuvunog

walu1AnussInsianatafinladnuiu 12

a

Mg (Feway 36) LLaxﬁ’ﬁ'umﬁgmmﬁmwmamﬂ
y1gfuiua 3 fed (Fevas 9) Alaifinnsszyiu
vuneng Bslaiifulunusnasguuszniensensag
a5150uay atudl 383 w.A. 2560 138905UANS
281N8I01M1TLUAITULUTIY (adud 2) [16]
aonndasiunsfinyiamninaesiiuussyuanly
Faninszees mnfegsthAuusIguInTavin 48
#0619 nuIdinsseyeasiBuauunanine (o
U3 Yundn/muneny uazanuiingn) $1uau 24
faege (Sesay 50) wazluszyiundn/vunonguy
aanHANA TSI 24 feg1a (Fevay 50) B
wualdidulumuuinsgiudsenirnsensag
151508 1399M15uARIRaINYeI8 NS lUN YL
399 [4] usegslsfnumuiniduussgvaneie
wanadnlafisimineludemagayivanuayn
fhoghafimsssymsandenasuiiu thiuddnue
Ta lifindudadulumunesgiuvesiduussguan

GUENﬂiS‘Vli’Nﬁ’lﬁ’lﬁmﬁ]m‘ﬂ@ﬁﬂimﬂﬂlmEJ [5] kagan

N15ANYIAAIMYIINIEATNYDIUNALUTTUIAT
utsludsninuiu wuidegrsdiuluagiinag
JTUTIURZBUAUNRAINATUIY wardanyuses
dwaznduduluauminsgiuresifuussgun
YBINTENTNATTUAVV0IUTENAlNY 8nviy 12
feens ($ouay 28) nanun 43 Fragadisey
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Abstract

This is the study of a conductive sheath-core bicomponent fibers. The intentions of
the experiments were to investigate feasibility of conductive sheath-core bicomponent
fiber forming, using selected materials, and the fibers’ properties. The trails were to
extrude the bicomponent fibers with conductive materials in sheath section and
supporting materials in core section. The conductive carbon black was selected as
conductive material to compound with polypropylene. The virgin polypropylene was
chosen as core material in the fibers. It was problematic to form fibers using the
conductive carbon black polypropylene compound alone, therefore, the virgin
polypropylene was used as the core section in the fibers to promote production stability.
The sheath-core carbon black compound bicomponent fibers were steadily produced with
designated machine settings. The produced fibers were tested for their physical and
mechanical properties and electrical conductivity. The results shows that the fibers with
the carbon black polypropylene compound as the fibers’ sheath section and the virgin
polypropylene as the fibers’ core section, have conductive property. The conductivity of
the fibers increased when their sheath sections were thicker as the ratio of the carbon
black compound become higher. Even though, thicker sheath section of the fibers (40%
and over) have higher conductivity, the physical properties of the fibers become weaken
and less applicable as textile fibers.
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1. Introduction

Fiber is a fundamental material for
yarns, fabrics, clothing, and functional
textiles. The advancement of on-going
textile science and technology demands
new materials to accomplish new needs
and developments. The conductive
textiles as flexile materials have been
explored for the possibilities of
improvement [1]-[3]. Conductive textiles
are generally needed for both of their
antistatic and conductive properties. A
common measurement of the conductive
property of textile materials is surface
resistance (SR). The surface resistance of
textile fibers justified as antistatic
materials oblige to be between 10-108
ohm-sq [4]. A fundamental principle of
forming conductive fibers is their
capability of dispersing and transferring
electric charge [5]. There are alternative
approaches to make conductive fibers, for
example impregnating with conductive
particles, surface coating with conductive
materials, etc [6], [7]. To make fibers with
adequate conductivity using common
impregnated conductive materials such as
metal powder, conductive carbon black
powder, and carbon nanotube,
considerable amount of them are required,
which consequently make the fiber
forming problematic as well as curtail
their physical properties [8]-[10]. To
overcome such obstacle, sheath-core
bicomponent fiber forming is an
alternative positive method that has been
proved to generate smoother production
[11], [12]. The attempt to produce the
conductive fibers with the conductive
materials as the fibers’ sheath and a strong

supporting material such as their core is a
promising alternative. The aims of this
study were finding applicable proportions
of the sheath and core in the fibers and
their properties. The experiments used
carbon black powder impregnated in
sheath section of the fibers for build up
their conductive properties.

2. Research Methodology

The materials in this study were
polypropylene polymer of Moplen HP61R
from HMC Polymer Co.,Ltd. as a core
side of the extruded fibers and 18% carbon
black conductive (Timcal Ensaco 250G)
mix-melted with 82% ExxonMobil™
PP7555KNE2 compound, produced at
Salee Colour PLC, as a sheath side of the
extruded fibers.

Fig. 1 Lab scale bicomponent extruder fed
spinning machine model LBS-100, Hills,
Inc.

The bicomponent fibers
formed with Lab Scale Bicomponent
Extruder Fed Spinning Machine - Model
LBS-100 by Hills, Inc., as shown in Fig.
1. The type of the bicomponent fiber

were
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extrusions was the spin pack type 24-
extrusion-sheath-core spinnerets with 0.5
mm. diameter. The extruded fibers were
wound up wusing Leesona winding
machine with 300 m/min winding speed.
The setting conditions for the fibers are
shown in Table 1.

Table 1 The bicomponent fiber extrusion

machine conditions and fiber
winding speeds
Melt Temperature (°C) Spinnin
sic (Al’rén:plz Extruder A Extruder B Spin fpeed 2
Al A2 Bl B2 head (m/min)
rpm)
100/0 12/0
90/10 10.8/1.2
80/20 9.6/24
70/30 84/3.6
60/40 7.2/4.8
50/50 6.0/6.0 210 220 210 220 230 300
40/60 48/72
30/70 3.6/84
20/80 24/9.6
10/90 1.2/10.8
0/100 0/12

Remark: S/C = sheath-core, Al and A2 = barrel
temperature zone 1 and 2 of extruder A, B1 and B2 =
barrel temperature zone 1 and 2 of extruder B

Ash Content: The ash content of the
samples were tested following ASTM D
3173-73 testing standard using burning
crucible at 780 °C for 45 minutes.

Optical Microscope (OM): The
optical microscopic examination, using
Olympus CX41 microscope with 4X
magnifying power was performed and
recorded with connected CCD.

Scanning  Electron  Microscopy
(SEM): The surface of the bicomponent
fiber specimens was inspected using
scanning electron microscope: JEOL
JSM-5410LV with gold sputtering coating
at 20 kV, 500 and 2,000 magnifications.
The SEM image of the sheath (CB-PP
compound)/Core (PP) of the bicomponent
fibers at S/C 40/60 ratio (scale bar: 50 and

40 micrometer) were taken with thermos
scientific Prisma E — low vacuum mode.

Fiber strength test: The sheath-core
bicomponent fibers (CB-PP compound
/PP) with winding speed at 300 m/min
were tested to evaluate their strengths
using tensile strength tester (INSTRON
5569), following the ASTM D3822
Standard Test Method for Tensile
Properties of Single Textile Fibers, with
gauge lengths of 25 mm [1.0 in.], load cell
of 10 N, and crosshead speed at 20
mm/min.

Fiber Shrinkage test: The fibers
were tested for measuring their shrinkages
following the ASTM D5104-02 Standard
Test Method for Shrinkage of Textile
Fibers (Single-Fiber Test), where the
individual fibers were cut and attached on
the upper and lower sides of the specimen
template under standard testing condition
at 88°C for 5 min., the 10 random
specimens were tested. The shrinkage
percentages of their
calculated using the following equation
(equation 1).

values were

% Shrinkage = %XIOO (1)

where
Lo = fiber length before test (mm)
L1 = fiber length after test (mm)

Moisture content test: The fibers
were tested to measure their capability to
contain common
procedure by putting them into oven at
105°C for 30 min. The fibers were
conditioned in  standard  testing
environment of controlled relative

moisture  using
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humidity and temperature for 6 hours
before the tests. The percentage of the
moisture content of each fiber was
calculated using the following equation

Q).

% Moisture content = %xloo (2)

0

where
Wo = Conditioned weight of the specimen

(2
W1 = Oven dry weight of the specimen

(2

Differential Scanning Calorimeter
(DSC): The thermal properties of the
fibers were tested using the DSC 200 F3:
NETZSCH system with heating and
cooling mechanism at 10°C/min started
from 30 °C to 200 °C and vice versa. The
thermal history of the tests were
diminished at 200 °C for 5 min.
Crystallinity of studied samples was also
calculated using the following equation.
(equation 3)

(L]xmo G
(1-W,)AH *

where Wy is the weight fractions of
nanocomposite filler, AH refers to the
measured melting enthalpy and AH*
denotes 100 % crystalline polypropylene
that equals 209 J/g. [13]

Electrical surface resistivity: The
electrical surface resistivity (SR) of the
compound fibers were conducted using
the Surface resistivity detector: OHM-
STAT® RT-1000, Hudson (USA).

3. Results and Discussion

The ash contents of the carbon black
polypropylene conductive compound are
presented in Table 2.

Table 2 Ash contents of the polypropylene
conductive compound

Number Crucible PP Carbon Black % Ash
of Compound+ powder (after Content
Sample ® crucible (g) burning) (g) onten
1 39.44 4122 1.78 17.80

2 4553 4733 1.80 18.00

3 35.87 37.68 1.81 18.10
average 1.79 17.97

It has been successfully proved that
mixing carbon black with polypropylene
to produce conductive fibers using single
spinning  system was
achievable. The amount of the carbon
black particles and its dispersing pattern
are primary considering factors because
the unbroken conductive network will be
formed only when the matrix has enough
conductive particles. The carbon black
content used in their experiments were
varied but when it reached 8 wt% the
single screw fiber spinning become
unattainable. [14] The spinning of
immiscible polymer blends in single
screw system would face difficulties
because of weak interactions of the two
phases which made their mechanical
properties too weak to be stretched out.
The bicomponent fiber spinning would
strengthen the fibers with strong pure
polymer as its core and desirable property
polymer on its sheath. [15] The melt
spinning into sheath-core bicomponent
fibers with low take-up mechanism
induced crystallization during the fibers
being stretched with made them stronger
comparing to the single screw spinning.

screw melt
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[16] Therefore, in this experiment, the ash
content of the conductive carbon powder-
polypropylene compound chips was
approximately 18 wt%. The eleven lots of
sheath-core bicomponent fibers with the
different material ratios between sheath
sections and core sections
successfully produced with the assigned
machine setting using the melt pump
speed at 12 rpm and winding speed at 300
m/min. The fiber drawing mechanism will
distance the carbon black particles apart
which lesser their conductive property.

[14]

WEre

The extruded bicomponent fibers
were examined using optical microscope
for cross-section configuration to analyze
the correlation of the pressure at the screw
ends before spinpack (A=core, B=sheath)
as shown in Table 3. The designated
eleven experimental bicomponent fiber
productions were conducted using the
Hills’ spinning machine. The produced
fibers were examined on their cross-
sections with an optical microscope to
study characteristic and the proportion of
sheath and core sections in the fibers.
When the compound materials were
melted in their extruder barrels on each
side of the machine - the sheath section
(conductive carbon black polypropylene
compound) in extruder barrel B, and the
core section (virgin polypropylene) in
extruder barrel A — the pressures,
measured at the end of the screws before
enter the melt pumps, were considerably
different. The pressure in the extruder
barrel B was higher than the pressure in
the extruder A, indicating that carbon
black particles in the compound affected

the extrusion pressures. The pressure at
the end of the screws become higher when
the compound contain higher percentage
of the carbon black, as an example of the
pressures in each side of the screws from
one of the experiments showed that the
pressure of the screw contain virgin
polypropylene was 810 psi while the
pressure of the screw contain carbon black
polypropylene compound was 1,455 psi.

Table 3 Monitoring pressures at screw
ends before the spinpacks

Pressure

Pressure

No Ratio (S/C) extruder A extruder B

(psi) (psi)

1 100/0 0 1455

2 90/10 442 1397

3 80/20 499 1335

4 70/30 534 1156

5 60/40 603 1190

6 50/50 651 1124

7 40/60 688 1030

8 30/70 720 937

9 20/80 756 826

10 10/90 783 650

11 0/100 810 0

Remark: extruder A=core side, extruder

B=sheath side

The images in Fig. 2 show the cross-
section of the sheath-core bicomponent
extruded fibers with free-fall finishing up
mechanism. The microtome cutting
technique was used for the specimen
preparations. The cross-section images of
the sheath-core bicomponent fiber of
conductive carbon black/polypropylene in
which the fibers’ cores are polypropylene
and the fibers’ sheaths are conductive
carbon-black polypropylene compounds.
The images clearly reveal the boundaries
of the sheath and core of the fibers, except
the image a. which is carbon black
polypropylene compound and the image k
which is sole polypropylene. The
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specimens were prepared according to
their ratios of the sheath and core
polymers in the melt pump settings. The
cross-section images of the fibers with the
free-fall mechanism show deviation

diameters, as a result of the stretching by
its own weight. However, the melt pump
setting would be able to -efficiently
appoint the core and sheath ratios of the
fibers.

Fig. 2 The 4X magnification cross-section
images of Sheath (CB-PP compound)/Core
(PP) bicomponent fibers: a) 100/0 b) 90/10,
¢) 80/20, d) 70/30, e) 60/40, f) 50/50, g)
40/60, h) 30/70, 1) 20/80, j) 10/90, k) 0/100

Fig. 3 The 4X magnification longitudinal
images of Sheath (CB-PP
compound)/Core (PP) bicomponent
fibers: a) 0/100, b) 20/80, ¢) 50/50, d)
80/20

The longitudinal view of the
selected fibers is illustrated in Fig. 3 in
which, a) is the microscopic image of
sheath-core 0/100 bicomponent fibers, b)
is the microscopic image of sheath-core
20/80 bicomponent fibers, c) 1is the
microscopic image of sheath-core 50/50
bicomponent fibers, and d) is the
microscopic image of sheath-core 80/20
bicomponent fibers.

The images reveal that the average
diameter of the fibers is approximately 30
micrometers. They also show that the
bicomponent fibers without conductive
carbon black in the sheath section (image
k in Fig. 2) have markedly higher light
transmittance than the fibers with
conductive carbon black. The fibers in
images b), c¢) and d) in Fig. 3 appear as
black fibers with very low degree of light
transmittance and the surfaces of the
fibers are not as smooth as the fibers
without the conductive carbon black,
some particle of the conductive carbon
black randomly emerges on the outer
surface of the fibers.

The SEM images in Fig. 4 and Fig.
5, clearly show the smooth surfaces of the
fiber which no conductive carbon black
powder added. On the other hand, the
images b), ¢), and d), taken from the fibers
with conductive carbon black additive,
have rough and uneven surfaces which
affirm that the conductive carbon black
powder particles appear on the fiber
surfaces. The surfaces with higher ratio of
sheath appear to have denser particles on
the surfaces.

The test results of the fiber strength
display in Fig. 7 which clearly indicate the
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Fig. 4 SEM magnification (500X) images
of Sheath (CB-PP compound)/Core (PP)
bicomponent fibers at four different S/C

ratios: a. 0/100, b. 20/80, c. 50/50,
d.80/20

descending tendency of the fibers’ strengths
as the sheath ratio of the conductive
polypropylene compound increase. The fiber
strength become higher when the sheath ratio
were increased until it reach sheath ratio at 20
then the fiber strength become lesser. This
affirmed by Bosak’s experiments which
indicated that the thinner sheath resulted
higher fiber spinnability. [15] The specimen
with highest stress scale is the sheath-core
component fiber with ratio of 20/80 between
the carbon black polypropylene compound
and polypropylene virgin. The elongation at
break of the fibers had also taken into the
consideration. The fibers’ elongations
increase as the core section of polypropylene
virgin increase, which the highest value
when the core section reach ratio of 20/80
between the carbon black polypropylene
compound and polypropylene virgin. The
fiber elongation become higher when the
sheath ratio were increased until it reach
sheath ratio at 20 then the fiber elongation

Fig. 5 SEM magnification (2000X) of
Sheath (CB-PP compound)/Core (PP)
bicomponent fibers at four different S/C
ratios: a. 0/100, b. 20/80, c. 50/50,
d.80/20

become lesser. The elongations at break of
the sheath-core bicomponent fibers are
illustrated in Fig. 8. The results correspond
to I. Islam et al. [17] that the tensile
properties of the compound materials
become higher when adding carbon black in
the matrix, until it reach 15 wt% and their
strength and elongation would drop as soon
as the content of carbon black exceeded 15
wt%. The depreciated strengths were
correlated with the crystalline region in the
fibers as shown in Table 5.

Fig. 6 SEM image of Sheath (CB-PP
compound)/Core (PP) bicomponent
fibers at S/C ratios: 40/60 (scale bar: 50
and 40 micron from Thermo scientific

Prisma E — low vacuum mode)
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Fig. 9 Fiber shrinkages of the Sheath
(CB-PP compound)/Core (PP)
bicomponent fibers

The averages of shrinkage percentages
of the tested samples display in Fig. 9. The
fiber shrinkage test results indicate that the

ratios between the conductive
polypropylene compound as sheath material
and virgin polypropylene as core material
influence their shrinkage values. The
highest degree of fiber shrinkage is the
0/100 S/C which the domination of the
material is polypropylene virgin. On the
other hand, the lowest degree of fiber
shrinkage is the 80/20 S/C which the
conductive polypropylene compound as
fiber sheath thickening its outer layer
made it more rigid and stable, the higher
ratio of sheath section of conductive
polypropylene compound the lower
degree of the fiber shrinkages.

Table 4 Moisture content of the Sheath
(CB - PP compound) / Core (PP)
bicomponent fibers

Ratio S/C Moisture content (%)
0/100 1.05
10/90 0.47
20/80 0.38
30/70 0.31
40/60 0.27
50/50 1.09
60/40 0.97
70/30 0.56
80/20 0.38
90/10 0.56
100/0 0.62

Table 5 Thermal properties of the Sheath
(CB-PP compound)/Core (PP)
bicomponent fibers

Ratio o o %

S/C Tn(C)  Te(°C) Crystallinity
0/100 170.2 117.1 35.57
20/80 168.3 118.0 31.80
50/50 166.9 118.2 28.00
80/20 168.3 120.0 26.60

The results of moisture contents
(Table 4) the sheath-core conductive
bicomponent fibers at different S/C ratio



RMUTP Research Journal, Vol. 15, No. 1, January-June 2021 a7

indicate that each fiber contain moisture
less than 1.0 wt%. The moisture contents
of the fibers insignificant
differences because the conductive carbon

show

black and polypropylene are considered as
hydrophobic materials.

Heat Flow Endo up (mW/mg)

30 80 130 180
Temperature (°C)
Ratio Sheath (CB-PP Compound)/Core (PP) bicomponent fibers
0/100 20/80 50/50 80/20

Fig. 10 Thermal properties of the Sheath
(CB-PP compound)/Core (PP)
bicomponent fibers

By adding carbon black particles
into the polypropylene matrix to form
fibers, the crystallization were deterred
which altered their thermal properties
such as melting temperature and
supramolecular crystalline structure, so
the mechanical and electrical properties
were also shifted. [18] The DSC test
results, shown in Table 5 and Fig. 10,
indicate that melting temperature (Tm) of
the bicomponent samples with different
compound ratios are between 168.3 -
170.2 °C. The higher conductive carbon
black powder in the compounds is the
lesser percentage of their crystallinities,
this is because the carbon black powder
absorbed energy from the core section,
(Polypropylene Virgin), which activates
the crystallization of the compound
earlier, comparing with the crystallization
of the pure polypropylene. The

crystallization temperatures (Tc) of the
compounds also developed the similar
outcomes. These outcomes of isothermal
and non-isothermal crystallization occur
while the molten polymer matrix was
cooling down and carbon black particles
become nucleation centers which generate
crystal growth. The nucleation modify
polymer morphology which lead to
collapse of polymer spherulitic structure.
Besides, the nucleation increases polymer
crystallization temperature yet heighten
the crystals’ melting temperature. [19] It
is also found that by lessening surface free
energy of nucleating additives, the
crystallization temperature will be
increased. [20]

To make polypropylene compound
matrix become conductive, there must
have enough carbon black particles
dispersed throughout that it reach the
percolation  threshold. [14]  The
percolation threshold is the point that
conductive particles in the materials
congregate and touch one another or be
close enough for electrons to tunneling
hop and become conductive path or
network. [21] The surface resistivity
meter is the device to measure the leakage
of current along an insulating material
surface which can be applied to rate their
conductive properties. The experimental
results showed that the surface resistance
of  the sheath-core
bicomponent fibers increased if the fiber
samples had higher ratio of conductive
sheath section comparing with the ones
with lesser ratio of the section. The

conductive

surface resistivity of the samples at 2x10"?
ohm/sq, the material is considered as
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insulative material. The results of surface
resistance are shown in Table 6. The
results conform to Y. Li et al. [21] that the
percolation threshold was reach when
there were enough carbon black particles
in the composite that sharply lowered the
volume resistivity when the insulting
materials become conductive materials.
Despite the percolation threshold, the over
excessive amount of carbon black in the
matrix would not further decrease the
volume resistivity because the conductive
network has already exist.

