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HUMANOID ROBOT BASED ON STEREO VISION
TO AVOID AN OBSTACLE

Warinthorn Nualtim’

‘Department of Electronics Computer Technology Program, Faculty of Science and Technology,

Bansomdetjchaopraya Rajabhat University, 1061 Isaraphab 15 Rd. Dhonburi, Bangkok 10600

‘Email:nualtim@hotmail.com

ABSTRACT

In this research to improve humanoid robot was used to a single camera
vision for the RoboCup soccer league competitions in Thailand. This research proposed
the technique for humanoid robot avoids an obstacle based on a better vision system,
called a stereo vision. To get more efficiency, two Logitech 905 model CCD cameras
and microprocessor ATOM PICO 820 board can be used on humanoid robot to visualize
the object and obstacle. The humanoid robot can recognize the object called tennis
ball. The issue problem is mostly the robots bumping between competitions humanoid
robot league due to the humanoid robots were used a camera vision system. Using
two cameras for stereo vision can increase more angle of view than using a camera.
Indeed, one of stereo vision frameworks is used to disparity between left and right
cameras, and the relative baseline is fixed 5 centimeters. To measure the distance
of the humanoid robot can measure well at 20 centimeters between the obstacle and
the humanoid robot. As a result, humanoid robot to avoid obstacle was selected at a

distance of 20 centimeters optimized.

Keywords: Humanoid robot, Stereo vision, Baseline, Disparity, Recognition
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Introduction

In the research for robots have more become mostly importance for daily life.
On the other hand, daily life in an environment has more complex that did not the robot
to work as well such as intelligent robots, autonomous robots, medical robots, and UAV
robots. So any problems of the autonomous robots are the dynamic environment their
prediction to mistake. The vision system is one of the robots which can the robot work
better. Humanoid robot in the RoboCup soccer humanoid league competition 2010 is
used to the vision system to perform various functions such as object recognition, robot
localization, and obstruction avoidance. In the obstruction avoidance, the humanoid

robot is not only handling as well because the humanoid robot used to one camera

vision occurred as collisions between th robots as shown in figure 1.

Figure1 Humanoid robots were bumping between the robots
in the RoboCup soccer league competition used to one camera vision:
(a) Humanoid robot from Thai invention. (b) DRAwin humainod robot

with humanoid robot from Thai invention.
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Humanoid robot has practical application to avoid an obstruction and object
recognition that was a better vision system. This research aims to design accurately
stereo vision fixed baseline to attach on humanoid robot as shown a completely in
figure 2. Survey the paper from (Yasir et al., 2012) proposed the technique of image
processing system uses two images which can measure the distance of the object in
the images between left and right but object recognition that uses stereo matching to
find feature similarity in two cameras that use in the robot cannot be calculated in the
real-time. Generally source inputimages may come from either an indoor environment
for this research. In case, outdoor environment including vary illumination occurs
difficult to perform measurement and object recognition. Stereo vision to avoid obstacle
implemented on a humanoid robot falls into 2 groups consist of object recognition and
measure obstruction. In general, object recognition (Jen et al., 2013) proposed the
technique using stereo vision based-self localization technique and color segmentation
with five feature points and the stereo vision model is baseline extended to 10 cm
which is not suitable to attach on the humanoid robot head in the RoboCup soccer
competitions. In case segmentation from (Romi et al., 2016) proposed the technique
is color segmentation depend on group of RGB to covert HSV color and RGB to covert
YCrCb color. The method was only skin segmentation technique for human which
be not suitable to the humanoid robot for object segmentation. Another surveys from
(Siviram & Soma, 2016) proposed a technique called stereo matching cost for partial
face recognition contains low resolution as same (Wilman & Pong, 2012) (Ningbro et
al., 2016) images from surveillance video but computation time is the highest than
other approaches. The objective of this research designs a method to recognize the
object, and measure a distant obstacle compared with mono vision. A most stereo
vision system for distant measurement, which was error problem, is more challenged
to find the accuracy and is challenged to the navigation of autonomous robot for

obstruction avoidance.
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(a) (b)

Figure 2 Humanoid robot based on stereo vision:
(a) A front of the humanoid robot.

(b) A back of the humanoid robot

In this survey from (Maurice et al., 2015) proposed a passive stereo camera
creating irregular terrain and a rotating LIDAR scanner are efficient on rough surfaces
in the locomotion of the humanoid robot which requires two devices to conduct
research. Another survey from (Manaf et al., 2013; Signoret et al., 2016; Jonathan &
Ary, 2016) proposed the technique is stereo vision with a pair of cameras mouthed on
the humanoid robot to create a map for autonomous movement avoiding obstruction
that differs to apply real time for obstacle avoidance. However, stereo vision systems
are an important one of the autonomous robots such as navigation and recognition. In
this way, body-language from (Te-C et al., 2009) proposed the technique is posture
hand recognition based on local feature called SIFT. This approach uses Hidden
Conditional Random Fields (HCRFs) to recognize hand posture which was appropriate
better than used to object recognition. The rest of this paper is established as follows
the method below. Implement stereo vision fixed baseline prepared in the topic A

and Basic coordinate system of stereo vision provided in the topic B and Color-base
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object recognition as shown in topic C and Operation of humanoid robot to avoid an

obstacle provided in the topic D respectively.

Methods

A. Implement stereo vision fixed baseline

In this research applies stereo vision on humanoid robot head used to auto
detection-object from distant measurement (Jen et al., 2013). In this research for
humanoid robot soccer competition in Thailand 2010 to improve vision system avoid
obstacle with two cameras. The issue problem is mostly the robots bumping between
competitions of humanoid robot league due to the humanoid robots were used a camera
vision system. Stereo vision fixed baseline is designed on the humanoid robot head as
shown in figure 3. In the other research with stereo vision are mostly extended more

than 5 cm measured in the results that were accuracy.

Logitech

Figure 3 Humanoid robot head with stereo vision:
(a) Stereo vision fixed baseline model. (b) Implement stereo vision fixed baseline

to attach on digital servo motors.
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The figure as above using two Logitech 905 model CCD cameras for input
images captured as real time operation. The distance between left and right cameras
are baseline fixed as 5 cm to attach on digital servo motor as shown in figure 3(b).

B. Basic coordinate system of stereo vision

Humanoid robot to avoid obstacle is necessary to get knowledge as depth
information from two cameras with relatively coordinate geometry called epipolar plane
image (Jen et al., 2013; Jain et al., 1995). In figure 4, to given some any object point P
to present both images are left image (X) and right image (X)) included as epipolar
plane image called 3D projection. The 3D projection, we can be calculated that using
triangulation geometry. In the cameras for capture input images are knowledge to
internal parameter such as focal length for triangulation geometry. In the figure 4, we
can find a relationship of an equation as following.

d=X-X (D

Z=f*pb/d 2

Where dis disparity that was originated from the number of left camera pixels
minus to the number of right camera pixels, and Z is distance between two cameras
to object consist of b (baseline) is distance between center of left and right camera

where f is focal length of each of the cameras.

Figure 4 3D model epipolar coordinate plane system of stereo vision.
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In the camera consist of focus parameter from another research as (Tsung-S
& Ta-C, 2013) proposed the technique is a distant measurement of the object that
follows equation respectively as below.

Z = wd! 3)

w = bf (4)

Where w is focus value fixed parameter include b (baseline), f (focal
length) between left and right cameras. We can calculate new equation as following
respectively.

+1=1
1=1 (5)

1
zZ f

So we rewrite new equation of distant geometry as below.

fb

Z=7 (6)

We apply equation 5 and 6 solved as distance of object as following.

_ fd+fb
z=1% %)

C. Color-base object recognition

In this way, threshold-base object recognition for humanoid robot based on
stereo vision in our research only used tennis ball for object. The input images frames
come from together two cameras are RGB color 24-bit that was color space included
as Red (R), Green (G), and Blue (B). Survey the papers to convert RGB color space to
HSV color from (Romi et al., 2016; Eko et al., 2017) are only using HSV color excepted
YCrCb color because it was powerful skin segmentation. HSV color is the detail for
human eyes which were mostly familiar and in order to devalue various illuminations

come from RGB color as shown in figure 5.
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(c) (d)

Figure 5 Sample RGB colors convert HSV colors:
(a) Left original input image, (b) Right original input image,

(c) Hsv color of left camera , and (d) Hsv color of right camera.

Intrinsic threshold image, we separate objects from the scene in order to
image segmentation. (Nishad PM et al., 2013) proposed the technique is RGB color
space to convert HSV color. In this research, we using threshold for colors that are
not stored in the database will be ignored as background color and other colors were
converted HSV color. In this way, the object recognition is designed as the object and
obstacle color as store in database. On the other hands, the robot finds other objects
recognized an obstacle. The sample test, we using tennis ball for object and polymer

battery instance of obstacle, and measures distant obstacle to the robot indicated
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channel “Z” in depth as shown in figure 6. In the object recognition, the humanoid
robot to add more function center of mass is finding the object from right image source
rsrc (x, y) and left image source Isrc (x, y) as following the equation respectively from
(Jen et al., 2013)(Jain et al., 1995).

A=3r, X" Blij] (8)
X2 2 Blijl =X, X Bl j] 9)
yEi X Bl jl =X, X Bl j] (10)

All as above equation, A denotes an area of the object, and B is a binary
image from HSV color threshold, where X and y are the extent of the common center.
We can find the positions of X and y for center of mass of the object as following

respectively.

S, S jBli j]

.- (11)
A
5= Xr X Bl ] (12)
A
B
1§
g

X =400 Y = 40.0

2 on. X om. Yaon.

Figure 6 Sample for object and obstacle recognition.
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The color of the object is orange and another color is obstacle. The function
of two cameras receives images finding the object as reference in the database
separated colors by converting RGB to HSV color space in order to devalue various
illuminations and takes center of mass to add more accuracy for object recognition
from equation 8 to 12.

D. Operation of humanoid robot to avoid an obstacle

In this way, we apply stereo vision model to attachment on digital servo
motors controlled by microprocessor ATOM PICO 820 board. In order to achieve goal,
we use library Open CV from survey (Bradski & Kaehler, 2008) and combines with
program VC++2008. The function of humanoid robot is beginning from two cameras
to receive images and transmits to ATOM PICO 820 board for image processing. The
stereo vision model attached on two digital servo motors performed both pan and tile

to find the object. The humanoid robot can find the object with distant more than 20

Figure 7 The experiment for the humanoid robot is avoided an obstacle

by walking slide.
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centimeters between humanoid robot and obstacle that operates locomotion if the
humanoid robot measures distant less than or equal 20 centimeters to avoid obstacle,

and if the humanoid robot was not found an obstacle will to stop as shown in figure 7.

Result

Humanoid robot based on a stereo vision to avoid an obstacle is using two
cameras to receive two images with the position of the robot to determine a coordinate
system extracted feature to calculate disparity of image. The experiment to measure
depth for acculacy to avoid obstacle performed 10 times, and we setting the robot
infront of the obstacle (shown in figure 8) to measure of depth compared with standard
measurement as shown in table.

The humanoid robot can be movement at the 20 centimeters from the robot
to obstacle. Humanoid robot can avoid at the 20 centimeters from result of the robot

to the obstacle. In the criteria of measure, we select the resulting to small error used

for autonomous movement.

Figure 8 Experiment of humanoid robot measures distant an obstacle:
(a) Setting humanoid robot measures distant an obstacle.

(b) Threshold obstacle from RGB colors covert HSV colors.
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Table 1 Comparison measures an obstacle between test and standard.

ltem |Standard (cm.)| Test (cm.) Error (%)
1 10 12.8 28.0
2 15 17.0 13.0
3 20 21.2 6.0
4 25 26.8 7.2
5 30 27.5 8.3
6 35 28.5 18.5
7 40 33.8 15.5
8 45 35.7 20.6
9 50 38.8 22.4
10 55 41.3 24.9

From the table 1, the result of the distance between a robot with an obstacle
is selected as 20 centimeters for obstacle avoidance optimized into the robot to the
movement because in the RoboCup soccer league competition was used a field has
a long distance 6 meters. Due to, one of the intrinsic stereo visions to measure an
accurate distance is suitable to expand the baseline. In this research, we don’t care to
be remote and accurate due to the distance was fixed at 6 meters for RoboCup soccer
league competitions. In the other hands, we using humanoid robot base on stereo
vision to avoid obstacle for RoboCup soccer league competition to decrease collisions
between of the robot. Since 2006 to 2017 RoboCup soccer league competitions, we
investigate humanoid robot used as the vision system was applied one camera to vision.
Our research aims to propose humanoid robot base on stereo vision for RoboCup

soccer league competitions as shown in table 2.
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Table 2 Comparison of humanoid robot with our research
Type of humanoid robot Object recognition Obstacle avoidance
Thai invention soccer robot Performed Un-performed
DARwin soccer robot Performed Un-performed
Our research Performed Performed

Conclusions and Discussion

The results of experiment for humanoid robot based on stereo vision to
avoid an obstacle included as object recognition and measure obstruction. Using
two cameras for stereo vision can increase more angle of view than using a camera.
In this way, the experiment to measure depth for obstacle avoidance is performed 10
values, and the result at 20 centimeters optimized. The problem one of the humanoid
robots based on a stereo vision to avoid obstacles is walking of a humanoid robot
(Locomotion) in order to turn left and turn right made its falling on the floor made
microprocessor ATOM PICO 820 board shut down. Due to, the robot fixed baseline
of stereo vision model is 5 centimeters measured as distant obstacle becomes highly
error as well as the result of the distance between a robot with an obstacle is selected
as 20 centimeters for obstacle avoidance optimized into the robot to the movement.
In the future, our research can be applied to the blind for navigation that used stereo

vision with Raspberry Pi 2 board.
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ABSTRACT

This study focuses on the optimization of biogas production and the maxi-
mization of waste management efficiency. Co-digestion of decanter cake and crude
glycerol (GLC) on biohydrogen fermentation was carried out in the first stage and
then the effluent was collected and pretreated for the batch fermentation in the sec-
ond stage. This work was divided into 2 parts. 1) The semi-continuous fermentation
in 20 L reactor showed the optimal HRT of 2 days could maintain the fermentation
process and dilute the acidity condition. The maximum yield of hydrogen production
of 43.33 L/kgTSadded, hydrogen production rate of 0.89 L/L.d and energy recovery of
0.11 kWh/kgTSadded were obtained from the controlled HRT of 2 days with 1.5% GLC
co-digestion. 2) Pre-treatment of hydrogenic effluent from the single stage of biogas
fermentation by ozonation and thermal steam were conducted in 100 mL serum bot-
tles (working volume of 80 mL). Thermal steam pre-treatment of hydrogenic effluent
strongly resulted in the overall two-stage fermentation process. Results showed that
the maximum methane production (P) of 385 mL in the second stage was observed
at the condition of hydrogenic effluent pretreated by thermal steam. This work dem-
onstrated the practical pretreatment by thermal steam, byproduct from the Palm Oil

Mill, to improve the efficiency of biogas production in the second stage.
Keywords: biogas, crude glycerol, decanter cake, co-digestion, pre-treatment

UNU
T1aqiiuA AN WA ULUAINA N IWTBWEAY W auiiu TinsRsuwas
ANMEINTNP LA LN NNADLLDY N9V UFANUR9T AT DN AN LA UNa [N ANAN TN

FaLATHTNAlALATAAUTTN AN 2ININILUA QTANRIAINF 19U TENA UBNAINT



NIANTIREINTANNILUAT ganananenAgnsiazimnalulad
7 13 a1Tudl 2 (nangAx - fuanAn 2561)

e Cdesy o i o .
LUasTanadsanatTaidunnaan g dauualiiazniuansenulnanamAadainaay
AN al T AALUIAATUNITUILUAUTDLNAIN LT WL AAINATIN WL LU LN DN A LN
LUAINASINWN T A0 nuNa 1Y FanuaanasanunannuluiiuasfaadunnaInasants
dl = 7 [ U a 1 AI 3
myunaulduazluinaliiiailoyuisieduandes

Aalalnsiauldsunisaiani1sniina st uNA9I UL AU AR LLAIA N AN
WANIUANNTBURA DU MENGININATTHARN 7 (U Twsinu LAz NN 1E
Whud@amaelsng 2.7 win (Ramachandran & Raghu, 1998) wasnindasulalasiaulily
naauldlantaasdaniiunemadawindan 1M Afuaulaaantas lunsaaanbas
uazdainaslaaanlas tag napdsinlanlaauaanuiainnisidasulalasiauiiu

[ % rdal/ = oA 901 dl 1 o 1 QI v o 9;/ =® 1
NaRIWA I uEma s dawmaanAe 1atin daldidlusunseasadanndan F9uaInann
T lalasauilundssnugzann wanannilssansninnismn lnsaaslalnsiaulusnews
FruuuAzdAgendnisen g luesassudninduilingas e 50% (Ramachandran
and Raghu, 1998) damawasfinglalnsiaudnisznisfinaainnsonazin e lugduesuds
(metal hydride) 1o (Billings, 1991)

Usewalnailulsemanenanssunddngavdonaaiiluanuauninsauiaes
@aNNAAINgAANUNIINNITINBATIMAI NN AaNTRNA N 90NN T TunsuaRf N
al 3 aal v a =l a = & =
dannlasldwmalulagidanwls a1% naasaafLLATNINATNAWALALLADSITTLUBILAE
MAATUAINTINIUGAAIUNITHNITHAAUNN UL A NAULALHAAIUNTINF BLUDINAG
TuTadima TungzuaunI28A AN ULNANALURNANAILUNRNAAN LT LUNITHAR 1 Fu

1 Y a = '8 a o dl = dld o )
aznaldfinanINAzNauALALLAaT 42 DlansumaliluansdonltanaAnaninlunigtioun

a 2 =l dl = a al ¢ =® & 9; o U =

NARANITAAININLLAIANNNLFH AN 98U TETNANTN 89 tafiduaaatinninu e HuFunn
Aflulamssnaclilsfiuag 48 waz19 wafidusaastinninuianiuaiau (Onwueme
ams Singh, 1991) LazdA1 COD ot 880 niusanlaniutinutinuiis (Paepatung, 2009)
aqunadesesnuiiluaes@uiiinaingnainnssusaiiaanisnaslulasisa N1sUAR
lulafmanianannn1InIugagimnasnipduraatinduwazlade sanludatinduncinunng
Tduazldnaeseaniaauuignsaingd 80 wefidus iunanandandoaszunm
10 Wefidusd aasnanasn lulanimariaunn naLiaseain baaslANLTgnsan Uszneusas
NALEATAR 58-82% LANIUAAVIDLNNIUAA 1-2% 11 10-13% ldalfanmaalss 6-8%
ansilsznavaurisd (wWia/iefiaeamesd) waznialatuaasznlignindiiseuazdeng
\Waeeg 1-2% (Cvengros & Povazance, 1996) lunssuaunisinnaiiasea liLzgnativ
o , A A a o« = o v o N 6 v

FeINIUNIzUIBNITLENA1TBUYTdLATRLRRLUEY ] aan i ldRTuneuLaziAdldane
aanay lunsidlsseuawaluginamasaanuargnyinliBgnsNIN TN AR MLNE



Phranakhon Rajabhat Research Journal (Science and Technology)
Vol.13 No.2 (July - December 2018)

WAANUTLENARIUNIALAN LU AAANUNTINAUNIALAN N1INAR luTaALTaaINgNEW N3N 1%
= a = Y = =S A = ' o A o = a =
NALIaIaaLTgNIATHAUNUNGY Anaaniazaase llflsuninnaimeseatisgnd
Taumass welllasanniaqiiudnisneasaaeelss unan lule e i ua 1w uaIn
M IENN AR AALNINNWAINABINITUBIAAIANFAINIT AINANI LHINANNALIATIDAR L
oI o %3 = o v [~1 =l dJ
ANAY LNNITNIUNANEANALTATAALALINITEN AZNn1 b iNALmasaanateliluaslATaUTEILTlu
a13usrnavssiviel LaMTlun el a T uaumA s e AR 19N AIUANFAINILUININNIITANIT
NNl s Tamiasinadunisun U1 idugsf9sulunisuanigaan nwinaliinanig
o dl d? U a o dl 1 v al =® a (2 al
Fan1NmNIzaNTule Taaa T udAdaN 1N A RN1IIANHINITNARD 1IN LNUANN
naviasaany tagldnsruaunisudinuuylildaandian (Fountoulakis & Manios, 2009)
LazdnuAdauasdulaldnamasaailunandusisontdasiuansfasuan Tasluanu
93817949 Fountoulakis et al. (2009) %ﬁléﬁﬂaLﬁﬁmﬂm'qm'@ﬂﬁmﬁzaqumlﬂﬂmﬂmmmm
WAZHRANUNITNINTAS Limsuk et al. (2011) lfiAsanuisnsindaniunaLiaseaa Amon
et al. (2006) Ay Astals et al. (2011) @ﬂ%ﬂgaqﬂmﬁﬂémﬁmﬁLsnm@mﬁﬂwamﬂu
ANy
A = Ao A o | = o X Y a
waZINaANMI9NARERNUNN Tl A N12ANEI NS Ug N WL esFAUN AT AR AR L
paeanNFeuainlatiuazlalaunawdngnszuaunisu@ninadonin wagaaalavionig
NUNIWBNEIINUINTDAUDINT17USUaNA WA latiNTaw n1rdFugan naaelatinsau
Hannduldldludwssegaans desanleifaudunanannaes lAninTuszndng
A72UIUN2ATALNTUUNEN et T lalae i A lEae lun190AR dudan
o o dg‘, £ b o A 1 QI v £ = IQQJ
aa9n171inTaLassusaalalauudy Aaazluiuauiduduaadnaawazlinagns
DRNTUAUNIANAINBEN181AIN19111TR (Goel et al., 2003 LAz Weemaes et al., 2000)
=3 Ql a a a & 1 rqI/ al % a al &
souDuANsr@ninanwniseandladuy WeAduassnamesaa Tinataidunsnduvsd
semednaluanaldn o i nenezdinwaznianesin dedreseniadindgisenves
a o« v o \ o = Ao A o
qauvEe lunszuaunsmining@anawsiely faianuidaan ) ndnsldnssuaunislalan
Tunisdfuaninarssieduiniiuaec@anaudgnszusunisudn @y Arriunbaatar
et al. (2014) lain1sAnHINaraIN1sU5Uan Wl asALEasassLAa s iae g
AU AZA S LA laUUTRIUN LU UNNTHARRIGRING WLINNINTTLWNNTUSUEN TN
U v (% QI a al U dl = al % o
potiANFaulazlalauludua NIt NNANAR Bl T e e Ui un19uTn
Va1 ld 1un1sdFuan1widessdiu Pisutpisal et al. (2014) lavinnns@nsn
AN ANTAINWNTHARN T LEIATIAUTANINANN LA AN A28 TN TUFUZN N
Waasusaalalauudls WUINANNANARRNT LalATIAL ARATINITHARARNT LalATIAL LAY
ANAINNTD U e aant 217 A U T LU AU A NAR 1WAz Ua U7 T T L1



NIANTIREINTANNILUAT ganananenAgnsiazimnalulad
7 13 a1Tudl 2 (nangAx - fuanAn 2561)

al 1 96/ = d‘ ] % d’l U
HAngandtn@anlaniunszuaunisliuaniniiiasdiu

U TRIN L UIAANAZANHINITUNN AR TDAALLALNINAZNAUA L ALLADT
Alearnnszurunisuanlulamaan i ndnsanduiNanaml us1gaon 1w Tase 1w
mvmumm@ﬂ@mﬂLmuiﬂmmmﬁiumﬂgmmLm‘umu@umm (Contlnues Stlrred
tank reactor, CSTR) u@ﬂmﬂum@ﬂmmmauwmmmmmmmumwmmnmumm 1
w s s ulunssuaunainludunend 2 Wendndlufieiimy 39azaune

al dl a a =l dl £ o o 1% Ql 1

antfunureadaiiinainnssuqunisuantlulafmansasinlinindn wazivuyaan
NAKIATAAALILALNINATNAUALALLADS DawTlLN179AN12 a9 Ae e LU AT sANS AN
4940

% 4
dnuazalngal
1. NALERsaaAL (Crude Glycerol, GLC)
= a dl a o d” Yo o a o o 9; o &

naasaanLy 4 luanudds il IAfuA e ATIEITNNAIN LTI AFatiniulndx
o 1% d' a o =l Qo/ d' a - v dll =
e daNanwuziiudlinia (3UN 1) TarziinqezaslasinInns Naaman
Ax990UE44 (High Performance Liquid Chromatography, HPLC) TntilAnwianilinassing d
YRINALIRTRALAAI AT 1

= = a
3U" 1 naLteseasy



Phranakhon Rajabhat Research Journal (Science and Technology)
Vol.13 No.2 (July - December 2018)

2. NINAZNAUALAULADS (Decanter cake, DC)
= rdl a o d’l Yo o a o
nneznauALALAasN g luawdden TafuanayAsIziiiaINLTEm
qaany sl Wdulndn A1ie (8.uueslun) A.9ay3) InaiAINIHRaTENe o Land
11619799 1

¥
a a o

3. \@aqaunsd

P% 1
a a oAl

A a o n;lj [~ a = o‘élj dl v o o on =

waqauvzen 4 lunuddeiiiuqaurisdienannliniainszunindavige
wuvglaeail (Upflow Anaerobic Sludge Blanket, UASB) AMN13HENLAS AT A111A (M1111)
o o = dSI a a oAl o [~ <
Fandadynail deaauvsdNanwusiudiansanan

4. UIALESNUAUTIA 100 NARART WAZIUDALAASAUIA 20 AT

3NN LElun meaeaduanamsNeula 100 Raaans Unnuaatlnsos

anvdalAuLaziusanazglitlan Buinsnlddmiunimaasaindy 80 Aadans

ANSNN 1 ANANTRTE9NALTTeARLLAZNINATNAUALALWASS (Kanchanasuta and
Pisutpaisal, 2016)

Parameter Crude glycerol Decanter cake
Total solids (TS) NA 197,670 mg/kg
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NA = Not Analyzed
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ABSTRACT

This research was aimed to study the effect of 100% substitution of gluten-
free flour, which were sesame meal, Job’s tears flour, red bean flour, soy bean flour,
banana flour, sinin rice flour and purple sweet potato flour, on the qualities of gluten-free
cookies. The results were indicated that cookies made from sinin rice flour, banana
flour, purple sweet potato flour and soy bean flour, had higher hardness value than the
cookies that made from wheat flour (control) (1.69, 1.64, 1.56 and 1.48 N, respectively)
but, there is no statistically significant different value (p = 0.05). Regarding to the results
of sensory evaluation, it was found that cookies made from all studied gluten-free flour
showed non-significantly difference on adhesiveness and sweetness values (p = 0.05).
The consumers’ acceptability on cookies made from all studied gluten-free flour, the
gluten-free flours had lower score than wheat flour cookies except the cookies made
from sinin rice flour. Also, the banana rice flour showed non-significantly difference
from wheat flour cookies (p=0.05). The results from using principle component analysis
(PCA) technique revealed that cookies made from sinin rice flour, banana flour, and
purple sweet potato flour showed overall quality which were less spread rate and
crumbiness, high hardness and crispiness, and proper color and odor quality that

similar to the control sample.
Keywords: gluten-free flour, gluten-free cookies
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mwﬁ 1(a), 1(b) Principal component analysis: loading plot
and score plot of PC1 and PC2 describing the variation among

the different properties and overall variation among of gluten-free cookies.
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ABSTRACT

The purpose of this research is to study the effect of the characteristics of
light shelf on the reduction of the energy utilization of artificial light in the classroom.
Faculty of Humanities and Social Sciences Phranakhon Rajabhat University was used
as a case study. The building was ages between 40-60 years and itis worth preserving
traditional architectural styles. The study investigated a 8.00x9.00x3.50 m classroom
with an opening on south-east side. A total of 16 light shelves were studied in terms
of amount of daylight by using computer simulation DIALux 4.13. The recommended
illuminance level for the classroom used in this study is 500 lux. The result shown that
the best solution of light shelf for the reduction of artificial lighting energy consumption
was option (G)-9 (a glass window with exterior member of 30° inclined from horizontal
and without inside member). This option can create only energy consumption of artificial
lighting 130.30 kilo-watt hour per year and electricity cost of 686.37 baths as well as
energy reduction from the original building up to 75.87%.

