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THE EFFECTIVENESS OF CHITOSAN COATING FROM OYSTER MUSHROOM
ON BANANA FRUIT’S SHELF LIFE
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ABSTRACT
This research was aimed to study the efficiency of the chitosan coating from oyster
mushroom on extension of banana’s shelf life. According to previous study on fruit aging, polyvinyl

chloride: a food wrap film was coated with glycerol. It was found that the life of the banana could

Suisuumaaw 28 quaiug 2564
Juudlvuvey 8 durpu 2564
TupevsuunAu 20 dupu 2564



N3aTIemaniuazmalulad uns.a33sgil Print ISSN: 2586-8101 Online ISSN: 2697-6447

Uil 5 atufl 1 (RanAu 2563 - TunAn 2564)

be extended up to 9 days at room temperature. The researcher, therefore, was interested in
applying chitosan coatings obtained from Oyster mushroom; which contains the third highest
content of chitosan out of 7 edible mushrooms, easy to grow and not expensive, to have a plastic
condition as the food wrap film by applying glycerol and also tween 80 with the chitosan. The
effect of the developed chitosan was further studied on the changes of banana’s fruit during
storage at room temperature. They were observed the color changing and % weight loss in every
5 days for a total period of 10 days. The coatings were tested for the viscosity and adhesion to the
surface before being used for further testing. The results showed that: 1) the coated bananas had
a higher quality than the uncoated ones, and 2) the bananas coated with the chitosan that was
used with glycerol and tween 80 had a higher quality than the normal one. Moreover, it can extend
the shelf life of banana fruit to around 10 days or more than at room temperature or at 25 degree

Celsius.

Keywords: Chitosan, Chitosan from Oyster mushroom, Chitosan coating, Extension of banana fruit
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CHROMIUM (VI) REMOVAL USING CROSSLINKED CHITOSAN IN FIXED BED COLUMN
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unAnge
nuAteiAnwnagadulaadendelelneulunediniuuuiunis Yangadudaasiziainns
\Bonwnweslalasnlaslflndoulnswedneamnduasidenving fangeduiidunseilaianuaus iy
Tomuadusiugudnatsussunas 2.5 mm vnismageunisgadulunedutiuuuiundlnefnuinaves
gnsnsivavesansazanglasiilen (150, 250 uay 350 cm’/h) AugaLUn (5, 10 uag 15 cm) LagAdy
dudusuduresansavanelasdlon (1, 2 way 3 ppm) ﬁﬁwaﬁiamﬁ@m%’u Mnsneadlnetdouaisazans

@ o 1 A

Tasleudmssiuanavesneduniagifiudognsiiniseansuuumunanilednsziniinalasdioy
Tngldimaiansinseid seiiesy3-3ada awnlnsilafives firweniadu 540 nm 91nMsMAaes
wuhnanvsangifstudlesninsinauazanuidududduresasaraelaadeoniinanas luveing
diuarugeeauadmalfinanuangiinty waranmsinuuuuiaeansgedy tnewisuifisuss
wuudaesesinda afu-lusnin uas gu-wwadu nuideyaiildanuansmaassaonadssiuuuuiians

voslnladuedied
Adfey: lalnwuwuulenng nMsaadu Aedutiunts lavewiin

ABSTRACT
This research aims to study the adsorption of chromium ion using chitosan in fixed bed
column. The adsorbent prepared from crosslinking of chitosan, sodium tripolyphosphate was used
as crosslinking agent. The spherical beads with the diameter of 2.5 mm were achieved. The
continuous adsorption was carried out in the fixed bed column. The effect of feed flow rate (150,
250 and 350 cm’/h), bed height (5, 10 and 15 cm) and initial chromium concentration (1, 2 and 3

ppm) on the breakthrough curve were investigated. The chromium solution was fed at the bottom

Junsuuman 28 nuntmiug 2564
Juuslyunaru 9 fupa 2564
JumausuunAIIN 20 Shiipu 2564
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and chromium effluent was collected at the top of column. The chromium concentration was
determined by colorimetric technique with UV-Vis spectrophotometer at wavelength of 540 nm.
The results showed that breakthrough time increased with increasing bed height, decreasing feed
flow rate and initial chromium concentration. The adsorption model study indicated that Thomas

model was in good agreement with the experimental results.
Keywords: crosslinked chitosan, adsorption, fixed bed column, heavy metal
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mentenmvastalagiufinnudisdunizin wewialut Siadesnm aaedldne Tedeading
Fauvadfiewmunandilaedsanag 1wy n15n3e (Immobilization) N30 (Grafting) wagn15idey
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Puduiieliladaniigusisauysal Sedadildmeinusnannlesswau pH A anduiildinseiae

wiAllA Fourier Transform spectroscopy (FTIR) Janiiduaseildasgnldilutangadulutusaly



1a | MnInsIinermaniuazinalulad uns.aissanil Print ISSN: 2586-8101 Online ISSN: 2697-6447

Uil 5 atufl 1 (RanAu 2563 — TunAn 2564)

3.2 migadulupadin

ussyTangeduiidaaesildlunedutinsenssuenvuiaidusinugudnans 2 cm a duvis
ﬁnnmﬂmaﬂ%’ummqwadLum’hmﬁmlﬁa Yeuansavanslasdeudmieniualsvesneaul Laztiu
Fregefiniseenmuian wWethlulinseiniusunalasdendie3s Colorimetric daaia3as UV-VIS
spectrophotometer fin13813AAY 540 nm ﬁﬂ‘mSwﬁwamaaﬁaLLUsﬁﬁﬁami@msﬁﬂmLﬁw laun 8men
nsluaindu 150, 250 way 350 cm’/h AIMGIUAWIAAY 5, 10 wag 15 cm wag AmNuuTuEIF YD

Tasilen(v) Wi 1, 2 way 3 ppm

3.3 uwuuiaeINsgadu

wuudraesnsgaduvestnia efulusndv uazgu-wadu iunvudassitfouhandnudu
Iﬁams@m%uiuﬂaé’uﬂﬁﬁmﬂwasimﬁaq [4,9] TgLUUINADININAILANIDIANUFTUNUSTENIN9AINY
dudureafignandunasiudsiiieados 1eud atlunisgadu Smsnisiua uasaugavestulan

@

AndU Aauns (1)-3)

LUUY1899984 Thomas;

KThamm
— - K7hCpt
1+ e Th-0
LUUY1899084 Yoon-Nelson:;

¢ 1

C,  1eeim(®d)

LUUINAD9U8Y Adam-Bohart;

G z
— = explk,Cot-kgNo(—) (3)
Co U

4. NaN15938

o

4.1 audRvesiangadu

Fangeduiidaunseild fdnvasfudianaudunngu vuaduiugudnarsszana 2.5 mm
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4. 5 o \
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Thomas
Bohart Nelson
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ABSTRACT

Gluten-free products are increasingly popular in widespread consumption. The
objectives of this research were to develop gluten-free spaghetti from rice berry rice composite
black sesame powder by using spaghetti forming molecular gastronomy techniques and to evaluate
the physical quality and sensory evaluation of developed formulations. The result found that the
rice berry rice spaghetti formula was the ratio of rice berry rice and water at 1: 3.1 by wt., mixed
and blended with 1.25% sodium alginate, injected through a 20 ml. syringe that is connected to
25 cm. tube for spaghetti forming, and then soaked in 1.31 calcium chloride for 3 minutes. The
levels of black sesame powder content (6, 8, 10, and 12%, w/w) on spaghetti formulas were
investigated. The increasing content of black sesame powder resulted in the decreasing intensity
of lightness and yellow color while red color and viscosity increasing in spaghetti product (p<0.05).
All of the formulas have a diameter of 3.25-3.57 mm. Sensory quality showed that rice berry rice
spaghetti containing 10% black sesame powder gained the highest score (6.17-6.93), which referred
to criteria as like slightly to like moderately. Additionally, the developed rice berry rice spaghetti
contains high amounts of calories, protein, carbohydrates, fat fiber, vitamin B1, vitamin B2, and

more calcium than commercial spaghetti.
Keywords: spaghetti, rice berry rice and molecular gastronomy
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ABSTRACT