Table 6 Surface resistance of the Sheath
(CB-PP compound)/Core (PP)
bicomponent fibers

Ratio S/C Surface resistance

(ohm/sq)
100/0 8.14x10°
90/10 3.65x10°
80/20 2.70%10°
70/30 3.09x10°
60/40 1.66x10°
50/50 1.72x10°
40/60 5.80x107
30/70 9.47x10"?
20/80 1.50x10""
10/90 2.00x10'2
0/100 2.00x10"2

The surface resistivity test results, in
Table 6, show that when the sheath section
of the bicomponent fibers becomes thicker,
the conductive property of the fiber
becomes higher accordingly. Therefore,
when the sheath section of the fibers reach
40%, the fibers turned into dissipative
material according to the conductive in
Table 6. This is because the compound
materials has denser conductive carbon
black particles on their surfaces which
correlated with microscopic images and
SEM images of the fibers as show in Fig. 6.

4. Conclusion

The conductive property of the
fibers was gained by adding conductive
carbon black powder in the sheath section
of the experimented bicomponent fibers
and the fiber forming processes were
eased with the virgin polypropylene as
their core section. The different
proportions of the sheath and core sections
in the bicomponent fibers presented
different amount of conductivity. The
proportions that produced adequate
conductive property when sheath section
were 40% and above. However, when the
conductive sheath sections become higher
the strength of the fibers were diminished.

Though, there are many alternative
methods to produce conductive fibers, the
fibers with carbon black compound as
conductive material is considered longer-
lasting than other methods. The fibers
with  conductive  property  require
substantial amount of carbon black
particles, therefore, sheath-core
bicomponent technique allows the fibers
to be steadily formed with adequate
strength. These fibers have high potential
to be further formed into nonwoven fabric
with spunbond and meltblown techniques.
There are several potential applications of
the conducting fibres such as occupational
work wears (e.g. antistatic mechanic
working dress and glove), industrial uses
(e.g. antistatic place mat for fuel-
combustion machine and equipment),
weather shields (e.g. weather shield
glove), and packaging (e.g. antistatic bag
for storing electronic components).
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Abstract

The objective of this study is to obtain a model that maximize production of y-linolenic acid
(GLA) by the moss Physcomitrella patens, employing response surface methodology (RSM). The
RSM with a three-variables (sucrose, potassium nitrate and glutamate concentrations) and five-level
(-2, -1, 0, 1 and 2) central composite design (CCD) including 20 experimental runs was employed to
optimize the medium composition. Results showed that the experimental data could be
appropriately fitted into a second-order polynomial model with a coefficient of determination (R?)
more than 0.95 for GLA production. Analysis of variance (ANOVA) revealed that the model was
highly significant (p<0.0001) and the effects of the sucrose (20-100 g/L) and glutamate (0.5-2.5 ¢/L)
concentrations on GLA production were significant (p<0.05). The GLA production with the optimized
culture medium (sucrose concentration of 62.92 ¢/L, potassium nitrate of 0.80 ¢/L and glutamate
concentration of 1.42 g¢/L) by RSM increased 4.61 folds when compared with the standard BCD
medium. This experimental value (16.37 mg GLA/L) fit well with the predicted values (16.20 mg
GLA/L).

Keywords : Moss Physcomitrella Patens; y-linolenic Acid; Response Surface Methodology; Central

Composite Design
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Potassium nitrate (B) g/L 0.4 0.6 0.8 1.0 1.2
Glutamate (C) o/L 0.5 1.0 1.5 2.0 2.5
Runs Sucrose Potassium Glutamate GLA production (mg/L)
(A) nitrate (B) © Experimental Predicted

1 40(-1) 0.6(-1) 1.0(-1) 10.48 9.85

2 80(+1) 0.6(-1) 1.0(-1) 12.01 12.47

3 40(-1) 1.0(+1) 1.0(-1) 11.75 11.32

4 80(+1) 1.0(+1) 1.0(-1) 10.99 10.76

5 40(-1) 0.6(-1) 2.0(+1) 9.03 9.08

6 80(+1) 0.6(-1) 2.0(+1) 10.76 11.01

7 40(-1) 1.0(+1) 2.0(+1) 11.46 10.82

8 80(+1) 1.0(+1) 2.0(+1) 9.12 9.57

9 20(-2) 0.8(0) 1.5(0) 9.18 9.92

10 100(+2) 0.8(0) 1.5(0) 11.85 11.29

11 60(0) 0.4(-2) 1.5(0) 6.62 6.47

12 60(0) 1.2(+2) 1.5(0) 6.18 6.51

13 60(0) 0.8(0) 0.5(-2) 10.04 10.37

14 60(0) 0.8(0) 2.5(+2) 8.55 8.41

15 60(0) 0.8(0) 1.5(0) 16.23 15.96

16 60(0) 0.8(0) 1.5(0) 15.78 15.96

17 60(0) 0.8(0) 1.5(0) 16.36 15.96

18 60(0) 0.8(0) 1.5(0) 15.68 15.96

19 60(0) 0.8(0) 1.5(0) 16.09 15.96

20 60(0) 0.8(0) 1.5(0) 15.42 15.96

GLA fia nsawnuu-lalwadin (Y-linolenic Acid)
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Z

Normal % Probability
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Internally Studentized Residuals
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E : N - [=] =
wn -E v = =
> & o H]
% é -14 ™ a = - -
=
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= -3
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Predicted
©) 3
-
S
=
o w17 fq\ fi
2
%E 0 ] \ b /\ f\ q{
4 MR VEERT
=g 1
£ 2
2
| 2

1 4 7 10 13 16 19
Run number

JUN 2 N519YRIRNANNYRLTRLATINITUINKIUUY
UnR (A) UHUNINITNIEANBYRIEIUANAIRBATTIGN
YUY (B) waznsMveIANdIUANAsaAIAUNTT

Nnans (C)

3.3 N15NI1T 'IE‘IJLLUULLE] gﬂqﬁﬁgqﬂ
wuUSaemsadinaandiiialdiiung
nsWannIalydiu GLA

UoyaveINIINGR GLA Flearnansad 1
1131AT1EAA VI FULUUIBILUUT 1AM

AdinAansTnzaudmsuiueAnIsuan GLA

lnewwad P. patens lngRsaHaasun1satifves

LUUT1899 (Model Summary Statistics) Lang64
PIST 2 WUIUUSIaDIVNIAdnAans & as
(Cubic Model) lasuniseausulmiuuuusians
nsadamansiuanzauiigadimiunisiuned
n15HAR GLA Lilesanilan /2 gagawinfiu 0.9962
uiognslsAnuidomnuideuRsunisdugudn
wils (Aliased) fiosannnisnaassladifie swedivialy

AALUUIIa0INIAmnAansnidauls 39de9

LA DNLUUSIa0IMIAGIAAIERIATA1 A2 5998917

Ao LUUTNaDINNALAANENIANa9E09 (Quadratic
Model) 1lea5urgmnudunusseniteaIfnls
19 9 (Anududuvesglasa Inunal@eulumse
UAENGALNM) AUAINITHER GLA Uy \iosandian
R winffu 0.9835 wazilfeninuiiowtisafunis
wuzih (Sugeested) wielwlduuusansil sousadl
/1 p < 0.0001 (M54 2) Kadusrndoyavesnis
NAADIAINTAUINUTIULUUTIADINNALAAIENT
(Coded Equation) lédisaunisii (2)

GLA production (mg/L) = 15.96 + 0.34A + 0.01B
- 0.49C - 0.79AB - 0.17AC + 0.068BC - 1.34A? -

2.37B% - 1.64C2 2)

W8 GLA production (e gy A® NITHEAR
GLA (ladn5u GLA fodns) Tuvuen A B uay C
fAa Anududuvesylasa nunadenlumsn was

ngaum anuaau Smbeduniudedns

3.4 NAN15IATIZIANNLUTUSIY
Ha9InN15ILAS1zR ALY USIUL D
ATIVABUANUVIZAL UATAMNAINYBILUUTIADY
neadginaransluaunisi (2) n15n539d0UAIY
wanzanldaluina (Model) uagerauaugy
(Lack of Fit) wansfan15197 3 wudnanlunases

o

n1INan GLA laewwad P. patens AtudAgydinig
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adid (p < 0.0001) waziiionsrsaoualangy
wuiuuSamsadamansluaunisi 2) L
YIAURNITaNeETdud Ay n19ada (p =
0.0739) Jsasuldduvuitasmendaaiansly
aun1sil (2) awnsaldvituneainisudn GLA 1a
9EYNADI
AIUAMNINYBILUUIIADINADAANEAS
dw¥uniswdn GLA (aunisil (2)) ansnsnuszduls
9NnA1 A2 dAvinfu 0.9835 (115199 3) wanein
YoyafiliaInn13mnaniase (Experimental Data)
dnAuldfudeyadiliannnisviiute (Predicted
Data) f9¥e8ar 98.35 wansfaguil 3 Flei3y

dnsnavndadens 3 laun arudutduvesylasa

59

Tnunadeulumsn wagngaungedisiosay 98.35
drufiwdedndovar 1.65 Wunaandasedudild
annsamunuld Turnigiian Adjusted £ \udni
1457980 UAIINLLNE198 L UUTIaBINT
adamansluaun1s (2) wanaisnsed 2 wuinas
HAR GLA §le1 Adjusted R? Wiy 0.9687 (m137971 3)
asuneliuuusiasseadinanansluaunisi (2)
fanauaiugilunisiunegainisuadn GLA geiieies
ay 96.87 d@un1 C.V. (%) wuindiiniuievas 4.91
(M15797 3) @ansaesuiglainaifildainnisnaass
93¢ warAfldannsyweianuuanansiutios

1N (giﬁ‘i 3)

M19199 2 HAATUNNEDAYIMUUTIARINAGIRANERSEmMSUNISHER GLA lnewwad P. patens

Source Sum of df Mean F-value p-value Remark
squares square Prob > F

Sequential model sum of squares for GLA production

Mean 2727.98 1 2727.98

Linear 5.73 3 1.91 0.16 0.9233

2FI 5.33 3 1.78 0.12 0.9453

Quadratic 185.62 3 61.87 188.07 <0.0001 Suggested

Cubic 2.52 4 0.63 4.95 0.0416 Aliased

Residual 0.77 6 0.13

Total 2927.95 20 146.40

Source Std. Dev. R? Adjusted R? Predicted R? Press Remark

Model summary statistics for GLA production

Linear 3.48 0.0287 -0.1535 -0.4511 290.18

2FI 3.81 0.0553 -0.3807 -0.6307 326.10

Quadratic 0.57 0.9835 0.9687 0.8878 22.44 Suggested

Cubic 0.36 0.9962 0.9879 0.8722 25.56 Aliased

A15719% 3 N15LATIENANULYSUTIU ANAUUSEENTANNITNIS0M00Y WATANADAVDILUUTIADINTS

pRnAERTEMSUNIIHER GLA lnelaa P. patens

Source Regression Standard Sum of df Mean F-value p-value
coefficients error Squares Square Prob > F

Model 15.96 0.23 196.68 9 21.85 66.43 <0.0001

A-Sucrose 0.34 0.14 1.89 1 1.89 5.75 0.0375
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A15719% 3 N153LATIENANULYSUTIU ANAUUSEENTANNITNIS0M00Y WATANADAVDILUUTIADINTS

pRnAERTEMIUNIINER GLA lnslad P. patens (se)

Source Regression Standard Sum of df Mean F-value p-value
coefficients error Squares Square Prob > F

B-Potassium nitrate 0.01 0.14 0.0016 1 0.0016 0.004863 0.9458
C-Glutamate -0.49 0.14 3.84 1 3.84 11.68 0.0066
AB -0.79 0.20 5.06 1 5.06 15.37 0.0029
AC -0.17 0.20 0.24 1 0.24 0.72 0.4149
BC 0.068 0.20 0.036 1 0.036 0.11 0.7461
A? -1.34 0.11 45.00 1 45.00 136.79 <0.0001
B? -2.37 0.11 140.82 1 140.82 428.03 <0.0001
C? -1.64 0.11 67.86 1 67.86 206.26 <0.0001
Residual 3.29 10 0.33
Lack of Fit 2.64 5 0.53 4.10 0.0739
Pure Error 0.65 5 0.13
Corrected Total 199.97 19

R? = 0.9835

Adjusted R? = 0.9687
CV.% =491

Predicted
o o [ [ [
S e B Ee
\
N
N\
75
K
AN
\@
AN
AN
\
N\
. %

6 8 10 12 14 16 18
Experimental

JUN 3 MsUSeuidisuansuan GLA 7ildannis

NAaBIIe (Experimental Value) AuAfIlaaInnIg

YUY (Predicted Value)

dunsiinneiduuszaniaunisannes
wygavesiladens 3 18un anuidutuvesylasa
A Tnuna@oulumsn (8) waznganun (O lu
wuvdtasaneadamansluaunisi @ 918

dnsnaren1wan GLA laeiwad P. patens Wil

18215019 NIUTUEY (Linear Terms) Watl
dn5nasu (Interaction Terms) LazWaLA1aIdD4
(Square Terms) waAaRan15137 3 Wiofiarsanal
TunuudraemeadnA@nsUeINSHaR GLA WU
nau A, C, AB, A2, B? way C2 1Junaviiinanenis
WA GLA agsfided1Agnisadd (p < 0.05) Tu
\ad P. patens @unatdu q liun B, AC uag BC
Wunadildiiveddynieadd (p > 0.05) fe
WUUT1INIADIAAIEAATEIRSUNIWIBAINISHER

GLA (miwﬁ 3)

3.5 NS 19NIINNURINOUAUDIVBINITHAR

GLA lunswnzideaiwad P. patens
Pnuuuasmsadamansluaunisi )
Branadrensmitui 2 §6 (E‘Uﬁl 4A) uay 3 36 (31J‘1‘7i
4B) oS usAnudinius srrnse st uve slasa

wazlnuna oulumse (AB) Aon1SHIUNISHAR GLA
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Tunsiwiziaewaa P. patens lagfiAUIUNTIUTD
angawm (O) eglusedunand (1.5 niusedng) lng

aaa

glasallagndasaionisisaufisenvesoules-

GLA production (mg/L)

B: Potassium nitrate (g/L)

E

3
=

tion (mg/L)
T

—

GLA produc

&
|

JUT 4 nsmiivuilaneuaues 2 17 (A) uag 3 17 (8)
Muananavesnudutuveglasa Inunagesly
W0 WaZNaRadanISINNSHER GLA luiwad

P. patens

fe fg/{?'ﬁ 40.0
JUT 5 nsiauiianelalagsiuvesnanauaues

WUU 3 4R

dunesva (Invertase) Wwémﬁ’m%ﬂuﬁmwaﬂq‘lﬂa
waz$nlana ion1uddlnalalada (Glycolysis
Pathway) n3o3dwulnanodin e (Pentose
Phosphate Pathway) aglanansauaiidueans Acetyl-
CoA i @ ¢ Nicotinamide Adenine Dinucleotide
Phosphate (NADPH) 3 sa15%adeswiailsndu
dmsuniaissiserveeuleingy Fatty Acid
Desaturases W@ g Fatty Acid Elongase Lagn1s
funsrzinsalodulidudlaneein [24], [25]
Tuvaugilnunadenlumsnduansiitionsedunis
Mauveauaniouleyd (Malic Enzyme) waznis
d1A312% NADPH [26] 910HaN15VAABY WUIINT
LﬁummL%m%umaazjiﬂiaiuawmsmm BCD 210
20 Wu 62 n¥usiedns (JUT 4A uay 4B) Srufuns
dinanududurednunadenlumsnain 0.4 u
0.8 nsuredns duavinliiwad P. patens wam GLA
I¥iunnTuegraiideddaymedn (p < 0.05) uax
Han GLA ligegamindu 15.88 fiadinu GLA #e
anT @0nPRIAUIIUIBYEY P. Chodok [23] WUl
ihaaglasa uaslnunadoulumandy 2 Jaduiid
Hanan1sfinn1suan DHGLA Tuiwad P. patens
agnafifadAynaada (p < 0.05) oAty
vosglasaluavnaimeisaead P, patens Ly
910 20 U 60 nfuredng aufun1sfinalm
Wuduvodlnuna@enlumsnain 0.4 10w 0.75 n¥u
fodnT Wagndn DHGLA lawindu 11.11 fiadndu
DHGLA siadns usieghslsfimuiiosesuainundudu
vosglasa uarlnunaidenlumsaluomanzides
49011 62 wag 0.8 NFUAAAT AUAIRY dewalil
a8 P. patens Nan GLA anasludeliisy 2.20
fladnfu GLA siadns (U7 4A wa 4B) 1losann
glasa uazlnuna@onlumsaiianuidudugs o 4
nalunsdudinsiedey wavanniswan GLA Tuwad
P. patens [23]
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3.6 HANISANYIAIIUYNADIVIILUUIIADY
neaaA1ansansuldniautenisuan

GLA Tuiwaa P. patens

MMTAATIERTEAUAMUTLTUTDILAaE T
lawd Anududuresglasa Inunadoulumsn
LLaanmmmﬁﬁmasiamsn,ﬁmmimam GLA gsanlag
wad P, patens Tnen1sSeuifiouaniilaainnis
VAA9I939 wazATliannsTuessLUUsIans
nendlnmansluaunisi (2) wudndlomnzides
\wad P. patens Tue1m15malgns BCD 7
Usgneumeglasa 62.92 nusiedng Inunaigeuly
w3In 0.80 NTUABANT Uazngalum 1.42 niuse
ans 1waa P. patens wannsalusy GLA lavindu
16.37 findnsusodns dudialndifsaiuainisuan
GLA 18910 n15¥ U8R 1ILUUS18 0991
adinansluaunisyl (2) widu 16.20 fiadnduste
dns lefieansunAdesazansniuianain (%
Error) nudndanvnnuieeay 1.05 wazilAianudi
welalnysiuvesnanauauss (Composite
Desirability, D) w111u 0.967 (gﬂﬁ 5) epnmauiia
WolIUDINANBUAUDINA1DETEVTIN 0 e 1 f1A1 D
Wiy 1 udneimanevaussiulfuniufianela

e AuYysal

4. &3y

N3AnINaveIATNTUYDIglATa
Tnunadoulumsn uazngaundianzaudenis
dinnswdansalufu GLA lunsiisidsswad P
patens #7835 RSM $2UAUNITINLNUNITNABDS
WUy CCD wudwlasa wazngaumduiiadeiing
Ron1suiun1snan GLA luad P. patens ag1adl
TodAymeada (p < 0.05) Taamnsouandlugy
YDILUUINBDINNADAAIFATAE 98098195 U

YINUNYAINISHER GLA A28A7 RZ W1AU 0.9835

Imaqmmmiﬁmmsamiaﬂ'lil,ﬁmmsmﬁm GLA
Usgnoudaetiniaglasa 62.92 niudodns
Inuna@oulumsn 0.80 nFudedng wazngmiiun
1.42 nSumedns 1waa P. patens uan GLA g
Winifu 16.37 Sadndu GLA fedns delalndiaes
fuAin1swan GLA Aldarnnasvitunesae
WUUTIARINIAMAFEASINAY 16.20 Tadnsy
GLA floans TrusediAAnuianan wasiA1AIw
fanelalpesinvesransuauauiniuiosay 1.05
waw 0.967 mudfy Kaduaindeyadildansn
ilutszgndldlunamsdedussiugnamnsa
ol

5. inAnssuUsENA
navinideluadsdidovevevamdringu
ANENSIUNIMTITEuS (9. Tilsatuayunuide
UsgdnUaudssann 2560 wagUavouANaIvIIv
walulagnisndniiy augInemansuazmnalulad

IINYIFYIIVAYNITLUATAS YT AR ULATIZY

\wiestlauazaunsaling q dmSumsaiiunside
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Abstract

The objective of this study is to explore a method to improve UV protection and antibacterial
properties of the cotton yarn surface to produce high-quality textile products. Cotton yarns were
coated with sodium hydrogen phosphate, magnesium chloride, softener solution and 0 to 0.54 M of
polyvinyl alcohol to hold surface yamns to the yarn body using the winding machine. The coated
yarns were analyzed using Field emission scanning electron microscope, Fourier transform infrared
spectroscopy and UV-Vis spectrophotometer. Optimal results were achieved when coating with 0.45
M PVA exhibited UV protection was excellent protection. The cotton yarn coated 0.45 M polyvinyl
alcohol displayed the antibacterial activity in the presence of Staphylococcus aureus and Escherichia
coli was 87 and 919%, respectively. The expected overall properties may open the way towards new
applications of high performance fabrics, leading to an innovative product development in the textile

industry

Keywords : UPF; UV Protection; Antibacterial; Polyvinyl Alcohol; Winding Machine; Textiles
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Abstract

The objectives of this research were to study cellulose fiber extraction from rice straw with
sodium hydroxide in various conditions (with 5, 10 and 10% of sodium hydroxide at room
temperature, 60°C and 90 °C for 0.5, 1, 2 and 3 hours) and to study rice straw nonwovens preparation
by the wet-laid process. Oil wicking ability, oil absorption ability, air permeability, morphology and
physical properties of prepared nonwovens were investigated. It was found that the optimal condition
for cellulose fiber extraction from rice straw was 5% of sodium hydroxide at 90 °C for 2 hours. At this
condition, the cellulose fiber yield of 22% and the fiber length of 1.96 cm were obtained. The oil
wicking ability and oil absorption ability of rice straw nonwovens increased when weight per unit area
increased. Therefore, oil absorbed into gaps between fibers of the nonwovens by capillary effect.
Moreover, the nonwovens could wick and absorb virgin palm oil better than fried palm oil because
virgin palm oil has a lower viscosity than fried palm oil. The viscosity increased from derived lipid and
other substances which dissolve and disperse increasing after frying food. The results indicated that

the rice straw nonwovens had oil absorption ability.