Keywords : Classroom, Daylight, Light shelf, Energy conservation
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A151991 1 31 LULTR ST (Light shelf) uazunudlafildlunnsinmn
suuu 29ANIRIRIAT A aULEA
AALU
utlalal uiald  uuilenszan ansuan melu

1 (W-C)-1" (W-0)-1? (G)-17 - -

2 (W-C)-2 (W-0)-2 (G)-2 - 0°

3 (W-C)-3 (W-0)-3 (G)-3 - 30°

4 (W-C)-4 (W-0)-4 (G)-4 - 60°

5 (W-C)-5 (W-0)-5 (G)-5 0° -

6 (W-C)-6 (W-0)-6 (G)-6 0° 0°

7 (W-C)-7 (W-0)-7 (G)-7 0° 30°

8 (W-C)-8 (W-0)-8 (G)-8 0° 60°

9 (W-C)-9 (W-0)-9 (G)-9 30° -

10 (W-C)-10 (W-0)-10 (G)-10 30° 0°

11 (W-C)-11 (W-0)-11 (G)-11 30° 30°

12 (W-C)-12 (W-0)-12 (G)-12 30° 60°

13 (W-C)-13 (W-0)-13 (G)-13 60° -

14 (W-C)-14 (W-0)-14 (G)-14 60° 0°

15 (W-C)-15 (W-0)-15 (G)-15 60° 30°

16 (W-C)-16 (W-0)-16 (G)-19 60° 60°
Y(W-C) = wuthsnaunutlald
2 (W-0) = wniseuudalsd
E(e) = WHIFAN9LIUNTYAN
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929t (IHARIA AUl 99 9AN1UaNbaZAN1lL) 1eantinaeuwldtla (W-C)

agluaziansning

m;ﬂmmmmugﬁ‘ﬁ' 1- 5 wudn AmAlUEA99807 8.00-12.00 14, 109517
21 Hquneu 2560 ﬁﬂ'ﬂm’m@d@mdwﬁummyuﬁ 500 lux Hastan Tnsiisaziiomieas
gﬂLL‘LI‘LI‘ﬁI 9 (ﬁmzﬁ@uumﬁmu@ﬂgmLﬁmﬁl 60° mez”l,a\iﬁﬁmmé’mslu) YRINLNFING

uuldide (W-0) AaliiAnAIANADIA919RRLEINGA (842 lux) LAZNAANEBIAT

]
o

ANNgR (214 lux) AedNazviaulagtuuud 1 gluuuidnaesuingng (luiiasfieuuas

(39

%

Masnuuanwazanul) aasmtinAeuwlEtln (W-C) asinglsAmnuliugaaaanii 14.00-16.00 1.

b

NN LANM9IUNT4DIRINUNLITINEL AFN399 1 UBNAINTRINANTINN 2 hans LI
= A Y o a ealaal = = o
suvuresisuasngaaannisldndseulniiauassshngnangaas Ui fiauLas

v
1aa

JULLLT (G)-9 (Mearfiaulasfinuuanyudesi 30° uazldilnawassuly) Tnadnagld

a

AN UL AT AT FINe AN LAIadIeY 130.30 Ntadnd-dalueal waziiAnlninann

2

wasLlszhng 686.37 U wazA N NanasaINgluLuATANT2987ATT 75.87%
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NIANTIREINTANNILUAT AnnanenAtaniuazinalulag

A15199 2 A71ATWANNUNTNAU93 LU LRIUNALIAT 8.00-16.00 W, (lux)

21/06/60 Summer (lux) WAINU
giuuy = =
NUNAFINGR

8.00 am. 10.00 am. 12.00 am. 14.00 am. 16.00 am. (lux)
(W-C)-1 Base case J J J 324 214 286
(W-C)-2 v v v 393 289 211
(W-C)-3 v v v 388 284 216
(W-C)-4 v v v 374 278 222
(W-C)-5 v v v 366 278 222
(W-C)-6 v v v 348 265 235
(W-C)-7 v v v 342 259 241
(W-C)-8 v v v 340 257 243
(W-C)-9 v v v 400 305 195
(W-C)-10 v v v 372 283 217
(W-C)-11 v v v 364 275 225
(W-C)-12 v v v 363 273 227
(W-C)-13 v v v 380 285 215
(W-C)-14 v v v 371 280 220
(W-C)-15 v v v 371 279 221
(W-C)-16 v v v 371 280 220
(W-0)-1 v v v v 346 154
(W-0)-2 v v v v 418 82
(W-0)-3 v v v v 416 84
(W-0)-4 v v v v 412 88
(W-0)-5 v v v v 401 99
(W-0)-6 v v v 477 370 130

(W-0)-7 v v v 473 361 (W-0)-7

(W-0)-8 v v v 470 358 (W-0)-8

(W-0)-9 v v v v 429 (W-0)-9
(W-0)-10 v v v v 406 94

J umﬂﬁqmmmdﬂmdwLﬂamﬁuﬁhmmgm 500 lux
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A9 2 @@ﬂﬁﬁwﬁqmu‘ﬁ'mmmgﬂuuu%mmmm 8.00-16.00 u. (lux) (Fif)
21/06/60 Summer (lux) WAIY
guyu o =
NIAgIngn
8.00 am. 10.00 am. 12.00 am. 14.00 am. 16.00 am. (lux)
(W-0)-11 J Vv Vv Vv 402 98
(W-0)-12 J Vv Vv Vv 401 99
(W-0)-13 J Vv Vv Vv 417 83
(W-0)-14 J Vv Vv Vv 412 88
(W-0)-15 J Vv Vv Vv 411 89
(W-0)-16 J Vv Vv Vv 411 89
(G)-1 J Vv Vv 439 336 164
(G)-2 J Vv Vv Vv 422 78
(G)-3 J Vv Vv Vv 418 82
(G)-4 J Vv Vv Vv 417 83
(G)-5 J Vv Vv 468 358 142
(G)-6 J Vv Vv 440 342 158
(G)-7 J Vv Vv 441 339 161
(G)-8 J Vv Vv 440 336 164
(G)-9 J Vv Vv Vv 431 69
(G)-10 J Vv Vv Vv 407 93
(G)-11 J Vv Vv Vv 396 104
(G)-12 J Vv Vv Vv 396 104
(G)-13 J Vv Vv Vv 424 76
(G)-14 J Vv Vv Vv 415 85
(G)-15 J Vv Vv Vv 418 82
(G)-16 J Vv Vv Vv 418 82

Y MHNEDAANNARIATIURRETBAINIATT I 500 lux
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T (UN)

49

A9 3 wasulninugeadna Aladns-dalnaal) wazanluidinuaelszhin
wazA WA Nanae Wamaufugluuudsma (wWesidus)

5 o _ . alWiianas
sy, wmmu‘lvjﬁlﬁummw Al uslseRng om s
o (NaInR-galaa/1l) (un) PR P
AILAN (1asidun)
(W-C)-1 Base case 540.10 2844.94

(W-C)-2 398.47 2098.89 26.22
(W-C)-3 407.91 2148.63 24.48
(W-C)-4 419.24 2208.31 22.38
(W-C)-5 419.24 2208.31 22.38
(W-C)-6 443.79 2337.63 17.83
(W-C)-7 45512 2397.31 15.73
(W-C)-8 458.90 2417.21 15.03
(W-C)-9 368.25 1939.73 31.82
(W-C)-10 409.80 2158.57 24.13
(W-C)-11 424,91 2238.15 21.33
(W-C)-12 428.68 2258.05 20.63
(W-C)-13 406.02 2138.68 24.83
(W-C)-14 415.46 2188.42 23.08
(W-C)-15 417.35 2198.36 22.73
(W-C)-16 415.46 2188.42 23.08
(W-0)-1 290.82 1531.89 46.15
(W-0)-2 154.85 815.68 71.33
(W-0)-3 158.63 835.58 70.63
(W-0)-4 166.19 875.37 69.23
(W-0)-5 186.96 984.79 65.38
(W-0)-6 245.50 1293.15 54.55
(W-0)-7 262.50 1382.68 51.40
(W-0)-8 268.16 1412.52 50.35
(W-0)-9 134.08 706.26 48.92
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A9 3 wasulinasadng Rladms-daluea) wazA i Laslsshng (um)
LazA W Tianaa Lﬁ'mﬁﬂuﬁugmmu%@ﬁu (Uasidus) (sie)
. wé“qmu'lviﬁl'ummdw Al s seRng Lﬁ-:;v:?;:izilu
* (NlaInA-g2laa/1l) (un) L oA e e

AILAN (Lasidun)
(W-0)-10 177.52 935.05 67.13
(W-0)-11 185.07 974.84 65.73
(W-0)-12 186.96 984.79 65.38
(W-0)-13 156.74 825.63 70.98
(W-0)-14 166.19 875.37 69.23
(W-0)-15 168.07 885.31 68.88
(W-0)-16 168.07 885.31 68.88
(G)-1 309.71 1631.36 42.66
(G)-2 147.30 775.89 72.73
(G)-3 154.85 815.68 71.33
(G)-4 156.74 825.63 70.98
(G)-5 268.16 1412.52 50.35
(G)-6 298.38 1571.68 44,76
(G)-7 304.04 1601.52 43.71
(G)-8 309.71 1631.36 42.66
(G)-9 130.30 686.37 75.87
(G)-10 175.63 925.10 67.48
(G)-11 196.40 1034.52 63.64
(G)-12 196.40 1034.52 63.64
(G)-13 143.52 756.00 73.43
(G)-14 160.52 845.52 70.28
(G)-15 154.85 815.68 71.33
(G)-16 154.85 815.68 71.33
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YALAUDLLU
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annsaae luaisindiidadninluGesananldinn1ds asinafiudeys
114199 08.00 - 16.00 1. Tuan wiesduuvlilss (Clear Sky) Wintiu lunnsAneaiasialy
= @ v | = ¥ = a o ]
ArsEinsLiLdayalutasnanau Lazinsdngluuudueni an nwiesinuunimsndou
(Partly cloudy) 1138 @aNIWRsHN L LULENANIN (Overcast Sky) tialidayaiainugnsies
I GRETN
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YDUDLNITATY LIA.AT.UIAITION NIEATY AT.ATAT 43R LAz AT. U190

1
=

AUUnNBsA §iAEnEse o wazuiieiiulszaunisniaonuimusiEnsulagenis

a o

ar a X v -dl v o =
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a1AnsinTasaasAnealulatigna unssy TAnUsvass Al 1) NeANEILLLILNY
NITUAUNIWENINTBLLUBIAI9M Tneldninennaniagjetineanfiannne liiialsylomd
P = a - = LA ' R
BEINHUITANTNIN 2) VB ANEIZLLLLAYINIINHBAN UL e WA T8 WATLNLINTBY
TUEUENAIUIIN 3) NDANHILLLLNULUILGTIR N19a8ni LLNUNaN81904E N19aani UL
ginsndilsznauaiAnsas N13AANITNIINTNEINTIANTINA AN UIDIBIANT HANNT
UL BULLHUNTZLIUNIIWRWITNI UL LUBIATINT AN NA ATy NF a9 30uInIg
AanSIzndng annilpenssn walulagimaing waltuladlnidn wazmaluladienans
ATNINYTUINITRBNL LN M NINeNI NNt atneaianinaliifinlseTaadating
= = a oA AA e . : g -
Hlsr@nsnn Tnegduuuaduiinianineadeszrdiauoaaunineadasnnnansel

o =X v i’ dl 3| QI o |
YAans UnAns Tugiusguruidnresiuniugedniy
ANRIATY: NIRENLNTNTULLUBIATIN NUNA15190UE NINEINIeAng

ABSTRACT

Holistic community development project using of public space and using of
sustainability building resources is a research program which consists of 4 research
projects; Project 1: The design of sustainable public space for community development
holistically Project 2: The design of building components by technology of ceramics
for community development holistically Project 3: Electricity sustainable energy
management model for community development holistically and Project 4: The design
of water sustainable management model holistically. The research program picks up
the building of Faculty of Industrial Technology to be a pilot project. The purpose of
the study as follows; 1) to study the holistic community development process by
using limited resources which has the potential to be effective 2) to study human
behavior in the use of the public space both inside and outside the building with
the potential in the development of public space for the benefit of worthwhile 2) to
study the cooperation of relevant agencies and the role of community participants
between faculty of the industrial technology, Phranakhon Rajabhat University and
other organizations 3) to study the pattern of holistic practice in the design of the use

of public areas and to study the benefits, problems, obstacles and suggestions in
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implementing the pattern practice benefit integration. The results found that The holistic
community development process model is important to integrate with architecture,
ceramics technology, electrical technology and building technology in order to design
of limited resources, effective use can be achieved. The collaborative model among

relevant agencies, faculty, staff, and students as community owners is essential.
Keywords: public space, holistic development, building resources

UNUN
mﬂm:‘ﬂi:ﬁquﬂm:ﬂiim“ﬁmmmi@ﬂé’ﬁu'ﬁumm&’@uLL@:miﬁmm (World
Commission on Environment and Development) ﬂﬁ?ﬁwuﬁ@ﬂﬂ\ifi\iﬁu (Sustainable
development) LﬂuLLmﬁmﬁ%’?umiﬂﬂu‘?m*mnﬂmmquuiuﬂﬁ@ﬂﬂmiﬁtﬁﬁmm@ﬂmﬁﬁu
ImﬂLﬂumiﬁmmﬁ'mmummmﬁ@qmﬂmmgwﬁqmﬂ@aﬁu wazldnalfinananseny
@evinasaniswmunaasuyeeiiusallluauan (WCED, 1987) Inalinannsanuiua@n
am s

[ 1 aI/ A dl t4 o o % aa A o 3| aa
NITNENUNBENENE U mlmmmmwmiummmmm}@ 3 HA AR 1) NAAIUANAN SN

v A

g o °o o o o e AaX = = o
NAANAATYALNIWRLIAUNINTIANATU HN19ANEINTEEUINR HANLaansie
Tuadnuaznindduiiuacinags 2) FRfuesegia dulaniaud Ay iuss LAy ia
Patesn netNesiaiied In1srenafdanieATEgiaet MNAMAIN HAnasRLle
NLATHFAANNIAINNszUaunIsNARdusuuN1sNaRNunannasldnaTulagazen
= o % = aa v QI ¥ dl b4 ] o
AALFHILBUAE SNHIANINLIAREN ARNANY 3) HAAURILIAREN NlviANAIATY
Aunisldminenesssuans wardsiandenniegliiinAananna AuANUAINIANE
= o e % a A o = = = =
NNTININ wazarnsnaydnEnuyliganiwnnvralndmesan wanuInnga 1Anns
Usuulaswiruag lunisldninannsnianinetineduen Tnaniswmuias1989eiuy iy
NITATINANNANAATN 3 HANWTUAANTIINARNANARTEUINHAR AN WA
wisEgna AAGIURSUIAABN BE9NaNA (Shepherd, A. & L. Ortolano, 1997)
ann1unsAne I ueIANININaINTONATUANAANY 3 NAAINAILANENIT
Wanunatieestiu Inaldinalulatiazainlunnsa¥vanna FAN9AIUAIAN TEN19AIY
VAT FNALATNAN 1A URILINADN NElALWIAALLLBIATIN (Holistic Development)
] a o zdé’ o o o = o [ asf
wnndszenaldlulasansidaiinugudiAnainnisdnssuuAnsuuuedsannsia il
Forbes (1996) Lsina1991 dndiaymisnswmmnuusesdsaniuldlnug g Anyunann
NN9AANNIANELULIBNATIN THANNANATYABNNILTINAIINATI AINNNTUAAIANLTENTEN
sendnanyeinarseuy dulaun Tansssusif 4sAn/ guau AR LazanNag
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ARAARDIAHLUIANNAANITANEILLLBIATIH (Holistic Education Approach) (Miller. R,
2000) NITUIUNITNBUAULTIANNENAUSYNAIAGIUINaINNIATTLAzIaNTUAIT LT
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nsldnnsninennsatAnTeeinesgatis (Holistic Community Development project using
of public space and using of sustainability building resources) (1IN LA
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AdnAty: lulenins Aol iseuaadaneanlas Auaanes

ABSTRACT

This study was conducted to examine the performance of white clay as
catalyst filler for biodiesel production. White clay catalyst prepared with a calcination
temperature of 900 °C for 5.5 hr exhibited 12.57 %wt. calcium oxide converted from
calcium carbonate and providing strong base of 2.30 mmol/g. Furthermore, calcium
oxide was confirmed through characteristic of XRD patterns at 32.32°, 37.47°, 53.00°,
62.72°, 64.92° with a high porosity.

'H nuclear magnetic resonance ("H NMR) showed that palm oil could be
readily converted to a biodiesel product through transesterification by using 9 %wt.
(by weight of palm oil) calcium oxide catalyst: methanol (1:9) at 65 °C for 2 hr. The
maximum biodiesel production more than 80% was obtained and reusable up to
4 times of consecutive runs under the optimum conditions compared with the
commercial available. These findings have opened novel catalyst filler for highly

biodiesel production with economical and environment-friendly materials.
Keywords: biodiesel, calcium oxide catalyst, White clay
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516) ¥inuidn (%wt) NIRBEADN (%wt.)
O 54.397 70.863
Ca 40.147 20.951
C 4.132 7173
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Al 0.325 0.275
Mg 0.415 0.324
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ABSTRACT

The purposes of this research were 1) to study factors involving public
health projects management to obtain financial support from Local Health Security
Fund (LHSF) for Village Health Volunteer (VHV) of Chom Bueng district Ratchaburi
province, 2) to develop public health projects managing model and 3) to verify public
health projects managing model. Target groups of this research were 30 VHV of
Chom Bueng and 12, experts and practioners in public health project managing. This
research composed of 3 phases as follows: 1) studying factors step by documentary
analyzing and synthesizing, 2) model developing step by focus group, 3) verifying model
quality step by model operating, and verifying to confirm suitability model quality by
group discussion. Qualitative analysis were used document analysis and focus group

interpretation. Quantitative statistical was used average, standard deviation and t test.
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The study was found that 1) factors involving public health projects for VHV
comprised of 5 components, for instance: citizen health status, context of local Chom
Bueng district, VHV of tambon in Chom Bueng district, composition of project proposal,
and criteria for financial supporting from LHSF 2) developed model comprised of
(1) 5 factors, (2) 3 steps of project management process, preparing step, writing step,
and evaluating step, (3) follow up of projects that received financial supported from
LHSF. and 3) verifying model quality, it was found that after operating (X = 8.60, S.D. =
1.22), VHV had better in knowledge of project writing aspect than before operating
(x=4.23, S.D. = 1.57), with statistically significant at the level of .05. In project writing
effectiveness aspect, VHV had total project writing development in excellent level
(x=280.42, S.D. = 4.28). Evaluation of VHV opinion on public health projects managing
was appropriate in more level (X = 4.35, S.D. = 0.50), realistic to implement project

with some adjustment.

Keywords: public health projects, Local Health Security Fund (LHSF), Village Health
Volunteer (VHV)
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ABSTRACT

Cassava is considered one of the most important economic crops in Thailand.
Cassava roots are the most commonly consumed or processed because of high
carbohydrate or starch contents. However, cassavas contain cyanogenic glucosides,
which are enzymatically degraded to extremely toxic hydrogen cyanide or cyanide.
This work proposed an alternative method for the cyanide detection, which was rapid,
simple and highly sensitive, to meet agricultural and industrial demands. Based on
a colorimetric sensing for cyanide, the green-synthesized colloidal AG@Au core-shell
nanoparticles (NPs) were transparent purple solution and metallic core-shell NPs had
spherical shape with a diameter of approximately 22 nm. When cyanide was added to
the Ag@Au core-shell NPs solution, cyanide ion would etch the gold shell followed by
the silver core, leading to gradual change of the solution color from purple to orange,
yellow, and finally to colorless. The changes of the solution color could be potentially
utilized for the colorimetric sensing of cyanide in arange of 0 — 0.8 mM with a detection
time within 5 minutes. This study therefore reported a successfully developed cyanide
measurement technique that was suitable for utilization in import/export businesses

and classification of cassava varieties between sweet and bitter types.

Keywords: Ag@Au core-shell nanoparticle, Cyanide, Green synthesis, Colorimetric detection



Phranakhon Rajabhat Research Journal (Science and Technology)
Vol.13 No.2 (July - December 2018)

119

uni

Sudnzvdsieduitenmnssusui 5 idrdyresian seeaindnaana 41atne
d waziurse dudrdznaailuunasanflulawsnuaziiluanmsnanlunguilszina
NTNIANAZTUAN LU UaWEN1 auFFewEnI uaziATLew wazinistlnatneluutedou
NGIGL ﬁqﬁumwmm‘luumaﬂ?:mﬁ%qﬁﬂuﬂgﬂﬁuzﬁﬂﬂwﬁqﬁuﬂﬂ'wLL‘W?"M@W
wanzuananazldizinalalaansaudn ﬁuﬁqﬂwﬁaﬁqmmmLLﬂ@gﬂLﬂumamﬁmﬁﬁlu
Tavannuane i sudu dudadn wazuiledu %ﬂ%\iﬂ“\iLﬂufmqﬁuﬁlummamzﬁw%ﬂmﬂ
HAAINNITTNF 7] FAMIEUNEIY 1BN1UeA YARIUNITNNII GAANUNTINAINNTART
viaudiurudegilunegsa Inadszinenguitiisndsnangs 1dun uade ne dulailds
usda warans1sniglsransdinamedin widndezmalnaasiindaaniudlenas
@gui‘ﬁl 1% T09HANAATAINA TUSUALT 2 2099 n A BTN AeNEn 21% (Limsilaetal.,
2004) Lwiﬂi::mﬂ”l,mLﬂuﬂﬁ:mﬂ‘ﬁ'zd\m@ﬂNﬁmﬁmm‘ﬁuz@ﬂﬂwﬁqmn%miu‘lﬁ@ﬂ Wil
LW@ﬁ:ﬂizmﬁ‘ﬁ'ﬁﬁﬁﬁaNﬁmg\iﬂﬁ‘:mﬁ%'u 1 dhnanandlfluldiduewsreslssanay
melulszna luansidsamalneddudnlzudaiannilnatesunnidesanaulne
13lnadaiduainisnan ﬁqﬁuﬁuzﬁ’]ﬂwﬁqﬁmﬁmié’zﬁ'quium;%qgﬂLLﬂigﬂLme'\i'a@ﬂ
TnayafnIsdvaanaaInananud1zndslull w.e. 2560 J11nndn 68,000 A1ULM
(Thai Tapioca Starch Association, 2017) ﬁqgfuﬁuzﬁ’]ﬂizuﬁﬁqLﬂuﬁﬁﬂuﬁmmﬁ:@ﬁ@
ﬁzﬁﬁﬁﬁyﬂﬂ'wéwmﬂiumﬂim

Tuviudndendeuanannasiutlsiaiuunasanilulamsaluliuioman
fafigauraansalalaslaenila (hydrocyanic acid %38 HCN) visalagenlusd (cyanide)
Fiufimagdan Tneazilgvaseszuuvinlauazaduladin damnanisvieendiaudng
L1a8Fing - il Asey andau e lafads dnnszen nénuiegauuss welagiunn
uazanadedimnnlafululfunaman winnlFFuluFuailisnmagazanui
Waeuansitldiluasauilaiuield uaransilanansoaaneluidedudatunanadon
Tunstyaifeudsgliiersing Wsunadlaanlufluimdudidsndeasuniideden

g

13

wensineiu et fuaneiug scaznauazaninzwndanlunisasoAuln unsaewug
a1anulagedy 500 Aaaniusailaniutimindudnilendsan (mg HCN/kg weight
W78 ppm) UNAERUaNAWLLNEN 10 ppm (Rojanaritphichet, 1989) Aatiuasiaauaniiu

. 4 . o e e o o .
atannNazdesnmadadiunndaen ludlunanduefiuddzudananudasnsie
luntsuannaenaunisinlduilnm lneesAnisenvnsuasinEmIuiNaul 321111 A (Food
and Agriculture Organization of the United Nations YER FAO) Anvua LR LT 0

Taenluslaldiin 10 ppm (Li et al., 2016) AuiunguisEmiuantazuilsgluansined



NIANTIREINTANNILUAT ganananenAgnsiazimnalulad
7 13 a1Tudl 2 (nangAx - fuanAn 2561)

120
Tudrzuaananisuzlnanaznirdenan tudnasiiusiudu dudain wilsdy siuan vise
o % 1 < a o ] al dl % o 6 dl a
Judundnde Haanuandluetsgansaansaadnizuiaslasnlus darindlulseuuan
wilduaunalunjarainnismnadazunnlaen ludmanstinnldlun1sdneiadudnlenas
Tuwsdazdunan wiluinls llaudeindenazdassaanainlseany G9a1an1n1n3adn
Bunauldenlumidesdulngmnsanlssaumdaninisdediadnaldldiznisannuuaeany
nauanivensaadniEunnlasnludidunaoiulsanuvze fnanuuialan G9n19nsadn
Bunaulaanludlusdudrdendanaznandnuaiainduddenaalutlszmalnaninlolag
TRsn1smsziuuuFeuinevddeldieulafidudqaudas (enzymatic colorimetric
method) MNNIATFIULEY O’ Brien Nazinnisvndsunndlaenluslnanisainansseting
annuanfiuddzuaclaniuea nsanaanesn (phosphoric acid %138 H,PO,) uay
wilafauInnea (linamarase) Wetiaslaanluasinlnalalas (cyanogenic glycoside)
d‘ o‘d‘ dll 1 [ 1 ] 1 dall o %
aiuluianavaslaanludnidassdaiuluanaaauily nauasinnislaansiadnyinli
Wan19ilasudesng Aaaslu A (chloramine T) viga tw3au-lwenlalay (pyridine-
pyrazolone) wazaiAsnzfiiunnlaaludain@uesarsazanesdaagne deneunnsg
emuemasniaad (chemosensor) lun1smsadn (Piyachomkwan et al., 2005) w91
aalal A o = ° Ny oA A
chemosensor aztiluasniaulalun1sasiadanazinusanzgs widdads Aa
chloramine T W&z pyridine-pyrazolone fAnuiduis deananalFifinain1sui vavuin
A o dl % A 1 Y a a s v ] dl [ o
wsameladnunnidagaasdnlil vsanauwliiianainisiaudsludetnsgunsauleduls
dludunsnesiagnvinnisnsatiasziuazdsiandas (Liet al., 2016) Asugisznaunng
o a rdl ) £ dl [ % v a oA =S = %
waztinaneaansniuinnamadnlsunnlasn lud luiedjimnnisaeiiacusiasnig
3n1snsadaniaNlaenisgendn et warldianlunisnmadaiios umaunu
35N ldag luilaqiiu
o em o o vad .
aunIAutulanzlanianiaasnin lianuasiiuinlasuliainauinaes
@L}mﬂmﬂmﬂﬁmﬂiﬁﬂgmmﬁ?ﬁqLLmﬁG‘ﬂﬂdﬁ LR WG WaNANeY L3laLUUT (surface
plasmon resonance %38 SPR) @iilutlsangnieniiiinautdianisesseassndeiates
auniautulanziudanansresatsdaetemiduansladidannsn Tnadidnaseuiiasy
1319 0ulna8981NA (localized plasmon) #1H130AUAIANNDNABAARBINLAIIND
4‘1 1 [~3 t:ll ] 1 & a 1 "
20981 N WA 129AA UL U AN IARNNNIRNNTIZNU ZINARANITNBITFUR 11 ARARDES
. = e = @ A A
218991N1AUITUNDY (gold nanoparticles 138 AUNPs) azHa L AuNUNazLiuaLaeI917
LAZADAADEATBIBLNIALNTLEY (silver nanoparticles 138 AgNPs) AazHALUABILNUT
Azl uARWINY (Smith & Dent, 2005) wanaNUUaIBIATE9aYNIATNENATALATIHANT
WiLA109A00A0L S AITUAIHNA1L9IURSENe8N1EN AuNPs viTa AgNPs anldlunng
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n3adnLsunulaenlus luasdaedalnadaunednasuetagludqaniilan Weasann
Lo ludiarnainisnlunisinnsay (etching) ayniautulanslilauinianag
tnuntenisnaddtduanslsznavlanelaanlug (metal-cyanide complex) danaldi@ues
AaaaasmasuLlasldnintFunndaanlusluanssiaesing naname iemaudnduTe
laeluANNNINTW ARAADEAIEI AGNPs Az REUAAINAINADY ABE ] A19AT AUNTEI
n:l' aal o o s all al al 1

ugsazananlaluifiad A viuresneadaed AUNPs azllaauainduwmd Aae < a1949
aunseiailuansazanenlaliid (Panigrahi etal., 2005; Zeng et al., 2014) Faaziiulaqn
Aalasudnineuiiluneantsasudluinudimens aseintazuanizunaddaanlus
ANIN1IMIIATARNNNNITEUNAR AEIALL AN Aatiuvnldayniaululanze (bimetallic)
Tudanwueidlavzataniaduununasuazianzanaiiaiiluilaaniu (core-shell
nanoparticles) N3ilasudresneaanefaananafamsduiusiunisiin SPR VBIBUNA
nsulasuuilasdnadauszndnsiunlaentiulaznunans (core-to-shell ratio) LiNgaLAN Tt