This research aimed to study methods for determination of the collagen content of
beverage products containing hydrolyzed collagen. The use of FMOC-Cl derivatives and high
performance liquid chromatography was analyzed with a fluorescence detector and multiplied by
a conversion factor of 7.25 to obtain the amount of collagen in the sample. It was found that
beverage products commercially available had collagen content in the range from 0.1-25.0%.
A method was validated for the collagen content had the calibration curve for 4-Hydroxy-L-proline
was found to be linear in the concentrations ranging from 0.5-50 mg/L, with a correlation coefficient
(R?) of 0.996. The value of LOD and LOQ were 0.004% and 0.013%, respectively. The repeatability
(use as a precision) of the method was observed and the standard deviation of concentration
(%RSD) for Intra-day and Inter-day was 8.16% and 7.48%, respectively. The accuracy determined
from the percentage of return ranged from 80-110% at the level of the substance of interest not
more than 10 mg/L and the Horwitz ratio of less than 2. It was shown that the method for
determining of the collagen content in beverage products containing collagen hydrolyzes was
accurate and they are appropriate to be used in routine operations and comply with laboratory

standards.
Keywords: Collagen hydrolysated, High-Performance Liquid Chromatography, Method validation
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1INsgIURIUURNS ISO/IEC 17025 : 2017



38 | nIasinermansuasinalulad ums.gassanil Print ISSN: 2586-8101 Online ISSN: 2697-6447

Uil 5 atufl 1 (RanAu 2563 — TunAw 2564)

Fregniililunsneaey

msidensaldvhnmafununadeyaiogng ausaudsesadu 4 ndu Tdun nuingiv
nauensThlundeutilan nguedeshulumuuslaain uaznguemaaiy ietamagoumyium
ADAALIY
Tanuazaunsal

nagouUIuIUARaaILAUAIEINATIA pre-column reverse phase High Performance Liquid

Chromatography (HPLC) aagfins19inutinngesisaigus (FLD) Tngiades HPLC U HP 1260 U3¥m
Agilent Technologies, 15043 Block Heater %o Stuart ‘éu SBH 200D, #1311m331U 4-Hydroxy-L-proline
> 99 %), 9-Fluorenylmethyl chloroformate > 99 % (FMOC-CL) 910 Sigma-Aldrich, Hydrochloric acid,
Methanol Wag Acetronitrile (HPLC grade) 21A Labscan
NTAFUUAITATANLUINTTIULALAIDE

W3LNaNTavaIuu1nIgIuUIEIIN 0.1 ¢ avareiie 0.1 N HCL Taldadududy 1,000 me/L
LagleTsa AT ILAnITLTUe q egates 5 seduamNTY WevnTrlasgIudmnTuAng
wisuiethaitennaeuliinaneaaau Tnedehetshminfiuiueu ldlunaendmiudosseteid

o
Y o a

U tivetlesiunisdudadueinia antudn 6 M HCL5 ml wenun o Tiddu udnhludesnieinios

a

g8 (block digestion) Tigamadl 110 ssanwaldea 1unan 24 §alus [4] thansazanefegieiiiiuns
gounToasmstindu (distilled waten) lildd3unnsigosnis ivdrlavessegnald ieldlunns
Aasrgneld lavihaisazarediulaaindnedu 250 ul LAuaisazane 0.4 M borate buffer pH 10.4
U3anal 1 ml uagvineuiuddaenaiiuans 50% FMOC-CL U3uas 250 ul naxlidndu defield 1 i
nspsanTazatede nylon syringe filter ldwan vial dv1vwn 1.5 ml lulinszsidaenios HPLC
nsuadeulsuiumeaallaunsnata HPLC agldmaauil C18 (4.6 x 150 mm, 5 um
diameten) wazldinaindousinuunay (Gradient) Tnsldinaindoud Avdu sodium dihydrogen
phosphate pH 7.8 uazinapdenil B 1Ju methanol : acetonitrile : DI water Tudnsndau 45 : 40 : 15
i) Taefianzvesdnsnisinavesandeuiiludisiaid 9 (program gradient) AR89 1
gumaiineduy 30 ssmwaldea uazdnsinisiva 0.7 mUmin Inefiaueneduilindanuivans
(excitation wavelengths) 7 270 nm LLazmmmm?{uﬁmsgmﬂﬁu (emission Wavelengths)‘171i 316 nm
Taanlun19iasizit 45 urfiref18819 ASI980UAT retention time U89 4-Hydroxy-L-proline uay

ﬁmamﬂ%mmwaamLﬁ]uimﬁ]mﬁwﬂﬁa (conversion factor) 7.25 @338 [14] A9aunIS

Hydroxyprolinemg/L X CF

Collagen content (%) = - - (1)
weight oftest protion,g X 100
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M15N7 1 danzvesensmsiravesndindouiilugiaiaiaig  (program gradient)

181 (W)

WlaEmaeun A

wlamaoun B

0 60 40
15 a5 55
45 35 65

nsnsvaeuauldliveisnageu (Method validation)

welihilaléininmeaeuiidenldfianugndes anzauiazihlulflunmmaaeuuiinm
aoaaLawioly wazilolVianndemusruUINATEIURIURTRNNT ISO/IEC 17025 : 2017 Fausznaudie
N137igaueaae9n15in (working rang) AuTuLEUATS (Linearity) Indinveanisnsaany (Limit of
Detection : LOD) waz@nd1invein13iaidsusuaaild (Limit of Quantitation : LOQ) A271uLiles
(precision) wavAEsalUNIAFRUT LT Isasnay (reproducibility) kagAuLiY (trueness)
Tnefidunousail

figaiviwensin wazanududunss lnewiouaisasaleunsgu 4-Hydroxy-L-proline
arududueehston 5 sz 4 ay 3 91 Usnduanuidudunsesnaminasgulasmanuduiusias
duszrisemududuresansazateuinsgiu wnu X) uazituildngl wnu v) fonsanddussans
avduiius (correlation coefficient, R?) Tageniildmisiandnlndnis wazannnimiewindu 0.995 fein
nymlAsgIusang fanugndes undedie

figauTnininven1Insiany wasdadndnvesnsin@lsuula Tnaidendiegnslungy
i3osinlun1veUnaiv uasiiuasazarsunsgiufissduaududu 005 my/L aduiogna vinns
yagou 10 91 Auamadudonuumasgu (D) TnsdasiAnvesnsasanuwiniu 35D uazdadnin
VoM TIAGIUTINauY 10SD

ﬁ’;j%ﬁﬂ’)’]mﬁ&mLL@%?’I’)’]@JLLQJU‘U@Q%% IneLANa1suImsgIU d-Hydroxy-L-proline asludiagig
3 szdumILty 9 ag 10 91 AwaAdssuLIRsTILENS (0% RSD) wagenuileslunisvingian
A1 Horwitz ratio WgaUANLIuYeIIs IneAIUINNNITAUNSUYRIAITNINTEIU (% recovery) AMULNN
UIRIgU [15]

a 4

Wgauauannsalunisnageuglugiwlainnesiu lnenageulsuiuneaaiauludiogig

U

v
[

1 10 AT TUFIIa1NLANANTY LUS UL UAIMULANAIIYBINANISNAFBUNNADR t-test NTLAU

AMUTDIY 95 %
4. NaN15338

nanzlunisuadsuysuia d-Hydroxy-L-proline aagta3adlasuilnsnsidvesinad

aussourgeniuiinsaiaviinngeaisaisud nuinduisadanudwme awunsowsnansidesnisle



40 | nasIinermansuasinalulad ums.gassanil Print ISSN: 2586-8101 Online ISSN: 2697-6447

Uil 5 atufl 1 (RanAu 2563 — TunAw 2564)

pg199Lau Taans 4-Hydroxy-L-proline a¥gnuzeaniainAedutliuseu uunfif 13.62 (retention time)

wanalAsuNlNLNIUUBIENS d-Hydroxy-L-proline 909@298191AT8IRAN AIUAINT 2

Lu 4 8
. [=3
“
i -
o
400 - 8
- - 3
T )
2
7 -
N s
[
300 - |
i ]
_ |
)
y |
200 - f
: |
: |
] 1
1 |
100 |
. l \
- 'I III
o4 - et N —
T - T T T T
5 10 15 20 25