Keywords : Rice Straw; Nonwoven; Oil Absorption; Extraction; Cellulose
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F1aiu (Oil Absorption (Hadans)) veauauywiy

W99

2.5.8 MINAHIUNTTTUHIUYDIDINAVIIUDUIN
12Un19919 (Air Permeability Test)

nsMadeUN1ITIR Bt nelueiTel
19191989970195571U ASTM D 737-96 - Standard
Test Method for Air Permeability of Textile
Fabrics @adunismageuninuanunsalunisduniiy
yasenAvesdme tnedussuenidlunisvageu
Wiy 125 Uraana (Pa) warduiinuSuiaennied
Furulumihegnuianiasowndl (Cubic Foot per
Minute CFM) nad@ougn 3 ase n1A1tadeans
Usnasenmafidasinuueugiiuaglamnisdusin
29991117 (Air Permeability (CFM)) v0uaugwiiu

RRTRE!

2.5.9 Mmslasgidayanieada
dnauedeyaililuguvesdnado=an
Denuunnsgiuvesnsvaaesesatios 3 ads i
\Judaszdedu uazirdoyadiliuimaaeuainy
wUsUsUlngly One-way ANOVA (p<0.05)

3. NaﬂqiﬁﬂﬁqLLaZQﬁﬂi']ﬂNﬁ
3.1 mfazﬁmmzaﬂumsaﬁ'ﬂLevagiaamn
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nsanawaglaaainvie1i lngilSeuiigunaves
ANuutuveiTazats wazaumgilunisada

wulowaglaaadn anmsiieseilasiasiami

o

wilveudulewaglaavatinainiiniesng 9 de

wanslugun 3 wud dulewaglaanisdnnadie

AIEAITNara18AMUTNTURIAY Wigu iUy

U

LLazwmmu%u%LLammmLsi’iuﬁﬂsuawgﬂ'ﬁaﬁsi'fuﬁ
uansdnuuzmaniveasagloaiidaauiy Ao -OH
(3400-3200 cm™), -CH, (2970-2860 cm™), C-H
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cm™) wag -CH ¥panyjarlsunfn (792 cm™) [13]-
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_____

N —vldm
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---5%NaOH 90C 2h
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gl (arivaidua)

UM 4 Wiguiisunsaaeiinnanuseuveady

lewwaglaanstinainiinness o

M13199 1 USinas Amend wazdvesduleiwaglaa
Wadnnaiamefvhagateanuiutuiesay 5 9

gauni 90 B YALTYE NIAEa 9

ehy! Ysanaudiles AU YI E313
anm (% vyield) (cm)
1h 22.75+£0.37 2.80+0.99* 36.65
2h 21.87+1.53 1.96+0.79 31.54
3h 20.26+0.72 1.72+0.67 26.03

Y-E313 Ao Anudanundss (Yellowness index ASTM
Method E313)

* uanegegnedlivedAgeada (p<0.05)
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gamadl 90 eemwaidoa 1duiian 2 Falus el
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M13799 2 Wwtinuewnnue 1w eUla

No. wt. (¢/8x10in?)  wt. (gsm) % yield

1 2.95+0.19* 57.20+3.70* 83.26+4.80
2 3.36+0.18 65.92+1.91 82.74+4.45
3 3.75+0.21 72.70+4.04 82.60+5.25
4 4.28+0.17* 81.91+2.64* 84.75+3.19
5 4.90+0.18* 94.99+3.52* 88.55+4.57

* uaneingegneditedAenneadf (p<0.05)
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Tngasdunaldaindesinsewinadulefianaaied
Usunandulosnniy wnvedidulovosuouniu
Wradranuiudivuineglugie 5.5-10 lulasiuns
(7.39+1.55 lulaswns) nsfivunveudulefinau
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bIU
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No. AMUKRUN uaugﬂn‘u‘ﬁ SEM
(102mm) wsedla
1 4553 5
+4.34
2 56.20
+7.32
3 64.40 :
+4.03 g
4 75.20 7
+5.43
5 89.00%
+4.95

Ry

* upnegeENltudI AN NEDa (p<0.05)
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3 73.21+£7.65
q 66.04+7.84
5 44.60+5.15

° W
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Tunsgathifuunduisieunasndmonoimisves
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thuagthifuldies fsussduniugidn (Capillary
Force) fiAnaintesinsvuindnuagseauuiniin
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Undurounensms (Whiuurduuignd) 1ddnd
ihifuundundmenewns esaniiuundunon
namesiiauniatesninihiuudundmen
9IMN3 s?iaﬁmwmﬁmﬁm%umnﬂﬁﬁ%maaﬂ%mﬂﬁu

(Oxidation)

v

M99 6 NMIgAUITUMLLLIFYRIUaU WU

il
No. Snsgaudiulunuais (mm/10 min)
Tifutdu Tifuundy
flaunan WAINDA
1 30.33+1.53 31.33+4.16
2 32.67+0.58 32.67+3.06
3 37.33+5.03 32.67+0.58
4 38.33+1.53 34.00+4.00
5 43.00+1.00 36.00+£1.73

* uaneingegneditedAgnneadf (p<0.05)
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mmmmﬁaiumsam%uﬁwﬁumémauuawé’q
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wiseule

No.  uiiuurdunaunan ifuthdundmen
Guwil vangadu Uil vaigadu
aadu  wazsesiu I uazsasiu

(mD (s) (my) (s)

1 1.47 32.33 1.33 24.00

+0.21 +3.06 +0.12 +6.56

2 1.57 33.67 1.43 25.33

+0.15 +6.03 +0.05 +4.93

3 1.60 40.67 1.67 31.00

+0.10 +5.51 +0.06 +5.29

4 1.83 43.33 1.70 34.67

+0.12 +7.37 +0.20 +6.66

5 1.93 44.33 1.87 35.67

+0.15 +4.16 +0.12 +3.51

* uaneingegnedidedAgnneadf (p<0.05)
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Abstract

Chromium (lll) is an inorganic salt being used as corrosion inhibitor, plating agents, surface treating
agents, furniture, furnishings, and textile printing, and etc. The discharge of industrial waste water
containing chromium (lll) into the water source was toxic to the aquatic lives, and some parts accumulate
in the soil, chromium (Ill) reduces the growth of plants, reduced photosynthesis, inhibit the enzyme
activity, imbalanced in plants, and reduced productivity, and etc. For this reason, method to remove it
before discharge the effluent into the water source is necessary. The use of apatite materials for
adsorption, and immobilization of various pollutants was a technique that was more likely to be used.
Due to its high adsorbency, easy to use, and environmentally friendly. The purpose of this research was
to study the preparation of calcium hydroxyapatite, structural characterization of calcium hydroxyapatite
by X-ray diffraction technique, adsorption study of chromium solution with calcium hydroxyapatite in
various conditions, and the determination of adsorption isotherm. The results showed that the optimum
contact time of calcium hydroxyapatite and chromium solution was 3 hours. Most adsorption works well
at a pH of around 6.76. Considering the amount of chromium (lll) adsorbed at equilibrium (q), it was
found that the calcium hydroxyapatite with 10 % zinc added that has been calcined to 400 °C, and the
calcium hydroxyapatite with 15 % zinc added that has been calcined to 800 °C were to adsorb
chromium (lll) more than other sorbents. The adsorption isotherm was suited with Fruendlich and
Langmuir. The calcium hydroxyapatite with 10 %, and 15 % zinc added that has been calcined to 400 °C
had the highest adsorption capacity (qm) up to 178.57, and 181.82 mg/g respectively. In addition, it was
found that calcium hydroxyapatite, which heated to 800 degrees Celsius, can decompose
tricalciumphosphate.

Keywords : Chromium (lll); Calcium Hydroxyapatite; Adsorption Isotherm
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Antibacterial Activity of Indigo Dyed Fabrics
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Abstract

The objective of this research was to study the antibacterial activity of 16 samples of indigo
dyed fabrics that are produced and sold in Sakon Nakhon Province. Effect of moisture and pH of
indigo dyed fabrics on bacterial growth were also determined. The result of the study shows inhibition
of S. aureus TISTR 746 and E. coli TISTR 073 by agar diffusion plate test, all samples could inhibit S.
aureus TISTR 746 (accounted as 100%), and only 9 samples could inhibit £. coli TISTR 073 (accounted
as 56.25%). Whereas, the study of antibacterial activity by AATCC test method 100-2004 at 24 hours
was found that the natural indigo dyed fabrics code A3-1 could inhibit both bacterial strains in the
highest level. The result also shows the effect of moisture and pH of indigo dyed fabrics on bacterial
growth, it was found that the increased humidity levels of indigo dyed fabrics have effect on the
reduction of the inhibition efficacy of both strains. While indigo dyed fabric with pH 3.0 was found to
inhibit most of the growth of both strains. In addition, images obtained using a scanning electron
microscope (SEM) could clearly confirm the property of indigo dyed fabric on inhibition of S. aureus

TISTR 746 and E. coli TISTR 073.

Keywords : Antibacterial Activity; Indigo Dyed Fabrics; Indigo Blue; Indigofera tinctorial L.
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ideumsuiindnuarsmihelusminanauas Tng
lfuunfiisenaaay 2 aefiug Ao S. aureus TISTR
746 wag E. coli TISTR 073 ﬁﬁiwmuwvms
Vuideuvufimdanyud (6] asdaruslnadildan
ﬁﬂ‘w”lﬂ%dﬁ’f\]%LﬁuLLMﬁﬂ‘ﬁ@ga%N%ﬁﬁﬂ’]iﬁﬁﬂi”m
Undedeluniswmeunsuszmdunus waziiesd
Audildlufmurdosendundnfus nio
uinnssufiisatestunisdinnmainnisand

gauasulusinanauassialy

2. 52 8UI5798

2.1 N15LATUUAIDES

¥ '
A A o '

AN UNA1TIIURAINEARAZ TINUIBHEN O
asuluiuiidiminanaunssiuay 7 unas iite
snflunisiiiuiiegng Tngldisnsduiiudetis
WUULI1299 (Purposive Sampling) ka1v11119
fuupsiamegenesutindounsuundaliiu
anay Tnedvuadur1gudnane 2.0 ludiuns
waathanilsedesevdedinnusulehd 121
D9AgAYd WU 15 Ui ourndouasuliuisly
Fouansoudl 60 sarmiwalTea um 4 alus dmsu
Honaaoufldlunsfinuiadell S5wau 2 aeug
fa S. aureus TISTR 746 was E. coli TISTR 073 i
Tasuanananiuddeinenmansuazinalulad i

Uszmelng

s

2.2 NMSANEINIAUUUATLSY

2.2.1 NAdaUR2875 Agar Diffusion Plate Test
wsudenagouluemsna Nutrient

Broth (NB) 71 37 asrwaidea Uiy 24 F3lua deou

1131199971911 Normal Saline (0.85% (w/v) NaCl)

wEUSuA T duve s uduliivinfud

No.0.5 McFarland Standard (1.5x10° L% @@/
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fladans) ndanturiinisnanenedeunsas
anertug Ingldliuddaonitoquasluasazans
FoudrihedeliRantenmsuds Nutrient Agar
(NA) reuldfuuiniu (Forceps) Usonierufindon
Asufiesenly 2nafuasuuRangie1mis NA fou
Wluundl 37 esrnwaidea uu 24 Halus Tngldin
fredladledondla 9 1duiaiuaunisneass
(FauUasisves S. Li uazanig (7)) Uszifiugnddnu
wuafidelaefiansananvuinve susududs
(Inhibition Zone) #3o23la (Clear Zone) fAnTy

AYUAIIINATTUN

2.2.2 NAFRUAIITUINTZIU AATCC Test Method
100-2004
W3BUenAda LAz ateiug lagvinnis

v

13991918 Normal Saline #2835 Serial Dilution
LoUSuauduturendedudulivindu 10°
\wad/Nadans wdldAuuinavUasndefuiidey
Asuusaziegdldadluansazareide (Iaeidl
ansazaneonasadliinsuiidounsuludn
muANNTMAaeY) fouhlutufl 37 ssriwaidea
ABNEIIINAITULATU 28 $alue Tuunansazany
\We 0.1 fadans asuuAntio1mis NA waald
Spreader Uaeaonnaielinsyaeriaminenms
frewmaiin Spread Plate Aownluuudi 37 aemn
wailea Wy 24 Falug ndsentuswhnsnsaaiiu
srurulalaiinanun udthanfuumdesarnis
anasueauATILSY (Percent of Reduction; %R) #19
aun1sil (FauUasizann G. Pookn wazAne [8] fu

S. Jayapriya wai¢ G. Bagyalakshmi [9])

100x (B - A)

%R = (1)

Tag?
A = Snulalaiiniuls a vaveasy

B = runulaladntule s viasudu

2.3 NSANYINAVBIAINNIULAZAT pH VB4
] aa ' a
H1ouAsIuNANARDN1TLAT YU

wuAIL3Y

i denasusiaiiliuanaaougnidiu
wuASeR (d0edudugean) uniinsdnyl lne
AnulasIsn1maaeuaInNIs Agar Diffusion Plate Test
Imamim‘%wL%awﬂaauiugusuaqmsazmEJLS??@M
Normal Saline udruduanududuvondosudule
Wity fin No.0.5 McFarland Standard n&santiusi
mifmmL%awmaamwiazmaﬂ’uﬁﬂﬁﬁuﬁmﬁwmmﬁ
wis NA AeuldAuunAvlasaideduindauasiui
Viuasuuilanine1mis NA (U§Uauneatuiude

2.2.1) Wiovnmsanwdadenns 9 amudunsuspellil

2.3.1 HaV9IANTUVBANTaNATIU
PAINAVAIIUATININTUAIUURINTN
919115 NA 1a3 11N15USUSPUaLAIINTUVDINSDY

o

AsIUMENIsiiNnauluUSIaLAnA1eiY 3 sERY

a

adlusuniinsanansvestudinged 30 lulasans @n
umnutiutesay 60), 60 lulasans Eaduanuiu
Youay 65) waz 90 lulasans @Eaduanuiutesay
70) Tnedihitlaifinnsiduiingu @eautudesay 5)
Hustrugunisnaass (Control) ndsaniudsinly
Unilgamndl 37 sarwaidea iy 24 $1ls udavi
nMaUssdiugrdduuueiidelnefinnsanainvuneves
Bnatudmiedaiintunmendanmsiy dmdu
nsUSuAYenarAuTuvesindounsutulad
nMsAnasFuMmiesasALTuIRAsvesnetng

FndaunsuLAassianeununl ey

2.3.2 wavasnnudunsasslufidounsu
PHINAURIGBUATININVIUAIUURINT

93 NA ud1 Jminduiiden pH iwansetu

4 520U A pH3.0507.0way 9.0 USu1as 30

lulasans @AEaduainutusesar 60) asuurindou
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A58 T UL UIRTINA19YITUEN kAN lUUNR
37 29ANTALYEEA WKW 24 TalUe NouvinnnsUsTIu

guSFULUATISElAENITUININVUINVBIUTHIN

v
LYY

SUgars019h @A T UN NS IIINNITULY

2.4 fAnwin1saunuaiiiseveedindaunsiy

8 SEM
ANYUTINITNAADUNITATULUATILIBVDINT
§9UATIUAI87T Agar Diffusion Plate Test
MTIVABUNITLATYUAZNIADEVDILUATIS BUUAN
#oUATINA SEM (AALUasIBan H. Cui tazan
[10] AU A. K. Tyagi wag A. Malik [11]) Ingldietng

Doy

o = 1 =

AdouaTINNTNanITNAdaUANTAULUATILSEY
wnitge Wisuiisuiuiniesssuedalisinng
Foudla o lnendsnn1suudl 37 esavaidoa
Asu 24 92Tus Yadegradidounsiuuwaly
a1sazatefesas 2.5 Glutaraldehyde fiazanelu
Phosphate Buffer Saline (pH 7.2) A213L19w 0.1
Twan$ flgamgll 4 ssrwaldoa wiuiudu e
p3UaaLUATILSY (Bacterial Cell Fixation) La814
9819928 Phosphate Buffer Saline 2 ads NI
15 W v‘i'm'lﬁﬁqﬁ’laam’mmaé (Dehydration)
fruansazatsieniusafissiuaududiudesas
30, 50, 70, 100 way 100 (neuUsuas) lnsugduiu
SEAUAMULLNTUAY 15 U noU IALgaduine o
99ngm feLedes Critical Point Dryer (CPD) (8o
Quorum 3u K850, Uselnadansy) wavtfiedns
FNAIUULYIUINIAI9E79 (Stub) NauYinn19a1u
\ndauiietadenasdfieirdes lon Sputtering
Coater (H%s Hitachi U MC1000, Uizmmﬁﬁu)
Tngldrinszualain 15 Dadueunds uiu 30 Jurd
WEIINTURINNInTIedAs e e B uduna
N1SANEINITATULUATLS8YDIR1TaUATINAIY

ANENBINNEDIANTIABLANATOULUUADINTIA

(8% Hitachi Ju TM4000 Plus, Uszinadiiu) 7
SELAUAINNANIANELTS (Accelerating Voltage) 10
Alalaan wagld Back Scattered Electron (BSE)

Detector tJusnsaadudyaranin

3. NaNTSANELaZaAUSIENE

Y 1 v v i

Fregraideunsuildlunisinuinded o
§runuanun 16 §egns sldannnisasiiuiiite
d1sraundendnuaysimiefndeunsiulufiui
Fmipanauas $1um 7 uvas (3U7 1) uazarnnns
aounwvilinsuiiseyavesviiaviseuseinnves
fndeunsiudsduiusiusuuuuyenive uaz