L « od i v . . 4 4
ardanasani1suaaiudniasuldacliluesraanasflaasinetniau waza1u1saasug
Teuanalnuduinndnnisldayninannlanzineaiaimen

dd‘ 1 val oo a o o o 'S |dld
wane i unn laddnaaainnsdaassieuniaunlulanegndeyniatany

nasfuwnunasuarlaveRuiiuilasndy (Au@Ag core-shell NPs) (Zeng et al.,
2014) wWalflunisnsaadniFunalaanlusiuuFauneud TnaGufuduesnaaans s
AU@Ag core-shell NPs azilALandiiiasann SPR ravdulaneiuiiuilaaniy way
dl = [ 3 [ s ?.// a dl A £% o v a d‘ al
Wasnisdudanulaenlus dulansRundulasniuazgnazane vnlMinanisilasud
andwmaelilgduniilosain SPR aasiulanenasiiiunnunans wazunnlaenlusd
Hanududuinau ununaniifuaynialanznasazgnazaissialilaunseiananeily
ganstsznavlavelasnlusaumnn fnlhinanisdasudanndneadlulaluld nnslasug
Tuanwoueivinlidasanisszyiunalasnlusnviannsnsadalafosndan wane
ansaudlannie 2 Inudsaeiu atnalsfianunisldlaneRuiilulasnduananinli
Wannsaanlafszndnainuazdulans Suniiuinlaaniuaes Au@Ag core-shell NPs
o Zj/ 2 o K v o o 'S |A=4Id a [~
satiugRaaslainisdaansieyniaunlulansgndeynialans Suiiluinunatsuay
Tavevnaailuinlaaniin (Ag@Au core-shell NPs) linatlasiunisiinaenlas inlineaaaus
AANAINU BarR@DeTNINNINTR AnTians1d Ag@Au core-shell NPs lainlsinaaane
Wenisagulnudlaninninnisld Au@Ag core-shell NPs Tpaitinvdanuesial@diden
(green chemistry) Maennszusunisdasasisuaziduinssedawinden (Sharmaetal.,
2009; Williams, 2001) 1114 lun19491m31298 Ag@Au core-shell NPs @ wmiduisinlililsze nfld
TunrsmradnlFunalasn ludlusiuddendanuuiFaune ud
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28019
nnmasadlusiiseiintiseanity 2 naw An 1) NrduAMLiRaaanL e
Ag@Au core-shell NPs FeAaTiiuiniuAsunnden (green synthesis) LAZN199LATIZH
ANTANNUAILAZANTANINNLNINTBY Ag@AU core-shell NPs FHUATILTTY LAy
2) mimm@imﬁ?mmhmiuﬁﬁmwu’i’uﬁuﬁhm wuunFaudeudlaeldnisuaaud
289 Ag@Au core-shell NPs Tneflsneavidandaseliil
1. N19RWATIZI Ag@Au core-shell NPs A2ed a7 uinsAuaswInaas
luntsdamsziraaaasfuay Ag@Au core-shell NPs Ty dumeuLsn
AeeiIN19d9LATIZI AgNPs Lﬁ@lﬁlﬂmmuﬂmwm@qmﬂmiuiﬂmgj ndeanniiu
3@@‘@”\1Lm’]:ﬁ%ummi@mwmLﬂﬁ@ﬂﬁmﬁﬂiﬁﬁmﬁu Ag@Au core-shell NPs lunns
a1z AgNPs M lalaetingansazans AgNO, (Poch) AN N 1 MM NANAUANT
ATANY AR (Ajax) 1%w/v LLazmmzmﬂﬁﬂmama‘im (Sigma-Aldrich) AN NI
0.5 M lusmangau 1:1:1 udainnsinansazane NaOH aunsei pH UBIATHANLYINGL 8
uﬁamnﬁuﬁmﬁﬁmmmmﬁmLé\iﬂﬁﬁ?mé’wmm%‘@umnm?iuiuimmw (Samsung,
ME711K) ARNNE 2,450 MHz Srdalilnmingy 800 W ifluinan 3 widl avld AgNPs
gdviuldiduinunanaresayninutulanss
A115UNN949LAT1EH Ag@Au core-shell NPs i FlETeathaeanas s
2189 AgNPs naNALANTazaeinaanealnarudiudi 0.5 M Lavansazans HAUCI,
ALY 1 mM ludRadau 2:1:0.5 udaniudnsuanseifiaaiunan 6 9l uay
thaeasesdldllTinmeidnazAnsganaunasdaniniedidibaslninsfnes
(Avantes, Avaspec-EDU) WA¥ALATITHIUIALAZILT191890UNIAAENADIAANTTAL
ALANFATAULLLAR9HIU (JEOL, JEM-2100)
2. nsnsaadnlsunalgenluslnald Ag@Au core-shell NPs
TuntrazaadaiFunalaenludluaisazaalneld Ag@Au core-shell NPs
FoeRannauBandaudtiu duneuLInaziiniminanluniInada I aN e
Imim’mmmmieﬁmlum‘rmm@gm‘ﬁ'ﬁmmLﬂﬂ’m%’uwhﬁu 0.4,0.5,0.6 waz 0.8 mM adlu
ABANBYAURY Ag@AU core-shell NPs AFuATLlE Wdnmdan 1:1 udairllsns
ANAANALLAIYN 7] 1 W7 luaan 10 wn [HarinnisvnanlunisnsIadaimun e
Tmﬂﬁmimwmnmmﬁuﬁuﬁ'ﬁ‘wdwm'”nmmmwmmm?@mﬂﬁuumﬁﬁﬁme 500 nm
1B9ARARRLA Ag@Au core-shell NPs (Lﬁ@gﬂLﬁmé’fmmmmwhmiuﬁmmﬁm
AMENdUENS <) Auanlunisindnsen Sensunanlunispmadaiimunzanid
WEFIANNTAIN ABAADEAU9S Ag@AU core-shell NPs iniflugamsaadntBunaslaanlus
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InenanaIazans baen TuAnN AN NTWYINgL 0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7 LAY

0.8 mM fiuARaaaLAwaY Ag@Au core-shell NPs Tuansdau 1:1 ussaziaanwinny
o o Y o aa A o Y o P

A1 luNNTRFIRATAMUNIZAN LmeLﬂmmnLﬂ@ﬂuLLﬂa\ﬂﬂwmwmmm@mﬂ@uu,m

HANNTNARDILAZAANTOL
1. NAN1TRILATIZI Ag@AU core-shell NPs AaeRanitlusinsiuduinaas
Tunnmeaadldninisdansnzl Ag@Au core-shell NPs FeRamiluine iy
Fawnnden TneldansazaretinmaneaTnavinutiniIug 3sad (reducing agent) Wag
ANTATAN RN FTTINMTAT LT U s TN LT A s (stabilizing agent %38 stabilizer) wazld
panFauantulasonidudaalunisindfizen ‘Emﬂ‘f,mL@qmmﬁw:@mﬂﬁuwﬁmu
annlulastaniaunszuaunisfizandn nisldannufeununladidnvin (dielectric
heating) Tuiananiidaaziinnismsuansiianisinanlsfrasaunsiniinzeslalasam
LazAnNTREnAauAnAL eI Fein TN N sTanE AL FaLTIT AT ANE BN
AOLTIILAT AT (Phetsahai et al., 2016) ANNNINARBINLNE BTINaN TN AT
a198vAN8 AQNO_ dmnns Lazinmanealng unldanusaudaelulazon 800 W il

|

p ] = i oA A &
IR 3 UN W‘]J'J']@’]?ﬂgﬂqﬂqgl’ﬂ@ﬂu@’]ﬂiﬁblllm@Lﬂu@ L‘Vi@‘ﬂ\ﬂﬂﬂmﬂ']ﬂ’]?@ﬂﬂ@uu@ﬂ%ﬂ@;@
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all dl I o dl 1 1 al So/ a = o Y & aal A
NANEIAAY (A ) WAL 415 nm Bgag lugudnndu aeinliiiuaisazana HAaes

[ % v a o dl dl al al A d”
ATNUANNIINADATBILAY ALanslugil 1 nisulaaudresaisazaailudiuaesil
wansliiiudndl AgNPs 1inaumundnns SPR Tag AgNPs 1inTuiilasain AgNO,
Nazarsluuandoilu Ag” waznylansania (hydroxyl group) lulnianazesneaing

ag7and Ag” lnanedlu Ag® TefiAe AgNPs a4 (Phetsahai et al., 2016)

200 nm

gU# 2 NMaNE2e9 AgNPs AINNA899aNIsAUELANATULLLIABINIY

7U7 2 wanInndnaes AgNPs AoandedqanssAtaianasautLudedniu
W31 AgNPs ﬁ@”ﬂwmmﬂumqn@mﬁﬁmmLL@:VLN'Lﬂq:ﬂzg'uﬁu%QLﬂum@mmﬂﬂw
Lﬁummzzmmmﬁmﬁﬂmﬁuﬂwmmﬁqﬁummmmﬂ ez AgNPs HunaLduruAuengng
AW 22.3 0.1 nm il iduununandlunisdaiasnzd Ag@Au core-shell NPs
NANNINARRINLA LT ANANTAANE HAUCI, aslunaaaeesfaed AGNPs inliansazane
Aansasudidudandwaeees AgNPs ludtiasatinesmnids fuandluglil 3
Tmﬂﬁma‘ﬁlLﬁulﬂummﬂmmﬁmﬂmﬂgmitﬁSPR vawmasfifulAend et neanesd
289 Ag@Au core-shell NPs ﬁ'ﬁ\‘lLmﬁzﬁié’mﬁLmﬁzﬁ@Lﬂﬂmﬁ"’mm?@mﬂﬁuum ATl
meﬁqgﬂ‘ﬁ' 4 WUIAT A Senuntu neasuann 415 nm 1enaaaess AGNPs

11iflu 500 nm @aanAdeaiuNInfAnlsIngn19nl SPR aawnesilulaaniy
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517 5 nwenees Ag@Au core-shell NPs

u

AINNABIAANIIAUBLANATDULLLABINY

AINNINE8UBY Ag@AU core-shell NPs A8inA849a139AUBLANATAY
wundasrinu feuanslugfl 5 wasdliiiuineynediddentniiudiduasdannenas
flununansfiddgeuniizedanziiu Teuandldifiufednuosiiiu core-shell NPs way
wudngulssravseunipiansziilunsanas Tae Ag@Au core-shell NPs fifanszity
faumduinugudnatstessunAmaelszunn 22.2 nm fetuseslaveneiiil
Lﬂﬁ@ﬂﬁ:uﬁmﬁ@mguuﬁq AgNPs 1NAAINN197LAFEN A UITNI19aNT 2 nquseiu
Imﬂﬂzjuﬁ 1 ‘nndfnsenlalnslada (hydrolysis reaction) warifjfisaisaand (redox
reaction) 51319 HAUCI, ﬁumﬂ'”l,am@ﬂ%sluﬁﬁmmmﬂim PN ALY AUCT AILZA
TuannI9 (1) ANt AuCl azinadnsennansannaduiwdy (disproportionation
reaction) sigliliflu AU Feuandluaunisi (2)

AuCI” — AuCl (1)

3AuCl — 2Ag° + AuCl, (2)

LLﬂzﬂ@:N‘ﬁl 2 \inanunzeniaaniinszudnansazany HAUCI waz AgNPs
el Fuaansiilu Au iuiv (Wanga et al., 2016) Fauanslugunns (3)

3Ag° + AuCl= —* Au’ + 3Ag” + 4Cl (3)

TnennaAnUgAseniuzes HAUCI waz AgNPs \luanwnnvinll Ag@Au core-
shell NPs #111aaun1AANNI1WIAT89 AgNPs Miduununans
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A e A R =
R

717 6 LanInnanee9 Ag@Au core-shell NPs AatindadqanssAiaLanmsat
LULARS shumﬂm:lﬁﬂmqa (high-resolution electron microscope 438 HRTEM) T Lifiii1i1
TLRIZUNNTEMINTZUNL (d-spacing) TBNLIFNLLNUNANNNASRUNI1IRHANIANZRU LAY
= Y @ oAy = 1 ' = A Ao Vo
wasnduiniuddusesnanlanznes Tnsszazinsssudaszunuassnanlans Sundn ol
AWINAL 2.359 A ez 2.044 A mganugzund (111) wag (200) m@qgmiﬂgmm JCPDS
o o dl [~1 % =® a dld %
UNILLAT 00-004-0783 AxNaa L dadlulageairananaedlansSunataraadradunuy
FCC wazszezrinesendneszunuresuantanznasiilu aaniuiAwingu 2.355 A uas
2.039 A m3anusTunL (111) LA (200) m@qgﬁuﬁfmﬂmm JCPDS “inneia1 00-004-0784
ANAasy dailulpsaFreananaeslanznasnilasaadrailunuy FCC gannnsadiuguls
dnaynIANdanszilatansueniatiiy Ag@Au core-shell NPs
2. wangnsradndsunadldenlunineld Ag@Au core-shell NPs
Wagannlaenludiangnunsalunisazanalanserunianisnesiaiil
anssznevlanglaenlud asannsalineaansfuas Ag@Au core-shell NPs AdaLATNLf
Teannmaun 1 wWusansaadntFuindlasnlusuuufzaunaudlaannniain SPR 184
4 . Y 4 o o Y - A
aunaalasnludararsdulanenesiflunlasniuwasdulavs Ruinduwnunaisang
a1u Tnenalnlunismeaadnaueiu 2 Uisen dsuansluannisi 4) uaz (5)
4Au + 8 CN™ + 2H20 + 02 — 4[AU(CN)2]' + 40H" (4)
4Ag+8CN +2H 0+ 0 —> A4[AG(CN) ] + 40H (5)
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ANNANN9 (4) - (5) hanslsiTiudn laenlusannsaazanalaneneswazlanz it
y da a4 T A - ,
nelfaniaznieandiau daniafislfiseniiinldgdnisidasunilas core-to-shell ratio
wa9ayNA nalmianialasudtaznialasuiilasgiluuuanlnaiunisganaunasses
ﬂﬂ@@@ﬂﬂrAg@Au core-shell NPs

F“._‘- -
EE—— 1 . 1

0 0.4 0.5 0.6 0.8 mM

ﬂﬁ 7 nnlasudresneaants Ag@Au core-shell NPs
dl a v o‘d‘ v v 1
Weagnisndnaaisazanelasnlusnaanudindusing o

TunnenaadatFunadanludi i Randaudgaaiadanane Tuneunn
Fawinniswinanfidiienaugaiadunaiildluniemmadn (detection time) Toeild
ansavanelaenluduinsgiuanndnduringu 0.4,0.5,0.6 waz 0.8 mM asluneaaas s
Ag@Au core-shell NPs Tudmnsgdan 1 : 1 HANNINARINLINATRIADARREALLAEUANN
Araaiuddn 2waee wazlaldidetermFiauaanudnduaesansazanelaanlug
ﬁummlugﬂﬁ' 7 Vaidein A, 199 Ag@Au core-shell NPs fisumisaauenAdu
WAL 500 nm HA1anad nieauRaAanIaa i1 aednn Sy (blue-shift) A
Aauan 500 nm liflu 400 nm AsanansaldnisanasasAiniganaunasiiniumie
500 nm L‘ﬁ@mﬂLq@ﬂéuqmﬂﬁﬁ‘l,ﬁmﬂﬁﬁ?m%qLﬂmmﬁlumimm@%ﬁmmmaﬂﬁ gﬂ‘ﬁl 8
wanalifininneaaaas Ag@Au core-shell NPs wazansazanelaanludanunsn
ﬁqﬂ{‘jﬁ?mﬁuimmugmﬁmm 41 FunelFarnanuduaasnemiiaad usiiteaanu
ﬁu%fj’mﬁﬁ?ﬂﬂﬁéuzgmmLL&’Q@?@ Aaanuualil detection time 283N19A9IATAWNAL
5171 AatiuAsanunsasvua feulaluntanaadaBunadoen ufuuunReuideudlE
IngldnaaaaurAaas Ag@Au core-shell NPs FRuALTY Ine S nadauTunnsae
aaanasdfagsaratslaenlufyinAL 1 1 uardaunnavessansarareilaeuulasly
SaanlunsuaNanvaEedyingl 5 Wil



Phranakhon Rajabhat Research Journal (Science and Technology)

129
Vol.13 No.2 (July - December 2018)
0.30
0.4 mM
—s—0.5mM
0.25- -_______,_- m - : J_._06 mM
e —=—0.8 mM
0.20
| ]
§ R u L
é 0-1 5 n ./.__’_- | | L ] u
I/
0.10
0.05
000 I T T T T T T T | !
0 2 4 6 8 10
LA UYL NN (W)
517 8 NIWLAAIANUENTUTILUINAINTAANITBIAINITYANTUUES
ALY 500 nm (AA ) 2839ARA8RLA Ag@AU core-shell NPs
' 500 !
Wagniiusaaansaraelaanluduinsgiuiunanldlunisvindjisen
f 19 | £ ‘ "‘ | : | I
66 6 66 66 66 66 66 66
S— | — S S— S— —
Q ;\ B ; !g - “" m &E.Tj l~ JI 3 ;n P ;l l: ’.|
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 mM

5U% 9 nsulanuduesnesaen’ Ag@Au core-shell NPs
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ANNIT NG 0-0.8 mM Haldanlun1aadavingL 5 Wi
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nantsazaadnFunalaen lusuuunFaunaudlslaeldreaans fues AgaAu
core-shell NPs wanslugily 9 fauansldiviuinialdaisazanelasnludaslunasaass
2189 Ag@Au core-shell NPs laenludazinnisazatadunaslanenasniiulaandis
Wuneas aunseiedureslavenasnaly waeiNesduaas AgNPs Miluununae wae
azazany AgNPs l#Rauamanaswazuunbiliiunienisnesqduaislsenevlans
loenlud dreenaassasadlasuainduiiaiuddu 2uaes wazlaldtd muansu n19d
Windresneaaesdliuddn inaindsingnisal SPR raslanenecdaentuiidenaumas
U949 AT SPR 2189Tans RULNUNANLN9EI1ANE 8NN R9Naaiud luanereiily
= VoA a A A = aa A ~ & P
Ananszuinedsnsaaslanenaalazdivansrealanz iy Te@nasuuiasldineatiulé
¥ 1 dgl 1 ¥ ¥ dl ¥ s ¥
poamlanil anunsauendasanudndureslaanludluaisazaraNsesnisnsadnla

G

NRFeRLane L iuINa1unIndaunsef Ag@Au core-shell NPs Taeldas
Miuinsnudsondanls Laza1u1901n Ag@Au core-shell NPs undszeinstldine
nzadalunalaanluslugnrazaralngldaanisFaumaudls deidaelunismnsade
AN TRl me lLAFAE 0 - 0.8 mM wazldanlunisnsaasawives 5 Wi AnLilu
35N19m99adANAzA9N 790159 Lars1agn Iaaldunulunisnsaadniines 45 Un/fating
4 f X, . do o s .
TINTIANAINIINT TR N URTIAT AN lEe N Tus a1 sarataRfatndinaInANels s
winnzanNazi U9 lunrsasaazunolaan lusinunisldansaaasiiu N vize Insnu-
Inatalau Tnedresmeaanss Ag@Au core-shell NPs azidasudainanag iuddu
N oA & yNa v o - o X o
Aaed waznangiluansaranalaliig et uduaas e lusmnugan wanannayld
WWaLandaA N N waadlaenludlandn Saarni1rauanmad tlaandalunisuam
paanaunisinliizlnanazanuuniugiudndenasiuiseanduiugununasiugunld
fatl 1NAUBIA7AANETIANT LR NI L AR N AN T N wraa taenTus LadiRw 0.2 mM
oI/ A o o o A a % 6 o o ' t:ll o o a I a
JuAsudnlzndaizenandaiiudnlzvaantinnnnsaadalusunadlasnluslsdifiu 10 ppm
annTndeeanlAnuNInIgIuIed FAO windzesansaraeitasuiudduvvedivaes
baaIINNAN NTUaaalaetwA i AL 0.7 mM duAadud U udanranans el
Judlendsntinnasmadadfiunnlaanludldiiu 50 ppm dnfudiudilevaaiugnanu
LATUNNATBIR7aT A AsTINATA waReINR AN NTWaa9 g luANINA97 0.7 mM
oI/ = o o o A a o & o o o dl o o & 1
dupaudrndsirenandusiiudrdeudsninunasaadadlsunalaanludgenan
50 ppm Aaiflududlendsiugan gelindatduuenainazld Ag@Au core-shell NPs
A mFunsadnilsunadlaenludlududndeudsliugn dsanunsorinlddszgnsdldlunas
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navadatunndlaenludluaisazanasine en1sALANAMNINNINARYTENITLTTIHY
ATNIWLURITN L ABNAE

nefAnssNilszniA
2 o a '8 a o = v =
ATUZEIREURVRLADIAILANGIANERT NUNINLIRLINATUIAENIZABNINANTULT
all v [ a o ] a oA = o o [ %
nlinnsaduayuuddy wazrereufuidsedfiRntsmalulatiuilegisiudnlznas
wazwils (Cassava and Starch Technology Research Unit) Ainasanigliaanusauile
FENINAUAUFIANITNL AT ATUIABTINWULINTIR (BIOTEC) NMNANYNABINHAIANART
aa [ s % o [ 1 -dl ¥ v dl
wazgaisanfuimududdendsuialszmealng Aayeseilideayauaziloyuin
wutaa lulaqiiuinaaiunisnmadaiBunlaenlud

LaN®19a1984

Li, Y., Wanga, Q., Zhou, X., Wena, C.Y., Yu, J., Hanb, X., Li, X., Yan, Z.F. & Zeng, J. (2016).
A convenient colorimetric method for sensitive and specific detection of
cyanide using Ag@Au core—shell nanoparticles. Sensors and Actuators B.
228(1), 366-372.

Limsila, J., Limsila, A., Jaroenrat, S., Kathong, S., Tongklum, A., Wongkobrat, A.,
Junkhum, J., Sethasuk, J., Narintaraporn, P. & Thongsri, S. (2004). Cassava.
1 Edition. Bangkok: Idea Square Limited Partnership. (in Thai)

Panigrahi, S., Kundu, S., Ghosh, S.K., Nath, S. & Pal. T. (2005). Sugar assisted
evolution of mono- and bimetallic nanoparticles. Colloids and Surfaces A:
Physicochemical and Engineering Aspects. 264(1-3), 133-138.

Phetsahai, A., Thamaphat, K. & Nuntawong, N. (2016). Green synthesis of colloidal
silver nanoparticles for surface-enhanced Raman scattering. Phranakhon
Rajabhat Research Journal (Science and Technology). 11(1), 116-127.
(in thai)

Piyachomkwan, K., Wanlapatit, S., Chotineeranat, S. & Sriroth, K. (2005). Transformation
and balance of cyanogenic compounds in the cassava starch manufacturing
process. Starch/Starke. 57(2), 71-78.

Rojanaritphichet, J. (1989). Plant culture, processing industry and utilization of cassava.
1°' Edition. Bangkok: Department of Agronomy, Faculty of Agriculture,

Kasetsart University. (in Thai)



NIANTIREINTANNILUAT AnnanenAtaniuazinalulag
132 o Y A .
19 13 211Uy 2 (NI - FuaNAN 2561)

Sharma, V.K., Yngard, R.A. & Lin, Y. (2009). Silver nanoparticles: Green synthesis

and their antimicrobial activities. Advances in Colloid and Interface Science.
145(1-2), 83-96.

Smith, E. & Dent, G. (2005). Modern Raman spectroscopy - A practical approach.
West Sussex: John Wiley & Sons.

Thai Tapioca Starch Association (2017). Exporting tapioca product. Retrieved April 2,

2017, from http://www.thaitapiocastarch.org/th/information/statistics/export_
tapioca_products (in thai)

Williams, . (2001). Environmental chemistry: a modular approach. Chichester: John
Wiley & Sons.

Zeng, J.B., Cao, Y.Y., Chen, J.J., Wang, X.D., Yu, J.F., Yu, B.B., Yan, Z.F. & Chen, X.

(2014). Au@Ag core/shell nanoparticles as colorimetric probes for cyanide
sensing. Nanoscale. 6(17), 9939-9943.