A7 1 15U lneNIUUedansuInsgIu 4-Hydroxy-L-proline A28 UY 50 me/L

w ]

90

80

70

0 ] |

50 | .'l

40 : E |
] | ; ~
: | -

3.c_ | 4 I
] f = "

20 4 | | | - {1 |.r:
3 < \ ! 3
; il - | |

104 TR’ Y " I A LN /I \ N
p ™\ ] ] {3\ j \ | v ] \/ / \ I N
. (TR} A ]\ f VAL N —
; \\7_ ) J \_ e~ N N e ——

c T L) L T T
Q L] 10 15 20 25

A9 2 1AsINAIUYedas 4-Hydroxy-L-proline Tufeenaiaiashu

nfiuTuTndeyafmeiuiiodnvadeumUinnaneaaiay S 113 fegi amse

wusshagrudu 4 ngu leun nauingiv nauenmsialuniouuslan nqunseshulunivusUnain uazngu

ownaaiy  Inefiseasdondll nquingau IWud deold eds ovan udu nquomnsitilundon
uilna Téur vilsamennseu nudSagUaiiong wiun Budu nguedosiuluniourdnatnldimi
walil 1eSeafusiun Yulead indeshuUssavadnsiusiannuieing q SeinsiueeaaauluyTunaiiing
AIUAY UagnauemIsiEsH laun fhoghandndusienaaiuaoaanauring sian Dudu Taefosns
wiazUszinninsivaeuUinianeaaaumelasininsnilvewvalaussaugaesuiumnsainvia

Wgoalsalyud
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A15197 2 USunaumeaanauinnulusiasng

L. wiangu L, Andudndau USununeaaIau
aneu o FIUIUFIDYNS Ly
FI0819 INFIDYNVNIUA (%) (%)
1| dmgdiv 31 27 0.3-99.0
2 | ownsnlundeuuilan 11 10 0.2 - 30.0
3 | pdesnulunausaadn 54 48 0.1-25.0
NARA U 1SLESY 17 15 1.0 20.0
a
collagen hydrolysate

95197l 2 wuidegenguiaiesdulunwusUeativ Wunguillduauaulavesinani
fenthreaanaun i dudiunanveman fus Wothumeaeumuiinuaeaaau s
ADAANLA Haust 0.1-25.0% Anidiu 48% wndagerianun FRWNABNAUINGAU 27% WansugiWTETY
15% wazemsvilundouuilan 10% Wuddugevine Tnesiusinuaeanaueglurig 0.3-99.0% uazly
nsfinwadiiazvhnsdnuismamaaeuuazeruldliveiinmaaeumuiinuasaaiaulufegng

w3paRNlunvusUnaininidiunauvosreaaaulalaslaws

nsasIvaeuANUlYlavas (Method validation)

WeidunsBuduinisaldlunismegeudinnanesaanauiumnzay laensiganyaweenis

1% '

To wazeududunss Tnsadansminaspiutaymauduiusidaduss ninsmnududuvesansazaiy

1NTFIU (WA X) waziudldngvl wnu Y) wunfaduussansanduius (Correlation coefficient, R?)

Wiy 0.996 fannd 3 wazivrensidaundudunsiianududuius 0.5-50 me/L wagiiiedudui

= 1Y o v

Wuanssfianfeniu vinnisneaeuanududuas 3 91 WSsuisuiunldnsinluiaifinuans (retention

R4

time) WUINLAIAIULALIYBINSNAABUBTIVDINUNLANSIN (%RSD) TANUBENI 10 MIUNUNANINUA

[15] Aananilanugnees Wideiie uandfin1sem 3

Linearity
15000
y = 191.98x + 81.119
© 10000
= R2 = 0.996
© 5000
(a1
0

0.00 10.00 20.00 30.00 40.00 50.00 60.00

Concentration (meg/L)

AT 3 NTIMANUFUNUSLTAAUNTITENIIAMUTUTUETUIRFIU d-Hydroxy-L-proline Auiiuiildnsam
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M13799 3 FUlANIINYRIEITUINTFIN 4-Hydroxy-L-proline

Concentration Peak area Peak area %
(mg/L) 1 2 3 (mean) RSD
0.50 91.45077 105.05761 | 96.06548 96.06548 7.20
1.00 163.0345 169.25786 | 167.35297 167.35297 1.91
5.01 922.92798 | 916.39423 | 927.02075 927.02075 0.58
10.03 2126.1177 | 2100.1948 | 2031.2581 2031.25806 241
20.06 43224395 | 4461.7881 | 4381.7383 4381.73828 1.60
50.14 9691.3897 | 9507.1943 | 9537.5693 9537.56934 1.04

figtdndninveinsnTianukardndninvesn1singalsuale tnevinsvagey 10 41 wudh

o

Hedudewuuannsgu (SD) Wiy 0.0013 §3a3NAveIN15nTIany (LOD) Wiy 0.004% wazlindnin

Y9INITIANTIUTUIU (LOQ) 111U 0.013%

M5 4 HANTEAUAULTEA (precision) kazAIMULLILEN (% recovery) n=10

Concentration (mg/L) % Recovery % RSD Horwitz Horwitz ratio
1.00 93.27 6.43 3.25 1.98
5.01 99.07 2.18 2.55 0.85
10.03 105.11 1.45 2.28 0.63

figannuiiisswesmsmadeusn fseduarududu 1.00, 5.01 way 1003 mg/L fid1 Horwitz
ratio ¥INAU 1.98, 0.85 wag 0.63 MIUAIAU Faduluaanasiniseensu AedAtiesnin 2 wazannis
fgUANLUIYD IS lAYAMIUNTAUNGUYBIANSUINSEIU  4-Hydroxy-L-proline  WuHAINISAUNGY
WAswnu 93.27%, 99.07% waz 105.11% mud1du %aagiuﬁmmm%mﬁaau%’u Ao 80-110% fisvsuves

ansiiaulalahiu 10 me/L [15]

M157 5 Ysnnumeaaaulunsosnuinegeudiluiufsinunazlutianainieiu (reproducibility)

Collagen content (%)
Mean + SD % RSD
Intra-day (n=10) 0.17 £ 0.01 8.16
Inter-day (n=10) 0.18 £ 0.01 7.48

figauaruaiuisalunisnaasugilugiulannaraiulagfiansandl Relative Standard

Deviation (%RSDg) WUAHALRAEY0IUSHIUADAALAULALAT %RSD; LAY 0.17 + 0.01% Wag
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0.18 + 0.01% MUV LDNAADUAINULANAIVDIALRALMLEDR t-test wuhiianuwansteee1s o

o o

Jud1AnsyauaINLLYatiu 95 %

5. aNUSITNALATUDLEUDLULNSIVY

nnsiivdeyasiedrsiievldroaarauduingiovusinis (food additive) Aongu

q

wiosulunvusleain lnefiusunureaaiaueglutiamawg 0.1-25.0% Jauandliiuindudiegan
Ipsumnuileuvesindndusgiann §idedadoninisasaaeunnuliliverinaaeulsununeaanau