[ =

Sn1sdeudasy (n19199 1) leeauddeillaly

D

[ =

3n15doudasruutduinaailuniswuausenntn
FoUASIULNBANNUATHARIDE1909UAD N15T0Y
ASINEITUVR N15TUATIUATIVSDATIUFLATIZA

LarNSPouAIIUNEY (NSPaNFASIUNANNUNYE

YUADU)

3.1 wan1sAneIgNSATuLUATSEYa IR

dauasu
HANSANYIAMANTRN AL UATIS 8 VRN
g9UATINAI8ID Agar Diffusion Plate Test Wu71
fetaindeunsiumnaia (16 39) ansnsadusenis

L9358 S. aureus TISTR 746 s vieAndusesay

= Aa v ! 1%

100 (5U# 2n) Tuvaugifidregadndonnsuiiios 9

Y
Y o a A a

sawhdufianunsaduds £ coli TISTR 073 14 vdedn
Wusesar 56.25 (Uil 29) venannildanuin Meens
fdeunsusia A3-1 Fadufindounsusssuriling
nnsdfudiasts S, aureus TISTR 746 waz E coli TISTR
073 qqﬁ'qm LAYIBIAINNADTIE A2-2 (3°d17'i 3) Tuvne
finan1sfinwgmiiuuuadievesindounsiudaeis
UIM5FIU AATCC Test Method 100-2004 U731

AegadndeuasunnIia am1sadudinisatyes
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'
a

S. aureus TISTR 746 wag E. coli TISTR 073 & ('g‘U‘VI

4n way 49 ANUA1RU)AENINNEPUATINSITUINRSIE

A3-1 1A1508A¥N15ANAIVDILUATLS BN 2 @18RUT

q

aw e:'vLqu =

#1 24 934 gadian dan3fenldesunefstounnsig
FENINENATINETINYIR UazindeuaTmdauaTIziin
ludhfeunsusssuvAvedaualnug (Indigo Blue) 7

a a

TdunEty wazdufsiu (ndirubin) NlAdEwAY @11150

U

YauiualIunlan A1 Rfinfu 0.42 way 0.26
arua1nu laeldlanaslsiiinu (Dichloromethane,
CH,CL) WHuardeuilunisnenisimnainneduil

1As3 N5 Tuvae NN gouATIUFWATIT NULNES

dudlnugdiaen [12] Feduiusivanuideneuntiin

wuhansainnluaswaniiansdudlnuguarduidu
®

'
a

[13] wariivangaifenseyimieansduilnuguasdud

<

sTuNsTIUNALgMTUTINITIATyvedunIdla

€

(Antimicrobial Activity) [141-16] #281naiia1nua
nsAnwgusiuuuaiiGvesindonnsmsaeTE Agar
Diffusion Plate Test Way AATCC Test Method 100-
2004 Fanuinfangesia A3-1 Fududrdounsy
sTsuRiuasnduea S, aureus TISTR 746 e
E. coli TISTR 073 l¢igaanniign

JUN 1 Snvgindeunuudazsianldlunisfinu lnefisiadudume A As ddeunsusssuya

B Ao Hdauasutall way C Ap HNgpUAITIUNE

M13°99 1 Toyauazeazidunaveiietaindeuasuldlunsdng

Ve siasnie sULUUNNe SWERN Fiadfne sUnuunIme
Al-1 fhedulssanu 2 ngne A3-3 Hhewsgou (Fna9) 4 pgne
Al-2 fhedulssanu 2 ngne A3-4 Hhewsgou (Fna9) a4 pgne
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P v a 5y "y oy Al = ]
M19719% 1 ﬁuagaLLaziWEJazLEJEJ@]‘UENmaaﬂﬂwﬂﬂamv‘ﬂiﬂmwi‘i’ﬂuﬂﬁiﬁﬂm (mD)

111

e wiadnie sULUUN1ING S9aEn wiindie sULUUN1ING
Al1-3 Hhedulseanu 2 Agne Ad-1 Hheduile 2 Mgne
Al fhedulssnu 2 fgne AG-2 fheduile 2 pgne
A2-1 fheisgou (@) 2 ngne B1-1 Hrendulseny 2 Agne
A2-2 Hreisgou (@n9) 2 Agne B1-2 Hredulseny 2 Mg
A3-1 Hreisgou (@n9) 4 pgne Cl-1 Hedulseny 2 Mg
A3-2 fhaisgou (@) 4 pzne C2-1 fheduile 2 AN
30 Staphylococcus aureus TISTR 746 a0 Escherichia coli TISTR 073
E . & = ﬁ ﬁ = o 9 o z ' < 2 2 3
O e s o . P 3 25 [9Q 4% q-%-8
S a8 5 q o § o X & S § oo T
g 20 =z —H—B—8—H 88888 a 2 20 [f- 37 - - s
»g I;; T
= )
Ig 15 |-H—B— — — - 1 B BN B ,g 1.5
g g
@ 1.0 |8 BB O S 10 [ o e -
g 05 R —f 00— S o5 [ e :
< <3 Q 9 Q 9 9 9 Q
El S S 8 g g e g =3
® oo MBI B R B R W Rl 5 S e cocs o W NNN-<S N
3331332393332 2ETHE Ty 9T T YT YT TYTY T
YT I EET0 ¢ 2z § 92292 iazo s
vy o S
WARNYBNATIN n) sdfdauATIY )
a a v ¥ oA v . v v
E‘LI‘VI 2 NANTIUNITHUEINIDANU 1) S. aureus TISTR 746 wag V) E. coli TISTR 073 9996180UAT U
=3 v aa . .
Tnen15@nwIAe75 Agar Diffusion Plate Test
S. aureus TISTR 746 E. coli TISTR
, y
=1 1Y) a a YY) .
3‘lJ‘VI 3 ANWUENITLNAUILIEUEN S. aureus TISTR 746 Wag E. coli TISTR 073
Y v C%
I@]EJN'WEJEJ@JF]TW@JTW?{ A2-2 llay A3-1
&; 60 Staphylococcus aureus TISTR 746 % - Escherichia coli TISTR 073
s - s
® g0 E_E 2 0 :g 80
- SEesse 2
3 D 3 2
R e e o S g o .
z i ¢ 33 z 5 e B g g
& a0 R | (- o € 4 |32 R v S S ~—
@ © ~ 5 g = . o g 2
Z o = 2} v © &
€ 2 € 5 o g s
L 2l il
R ey =sSCCESREERRERRE m
2 TN DY TN TNOY TN YN TTE YD OY TN Ty DY Ny oy
2222222222 2IT3E200 ¢ 222222?2222’2’5888%
o
] v v oy ©
safidauasi ) sitatihdounsu )

gﬂ‘f/’i 4 mamswmaa‘uqmésﬁm A1) S. aureus TISTR 746 uay

%) E. coli TISTR 073 ¥4H18auns
AUNINIFIU AATCC Test Method 100-2004
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3.2 NAYDIVIIANUIULAZAT pH VBN

= 1

dauns I uNANARDNITLATYVDY

wuATILee

INNSANYINAVOIAINTY wazA1 pH
yoefndannsufifinasenisiadaues S. aureus
TISTR 746 way £ coli TISTR 073 Wu31 ﬁi%ﬁu
Antuiifingeduluddeunsuinarile
UseAnsnmnisdudeuvaiideiansansiug
anad (13199 2) luaaeiidhdeuasuiidan pH
3.0 wuiilnasensdudinsisaueundiBes
aaaawﬁuiumﬁqm F090911AD pH 9.0, 5.0 Lay
7.0 Aud1FU (113197 3) NN1SANBINETRY
AT uazAn pH vasinfeunsufidnasnenis
WigrewuaiiSe FlMiuindaterdesinadina
soRaautAn13sud S aureus TISTR 746 uas
E. coli TISTR 073 wesd1douasiuldag1stniau
sefuauduiiiingetufeiosas 70 lufdou
s wudiavhliuuaiiGersaosmeiugiasy
Tdndrluaniiziifinnnadudinda lesan
Usinannutuiianuiedestunseiueealudin

Feillnanon19L93uosnuAfiselaunss ufe

Arwdudaduiivaiusinadhiifogddsmaste
ATANNLTUTUVDIANTAZANUN B UD NIRRTV
wuaiiie Tnedowadiadaluaniieidusei
soaludalunnizauna wadaziasgyluund ue
Tunemsatudiiewadinsgluanizfiiaig
Wuduvesansaganenguenvadgs (a1savaney
lawsindn) w3ed1ndn (arsavarelalulnin)
neluwad dwalimwadiinnnznatalulada
(Plasmolysis) wagwanauenlnda (Plasmoptysis)
arugrdu luaasfiddeuasuiiiian pH 3.0
anunsnduduuafietsassanswuglifiian
dlesnuuafidedulugdnnsaladlue pH
a9 (6.5-7.5) uwarnutiesuniivaayléluen pH
#1031 4.0 [17) Tnggdunidusiazyidnaiunsa
Usumliasylalugrsnanuiunions pH ¥

a

A19iu amnnuaditiselasyluaniigidade

'
a a

wienioguentsiigdunidaunsaiadnld o1aiin
nalduRon15AIURINTTUAY ) YoNgad LU
auAaUnAfifdentshauveteuleiiiieites
AUNISIA3EY NIYATUAITOIMITUAZIITIN UaY
nalnn1sasna ATP TulwaduSandayas [17],

[18]

AT 2 NATDIAUTUVDINITDUATINNILNARDNITLAIYVDILUATILSE

YUINVDIUSIUTUIWTZTAUAMUTUAS & (YURLUAT)

wuafiise
N 65% 70%
S. aureus TISTR 746 2.48+0.03 2.30+0.00 2.13+0.04 2.06+0.03
E. coli TISTR 073 2.45+0.01 2.34+0.06 2.27+0.04 2.21+0.01

*N fe fddilifinmsfisinduiiediuaudy Wufeuaunismaaes (Control)

A1519% 3 wavesmnudunsanig (pH) vesindeunTmiiiinasenisiasyvesuailsy

YUIAVBIVUTLIUTULINTZAU pH A9 & (LBURLUAT)

wuaiise
3.0 7.0 9.0
S. aureus TISTR 746 2.43+0.04 2.24+0.03 2.17+0.01 2.31+0.04
E. coli TISTR 073 2.40+0.06 2.19+0.01 2.10+0.04 2.29+0.01
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10.0um

BIO-SNRU 10KV 7.2mm x3.00kBSE M

BIO-SNRUH0kY n x3.00k BSE M 10.0pr

BIO-SNRLU 10k 7 3mm X8 UDkéSEM b 10.0um

SUit 5 nmieng SEM Busunansvageugyidsiu
S. qureus TISTR 746 vestnihedldiunsdoud (n)
UaTANGINATINTIAE A3-1 (3) Ua¥AISAU E. coli
TISTR 073 vesiniheiliiiumsdoud (a)

WAZHENGRUATIUTHA A3-1 (1) NAFa81e 3,000 4911

3.3 Han1sAnwIgNsAuLuAiiSEva R

dauATIUAIY SEM

HANIIATIVADUNITHATYLALNITAIBEVDY
wuATiSouusgeindounsusa A3-1 (sWad
Tinanaasugnidiuuuaiiogeuiniiga)
Wisuifisuduinthesssumanilifinisdoudla q
f78 SEM WU11AIM 818910 SEM @1unsadudu
FNWAIZNITLATEY N1TLS89AT LAZIIUIUYDITAR
wuafiidefianasluiis s aureus TISTR 746 uas
E. coli TISTR 073 éiagnsdonau (5 5) Ingiilo
farsandnuaznisiaiyveuuafiienaasdany
Wug wuivihdeunswinadenaifindiuiu s
MsInBefveraduuaiite uenanidmunis
a519luledlau (Biofilm) ves £ coli TISTR 073 Uu

fnfaumsuwazinthenlutiunisdond Jelulefdy

a o

Juneuminduesqdunidfdafnduiiuiuas
oriussansindiedfigdunidadiadunasdu
pONNIN18UDNLYAA (Extracellular Polymeric
Substances, EPS) Slunummiiilunistlostuead

nanMznasuilildesuisfan1siasey [19]

a

msnesvedlulelaulneadaunsd nalsaildiutgae

q

Wiuauegsenlulaad uagyilviianisinide

L o dogva o & A o 1
Liaiﬁ/m'ﬂ'ﬂmﬂﬂ’ﬁ@ﬂLa‘UﬂTﬁLLagLuaLEJ@LﬁEJ'Vi']EJVLﬂ

=

[20] FeanwasznisasraluleNduvuindauns uea

E. coli TISTR 073 Uudannasdanusigaunaunini

Nsvyarsdudziunnuluduasuiuiinaseonis
afalulefiduvesqfuvsdvareviin sudsansadn
niignateyiannuindnasenisadieluleidy

YDILUATISBWNTUAUL WY [14]

4. a3
NNSANYINTAIULUATISsvoIHNdou
As1uNNdnkarIvuneluTIninanauasasel

anunsaduduienuandivesdidonasiulunis
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FudinsLasuoUATiSeTnSIUINRALkNTUAY
ImaLawwzasméﬂumié’ugqnWiLa%mmaa S. aureus
TISTR 746 (WNTUUIN) WUINAI0E19HEaNATIY
frunszuIunsiausiaTIusssUTIRAIIULAS
wazAsNEL (16 feghe) ansadud S. aureus
TISTR 746 1§ wieAndusesaz 100 esdAuslnl

o o '

nlgannsfnwiassilanusadnluimuidesong

5o =

nsudnndeNATINLATNENTTIIAMA W TIUE

n1sveeragn1sasuInsguiidouasulusiiu

nsfugaLuafisenayaunsengudu 4 deld

5. inAnINUTENA
Adeildunisatuayudunuifeain

Nuadvayud miuynaInTumIInenae vy

anauas MNIUUTEINAURY Uszantauussana

W.A. 2562
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Development of Tablet Product from Riceberry Broken Rice

Namfon Samsalee* and Seksan Mangklanan

Faculty of Sciences and Liberal Arts, Rajamangala University of Technology Isan

744 Sura Narai Road, Muang District, Nakhon Ratchasima 30000

Received 5 June 2020; Revised 13 November 2020; Accepted 25 December 2020

Abstract

Riceberry rice is dark purple coloured grains. It is one of the most famous rice for consumers.
There are nutrients and high antioxidant properties. Riceberry broken rice (RBR) is a by-product from
the rice milling process and has a low value. It can be processed into various products. The purpose
of this research was to study the ingredients and the ratios for tablet formulations, including RBR
powder, milk powder, whey protein, icing sugar, strawberry powder, bulking agent, anticaking agent
and lubricant agent. Tabletting of powders was performed using a rotary tablet press machine. It was
found that the powder products exhibited passable flow with the Carr Index of 24.57-32.10% and the
Hausner Ratio value of 1.33-1.47. The water activity value of product was in the range 0.36-0.45. The
tablets had thickness 3.86-4.38 mm, diameter 13.07-13.35 mm and weight 0.62-0.71 ¢/tablet. The
increase of RBR powder content (10% - 40%) decreased hardness value of tablet products about 5
times (from 64 N to 12 N). Sensory evaluation of products in appearance, color, texture, odor, flavor,
hardness, dissolution in the mouth and overall liking were conducted using 9-point hedonic scale
with 30 untrained panelists. The results showed that the optimal tablet formulation consisted of 30%
RBR powder, 30% icing sugar, 18% milk powder, 1% anticaking agent, 1% lubricant agent and 20%
bulking agent or strawberry powder. They showed the highest overall liking scores in ranges of “like

slightly” to “like moderately”

Keywords : Tablet product; Broken rice; Milk powder; Riceberry rice
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Abstract

This research was resulted of the characterization of cement paste composites (CPC) blended
with palmyra fiber ash and surface-treated on short SWNT prepared by an electroless plating process.
The cement paste composites included cement, 270 meshes of palmyra fiber ash and short SWNT. The
design of experiment was divided into 3 conditions namely uncuring, 28 and 56 days in distilled water.
The properties of CPC were carried out in chemical composition, physical, mechanical, mineral phase,
microstructure and statistical analysis. It was found that in the chemical compositions an amount of
silicon dioxide, aluminium oxide and ferric oxide were 51.53%, which was rated in class C. The bulk
densities of CPC series between PFA10 (C) and PFA5AgSWNTO0.01 (G) cured 56-day distilled water were an
increased 38%. Then, the highest specific electrical resistivity of CPC series PFA5SOSWNTO0.03 (F) cured 56-
day distilled water was 1.14+0.31 mega-ohm.mm. The highest compressive strength of CPC series
PFA5AgSWNTO0.01 (G) cured at 28-day distilled water was 25.45+2.00 MPa compared with the OPC (A) was
an increased 5%. Which, the bulk densities of CPC series between PFA10 (C) and PFA5AgSWNTO0.01 (G)
were statistical analyzed the mostly cured at significant difference, o0 = 0.05. In addition, CPC series
PFA5AgSWNTO.01 (G) mainly contained calcite, portlandite, quartz dolomite and ettringite were caused
increasing compressive strength. And the SEM microphotograph were also displayed the calcium silicate
hydrate, portlandite and ettringite. Consequently, the PFA was used to ability pozzolanic material using
for lightweight concrete of CPC.

Keywords : Short SWNT; Cement Paste Composites; Palmyra Fiber Ash; Electroless Plating
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anHan1aN1snYRsTdwnuyYuBaudl W e
908 [4] Wnase [4], [5] wknauvin [6], [7] Lan-
Undudinsiu 18] wagldundndulonanialaun
(Palmyra Fiber Ash, PFA) u 4 luudsed Tne
Foyaludwnsdngy 2560 Uszmalneiidofivgn
malaunly 7 audn sauvenun 10,417 19 14

NAKAM 4,469 AU LaTNANAAADbSLIYINAY 668

'
=]

Alansy Tudandnasvariinuivanuinan 8,246 15

Y 9

a1

iaﬂaqmﬁ]u%’wimwsum%' 1,214 13 [9] Tdumas
yasoenlyananuiertuyudiuud Faduves
waeldainaranisineasiieannisvinaney
AawIndennnsHAnuTuud n1siAnNan1LIN
W1 wazanunsatveundeldunainsyadiiaee
nsuuIYSuUgsandReg 9 vesdudnadn
v < (% .