UNAINNIAE

NAUDINTHANFANTTN UL DAL UL TANYR A LU
LAZNISLNAS LNTINSIATUSINNUNITAALLUTAINTDU-ANTU
ARIRAFTL O

EFFECT OF PRODUCTION RESISTANT STARCH
BY USING PULLULANASE ENZYME AND RETROGRADATION
WITH HEAT-MOISTURE TREATMENT ON LEGUME STARCH

ARNT Faugasnd’ uas qild Taktlswn’

'anandranananiuazinatulagnise s anganernaniuazmalulad auninendusaipnzuag
NIUNNUMIUAT 10220
lsetfuRntamalulagulsglindrdendtuazuil guaiugianssuuazmalulagd@oninumags

NIUNNNUIUAST 10900
Sasiporn Rattanasuwan' and Sunee Chotineeranat’

"Department of Food Science and Technology, Faculty of Science and Technology,
Phranakhon Rajabhat University, Bangkok 10220
’Cassava and Starch Technology Research Unit, National Center for Genetic Engineering

and Biotechnology, Bangkok 10900

‘E-mail: sasiporn@pnru.ac.th

UNARED

wilsuazannia Li’“_“’lul,ma'\awﬁwmﬁzﬁﬁﬁtymmmg:rfj‘ Lﬁmﬁ’h@jéwmngﬂﬂ@ﬂ
b anauazgedsidngnszuaden Fanitimalunszuaidentiunnmnndaa
Tinanazlsndau mma‘tﬁmﬂ;mmwimﬂLfawq:Lfiuslﬂfmm3§mﬁ‘13ﬂﬂumumﬂumma
L‘ﬁ@zgmmw AR AN Na 10N THAR AR UsAenI st IinT 3 (Resistant
Starch Type 3: RS3) ANEMFTANTEN SRILAZEALAINA9 TAEENUNNIFARSERaEN
mmé‘nﬁqé’fmmuiﬁﬁﬂmmgmmmﬂ?mm 0.02 ﬁ@?ﬁm&i@n%u@m%ﬁﬁ@mmﬁ 50 aATaLTEa
Wwaan 36 Galus wudn anouganfmudenanas uaziletusmatnafitiunisdian
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NN 4 avreraidea una 0 1.3 7 waz 14 Ju vinuwiaiuuntitianuds (freeze
drying) WL31 apnfTanndaisanmiln Huunltinae Bunan fnutaaingatu Ay
UAR8E NARFTTNHIUNIAANINIAALLIFINARNTZUAUNITANNTEU - ATNTU

WU AR STRRYINaNTHARLEN AR FIULiaeLANg9TU (p < 0.05)

AdnAy: uilimutias anifain eulmdyagaiua n1shusa nadaLilsaanFausauiu
AN

ABSTRACT

Flour and starch are importance of human energy source. It was digested
to be sugar and absorbed while consuming to body. A high content of sugar in blood
vessel caused an obesity. Functional food, especially food fiber have been used to
be an ingredient in healthy food. The objective of this study was study of production
of resistant starch (RS3) from mung bean, black bean and red kidney bean. Legume
starches were debranced by Pullalulanase enzyme of 0.02 ml/g of starch at the
temperature of 50 °C for 36 h. The study found that resistant starch was reduced
(p<005). The debranched starches were then aged at 4 °C for 0, 1, 3, 7 and 14 days
and were dried using freeze drying. The result showed that starch from 3 types of
legume were higher of resistant starch (p < 005). The debranced starch was modified
with heat-moisture treatment process and the result showed that increasing of resistant

starch were observed in 3 type of legume starches.

Keywords:resistant starch,legume starch, pullulanase enzyme, retrogradation, heat-
moisture treatment
UNUI

flaqiiu fuilnafAdnis148anRtuaaazaananie deualdfingdnssy
ansAlnalasunas Tnadnimsinaemisuuunzdunnuiniy wnldiilennades
Aan19iialeasng o w1 Teariala Tsamransulaiings lsawvanu Isadaunaslsnnziia
mwﬁmm"ﬂﬁ;’gﬁiﬂﬁiﬁmfmuﬁldlﬂu@mmwmﬁu ieantlaseidasianininlsadng
TN mﬂﬁ@ﬂmamﬁm%ﬁ'ﬁ@mm”mw‘ﬂmmmw’?‘@mmﬂﬁ@@mmw (functional food)

= = . X de . g
AsiuualulAuaontaninauaSiulawsandnag luamisgunin 1w anusng
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luavnsgeviteensinanslulamsnan amfnduwnaiiuazananslulamsm
ﬁa?qﬁn&mmméwmﬁmﬁ pnstiaeaslnasnu usgmfadasfilszneufivnlfsnanistes
waznsgadundeludldinilnudaviednfiunnsneiu Ao laanssuasndnio
AMNARTTAINITDANULUNANNTTALNtiae LH AuLANFluNIstiatInIanISTAINTD
ﬂﬁmﬁlﬁﬂLﬂuﬂiz‘ﬂmﬁﬁi@mmw meﬂmmﬁﬁﬁwﬁwﬁ"lumm@ U 21919E U
guaalsalunmany

annFrviauilmusiantstes deiaula ieani F R lENANIUAN (Resistant
starch, RS) Aa wiltuazndnsuseuilediliamnsagndesdaseulaiiazgnaais
Tuanldianaeanyed Resistant starch AsiiAnuanTTAWaLmdulaainng a1unsoiiun
Usegna L lupaniurianu e Lﬁfazgmmwir}’imﬂ%u (Ranhotra etal., 1996b) Ineia A5
nusianistesdasienlmiuuLdg 3 (RS type 3) HugnfannaniAnusanistas
é’qmLfauiemﬁlLﬁmmﬂmif@mGTﬂmJé’wﬁuﬁﬂaimwmwdwiuL@Q@mﬂqmﬂu@m@m
sei1dan Nl f U eea AN ST U TR AR AT LT (NN9NAFINTINTLATY) AL
Tasssnemaneasdaniiaannudousauaznusenisdeadaueulalldunniy deaiu
nafnuziSeanldlug) Tnanselasuiifatuannisinaesawidlug|dazdaenlsy
Araaulunsasnennelug g ansnag (Alexander, 1995 : Ferguson et al., 2000)
uananil anfanutendidnag lunguainisdsuinnnslulesn wazidudoulszney
NI IENNAANAI9U (low-calorie food ingredient)@m1Fanueia@ n1Tany LAl
sssngAluesUszinnityie SuelSe en dnuaznald annsdmanda (legume)
ﬂﬁqﬂﬁuLmemiﬁmummﬂagﬂmwﬁm 1161 (Phakdeesriphan & Uriyaponson,
2010; Lunnand Buttriss, 2007) dwsuitamsznaia wananniuieilillsiuuda doi
UTNNauaRTINUEi asIge Katyal et al. (2005) 318197149 mmiﬂ?zmmﬁq‘ﬁ'ﬁimma‘l,l,ﬂafgﬂ
sz unuanfanugasganinfinulusyfe WuReafuiunisseauges Yaday etal.
(2010) WuAN ﬁﬁjmzqaﬁqﬁﬂ?mmﬂmﬁsﬁwuﬂ@ﬂqaﬂdﬁmﬁmﬂ?mw%’mmﬁ d1ouaz
daunfiad Fmszgadaraduingaufiinauladuiulddnmfe e fautes
Tulssmalneifanszgadannunevanssin desandBuuaflulansmesswing
¥asiaz 55 - 60) waziiFuineilaaluifuings (Fevaz 48 - 50) AN BN UARN T
wuﬂ@ﬂimﬂmﬂ%@ﬂsﬁﬂm@@mLuﬁl\iLﬂmmﬂfﬁﬂﬁﬁmmﬁﬁmﬁﬂum@ﬂ@ﬂﬁuﬁx a-1,6
glucosidic linkages m@\ﬂ:uL@q@LLﬂaﬁm@"Lﬁﬂ?mmmmﬁwuﬂ'@mﬁ'u'%u (Surendra &
Parimalavalli, 2018) 1agl Zhang & Jin (2011) 1&Anmszazinanildlunissiagnai
mma‘ﬁnmfﬁwmmﬂL@u”l,sﬁuwmmLummvﬂ”mmma1ﬂu 8,16, 24, 32, 40 Uz 48) WU
USunmugmfamudes i BunnufintuetnesnSnazszaznaniianzanae 24 Galug
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= > - ; Ay = - |
NaNalTTNuan TN Ut s gagnReiatay 32.1 wazn N lTNIMaRITIN Ut BE
wanannisldeulasinagauasinaefivannfmlan Sanudnlansnaduiiiasnnann
ANNIENT9LIL (storage condition) ANWUATIWITUINITeIZIATLAZA U H IUNFLALTN =N
Hualian SR msnsedulagian1zn1sfiufnguunRel Gonzalez-Soto etal. (2007)

: - < « vy . o o
wudszeznan liluasieaBunuan futesaasanifandoen i unisdane Tuanen
grungilunaiuinaselinimanisanutes ey debranched banana starch @g198
dadnAny Teenisiuiauungil 60 avAE@alTes wansTunnan1sInutantiasand
nafiuinenldngungi 4 waz 32 avALTalEaa

[ 9;/ a o dsjdv rcﬂl =X o 1 = olz
patiluaudfeiidnglszasAinaAnelFuinian fanuteas lunTnsenana
WAZNATENNITHARARTTN UL At AoanTzuauNIstiat A e ulainaga i uaainuting
fanaraalnanaamlss (de-branching) WAZENLNNTAUGAFINALNIAALLITAREIANNERL -
g 4 . o a PRSI S - :

ANTUNBARLLTAR1FTAINTR TR LTU AN TN Ueiae NN INBAINITDLANYAAN

= o A v . PR : o =
waaiansznatanlgnlulnelfiiudouilsenaueuisndguAIn19e199ge Lazead
o dl o Y o ) dl .
Ananinnaztiunldidudaudsznauluaivisinaganin (functional foods)

28019
1. Anmszaziafldlunainsinsinsindusalsunugasanutas

TR 1891 T9 dANSTEALAZ RN TEILAMNI NHAATIUERN ST
sanisdesdaaiaulnd (RS 3) TnalaiuansuaIuantdnnsaialmn aansadaunnmand
Lazanfaaaan Wudu fauas 5 lugnsavany 0.1 Tuans avdantwinas et 5.2
vl lAnuserlusnainmanithungn 15 uf uaslfianubauseissiu 121 aarimaidas
funan 30 unidaeusiaiiaaanudule (autoclave) (Hirayama, HVE-50, Japan) %1%
Lfﬁum%mmﬁ 50 avATaLEed waziAniewulaingganua (Pullulanase: Promozyme®
D2, expressed in Bacillus subtilis) U3u10d 0.02 HadanIAanITNan5 SR
ATUNYH 50 aALIaTALTWNA 36 i iWansunasinlulianuFeud 121 aaa i@
fuaan 30 wiit anduihansazansgmfanldmanddaudiguugivinfugmmgiies
(fmuilasann Pongjanta et al., 2009) vhamFaauTiauAnEnsrainan il lunng
Aealnainsiadi Tneiiansaransann i@ an i LazEnIMEaLAIIAREL
mﬁﬁmmaﬁqrﬁw’faﬂL@uisﬁﬂwgzgml,ua ma_iu'ﬁ'fqmmﬁ 4 RaAIATEed usTazZnan 01 3 7
waz 14 Ju wdquflegedmFr iUl uuwgigeanids (freeze dried) (FreeZone,
Labconco, USA) thsnualiaziben sauEunzingaauna 60 1 1999 bunesgiitaunans
wanfuinmiigningdl 4 asAsadea Iaduan M iniunszusunisfiansinainandu
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Ainneasilssnauniaaiivesannfranndaden dasnuazdanaamand TN ANTL
Tusatlsu (AOAC, 2000) wazanflulawnsm TaeREn1efnuanaIngms = 100 - (ANTY
(Gasay) + 101 Gasay) + 1w Gesay) + llsiu Gasay) + dele (Faga))

ArefFunouailas mNaT colorimetric method (Juliano, 1971) way
ApseiInnuannfnutias (resistant starch) A2EMAMIINADLLTNIUANITTNUE DE)
(resistant starch assay procedure K-RSTAR 05/2008, 100 assays per kit) L3
Megazyme Uszinalasiaus (AACC.1995)

2. AnwNsHARARNTINUERENNIUNITAANY (de-branching) WazLAA

3InsLngLadu SauAUNNSTAALLTA2EANNSAUAMNT UTDIFANSEA)

vhamfmainde 1 unuiulitssfuanutuienay 20 aeningu nanlidy
deneaiuldlunousinaiin ﬂm‘ﬁlgmugﬁ 100 avrngaLdaiTuaan 16 §alus (Hoover
and Manuel, 1996) AMntutinaana nNTus aundelEtauduLlssunnenas 10
figounni 50 avrniTaiTea

FpseilFuIuanIFINUEae (resistant starch) AeARIIAaaLILTN
ARNTINULIRY (resistant starch assay procedure K-RSTAR 05/2008, 100 assays per kit)
1519 Megazyme Uszinalasiuaus (AACC, 1995)

N19ILATIENTANANNED A

FANNINAREY 3 F1NLHUNIINARDY FIMFLNNTAATTRaflsrnaLng
wuuuguatineanysnd (Completely Randomized Design; CRD) 31A9nz1idayanians
Taeld Analysis of Variance (ANOVA) LAZALAT LB ARAEA28RE Duncan’s
new Multiple Range Test (DMRT) ArvduANNEaTuSatay 95

NANISNARDILAEIANTOL
1. NANISANEITEEZLARIN LT LUNITINATINS NS ATUABRUT NIRRT ST
nusas
ARNFTANDQALY DAIAILAZTAILAINAN (HIUNTINITNNTHARLLUTNTeN)
= s = o dl 1 I's QI/ al = dal
R9AUTENAUNTIBAN (FILAAIANITINN 1) NUF1 @RNFEaNnEaLaes NUTNIAINTY
T1l9mu Tusiu 181 wazaflulawmsm windusasaz 7.67 0.19 0.13 0.26 91.74 ANNANAL
anNsmantan NN A NTY TUsRu Tudu 11 wazAflulawmes windudasas 9.06
0.25 0.11 0.35 WAY 90.17 ANNANFL LATAANTIANNDILAIUAIT NUTHIUAINNTL
Tdsmu lasdu 181 wazaflulawsm windufasay 7.79 0.31 0.12 0.39 WAz 91.46
o o p e o 1 = o = o o
AINANAL WEnsznatadndnlilFuimafulamenidundn ldshuganazlodusn
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(Division of soil Biotechnology, 2007) Nan1s3AsIEHasAlsenaun1aANI898ANST
fodlen annfrdaLAIaNILaTaRnFTAAsN TaeABnnsaRnanfTLd s LU
TlsAn wazlasufiBuinanas WeuBauiaussndneesdilsznauniaaiaesgni 5
Foudlen d9uAamanauazdafn wudn annfadadanfiliuinllsiudeandianisa
SLAIUAILAZEIAN (p < 0.05) annnTsIATIzesAlszneun Al (Tdsmw Tadu
LAZLEN) Pa9ERNFTIG 3 iR WLdT AN TesndN etz 0.5 duldpuninsgueesanisa
anddenaas uuatBunnllsaulaiAudesas 0.4 (Ministry of Public health, 2013) Laz
BALl3NOLNATITIL AN AN UaIaRN S TANNETIaN N TN (Tia9aNnANNLANAITY

! 2 H
PAIANLNUEHD Wunwnzilgn wazaninuandas

A15I9N 1 A9ALIZNALUNINIANUDNAANTTAQUALY ARVTTAAALALAANSTAL AR

ANTILASIZI apSaaaidien APNSLH2AN APNSHOILAINAI

AT 7.67°+0.03 9.06°+0.03 7.79°+0.05
RIE 0.19+0.02 0.25+0.10 0.31+0.05

T 0.13+0.05 0.11+0.03 0.12+0.05

Ml 0.26°+0.01 0.35°+0.01 0.39°+0.02
ANflulansm 91.74°+0.05 90.17°+0.09 91.46°+0.04
uailag 52.83%+1.92 49.76°+0.47 48.85°+1.28
ARNFINULIDE 27.70°+0.35 33.95°+1.05 43.36°+0.60

nNELue: fodnentuwAnssiuluwsueuLAAAHLANG T LeLHTEA Aty 19aTiE (p<0.05)
" 380 AR NLANFANSTUN9EDRA (p>0.05)

1 v
NANITAATIZULTNIUARN TN UL DRURIAAFHOINIANNTLA WU ‘RN T

'
o =

mLLmwm\mﬂ?mmmmfwuﬂ'@ﬂ@mdmmﬁ'ﬁt‘{vf;ﬁﬂl,l,@:mmﬁsﬂﬁqL%q (p < 0.05)
%‘m[mﬁ‘rmf]ﬂtﬁlvq%\immﬁmﬁm@gﬂuﬂ@;mﬁﬁﬂ?mmmmé"fnﬁ'wuﬁf@mm@ﬂﬁwL@u”l,ﬁﬁﬁ
g9N1N (WnndFauar 15) (Goni et al., 1996) LANNIMARI LA TR Nae A AR
Photinam (2016) GalsRananiitanndaidiendaedanislaiifanuaztnunisanildanasn
daldam il dmannuiidgns ulsunnenslulamsnwintudesas 99.12 wazilliunn

apfnnusianistaasaeaulmigeiiesay 55.87
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annsAnmszezina g lunsdssinsinseduseliuiuan fanudas
PasamTiaTiiunsTUaunstasdatteulnaliafe (de-branching) wgqmmm‘ﬁ'mm
\indu 0.02 HadanssaniNand luszaziian 36 %Q‘EmLLazLﬁm?‘Tmmimﬁuﬁ@muqﬁ
4 99ANTALTEE WIUTTaZIa1 01 3 7 Ay 14 Ju (ﬁxﬁLL@@ﬂ%ﬁl’]ﬁ‘%ﬁﬁl 2)

A5 2 UFHNUARN SN UL B URIAANTTTTLY AANSTOIALAZAANSTTLAINAIN
NNuNNgeiaefnea 1l a RN ALIAATINTNILATUN 4 ANANTALTURNTLEZ AL ANFANTU

USunuannsinusias (Saaaz)

TTEZLIAN . - - . - . s o
[ARANTHOIILULD GEREN T3RIZR] AMNTTOALAIRNIT
0 24.16"°+0.22 22.93%°£0.15 21.55%°+0.82
1 25.56"°+0.48 23.22"%°+0.68 22.97%°+0.40
3" 26.93°+0.92 25.57°+0.11 25.27°+0.63
7 27.177+0.11 26.01"%°+0.56 25.12%+0.26
14" 28.28°+1.24 27.11°£0.36 25.44°+0.03

nanELue: Aadnms® ° AnnfuuanseiulusuAIuanInNLANANiuet 19 RTEA ATyn19alia

o

Faanee™ ® AnaiuuanseiuluLue uLdasANLANFNNTuaE 19 lTa 4 ATy 1ean

3)

NS gp311 8189 lH R AN LANANAUN9EDRA (p > 0.05)

ANNANTN WU AANSTERT e AN FTAAALATARFTAALAY HFuNUERNsT
NUEIBLILANFNNAL (p < 0.05) Laziflel BT LTz s N AU T RNT Y WU
amFTRaNTTaTi U nusm s e n Ty (p<0.05) aamAR@IL Phrukwiwattanakul
(2013) F91E91U9N BUNUERNST NusenstesueERnTEn @ anTi B TiRnT e
ar81219a7 UM SALEUNUTY A1NA199T 2 wandlififiudn tRunaiam fFmusesaes
apnfriadaniAfinduanienas 24.16 il 28.28 (p=<0.05) APNSTEAN T AR UATN
faaiay 22.93 10U 27.11 (p < 0.05) LAYARANFTAILAIANTI AT A NFatay 21.55
{1 25.44 (p < 0.05) flarzezinanfintuann 0 54 1y 14 Fu Bunoesdannsanugos
vasgmFIdan NN é“mmgi‘lumﬁmm@mi‘mﬁwuﬁi@mm’@ﬂ poeaulmdluszAuganin
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Fat a9 unndnfasas 15) (Goni et al. 1996) Lmzﬂfﬂumjmm@mﬁﬁmum
nnstlasdneeulaflszinnd 3 (Sajilata et al, 2006) U AR FTN UL aeTILfiaT
desannidlelinanaeunnansazansanfnivesinlian fgn wdanalfamnsniAnnis
Fusans luanaresanffiazanseennazinnedaasialdl fuednfiniusuay
anunsanusianistasdasieulalldgenaliFunnanfudesifinawiilassavioan
mnﬁm‘?’ﬁmmamﬁmﬁm%u (Sriroth & Piyajomkwan, 2003) u@ﬂmmﬁ Shi et al. (2013)
Tdeeudn amfadinlnadrawmiaaiitnunsfnaiefdiaaeulsinggatuaas
rumsnainaeduiiguugil 25 esraadaa iunan 24 $alus Sualdfunnan
Fnusanisdesdaseulalifuauiiew Ruudiauiuani ey (adtinunisinansfianay
ANFFINTLNTLATL) HlaRanTnINIL AN TALENET 14 §1 WUd1 13NN DIEAN S TUsas
gavanFTRagnuatia AL AN AN (p < 0.05) Tnagnnsadaidenili Funouani s
Vlwuﬁlﬂﬂﬂﬁ‘ﬂ@ﬂﬁ']ﬂL’ﬂlﬂ%JZNﬂ’]’Mﬁﬁﬁ“ﬁﬂQﬂﬂLLZ%D’JLL@\W@'J\‘] VaianaliasanntFunng
LL@NT@mmmmﬂmLmﬂqungqmmmwmmLmeLmemq FeamFaT TN
LL@&?TMQMQmai‘ﬁﬁmq@%’quﬂuﬁamﬂm?lﬁm?“lmmiwiuﬁmmLL%QLLNMﬂ%u
(Noosuk, 2003) LazdaaARaIiLNITNAaadtad Raddy et al. (2014) %ﬁé’ﬁﬁmiﬁﬂm
Bunuansanutaaaasiayn Tnatiaafrainynuiriiunszuaunistiassoaeulmd
ngaatua (40U/g) Wluszezinan 10 dalus faonadeuiigruundl 121 asAnzaides
\uaan 30 i mn&wﬁu%ﬂmﬁ@mmvﬁLﬁu‘ﬁ'@mmﬁ 4 gerTaiTua unan 24 Falug
wud Pannuannfmmudos i unnuiinged (p < 0.05)
2. NANITANBINITHARAANSINUL aaTINIUN1SARNY (de-branching)
WAZLARIINTINTLATU SANALNNITAALLSIRILANNIDUANNTUARIRANST D
ANANIT 3 LaALBUAIEANTIAINUAani st aadasawl s aednn T
fldlen dadnuazianamateisEnunnstes daeulmisnnsliinun R salnsinsade
LATENUNNIFALL828 AN 01T WU BNN s RN ST U BT RIARN ST AT LT
gruntu 2.2 Win (AnFegaz 24.16 Wusagaz 53.62) annfadasTi B aR STt ot
Wisdutlssanns 1.82 Wi (anfasay 22.93 lufetas 41.64) LAYARNFTAILAINALN
S Bunnann ST asRnd Ul szann 2.42 win (annFagaz 21.55 useaay 52.18
saihilasannifleanifEiunsdautlsdasmnufeutundadenalfifianis aauutlas
An9¥nFeaialval Taseadelliaanuniounsstu vl Bunnann Famusani st ey
aaMAREINLNNTANETEY Suling et al., (2011) Fadauisannf AT aaTiszfuALTY
5 svfu Aaatay 15 20 25 30 WA 35 VBINWINARNTT 989719 aRnTdaTeaT
shuma‘ﬁ"mLLﬂ@é’fmmm’f@uéuﬁﬂ?mm@mi’mﬁmuﬁi@mﬂjﬂﬂqﬁu (RNARNTTALLNNAL
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Faaaz 11.2 LW 45.2) LasiiszfumANTuiasay 20 ﬁﬂ?‘mm@mfwuﬂﬂﬂ@ﬁ'zﬁm
WuLAeRfiy Sankhon et.al. (2014) AN NaT09N2F AL s AaE AL S A UT IR EAN ST
(African locust bean) fsrdumnuEuiasas 15 20 25 WAL 30 TEUNULINARFT WL
ﬂ?mmm?’mﬁmuﬁi@ﬂﬂm’@ﬂﬁfmL@uiénﬁﬁﬂ?mngazgm‘ﬁlixﬁumm%u%’@ﬂm 20
(aMN@ANTTIALINAUSesaY 33.38 11 50.14) wananni Jacobasch et. al. (2006)
31897197 Wik Novelose 330 TiEnunT2faLLsfagALFaLTLANLN TN U0
apnFETusanistiasdaseulmianniesas 40.4 1y 74.7

A1519N 3 UTHIUARNFIN UL AL UBIANNTTANTLN TAALAZTILAIUANNTINIWNNTE Dl
1 ¥
sasnaulaifanaazldinaTngnetusaNAUN1IAALLTANE A NF AT

LURIUDIAANS TN U DE USurudansinusias (Saaaz)
ARNFHIILTEIN 53.62°+0.74
ARNFBHIAN 41.64°+0.22
ARNTHOL AR 52.18°+0.48

o o

UNTEILUG) e NN ALLANFA19A U UL WIFILAAIANNLANFNIT Wt 19 R4
(p <0.05)

UNINADA

UANAINT NANITNAABEIEAAARRINLNITNAABIUBY Puncha-arnon (2012)
= o’ b [ (=3 v b v 1 % 49/ 1
AnenN17aeLUsnilad19 Warafd1quasidnd19A 2 ANNFaUTANALAINTL WLIN
all dglJ v vl £ s ] QI d? dll o = o
NANTUFeaa 20 THR N LT UaRN FINUE RN NTY BNALHAINIAINNITIALTEN A
P v - < X a = o
rasluiananyinliidauilelinouundan saunTulaeiA/INNIELIUNITTINTNTLATY
(retrogradation) 2848A151 (Lunn & Buttriss, 2007) T4AZAIRINNITAATINTINTIATY
Lmﬂugﬂmmmm?ﬁuﬁwmLflmt,ﬂa (setback) daulunjazimnuduiusiuFuno
P \ - ~ o Ao A o = v -
annfrnuteal Latan1fIaINNTATENgiaNiAINIIALFAIge Huualdunsunuaniis
nitetazgemnlidon (Kim et al., 2006) wananwaNasINanadnesu Slanmnug
dl 1 v & 1 = QI 49( o 'S ]
1Nl gzn19ndanali TN anFanue aa NN NN RTAE N TUN AR T TN
NITLIUNIE TININIATUTINAE ) 991U TeaenARBITLIN1I94889 Jagannadham etal.,
(2017) ANHIRNUIUATITAINITNATININTATUBBIAANFHTINHAD 24 48 LAz 72 FaTas
WU LB UTALANTU UFHInudmFrnueias i (p < 0.05)
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500 aeAadua waan 120 Wit nuntsdununia sewsleidi O-H waz C-0
amiunszumnseanieusazaiidaanunadenlansenled (KOH) Tushadawulng
dminveslsannidnu (KOH winfu 1:2 fignimgi 800 esATaduaialelemuties
494/ 769.36 HaAniusaniu wariA1AmmuILLLleIng 0.63 niNsegnuIATIURLNAT
%Qﬁ@mﬁﬂwmzmﬂummsﬁﬁwummmmmgmmn. 900-2547 NA9AB AN Aug U
?mmmmmuﬁmumim'ﬁfmiumﬁm:ﬁﬁﬂwmmmgwquﬁmﬁu LL@ZLﬁ@ﬁ’]uﬂhuﬂ’]ﬁ‘ﬂﬁ‘téju
‘vmmm’é@mmmﬁ%ﬁﬂﬁﬁﬁuﬁﬁqmemuwgmﬁumn%mﬂwﬁmL@u Wungaridu
YBIANTUBLUA NYAIFLBNTLAM (COO-) hazLanlny -CH - ﬁLﬂ?ﬂlﬂugﬂ%uﬂu‘Emm%‘N
aranAnlunyniaulaziisresdaiauionneslsznoundnlugaesansaunse
(C, H uaz O)uazanasflsznausaslugiaesansetiuvistuessnlnunaion uazuaamas
fanwuclasaiadunanuaznanassansszmednalulasaivaziianisaanaliudenig
Arueluwrduinduaniueuednignu dwinlszAntnneesefueuiulusiseNan
nnanlunsthiarideannisewnslussuntiindidsuuusund wud Sussansnm
lunsaanBnonisfuarleifildafian Ae Yeuay 81.30 sesaswn Ae Ailed Seuay 73.85
WAZANLTHIULBILTILUIUARETREAT 65.03 ATNATGL

ANRNATY: ANFUAUANEUE NINT1 ANBUSLANIZNNNENINLAZLAT N191iNTATE

ABSTRACT

The aim of this research was to study physicochemical properties of activated
carbon prepared from tea residue on optimum conditions. The analysis included iodine
number, apparent density, moisture content, volatile matter, ash content, carbon
content. The study was done on morphology by SEM. The analysis of functional groups
was conducted by FTIR technique. Investigation of elements in activated carbon was
done by XRF technique, and the crystal structure was studied by XRD technique. The
effectiveness of wastewater treatment was tested with the sample from the canteen
of Vongchavalitkul University, Nakhonratchasima Province. The result showed that
activated carbon prepared from tea residue by carbonization at the temperature 500
°C for 120 minutes showed chemical characteristic O—H stretching and C-O stretching.
The heat and chemical activation with 1: 2 ratios of charcoal: KOH at 800 °C had
highest iodine number at 769.36 mg/g and apparent density of 0.63 g/cm® which were

in the criteria according to the characteristic defined by the Thai Industrial Standard
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(900-2004). In addition, the study on morphology showed that charcoal appearance of
pore and activated carbon increased surface area and porosity. It was found that the
specific position of carbonate function group, carboxylate (COO-) and Iactose—CHz—
(aliphatic structure of methylene and alkane) are major elements in the form of organic
(C,Hand O). The secondary components are inorganic elements of potassium (K) and
calcium (Ca). Its structure was crystal and crystals of volatile compounds which was
decomposed after carbonization, forming amorphous carbon. The effectiveness study
of activated carbon prepared from tea residue for treatment of wastewater from the
canteen in the system of batch model found that the quantity of oil and fat decreased

at 81.30%, followed by BOD 73.85% and suspended solids65.03%, respectively.