Iinseuaquiunguiiegnesingl ielraenndesiuanufeIn svesiagnanuazduslnaielvdulaly

'
a

nanAuginoudiunuilan lagnuinddrenisidoauvesarsunsgiuiduidunsainnudududu

0.5-50 mg/L fiAnduuszansanduiusivingu 0.996 fins1invesnisnsranuuazdnsiinvosnisIada
USunauld wirffu 0.004% wag 0.013% auadidu Sanuiieslaefiansandn Horwitz ratio fitfesndn 2
LagANIUIINAINISAUNGUBgluT 80-110% Aszduvesarsiiaulaliiiu 10 mg/L uaziiloiinis
nageulunatfiuandsiunuiuiinaneaanauildlufanuuandeiuegaitoddy nnsvedey
auldliveinaaeutsunaneaanauluadeiy JwandifiuiniisnsmeaeulSunaneaanauly
AN SaeieSesuiifldunauvesnoaaaulelnslaa AINENTANYNADY LT fizihanldluns
YR nulsgdnvewinaluiiinis Inenuindsnisneaeulsunanoaalausinaideliaiunsadiwun
Uszinnvesneaatauiiinaslundndasild San1slddagaiads (convertion factor) unsuans

o a o

waafinvedldsiuiduingivlunisndnreaanau lnefinuddeiierdesiunsidmentadedmiu

1

A o ¢ fLyv

N3AUINYTNIUADAANIUNLIATS 19U AoaaIununINlednialdfmaudads wiriu 8 [2) Fdlu

nsfnwdiavresianddell ddinsfnwediwelouazdiliinsssuiiaviiuiueu

)

o
o

TuiligtunuiBnimeaeutiinuneaanauluiledn iuassdnsasianndednd 2 whiu Aidu
Bumsgiuaina dedslinseuaguiviiegianiesiuiifidiunauvesneaanaulolaslawaiiddldsy
mnudouluvissman waziieaussaudiosnisvesgnimioguilan mekesufjifnisdslewmmis
nageuLariInsusuiisnmeseuUinaneaanauluiedesfiuiidrunanvosneaaaulslag
lawassndn fianumsnzan Binansmaaeuiignéies ilelwiudeaniunisaitlagdy uaramnsauvsdu
futesu fuAnisduld egralsfinulunismaasuuiununsaaiiaudieiinisgosdedisdnensa
lelnsmasiniitedmaneiusziutIndveslusiulieglusunsnssiluuasldansoysiug FMOC-CL ilouans
AR NIZLAZ2389E1S hydroxyproline MAdeUUSINaUIELATDS HPLC ﬁﬁm’mhqa finsuendia Ju
Bnsildsuanuien esmniaies HPLC Wuedesilofiuguiitesufianmsmlufldony uenanilss
uAtneseuiiine sandy mnganiunseaeulunulsed uavanunsailuguvenisiusesisnig

VIAFOUANNTEUULINTFIU ISO/IEC 17025 siplula
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AvaUAN

v
awv Ao

NuITeldnsaawed MnnseynTzivesininguduinsusziunun e s aa1du
AUATIMAEALINGRugI011s NatuayuaIesiowavaunsalsng q nnsdilvnisatvanuymains
WwAu3ResanaNUYTEInguide ienauauasnufBIN1sveeRltuIN1svesia s JURnIs

AuguINIsUsERUANAEMNS {idedasvaveunmin o lenail
6. 1ONE1581984
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wHuUNaaulaldinanIsMIENATUNS NS UNNBNURAUDAL

Tusuataniowillo 21NaUBINAD JININUIY

ONLINE MAPPING FOR LANDSLIDE DISASTER PREPAEDNESS
IN BO KLUEA NUEA SUBDISTRICT BO KLUEA DISTRICT, NAN

U 3 . 1* aa [ = 1 v a U o‘l a - 2
UUNUUNE AYYNT -, f\;%’lﬁm ﬁfy‘di’]mmqa , UB?IR 9UINY” ey Jeudinn Uy
Nannapat Hanyuth'’, Juthasinee Thanyapraneedkul’, Bundit Anurugsa’ and Puntita Tanwattana?
Inenmansaduindon Aoy Inermansuazinalulad un Ingidsssumans guesian
a0 10WITganILUINGR VWIAINTAIUNIINE A

* E-mail: titikron-face@hotmail.com

UNANED

suadaindewdle sunevanie Jainuluiuiidesteiuaaugs dauniswsouaiy
woudieanaudsdaianuddyesnann msdnwadiiiiagUsrasdifednhuuiiesulatiileidy
grudeyaieituiilunisnisuanunfeusuiiefedtinunduasiiieliussmauluguou nenan wax
Wnthitdestunazussimansisufesuathunuiiooulay lUldusglow fimsuanideyarnuiuszung
A3 uTou wargndfaeng 4 Wy gasma audiinfisiaes udaieuds gninUiinaniiny Wud
Tnsunufiooulaiid anmnsadhdsléann OR code wanmsthuauiioaulat lUlsngusedsldou uas
Uspifiuarmannsaiineuasvdsldou mvunauinvesngusiosadulneldgns nils sunnl fsedy
Ausiula 95% uazauAaIALAABUT 0.05 YuIRNgNFIBENY 1,488 AU 910 2,591 AL (Uszvuiidens
111 12 9) wudn Usgvsulugasuaninsaldaunauiiosulatneuldegluseduies (X =1.62,
S.D.= 1.18) 1u€umzﬁwé’ﬂ%’a@ﬂuazﬁummﬁqm (X = 4.74, S.D. = 0.49) agwiuinussnvudwlngaunsa
Tunuiuazdiunesing q Adudoyaluwmiifiusnntu Wudeatuineafinenisussiduauainsn
Tunslénuunuiioaulavnould wuin eeluszduuiunats (X = 2.48, SD. = 1.19) wagndsldeglusedy
undign (X = 4.81, SD. = 0.28) daudmthiitesiunarusamansisade wui nansUszifiuaay
Aniulunsldnuunuiiesulal reuldeglusefuuiunats (X = 3.25, S.D.= 0.48) uagndsldeglusesu
17 (X = 4.08, S.D.= 0.82) lngfmuiwdsldunufiooulatisminfidesiunaz ussmansisadodnu

Anviusionisuunuioeulawluldusslen eglussdunniian (X = 4.50, S.D. = 0.50) wansliliiuing

Junsvuman 28 nuntiug 2564
Juuslyunaru 15 {unmu 2564
JupausuunAIN 22 Juiau 2564
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niAdasiunazussunasisaseladaiutalselovivoasnuioaulal wazanuideillaununiesulatin

@ LY

anunsath U dugudeyadeiuiilumswionrnuniousuiieoseivhtuoaulusuavaindewmilessly
Aadty: AefivRAuDaY, N1SRSENAMUNTDN, ANUUIIZUNTIBATISTOY, Lnunaulall

ABSTRACT

Bo Kluea Nuea is a subdistrict prone to landslides due to heavy rainfall and steep slope,
thus objectives of this study are to develop online map for landslide disaster preparedness and to
disseminate online map to villagers, volunteers and disaster prevention and mitigation officers.
Online map shows vulnerable household, evacuation sites and shelters, temporary collective
centers, village broadcasts and rain gauges stations. By this online map can be accessed from the
QR code. Local communities, volunteers and disaster prevention and mitigation officer’s disaster
preparedness knowledge were surveyed before and after using the online map by questionnaires.
Sample size were determined using Taro Yamane formula at 95% confident level and error at 0.05,
The sample size were 1,488 people from 2,591 (villagers that more than 12 years old). Result
showed that villagers’ ability, before use online map, were low level (X = 1.62, S.D. = 1.18), while
after using online maps were highest level (X = 4.74, SD = 0.49). Similarity with volunteers’ ability,
before use online map, were moderate level (X = 2.48, S.D. = 1.19) and after using online map
were highest level (X = 4.81, S.D. = 0.28). For the result of disaster prevention and mitigation
officers’s opinion of map using, before use online map, were moderate level (X = 3.25, S.D.= 0.48)
and after using online map were high level (X = 4.08, S.D.= 0.82). Moreover, the opinion about
online map’s utilization after using online map, were the highest level (X = 4.50, S.D. = 0.50). These
results showed that disaster prevention and mitigation officers realized that online map can be a

spatial database for landslide disaster preparedness in Bo Kluea Nuea subdistrict.
Keywords: Landslide Disaster, Preparedness, Vulnerable household, Online map
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THE DEVELOPMENT OF CRISPY SNACK FROM BOILED POTATOES REMAIN IN
CORDYCEPS MILITARIS CULTURE PROCESSING
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ABSTRACT
Boiled potatoes are one of the materials for Cordyceps militaris culture processing that
water of boiled potatoes was used in Cordyceps militaris culture medium preparation. Hence,

boiled potatoes were waste in this process. The objective of this experiment was to utilize boiled
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potatoes to make a crispy snack, added value and quality of nutrient value. Start with boiled
potatoes was investigated nutrient content. The results showed that boiled potatoes had protein
2.06+0.09 ¢/100g, carbohydrate 14.81+0.33 g/100g, fat 0.07+0.03 ¢/100g, Calories from fat 0.41+0.05
Kcal/100g, Calories 66.54+0.85 Kcal/100g and dietary fiber 1.99+0.10 ¢/100g. After that boiled
potatoes were made a crispy snack. For most consumer acceptance, the results indicated that