ABINTITAINULTILTIDN (Compressive Strength)

aq Juminiun wazd e Feleiuuiniudad

Y

1%

zanauulunITREnABUNTANIATIN wasLity

amﬂ’&ﬁménﬁé’aﬁaaagj Ineilnanuidenauniily
Ussiiumani wu W, Saiwarin, C. Napia uag T.
Sinsiri [10] AnwiauvRvesnindeunaswdngnay
Tssyulavziduduudoslagldunuiiyudiuudios
a¥ 0, 10, 20 way 30 Imaﬁmﬁﬂ LagliNnINaENau
Taviz¥ouaz 0, 10, 30 wag 50 latiwiin voeian
Uszay wui anuudeussdaidanauiiodunin
ayneulanyminiosas 10, 30 uaz 50 Iagtmiin
Tuvausiifeundoudeiivhunuiiyuduud funiviu
doudsay 20 dA1AuLdansdauInnInseuay
10 hag 30 wou1 W. Kroehong hagamuy [11]
Anwandaniana laseasnegania wagn1siiny
Sou vesmpunIauAnNaliassluUSINuSpeaY
10, 20 wag 30 Tnernviin waglddnsduminmy
0.70, 0.80 uaz 0.90 sidanUszau wul1 ABUNIA
Ulenwauinassdavas 30 fauudausedasm s

AT (Water Absorption, D) WagAuUnuilen

WINTULAAINISHIANNSuT A loNaLL 18 0Y

a

WudwUseuliisuduneun3nudonaiuny uag

Re

#9U1 P. Kejaroen way S. Sethabouppha [12]
Anwanumanzasnsiuduiaududiunadly
ABUNTA WUIT AUNUILUY ANULTILTISA NS
anduin nistdiaufeuiidaisuindy 766
Alanfusiegnuiaiuns 90 Alansudegnuian
wuRns Yovas 20 Taethmidn uaz 0.194 fadde

&

WATARIN AINEIAU audfsine 9 agluinue
wnsguaansalszanduildnule
wanandlasinisusulgeantRvesdiuud

AR LABLANAILESULTS (Reinforcement) WU 119

'
=

uluASUaY (Carbon Nanotubes) [13], [7] avdu

v
o

anuilanlaawuunduauLdusawazdiuividn

U1 hARIUAMANEMERIVDIVIaUIUASUB U

q

ﬂﬁﬁ%mmamﬁﬁﬁ (Low Chemical Reactivity) AU

o—

oty (Matrix) veeian [14] JesesuFudgaiialvdl



132 21581539 IN15Uax 398 ums.wszuas U9 15 adui 1 unsiau-lguiey 2564

madsunlasmaniideulaenisiiasavatsuas
pznouvalangyinjisenduiavieunluaisueu
FLTU Y. Hu warAg [15] AnwiAnuudausedn
waridealaeiunoulua1suauydn MWCNTSs

way MWCNTs-COOH nauashudiuunusunassuay

'
v v a1 a

0@ 0.1 Tngtimedn wudn AdadadAnfuduuas
A assdafiniuisndndeswintudiemy
MWCNTs dwsulassadiegania dunmdiugngulu
lassainefivuinanatedsening 25 luaseu G 50
Tuaseu Wondaerieuiluaisusuia MWCNTs
wag MWCNTs-COOH wananni auvanianauas
Tnssa¥raganinvesduudmaniiiuviounly
A1SUBDUANA MWCNTs Tutieiosag 0 619 0.2 1ny
Ywidn wun weduvieunluadusudesas 0.1 Ua
7 7 %u uay 28 Ju Arundusssafintuiosas
22 Lag 15 m1uansu faun M. Elkashef, K. Wang
wag M. N. Abou-Zeid [16] lau5uusaraviounly
Asuaudnninasdusiansazatsvonsa
lumsnuaznsadanisniduian 100 w1 way 180
Wit wud Aavewioulumsuausdaumanetus

o @

Hedn mﬁaﬂﬂiﬂ§uﬂ§ﬂﬁ1ﬂqmeLsﬁﬂLLiaé’mﬁwﬁuLﬁa
duvieunTuaifuouiiuuugeiafisaisazane
fanand Tulaaun K. M. Liew, M. F. Kai wag L. W.
Zhang [17] Anw1n1survieunluaisuauasiinnis
wanedu MWCNT-OH inasluduud wudn e
ANULTILTISALaANULTILNTIREATIA9aTiAN
Spuay 173 uay 163 A1Ua1AU Aau1 S.
Chantaramanee wagAue [7] AnwiaudRveaian
NEUTLUUAKNENAINLEWNAUIINENT AU B U LY
ArduauNtIturdadu nuit Anundasesn
Yosfuudimadiinaudwnavenidesay 10 Wuvie
wlumdueuntiiduiiorisduiosas 0.20 wazus
28 Tu dfgegn Ao 36.45 lwnnzUanna saxn M.

A. Mousavi kag A. Bahari [18] Anw1n15LANMBUN

Tuprueuriinntanarsdu MWCNT-COOHs $oe
8¢ 0, 0.025, 0.05, 0.1 k@ 0.2 asluyuBiuudinas
Tnsgandinnauaglas@ingania wuin ms
Wnufives MWCNT-COOHs §asaz 0.05 Afign
autAnanauaglassadiaganiainisfuusetu
Lﬁam%amﬁauﬁu%muﬁmmu #au1 R. Kaur, N.
C. Kothiyal uaz H. Arora [19] @nw1ianTiuusiay
aruvioulluAIfuaUNIUNITUYTUU IR
(Functionalized Carbon Nanotubes, FCNT), L N
sfueenled (Graphene Oxide, GO) Lag Li1asy
(Fly Ash, FA) naulufiuudnausnsdiu 30:70 Lad
Anneviandiniena wuin ey GO fewar 0.02
waw FONT $ovaz 0.02 aruudaussdnifiaiudos
Ay 35.6 kAYIoUAY 24.5 AIUAIGU wazdanuin
aundaussfanonislodu FONT, GO uay lauia
NouluaIsusu (Hybrid Carbon Nanomaterials,
HCNs) fifnSeeay 16.0, 53.6 uag 74.0 AMUE1GY
Hannuudaussdauararuudaussfanengegai
#19619 MHCN-FONT wiloi3guiiisufiudegns
AuAu fatu uAtedingussasifionsiaun
Tanuandudmanndidulonanalauniasyie
uiluasveunterusviaduriunis vl i
aeusndonszuIunsyuialagldldludia Fad
pusan1siluimwsaduiaanaudiudinady
nsUszgndldlusunoaineifanuudausedaga &
i wazanansathlaihld Asdidndyfiaeld
Wuwwamnslunsidentanldunuiidwud 91nds
wieldnienisinwasuazaiuisayigusenda

NAWUINNTEUIUNTHARYUTUUA

2. A5n15ANEN

2.1 Janluauidey
Fagldlunuideusznaudie Yuduud
Jadauauauszinni 1 (Ordinary Portland
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Cement Type 1, OPC) m11u1913514 ASTM C150
[20] LAEUIATFIUQAAINNTIN 15 L@y 1-2555
Usziam 1 [21] fauanslugud 1 n) Wuyudisudi
Tiialuiligesnisauaniiiay W@idulona
aalaunduduavreunieldanudanania
msnunsluiiuiisnneafionsy Sminaman lne
nmsdentanizidulonanialauauisuniunlugd
anysel laddulenanalaunddnvasidunsaay
yurndiiniaseu Fesaufuiiensaridonuay
dudeundu 1 navegiiy udisnunanuuae
wilaumnvuInLdngy Planetary Mono Mill
PULVERISETTE 6 Classic Line Y S8 185 250
fiaddns Wunan 3 Hlus wazihludavuindae
ATLNTITOUIUIA 270 1% LaNsazLBunvun 53
Lulasing fuandugud 1 v) udnhandesed
ssdUszneUMaAlifeLAdosonuLsvigeaisaL s
(X-Ray Fluorescence Spectrometer, XRF) 5o
PANalytical $u Zetium fauandlupisnail 1 vieunlu
Arfuoundeduiiiaavindu (Short Single-Walled
Carbon Nanotubes, Short SWNT) 4 @ Foa1n
Chengdu Organic Chemicals Company Limited,
China Academy of Sciences UselnAans1sM 3y
Uszvnwudu shandnias 551240 Sanuuians
YBI519ATSUBULINNINTRERE 90 Hanwazrianad
WudulAwazinsiuiu Aue1veiosening
0.5 lulasuns 8 2.0 lulasums uazauInEuNy
AUONAN1BUBNYDMIBTENING 1.0 UTluAT e
2.0 wilues dneazideatoyad iz iagmawan
Tunsneil 2 Wedingsisinsieifauninsuns
FHdonGuUUNIZANENAIU (Energy Dispersive X-
ray Spectroscopy, EDS) WuU31 Usgnauniesig
A1sUeU avglliflen Aaasu lavead uazdaines
USuauseeag 96.30, 0.08, 0.41, 2.91 uay 2.09
pudnsy [22] waztinndu (Distilled Water) T4y

Nsvaefiieg 19 ianNaNTURLER

3UT 1 n) Yudiud v) iidulenanialaun

2.2 n15Uugeraviaunlumsuaunayy
weytadulaglildlnii

YiouUNlUASUBUNTTULAE v InFUAN1IZRY

s = 1Y

Ya9punluATSUaNINSIUAs UL UAIMIGAT AU

=% o

WenuvesdanisdndudesiunuiulsRanieusn

q

Weliiiaunsaviuisenfvuaienseuiunisyu

v
[ [

Aalnglalldloif (Electroless Plating) Sdumeusisil

A15199 1 paAUsEnRUNINAlivedtadulena

MAlUALALUTIUAAIEIT XRF

Content, wt%
PFA OPC [23]

Chemical Composition

Faneulaeenled (S0, 40.25 21.20
avglilloneanlad (ALO,) 7.82 1.04
wias3neenled (Fe,0,) 3.46 5.22
yeanesalnseanlad (P,0.) 5.21 0.00
Tnunadessanled (K,0) 19.08 0.42
upaLdeueanlys (Cao) 2.89 64.73
usanilaeanlad (MnO) 0.12 0.00
Fawleslnseanled (SO, 1.87 2.44
wuntii@enesnlas (MgO) 4.27 3.08

dhwtingayynendann (LOD 6.33 1.45
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A15197 2 Joyadmizyas Short SWNTSs 90s [22]

Specifications Values
SWNTs Outer Diameter 1.0-2.0 nm
SWNTs Inside Diameter 0.8-1.6 nm
SWNTs Ash <1.5 wt%
SWNTs Purity >90 wt%
Additional MWNTs Content >5 wt%
Amorphous Carbon Content <3 wt%
SWNTs Length 0.5-2.0 pm
SWNTs Specific Surface Area 407 m%/g
SWNTs Electrical Conductivity >102 S/cm

M19199 3 AIUNAUVRIAIIATILAYANTITUBINTYY
Alaelylglndia [14]

Chemical Concentration
AgNO;, 10.0 kg/m’
NH,.H,0 1.5 (vol%)
HCHO (added later) 3.0 (vol%)

pH : 8.5+0.5;

Temperature : 20°C

Sudunouusnlnenis Pre-treatment viounly
Ardupuntl sl duiiiiunsdunsiziiy
faeisnnsavauleniaainiadu (Cold Wall
Chemical Vapor Deposition, CCVD) 1 14 4 Tu
ansazanslaieulansanles (NaOH) imududy
2 Wadedns Ineniufiguugil 40 ssAlwaidea
Wunan 10 $lus Srevianuazendaetingu ¥
nsnsosudiiliuislngeufiguunll 100 earn
waldua neldanzanyineduna 2 Falu
fOUNIN1598NTLATY (Oxidation) Y1viau1lu
ArSUa NIt UL v dnduiiiiunisnseuia
\Joefu Pre-treatment udaduluansazats HNO,
wag H,50, lusnsidiu 3:1 ﬁqmmﬁ 120 99611
wadea WJunan 10 $alus d1evhauazendie
1ndy ¥nisnsesudrvdeeliuisluussenniai
oY Mau1v1n1s Sensitization Yrvieunly
asuoun st vinduiiriunsoendndu uan
wiluansazatefidannududuszning 0.1M SnCl,
U 0.1M HCL (8waan 72 Flus Aounsiunld

) nmunguurndvieaduial 30 wi a1y

9 Y

v |
o o Y o

Av01ARI8UINAY IN15NTBIRAVN WIS luaINA
Ngumngiivias Mau1vin15nseduiy (Activation)
Y9719 UNIUANSUDUNUITULREIVRAAUNNIUNS

Sensitization waauyluansaraIuANUTNUY

521379 0.0014M PACl, fU 0.25M HCl n3u i

i s duan 30 Ui A19inAINNaLeINeIY

Y

[

d1ndu inisnsesudaialiuislueiniad
grunniivios waztuneuaavinensEUINNIYUR
Tkl Sauanslunisned 3
nsguiunsyuialaglaldlnillagnisin
a1sava1adaiesluinsn (AgNO,) Tuu3uia 10

Alanfudegnuiadiuns Wudivaisazane

wadluflulansanlan (NH,-H,0) Usunnsseeay 1.5
Tnethwein wdriwieunluasuountstuievin
Fufiiunisnszduiiouga nasluniudieieies
MufULRILdmannIuansuadinansazane
Wosuradlan (HCHO) USuinsineay 3.0 lag
ntdn nuftgumgiivieadunan 1 dilas d1ev
ANAEeIRAI8INaY Yin15nToarialRustely
oImAfigungivies dmunisniusieinieaniu
UL ILINENNIUAITUALNTDIAIUUHUNT DY
wawswataluasuauin 0.2 lulasiwuas anela
dan1gguyInie U1AAs1eialendesganssad
BLANATIULUUEDINTIA (Scanning Electron
Microscope, SEM) 31 Model JSM-5800LV W&
Faluguil 2 wazdinsnzivianasiguuunsEany
w1 (EDS) 3UT 2 n) vieurTumuountdady
Aenvinduiiiunnsesndindu Usznaumesig C,

0, Si, S, Cl, Cr, Fe, Co, Cu kg Zn Fellsmudnae
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c wentudusimieduvesiangiuainnis
Fuazsivieunluaniueu uazguil 2 ) veunly
asueuntstuiievdaduriunisguialaglald
Tuinldayn1Aiu AGSWNT AifnlagUsznaudae

SmMANee Ag wag C [24]

ﬁ,_

L -

PSU 0648

3U# 2 dhvagviowlumsusuniladuieviinguy
n) H1UN1508NTATY ) HIUNTYURIMEBYNIA

U

2.3 NSLASIUAIDE1UAZDINTIEIUNEN
iog1slunsidedlfinionnnyudiuud
Uasanaunuszinn 1 wauandulonanialaualu
USuiw 3 536U Ae Sewaz 5 10 way 15 law
thuiinvosyufus wasifuviouluaiveuntedy
Wenviindu 2 wia fe Hewluadveuntedauiien
yinduiiniunisesndiadulsuimiosas 0.01
(OSWNTO0.01) @z 0.03 (OSWNTO0.03) ANua1a U

warviauluaSUBUNT TR TAdURIUATYY

Aavveunialulagldldlninusuiaiesay 0.01
(AgSWNT0.01) kag 0.03 (AgSWNTO0.03) aua1nu
wardnsdmutndudeTanUszau (w/b) 0.40 ail
AaoAN1TITY Fanstvundadnuaivasdndau
yosoens fauandlumsnedl 4 waglagionzogng
89 Iidonldgmaidnidulonamalauniiuiinaios
a¥ 5 (@05 E F, G uaz H 1Y PFA 5%) W90
Uinsveadudieliunuiiyufiuuduinufiadu
Aramuazderiiifniululassaiiganiaves

FUMIDY ddNabIAURUIWLNAAAY [7], [11]

A15199 4 FydnualuarAIUNANTOIRIDE1UINY

Code OPC PFA  SWNT
OPC (A) 100.00 - -
PFA5 (B) 95.00 5.00 -
PFA10 (O) 90.00 10.00 -
PFA15 (D) 85.00 15.00 -
PFASOSWNTO0.01 (E) 94.99 5.00 0.01
PFASOSWNTO0.03 (F) 94.97 5.00 0.03

PFA5SAGSWNTO.01 (G) 94.99 5.00 0.01
PFA5AgSWNTO.03 (H) 94.97 5.00 0.03

Tuduneunisnastuiiegslaedimin
’a’aﬁmé’ﬂL.L.awfmé"umuﬂ%mmsuané'mﬁdauﬁ
Aauald Fananddunisned 4 Buainnnsdindu
wasduinned Wureunlupiveunisuiioasia
Furihunisquialaglildlni daddulons
aalauauaziinyuduudvesauaudussiand 1
paddu ludupounsduagusazsdelfuvisudn
auldunaunszaeiud fuieud ssiundiniy
naudendumiodsidnaddngldngnuramnine
vosndudaay 60 nafildlunisnaudusioniy
wiladsaduna 3 uifl fewedowauyialduis
n3z98AAY (Probe-Type Ultrasonic Processor)
8o Sonics Model VC 750 wiolfdrunaunszansy

maazdulloderiuuiniign Weanunandiuud
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Bovdesudrtimldaslunuundsgunssnsyuend
vingnenedlillanaslia (PVO) yuina11uge 32
faduns uazvuadurugudnats 16 Taduns d
gnsrdiuANgIsaruIAEuEuguENane (L/D =
2.0) AUAATFIL ASTM C39/C39M [25] Gannelu

1Y

LUUMaeNLAAaURIAIEdauLaUaiun1SAnnyY

v
' a

SENINNTUAIDY1N VLU UNED LLBNAILUUNGD

£ " Y W '

BEUSRENDNUAIDE NN WLNUNANARNYRAUIIN

q

a v & 1Y) v o !
uvnivenduiian 24 97lud walnenseg19ean

Y

NuUUTED wuengustegiseenilu 3 nqu fe

He)

LY '

fegafilivy unluihndugamaiivesdunan 28

o

Y war 56 Tu lakiegnalunisnaasvanifives

ade

anusazantiidusiuan 5 fees (F1uam 4 50)
J¥useg1enauay 40 #1879 lAYINAIDES
§ruauanun 120 feghs wazdloasunaiiivun
11A2081909na13L A IERENUANIGLAT neaIn
vana sanuuliivhansuasyinanemuisamseals

Tu3snsveans

2.4 F5N1INAADY
AIIIATITIDIAUTTNOUNNLATIUR DL
didulenamalauadeiadsaeneisdrigestsa
s dmduiedialdvn Avudhnduasusimun
28 Ju way 56 Tu edouauUANIINI8AIN Tawn
AUNUIUUTIM (Bulk Density, p) WazN1TATH
LR TgIu ASTM C642 [26] nadauauis
aauwiloldes (Ultrasonic Pulse Velocity, UPV)
iienauanysainienudeilewesianld
MTIFADUIAUNNIOY LU Y8931 JNTU Y30AIN
Fomeneluiusedn Taeinanaudiveseiy
Wwiloldssseninsiidsdygianasiisudyyiu
Wunsneaeunuuldvhane amnsaidldeauluns
maaaau%umuﬁéfaamﬁmmLL%QLmé’mqja NAADU
CRTIGEOR Proceq Pundit Lab+UPV Instrument
Model:CT-133 @uu1aig1u ASTM C597 [27]

AuAIun Ui g (Specific Electrical
Resistivity, Py SSUaNTANING laun A
Ldauseda (Compressive Strength, G.) # 14

UINTFIU ASTM C39/C39M [25] wazAIIUKTILT

[

AanenlanedSugn (Splitting Tensile Strength, G5)

AINNINTFIU ASTM C496 [28] TnasuilIeuiiiey

av o

HaaudFsing 9 vesnansnviin1deduandly

AN51991 5 kATUINANITNARDIIINIIUIU 5 FIDE19

a aa v

Aogasiaulaliaeninieadfngg Two-sample t-

o ' LY

test 1Aty AyroaudRnAnwivesTannanTiuud

o

¥
S o a 6"

wsolil uanainil drdnsienilaseaineganianig
AMNE189aNIIAUBIANATOURUUEDINSIA (SEM)
wardlasekigniaus (Mineral Phases) 7iindulu
freg1elinuudussdagegadiomaiinnis

WBeauusdiond (X-Ray Diffraction, XRD)

3. nan1sAnEILazaAUTIENa

3.1 aaAUsEnaUMBANveLIanUszaI
NAN15ASITRIAUSENBUNNIALvR O 1LE ULy

NARNALAUAYDIB LNDENINTY TINTAFIVAINE

'
=

ATN5IuEIss@eng (XRF) kuuneuSunas Aduans

Tumns199 1 nuan dUsunuvesdaneulaesnlan

a a

fevay 40.25 exglillousanludiovay 7.82 uay

wassneanlynsesay 3.46 sHunuWiniusevay

51.53 lagumtin dmilngayevdaunsesas 6.33

a a

Falinasiuvesdaroulneanles svaiillavsanlan

Y

waztwesIneanled swuduliAuinniidesay 50
muﬁﬁmumiummgm ASTM C618 [29] fatiu
dulonamalausiithanldunuyududiiandn
WeulRsslaiuianUeslegaiu (Pozzolan) vila C
alUmnniegsewinedenas 50.2-58.6 veaimdn
$ifu [8], [30] wardiavenlvarusininanuisend
wnau [8] Amdnaunsathunldiduiaguesleaiu

HanfuyYuBiaula
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3.2 AMURULUUTIN

TUUITAIAMURUILUUTINVD IR B E

v
o '

VanNA WUgAs PFALO0 (O) HAnumuiuiusiue?
Ngn dauanslusun 3uagdiogagns
PFA5AGSWNTO0.01 (G) Hiunliuaauniinuusiy

v
a =

WiNugean uazidloSeuiieuseninegns C AU G

a1

DU 56 TU A1ANUNUILUUTILANTUS8aY 38
FIANANUNUIUUUTINVEEAT G TANETULe99IN
wdulonanialanuaiuSuiusdinazviounly
ANSUBUlALNINFIINLN UL UYB 9919 (Voids) way