Keywords: Activated carbon, Tea residue, Physicochemical properties, Wastewater

treatment
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PAINIUNTTUUNN TN e AN s nwazldlavdnnngnmantiuldlduss lamisa
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(Tangmankongworakoon & Preedasuriyachai, 2013)
Aariu Tt w.a. 2548 AglaNUsznTANIENIegRaUNgsH (s NN3RNAnALfna
= [ % A Y o o I3 aca [ %% s = 3 1
vradanuaald lnadvuandninasivaraanislunisdannisdanmaaldlszinmeg
TaNINTaAENgNNAINNTnENAUN T lustuazrssidumnunannig 3Rs Ldwn nnsan
v
N9l (Reduce) nastinaunnlddn (Reuse) waznisunnaunn1giszleaiian (Recycle)
(Department of Industrial Works, 2011) a1b#nn1stinnnaiwaatamaniun ldd seTeem]
1 ¥
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a9Alsznaundn eavaniuiagnindjisensneeandiaudinaliingngy (Porosity)
PUIALANUATHNUNRY (Surface Area) gaunn dana il gouantimlunisdy sagaduns
wazgninllldlunisnsaqenansdsznau@urisesing o Nludeasnisaanainueiman
wrafng 1y n1stndatnde ey luinueininsgiunmunin n1snanfrediuansing 7
nN3NTRINAULALAEN Ll fiaanig W (Chatsiriwech, 2009; Tondiaw, 2009) TaLdael
anAldaeaImIn Lmmmnumﬂmm@u@uﬂmumumuj (Ahluwalia & Goyal, 2005)
AnuANafINaTs fAdEANREnININTmAeean ARz Fadlu
Suunsloduusudaluaauzisnne e dmiaunsmean suanduan e
Tnafdmnnilsrasdnnside Ae wisanarfuauiNTufaINNINTN TUAN 1L AMNNZAN INDANEA
ANBULLANIZNNNBATNLAZLAN (Physicochemical properties) U84ANFUBUANTIH
pranaInnIngn waziianldlszlagiluntsintatun@aainlssenns anninands
WHEIARNA A9UinuATIIANT SuiunanigiandanTionaniaaen NN AaNTTR
o= A Yo o < o = '
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1. Fapuazgunsaiildlunnside

fan gunsnl wasiedesile dsznaudan NNTIAET AN F LA E AN
USnNTN9 LA ARTIU ARIE AZUNIISEUTUA 100 i g’l’ﬂuiﬁimm%u (Beschickung
Loading {1 100-800) gaulWinAanuiaugs (Electric Mufe Furnace §14 LEF-1035)
NABI9ANIIAUBLANATBULLLASINIIA (Scanning Electron Microscope 14 AURIGA
f%a Carl Zeiss) Lﬂ%wjGﬁﬂﬁ?mm%lm?u%um%mmLﬂﬂimmiﬂﬂ (Fourier Transform
Infrared Spectroscopy 7U Tensor 27) Lﬁ?’ﬂ\‘lmﬂmﬂﬁ\quam?msﬁuﬁ(X-ray Fluorescence
71 AXIOS MAX) aaalanTLstAn LA (X-Ray Diffractometer §14 D8 advance
éﬁﬂ Bruker)

2. NMIERENAFUAUANTUAAINNINT

druiuniassananfuewiuiud Usznaudan 2 duneundn Ae n1s
ArFualulndi (Carbonization) WaX3sN19NILHU (Activation) n1ga1Fualulmdu
pniiunfslaanisiinIngIa Nl aza LA IRINLARA LI LAY @uMmm%uiué’@uﬁ
gl 110 avagaiFaa unan 8 dalus (Prachpreecha et al., 2018) ANty
YN AL 70 N3 U339 lulawmsin (UFums 150 gnuiAnEuFmmg) niantmel
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qumnfifiFesnimaaan Aa 300, 400, 500, 600 WAz 700 BFNTALTHA AINAIFY
wazadliiguumganageuiy 1 4alus udadaesl51%du (Prachpreecha et al., 2017)
antuthduiildainnismfuelueduiianmgisie 1 Hmagauailalenutiniues
mquadﬁu’]rﬁlig’]um@q ASTM D 4607-94 (American Society for Testing Materials, 2006)
wazAndenduisnleleAuluiuefgefigauazinnmaseumszaznafivanzas
Tunisansualuadu Inanagenluszazioan 30, 60, 90, 120, 150 waz 180 WIN ANNATAL
LAIANUILFREIAHANARLRINU (Yield Percentage) (Rizhikovs et al., 2012)
nsnszgunannienuazafiffiunislaanisdadenduiiansueluedy
uaziinleleAutiiuefgeiigaununliazidoauaz@daTul AR AT§IUAATUNITY
(1an.) 900-2547 B9 S UFNTUATTAN NANIAE ANNTDEHIUAZLNINTOUIUA 150
Lailasiums laifferndnfea 99 natiwmin (Thai Industrial Standard Institute, 2004)
At wdtugasansazans Inunaidey lansanlas (KOH) Windudasaz 50 Tusmnsndiu
Taeinuein 1:0, 1:1, 1:2, 1:3 baz 1:4 (611:KOH) Al AANNTaLEY §19tn i azans
LL@ZﬁWﬂ’]ﬁ‘ﬂUIﬁLLﬁQ‘ﬁ‘qmwQﬁ 110 eeATaTua wazdeiadnediumin 70 niu 1999
TulowmsinnFantaeln dldwanszdulugaulninaonniaugs Tmmﬁ'ufqmuﬂﬁﬁu
5 aeAniTaiTEasiowT aufignuginiFesnsnagaL Ae 600, 700, 800 uaz 900 aeANTAEEE
Lmzm"Lf’Sﬁ'aqmuqﬁwm@uﬁu 1 dalue antuialfifuuazdinandueilddradae
arazanansalalnspaesn (HCI) Wudufasay 5 mmﬁwﬁmﬁuummq e auilAn
pH WAL 6.5 - 7.0 ﬁﬂiﬂfaﬂug’fﬂuﬁ@muqﬁ 110 aeAaaidea Wuaan 8 dalus
(Prachpreecha et al., 2018) nAnsLaufuTuATNaR T AN mageu A laleAuTLef
muﬁ%mmgmmm ASTM D 4607-94 (American Society for Testing Materials, 2006)
Auandasasuananlaetniingean fueu ANUs (Yield Percentage) FaauNN9T (1)

(Rizhikovs et al., 2012) waatn lUAN ANz IRNIENNAEA TN azIARFD b

o s

. _ TNUUNANTUBUANTUE (NFN)
TRUALHANARN = —5— —  — & . (1)
UUINIRRALAIAY (NFH)

3. NIANEANHULLANIENINNEATNLAZLAN (Physicochemical properties)
1En199ATzdanTRuLULZ0 (Proximate Analysis) TLNTATIT BN TY
(Moisture) 181 (Ash) @135l (Volatile matter) WazANSUBWAIFA (Fix carbon) 3bA31e4
A lalanutiniues (lodine Number) Aq8Rax1A95114289 ASTM D4607-94 (American
Society for Testing Materials, 2006) N13ALAIILHAIANNUUILUNLIING (Apparent
density) (Menendez-Diaz & Martin-Gullon, 2006) kazANEANLIEAUgAnenfendeg
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fe}@‘mimﬁLﬁﬂm@mmuzﬁ@\‘m?’m (Scanning Electron Microscope; SEM) uanannil
anwouzianieniaad TaaAnenansmueuyiaridu (Functional groups) UBNUHEAT8Y
AFuaURNNUemATaYFa e unasuaunsen awlnTnsalni (Fourier Transform
InfraredSpectroscopy; FTIR) lutiaq 4000- 400 cm™ Anms16a9Alsznausaaimnatia
LfﬂﬂsﬁL'ij“?fT“V\lzﬂfﬂ’aL'iJ‘EQL"ﬁumr (X-Ray Fluorescence Spectrometry; XRF) warAnElAaF1aNan
AnenAlAlangLetdANLNIATY (X-Ray Diffraction; XRD)
4. nAgaulsransninaasanfuauiNTudNmATaNaInnng lunsinTe
TULAe
v
4.1 Fyatnauings
[~3 % ] %:I al a [ % s a dz dl
VUAR8EN9 A8 IN 198N NUNANENAENETIanna IV 1,032
TRFaNIEoT) %ﬁm@gﬂumm@ﬂ?zmw 1. (Ministry of Natural Resources and Environment,
T da ¥ =t M 5 42
2005) TeeAuAaaen9tiEde 3 An NN ULULALDBNGAILIARDNUAN YNNG
289DIAT WTRRANIELE UURLAIGUIAIHNAI81I04E LALFABLNENALYN 7 1 haw
3| A
Wuszezinan 3 1Al
4.2 nsneaauanziuunzanlun1sgaduduanautednetingulL@s
Aunauaziiuindoatinaindsainlseainng annanendtassiianns
Tudnmuziiiessn Ae @ (Inamilan, Naked eye observation) waznau (Ianismu,
o o Y A a am \ ~ -
Sensory test) Tngitinfnatiningdezunmns 30 Naaans ldaslunaannaassnussqansuat
AnTus ludFunuiuanaeiu Jalivaeanaaeeniaen waziuinuan1maaes
Tnadanansil e Uil e ANz 1a98 NaNBNeY, 1, 2, 3, 4, 5, 6 WAz 24 Falug
AUFUAANHIUZIBINAU AzTTUNNNATINA EFNAU waziia1d 1wl 24 d9lue wanainy
= o 1 % 1 o o o rdl = ] o A
Aneiladesing o) 1Hun Wennasansuewiniusimszasnainninan luliunnuansd1eiu Ae
0.5, 1, 2, 3, LAY 4 NFUFALENIATIRIFIDEN9UNLEAE 30 NARART WATZIZULIANTNAND
5,10 WAZ 15 U a3 HNULAZIZE LA NUNIZEH
4.3 n1edavdsc@anannlunistntatindsainiseanung
v
Taan17a1aa BT ULINTANN R ULWUAT (Batch) Aaen1suAs
faasinatindaanniseanunsndaluiunisintdnaelussuutndawuuwums (Batch)
A1uU 2 Ue Uad 1 Ae Und@uanniseeuisndalyeunistndedsunns 1 ang
iWadmsiAATtiaassatsi@anaunisinge dalugaaiuandmiunisasei
ANRNTILANUARE (Suspended Solids) ANAZNAUNTIN (Settleable Solids) WATAA1T
d‘ 9/90// . . o o 1 dl a 'S o o o‘d‘ =
RazanalAianum (Total Dissolve Solid) 4195 ULaN 2 WNAFUaUANTUFAETINAN

g lud3unniazszazinauunzannliaainnimaaadluiade 4.2 LA%IN19
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ANNIUT AT 40 saudeuT WdAuLLL LN ST (Contacting system)
ienszanmfueuiuiusildiluiangadulnaseylaildsauriuuas )i luadle
(Expanded bed) TReAUTE LU LLLASIATI (Batch) nsegAFLaURNTUAT g a1l 1u
szuvtinineantnaldnszansnges (Disc cellulose) was 103 Au1AgNgad 20 tulasiumsg
(NN1INAARY 3 %’]) (Lamdual et al., 2010) Al BnseiAndiaeedaatig
vinids uﬁamsﬂﬂﬁm‘imlﬁ“ﬁmmigﬂummmszmm“wmﬂ:‘ﬁﬁmqﬁLL@:?@LLQ@&*@N
(Ministry of Natural Resources and Environment, 2005) A8 N17AT9AADLANAINNLTTL
N2ALAANS (pH) Tneld pH Meter n3maagasAiilad (BOD) 143an1s axlasluamiadu
(Azide Modification) ﬁlfﬂqmugﬁ 20 auAEalded et 5 AuRnfai n1ImaEeU
A&7 ILaas (SS) Ingld3an19nse4eunsEANNIadle LAY (Glass Fibre Filter Disc)
nngngadauAInznauntin Taaani1snsqadnaand (Imhoff Cone) 2UNALTTY 1,000
ANUIATLEURANATLIINAT 1 #al39 nsmIagaLAtaniazans l@ianun (TDS) 1475
NN99LMALTNTEUINAUUNE 103 - 105 a9AEaLTea Tunan 1 1319 LATANIATIAGEL
Antinsfuuaylasiy (Fat, Oil and Grease) tag/ 193801987 AAFAINNIAL AL LALENUN
vniinaernunazlem udavn Adlssansnimnnstintain@eannlssennns Taanas
WRaLFeuAneaaresaiRTnl A sevd1anaunasudanistingndaa At FLa e

o~
NIATHUNINNNINTGN

NANNFIAEUAAALENA
1. annsivanzanlunnawieua fueuiuiusfainning

dwfuguuniinazazazianfmanzanlunisaifueluladuy wudn
Lﬁmﬁuqmugﬁ Tunsmsualuwmdi angaumni 300, 400, 500, 600 LAz 700 BIANLTALTEE
danaliftinu B leloRuilnue fqeiigawintu 308.49 fiadnsusenin ignimgil 500 aeAn
aaidus wazadlaledulineazanas degqumnfigendn 500 asamaiGas fguii 1 ()
warlutarzazinanlunisafueludu dausd 30-180 undl wudn druildnlelesiy
ﬁmu'a'fa;ﬁ]'zgmwhﬁu 314.63 finAnFurenin Aaan 120 Wil ﬁqgﬂﬁ 1 (2) 9nns
mﬁ‘rmiulfﬁuﬁuﬁ@dﬁLﬂu%umuﬁz%’]ﬁfyﬁzgmslummﬁmm’fmuﬁuﬁuﬁ wazilunig
"Lﬁm’m?@uurimﬁqmmmﬁmimmm%qgwqmmmLéﬁﬂmﬂ%u wazHFNIAN9TTIENNY
anadldatnauanszudnamslfaanaienaul Fuaniuetduiiduresudeifl
ANFLBUAIAIEY (FENIT 811 (Omri & Benzina, 2012) Fatu annasfiwanzaalunig
Asuelurdunnanlfiunnu fie nisanfuelurduiiguunni 500 ssAnmadaa e
120 Wit {AsAAananazdanamillunssteu A fuausTusseld
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wanaini guuniuazdnsdouaedansalnuuizanlunianszdunig
pnFauLaziAdwudn AnlaleAuiluiuefasiiugeauidunannannnisiingwgu
TulassaFaastnuluaniag Agnnazduniaaiisig KOH ludasidaulaainninaes
o KOH winfu 1:2 Nigounni 800 asAwmai@aa nanape NeAdlalanuiuiuefgangs

] '
= | =

769.36 HaANFFAANTH A9gLl7 1 (A) Terunldain nisafualuerduiudsnsillnseaiig
snguBNusnlannuazdsldiilusngadulalinne assias Annsiulaseaiiegngudaanis
N3Fu (activation) lun sAnn ATl As@anniansesuniwail tneld KOH f9ansazans
dld = 2 1 ¥ 1 ﬂl v %

nileasuessiglnunadonazunsnidnlilaylulassaisaesnu waliaaufau
KOH vinjfiseniuaiiuanludiu Iag KOH azaanaiilu K O uavin Taflugnsyinli
ArfuauluduRnlfsewAaTdadu antiulnunadaneenlasgnsnadianlalngian

= - a = = a = o A o

viraanfuaunanedulanclnunaides luaniashguugigeainunameniulansnaauso
asarunsaunsnidnldluduasseznananfuau Mnlminagngulduinau (Otowa et al.,
1993) WATARAARBIALINANIIANTI28Y Ruttanapun et al. (2014) AWL4N ANFUaUANTWE
nesananilaandenalaanisnssguniand dalalanuiluiuas winiu 703-895
Haaniuseniu Auetiuguuund scaznanlunisafuelud il wazarsiadnldlunng
NILAU AN Nenazidanldgruund svaziian wazaaallalu NsEsaNANSUa N

astuagiudtaninligaduerls nsdseynaldasaziinisrlonigegn wansdnsnienia

Aan a7 2

a

(n) (1) (m)

gﬂﬁ 2 ANHRUSNINNILNIN (1) NN (Tea Residue)
(1) 61U (Charcoal) annsanfualwmdunguund 500 aeATaLTEA
FLEIZIAAN 120 W (A) ANFUBUANS WA (Activated carbon)

A P = >
NHIUNTTNTZAUNINLANLAZAITNITDY
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SeAnndesasinainutnuanan mn&mgﬁu%@ﬁu (NIN91) 1,000 NFN WLAN
Fudnusitundaanmaanfue lueduiignanfl 500 esrnuaides winfu 432.12 nu
Aoy Yeriaz 43.21 Taeriwiin meﬁqmma:ﬁumqmm’é@uﬁ@mmﬁ 800 B9ALTIAITEA
Lmzﬂ@:éjumaLmﬁé’qmﬁmﬁmu‘imﬁwﬁﬂmmﬁm: KOH i 1: 2 wudn Tanamnsinuet
89AnSUIRUANTU Winfu 312.26 nin Andufenay 31.23 Taardmnin nanAnAnfuey
?NLﬂuﬁq%dfmﬁz‘iqﬁmmnéw?umamxﬁju‘Emmm@u‘lﬁmﬁ anilu wazatimaglagazaanslil
Tuszwinanszuaunislfaansden vl 1um:m@xrﬁ’juu’?‘@m@méh@iu&ﬁuﬁ@muqﬁfgg\i
Tassafranedmefazanieuazaailildafueu gndusanllifeumun (Rizhikovs etal.
2012) FasavkanAneANFLauANIURlALNIINITFAUAERTAS o) A9liTeaasnanas
fisnaiu Tnavalunisnssguniunfiazlifeuananangendnimnssfunianianin
(Avelar et al. 2010)

2. MIANEANEUZIANNZNNNENLAZATITeIA T TR aNAN
nINN

2.1 HANIIANHIANMANHULABIANTUAUANIUALAZNN99LATIZ R aNTR
ST BTt
ﬂ’]ﬁ‘ﬁﬂ‘]:’ﬂ@mﬁﬂHmZﬂ@ﬂﬂﬁ§U@uﬁNﬁumrﬁLm?‘ﬂmfﬂﬂﬂﬂ’mﬁ]’] WUQN
AsuRuTNTUsTsRaNannngn SaleleAuiuwes 769.36 fadniusaniu wazilan
AYNNVUILUNLSINT) 0.63 NFNFABYNUNANTIURLNAS %'qmﬂummf*ﬁﬁ’mummummﬁm
ARAIUNTIN (1AN.) 2547-900 a9 dhufusTusfaiiang (Thai Industrial Standard Institute,
2004) FIMN3197 1 wazannnnIssiantTRRLLUEann wud HUBNIANTY
Fazay 2.14 UFuNnun faay 3.37 UsuNuasseie 5a8as 17.60 WATAITLAUAIGY
faeiay 85.32 %muﬁﬁmqmﬂmwmmmé"muﬁuﬁuﬁﬁ@Lﬂuﬁ@@“ﬂéﬁﬁmmﬂummﬂu
mi@meﬁuﬁﬁlqﬂw@ﬂ@mmwmmm'fuauﬁuﬁuﬁﬁm?uﬂﬁiﬁﬂﬂﬂuimqﬂi:mﬂ‘m’ﬁ\i I
(Li etal. 2012) Wil Anlaleputiuiuafaziflusininuanainquasn fusuiNTugd sy
N12QATUANTFNG 7] ﬁﬁ‘fm@qmﬁﬂ (Foo & Hameed, 2011) ANL3H10481 LNUBNDNARNH
13qv3 109A"FUaY memeﬁLﬂuma‘@ﬁuﬁﬁﬁmﬁ@@fﬂumﬁfmuﬁuﬁuﬁﬁﬁamﬂmi
WipauFauiudngay [;T\‘iﬁmmuﬂu?ﬁ'ﬁiﬂ[?”mqmﬂﬁﬁmiﬂuLﬁ@uﬂg‘Luﬂﬁmuﬁmﬁuﬁ
(Dwivedi et al., 2008) zﬁﬁm“ummmumLniummmfmuﬁuﬁum‘%{uﬂgﬁummmmﬁa
m@ﬁmqﬁuéuﬁumﬁummam FaAnANTIL LT Lﬁuﬁq%fmﬁa@mmwmmmu
‘Emm{uauﬁmﬁuﬁﬁﬁmwumLuiu@j\mfj’]%ﬁmmam@@meﬁumimﬁwﬁ@mdﬁ way
5@@1mﬁiaﬁuaﬂww1é’u@ﬁﬂm%a (Shende & Mahajani, 2002)
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RSN 1 NIATITTANIANHIUEIBNANTLAUANTWARATHANTTIAP RN AL LU szl

asrdsznavwuulsenn

ANSUaU 5 Lo nns | sesaz Sagazlngtinvdn
S ATUAN U - g
NNNUB L NANINRUA* | NAKAL | ATNTU 7
. Al ASLBY
1an -
szLUE ASA2
) Anlalafy ldfaendn
ASURL a a e e
oo . (NAaANTNRABNTH) 600 769.36
NHHA . . 2.14 3.37 17.60 | 85.32
P omen ATAINHUUIL UL
o 1 =<
QYNNATA ng (nFuse 0.2D40.75 0.63
ANUNANLIURLNAS)

UNELUBR: * mmﬂmmﬁmﬁmﬁgm@mmm (Nan.) 900-2547 (Thai Industrial Standard
Institute, 2004)

2.2 NANITANHIANHUTATUTIUINENF8NAa99aNTIALBLANATEWILLIL
ARNNTA (SEM)

AINNITANHIANHULAUFIUINGT NUFT ANHOUVBIEIUAINNINGY
unizafue lwadunguuni 500 esAmaidaa arsnsemaladaazaanaluinly
Antasdnaiugnguludnu Aaguin 3 (n) daudneuzassasuauindusne un1snIze

v IS4 2 o o o rdldd” dla 1
unANFauLaziaifog KOH agldmfusuiusiudminuiiiouazaunguuinndn
9317 3 (1) Tedmaauluniansziuneliuinaat 19NN Ao A FUAUANTUE MnNazFu
Tudnadaungeazyinlmianiaen ludunifuly waziiansnndnsld (Prachpreecha &
Prachpreecha, 2017) LATADAAADITUNANITIAN YD Mopoung & Nogklai (2008)

=R a Iy o o Iy A ¥ ¥ IS4 d‘ a
LaAnsnsuanAsuauintuianiaanndos Tnanseiuniaaiifon KOH Nauuni
700 asAEaEaa Tudnsdoulaatnutinges o1wKOH windu 1:5 wudn Auiio
wa3ANfuauANuAgninanellunuazlanslsznauinunaldannnA19uuiones
AfUBUANTWANINDFREaY 17.76
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g K
Mag= 1.00KX WD= 10 mm EHT = 15.00 kV. Signal A = SE1

H Mag= 1.00KX WD= 10 mm EHT = 15.00 kV Signal A = SE1

(M) (1)

5UN 3 NMnaEEAINNAeIqaNssABLANATEULLLIAEINIIA
(M) B1UANANNTINRNWANTAN U LT
(1) ANFLBUANTUATNIEFINANNINTINENUN1INTZEUNAINFaULATLAR

v v = o

2.3 uan1sAnsAnEsuyWeidusawmatiay Fasnsunasudunsem
ailninsalnd
= [ %3 1 6 o % dl [~ a v
nsANHIANEueUyRaiduson FTIR Safumaiianiesinu Infrared
. oalx a Ao A Ao o P~
Spectroscopic NAN®1UszINIaIasaunTe an9atiundsd wasWuszialluluiana
Wu9n AnFuaUnNAUFANauNIINITFuNLNYTaidY O-H waz C-O Fuilunisdunuvin
ARLMUILAIAAY ~3182 cm™, ~1584 cm™ WAL ~1411 cm™ ANNATAL
dl 1 % 2 1 o o 1 I o o rdl =
\HannuNINszfusag KOH wudn aulaniuaassinatinan fueniudusmsaanann
NINTVHNANAILUUSLAIAAY ~873 cm', ~1408cm™ LAz ~1592 cm™ #Asgin 4 (1)
TREIALMNLATAAL ~873 cm ! DaLTlnn74U (out of plane) 1a9aLlsNNAN C-H LandnanIg
WnAHuezlsnnmn wasNALMLa1Aaw ~1592 cm™ aziflun1sduuuviinaes C=C
warlsnnaniinaulpaugferfduniids GeaenadesiunanisAn®1aes Olorundare
etal. (2012) AAUNAILNIATAAL ~1408 cm” Az WAL NAN U RN By Aarid
284ANTLBLUA NEANFLBNTLAM (COO) LL@zLLaﬂImu-CHz-ﬁLﬂﬁﬂugﬂ%q Wulasaadreazannmn
TungRauLAz T a T89S aLAUN TNH A INABAARBITLINANNSAN 84 Puziy etal. (2012)
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020

(n)

1411.8509
10852328

0.15

BT5.987T

Abs orbance Units
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1584.6302

005

3192.2344

020 0.00

@)

015

15329966 8270978

Ahbaorbance Units
o010

oons
L

om

T T T T T T
3500 3000 2500 2m0 1500 1000
‘Wavenumber cm-1

gU9 4 aulaniunsuaiiodu FTIR () ANUANNANNTANIUNTANTUS bLTT
(1) ANFLAUANTUATFFINANNNINTINENUNINIZFUNNANFaULATLAN

2.4 uan13AnesInedAlszney

@ﬂﬂmﬁmm:ﬁﬁnmmmwLmzﬂ?mmmmm@mﬁﬂ?m@uﬁmfmwu
TutuuazA LU TR aNa NN WU Hsnesdtlsznaunanluguesans
Buvatl (C, H waz O) meﬁqgﬂﬁ 5 naname Usninressis luesslsznauassnsuey
fuiumiledautuduazilBuimanfueauiiiniy lurnsfitiuineaniiaunas
lalaniauanas Gafsainnizaaisaenilluszudnanisinislafauasnszdu feinly
ansilsznavsziviednagnadnaantil (Avelar et al.,, 2010) LAADAARAIALINANITANEA
2189 Weerachanchai et al. (2010) Wuq1 s1AFuauluANTUaUN ANdUAAINTIN9A
%ﬁﬂ?ﬁmngmdﬂﬁmmﬁ'ﬂizﬂ@uﬁluj waziileRinmziesilsznauses Tugilaasans
atlunsdanamatiaanalsdngaasaiud (XRF) wudn darsdsznevesnlasaag
ﬁWﬁWme%u (K) mﬂﬁ'qm faeay 33.12 Tmﬂf‘iwﬁﬂ FB9A9NT AD LAALTEIN (Ca)
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fauaz 31.01 tnstiiwidn Aviuansdszneneenlofau 7 aziiBuauiiendnides
Imﬂmiﬂi:ﬂ@m@ﬂﬂfmﬂéuj fwutiu ezneudan uasniiia (M), weavlasa (P), GIATURNIH
(Al), AHEEU(S), AaB3U (Cl), Wan (Fe), Tamatd (Si), wuniides (Mg), Tbnes (Na), lnmniiles
(Ti), FFem (Ce), patlulef (Cu), gliiien (Rb) uazilnifa (Ni) AuA1FL Famnaned 2
fennemmanuansLsznaveenlafesininungdenluBunnanniduenaidlumaunain
nsanAneessginunadenludfuneunisnszdunauaiiineld KOH vnuffisannadl
AUHRIANTLALLRINY Tmﬁmm%@mﬂuﬁqm’mﬁﬁ?m (Mopoung et al., 2012)