crispy snack treatment of 3 had the ratio of boiled potatoes to cassava starch as 1:1. This crispy
snack treatment of 3 shown high protein content as 2% and dietary fiber as 4%. Therefore, crispy
boiled potatoes snack in this experiment could be an alternative snack for consumers. This
experiment also reduces boiled potatoes waste as zero waste management in Cordyceps militaris

culture processing.
Keywords: Crispy snack, Boiled potatoes, Cordyceps militaris culture
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wW1sdnes SiurSefufivdaannszuaunis SfurSsan [6]
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L1 (N33/10005) 0.68+0.03 12
TUsAu (n$31/100n5) 2.06+0.09 2.5
Astulansn (nSu/100n35w) 14.81+0.33 33.0
g (n51/100n350) 0.07+0.03 0.2
w&snuanletu (Alaunass/100n50) 0.41+0.05 -
waueun (Alaunas3/100n50) 66.54+0.85 73
Foluazanethld (n$1/100n50) 1.99+0.10 2.1
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drunanvesidaiudvsnaadivsunumsivlamsatdosiian AetrinIeugasniiiiledudSaiu 100% ludu
Trunseugnsniudaiud1ends 100% fusinaluiutdesiian dwiuleewns drunseugesn 5 didlediu

H¥aiu 100% Hlwowsuinian (1151991 3) Tuvaendninieugasn 1 Ae dudaiudends 100% dly

U

awnstesfian (39N 3) dmuanewmeiueniiin (a,) 11unTeugnsh 2 gnsh 3 wavgnsh 5 slhuinaei
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wsfnes Frneudu
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NANIIUSEEMEURH Fruneunan
gﬂi 1 gﬂi 2 Qﬂi 3 Qﬂi 4 Qﬁli 5 ‘I/I’Nﬂ’]iﬁ’]
anwarUng 1.43+0.50 | 6.10+0.70 | 8.07+0.57 | 6.70+0.94 | 1.47+0.67 | 7.07+0.68
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EFFECT OF FRESHWATER RED ALGAE (Caloglossa beccarii) EXTRACT ON GROWTH
AND PIGMENTATION OF PACIFIC WHITE SHRIMP (Litopenaeus vannamei)
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ABSTRACT

Freshwater red alga (Caloglossa beccarii DeToni) are predominantly colored in the
carotenoids. It is suitable for applies as a colorant in ornamental aquatic animals. Thus, the using
freshwater red algae crude extracts to improve the color of pacific white shrimp (Litopenaeus
vannamei) was used in this experiment. This research aimed to study the effect of crude extracts
from red algae extracted with absolute ethanol on growth performance and skin color of shrimps
with commercial diets containing freshwater red alga crude extracts at seven inclusion levels (0,
50, 100, 150, 200, 250 and 300 mg/kg). The diets were given to shrimps for 4 months period and
the skin color of shrimp was measured by using a colorimeter with the system CIE (L*a*b¥). The
results showed that all levels of concentrations crude extracts were not effect on growth
performance and survival rate (P>0.05). The lightness value (L*) was highest in white shrimp fed by
diet control group (0 mg/kg) with the lightness value of 35.71+1.14 (P<0.05).The redness (a*) was
highest in white shrimp fed by diet supplement with 250 mg/kg crude extracts (7.86+1.72) and
higher than white shrimp in control group (P<0.05). All levels of concentrations crude extracts

supplement in diet were not effect on yellowness (6*) (P>0.05).

Keywords: Freshwater Red Alga (Caloglossa beccarii DeToni), Pigments,

Pacific White Shrimp (Litopenaeus vannamesi)
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nanlUse nsizansuszneuualsfivesnluisanainisiniung luraeisimviedeuntiuuluaeudig
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walsueesifuansdfifianud fydeddiindeg Tnsawgnisimiidi
1o vivthilJuansiueyyadase (antioxidant) naenauiidiuddnlunisiing dsdanualsiiusssiay
uanseanlulandvesdindes du wazuns Inensuanseonvesduaadunalsiiuoss slawoaniuguiiu
(astaxanthin) urlsiiusesdldiasaluemsdniihaningduasdunsed Wy SFualsiiu uasuean
wauity dedisenuns dewalidduunssdndiugeiu didemeiuemsidimsfnumsldameonas

lugsdndun lesanamsedlusiunazaislulamsnas uenanuudlinsnosily nsndunsd

= o

YONINUUAINII8 VLRI LAL ST ludmnIu19nae [4] wuluansneduwnlndn (Cbeccari) F93

'
a

USunansduwalsiiuees [2] e [5] levinn1snnassktaisanaveuainamsiednsindsmasulue s (9
SeAU 25-100 Hadn5u/a1115 1 Nlansy) iaiuANULUBIERIUaIMBY WU ANE a* kay b* dA1

WindumuUsaesnsidsuluemsneass warausausuugdveslamela



71 nsUsyinnIssERunAmuIneImanswazinalulad asa 5

’quﬁ 15-16 4ns1AU 2564 ISBN: xxX — XXX — XXX — XXX - X

3. /N5

3.1 UHUNTINARDY

TUNUNINARBILUUAUAADR (CRD) [6] lneAnwiszAuadududuvesarsaianeiu (crude
extract) Mname A Inaitluewnaidadenawuuiluduiagy (Usiu 32%) ety 7 sedu (7
YANIMnaes) Seduaz 3 91 A 0, 50, 100, 150, 200, 250 uag 300 UN.AEOIMNST 1 NN, (Me/ke)
3.2 MaAFBNTTUUIRDS

nanoudsdlugnszanuun 50x100x50 wa. i meiaareInfiniunssideshenasiu 25 ppm
[7] 150 An3 wiazgvasosilsruutmyudeuniglu warlonianaeananlneldasens uasime
3.3 MawSeuamsedunsinda (C. beccari)

Wuamseaniianlumn 9.uAsASs55u51% (N 07 57.515; E 099 46.474) Tae [2] Wamsiean

fldndravhenuazen il wdeuuisiigamgd 50-60 ‘C wasnfulufifu nnudsnisves (5]
3.4 MSIATIUFTENANYIUYDY carotenoid ANEINIY

msaipamsgsignsaawlamiuisves [8] agthamsigeuui 25 n3u wualviaziden 1d
Tuvand 9nduidiseniuea 95% v/v 500 fiadans dluviliieadunndasaiuanufigeu 5 uif was
waisly gauMQIvies 3 Tu Wahansavanglutunenimwieadd 3,000 seusowd Wunan 10 und v
asaranefliinlundussmegyyinmauldaisadinoglugy crude extract vludaintnuasiiulily
vndvilevinsvaasssioly
3.5 Maatsufamnaes

dignisvniwiunly sy P15 a1nsumgiingnisveaenyu weyuialuvediuudauin
1.5X4 X1 wns Wewnsdusagumemsdniuag 2 A3 wnsesgniaasTuiuemsuln syuiasulign
fainUszanas 3-5 n¥u viderwia 5-7.5 wufms ndnduduivludedugnszannnass S1ua 30
75 ﬁwmiéﬁamﬂfwwﬁﬂLQ?EJL%Nﬁumaaﬁqiunnsqmﬂwswmaaq
3.6 NSLATYUDMTNARDY

ownsveaasliomnandufaguiwnuauuly fssdulusivlimnit 40% ludulsisndn 3%
thansafane1uannainsteunazaisly absolute ethanol Aiszduadnudutdunansrsfunuuaunisg
neaes udluasdliiisineims faallsiuks ownsindoudufvlugedsiiletostunas iivlugidu
3.7 amsuazn1svionnng
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2w = o &
3.8 Maiudoya wazvaulwAnIsANY Fll

3.8.1 NsAn¥INTRSYAULR

MINTEUATRE1NRINNNYANTITNARBY T 15 A/g ietadmtnygn 9 e viinsmaaes
dee 4 e uazdandnwnisiasyiuln (uguaiefevesdeya) lagldgnsamnan il