< . . v ) ao
INFUIUIALN (Microvoids) @9nAaBINUIIUITY
G. Y. Li, P. M. Wang ag X. Zhao [31] vinl#imau
PUUUNLTY TA8LAAIINTD9I19009T U UAANAS
P lUSUnsYR9ININMUARNRIN 8

~ 3
33 ﬂ'ﬁ@lﬂsllll‘lﬂ

HAN5RATUUN YR TanTIUANaNR LR dlY

= Y !

q ﬁmmﬂmmwmamagm PFA10 (C) %14

9 Y

=b

U

dueiguy FAwindusiesay 30.34+2.87,

€aN

33.48+1.81 Wag 35.01+0.96 MUAIAU TAINTAN
FUUILUSHARNUAUAIAINUAUILUUSIND Y98

U o W

PRGRETHY (gﬂﬁ 3)

3.4 AU Ul
FregreTanduudnaniionguuiisiues
goswasdlonanalaun wud MsufinUSuna
Wrdunnduinlduualduainudiuniuleli
FN1zanad 1WUFI0E19703gnT C lduy wavds
wuirnaslaveunluandueuntdstuiosvdndurae
Trrugumuliiinsmnzannay \WufeE19gn s
PFA5OSWNTO.03 (F) U 56 11 JA1AINUATIUNIU
I3 uniggeanindy 1.14+0.31 wnnglaviy

{aaLUnS

1.80
E
E,, 1.60
2
2 —e— Uncurin
§ 140 | s
x —a— 28-day
S
o

120 1 1 1 1 1 1 1

A B C D E F G H
Cement Composite Types

JUN 3 ANUVUILLINT YR TR T LANaN R g UL

A9

40
3
530 i
c
0
S
220
2 ‘
Q —e— Uncuring
<
- 10 4
% —a—28-day
= 0

1 1 1 1 1 1 1

A B C D E F G H
Cement Composite Types

UM 4 n13gaTudvesTanTuiHaL oy Uy
fnany

1.20

1.00 -+

)

€080 -
E060

£0.40

—e—Uncuring  —a— 28-day

M

0.20
—e— 56-day

A B C D E F G H
Cement Composite Types

Specfic Electrical Resistivity

0.00

JUN 5 AnusnunuliihdnsvesTan g uiney

Noguusaniu
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3.5 aAnusndumiodes
anuindumiieldosvesiagduudnan
M3 PFASOSWNT0.01 (E) flengusiiutufidn
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Development Milk Ice-cream Supplemented of Chicken
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Abstract

Milk ice cream is the one of most popular dessert in many countries. But the most milk ice
cream contains high amounts of sugar and fat. It is for this reason that consumers who exercise
regularly concern about the impact of ice cream consumption on health and have led to a
considerable rise in high protein ice cream demand for this consumer group. Therefore, the objective
of this study was to develop the milk ice cream with high protein from chicken breast by varying
chicken breast in milk ice cream at 5, 10 and 15% by total weight. The result showed that 10 %
chicken breast ice cream had the best physical and sensory properties. The viscosity, overrun, texture
and melting rate of the developed formula were 89.05 cps, 108.05%, 34,584 ¢ force and 23%,
respectively. The lightness (L*), redness (a*) and yellowness (b*) value were 87.10, 5.08 and 20.54

respectively.

Keywords : Development; Milk Ice Cream; Chicken Breast
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Abstract

The aim of this research was to develop Pad Thai crispy bar, which is made from rice noodle
(Chanthaburi's noodle), tofu, dried shrimp, garlic chives and peanut that have been cooked and dried.
Mixed with Pad Thai sauce, then forming into a bar and dried. The study started with produced Pad
Thai crispy bar made from three formula of Pad Thai sauce (A, B and C). Sensory evaluation by using
9-point hedonic scale showed that the highest liking score of appearance (7.36), taste (7.56) and
overall liking (7.68) were obtained from formula A. Mixture design was used to optimize the formula
of the Pad Thai crispy bar. The effect of three variables: tofu (70-90%) dried shrimp (10-15%) and
garlic chives (13-25%) on the physical, chemical and sensory qualities of the product were
investigated. The results showed that increasing the tofu decreased the lightness (L*) and hardness
values of the product. Increasing the dried shrimp decreased the overall liking score. Optimum
formula of tofu, dried shrimp and garlic chives was 72%, 13% and 15%, respectively. At this formula
had the highest score of all sensory attributes were in the range of 6.86-7.24 (like slightly - like
moderately). The developed Pad Thai crispy bar had the value of a,, and hardness value 0.24 and
7.00 N, respectively. In addition, the developed product consisted of 9.17% moisture (wet weight basis),
total carbohydrate, fat, ash and crude fiber which were 50.04%, 30.80%, 15.82%, 3.34% and 1.98% (dry
weight basis), respectively. The energy value determined by Bomb calorimeter which were 582.10 Kcal
per serving (10 pieces) and the cost of Pad Thai crispy bar was 21.60 bath per serving (80 g).

Keywords : Pad Thai Crispy bar; Tofu; Dried shrimp; Garlic chives; Mixture design
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The Adsorption of Methylene Blue Dye on Activated
Carbon Prepared from Molasses by Using Chemical and

Microwave Activation
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technology, Nakhon Pathom Rajabhat
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Abstract

This research aims to produce activated carbon from molasses via a chemical activation
process with potassium hydroxide (KOH) and a microwave heating process, which consumes less
energy and provides more rapid and uniform heat distribution than a conventional heating. The
obtained activated carbon was then characterized with BET, SEM and FTIR. It exhibited a large
specific surface area of 1,631 m?/g, and a total pore volume of 1.124 cm®/g consisting of mesopore
and micropore. In addition, the active functional groups were also found on the surface of the
activated carbon. Thus, it was brought for the adsorption test with methylene blue. It was found
that the adsorption capacity of the activated carbon increased with time and reached the
equilibrium within 8 hours. The adsorption data of the activated carbon were corresponded to
Langmuir isotherm with the highest adsorption capacity of 370.37 mg/g. The adsorption kinetic of
the activated carbon exhibited pseudo-second order reaction suggesting to the chemisorption
phenomenon. From the thermodynamic study, it revealed that the adsorption process were

endothermic and spontaneous reactions.

Keywords : Activated Carbon; Molasses; Methylene Blue; Microwave Activation
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2.2 MIAATIZAAMENYULYDITUNUTUA
sufusudlsazgnihundinsgvingileddu
Uuﬁuﬁaé’aam%mL‘%ﬂ%%imami‘mﬁumum
allalnsditnes (Nicolet iS5 FTIR Spectrometer,
Thermo Scientific, USA ) §99%1n1531A518 97y
Ty transmittance figaumnfivadlurisndudaus
4,000-400 cm™ fima1uagLdun (Resolution)
Wiy 1 em™ Tinsgdiufifianazgwguuuiiuia
Tagldndnnsnisgaduuialulnsiauiionmgil 77K
éjwm%ﬁ Surface Area and Pore Size Analyzer
(Autosorb-1, Quantachrome Instruments, USA )
auﬁagwquﬁﬁmimw Ifun fuiiRasmny (BET
Surface Area) Anuralaeldaun15994 Brunauer-
Emmett-Teller (BET) #ufivoagwguauiaiin
(Micropore Surface Area) hag USHInTINIUIUIN
W@ n (Micropore Volume) A1uaa31n tplot
method AuiAan8uen (External Surface Area)
FuamInHaIssEsiuRRS Iz U LR
melugnuuuedn Usinsgngusiu (Total Pore
Volume) fuanannuiananisgadululasioud
p/po = 0.996 mumgwqum?{a (Average Pore

Diameter) A1UIMINNAUATT [(AxUTUIATINTY

S99)/NUNRITUNIL] @IUNITANWITNWEULTNI

v
o a o a
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a
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Incubator) feAuEY 120 s0UdeWIT gy
30 aerwaioa Wuian feus 124 Falua e
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nauiudiudiiinIoamsuinies (Centrifuge)
#28AIUL5I58U 3,600 saURBUNT WuLIan 10
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Insiine (T80 UV-Vis Spectrophotometer, PG
Instruments, United Kingdom) ftemanudiadu
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A

q, fe muanansalunsgadudeniianizauga
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a

an9)

N [ 7
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n

Tned
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1
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qt kzqe qe
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k, e Anaiidnssvesfisendusuiiniadion
(i)
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2.3.4 nMsAnwIguNaAEASN1IRALY
nsAnwRaunamanslun1sgaduvesdden
widuuguuauiududiuguietunisaassm

naifauga wiwdsuarlunisgaduasiii 8



172 21581539 IN15Uax 398 ums.wszuas U9 15 adui 1 unsiau-lguiey 2564

Falus wazwdsugungilunisgaduilu 25-55
ssrwadea ndsnduimanududuiinge
(C) LLaxﬂ'wmmamwmium'i@mei‘fuﬁamwau@a
(9e) ﬁiﬁﬁqmwgﬁﬁm 9 WnaennIINduRsIiiem
AAsTirnananaunsidunse fauanduaunisd (7)
wdnduiaildanaunisidunseddun nns
Lﬂﬁ'ammaqLauma%aamiam% (AH%) uagns
WasuuUaaeulnsIueinisgadu (AS%) umien
n1swdsuulamdsudassvesivd (AG) 210

aunisi (8)

q.  AS"  AH'

log—=<¢= - (7
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3. Nan1sAnEILazaAUTIENa

3.1 AANYMZVRIRUANTUA
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U

dunssnaalasines (FTIR) LLamrﬁfagUﬁ 2
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(BET Surface Area) ¥ @ ad1u a5 ud 71 16l 1

' o =
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aa A o '

AUANTUANIINTAINTNUNRIFIWE 400-1,500
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UMY 0.652 Tagnudtvuingniuiade (The
Average Pore Diameter) AU 2.757 u1lu

= o & Y a
LA FIAALUUTUIATEAU Mesopore NHULFUNIU

Audnansvasgngulu 2-50 wiluns [13]
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sAowlos nasntulenamiuluszesninisga
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dauazaall wuiniatauna (Equilibrium Time)
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LUUBULWEITULAET (Monolayer Sorption) Uy

fufvesgaduniidnvaraiianeiluiefisn
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u (Multilayer Sorption) [15]
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Y
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P ' Aav v v
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lolemaumsgaduuuuuadios
9m (Mg/g) K. (min-1) R?
370.37 27 0.966

lolemaunsgaduuuunsuay
Kr (mg/g) n R?
290.80 16.03 0.743
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VBIRYNAATUHIUTY Boundary Layer N1viavjaisia
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M1919% 3 nswSeuiiguanuaasalunisaadu

dUpLNIAUUgEIEn (q.,) 19301

v

AAUNAANEATNIFDILUUNUINVAUNAAIAAT LU
goaudlsuila1lndlAss 1 11NNI1AUNAFIEATUUY
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M13197 4 AATINAAUNAAENSYDINTAATU

Ufjisendununilaiien

Co ge(exp) gelcal) kq R?
mg/L (mg/g) (mg/g) (min-1)
250 246.28 57.56 0.011 0.976
450 357.30 72.62 0.012 0.985

Ufjisendunudeuiiey

Aududviinmnige
WS anuaunse
. . anudeu  Tunsgadu y
ngAu i
Yy geen
nszduy (mg/g)
maiena lalasia 370.37 et
wWaendaan i 99.00 [16]
WNaU waiy 111.48 [17]
ANAZNDU Fadu 131.8 [18]
Yhide
WlenmFou  sadu 289.26 [19]
Auge lalasiow 315.45 [20]
wuloanwa  Tulasiaw 382.32 [21]
Undahiiu
Hides Talasian 462.10 [10]

Co ge(exp) ge(cal) ko R?
mg/L  (mg/g) (mg/g)  (g/mg.min)
250 246.28 233.34 0.0010 0.997
450 357.30 416.60 0.0005 0.995
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WasuwUamdsnudaszueaiud (AG) 16 Jauans

PxY) a
1ARIn15199 5

M13°99 5 A1ASTIANQUNAAERSYRIN1IYATU

AG°
0 AS’
AH (kJ/mol)
(kJ/mol)  J/(mol. K)
298K 308K 318K 320K
23.74 0.091 -3.38 -4.28 -520 -6.11
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Abstract

The purposes of this research were to develop and to test performance of mini heat pump dryer
for slice banana. Drying chamber of 0.48x0.47x0.39 m®was designed and it could contain three trays.
The three trays had dimension of 0.33x0.409 m?. A blower with 174.6 W motor of air condition was
modify and could adjust flow rates of three levels for air cycle system in dryer. The air system had
bypass air at evaporator. The refrigerant of R-134a and four main parts were used in the heat pump
system. The four main parts were a 497 W hermetic compressor, a 1,800 W condenser, an expansion
valve and a 1,300 W evaporator. Experiments for test performance of the mini heat pump dryer used
close loop air system, an evaporator bypass air of 60 %, a temperature of 60 °C and various flow
rates of 0.117, 0.128 and 0.140 m?/s. Slide bananas of 400-500 g had an initial moisture content of
244-281 %dry basis and were dried until final moisture content lower than 6.24+0.007 %dry basis. It
was found that the flow rates of 0.117, 0.128 and 0.140 m®/s had coefficients of performance (COP,)
of 3.32+0.066, 3.88+0.031 and 4.24+0.08, respectively and had specific moisture extraction rates
(SMER) of 184.5+11.85, 186.2+8.17 and 200.1+21.34 g/kWh, respectively. The flow rate at 0.140 m*/s

was the best condition because it had high specific moisture extraction rate.

Keywords : Drying Performance; Mini Heat Pump Dryer; Slide Bananas
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28NNNAIALARABLIATLTRIEUNTN (1)
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DR = ———
Drying time

, (g/min) 1)

- MSAIEATIPI S DUTLAS BIMUMLUA SN (2)

Qac = n;a Ca(zl'o _T;'i)+n;a Wde(Tco _Tci)
(2)
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a

Tne?

0 . = 9931ANUANUTBUVBAATBIATVLUL, KW

T, =guuilonAneudiaTasniuwiy, °C

T, = 9un)ie1n1AeananniAzesalumiiy, °C

W, = dasiaunnuiiuveseiniAneudinies
AIULUY, kgwater/kgdry air

C, =@1mNuTaudINIzveseINIALIg, ki/kg °C

C, =@A1mNuTouUTINITYRIINATY, kl/kg °C
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Mo48UWIA (Coefficient of Performance, COP,)
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Tnen W = 9MIIANSDULATBIDN, KW LAY
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Abstract
Accurate, efficient and robust travel time prediction is crucial to the development

of advanced traveler information systems for providing route guidance information. To
achieve this goal, this paper proposed a travel time prediction through the matching of
the current speed interval pattern to that in a historical database. Speed intervals, instead
of speeds, are considered in this study to simplify the structure of matching patterns for
improving matching efficiency. In this study, speed interval patterns are defined by sets
of link speed intervals that are either spatially or temporarily correlated with the link
considered. With the speed interval patterns, the algorithm is developed for searching the
historical pattern(s) that is/are the closest match with the current one. Then, link speeds
from these matched patterns are combined for travel time prediction. By using the GPS
probe taxi data, which the collected speeds are aggregated in every 5 minutes, the
proposed travel time prediction system is implemented in Bangkok. With the speed data
from probe taxi, this paper has chosen four links/paths with different geometric and flow
characteristics for testing the performance of the proposed travel time prediction system.
From these tests, it is found that the optimal speed interval pattern should include: 1)
speeds of the studied link within three preceding time intervals and; 2) speeds of links in
the first connection level of the studied link. Also, while the computational time is capable
of real-time application, the proposed prediction algorithm is more accurate under
uninterrupted flow conditions.

Keywords: Traffic Pattern Matching; Travel Time Prediction; Time-dependent
Network; Spatiotemporal Correlation
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1. Introduction
In the Development of the Intelligent

Transportation System (ITS), Advanced
Travelers Information System (ATIS) plays
an important role in providing real-time
traffic conditions and/or traffic
management measures to travelers for
avoiding unnecessary delay and ensuring the
reliability of road network. Among all the
information provided by ATIS, travel time
is one of the key information used by the
route guidance system to evaluate real-time
shortest paths that help in the trip planning
of drivers. As route guidance system is
usually used before the trip is made, an
accurate prediction of future link/path travel
times 1is necessary to ensure good
performance of the system. Travel time
prediction is a challenging problem as the
prediction will be affected by 1) complex
and non-linear interactions of hetero-
geneous groups of vehicles/drivers; ii)
infrastructures and/or traffic management
schemes that interrupt the traffic flows, and;
ii1) availability and types of information for
travel time prediction. Owing to the
complexity of the travel time prediction
problem, various methods/models have
been proposed in the literature and could be
classified into two categories: parametric
and non-parametric prediction models (H.-
E.Linetal). [1]

Table 1 summarized some of the travel
time  prediction studies, with  the
corresponding data sources and prediction
method, in the literature.

N. K. Chowdhury et al. [2] have
proposed a modified moving average
approach, which is another category of time
series model, for travel time prediction. By

eliminating unwanted fluctuations in the
data set, the model proposed in N. K.
Chowdhury et al. [2] outperforms the
conventional moving average methods.
Owing to its nature, the time series model
could only provide an accurate prediction for
a short forecast period (i.e., 5 ~ 10 minutes)
or under stable traffic conditions. Apart from
the parametric models, W.H.K. Lam et al.
[3] have adopted a traffic flow simulator
(TFS), in which the original-destination
demands are calibrated based on the
historical link counts and prior demands by
an upper-level model, for travel time
predictions.