5384 518

430+ 494

322+ 371

215+ " 247

107 123 K

v - ° - S ——— .
200 400 600 .00 10.80 1200 14.00 200 400 600 8.00 10.00 1208 14.9{

(n) (1)

sU 5 s1pesAsznanlugluesansdurised
(N) 011 WA (1) ANFUBUANHUG

=i [P -y o o o‘d‘ =
AN 2 ﬂ?quﬁjqﬁﬂu‘ﬂ\‘]ﬁﬂ?:ﬁﬂ@ﬂﬁl@ﬂﬂqﬁ‘U@‘HﬂNNumWL[ﬂﬁ‘ﬂll@']ﬂﬂ']ﬂ?]’]

asnlsznauniandl sREnE asnlsznauniandl sRERE
Tagdnuin TaguIudn
K2O 33.119 SiO2 1.801
CaO 31.012 MgO 1.749
MnO 8.387 NaZO 1.390
P205 6.899 TiO2 0.265
Alzo3 4.694 0802 0.243
803 4.433 CuO 0.189
Fe2O3 2.915 RbZO 0.080
Cl 2.749 NiO 0.076




NIANTIREINTANNILUAT ganananenAgnsiazimnalulad
7 13 a1Tudl 2 (nangAx - fuanAn 2561)

160
= % = % a a o
2.5 uan1sAnlasaF1ananslamaiaengLsTAN L NIAgY (XRD)
a v =3 b a dl dl 1 [ %

N193ATIZHIATAF I NANANATA XRD NAMNEIIAAWLYINAL

1.54060 S94RAN NIN13IAINTITWNHYNNIINIZIRIATNANNUNIZAN A 10° D19 90°
. R e Y o 4

WU ANFUARTNTUFANETaNAINNINT HanenuslasaaFradlunan denisalasunilas
HANaaININT luszdng nsanfualuadulazniansefuarinannlipanuiunanans
anssemsdiemaliluazianspauiilunanafuauanas (Mopoung etal., 2012) #agili 6
Auiulen wanuesanssuedng TulAsa 19e9ANFUaRA N WA LA TINAINNNTIAZLA
nisaareldudsnisanfueluwaduinmdunifuauedug uliia XRD 91 24° uay 43°
TandanenszsuingaNfaulazini wudn Afueu eduguasiimnuiiussiioutiasag
(Smith et al., 2014)
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1m0 . 0 40 50 [ ] ™
2Thota (Coupled TwoTheta/Thota) W1L=1.54060
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3. n9lddszlamiaasafuauiuusnmranatnningiluni9ti11Tnings)
AN INNT NHUNINLIFENETIAANA

o X o ! o \ Y o Y A oA o
NAAINNITAUNALLBIAN WU Foasneudsduinnidivaeadula
APZNAULUIUADLUDIANTDUNIY LATHNAUMTULIIHIN LALHANINARDULTIDIF 1
TUANHUZARIRLAZNAY WY1 FadFRatiN9tNReN A FUauA N uAasdAaagla
LERVDIFIDE19UNAL TUNARANARAINHANFUAUT NI UAR N AT HIAIRAARY LATH

2 X 4 4 . B Ly da .
pwlaiNIwEes o wazionandiull 24 49T wudn dhislunaeanaaesiianfuen

o '8 =

wusaridlandnfaasineindes luaaanaaasi il anfuauiNuws nauaassaacing

o e

al

dl 1=l o v o o dl :J/ g 4 oI/ = QI
undsluraaanaaasiliimfusuindudazusennn wazidlessniald 24 dalue Inaw
agluszivilunans winauaasdaetindlunaannaaasntanfuauindusazd

a = o S_ 2 X = o a5 A e = S
NAUBAUNTAA NN A9ZLI7 7 el eratllasunannsieteiideadnldununeinianaes
Tugnguaasanfuauindus snzanfuauinuslilgaduaisludaetatinge 1wy @
A174171A0E Waznaw InewesaINIAAzanaaizes o Iefetaldegaduai et
5 A oa X oA = = o & =
UdeinnauEes o awin Inaednlunandsennm 2-3 d9lus Wesenimfiazlald
(Tatayanon et al., 2009) AaMNKNAN1INAADY WLI1 UFHIUAIFUaUANTUANLATENANN

= o = o a3 A o
ninanwNazanlun1sgaduAselTNInsradsiatainEe Ae 0.5 NiNFAaUTNINTIRY
FaBtnatAY 30 HaRANT NIzaziaanlun1efinin 10 Wi

U9 7 n1aulFuuiiaudnE s ALaTnan

u

(M) ANENAY waz (A1) Laneull 24 d9Tuq
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HANNINARALLlTLANE NN B9ANFLaUR LTS NANNANT lun 191Nt
ddelusriinTandesaesuunnLng (Batch) 1¥n1mmaanafisvezioan 10 w1
TnaldFunnianfueaurusus 16.67 niusetnidgainlssavieidslatiunisiiige
Buns 1 ans dufiludagauimunsauainn1smaaesdaanisdanARLazNaL Hanis
NAGEY WL ANLRALTIBFTTT L ANdIann T NTadat AN FLa AL TILARENATN
ANNTNTUTI AN RAEAAAY NAN9AE AT LAIENANNNINT T L ANE AW
TunisanArBunninsunarleiuldafian Ae feuaz 81.30 sesawn Ae Andlen
Yasiay 73.85 AL Bunnveandeuausesiesas 65.03 AN Eunmuaniazantldianue
Fagaz 59.00 ANMZNAUUNN Fa8az 37.50 WATANANLLIUNIAAINFREAZ 5.10 ANTNAAL
Samns19d 3 TesanadestiunanisANENTe Lamdual et al. (2010) Az Mahadlek (2012)

b

Inugn dez@ndninnisindnladuuazindueanainindslseinns Tnalddanaadu

)}

FanaaaneengUElulALLaznnNaX luszuuni@euunuund anunsarindelafunes
il fiRutenas 80 Lﬁmmﬂﬁﬂ?tzam%mwiuma@msﬁm’i’]ﬁﬂéﬁ uanannid fegnunsn
Sifanaansau  1idan fe dled sesuwdusiuaesrionan uazansuatuaey gy
LATARAARBIALNANITANE1224 Tatayanon et al., (2009) PN ANFLRUAS U
mn%qmmmﬂvmwwé’mLLaWﬁﬁmTwm azinlinfeanniuensildnenizaesd
N uazAauanAsENs lullaqiiulsugAamnsssng 7 Lidnsldiansespnfuen
lunnsadnansiie wazqauideune ietndaidoneuldesguuasgumy Wy
N9l A FUaUANTUALULNIAINTINIAFIN T UNTZLIUNITAFNATNAULATIINAZN DY
Werhiindaansnsnandndlen Idteianas 80 wazand Ii3asas 50 maieanA gy
?J'ﬂﬂﬁ’]ﬁﬂmﬁ'm (Harrelkas et al., 2009)

= | o . EO
A1519N 3 ﬂ’]@‘ﬁuﬂl'ﬂ\‘iﬁmﬂﬂq\iu’]LZQEI"Q’]ﬂIN‘ﬂ’WI’]?

.. Anaag (X) Anaae (X) dsz@nsnn
ﬂ’]mﬁu 3 o s Qs ) L4 o s v
NAavNITLUIUA NU[INITUILA N1TUUA R8T (%)
ANANNIUNIALAT AN 7.46 7.08 5.10
fled (Raansufeans) 19.50 5.10 73.85
289L Tk IIUARE (RAANTNAAANT) 14.47 5.06 65.03
ANRAZNAUUTIN (NAANTNFARAMT) 0.08 0.05 37.50
gnsnavanslaviannn (Raaniuseans) 93.48 38.32 59.00

Pfunaluiu Hadaniuseans) 1.23 0.23 81.30
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NN 500 avATEEALTEA 1TUna1 120 W Aa anT19zwmnnzanlun1sA U gy

Q a
] v

nnanialilaniu anduinuinszfunieanuFaunaziaing KOH ludnsnadou
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Tunszguite Wl A A Fuaufuud way SaleleAuiuiue g 769.36 faaniusaniu

2. ANHIUHIANITNINNNENNLAZIATTBIAN Fl e NTU AT aNa NN
wudn et lunmaininegu Lﬁmﬁﬂuﬁummmgmmm Nan. 900-2547 Na9Ae AN
lalenuiniuef laidaand 600 Haaniusaniy uaziAiANruLtulsIng 0.2 D
0.75 NFNARYNUIANLTURINAT LL@zzﬁ“ﬂwmzﬁmgmﬁwmmmmuﬁthummﬁmwfﬁu
%ﬁﬂwmmmgwgulﬁm%u wazdlatnuinunnsnsziunieanufaunaziaiiazinldt
ﬁﬁuﬁaqLmemwguLﬁumﬁ'ﬁu atnedian wanannii ATUANHEUTLANI TR ariFL
wudn meansueludieduiielflddu fignmvgi 500 asrmadaa iunan 120 Wi
wumaﬁmmuﬁmfawgﬁﬁﬁu O-H uaz C-O uazASLaUTLTUFTIEIaNaNANTN
WAANAIL UL ANHUZIANITUDINY AN TUIBIAFUBLUA UgANTuanTian (COO-) way
wanlau (-CH -) fudeug Fafulassaivesdnifinluuiu uazufinvasdainu
#sgevAlsznaumanlugilaasansaunatl (C, H uaz O) 51aa9ALsenatsas wuanslsenal
aanlmAua9a7s WL NATIN (K) Lazupadmes (Ca) Aua1au Aufuansszneuaanlas
u 7 agflifunnufisadnien uazfldnsnilasaiadundnuasadnzesansszmedng
lulpsaivaziianisaaneliudsnisansuebuaduinfuasueuedngu
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qquﬁﬁﬂﬁﬁimqﬂ@:maﬂ’Lﬁ'@ﬁmﬂf]mwmmmmmLLumﬁL?ﬂIﬂi"LuT@ﬁﬂ
Aa Lactobacillus plantarum lunisduganisiasyiauinaesuuniFanelsa
Ag Staphylococcus aureus ATCC 25923 waz Salmonella Typhimurium ATCC 13311
naaavLlneds agar spot WL annazitlddnfnnsa¥aanadiugaie L plantarum (AP1)
Zﬁﬂuﬂﬁ‘ﬂﬁué/\mﬂi‘lﬂ?mLﬁ‘].lt[il‘ﬂ@ﬂl,%ﬂ S. aureus ATCC 25923 waz S. Typhimurium ATCC
13311 RAnlgunisfudannniianiasisainnisaineansduds Wennaenlnedanis
NNZIRENFINA WG T L. plantarum (AP1) gunTvn s uaEe S. aureus ATCC
25923 AL S. Typhimurium ATCC 13311 apadann 5.52 1l 4.58 log CFU/mL LLazanas
a1N 5.25 1il1 4.30 log CFU/mL suatauniglinan 24 dalus iflenaaeunistiusanig
Lfeﬁ‘cyLﬁﬂ_ﬂlmmL%@ﬁ@‘ﬂmﬁlmmuuiﬁwudﬁ 3 L. plantarum (AP1) @1:817091 1HAN191
L%‘ﬂ S. aureus ATCC 25923 1Laz S. Typhimurium ATCC 13311 8aARNAIN 5.78 114 4.20
log CFU/g azanasann 6.27 Lilu 5.21 log CFU/g muatauniglinan 72 T
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A : ldsluledn wvwwnln Lactobacillus plantarum Staphylococcus aureus ATCC
25923 Salmonella Typhimurium ATCC 13311

ABSTRACT

Growth-inhibiting activities of the probiotic bacteria Lactobacillus plantarum
were determined against the food poisoning bacteria Staphylococcus aureus ATCC
25923 and Salmonella Typhimurium ATCC 13311 using the agar spot method. Results
indicated that antibacterial activities of L. plantarum (AP1) against S. aureus ATCC
25923 and S. Typhimurium ATCC 13311 in condition of unlimited inhibitory substances
were better than in condition of limited inhibitory substances. Using the co-culture
technique, L. plantarum (AP1) inhibited growth of S. aureus ATCC 25923 and S.
Typhimurium ATCC 13311 with decrease in their numbers from 5.52 to 4.58 log CFU/
mL and 5.25 to 4.30 log CFU/mL, respectively within 24 h. Further investigation using
chicken Nham indicated that L. plantarum (AP1) inhibited growth of S. aureus ATCC
25923 and S. Typhimurium ATCC 13311, with reduction in their numbers from 5.78 to
4.20 log CFU/g and 6.27 to 5.21 log CFU/g, respectively within 72 h.

Keywords: probiotic, chicken Nham, Lactobacillus plantarum, Staphylococcus aureus
ATCC 25923, Salmonella Typhimurium ATCC 13311

Ui

Tlaqiiugisln AN AUl RAG TN NIBIALLEININTL IHBIAINANZWIAADN
P = a a = o Y a d‘ ' a ]
nasuulasly uazngiinssunisuslnaevnsidowinliiinacnudeenaininlensing |
iy Tenladugasuluduiaen Tsaviala uazlsnviasdas Wwsiu Asiudusineaasiuun
Tiaonuaulalunisuslnaemsnidsslomisasianie wu wandusillslulesin way
nansTusiwglutesn dwsiu ldslulasn (probiotic) luaauvanndamnnaliinyseTaal
FOQUN NUBIELFLNA LU Bifidobacterium waz Lactobacillus Ingtaglfuanna1e4qaumas
TUszUUNIBALEIUNT azdINNT A9 a TN SusT L Tdanalsn (Vandenplas et al., 2015)

NINARLULNIUATITAULAZAAAINITNRNINTY  LANIUAAIAINABTNLTS

a A a dld 1 a [ % a dl o o 2’/ =X ]
WUANFELAARNTNNEEANEIINTIA b TR AL LE lun19udn Aeiil AeliannsoncunN
< o2 : " < " . -

AUNINNINAR LR ANadaNa L L wneutlaniiaulane nsiatdslulemnund
WdelunisnanuuuuliazinliinisminnalaneLazmaSiarnsadudaaenalsn
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s o X - A o X ' ' a X
nxetluarviseinaniiedndidudetin @alsaoenann1gaAumelma Staphylococcus
aureus WAL Salmonella Typhimurium laandae tpeda S. aureus u@aNa N1
a¥19asneriiaeunelsiendu (enterotoxin) way S. Typhimurium ldsatmannld
a dl a al a 1 v 1 al dil
Weaniraaurldanraudandsee [unsasludesias wazdaewnde nnsdudlen
ga9imanalsaanusiiluira1anIaIndngALLUAARIN Ei L UUNLAZN1TLTIN AL UL
4ﬂl [ ¥ A ] v o =KX = éj 1 A
Aladuanufeurzadiuanufeuldinaaneasiimanalsaiuaasan (Ahmad et al.,
2017; Swetwiwathana et al., 2007) A1N91EN1ULBY Swetwiwathana & Visessanguan
(2015) WUl Te Pediococcus pentosaceus NENN1TOAEILLANET LOTU
wndudamanalsaanvnsiiufsluuiuaide Salmonella spp., Listeria monocytogenes
waz S. aureus taeMn lHiaana11ILAa 2 log CFU/ML  luwaniRdeafaiiasaunlanazldie
ngu lactobacilli waziiluldslulefniimnntlasadaaunsnldlunaniusiaius|a

'8

(Generally Recognized as Safe: GRAS) Tmﬂ%é@ Lactobacillus plantarum 2 mgﬁu@
A8 AP1 LAz AP2 17‘1'ﬁﬂLLHHNWQWHQQ’Q’]?Z%@Qﬂu‘ﬁﬁzﬁ“ﬂﬂﬁwaLL@Z@’]W}‘JMﬁﬂﬂ?:ﬁLﬂWﬂ@’lsﬁ(ﬁ
pudndy Snnaaianadullslulefnfinne nusendetinanssuaaadidiu 0.5%
nusenIATisTF LRI 3 aunsnsdesllsdulaiuuazuileld (Phoem et al, 2017) Ray
dhanldiduidelunisnaaumaln  dafunnsiduafaiitelngdszasmitednmm
UszAninnaedide L, plantarum (AP1 way AP2) Elumiﬁuéqmim?a;@uimmL%@
S. aureus ATCC 25923 waz S. Typhimurium ATCC 13311 IuLquuiﬁLﬁﬂLﬂuLLuQ%ﬁﬂ
iuﬂﬁ@ﬂaxgﬂmﬂ%ﬁqL%@Iﬂ'ﬂui@ﬁﬂ‘lumamﬁmsﬁmmﬂﬁummw (functional food)

dl dl QI o dld ¥ a '
Uszinndu o eiinAnNlaeadawazgunninaesdstnasall

et
A6N19
&

1. 1meqAuYTe
1.1 Wslulednldfumaneyasziainanuidaaes Phoem et al. (2017)
Uszneudauide L. plantarum 2 dufiug An AP1 UENAINgaaNTzALLATRATANA
war AP2 wananndaniflamantAninduluslulefinfinie nusenderinafisziu
AN 0.5 % Nusiansafiszdiu Aled 3 wazanunsndealisiu lasu uazudleld
1.2 wupnranelsAevisidufeAe S. aureus ATCC 25923 WAz
S. Typhimurium ATCC 13311
2. mswmmummmmmmmﬁﬂ Lactobacillus plantarum (AP1 waz AP2)
Iumﬁ\ﬁu%\imm?mLf?mimml,%@ Staphylococcus aureus ATCC 25923 Waz Salmonella
Typhimurium ATCC 13311
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mam‘?‘ﬂm%@ L. plantarum (AP1 Lay AP2)
e T (inoculum) Im?;lLgﬂdL%’aLL[El'@Z@ﬁEIWu’JfLu@ﬂMW?LgENL%@
De Man Rogosa and Sharpe agar (MRS; Merck, Damstadt, Germany) ﬁuﬁ@qmwgﬁ
37 asAnaaiduailungn 24 Galu inlalailitsqnannlalu 0.85% Normal Saline
Solution (NSS) LLz’ifaﬂﬁ*ummﬂuL%Mmﬁwhﬁu 0.5 McFarland azsin L mBunnudely
1.5x10° CFU/ML udaiananslifléizunaute Gududy 107 CFUML
ﬂ’]?Lm?HNL%ﬂ S. aureus ATCC 25923 wag S. Typhimurium ATCC 13311
WFEIN inoculum Cl:m?;ll,gﬂ\‘iL%’ﬂLLﬁiﬂzﬁﬁﬂﬁuﬂu’ﬂﬁﬂ’]?LgﬂﬂL%’ﬂ Trypticase
Soy broth (TSB; Merck, Damstadt, Germany) ﬂuﬁ@mwgﬁ 37 agATEaLTad AN
24 dalus inlaladifiusqnaanlalu 0.85% Normal Saline Solution (NSS) w&aysu
el lEWinTL 0.5 McFarland aginlitFuaudeiu 1.5x10° CFU/mL
LdrAeanglFld BunaudeGuduily 107 CFU/mL
2.1 miwmaunqsﬁmﬁ?ﬂmﬂﬁa&lLﬁ‘uimmL%@uummm%m”%ﬁ%
agar spot (AAw1la4a1n3ann7189 Spelhaug & Harlander, 1989)
1) ﬂﬁ?%ﬂ@ﬂﬂﬂﬁ?gué’ﬂﬂ’]ﬂ'ﬁﬂ&lLa‘i_ltlfl‘ﬂ'mL%’ﬂlumﬂ’]fwﬁiﬂ@o’lﬁ/@ﬁ’]ﬁ‘
Tl
vige L. plantarum (AP1 Lag AP2) A ALEe 107 CFU/mML
Mﬂmmuummmgméﬂ MRS agar (Merck, Damstadt, Germany) L%mz 5 lulAsans
Az 2 e Taevnanuas 2 Weieldlfus Lnfigniunfl 37 evraaidaa e
24 “I%QTNQ uﬁ\‘m’]ﬂ&uﬁﬁmLwﬁué’wmmﬂgmﬁ@ Brain Heart Infusion soft agar
(BHI; Merck, Damstadt, Germany) #3u 0.7% 1511013 10 Haaans FeiliFanelsausiay
anetugEanudadugadiedu 10° CFU/ML Uufiguuvgil 37 asrnaadaailunan
24 #ald FinNIMAGS 3 7 mmwamaﬁu&q@mmﬂ@mmm@ﬂ“u&q (inhibition zone)
@Wﬂ‘IJE]‘LILL‘]_IﬂﬁG“F;ILL@ﬂﬁﬂ@u@ﬂm@u%ﬂi@ﬂﬂdﬂ’]@ﬁuéﬁ
2) ma‘mmum?ﬂ“uéﬂm?lﬁ?mLﬁ‘u‘immL%@Tumnﬂq:ﬁﬁﬁﬁmmﬁuéq
NINTNAABIdULALIN UL 1) LA lF NN IAL9Te MRS agar
(ﬁ{iﬁmﬂﬂ@ﬂﬁ@ 0.2%) a1 anaerobic jar (Difco, Dickinson, USA) ﬁu‘ﬁl@qmuqﬁ
37 aeAnaalTaa unan 24 99l
2.2 mawmmum?ﬁu&qm?m’?mLﬁ‘uimmL%@Tmﬁ%mimﬁmgméquﬁu
(FPWLaIaNnNITN17989 Gonzalez et al., 1993)
Yhiderials wFarANENUgNIREN9aT 200 lulnsdms ldluemnsideide
BHI broth @n@ae 0.5% yeast extract (Merck, Damstadt, Germany) 13u1m3 2,000 lulAsans
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%”L@mem%’m%’u@mﬁﬂmmL%@Lﬂu 10° CFU/mL tide L. plantarum (AP1 way AP2)
wnatieay 200 laulasans 1dluemnsiasaide BHI broth Baudae 0.5% yeast extract
1311719 2,000 lulmsass fﬂzﬂ,é’mwuvﬁu%’u@mﬁﬁwmé@ i 10" CFU/ML shviais 2 nga
MNZAENEaNTU LnTigandl 37 evdaaifaaifiunan 24 40T dougaaauauarlald]
nsdisideluslulefin ﬂmﬂﬁmmimmmmmmﬁuL%ﬂ@hfﬁ% pour plate Tagilda1uns
Aeade fasieldlid Ae Salmonella-Shigella agar (SS; Merck, Damstadt, Germany)
ﬁﬁﬂ’ﬁléﬂ S. Typhimurium Lag Mannitol Salt agar (MSA; Merck, Damstadt, Germany)
§wSLiTe S. aureus ATCC 25923 ﬂuﬁ'@qmmﬁ 37 evangaides unan 24 dalug
Fn1InAand 3 40

3. ﬂﬂ?‘t’lfﬂ@ﬂﬂﬂ')’mmuﬁiamméﬂ Lactobacillus plantarum (AP1) lunns
ﬁugﬁﬂﬂ?L@?mLﬁuTmmﬂdL%@ Staphylococcus aureus ATCC 25923 Wwaz Salmonella
Typhimurium ATCC 13311 luwuudln (Fawlasainisnisaee Swetwiwathana et al.,
2007)

ﬂﬁﬁ‘l,ﬁl?‘ﬂmzhul&ﬂﬂu%@ L. plantarum (AP1 LLaz AP2)

e L. plantarum (AP1) %'aLﬂumﬁﬁuﬁﬁﬁﬂiz?ﬁw%mwiumifﬁTugT\i
L%@ﬁ@‘l?miﬁﬁﬁzgmmﬂuﬁqL%@slumwammuu Ynde L. plantarum (AP1) WAL
luemaideaida MRS broth tnfignumnfl 37 asAgaidos iunan 24 Falug il
mgw,u'fdalmﬁmmﬁmu 8,000 g grunni 4 asAmadea 1uan 15 wiileuusagad
Usamadnldly 0.85% NSS ﬂ%umﬂmaim%@iﬁlﬁwhﬁu 0.5 McFarland azvinliiH
Buandeifly 1.5x10° CFU/ML udaaeanslildiunande Fuduiu 107 CFU/mL
vitelduanluudl il dénsdaudeseunualddi 1 mL - 1,000 g

mam’?mmdquslméu@m%@ S. aureus ATCC 25923 waz S. Typhimurium

a

o X . . e X XX -
unmenalsausararadug i1 lue uisiaasia TSB Uunguuns
37 avAngaideg unan 24 dalug dnldvyunesfiaauiiasey 8,000 g goung
4 agANEALTad 1Wunan 15 winiwalfusamas wisamasNi1la1i 0.85% NSS
UFuaonuguaalilavindu 0.5 McFarland azinlidSunanaawiy 1.5x10° CFU/mML
uaaRaa ks @ Busu 10° CFU/ML dnmalduanlunnunlnlnaNansdqau
aasaununlidle 1 mL: 1,000 g
3.1 nnwmranuuulmianaaaun1sdusganisasymuinaaadanala
o dil 1 a o % £ ) £% = o Y
fduilalann 1 Alanfugelvazans nllusldazidanuaniudinans
3 daulfy nreianun 1 Taulfs Wnn1anaenes 1/2 faulfy inaailu 1 faulfy piuiime

adluwuunlivtadv 4 ngu Ae nqui 1 Bindaulaaesida L. plantarum (AP1) NANTL
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davlaecide S. aureus ATCC 25923 13unms 1 HaAARAS nguT 2 Frdaulaaeside
L. plantarum (AP1) naNALdula1e9de S Typhimurium ATCC 13311 1sumeagingas
1 HARARST mg’m‘ﬂ' 3 iannzdaulaseside S. aureus ATCC 25923 3u1ms 1 H0AART
(TAAILIAN) me@'mﬁ' 4 Fimannzdaulazeside S. Typhimurium ATCC 13311 13unms
1 HaRans(1AnUAN) Wi lidauNandniuinNnlaluganaasn ‘Lm’w’?n%m&mmiﬂ
aazln laanideenliuun datlngaliiu qqqiiﬁfqmugﬁﬁ@mﬂmm 72 dalug
Jinnnmmaag 3 41
3.2 mansageunailaaunaslunmln
1) MsnsaaiLsuILiTe

dhsnetnreaumling 4 nanfiminldidunan 0, 24, 48 uay
72 dalu m%\ii’iwﬁﬂmjmz 10 N5 wéaAn 0.85% NSS 90 fiadams a1nvui
10-fold serial dilution YudNuLdalALAa pour plate Fatlavnalaeageniude 2.2
tinlduind 37 esAmaiFuaiflunan 24 dalue viinnImaaes 3 41 (AOAC, 2005)

2) NM9ATIZULTNIUNTALAARN

finatnanasuualriv 4 ﬂ@ju‘ﬁluﬁﬂﬁlﬂumm 0, 24, 48 uay
72 dalas dhusualiusaznguan 10 nfuldtiingu 90 fadans AaRaatingldluaan
gunny (Erlenmeyer flask) neaWuadnnIan 2-3 van lynmmdosaisazanalane
lansanlds (Difco, Dickinson, USA) ARMNIENW 0.1 N @uﬂizﬁuﬁmﬂu%mm (AOAC,
2005) AMUIEUNT % NIALAARNANNGHT