1. Umiiniade (Average Weight, n3u) = (UminAasviavius/31uiuiansvin)
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2. Wedidudbwiinidiiu WG, %) = 100xtnindadleduaanindes-twiinfaFusu/dwiindadudu
3. 9N YAULRILNIE (Specific Growth Rate: SGR, % #oiu)

= 100 x (In wu. fudlefugnmannaes - In wu. fufledudunimanod/suuiuiinnass
4. 9T YAULRTLNIZRADTU (Average Diary Growth : ADG, nSumeiu)

= hwindadeduaanmanaaes - duthdudedudunsvasesy/suutuiinases

5. dnsnsdeueaduile (FCR) = dwidnenmsiidaiurianue (n.)/ihwindaviaua i (n.)

q

€

a

6. ms15eARe (Survival Rate: SR, %) = (Sunufadoduganismaaey/duiufausumsvaass) x 100

3.8.2 MsAnwananduvasdia

duidendsnnngansnaaesiiuiudiar 5 & tlufuludidenduna 3 uid tetadde
wWaenluszuu CIE LAB (L*a*b*) feia3esindunnsgiunsineneans (Hunter lab Colorimeter) a4
Wavua 8.00 faduns thiegsinidlinsaiinuded 2 tuanhnssiudeada Unmenassds tie
Hostuuasnnieuen Yardiade 3 galuniste 1 ade laed L* Husanisinranuaing o* Wudwesd
unsuardiTen uay b* \udwesdmdeuasthidu [9]

3.8.3 MaAnwIgmNIW

ynsnsatnamnimiinn 4 2 ek paeanisvaass lnedviiiezldiinssiamnimii
Usenoude guugiitnfademesTufivesuuuusen anuifuiadae Salino meter mnsidunsa-aswes
1 (pH) 98 pH meter (Clean §u pH 500B) USinaseendiauiiazateii (*Ymé’wl,ﬂ%"aa*?mﬂmmwﬁmuu
f3mea YSI Model 650 MDS) aaidusnses (Fe3sns Titration) wesluiflosaw uaglulnsy
3.9 M3nTeideya

thifeyaiildannismaass shnmsmamsiasaiule sasinissenme sisinsiasuesmsdu
ile uazannuduvesdfy MnsiiseinnaainlaeisiiaszsianautsUsan (One-way ANOVA) uag
Wi UIlgunLUANANYRIARAETE NI YANNTNAABY #1835 Duncan’s New multiple range test :

DMRT #iszdiuanuidosiu 95 wWesidud Tagldlusunsudniagy spss

4. Han1539e
HANNSNARBESLANTARANNUNAMIBALAIN S AT SERUAIT LT 0, 50, 100, 150, 200,
250 waz 300 mg/kg I%Lgﬁﬂﬁ:ﬁ‘ﬂ’]’sLLQNUWI&J&WMﬁﬂSNﬁHLQ%S 2.64:0.21 n3u WHunan 4 Wou fvil
4.1 nM3RseyHiule Sasnsuaniiie wazsasisanany
Lﬁaguqmﬂ15wmaaqiuLﬁauﬁ 4 wui Sasmsiesaiuln Medhumndndu (WG) Sasns

[

3AUlndLmIg (SGR) warsnsin1siaseyAulasaiu (ADG) sumqwnLLauuﬂiuﬁlﬁ%’anmsﬁq 5 4ANIT
neaed lianuuwandisdunisaifsenitayanismeaes (P>0.05) lneliA1085enI19 972.40+36.81-
1,079.47+70.73 1WosiGus, 1.98+0.03-2.05+0.09 1UosiGudnaiu uay 0.22+0.01-0.24+0.01 nSudotu
AR (93799 1)

Sasnisuanidle (FCR) Guaaf’jwnLnuuﬂmﬁiﬁ%mmsl,ﬁﬂf’jwnmumi:uf?’]L%ﬁ]gﬂﬁizﬁumm

Wudusnaiu wudn Qeunwuuluilasuemsiasuasaniaanamiedunaidnlugnnisnaassd 6
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(250 me/ke) SlAndnsuaniiie 1.64+0.08 Gﬁl’mdwf’jﬂuﬁqmnﬁmamﬁ 7 (P<0.05) %ﬁﬁﬁmmamﬁaqnﬁqm
WiAU 1.97+0.08 LLm'hjLmﬂemﬁ’uﬁﬂmgmﬂﬁmaaﬂﬁ 4, 5 1, 3uay 2 AuaIsU (P>0.05) (A5197 1)

é%miammWsmmﬁ'wnﬁié’f%’ummimamﬁd 7 gan1snaaed ldanuuanansiuniada
(P>0.05) Tngdnssonneiade Slroglutiasyning 84.45+6.94 fla 90.000.00 wWadldud (13197t 1)
4.2 szavdvasiernawiuunly

ndsduganimnass disluduluinion 3 wiit Yaddeiaudennseuinaded 2 duansiilu
s8UU CIE (L%a*b%) wud1 A1 L* (Aenuadng) vesdsiides Senaglutag 33374158 fls 35.71+1.14 Gaffa
ynwunluildiuomislinauansadaluynauau fid L* gaiign gsndnfamniildsuemsnanansada
nerwanameluganIseass 3, 4, 5, 6 uag 7 AUEIGU FaflAn L* iy 33.87+1.28, 33.7541.22,
3351156, 33.48+1.33 Uay 33.37+1.58 AWARU (P<0.05) (Ml 1 uazamil 4)

A a* (Adung) wud fleeglutng 6.64+1.53 s 7.86:1.72  Taeffeundildiuemsyanis
aaesil 6 (250 me/ke) fiAngeiian TAvinfu 7.86x1.72 ganirfsviluyansnaaesi 1 (¥aauAw) Gad
A1 a* Afiga WU 6.64+1.53 (P<0.05) usifn a* vesisiilisuemmaassiinauansatanetuluynys
nsMAaes (an1svaaesi 2-7) lufiruuandafumeadd (P>0.05) (nwdl 2 uaznwil 4)

v

g b* (AAmdes) vesfeunwuuly wuin daneglutas 11.25+1.40 fa 11.68+1.55 Fsrs
yniliivemsiauasataneuvesamelunnyanisnaaes uazyamIUAL (YANSMAGRsH 1-7) 1
b lalunnsinsfunmaadia (P>0.05) (Ml 3 wagnnil 4)
KanFIATeigunmiednaeanTnaesAset il 4 Weu nud1 arufudidregseming
25.00-29.50 ppt, qmmﬁmaaﬁ’] 28.75-29.23 °C, Anudunsa-ang 7.50-8.30, USinueondiauiiazany
1 6.10-7.35 mg/\, aulurneegsening 101.45-128.30 mg/, weoulandle 0.30-0.58 me/l, uazlulas
0.20-0.80 mg/l Fsiieglutrsiifanuuunluansadsadinlsogmwnd
a5 1 aniniiadu (we) R3NS3 YULAULRT NI (SGR) 9R5INSIasLAUTR WL (ADG) 6957

waniilo (FCR) uagdmansennis (SR) vosfanununluiliiuesdisaguiuansatanety

navwedunsidnseausng 9 du unan 4 weu

duinfiuty | sasnsadadiv | Sasmswiudu | Saswaniide | Snsiseane
nnaet (WG) Tagwz (SGR) | Tndwnz (ADG) (FCR) (SR)
1 (0 mg/ke) 972.40+36.81° 1.98+0.03° 0.22+0.01° 1.68+0.13° 85.56+9.62°
2 (50 mg/ke) 1,015.09+£34.91° 2.01£0.03° 0.22+0.01° 1.89+0.19°° | 88.89+6.94°
3 (100 mgrkg) | 1,038.35+57.77° 2.02+0.04° 0.22+0.01° 1.81+0.06™ | 84.45+6.94°
4 (150 mg/kg) | 1,061.52+65.08° 2.04+0.05° 0.23+0.02° 1.66+0.14° 88.89+6.94°
5 (200 mgrkg) | 1,075.52+55.88° 2.05+0.09° 0.23+0.02° 1.68+0.25° 86.66+5.77°
6 (250 mg/kg) | 1,079.47+70.73° 2.05+0.05° 0.24+0.01° 1.64+0.08° 86.67+3.34°
7 (300 mgrkg) | 1,062.04+74.82° 2.04+0.05° 0.23+0.01° 1.97+0.08" 90.00+0.00°