Table 1 Comparison of required data and
prediction methods for travel time
prediction

Prediction

Studies Application Data Method

Properties

N.K.Chowhhury Short-term

et alA[(22]009) prediction GPS Moving average Specific route
W.H.K.Lam et
al. Sl::’;lctfl;‘: AVI  Traffic simulation Uﬁ?&;ﬁfd
2005) 37 P

S.I.Bajwactal.  Short-term Point Pattern matching

. e By Genetic Expressway
(2004) [4] prediction sensor Algorithms
T. Kim et al. Short-term Point Traffic pattern Hichwa
(2005) [5] prediction sensor recognition shway
Z.-P.Lietal Short-term AVI Exponential Urban road
(2008) [6] prediction Smoothing network
W.-H. Lee et al. Traffic .
(2009) [7] Classification GPS Fuzzy C-mean Specific route
Y. Zhang and Traffic state Point Non-linear least
Y. Liu (2009) . e ) Freeway
8] prediction sensor square
A.Khosraviet  Accuracy Bayesian updated .
al. (2011) [9] interval GPS Neural network Specific route
A. Simroth and Lone-term Nonparam etric Nationwide
H. Zdhle (2011) gt GPS Distribution-free
prediction N Road network
[10] Regression model
- Historical
average
. - Auto regressive
W. Qiao et al. Short-term Blucto integreated moving
(2013) dicti oth Freeway
[ prediction data average
- Kalman filter
- K-nearest
neighbors
Y. Zou et al. Short-term Point Space-time Freewa
(2014) [12] prediction sensor diurnal y
H. Jiang et al - Neual Network
: 8 Ctal Short-term Point - Multilinear .
(2016) " . Highway
[13] prediction sensor Regression
- Statistical Model
Our .
Proposed Short/ medium GPS Pattern matching Utban road

Term prediction network

method
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For many cases in actual
implementation, the relationships between
travel time and traffic conditions are too
complicated to be represented by any type
of model. Thus, non-parametric models
are becoming more attractive, especially
for the application in a large and complex
urban road network. In the literature, non-
parametric travel time prediction models
could be categorized into k-nearest
neighbor (k-NN) algorithm (T. Kim et al.
[5], W.H.K. Lam et al. [14]), expert
system (W.-H. Lee et al. [7]) and artificial
neural network (J.W.C. Van Lint et al.
[15], A. Khosravi et al. [9]). T. Kim et al.
[5]) developed pattern recognition
algorithm, which based on link volumes in
current and preceding time intervals, for
short-term  link  volume/travel  time
prediction of a section of expressway in
Washington DC. compare to the other k-NN
approaches that use only current link flows,
pattern recognition algorithm proposed in T.
Kim et al. [5] gives a smaller prediction error
in different neighborhood sizes. Apart from
the prediction of traffic conditions, W.H.K.
Lam et al [14] put a step forward in adopting
the k-NN-based travel time prediction in
incident detection. In their study, a modified
k-NN approach, which depends on the
estimated travel times and the
corresponding temporal
covariance relationships, is adopted in
travel time prediction. By comparing the
predicted travel times and  the
corresponding estimated travel times from
automatic vehicle identification (A VI) data,
the incident could be detected if the
difference exceeds the certain threshold
value. In addition to the data mining

variance-

approaches, expert systems improve the
accuracy of predictions by the introduction
of prior-knowledge rules. W.-H. Lee et al.
[7] have proposed an expert system for
travel time prediction in Taipei urban road
network. In their study, travel times are
predicted based on a weighted sum of the
current (based on current speeds and
flows) and historical (based on traffic
patterns in the historical database) travel
time predictions. Rules, which are
responsive to real-time
introduced by the expert of the test area
for the automatic determination of
weights. W.-H. Lee et al. [7] show that
such an expert system in travel time
prediction could achieve a root mean
square error (RMSE) as low as 11%. J.JW.C.
Van Lint et al. [15], on the other hand, has
adopted a state-space neural network
(SSNN) to ensure the accuracy and
robustness of travel time predictions in the
presence of missing data. In their study,
missing data (e.g., speeds from loop
detectors) are estimated using simple

events, are

imputation (i.e., exponential moving average
and/or spatial interpolation) and the
proposed method is tested on a simulated
model with different patterns of missing
data. JJW.C. Van Lint et al. [15] shows that
even with 40% of data are missing, their
SSNN could achieve a prediction error
similar to the case with no missing data.
Apart from the aforementioned models,
there are other non-parametric models, such
as the least square support vector machines
discussed in Y. Zhang and Y. Liu [8] and
the  nonparametric  distribution-free
regression model introduced in A. Simroth
and H. Zihle [10]), for travel time
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prediction. In developing the
aforementioned parametric and non-
parametric models, traffic data plays a
crucial role in model calibration/training
that affects their performance. In practices,
traffic data are commonly collected by
global-positioning system (GPS), automatic
vehicle identification (AVI) system and
point sensor (e.g., loop detectors), while
each of these methods will have their pros
and cons under different types of
implementation (e.g., freeway, arterial, etc).
Table 1, summarized some of the travel time
prediction studies and their required types
of data. From the reviewed studies, the
majority of data is collected using GPS
(Table 1). It is because GPS data, which
could be collected by inexpensive onboard
GPS sensors, does not require a substantial
investment  in  infrastructure  and
maintenance as in the other two methods
(point sensors and AVI). Apart from the
inexpensiveness, GPS data could be used to
provide the precise locations of the tracked
vehicle (e.g., location for every 30 seconds)
for further use in the path-related analysis.
Despite the high implementation and
maintenance cost, point sensors are still the
most common data collection method in
practices for its continuous collection of
relatively reliable traffic data (e.g., speeds
and flows). Also, unlike the GPS data that
passively depend on the installed vehicles,
point sensors could be strategically placed
for maximizing the coverage of the
monitored network. AVI data, as another
data source, provides travel time between
two points through the identification and
match of vehicles. Unlike the GPS data,
AVI data is not able to provide the chosen

path of the matched vehicles and, thus,
models/algorithms should be developed to
estimate the path choice from the AVI data
(T. Siripirote et al. [16]). Owing to the
different characteristics of data sources,
data fusion techniques have recently be
considered for providing an accurate and
robust travel time prediction (K.P. Hwang
etal. [17])

Considering the problems of
parametric travel time prediction models
for long-term prediction under unstable
traffic conditions and the computational
efficiency of wvarious data mining
approaches, this study proposed a travel
time prediction algorithm through the
matching of link speed interval patterns,
which  consist of  spatiotemporally
correlated link speed intervals. In this
study, speed intervals, instead of speeds,
are considered to simplify the structure of
matching patterns for improving matching
efficiency. This paper is organized as
follows. Section 2 will describe the
variables used in this study. The
formulation and solution algorithm of the
proposed travel time prediction model will
also be given in Section 2. Section 3 will
then carried out various empirical tests
based on the data and models introduced in
the previous section. Lastly, the paper will
be concluded in Section 4.

2. Travel time prediction through

speed intervals matching
In this study, link travel times are

predicted by the corresponding historical
value(s) with speed interval pattern(s) that
is/are the most similar to the current one.
In defining speed interval patterns, this
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study will not only consider the speed
interval of the link under concern, instead,
speed intervals of the surrounding links
(spatial) and previous time intervals
(temporal) will also be considered. In this
section, the collection and processing of
speed data used in this study will be
discussed in Section 2.1. Then, Section 2.2
will define the speed interval patterns used
in the travel time prediction. With the speed
interval patterns, Section 2.3 introduces a
matching algorithm for finding the most
similar speed interval pattern in the
historical database. Finally, Section 2.4 will
give the architecture of travel time
prediction in Bangkok road network based
on the collected data and developed
algorithm in Section 2.1~2.3.

2.1 Collection and processing of speed
data
In Bangkok, taxi companies will

usually set up an IP
communication (Taxi radio) for normal
voice-based communication with their taxi
drivers. Even though taxis in Bangkok are
not mandatory to equip with GPS devices,
these established communication channels
could also be used to transmit GPS data to

wireless

enhance real-time taxi dispatching. In this
research, traffic data is obtained from
around 10,000 taxis, which are equipped
with GPS devices, in Bangkok. The GPS
devices will wirelessly transmit the latitude,
longitude, altitude, traveling speed,
heading, and timestamp of the equipped taxi
to a designated computer server for every 45
seconds.

In this study, the urban and suburban
road networks in Bangkok, which consist of

3,000 links and cover more than 3,500
origin-destination ~ (O-D)
considered and the corresponding GPS data
is collected. In the Bangkok network model,
new links are usually defined wherever
there is a change of road geometry (e.g.,
increase in several lanes), intersection with
other roads (e.g., signalized junction,
priority junction), and land use pattern (e.g.
exit of a parking lot). The increasing detail
of the modeled network (e.g., number of
parking lot exits included) will substantially
decrease the length of each link and, thus,
cause the same network to have a larger
number of links. As the number of links
increases, there will be a higher chance that
the real-time GPS data, especially the speed
data, from probe taxi is not available for a
certain link at a certain time period. With
insufficient, or missing, link speed data at
different traffic conditions, it is not possible
to provide a reliable travel time prediction
for the Bangkok network due to its highly
varied traffic conditions. On the other hand,
if unreasonably long links are defined, the
average of collected speeds could not
precisely represent the actual speed profile
of the links. With such inaccurate average
speeds for long links, it is not possible to
achieve a reliable prediction of travel time.
Thus, in this study, data availability and data
accuracy are traded off in choosing the
length of the links in the network. Apart
from longitude and latitude, the altitude
from GPS data will also be used in this
study to separate speeds collected from
links that are vertically overlapped. With
this consideration, traffic links in this study
will be categorized into three types: road (at
grade), elevated (flyover), and toll road.

pairs,  are
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These link types and the other link
characteristics (e.g., location of U-turn and
road junction) will be stored as the local
parameters of traffic link in the database.

Table 2 Samples of GPS data obtained

from probe taxi
GPS_ID Latitude Longitude Timestamp Speed (km/hr)
1311042 13.581726  100.867721 2011-12-15 10:00:13 84
1310992 13.581680 100.867248 2011-12-1510:00:14 114
1311751 13.581893 100.867095 2011-12-15 10:00:22 85
65679 13.582565 100.861358 2011-12-15 10:00:26 71
1311401 13.583236 100.860351 2011-12-15 10:01:07 93

For each set of GPS data collected
from probe taxis, which some samples are
shown in Table 2, the map-matching
algorithm is adopted to check whether the
GPS device (i.e. taxi) is located on road
segments and screen out those data that
are not on the road segment (e.g., in the
parking lot). The location information will
also be used to locate the collected GPS
data into different links for determining
the average speeds that are used for travel
time prediction. Apart from the location
information, the collected vehicle speeds
will also be used in this study and will be
considered as the spot speeds of the vehicles
at the corresponding location (link) and
time. Before these spot speeds could be
used to estimate the historical link speeds for
travel time prediction, filtering procedure
will be adopted to filter out outlying and/or
erroneous speed data. For instance, if a
GPS device transmitted back a zero
vehicle speed while most of the other
speed data on the same link and in the time
period are greater than 80 kph, this speed
data will be considered as erroneous and
filtered out.

After filtering out the outlying and
erroneous spot speeds, a stratified

sampling technique is applied to the
remaining spot speeds for sampling a
balanced number of spot speeds from each
speed interval within each time period.
Such stratified sampling of spot speeds is
crucial for this study as the spot speeds
within Bangkok network usually have a
large variation (even they are from the
same link and in the same time period) due
to the frequent interruptions of traffic
flows. For example, considering a link
with a signalized intersection located at its
downstream end, vehicles will queue up in
front of the stop line of the intersection (i.e.
at the downstream end of the link) during
the red times. As the queue is building up,
the number of vehicles (probed taxis)
within the queues will increase and become
larger than those that have not joined the
queue. As a result, there will be a large
proportion of spot speeds collected from
the probed taxis that are in the queue as
compared to those that are not. Thus, if a
simple average of spot speeds is used to
define the speed of that link, this estimated
speed will be underestimated. To overcome
such an issue, the stratified sampling
technique divides the spot speeds into
several speed intervals and randomly
chooses the same number of data from
each interval for estimating the average
speed of the link (Table 3).

Table 3 Probe vehicle data stratified by
speed intervals

Speed Number of Randomly
interval spot speed chosen spot
data speeds
0-12 12 1,6,11
13-25 3 15, 22,25
26 —38 6 28, 30,33




RMUTP Research Journal, Vol. 15, No. 1, January-June 2021 199

The average link speed will be
estimated for every 5 minutes and classified
by different day of the week for further
uses in travel time prediction.

2.2 Definition of speed interval pattern
In this study, a traffic pattern, which

is used to match the current traffic
condition with the historical database for
travel time prediction, is defined by speed
interval pattern. For each of the spot speeds
and historical average speeds, the
corresponding speed interval is defined as:

~k | Lk
Vab,t - Lvab,t /SJ (1)

where v,  is the speed interval of link ab

ab,t
(or the link from a to b) in time interval ¢

and day k, V'

w: 18 the spot speed
(historical average speed) of link ab in
time interval ¢, s is the width of speed
interval, and x denotes the largest integer

that is less than x. For example, if the spot
speed of link ab (v%,,) equals to 21 kph

and the width of speed interval (s) is taken
as 5 kph, the speed interval (%, ) for this

spot speed will be equal to 4. In this study,
for each of the time interval (say 5 minutes
duration), the speed interval of the
average speed, which is determined by the
stratified sampling technique described in
the previous section, is determined for
each of the links (Fig 1a).

In this study, the speed interval
pattern is defined by the speed intervals of a
set of links that are spatially and/or
temporally correlated to the link under
concern (i.e., the link for travel time

prediction). In defining the spatial
correlation between links, this study has
adopted the idea of connection level. Fig.1b
shows the connection level of the
surrounding links to the link ab. In this
figure, link bc, bd, and be are the links
with connection level (i) equals to 1 as
they are directly connected to node b,
which is the end node of the link ab. Other
links in Fig. 1b (e.g., cg, cf, etc) have the
connection level equals to 2 as they are
connected to the end nodes of links in the
previous connection level (i.e.,i= 1).
Under such a definition, the connection
level of all links within the network
concerning link ab could be established.
Compare to the spatial correlation, the
definition of temporal correlation of link
speed intervals is simpler. In this study,
link speed intervals are assumed to be
temporally correlated in time interval.

M %H?

GRS b0 o—ob @
or i@ @*m{?}m@
() Spead mtervals (b) Connection levels of link ab

Fig. 1 Speed Intervals and Spatial Connections
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Fig. 2 Temporally correlated speed intervals
for link ab at day k and time interval ¢
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Fig. 2 shows the examples of
temporally correlated speed intervals on
different days and time intervals for the
speed interval measured on link ab at
day k and time interval t.

In this study, the speed interval
pattern is defined by the speed interval of
the set of links that are spatially and/or
temporally correlated to the link under
concern.

?, |
O~0=-0F 7. "
bo-b-09 | o-bl09
b~ $O+0-09
& & OG-0

Fig. 3 Spatially and temporally correlated
speed interval pattern in different days

Fig. 3 shows the example of speed
interval pattern on day k-1 and k-2 for
speed interval measured on link ab at
day kand time intervalz. In the speed
interval patterns given in Fig. 3, it is
assumed that: 1) speed interval of links
with a connection-level equals to 1 (i.e. i =
1) is spatially correlated to the speed
interval of link ab and, 2) the current speed
intervals are temporally correlated to the 3
preceding time intervals (i.e. -1, -2 and #-
3).

2.3 Speed interval pattern matching
(SIPM) for travel time prediction
Based on the definition of speed

interval pattern (Section 2.2), speed interval
pattern for the current time interval is
established and the historical database,
which is built based on the data

collection/processing method introduced in
section 2.1, is searched for finding the most
similar pattern (i.e., matching of speed
interval pattern). Due to the large number of
links in the Bangkok road network, an
efficient and effective pattern matching
algorithm should be proposed to ensure a
fast matching process for real-time
applications. In this study, the similarity of
two-speed interval pattern (e.g., the current
and historical speed interval pattern) is

. k
measured by a mismatch value, m, ,

defined as:

Vke K ()

~k ~n
v/',z—p - v/',z—p y

where mlk is the mismatch of speed interval

pattern derived from link/at current
timetand daynas compare to the
corresponding speed interval on day, P is the
number of preceding time intervals that are
considered to have temporal correlation with
the current time interval, / is the connection
levels that are considered to have spatial
correlation, Lf. is the set of links with
connection-level i concerning link /, and K is
the set of days in the database to be compared
for determining the mismatch value.
Typically, two different sets of K will be
considered: 1) set of specific days on a week,

K={n-7,n-14,n-21,..,n—K}, and
2) set of unclassified days,

K={n-1,n-2,n-3,.,n—K}. Based
on the above definition of mismatch value
(m,k ), the SIPM for travel time prediction of

link / could be formulated as following
constrained minimization problem:
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Minimize  Z, (8)=>_8'm; (3a)
keK
Subject to Z@k =1 (3b)

keK
where é‘,k =1 if speed interval pattern of

day k is chosen as the match of current
pattern (i.e. the corresponding speed
interval pattern of day £ is used to evaluate

the mismatch value, m,k , through

equation (2)), otherwise equal to zero.
Minimizing equation (3a) guarantees that
the chosen speed interval pattern, which is

determined by the variable, é}k , gives the

smallest mismatch value (i.e. most similar
pattern). Constraint (3b) is to ensure that
only one historical speed interval pattern
is used to match with the current one. The
above minimization problem will be set
up and solved for all links within the
transportation network that need a speed
interval travel time
prediction. Note that the formulation of
speed interval matching problem
(equation (3)) is general optimization
framework of which additional constraint
could be easily added to refine the feasible
solution set. For instance, an additional

matching for

constraint,

1<V, <3 VkeK,I'e L, pe[L2,...Plic[L2,...]]
, could be added to limit the number of
speed intervals, or the search space, in the
database for speeding up the searching
process.

As the mismatch value mlk 1s

defined by speed intervals, which are
integer variables, the above minimization
problem (equation (3)) likely has multiple

solutions (i.e., multiple days in the history
with the speed interval patterns that give
the same mismatch value as compared
with the current pattern).

Thus, to handle cases with multiple
matches, the procedure in Fig. 4 is
adopted to match/estimate the speed
pattern that is used for travel time
prediction.

Yes

s

Update: Compute
M, =M, u{m} m;

med _ K
s v =V
Either I_

D wWi=vF

2) ¥

3) v™=vF

Fig. 4 Speed interval pattern search for
travel time prediction

For the iterative loop on the left-
hand side of Fig. 4, the algorithm will

compute the mismatch value (mlk) of link

[ for each day k€K in a reverse
chronological order (i.e., starting from the
most recent day and then evaluate back in
time). Within these iterative steps, the
procedure will terminate whenever a
speed interval pattern in the historical
database (k = k") is completely matched

with the current pattern (i.e., m,k =0).

Then, speeds on that day will be taken as
the speed pattern used in travel time

prediction (v/"*), which is defined as:
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T
pred __ pred _ pred pred
vl = (Vz,m Vs Vyrers
x « « T x
N k k ok
= (VI,HPVI,HZ’ ...... ,v/mp) =v, 4)

where ¢ is the number of future time
intervals that travel time prediction is
required. If the speed interval pattern is
not a complete match with the current

pattern (i.e., mlk*;tO), the estimated

mismatch value will be included in a set
M and the mismatch value of next day (or
k) will be calculated.

After the mismatch value of all days
in the set, K is evaluated and none of these
days has a speed interval pattern that is
completely matched with the current
pattern, the procedure in the right part of
Fig. 4 will carry out to estimate the speed

pattern used for travel time prediction

(V7). Mo defines a set that contains the

smallest element(s) of M;, which is the set
of mismatch values for all days within K.
If the size of Mo (i.e., |Mo|) is equal to 1,
which indicates that there is only one
solution for the matching problem (3), the
speeds of that day (ko), which is

will be taken as the speed pattern used in
travel time prediction (v/"*’). The size of
Mo is larger than unity, which indicates
that there exists multiple solutions for the
matching problem (3), v/ will be

estimated by three different methods:
random sample,
closest speed pattern. For random sample,

average value, and

a day (k') is randomly chosen from the

set Ko, which is the set of days within K
with minimum mismatch values, for
providing the speeds

\s

rnd rnd rnd
k() — vk() VkO
Lt+12 VL4200 000 > L t+t?

: T
k)nd
)

used in travel time prediction. For

average value, each element of v/ will
be taken as the average of the

corresponding element of all the speed
patterns within Ko (i.e.
=sz",w Vi'e [t+1,t+tpp~

€K,

M,
For closest speed pattern, the day (kf)nirl ) is
chosen such that the speed pattern, not
speed interval pattern, is the most similar
(or the closest) to the current speed pattern

(ie., k™ =arg minii z
keK

p=l i=l l'el!

k n
V[.J_p - Vl',l—p‘ )'

Then the speeds on that day (ie.,
k(l]nin k(r)nin k(;nin k(l)nin

T
v, =(v,vt+1,vlvt+2, ...... ,vl’mp) ), will be

used for travel time prediction. With the
speed vector, v/’ estimated by various

methods in this procedure, the travel time

for link / in the future time intervals (i.e.,

t+1, t+2, ..., etc) could be predicted by

dividing the link length with the
pred

corresponding speed in Vv,

2.4 Architecture for travel time
prediction system in Bangkok
In this study, as the travel time

prediction system will be implemented to
the large-scale Bangkok network that
consists of 3,000 links, the feasibility of
real-time application will not only rely on
the efficiency of prediction algorithm
(Section 2.3) but also depend on the
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efficient flow of data between all related
large-scale databases.

= 1%
i = == —_—_ll
Ly BT A
ey @
|-:u',d;:x

Fig. 5 Architecture for travel time prediction
system in Bangkok

Fig. 5 shows the architecture of the
real-time travel time prediction system for
the implementation in Bangkok. In this
study, data collected from GPS, AVI and
various point sensors (e.g., Autoscope,
loop detector, microwave sensors) are
used to provide the necessary link travel
time and/or link speed data (Fig. 5).
Before these data could be used for travel
time prediction, they are filtered by using
the filtering procedure described in
Section 2.1 to provide link speeds (link
travel times) for different time intervals.
Based on the transportation network
extracted from the map, the link speeds
(link travel times) from different data
sources are combined to provide the
network-wide speed pattern for each time
interval and day. These filtering and
combining processes will be carried out in
real-time and the created speed patterns
will then be stored in the database as
historical speed patterns for travel time

prediction. To carry out travel time
prediction, speed patterns of the current
and preceding time intervals are taken
from the database for forming the speed
interval patterns as described in Section
2.2. With the speed interval patterns,
pattern search is carried out on the chosen
set of speed interval patterns in the
database for travel time prediction
(Section 2.3).