(NxV1x90.08x100)

1000xV2
N = arudnduresarsazananingulsnenlansanlss (N)

FNUNTALAARIN =

Vi = funsresansazaneningulapeslansenlasnldlnmem (mL)

V2 = ﬂ?‘mmmmmmmwﬁqaﬁwﬁﬁlgﬂwm:r'w (mL)
4. NMINATIZARANINATA
ANLLNUNITNAABNLLL Completely Randomized Design (CRD) Nanng
nanasildseaunalluanaae + zdfml;fimLuummgﬁuﬁié’mnmawmm 341 Lanld
nndpszinanudslau (ANOVA) Taeldllsunsndnfagl SPSS uazulFaumey

Anaaalatas Duncan 's multiple range test N32AUANNLTANY 95%



Phranakhon Rajabhat Research Journal (Science and Technology) 173
Vol.13 No.2 (July - December 2018)

NANITNARDY
1. ﬂ']‘iwma'ﬂuﬂ'ﬂuﬁ’m'}inmﬂu%ﬂ Lactobacillus plantarum (AP1 wag
AP2) GLUﬂﬁi{IJUglgﬂﬂﬁi‘L'ﬂ%muLa‘].liﬁl“ll'adl,%”a Staphylococus aureus ATCC 25923
LLaz Salmonella Typhimurium ATCC 13311
1.1 MINARALNTIUSILUBNMNTUTIA28AT agar spot
ﬁﬁé'ﬂ L. plantarum (AP1 Was AP2) NANARALIAMINAINITN NS
ﬁugqm?m?tylﬁuim@u%ﬂ S. aureus ATCC 25923 WAy S. Typhimurium ATCC 13311
1838 agar spot Fauanalunned 1 nudraniailisrinanisadieansfudade
L. plantarum (AP1) mmmﬂ“ué%m?m?‘tyLﬁuimmmtﬁ%@ S. aureus ATCC 25923 La¥
e S, Typhimurium ATCC 13311 fanTaunnstiusailu 16.56 waz 14.72 Sadlns
ANNANAL (p<0.05) annaziianianisaivanssusaide L plantarum (AP1) AnanIneLEy
N19LATEY Fulnueaide S. aureus ATCC 25923 LAY S, Typhimurium ATCC 13311 8anTau
nnaefusaifiy 12.13 1la¥ 12.00 HadNATAINAIAL (p < 0.05) avifinl@dnantnziilaisndn
ﬂ’]i"&%’m’&’]‘J‘Fﬁ/‘]_lﬂz//\‘]@zﬁﬂi‘taﬂg‘ﬂﬂwiuﬂ’]?Ffl/‘i_lé//\‘]ﬂ’]?ﬁ?‘mwLa‘i_liﬁm‘ﬂ\‘iL%‘ﬂﬁﬂiﬁ‘ﬂiﬁaﬂfi’]@ﬂ’nt
AsianI2a¥eanatiusa Taefide L. plantarum (AP1) fiAnuannanlunsfiusade
felsavie 2 T0nlEANI T L. plantarum (AP2)

Mﬂ‘iﬁﬂﬁ 1 ANAINNTDRNTR Lactobacillus plantarum (AP1 LLay AP2) Tunngeiue
nsstyLiulnaasima Staphylococus aureus ATCC 25923 Lag Salmonella
Typhimurium ATCC 13311 Ia#iA3 agar spot

7
[

Aaaaltun1sdudy (Hafiunsg) = douilauuainsgiu

ST T anzlaidninangeusa AN AINNARTE LS
AP1 AP2 AP1 AP2
S. aureus 16.56 + 1.07*" 15.42 + 1.36™" 12.13 = 1.05*" 5.50+0.00”"

S. Typhimurium 14.72+1.00° 12.40+3.69°  12.00+ 1.66* 5.47+0.00™"

Aneaeeslaunstiud £ zdmﬁmmummim ANNNINAREA 3 7
ﬁqﬁﬂmmmﬁ\mqwﬁumﬁﬂiuumu@uﬁ'm'wﬁuﬁ@ Taunsdfiudeesida AP uaz AP2 wansneiu
atella N ATYNIAn A

ﬁqﬁﬂmnﬁmﬁ\mqwﬁmﬂmﬂuum[%\1171'ﬁmﬁuﬁ@ Trunnsdiudiauedide S. aureus WAy S. Typhimurium
uansneiueenelladAynieada
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1.2 nenARauNsSUSIlaedaN1TINTIA BTN

ﬁfné'ﬁfa L. plantarum (AP1 WAz AP2) N nAdalA NaInisnlunng
ﬂ“ué‘qmm?gy FuTn1adide S. aureus ATCC 25923 AL S, Typhimurium ATCC 13311
AN NN LIRS AN ARl AT 2 WUdn T L. plantarum (AP1 LAY
AP2) ﬁmm@ﬁmansl,umaﬂ“u&qmaw?‘mLﬁ‘u‘ﬂmmL%@ﬁ@hﬂ%\i 2 aialaluwnnFNeiu
L‘H@L plantarum (AP1) A mﬂmmqums aureus ATCC 25923 anaLUAR 4.58 log CFU/mL
Lmmﬂmmmmmmmwmum S. aureus ATCC 25923 1114 8.12 log CFU/mL e
24 ‘ﬂ'ﬁlld (p<0.05) ay L°]J'a L. p/arn‘arum (AP1) A “"V]ﬂﬂmu'mlﬂm S. Typh|mur|um ATCC
13311 apaaan 4.30 log CFU/mL Lmmﬂmummmwmmqmm@ S. Typhimurium
ATCC 13311 1il1 8.06 log CFU/mL ‘171IL'32\1’1 24 °]°]I/’J<l:3~lx‘1 (p<0.05)

Mﬁ%"lxi‘ﬁ 2 ANNAINNIDURNLTA Lactobacillus plantarum (AP1 Lay AP2) Tunnsg
fudaniaasliuinuecima Staphylococus aureus ATCC 25923 Wazima
Salmonella Typhimurium ATCC 13311 TaeRfnziaeasaniu

suudanalsa (log CFU/mL)

vanalsm Tdsluladin  1aan (dalag)
qmmuqu 6i‘;rﬁl‘lllﬂfsil’ﬂ‘l.l
S. aureus AP1 0 6.25+0.05%® 5.52+0.04"
24 8.12+0.10*" 4.58+0.18%
AP2 0 6.25+0.05%° 5.09+0.19°"
24 8.12+0.10*" 4.50+0.09®
S. Typhimurium AP1 0 6.17+0.02°° 5.25+0.24"
24 8.06+0.06™ 4.30+0.03®
AP2 0 6.17+0.02°® 5.01+0.11°"
24 8.06+0.06™ 4.53+0.07"®

TAAILAN AB TanalsALFazaus GaAnAaaL A L. plantarum (AP1 WAz AP2) naniusanalsa

Lwi@vmﬂﬂ’uﬁf

mm@mmmmwﬁn@ + mummmummﬁ’m AMNNITNAAB 3 6ﬁ"l
m@nmmmmnquu‘wL@ﬂ’LuLLmuauwmmum 'Q’Wuqum’ﬂﬂﬂtﬁ'ﬂluﬁﬁﬁ’]ﬂﬂ&lLL@“T]@‘VI@@@‘LI

mem\mu@mquuﬂmmmmmmm

v
o o

Fadnesniwdenguinlvg luiuaseisisiune Anusudenalsaluwsdazdowaaininasay

wANANAUae NI NTA AN a DA
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douide L. plantarum (AP2) Az lidnuauiTe S. aureus ATCC 25923
anaaLwan 4.50 log CFU/mL Lfi@LﬁﬂuﬁuﬁﬂﬁQUﬂNﬁﬁ@O’m%uéﬂ S. aureus ATCC 25923
Wlu 8. 12 log CFU/mme 24 m‘[m (p<0.05) LAy lﬁm L. plantarum (AP2 AT RNRH
SNuaEe S. Typhimurium ATCC 13311 anadu@aa 4.53 log CFU/mL e feum
qmmuquﬁﬁfﬁmquﬁ@ S. Typhimurium ATCC 13311 1il1 8.06 log CFU/mL filnan 24 Falus
(p < 0.05)

2. nagaumsiusensasuiulnresdanalsanaznisasiansauanin
Tuunualn

vinge L. plantarum (AP1) HANARALANNENNNT LN LTINS
w’%mlﬁuimmé@ S. aureus ATCC 25923 LLa% S. Typhimurium ATCC 13311 LaLAn®A
mimwmmLL@@MﬂiuLLﬁuuiﬂmqmeﬂumi’mmSwmf] L. plantarum (AP1) azyin 14
$1uIuiEe S. aureus ATCC 25923 aAAdIMAD 4.20 log CFU/g meﬂunummuQN
ﬁﬁﬁmqu‘%@ S. aureus ATCC 25923 Llu 7.98 log CFU/g finan 72 dalua ( (p < 0.05)
AT L°Ij@ L. p/am‘arum (AP1) = Q,Vl’ﬂwmuqum@ S. Typh|mur|um ATCC 13311 anadlian
5.21 log CFU/g Lmmﬂmmmmu@mmqmum@ S. Typhimurium ATCC 13311
\lu 8.17 log CFU/g finan 72 dalue (p<0.05) waziFuimnsanansnuaswiusli
Tuganaaeuiiiunnndngaacauiiingn 72 9alus (p<0.05)

dgduaziansalua

Tsluledniimnuaiunsalunisaieansundudadanalsn ga1uns09nns
nagauldvaneds g nrraieansdiugannaisuielaeis agar spot WazN194514
anafufial ey sman e BN LA TN AL

1. Messeanstiusadanalsalanedd agar spot

NN9NAGALANANNNTOINTE L plantarum (AP1 uwag AP2) s

m’m?‘tylﬁu‘ﬂmml,%@ S. aureus ATCC 25923 az S. Typhimurium ATCC 1331 luaniaz
flaidrimnnsaneansdud Tﬂﬂuifaﬁﬂmmamif’ﬁﬁﬁm@ﬂ@ﬁﬂm 2% fiflag/lua1wns MRS
agar Lﬂ?{ﬂmﬂummmmﬁnﬁqm%ﬁumﬁué&qL%@ﬁ@‘[im”lﬁ%\mﬂu,@zu,mmu Theidi
T8 AP1 LAz AP2 mminﬁu&amm?ﬁyLﬁuimﬂméﬁ@ wnsuLanléAndNLnsuaL Wesann
Faunsuanil outer membrane dagluntstlasiusunmefiasiniuiuide (Tejero-Sarina
et al, 2012) @AAAABNNALNNWIALTEY Leite et al. (2015) WUd13e Lactobacillus
paracasei Wa¥ Lactococcus lactis ‘17';LLEIﬂ@’mLﬁ\lﬁmﬁLW@§@WNW?O§U§QW]?L@?@La‘]_ltlﬂ

ENER Staphylococcus aureus, Listeria spp., Salmonella spp. 8L Escherchia coli
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A1571997 3 Mnidasundassnuiu@analsanaszuiansanandn (%) luwuunln

AUULTANDLSA NSALAARN
v . 1281
danalsa o (log CFU/g) (%)
(Falna)

GAAILAN  FANAFNAL GAAIUAN  TANARALU
S. aureus 0 6.02+0.05°® 5.78+0.77*  0.13+0.03*"* 0.47+0.03*"
24 8.15+0.10*" 4.78+0.28°®  0.17+0.09*"  0.60+0.08°"
48 8.13+0.07**  4.39+0.69"° 0.20+0.05"*  0.72+0.12**
72 7.98+0.07*" 4.20+0.62°®  0.31+£0.04" 1.40+0.04**
S. Typhimurium 0 6.17+0.02*° 6.27+0.10*  0.15+0.02** 0.51+0.08*"
24 8.16+0.06™" 5.49+0.06"®  0.22+0.07** 0.62+0.05™"
48 8.28+0.00*" 5.34+0.06"®  0.25+0.03** 0.75+0.03*"
72 8.17+0.07*" 5.21+0.65"°  0.36+0.05"* 1.45+0.05""

TAAILAN AD LLWL&N‘?]ILﬁuL%’ﬂﬁ@Tﬁ‘ﬂLLﬁi@%’&ﬂﬂﬁuﬁ1@‘1/]912‘1@1_I Ao wunfANTe L. plantarum (AP1)
muﬁm‘%@ﬁai?mwimmﬂﬁuﬁ

AaRLTRI LA R/NTALARRN zﬁ'quu‘jmmumm;gm ANMIMAREs 3 0
ﬁqﬁﬂmmmﬁqnqwﬁum&n’luumu@uﬁ'rﬁmﬁuﬁ@ mﬁimummuqmmzmmmuLLmﬂﬁmﬁu
el Tad Ay 19ans

v 1
o

FaaNE N1 =8I EANW Iy Tuwuissnissiume Aldlunsazdauaaiinegauunnsneaiu
et lla & AN A

o

195 wazINuIeuas Hwanhlem et al. (2017) V]ﬂﬂ’]?LLﬂﬂL%'ﬂ Enterococcus faecalis
ananldligunsadudanisasiulneesde S. aureus uaz S. Typhimurium &7
druan2zidnia mm%‘wmaﬁugﬂmmmﬂ?mmf‘iﬁm@ﬂq‘ﬁﬂmiummmgmé@ MRS agar
wiae 0.2% 1 lRn1ras1elSununsaLanfinanad wazn1stnly anaerobic jar azly
saiansatlalasiauleseantas daulisluleRnanunsadudenisadfivinges
derialsnlagldansdudaiabu duuupmeslefuazinlfiiaguinontetumadinly
\Buannaasesslsznauneluas Lmeﬂu%m (Nuphet et al., 2004) aziiulgian
e L. plantarum (AP1 Way AP2) Zﬁﬁwﬂ?ﬂghé/\mﬁﬂfﬁﬂ&lLﬁﬂtlﬁl‘ﬂ@\iﬁﬂﬁﬂi?ﬂ%ﬁ 2 aiim
1§desauiiefaurunimagenluaninziilid fnnnsaisansdus



Phranakhon Rajabhat Research Journal (Science and Technology)
Vol.13 No.2 (July - December 2018)

177

2. N9ASNANTELEUTRNDLTA L UAIMITLURILALABNITLNIZLALNTAINNY
NNINARBLAINNANNNINVRTE L. plantarum (AP1 waz AP2) Tunnseud
ng@sUAUIRaeaTe S. aureus ATCC 25923 waz S. Typhimurium ATCC 1331 WL9N
\Ta L. plantarum (AP1) @a1unanduganisiasayipulnaecdenalsaivaasaidnlanngn
L. plantarum (AP2) {Wa9a ni@a L. plantarum (AP1) @1adiulunnsasununsaieans
duevlanainuanaaianarilsr@nsninlunisdudang dagnslunisdudaugenalsn
MAAINNITAFINNIALAARNNIUNTELIUNNT Embden-Meyerhof Pathway (EMP)
(Vandenplas et al., 2015) \ia L. plantarum (AP1) @nu1snsiusiaiia S. aureus ATCC
25923 1#AN4LT@a S. Typhimurium ATCC 1331 il@9anni@a S. Typhimurium ATCC
1331 § outer membrane Tag lunstlaeiudunsaNazfinluiuie (Tejero-Sarina et al.,
2012) daeAAREIiLa11IN8a89 Nuphet et al. (2004) inwenia Lactobacillus spp.
anuuuninun ldluntsdudada S. aureus ATCC 25923 WAy E.coli ATCC 25922
TAEATNTINNZLALNFINGL WULN T8 Lactobacillus spp. @ nnsagiugaimanalsals 80-100%
3. madasunlassruiuidanalsanazilfununsanannnlunuuala
A nnIageaunissudaTanalsnlanels agar spot LATIWIZLALNFINAY
WUIN @8 L. plantarum (AP1) Hgnslunisdudaaanelsanmnaerinnndsyens gy
Fadalunvunlnnndnuwdunan 72 dqlue leeae L. plantarum (AP1) @13190
fluslaTa S. aureus ATCC 25923 lAAndnd@a S. Typhimurium ATCC 1331 LaznIm
a a % dl 1 = 3 d” I
wamBnin1sailuBunanuanndigaacuax Inalnnisinanamenelsalasgluanine
dld a 1 dl 1 % ?:/ o b4 &
nietanas nsauansnatlugiiuananliunnsda andullsneuazaanuiinlimas
AnRENANIUY ATP WediFunulilsneuniniiuliasdsnasanisilasunilasiies
nmelugad Auasanisineuaesieulassd Weduigad N1981AL9A98IUNT AAngIu
WHNNLBATH wazimaanalunge (Vandenplas et al., 2015) wananifaaatinann
1 oA = = v an R ndl | % ?:/ é/ {
dounanlunvudln Ae neuifanlanseaaty (allicin) Adqalunisdudadanalsa
(Swetwiwathana & Visessanguan, 2015; Vandenplas et al., 2015) &8 AARBINILN1UIAEIUD
Swetwiwathana etal. (2007) weini@ia Pediococcus pentosaceus ANNLMUNAIN1TOE LI aTe
Salmonella anatum NUuitlaulunununlin waza11dqaae Kingcha et al. (2012) weinide
Pediococcus pentosaceus BCC 3772 aNUNUNUNNSUENIT Listeria monocytogenes
Taaninldanuudenalsalulinanag 3.2 log CFU/g nalunan 72 dalue wanannid
L. plantarum (AP1) MLENNIAINGAATL1BIAUNNGININAAINTD NN Usey e 41T
% d” a 1 dl a 2 1 dgl dsjd % dl a
Wsalunisuanununlivazideusinadngsanioan @eatiuualdunazinizialy
alduazsaninlige asuanseganineesguilnalunisasldviadqadfuanin
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ARTNANAATBIAUYITE LU LILNNIAUEIUIT WATATHNITUNIN e L. plantarum (AP1)
ulszgnelldlunsmsinuvunefindus Wy wiadan wwussy Judu Geazinlfifa
AUVIAN VAN e IR N A AATLATIAN T

annnaneaedazlllddinimeaeulneids agar spot e L. plantarum (AP1
haz AP2) 'ﬁmmmmmﬁlum?ﬁu%ﬂm':?LfﬁtyLﬁuimm@u%@ S. aureus ATCC 25923 uag
S. Typhimurium ATCC 13311 Tnannsilddnfnnsaignsfudel dandnaniasiianin
N17a% a1 LS NMAgaLlAEARINNSIAENIINTUNLTN 138 L. plantarum (AP1)
mmmﬁug\mmﬂ?mLﬁu‘lﬁmmL%'afifaim%q 2 mﬂﬁuﬂé’ﬁﬂd’n%@ L. plantarum (AP2)
fan 24 dalne wazilenaseunisdudanseiyvinvedenelsans 2 AeRUg
Tyl wudn @e L. plantarum (AP1) mmiaﬁuﬂzqmm?mLﬁuimmu%@ S. aureus
ATCC 25923 1§AndniEa S. Typhimurium ATCC 13311 fitaan 72 dalus
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q
=

dlwingavlunsnandannatiast Saccharomyces cerevisiae WaLANHNBNTNATBIAHT
A1l N AU TN LI AN EAF UL AL TINNA NANITNABDINLINLFNI DI LT
Razaneldvianum (°Brix) Aanudunsasng (pH) warAnudnduresdasann (Yeast
[ % dlala a 1 = al = s 9; 1 ] a o ] o

extract) utlaqeiianinasan1suandoniadafannidsindesuileatraliadAny
NNADA 1aglAaNN1TNIAADIR NS UNIUIL AN NN ZANAD WNNTNTINIRE A6
(NFNEDART) = 2.38 + 0.36A + 1.13C - 0.021D + 0.052AC - 0.10AD - 0.042CD — 0.18A?
- 0.76C%- 0.28D° Tasdani1nziivunzanAa Urunnaastdsnazaglaianuamagy
16.73 DIANLTNT ANHLTIUNTAANWINGL 4.84 LATAINNITNTUIRSEAFAAALYINAL
8.78 nfuseans IaaliTanagegawinfiy 2.95 NFNFBANT LATNIIANHINITUAATINIA
fladludaudnauisa 5 ang WUINEAIINIFIIRINIANENENARAN1INARTINAAEAGA AN
% v aa @ = %)/ o al 'S %3 a =

ansnigliannie 1.0 38u (wm) Juutin@aunatiasgege LazdnsINI1sNAATINIG
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= 6 1 dl o v aa @ 6 @ 6 - "
AasgegannnInnansnisliaanis 0.5 338w Uszanns 10 wWefidusl uas 75 wlafidus
ATNAIAL BENANTUTINLTILU LU Logistic kazihLLYulszensiue Gompertz 414130
Tfluns@auiuunsas et as luAmindesuilelfiduatnem

o o > Sol 1 = = o R o %
ANHIAT: wintatuil dAauiatias Saccharomyces cerevisiae 8R31N131%ANA
WULYUNNAIAAIART

ABSTRACT

The aim of this research was to study the utilization of starch hydrolyzed
waste (SHW) from glucose manufacturing as a raw material for producing yeast
biomass Saccharomyces cerevisiae. Moreover, aeration rate of the yeast cultivation
in fermenter scale was investigated. The result showed that total soluble solids, pH,
and yeast extract affected to biomass production from SHW significantly. In addition,
the quadratic equation for predicting the optimum condition was Biomass (g/L) = 2.38
+0.36A + 1.13C - 0.021D + 0.052AC - 0.10AD - 0.042CD — 0.18A% - 0.76C”- 0.28D".
The optimum condition was total soluble solids, pH, and yeast extract for 16.73 °Brix,
4.84,and 8.78 g/L, respectively. Under this condition, the highest biomass was obtained
for 2.95 g/L of shaking flask scale. Biomass production in 5-L fermenter demonstrated
that the aeration rate influenced the biomass production. The maximum biomass and
maximum biomass production rate at 1.0 vwm were higher than at 0.5 vvm for 10%
and 75% approximately, respectively. Furthermore, experimental result denoted that
the Logistic model and modified Gompertz model could simulate the growth of yeast
in SHW as well.

Keywords: Starch hydrolyzed waste, Yeast biomass, Saccharomyces cerevisiae,

Aeration rate, Mathematical modeling

UNUI

fafatltd Saccharomyces cerevisiae Lﬂuaﬁﬁﬁﬁﬂuﬁ’mﬂ%ﬂﬁ‘ﬂﬂmﬂum?
HARPIRIANLAANagad e Lazllsluledn (Capozzi et al., 2015; Nuanpeng
et al., 2018; Pinpimai et al., 2015) dasanniianulanade wazaunIamnziaesl
svdvenerunalddng (Fadel et al., 2017) wanannigiainnstiidaniates S. cerevisiae
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Wi uenmisanwaze1usdnd Inanamiuaisainanndas anNsiiusaTmluenyig
wazlismumadinen (Najafpour, 2015) kaz L udwInRaNin171N TN 298 AN 14
Tunnsindnlanzutinfiesanuiiareaasa st afnans Waa tnwuuii (Phosphomannan)
Wludaudszneu uazfanuvgasuania lansenda aiu Weams lalasdalws nlilsmiu
UFnaaagTaannrnauiulanssin Double Valence 16 (Veglio’ & Beolchini, 1997;
Zou et al., 2006)
granunssuuilsiudlzudanadlugnaunssuninandAnniapssgia
wastlszmalnglunisdududideeen daqiiualssnunaniilaiudilzndssiuauunn
AN ARTINUA1L A UsRAaTl (Pilot Plant Development and Training Institute, 2003)
Tutlaqiiuinisduilaiudlendimnnanlaniwdegtidun@nsineising < (Starch-Based
Product) Imenszuqunistasmaetaulay Wy Nealpandmsu dinnanealng was
urmnanglea waldiludiunanlunandusiauisuazinzasns Taaluszudng
nIzURUNIINAATuAr ANt e L ilsNmaaaNnNszuunINanaaasgsuinig
Y oA e e vy oy e e A e - . Y o
Udeietntaseld Helidmingesnilasananadaniasdlszneunanuisntinunlddlu
1 & 24’ = 6 dll a = % [l [~3 dll tilj = 6
wuadAFUaUluNTNILReNERMNanNARTaNaale a9 lsRn NN NI ReaE 6
TuwuasarfuaunuanseiugasnaziniaasyAulnLasnandaulalauLane9iy
(Ferreira et al., 2010; Li et al., 2009; Taccari et al., 2012) wananiifatiladauaraaiin
Ndauasianisiastyresdas [y wnaslulngauw arudunsasis g waznsli
£ [ i// = o U = ==® dl d’l = I
ANA LHUAY AIEURIR T UARIRNNITANEIAN1ZMUNIZAN LN TN S LA N E 4 B
dl b2 o a a a a 4 1 = a Aa a o d”d 1 =K
waldtiasarunsnsyiiuTnuaznandonaalhatinedllssananin 9 uddatiasges@mnem
aniazimnnzanlunisinsiaestds el AsEn g e nil9a1n s UNARNIAS
WULUaIANTUAUNAN INBaAN1T2845eULLNTAUNLAY LAZINNYAAITDITDILUAD
AMNNITLIUNITURR LATHIMLLRUNWNATIAAARS (Mathematical Model) N1 ldiAsWLLIL
(Simulation) Nnsiastyaasdas (Dodic et al., 2012; Zajsek & Gorsek, 2010) LNaaLNe
W ANsINNTsATEYIAL IR avEas LuAEintas il

q8n1s
1. BasldlunsAnmn
Saccharomyces cerevisiae var. montache
2. NABTENIRYAL
1lnﬂwﬁﬁﬂ@ﬂuﬁQQWﬂﬂizuquﬂﬁiuﬂigﬂuﬂqﬁuﬁwﬂzuﬁhﬁQEWRHmﬁhﬂﬂ
u?ﬁ@1é1n5@g%% A71R (WGC Co., Ltd) 8MN2ANNNINU AaninuasLlgy snTuwies
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v

wannInuilenAINLEa 10,000 saUA AW WK 10 W iuaulaldngmuugd
20 agATaLdEed W lElunimeaaasdnl
o = o dld 1 a = =l v o (=1 [~3
3. N7AALARNTARaNNNARBNITHARTINAATRAA28N1TUTNLLLIALE5A
TuAsingaeiils
ANZLALNEIAR U1 TALNN AT YM Broth TaeimauiAng gl 30 @90
o . Y o X 4 odns y o X
wal@ed 1Hunan 24 99lue antuanendnd@eti@asn baasludmingesuilanlasside
FaustutladaniaaliaznienIn Aaudaalun1s9f 1 Tag19uEUnIINAARILLIL
Plackett-Burman Design (PBD) (13199 2) (Zhou et al., 2011) "nn1siwiziasaiduingn
72 daluauaziiusiaa19u1dnAIANY W (Optical Density; OD) #1 600 w1TuiNAs
AN AT RInsdRiNmInTaNtagasiAaaNnng Biomass (g/L) = OD_ /1.736 Balpiun
mnmm%’wmmz‘@ﬁu{i:ﬁm’wm"]mmﬂmmzzﬁmﬁﬂ%qma%m‘ (R* =0.9930)
WATANUIAINeE D A28 TUIWNTN Design Expert Version 7.0 Aptaanilasaniuasanis
a A o 1 Ao o o A = o o o o o
WwrnyreviafeteltadnAty WeAnesziuNnvnnzanaastiadaiulunimeansdinld
4. neAnEszALNmNNzanaasiiadanNansnasanisasA LI e as
WZIALNNATeEAF IWa1119 YM Broth 19uuni 30 avAgaLiea
Wuman 24 F2lue annudnanandedasdaaludstindasutlanam@owdn daudlsiu
aqeping 9 Aam13199 3 TAeaN9uLNRNITNAaaILLL Box-Behnken Design (BBD)
(Aslan & Cebeci, 2007) IlaAUgANIIIWNZIALNT 72 daTue 1fufnatinandn s ziTunm
TNaaBas LazaZ1aluLu (Model) Aaai@unis Polynomial Quadratic Equation waz
Y1aNN1FRIMNENERmNzaN U zasaE assald

al o -dl = a a 1 a = o
A1F19N 1 ﬁ@@ﬂ%imuﬂ’]iﬂﬂ‘]ﬂ’]@%ﬁm@m@ﬂqﬁ\m?ﬂ;’lﬂ‘ﬂﬁﬁl@IF]