VB - TIAUTRIYANNSYAADY Aseduanuiduturensidsuansainanamseluemsnaaes

- WSguisuanedsluwunadagldmsnes dnuswisuiuldiinuwnnenanisads (P>0.05)
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38 - 10 +
ab ab @
. 36 . 8 4 p ab ab ab
- o
4 [1 6 -
- 34 -5
Bg 3@ 4
® 32 ?,
30 0 -
0 50 100 150 200 250 300 0 50 100 150 200 250 300
szauaududuvasasana (me/kg) szAuAududuvasasana (me/kg)

AR 1 seduAnd L veawniwiuuluiivaaes A 2 seduand o vesiniwiuunluiivaaes

14 -
a a a a a
o 12 4 a a
L4
£ 10 -
=)
s
® 8
6 -
0 50 100 150 200 250 300
szauaMududuesansaia (mg/kg) LTI T2 T3 T4 TS T6 iz
MRl 3 seuAnd b vesnkInluneaes Ml 4 seAupdildvesieuuwly

5. afiuenauazdalauauLun1sITY

mﬂmiﬁﬂmmim’%zylﬁuimLﬁ'a??uqﬂmimam Snsnbwiinfifiaty Snsnisaiauivie Sns
nssiulndune uardasisenns vesfuunwuuiluildiuensfinauasataneuanamied
unsthiaris 6 ganismanes lluandsndenwuuluiildsuemslugaauaudslailfvauansataan
amie wandifiuiseduresnislasainanamiedunnidaduimasesasiluemnsiaus 50-
300 mg/kg hifinalunisisamsasaiulnveiawn waglifinadednssenne denadaaiun1smaaeived
(5] lunslansafanenuvesaminedunsindnelandeitud @suluomnsidssaimes wud nsiaduans
afAneIUINAMIIEELATEA SauaiisyduALELdY 25-100 me/ke lifinavilignsinisiasgaule
Snsuanitle wardhsseanevesUamasunnsaty uagliunndsiulamedugaaiuay Tl iesan
maaduasatafiseduanudududinanluemsdiiaguimniu llddmalfemnsvaassdsedu
TUshugatu wessdvlsuluomstuazdssalasnssteninaiaiviavesiddasnss [10] o1mnsiid
seulUshugeazdamalifadnastyiuingtunuluie waraenadoatunanisvaaesaiuasiuniun
Isiudunsent asadaualsiivesdaniivuazainiglusssuma wu amedldslaw wagansaiaualsd
usgdnWInvIY Aisgduanududu 100 #du Tudswnuuunlies [11] Meauin widsesansald
NINYAUSITNYIR vTeannsduaTIelidnalunisisanissyiulnvesiawnild Wudedtusieanu
MsAnwves [12] Alinuanuunnsinswessasinsiasapivlavesianardinguiildiuemsgnsaiuny
LATeNSTNANANSE Astaxanthin uazINAsANYIYL [13] Finuinswauudualsiuiidussainguan

YosameguIsioaanduty 125 uaz 175 Adu luenslidinamiufaseiuuiu 10 e lilua
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Tudsmaesgidvladledisuiuemsyamuny anseaziBeatrsiunandiiuinnisaduualsiuoss
MnamheiltInnnamaaesndal lifliateninaigiulawassamsenmeessun

mMaasuansataneuanamieduanideluems L?:mﬁ:wm.nuuﬂm denalvidAnauadng
( L% vosfsfiAsafisomanaaeauarsaianenuresaminedunsining 6 gan1amaass (50-300
fadnsw/emns 1 Alansw) Tearnigamuguilliaduasatameivsesaming wuin arauaing (%)
fuwlidufianas wandlidiuhauduiuveselsiivosdidusinanfiusniy Suavilieanuainwesd
anas iesnnluamiedunsidaflarsduelsfivesd daduasfidrenszdulunafndvesdnii
I@EJLQW’lﬂuﬁlﬁl’jﬁ’]ﬂﬁjuﬂ%ﬁLG]L%Suﬁﬁma’]ﬁﬂaﬁlﬁ'damﬂEJ’lWlSﬁﬁUL%/’]VLiJﬂ’]EJ‘LJ@ﬂ wazilmAndUsIngly
Fihiiddnuasrdduiu denndosiunmmnaeses [11] inadounavouvasasasssuvfnoniaisedly
v wuin faumildfuansddansed waasafiatnainfivsssnnd Sanrmaing () dndindsnd
9suomisyanIuAm

wavasAAIdNAuA (%) ieAuannisneaes vestarriluganmsnanesiiAssdeemsias

1Y

asafave1uvesavsedundindn 250 me/kg Aduwas (@*) geitan gendrdeunilugaaiuaudldldsy

q

o aa

oSS uasEaveTUYesE e ALAndn uanensegnalivuddyeada (P<0.05) FusleAny3unm
ansAunsiifistu wut SUTinaasBusaiintu 18 37 Wesidus Weifleutudemnlugaauau aenads
funsnmassves [5] lunisldasataneuresamsedunshinsindentul wiuluomsidssames
WU UmwaﬂummsmaaﬂﬁLgmﬁ’hsmwmLﬁ%:umsaﬁ’wmwaqami"w?mmﬂfﬁm 100 mg/kg Tviand
uns (0¥ gefign gendvamedlugnnivauitlildsuermaaiuasaianeiuresansiofunnida
uansnsegaiitedfmeann (P<0.05) FuiloRnUsunaasdunsiiiutululames wuin fusunaansa
uasifisy 19.01 Wesiud Waifsufuvarlugnaiuay wandliifuhenududuroualsiuesdluans
afmarnausefiiusinaniunntu fuaviliendung (@) ifingdu Kaildosnluamiefunnided
asAuelsfiuosd Faudumsiidionsiulunnfndvesdnith InsomeludnithnduasamnBeufiviosands
amsednnesiinudilumeuen uasvhlmAndunngludaihfifidnuazdunadutu sonedostums
nARBwes [11] innaeunavesuvasasdsssumremaisedlufewn wui Awnuunluildfuemis
nnYANITAaesINaLaNTE Slddaung (a*) Wunifsiilduemsyamuguetsdniau wasaenadesiy

=

Hansnaaedluiunsdiyves [14] wud Adund (a*) Tugeisnaaesiiliomisiasuansdannuaninmedn

waanTEaua1eiY a1ursavivinauesdisdaduns (@) Miutu wanaedued1slided1Agyni1eaia

(P<0.05) flugapIuAN d@uddmndas (b¥) Weduann1snaaes wudl Awnwuululuganismaaesiibes

q q

o

BB AN TARINETUTBIENI B ERATNEA 50-300 me/kslseRundivass (69 lilunnsnetu
uazliupnsafugamuauiililiiasuasataanameduasiie uandiiuiasuelsiiueedanas
aftoveunamsedunsindafiadiluemsldlidmaliseduafingos (0% ugeuusoil
MnransAnymaaesadsiagulédn meldansatameunnamieunaidamsaluemades
e lufisedudaus 50-300 me/kg laifinasiomsiaiauiviauardnsseamenvasdarnuuuily

wanisEAuAILNTY 250 me/kg aunsavinszAvauas (o) Tudeuawiuwliliiuasyule dedu el
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SPEED CONTROL OF DC SERVO MOTOR WITH PID CONTROLLER BY USING PIC
MICROCONTROLLER

v
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vawmeinszuansauundalaglilulasreulnsaiaes 8 Jnnszna PIC Ju 18F4431 LileUszendliiiush
Usziianadiunismunl lnen1smuauansIseutesgeilwamesnszuansarliismsvesdinass-
flasduundafioaaimuuuuuiiled  waannsmasssmsvhauandliifiuindiauauanuds

seuveaweshinawainseuanswuuiileffiasisanlulasreulvsamesnsena PIC Ju 18F4431 anunse