3. Empirical studies
The proposed SIPM algorithm and

the corresponding system architecture are
implemented in the Bangkok road
network for travel time prediction based
on the collected/estimated speed data. In
this section, the performance of the
proposed model is evaluated in link travel
time prediction (Section 3.1) and path
travel time prediction (Section 3.2).

3.1 Link travel time prediction
To test the performance of the

proposed model in the prediction of link
travel time, four different types of links
are considered: 1) link with free-flow
condition on a multi-lane road without
weaving, on- and off-ramp (Link A); 2)
link with free-flow condition on a local
side road connected to community areas
(Link B); 3) main road connected to
business areas with traffic signals (Link
(), and; 4) link in central business district
with traffic signals and U-turns (Link D).
The characteristics of these links are
shown in Table 4 and their corresponding
geographical locations are shown in Fig.
6.
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Table 4 Links for travel time prediction

Distance
(km)
Inbound 5.7

Link From/To Direction”

A Bang Khun
Thian —
Bang Khru

B Bangkok
University
Statium —
Tollway
Rangsit

C MRT
Ratchada —
The Emerald
Hotel

D  Pratumnam

Inbound 2.9

Inbound 2.6

Outbound 1.1
Ratchatawee

*Inbound (outbound) refers to traffic travelling

towards (out of) the centre of Bangkok city

Nonthaburi

P

:/\/ 2 %
) Samut Prakan

Fig. 6 Links and paths adopted in travel
time prediction

The Road network in Bangkok is
relatively complex as the upstream and
downstream ends of links may connect to
various types of roads, for example,
elevated roads, toll-way ramps, and
community streets. Fig. 7 shows the set of

links that are correlated to Pratunam —
Ratchatawee link (Link D) at connection
level i = 1. Among these correlated links,
which the traffic flow directions are
marked by the in  Fig. 7,
Link ef represents the flyover at the
intersection of Ram Inthra Road and Ramintra-
At narong Expressway (Intersection a).

arrow

Connection level i = 1

O O
O A @J V f Be Q;)!{mchma\\'cc O
Pratunam
& Q

Fig. 7 Spatially correlated links of Link
D (Connection level i = 1)

To demonstrate the variation of
speed interval pattern over time, the speed
interval pattern (s =5 kph, [ =1, P=1) of
Link D during time interval 09:20 ~ 09:25
is compared with the corresponding speed
interval patterns in the past 52 weeks and
the mismatch values are evaluated (Fig.
8).

Mismatch value
8

0 4 8 12 16 20 24 28 32 36 40 a4 a8 52
Week before

Fig. 8 Variation of mismatch values for
the speed interval pattern of Link D
during 09:20 ~ 09:25
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In Fig. 8, while the majority of the
mismatch values are between 30 and 50,
the minimum mismatch value (i.e., 20) is
found when the speed interval pattern of
21 weeks ago is considered. This indicates
that traffic pattern on that day (21 weeks
ago) is the most similar to the current
pattern and, thus, could potentially be
used in travel time prediction.

Table S Testing of pattern search parameters
for travel time prediction on Link D

Set (No. fftime K (Corrilatiun MIO\PE CPU time
intervals) (No. of day) level) (%) (seconds)
135 12 24 48 1 2
e o . 271 203
2 ® L . 2006 224
3 o o . 218 257
4 ® U . 1926 314
3 i o o 1713 413
6 ° . o 1740 564
MAPE :ij@xloo
=

where Y] is the actual travel time at time 7, Y is the predicted travel time at time 7, and

n is the number of dataset.

Table 5 shows the impact of different

pattern search parameters (P, I and K ) on
the performance of travel time prediction
on Link D. In this table, the mean absolute
percentage error (MAPE) is estimated by
comparing the predicted and observed
travel times in time interval 09:00 ~ 09:05
on 10 different Monday mornings. The
algorithm was developed in Java and
executed on a Linux operating system
with 3.2 GHz quad-core processor. The
CPU time in Table 5 records the required
time (in seconds) for carrying out the
proposed algorithm in finding the
predicted travel time. Comparing Set 1
and 2 in Table 5, it could be seen that the
MAPE decreases as the number of

temporally correlated time intervals (P) is
increased from 1 to 3. Such a decrease
suggests that the speed interval patterns of
Link D are temporally correlated with the
preceding 15 minutes (3-time intervals).
Thus, setting P = 3 could better describe
(i.e., more information) the current traffic
condition for finding a closer (more
similar) pattern in the historical database
and, thus, resulted in a reduction in
MAPE. For case P =5 (i.e., Set 3), despite
more preceding time intervals are used in
forming the speed interval patterns, the
MAPE is larger than that of the case P =
3. The reason for having such an increase
in MAPE comes from the low correlation
of the speed intervals in the two additional
time intervals (i.e., -4 and #-5) with the
current one. Thus, including these two-
time intervals in the speed interval pattern
may result in an incorrect match that gives
an inaccurate prediction of travel time.
Comparing the CPU time of Set 1, 2 and
3, it could be seen that CPU time increases
as the speed interval pattern are becoming
more complex (i.e., a more preceding time
interval is considered).

Considering the MAPE of Set 2, 4
and 5, it could be seen that as the search
space increases (i.e., K increases),
prediction error reduces and CPU time
increases. It is because, as the search
space increases, the number of historical
speed interval patterns will increase and,
thus, there will be a higher chance to have
a historical pattern that is similar to the
current pattern (i.e., small or zero
mismatch value) for improving the
accuracy of travel time prediction (i.e.,
reduction in MAPE). Considering Set 5
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and 6 in Table 5, despite the increase in
computation time, the increase in the
spatial connection level (i.e., /) could not
improve the accuracy of travel time
prediction on Link D (i.e., MAPE
increases as / is increased from 1 to 2).
Similar to the explanation for the impact
of P, such the increase in MAPE could be
explained by the non-correlation of speed
intervals between the second-level links

(L)) and Link D.

Sum up, the proposed algorithm
gives the best prediction of travel time for
Link D when P=3,7=1 and K =48.
Thus, this set of searching parameters will
be adopted in the remaining empirical
studies of this paper. In this initial

experiment, apart from the fact that |M0|

is usually very small (mostly equal to 1),
it is also found that speed interval patterns
that give the minimum mismatch value

. k . ..
(i.e., m; € M) will have similar accuracy

on the travel time prediction. Thus, unless
otherwise stated, the speed used for travel

time prediction (v/** ) will be taken as the

average of speed patterns with minimum
mismatch value (i.e., v/ =v") for

remaining empirical studies. With the
above set up, the proposed SIPM
algorithm (Section 2.3) is adopted to
predict travel times of the 4 links (Link A,
B, C, and D) during 09:05 ~ 09:30 (5
intervals) on 10 different Monday mornings.
Note that the travel time predictions are
made during the time interval 09:00 ~ 09:05.

Table 6 shows the MAPE of the
proposed SIPM algorithm and 3-interval
moving average of speed (MA) for travel

time prediction of Link A ~ D during
09:05 ~09:30. In Table 6, it could be seen
that the performance of MA in travel time
prediction decrease (i.e., MAPE increase)
as the predicted time interval increases. It
is because MA approach is directly
depended on the speeds of the preceding
time intervals for travel time predictions.

Table 6 Errors (MAPE) of link travel time
predictions for 5 future time intervals
(09:05 ~ 09:30)

SIPM MA *
Link Future time interval Future time interval
1 2 3 4 5 1 2 3 4 5
1321 1210 1385 14.61 1420 12.85 1455 16.03 2120 2245
1450 1522 1392 14.68 1532 1290 12.17 1546 1925 21.10
16.18 1639 1645 17.46 1584 1541 2094 23.88 2542 29.57
18.20 19.23 18.69 21.40 20.22 2245 2640 32.10 30.56 34.20

*MA = moving average of speed

TAOw>

Thus, error in the first few future time
intervals (e.g., 09:05 ~ 09:10 in this test)
will propagate to the subsequent
predictions and cause a substantial
increase in MAPE. For the SIPM
algorithm, the MAPEs are in general
smaller than that for the MA approach and
they are not necessarily increased with the
number of predicted future time intervals
(Table 6). It is because in SIPM
algorithm, speeds from preceding time
intervals are only used in searching the
historical database but not directly be used
in predicting speeds and travel times.
Thus, error in the first few predicted future
time intervals will not directly propagate
to the subsequent intervals to cause an
increase in MAPE. Also, as the SIPM
algorithm will independently search the
historical database for travel time prediction
in each of the future time intervals, it is
possible to have a decrease in MAPE even
when the number of future time interval
increases (e.g., Link A 1st and 2nd future
time interval).
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Comparing the MAPEs of SIPM
algorithm for travel time predictions of
Link A to Link D, it could be seen that
Link A has the smallest MAPEs among
the four predicted links. It is because, as
traffic on Link A is not interrupted (i.e., no
weaving sections, on-ramp and off-ramp),
the speeds along Link A will relatively
stable and could be closely represented by
the speeds collected at certain location on
Link A. Thus, speed interval patterns that
are similar to the current traffic condition
could be found in the database to provide
a more accurate prediction of future travel
times. On the other hand, the MAPEs for
Link C and D are higher than that of Link
A and B. It is because the traffic

Signals on Link C and D cause extra
delays (i.e., deceleration of vehicles and
waiting at the stop lines) that could not be
reflected by the collected speeds on that
link. Thus, the speed interval pattern on
that link may not truly reflect their actual
traffic conditions and causes an increase
in MAPE of the travel time predicted by
SIPM algorithm.

Fig. 9 shows the variation of actual
and predicted link travel times, which are
calculated from the collected and predicted
speeds for every 5 minutes, of the four links
(Link A ~ D) on Monday, 26th December
2014, 06:00 — 24:00. In Fig. 9, it could be
seen that the travel time predictions are
relatively accurate in the morning and
evening periods (i.e., 06:00 ~ 12:00 and
18:00 ~ 24:00), while most of the
discrepancies (i.e., the differences between
grey squares and black crosses) appear
between 12:00 and 18:00. It is because
during the morning and evening periods, as

a
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Travel time (minutes)
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Fig. 9 Actual and predicted link (Link A
~ D) travel times on Monday, 26th
December 2014, 06:00 ~ 24:00

the links are highly congested with the peak
period traffics, the traffic patterns (i.e., the
spatial and temporal variation of flows) and
the corresponding traffic characteristics (e.g.,
speed) are relatively stable. With such stable
traffic characteristics, highly matched speed
interval patterns could be found in the
database for accurate prediction of travel
times. On the other hand, as the travel
patterns and traffic characteristics are largely
varied during 12:00 ~ 18:00, prediction
accuracies reduce in this period. Comparing
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the prediction errors in Link A/Link B with
that in Link C/Link D, it could be seen that
the errors are much larger for the predictions
in Link C and D. It is because Link C and D
are located in the central business district
(CBD) with lots of disturbances to the traffic
(e.g., pedestrian crossings, bus stops, on-
street parking, etc). These disturbances will
cause a large variety of speeds on these links
and resulted in reduction in prediction
accuracies.

In Fig. 10, predicted travel times of
the four links (Link A ~ D), which are
predicted by the proposed SIPM algorithm,
are plotted against their corresponding
actual travel time. Based on the typical
pattern in  Bangkok, three
representative peak periods: AM peak
(09:00 ~ 09:05), inter-peak (14:00 ~ 14:05)
and PM peak (18:00 ~ 18:05) are considered
in this empirical study. In this figure, 30 sets
of data are predicted for (collected from)
each period as AM peak, inter-peak and PM
peak, and the corresponding coefficient of
determination (R?) is estimated. In this
study, a large R®> value between the
predicted and actual travel times indicates a
high forecasting accuracy of the proposed
SIPM algorithm. Considering the Rs in Fig,
10, it could be seen that links with stable
flow conditions (i.e., Link A and Link B
with R? between 0.80 and 0.86) have a
higher forecasting accuracy than links under
interrupted flow conditions (i.e., Link C and
Link D with R? between 0.64 and 0.75).
Comparing among the AM peak and PM
peak, it could be seen that the forecasting
accuracy for PM peak is, in general, slightly
lower than that for the AM peak.

travel
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Fig. 10 Performance of link (Link A ~ D,
respectively), travel time prediction by
SIPM algorithm
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As the start time of work is quite
similar (e.g., 09:00) for all travellers, the
link volumes in AM peak, which are mainly
home-based work trips, are relatively stable
and give a better forecasting accuracy. On
the other hand, as the PM travel demands
are spread out for a longer period of time
(e.g., people try to avoid the traffic by
shifting their time to go home or go to
other places first), the link volumes in PM
peak is less stable than that in the AM
peak and causes a reduction in forecasting
accuracy. For the inter-peak, as the travel
demand is mainly based on the non-
recurrent daily events (e.g., delivery of
packages by courier), the link volumes
and, thus, forecasting accuracies for this
period are substantially varied. To sum up,
the proposed SIPM algorithm gives a high
forecasting accuracy on link travel time
under stable traffic conditions that could
either be achieved by uninterrupted traffic
flow and/or congested travel conditions.

3.2 Path travel time prediction
With the testing of SIPM algorithm

in travel time prediction on single links
(Section 3.1), this section focuses on the
more practical use of the algorithm on
path travel time prediction. In this study,
four different paths, which are all formed
by a series of links, are tested: 1) Path E is
a path with free-flow condition on a multi-
lane road without weaving, on- and off-
ramp (similar to Link A); 2) Path F is a
path with free-flow condition on a local
side road connected to community areas
(similar to Link B); 3) Path G, which
contains Link C, is arterial connected to
business areas, and; 4) Path H is path in

CBD with traffic signals and U-turns
(similar to Link D). The characteristics of
these paths are shown in Table 7 and their
geographical locations are shown in Fig.
6.

Table 7 Paths for travel time prediction

Path From /To Direction” Links Distance (km)

E  Bang Khru — Bang Pli Inbound 4 19.7
F  Minburi — Watcharaphol Inbound 4 9.8
G Ratchada 4 —- Wongsawang  Outbound 6 12.0

H  BTS Nana — Udom Suk
*Inbound (outbound) refers to traffic travelling
towards (out of) the centre of Bangkok city

Outbound 5 9.4

To predict path travel times, the
proposed algorithm will first predict the
link travel time of each of the links within
the network for the next time interval
(e.g., 09:05 ~ 09:10). Then, based on the
predicted departure time of the first links
of the considered path, the speed interval
pattern that is used for travel time
prediction of the second link is generated.
For example, if the predicted departure
time of the first link is 09:11, the speed
interval pattern for travel time prediction
in the second link will be generated by
taking 09:05 ~ 09:10 as the current time
interval, ¢. The above steps will be
repeated for all links within the considered
paths and path travel times could be
calculated by summing up the predicted
travel time of all constituent links.

Fig. 11 shows the variation of actual
and predicted path travel times, which are
calculated from the collected/predicted
speeds for every 5 minutes, of the four
paths (Path E ~ H) on Monday, 26th
December 2014, 06:00 — 24:00. Owing to
the same reasons discussed for link travel
time prediction, the majority of
discrepancies between actual and predicted
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path travel times are concentrated in the
period 12:00 ~ 18:00. Similarly, Path G
and H, which are within CBD, tend to
have lower prediction accuracies due to
the frequent disturbances of traffic flows
along these paths.
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Fig. 11 Actual and predicted path (Path
E~ H) travel times on Monday, 26th
December 2014, 06:00 ~ 24:00

Comparing the prediction errors of
link and path travel time (i.e., the
difference between the actual and
predicted travel times in Fig. 9 and 11), it

21581599 1UALIVY ums.wszuas Uil 15 aduil 1 unsiau-dguigu 2564

could be seen that the prediction of path
travel time is less accurate and start to
have significant errors in
morning/evening period. The main reason
for having such reductions inaccuracy
comes from accumulation of errors in link
travel time prediction for each of the links
within the path considered.

In order to have a more detailed
analysis of errors in path travel time
predictions, Table 8 shows the mean
absolute error (MAE) and MAPE of the
four paths in AM period (07:00 ~ 09:00),
Midday period (13:00 ~ 15:00) and PM
period (17:00 ~ 19:00). Comparing the
MAPE of each of the paths for different
periods, it could be seen that the AM
periods have the smallest error while the
midday periods have the highest.

Table 8 Errors of path travel time prediction

Path Period” Time MAE MAPE

AM period 16.26 1.75 10.53

E Midday 20.52 2.76 13.33
period

PM period 19.77 2.63 12.62

AM period 13.87 1.74 12.02

F Midday 14.02 2.47 16.81
period

PM period 17.06 2.45 13.63

AM period 19.96 3.18 15.88

G  Midday 23.17 5.31 23.51
period

PM period 40.62 8.00 19.35

AM period 4448 11.06 21.56

H  Midday 3448 10.51 30.91
period

PM period 53.65 16.85 29.43

*AM period: 07:00~09:00; Midday period: 13:00~15:00; PM period: 17:00~19:00

-7
MAPE = Z x100

t

As discussed in Section 3.1, the low
MAPE in AM period could be explained
by the stable flows, which comes from the
concentration of demand during the AM
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Fig. 12 Performance of path (Path E~H)
travel time prediction by SIPM algorithm

period, of the predicted path. For the PM
periods, as the demand is spread out for a
longer period of time, path flows are less
stable than the AM periods and, thus, give
a slightly higher MAPE. Lastly, the high
MAPEs in midday periods are resulted
from the unpredictable path volumes (e.g.,
business trips) at this time of the day.
Thirty sets of path travel time data
(predicted and actual) from each of the
period (AM peak, inter-peak and PM peak)
are plotted in Fig. 12 with the corresponding
R? estimated. Comparing the R?s for different
time of the day and paths, it could be seen
that performance of the proposed SIPM
algorithm in path travel time prediction is
similar to that in link travel time prediction
(Section 3.1).

4. Conclusions

In this paper, the proposed system is
an extension of the real-time travel time
estimation system in BAL-Labs. [18] and
K. Sringiwai et al. [19] to path travel time
predictions for effective route planning in
Bangkok. For predicting path travel times,
this paper has proposed an algorithm for
the matching of speed interval pattern
(i.e., SIPM algorithm), which has
included speeds (or speed intervals) that
are spatially and temporally correlated to
the current link speed, of the current
traffic conditions with those in the
historical database.
interval pattern with
mismatch value, which is determined by
the sum of absolute difference of the speed
intervals as compared to the current pattern,
is considered to be the matched traffic
condition and the speeds in the subsequent

Historical speed
the minimum
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time intervals of that time and day will be
used for travel time prediction. For cases
with multiple historical speed interval
patterns that have achieved the same
minimum mismatch value, this paper has
proposed three different methods (i.e.,
random sample, average value, and
closest speed pattern) in determining the
speed pattern used for travel time
prediction.

To demonstrate the efficiency of the
SIPM algorithm and the performance of
corresponding travel time prediction
system, empirical tests are carried out on
four different links and paths in Bangkok.
In these tests, it is found that the optimal
speed interval pattern, which gives the
minimum MAPE in link travel time
prediction, should include 3 preceding
time intervals (P) and links in the 1%
connection level (/). Apart from the
optimal speed interval pattern, these tests
also show that the proposed algorithm for
travel time predictions under
uninterrupted flow conditions (MAPE:
12% ~ 15% for links and 11% ~ 17% for
paths) are more accurate than under the
interrupted flow conditions in central
business areas (MAPE: 16% ~ 21% for
links and 16% ~ 31% for paths).

Concerning the proposed real-time
path travel time prediction algorithm, there
are four directions of future work. First, the
development of multi-threaded processing of
the proposed algorithm should be completed
to further reduce the computational time for
practical implementation in real-time route
planning system in Bangkok. Second, an
adaptive traffic data fusion algorithm should
be developed to make use of other potential

sources of data (e.g., cell phone probes, GPS,
traffic flow data, etc) for improving the
accuracy of travel time prediction. Third,
location-dependent speed interval pattern
should be considered to improve the
performance of travel time prediction on
arterials and/or in congested areas. Lastly,
this study aimed to capture parameters
under uninterrupted flow conditions. The
main effective variable is speed. The
study of other variables and methods
would make the prediction more accurate
and would be included in the future study.
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