Experimental value

Variables Symbol
Low value (-1) High value (+1)
Total Soluble Solids (°Brix) A 15 28
Ammonium Sulfate (g/L) B 5
pH C 3.0 5.0
Yeast Extract (g/L) D 0 5
Shaking Rate (rpm) E 100 200
Inoculums Size (%, v/v) G 5 10
Temperature (°C) H 25 30

Dummy F. ILJ, K -1 1
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A15199N 2 LEUNIINAAAILLL PBD Larn1INandanaatiasntilstiutladesas PBD

Run A B CcC D E F G H / J) K Biomass (g/L)
1 28 5 3.0 5 200 1 5 25 -1 1 -1 1.751
2 15 5 50 0 200 1 10 25 -1 -1 1 1.926
3 28 0 50 5 100 1 10 30 -1 -1 -1 2.219
4 15 5 30 5 200 -1 10 30 1 -1 -1 0.668
5 15 0 50 0 200 1 5 30 1 1 -1 0.381
6 15 0 30 5 100 1 10 25 1 1 1 0.776
7 28 0 30 0O 200 -1 10 30 -1 1 1 0.586
8 28 5 30 0 100 1 5 30 1 -1 1 0.763
9 28 5 50 0O 100 -1 10 25 1 1 -1 0.583
10 15 5 50 5 100 -1 5 30 -1 1 1 1.613
11 28 0 50 5 200 -1 5 25 1 -1 1 2.644
12 15 0 3.0 0 100 -1 5 25 -1 -1 -1 0.117

F, I, J WAz K Aa Dummy 1, Dummy 2, Dummy 3, ag Dummy 4 ANNANAL

5. ANIANHIANTNATBINITLIHANNARDNITHARTINIAUAIEAF L UGS 5 Ang
a18nAT@a3NMe 400 Aadam? adluAmindasuilanlsuasdilsznaulfiuunza

a '

a =3 o ndl o -dlda a a = LT
(RanseuIaINNITANEIsTALNmNNzanaestadenNansnasanisiasy AL inueseas)
o o = N oA O | =
WAZAYLANEMNIINNTLNRINAT 0.5 338N 178 1.0 BN FeldRIIN13NIU 400 FRLABUNTN
Wudaatuiluscazundnainugu wazinuiAw e minGouatias
6. NNIANHIAAUNAFAIAASNTIAITYUBIEAFAQELLUYUNNATIRAARAS
ndayanlidainnismaass (Experimental Data) Tufanmsinuniszannian
'y = % aca 9 2 dl e ¥ o
AquUNAAIARTIaNEaRRatRan1IUEUTANIMNNZaN (Curve Fitting) Tnelduuudnaes
NWALAANARTIUNIANEIERIINITATYANUNIZEIEA (Maximum Specific Growth Rate,
p ) ieasunansLastyIaNEiafmaa L LUUIaAaRN (Logistic Model) (N9 (1) LA (2))
max
(Zajsek & Gorsek, 2010) WAZANHIAFINNITNARTINIAGIZA (Maximum Biomass
Productivity, r ) Lﬁﬂ@%mﬂﬁmﬂmmam%qmaé’hﬂLLumjuﬂa‘zgﬂﬁmm Gompertz (Modified
max
Gompertz Model) (Dodic et al., 2012) (a1n19 (3)) TagnIn19Llsuean poowazr

Rnnnzansnefaridu (Function) Solver Tulilsnss Microsoft Excel (Version 2016)
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A19199 3 NNIINULRUNAAENLLL BBD LL@tN@ﬂ’]ﬁ‘Naﬁ]‘dﬁ’)N’Jﬂaﬂﬁ@ﬁﬂLLNHﬂ’]?VIﬂ@‘ﬂQ

Uy BBD
Run °Brix (A) pH (C) Yeast Extract (g/L) (D) Biomass (g/L)
1 21.5(0) 3.0 (-1) 0(-1) 0.257
2 21.5(0) 3.0 (-1) 10 (+1) 0.303
3 21.5(0) 5.0 (+1) 0 (-1) 2.470
4 21.5(0) 5.0 (+1) 10 (+1) 2.347
5 5 (-1) 4.0 (0) 0 (-1) 1.243
6 5(-1) 4.0 (0) 10 (+1) 1.398
7 28 (+1) 4.0 (0) 0(-1) 2.652
8 28 (+1) 4.0 (0) 10 (+1) 2.405
9 15 (-1) 3.0 (-1) 5 (0) 0.182
10 15 (-1) 5.0 (+1) 5 (0) 2.487
11 28 (+1) 3.0 (-1) 5 (0) 0.308
12 28 (+1) 5.0 (+1) 5 (0) 2.822
13 21.5(0) 4.0 (0) 5(0) 2.484
14 21.5(0) 4.0 (0) 5(0) 2.302
15 21.5(0) 4.0 (0) 5 (0) 2.459
16 21.5(0) 4.0 (0) 5 (0) 2.234
17 21.5(0) 4.0 (0) 5(0) 2.425

(-1) AR 3TAUAN (0) AB FTLAUNATN LAY (+1) AD TAVEN



MIATITAYNITUAT A1 INEAERTuazinATulag
7 13 a1Tudl 2 (nangAx - fuanAn 2561)

ax X
P W 0

max

186

Xo€XP(H paxl)

o (22 )it-et 0] 2

max

rmax-ex
X=X+ | X, exp [—exp (—"(”) (z‘L-z‘)+1] (3)

max

o ]

09) | = 6 a
UNNUNTININEAR (NTNRIDAGT)

Sk
]

1
4 o 1

UinTontatidafBufy (NFuFaanT)

XX
o))
]

6

minTanosdasgeqn (Nfusedns)

>
ho))%
©

1
1 o

ANIINITATYINNTGI4R (Fatalua)

=
po))!
o

-

ARIMNIINARTINIATAAGIGA (NTuFaARTsiadalu)

-
o) s
D

FTEZIANNNGY (T2109)

=
po))s
()

~
o) s
»

g o
FLELINIZIALN (T2T049)

NANISNARDILALIANT L
o = o dlda a 1 a = rdl z 901 ]
1. nadstaaniladaNNananasanisasyastdaininiziassluAeindaa il
o A o dld 1 a a = o‘d‘ 291 90J 1
niaAadaniladanlnasanisiasyiAuinrasdasnniziaasluidsingas
LINAREINNTI19 L NN AARNL UL PBD TaaitladafiAnunianus 7 tads nan1snnaad
WAAIAIANTINT 2 WL NNIIWIZIRENE AR TUANZALANANTUAzAIHasanI1Tasty AL Ts
A o . a = = Y o o = =
WRRAE TALANIENANNNIONRFTINIAEARLAGINAR LA NIgA ABN1INAABIT 11 AT 12
AINAIAL TIRNNITONAR TINIAEAF AWINAL 2.644 NFUARANT WAz 0.117 NFUARARNT
1 v 1
ANNATFL AN UAR TN BN FIENNUINNN TN L AENE ABT e AR AL AN AT WAL AN
FlanszuaunITmIsEAiinfalulsadaasaneiuin lgasiinisasoyiAulaLmans19iu
(Trigueros et al., 2016) WATNANITANEIBNTNALRITIAALNHABNTUANTINIAURIE 5T
WamnziaesaeAsingasuila Tnanisaiaszinisnnnes (Regression Analysis)
(113797 4) nuqn TadatladelfacaialansnafanITHARTINIAUDIT R LANANTL
A a aa \ o aaa o . a o PP = v o
Wanarsammeaianudnilade NNaNEnasan1suaRTaNtaevtiafgengaae ANt
R9EAFANA (D) 799A9HIAD ANHITILNTAA (C) WAL FNIUIBILTINazA Y L ARINNA
(A) AuaeU Tpatladeisanainilan d41928n5 (Coefficient) Winffu 0.99 0.87 wax



Phranakhon Rajabhat Research Journal (Science and Technology)
Vol.13 No.2 (July - December 2018)

187

0.57 ANHNAAY hazAnTludngiuaa9dnsna (Contribution) ANABNINANTINIRT RS
WINAL 31.95% 25.03% WAz 10.62% ANNANAL

al = a a 1 o 1 a a = L% aa a g
ANTINN 4 NIIANHIENTNATAILAAZTARLADNITNARTINAALAFAILITNI1TILATIZY

nI1TnANaE
Variables Coefficients Computed t-value p-value Contribution (%)
A 0.57 1.462 0.262 10.62°
B 0.11 0.282 0.817 0.38
C 0.87 2.231 0.115 25.03
D 0.99 2.538 0.086 31.95
E 0.35 0.897 0.467 4.02
G -0.095 -0.244 0.838 0.29
H -0.29 -0.744 0.541 2.78

‘Independent variables which were selected for Box-Behnken Experimental Design.

gasanmdulnasaunse lulnsian (Organic Nitrogen Source) TN@IN1T0
) dy = % dl = a c a a A a a o
Yt lunisnnsiastiaslaiiasannineaaziiy wWilng 9anfu wazinasaiunde
Wuesddszneu Tnagafainnsainldldlunszuqunisasraldsiundudoulssnavues
iad wazieulaldludfisamisdawinnaluadaas (Li et al,, 2017) Asiuied
a = & o 96/ 1 49( = =R a a a a
naRniasanmnaslUlursindeauiloaunniu gafasarunsomsimulnuasnanionng
% zg 2 [ % =8 ﬁ:ﬁ' 1 £ U al & v aa a
1A UNTL ADAPRBIALNANITAN DTN LI AN NI NI UTesEafa i Nananaluniauan
Wy ] a A = s
(Positive Effect) BIaN1TNARNTAINIANUDIL AR
dl a a a 1 1 d‘ 3 d’l = o
WWana1sunaninaresAtAntLilungamne (pH) ae9a1unsh nnsiasas 45
I a a o dl dJ = = c QI 49{ dl
NUINBNTNA LN19u9n (Positive Effect) (13197 4) TITINIAURIEL AR LANTLLND AN
W{unsAA191e991 TN TWANN 3.0 1w 5.0 TassAumnsiunsAf19re9an s b L
ANFNNZIAENE AR ANNANTUS AU NN lalnsianleaaa (H ion) Waallsnay (Proton)
FepruaNANNdduelalasauneluEmad wazauatnnnlunsTuwaas 89
a196114 | (Cell Permeability) Tneivinliaasanunsnmsoumuinldfndwuangeluaniay
d” dl o val a dglj 1 dgj = v
nnzasiunge nilERlentainanisUuenlussudinanisinnziassdasues
(Limtong, 2006) AauilunsamsaasatmsnldlunisinnsiaasiafaalununéAny
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siafanssnaeaenlodsd Glucose-6-Phosphate-Dehydrogenase (G6PDH) luidnlnalalada
(Glycolysis) Taifendaaiunisnandauoauesiias S. cerevisiae (Trigueros et al., 2016)
Lﬂm’iw’@mﬁﬁmﬁ@mnm@mam’iﬂm@ﬁ{iwm@ﬂq‘ﬂmLﬂumﬁﬂizﬂ@uuﬁﬂ
FaAEiNe e LT9aINAINNITLAUNTNARGINA19 T B e L TeRazan el danu e
ot/ lugavtlsznnns 25 - 28 agALTNd ﬁmﬂummLim%’ummﬁmmmﬂmﬂizmm
180 - 200 NiNFANT LLa:ﬁﬂ?mmmmLmﬁwﬁmﬁlu@gﬂizmm 70 - 80 NfNFABANT
annasflaznatimmindesuilaadinanumunzaniaztinun i uumnsaan fueulunis
wnzidesdas esann S. cerevisiae amnsnmuelar (Metabolite) {i’]maﬂ@uim
TunnsasoAutaldd (Limtong, 2006) ADAARBITLNANNINARDIHEINLT1 U
saeudeiavanslfiamuntesamintdeauil iansnasonsanginoatesiasesann
syaumnmlunsasNeLasEafane
aginslsfnnauilafiansnnaninavewanluifoudamn §nsanisiaen 1By
néae WATRUNN LITORE ETRPRAPPe (Experimental Level) NuqNRaninamnans
LARTaRaT artaandNdafatn AnuElunAfie (pH) waviBunaesLiiazaneld
Favua 1eTidngauIasBNENAWINAL 0.38 4.02 0.29 war 2.78 Llefifud AuadL
FaaaRentafann Anufluneane wasiFunnaesndefiaraneldianun unAne
sedURmuNTduTasLsazadelunimaanadell
2. nsAnEsAuRmInzanaesiadeifiavanasenissiivinuesdad
N17AENLLILNTNAREILLL BBD IHifleAnunseiuiimunzanaatiade
ﬁﬁ%w%wmﬁi@malﬂ?ﬁy Fulnuesdas nan1snaaeLdn e sfiazaneldvamn
avsdunsasng wazANdnduge g afaiaiiuansneiiy AYHARANITLAT YU A6T
Tnganaziianunsanandaunadanldteniian uazgeiigapenimaanedi 9 uaz 12
T N3 NNUTINIATAMVINAL 0.182 NFUFABART LAY 2.822 NFNABAMNT MINATAL
(A13197 3) LtﬁlﬂaLﬂ?ﬁtﬁﬁﬂ@;ﬂ@ﬁ]ﬁwLLN‘Hﬂ’W?VIﬂ@ﬂQﬂ@Q BBD Iagldanni1sniasaas
(Quadratic Equation) LﬂuLL‘]JU‘I/juLﬁ'ﬂZQ%‘INﬂ%ﬁmﬁuﬁuﬁr?twj"l\ﬁﬁ')LLﬂi‘ﬁﬁaV}QﬁW@ﬁl’@ﬂﬂ’i
LfeﬁtyLﬁuimﬁumm?ﬁﬁqmmm%ﬁ@xiﬁﬁmmm@ﬁ' (4)
Founatad (NFuFeaRs) = 2.38 + 0.36A + 1.13C - 0.021D + 0.052AC
- 0.10AD -0.042CD - 0.18A% - 0.76C”
- 0.28D° (4)
ile A C war D Ao Bunnaesudaiiazaneldvonun anuiflunsasig
wazANNENdUIRIE AR AN R AR
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WANAINHULLANA89193a1N137 (4) (317 1A-1C) arunsatinld g lunsmn
4 D . . 4
AN NUNIZAN LA TN ZLAENE AN NARNTANIALA IANLINEN1IERLNNIZ AN
A9 Usunnsaegundaiazane LaRanuaminGyu 16.73 a9A1LENE AuiflunsaA1WwinNGL 4.84
LALAINHLT NI UUANEHRAFRAAAWNAL 8.78 NSNARARNT L ANTINIAUNE A YN FU
e 1 _a = o o \ = Y A = a a
2.950 NSUFABAMT ANUNANINLAINAIINIATHN AU AL TN ANHIBNTNATD
N7 1ERNNARBN1TNARTINIAUBNE A I s A LTI NILIA 5 Angsa bl
3. NNFANBIANTNATAINIFIANNIARBNIINANTINIAUDID AR L9usin 5 ame
a = o o dlda/ v 1 [ % aa @ [ %
niaLasyaesdas lutaminnddnsnisldiainiAwingy 0.5 waz 1.0 18N wanasagl
= ! a A oA o o A @ o
7 2(A) HANINARBINLINNITATYLRIERFNEMTINTIHANA 0.5 BN azaRT
nsstylAulnlugag Log phase fawsdalueil 4 D9 d2lue?l 72 aa3n19wiziasg
] o = . o o A @ o
newdgszazaed (Stationary phase) Tuanuzdnsnislieania 1.0 38N LEagnIg
iwstyidingdae Log phase Tudalush 4 D9 dqluen 36 wazdanudnndrnsinisliainie
0.5 A8u gasninasyAninladindnd 1.0 Mdn Inaflinsuandanaatasivingy 6.11
(A 72 F9l14) waz 6.13 (N 36 d9lu4a) ANNAAU LEAIINNITMTRINANANENARENIT
a a =l v [ v tﬂl [ oI = o v a
WwItylRulnuesdasls lnadnsnisldanianszaumlnaniliiinnisazanaans
aandiauluatuiainiziaesannlddasiasyianuinlddaandianiaziidnsinig
1Ha1n1Age AYUNIIANERIINITIHaINIA AzaINITNNERIINTTaT19TaN At asT
TeunTu (Yen & Liu, 2014) hazsaln1sAne18nsnasedl3uiaandiaunazans
Tuarunsiaasi@a (Dissolve Oxygen, DO) saniaiastyiiulnaesias Candida utilis
o o PRy ! A o X o a o P
PamIIN171ERNA 1.0 28N WULN LHAAN DO ANTUTAIINIINARTINIAUDIE 26
C. utilis NALANTUAE LATARFIINITHARTAINIAUDY C. utilis THNNALHAAY DO NIAAIN
50% LHa4AINNERIIN17 I HaINIASINAANENNAAAN1THAR Crude Protein Ua9LGas
MlFmas ldivnzwiiald DO lussAuiiiune (Excess Level) (Rajoka et al., 2006)
[ o a o tﬂld tg .. v A 27
AAARBNNLNUATENANHINNTINIZIALN S. cerevisiae fntllalnslatmmuadilannualeini
(Hydrolysate of Empty Fruit Bunch) Taawuanluaniaznfinisldennid 0.5 2918s
= & a a 1 dl 1 v dla/ U 1 [ aa @
fadaziasyulngandnaninzilaiinisliannis wazndnsnisliaaniewintu 1.0 9918
asadarin1sasnyBuladngdas Stationary Phase 139n9198m31n15lannis
0.5 8N wazliiaNIagagaLYiniL 1.04 NFNFaaRT (Hermansyah etal., 2015) A1NN"3
AdamananraziulddnnisldenniAlusziunivunzanazdaasuninasybuinaasgasd
inldadaivdanaalige uaznisliainiauininuldlalidedeaiunisndndonas

= & o a (% o a ¥ v
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4. NNIANHNAAUNAAIARASNNIIATTYTBNEIAF AL LLIYUNNAIRAIART
HANNFIALIULLILNFLATEYIDIAFA L LUWUNNAIAANAAT LA WYL
Logistic kaz uuUuilszensaay Gompertz WAASAIZLIN 2(B) WAz 2(C) WazAAaUNaAans
N1TLATYLDIBAFAINULLYUAINAIIRAAIAIAITNN 5 HANITNARDINLGIU LU UIIADIULIL
= a = % 1 = v o % a Qr a
ANNNTOLRL UL LNy avEas AT uae19h TaeldAduilsz@nsnnseiuny
(Coefficient of Determination, R*) N1NN31 0.98 ARG LU UINABIAINI TR BRI
n19LastYavias LaslssuiiAIRaUNAANARF LA NG LALNALNANITNAARIATINAN
iWaNansauntniinTaNaatiasgIg e (X ) WaERIINTATYINNIZGIgn (U ) WU
o o AN @ A oA e o as @
fn9n151eNIA 1.0 BN BAFNAY X WAT p @andINgmIInagiienA 0.5 8w
max max
Iaennsdszannidnx  fidmaanisliiannid 0.5 99i8x uaz 1.0 3918u AeluLsju Logistic
WLINTANINAL 5.802 NFNARANT WAL 6.362 NTNABART AMNATAL WAY 4 NAIWINAL
max
0.108 sladalus waz 0.164 sadalus AINAAL wazidaRaTIINITLIzNI AN X
pasuLuullsegnsaes Gompertz fwudnlinaAREAAITY LazaNLULYUAINETD
o | AN el o a o oA X A4 o o X =
dewudn Badddnanisnantoniagege (- ) Wnawidednsinisliainidgeau Tnad

ax

AN r ) WiNAU 0.157 nFuseanssadalid way 0.274 niusednssadalue Auday
Lmem'ﬁLLumjummtﬁmmmmﬁ“’%mmLLuummana%maﬂ%ﬁw%mwmw?qm%qm@
lhannndasiv ﬁﬁlmﬂu@gudﬁﬁmqmﬂﬁmmﬁmm@ﬁiﬂm@w?m@uimm%ﬁ

e s AR RAN TN T AR (t) 209846 LUgaaL TN RN TIA3eY

wulmnaudngdae Log phase wuduiladmnannislieniAgaangadaziszazioanlunig
4 .

ANAININTVU TINARIINTLHBNNA 0.5 338N WAz 1.0 328N ANWINAL 9.20 Galue way
12.84 40Tuy pawua1Ay HasannileanuaniAdngdaudnsaadnsinisluanganuld
ludqusn agvinliszaziaanaasanniangniufiuienldneludwudnduasmsizannia
wasuNaanaNiainetemaiig aanalidnsnisunsaaseandauliliqauridias
LLﬁiuﬁqmﬂﬁuﬁmmmmmﬁmma@ﬂ%LW‘ILL@’]W?LEWL%%Qﬁu (Doran, 2013) N\
ARIINITLAIYRUNIZULAZARINNTHARTINIAL DTG FNNTU TelvnFasnsliaandiau
aran8 lUeN U ALNITANINTRAITANA R TINITNIUNANLDITINTN A e

dll =l 3 ?; 1 1 I3 d’l = &

WawFauiigunislfirmingdesuiluduwnasansuaulunismniae s a s
% al a dl dl 1 al '8 a al s a 1 a 2
Augedningy (119199 6) wWud1 BasaufsananTanaaludanauLsazaiinle
wANFNNAYL IsEiaAd N7 NAR ToN0a lsindaannniseiaslell (Bamboo Wastewater)
(Li et al., 2009) NMUAARAINNITNINTZANE LAY Hydrolyzed Cheese Whey Permeates
(Trigueros et al., 2016) lAWINL 14.67 WAz 8.20 NFNFAAAMT ATNANAL TIZININNIT
I rwindasuilafuingau Wasanniiaglas (Cellulose) lutini@sainniseias e
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Logistic model Modified Gompertz model
Parameters
0.5 vvm 1.0 vvm 0.5 vvm 1.0 vwvm
X (g/L) 0.273 0.130 0.070 0.353
X (g/L) 5.802 6.362 5.972 6.070
Mo (1/h) 0.108 0.164 NC NC
I (g/Lh) NC NC 0.157 0.274
t (h) NC NC 9.20 12.84
R’ 0.9885 0.9968 0.9931 0.9933

NC = Not calculated

gneesaatasaseulmditagaa (Cellulase) vinliRlFuumangina wazlalaa
Wnau Taadaosduduyindy 15.58 way 21.64 nfusiaans nuandu lunmeh
@n9azang Hydrolyzed Cheese Whey Permeates T96N1n32 191NN seiesnealmadiusin-
nuantading (B - galactosidase) Hinmangtaauaziisnanianlnasuiuwingy 180
o I a = =R a a % a o 1 v a % all
ninsedans BasasanisnasnALInludingRuAinanlinuazuandonalige luaneh
wnrtngdaautlsduinianglaaegivindy 118.57 nfusedns usiielsauiauiy
nslfilaenaalduiia (Empty Fruit Bunch Lignocellulosic Hydrolysate) Neinunissias
% " = L7 9: 1 o o Aa
potieulaiiaagiaa Haonudnduresinmanglaawiniu 14.7 nfusieans (Hermansyah
= & ' o a a =KX o 2SS c a A v v dl 1 <
etal., 2015) GtipandnludngAuatinauasinldtadnan Tanoalatieangn adngleinig
UBNAINUNAIANFUAUNHIUIRNALLAY AxFaIAITaDee1AR 1M ITHADUNT UAUETN
a a = v % a o dg/ [~} 7 & [ % a aa a
nsseysuinvesdasdlaandon anauddeiliiulddnesdlsenauaesingAulanana
FanIaasALIALATNNTNARTaNIAEAR AetiuAdTnTstenviTalfuan nteeding sy
v dl 1 o d’l = & 1
poanszuaunsiwnizanneutin iUl luntsmnzinestasseld
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a = a o = Y 2 a ' @ o a
M1FI19N 6 L‘Lr‘is‘ﬁl‘]_lL'VIEI‘Llﬂ’]?N@mﬂQNQ@ﬂﬂﬁﬁﬂﬂﬂ’Tﬂﬂm‘ﬂ\‘]Lﬁﬂﬂﬁuﬁﬁﬁ\? °'| mvﬂmmqmu

o _ Biomass
Carbon Source Optimized Variable (g/L) References
1. Bamboo Wastewater Initial pH 6.1, Fermentation Time 69 h 14.67 Lietal., 2009

and Yeast Extract 1.17 g/L

2. Hydrolyzed Cheese (NHA)ZSO4 1.93 g/L, l\/lgSO4 0.04 g/L, 8.20 Trigueros et al., 2016

Whey Permeates KHZPO4 0.06 g/L and Hydrolyzed
CWP 40 g/L
3. Empty Fruit Bunch Temperature 30°C, Fermentation Time 24 1.04 Hermansyah et al., 2015
Lignocellulosic h and Aeration Rate 1.0 vvm
Hydrolysate
4. Starch Hydrolysate Total Soluble Solid 16.73°Brix, 6.13 This Study
Waste pH 4.84, Yeast Extract 8.78 g/L

and Aeration Rate 1.0 vvm

aq1
= o Aaa o : a  a N - ' <
anNN1sAnEladenNansnasanisasyRuinresEas wudiTuiniaeands
Nazaaldvianun (A) A1ANduNIAAIe (C) wazatsainantas (D) Naniwase
a N & = : a N e <
NIFHARTINIALAAGIGA IALANITTUNITANFADNITHANTINIALAAAD TN
Nazanslaianun windu 16.73 a9an Usnd Aauilungasng winfu 4.84 uazasania
anBas Winfiu 8.78 niuseans Tnuaunsnuan danaalagegawiniu 2.95 nfusaans
WAZAINNTNAFINANNINNRIAB LAAIANNIN (4) TINA1 R Wi 0.9624 ANNN9ANEN
fanwud1dnsnisliainiAlaninasednsINIsNARTINatias luiaudnIuIe 5 ang
Taandmsnisliannie 1.0 36N Aruin@annatias uazdnINIINARTINIALIAFEIRA
gend1dnanigliennia 0.5 78N winAu 10 waz 75 wWafidus auandu wanainiuy
FANUIMULYUBDY Logistic hay wuujulseensdaes Gompertz 41379014 bung
a a = % o P 1 = ¥ a o :if o ¥
@aukuLNsEs et ludaminlaiduesned uasdeyaainanuddeilannsoinld g
Wuuuwamiglunisiznsdanisuazivuyafiaeamaeisainisanugpainssui ldudls
duingauls wazddaaannisznisnindnpasimaaialaanniamil
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ABSTRACT

ISO 50001: 2011, Energy management systems standard, is a voluntary
standard developed by ISO (International Organization for Standardization) to help
organizations that need a standardization for energy management systems (EnMS).
The ISO50001: 2011 specifies requirements for establishing, implementing, maintaining
and improving an energy management system including improvement of energy
performance and energy efficiency, energy use and energy consumption. ISO 50001
provides benefits to both large and small organizations in both the public and private
sectors in manufacturing and servicing in all regions of the world. This standard will
create a framework for Industrial, Commercial, Institutional and Government office and
organizations that have energy management. Targeting broad applicability across
national economic sectors, it is expected that this standard will help to reduce global
energy use by around 60 percent. ISO50001: 2011 is designed to be independent,
compatible with other management systems and it is effective to organizations that

have a consistent energy policy.
Keywords: ISO50001: 2011, Energy, Energy Management
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