'
‘:4
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ABSTRACT
The objective of this research is to a PID controller design for closed-loop DC servo
motor speed control by using the 8-bit PIC18F4431 microcontroller to apply as a control processor.
The DC servo motor controlling is using Ziegler-Nichols closed-loop method for creating a PID

controller. The experimental results show that the PID DC servo motor speed controller built with
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the PIC microcontroller 18F4431 can precisely control the speed of the DC servo motor. The
steady-state speed error is less than one percent and takes about one second to reach steady-

state, both at no load and under load.
Keywords: PID Controller, Closed-loop Speed Control, DC Servo Motor, Microcontroller
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ABSTRACT
This research aims to test the effect of road terrain on the temperature of BLDC hub
motor. The data has been collected during Bridgestone World Solar Challenge 2019, over 3,022 km
route through difference terrain and difference ambient temperature. The results shown the
relationship between the different of motor temperature and ambient temperature on the road
terrain mostly distributed on 28 °C but it is not clearly present as the trend. That because the
cumulative heat in the motor’s cover during drive through the change of road slope as hill shaped

terrain.
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On the consideration of energy consuming along the route, found that the motor’s temperature
can be degrade the driving efficiency whenever the motor’s temp exceeds the working temperature

range.
Keywords: BLDC Hub-motor, Temperature, Road Terrain
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ABSTRACT
The comparative in fluoride adsorption with activated carbon (AC), chitosan (CTS) and
activated carbon coated chitosan (AC-CTS) were studied in batch experiment. The experiments

were controlled pH 6.7 and 5.0 mg/l of initial concentration. The influence of various operational
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parameters i.e., contact time, agitation speed, and effect of adsorbent dose were studied by a
series of batch adsorption experiments at room temperature. The result showed that CTS had
highest capacity in fluoride adsorption at 20 minutes which could be decreased fluoride to 50
percent. The removal was 40% in case of AC and AC-CTS. CTS could be seen that the maximum
removal of 70% occurred at the speed of 100 rpom. At 0 rpm, AC and AC-CTS could be decreased
fluoride to 40%. The response of adsorbent dose on fluoride removal was showed that highest
capacity in fluoride adsorption in 5 ¢/L dosage. The removal at this dose was 80% in case of CTS
and 40% for AC and AC-CTS, respectively. In addition, the study of comparing isotherm between
Langmuir and Freundlich of all adsorbents showed that had fix well with Freundlich isotherm. The
values of correlation coefficient for Freundlich isotherms were 0.9887, 0.9860 and 0.9889 for AC,
CTS and AC-CTS, respectively.

Keywords: Fluoride, Adsorption, Activated carbon, Chitosan
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GORDON

SOLITON SOLUTION TO THE MODIFIED KORTEWEG-DE VRIES EQUATION USING
SINE-GORDON EXPANSION METHOD
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unAnge
waLaagleAneuYeIaNNS sine-Gordon azgnideuluguvesileidulawesludn Ssaxilguvedls
Anousaoauuy Vilfaunsoldilunaaasvedednouvesannsidadulugudug fasmuaiansled
aey fauunAndazinldmnainasleaneuvasaunis Korteweg-de Vries fiimaslsiBadu 2 ¢ Tne
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MsruiussnIng lednougdasdilaaindAiuiu
Aandgy: lednou NMsmwiandadydnual n1snszangled nesaau

ABSTRACT
The soliton solution of sine-Gordon equation will be determined. These solutions are
written in terms of hyperbolic functions which are expressed in two types of the solitons. It can be
used for the soliton solutions for the others nonlinear equations for two possible types of solitons.
For this idea, we will take the soliton solution of the sine-Gordon equation to obtain the soliton
solution of the Korteweg-de Vries equation with two nonlinear terms. The solution will be written

in terms of the series of hyperbolic functions. The coefficients of this series will be determined to

SuiisuunmIm 1 fhurmu 2564
Juunlvunaay 18 flurAu 2564
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with the suitable condition. Time evolution of the solution will be presented as well as the two

solitons collision.
Keywords: soliton, symbolic computing, sine-Gordon expansion

1. Introduction
Solitary wave [1, 2] is the phenomena that wave travels on the continuum media without
changing its amplitude. This result was first described mathematically by Korteweg and de Vries [3,
4] which is known as KdV equation,

Up + Uly + Uyyy = 0, (1)
where u is described as the perturbation on media and subscripts x and t are partial derivatives
with respect to spatial and temporal coordinates, respectively. The key idea of this phenomenon
is the balance between dispersion and nonlinear effects which are the 3 and 2™ terms on the
left hand-side of eq. (1), respectively. However, eq. (1) can also be derived in the ion-acoustic
waves in plasmas [5, 6]. To obtain the soliton solution of eq. (1), there are various methods to
calculate such as the traveling wave solution [5], Lax-pair method [7] and inverse scattering method
[8, 9], tanh method [10], G’/G-expansion method [11] sine-Gordon expansion (sGE) method [12, 13]
and Exp-function method [14]. The advantage of the sGE is the combination between pulse and
kink solitons in the series solution. We can definitely obtain soliton solution with various possible
setting. The modified KdV which will be solved via sGE is KdV with two nonlinear terms [13, 15, 16],
the dimensionless form can be written as

Up + ULy + UPUy + Uyyy = 0 )
This equation is also derived in nonlinear optics, plasmas, fluid and some continuum media. The
next section, we will find the sine-Gordon solution in order to use as the ansatz solution for the
solution of eq. (2)

2. Sine-Gordon expansion method
Consider the sine-Gordon equation,
Uyy — Uy = M?sinu 3)

where m is a constant. This equation is used to derived in many applications of physics [17]. The

traveling wave solution can be determined with a new parameter,

§=nulx—ct)
in which c is the wave speed and € and u are a constant. The equation will be rewritten as
ag? — p2(1-c?) '

Integrate both side with respect to u,

) = iy Q)+
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where d is the integration constant. To find the soliton solution, the initial conditions will be
found as u(0) = 0,us(0) = 0 and found that d = 0. The final step is to integrate eq. (4) with

respect to € and it will be useful to redefine z = g

sinz = secha(¢ — &) (5)
and

cosz = tanh a(é — &) (6)
where a? = #;2) This implies that the trigonometric functions can be expressed in terms of

hyperbolic functions which are the forms of soliton solution. The nonlinear evolution equation

can be written as, in general,

olu
Py (W, o) = 0 @)
The solution of eq. (7) can be expressed as a series solution,
u(§) = Y7 _ tanh*~1& (By sech(§) + A, tanh(£)) + 4o (8)

or be written in terms of egs. (5) and (6)
n

u(z) = Zk=0 cos¥=1z (By sin(z) + Ay cos(§)) + Ay = P,(sin z, cos z) 9)

We will use egs (8)49) as the ansatz solution for eq. (2)

3. Soliton solution to the modified KdV equation
From eg. (9), we will first determine what n will be used for finding the solution. The
polynomial degree function, D , is introduced in which returning the degree of the polynomial,
such that
D(sin®z + 4 cosz) = 2
PDu@)=n  Du™E)=mxn

o)
D|—ul® |=m+n

and

dém
Eg. (2) with the traveling wave solution, é = u(x — ct),
—cug + uug + uPug + pPuggs = 0 (10)
The value of n can determine via comparing on the terms of dispersion and the highest degree
for the nonlinear term,

D(ugge) =n+3

1 d
D(u? =—D(— 3)=3 +1
(u uszse) 3 dfu n
Therefore, we have n = 1 or the ansatz will be written by

u(z) = B;sinz+ A;cosz + A4, (11)



109 | saTinermansuazimalulad ams.gassugil Print ISSN: 2586-8101 Online ISSN: 2697-6447

Uil 5 aduil 1 (Ranau 2563 — Tunaw 2564)

where

dz .
T sinz (12)
Substitute (11) and (12) into (10)

AgA; — A%A, — A{B? + cA; + DAyA, + DA3A; — DA3 + 4DA,B? — cDA, + 2FA,B, +
2FA;B; + 4FAyA;B; + GA? + 2GAyA? — GB? — 2GA,B? + 3HA3B; — HB} +
JA3 —3JA{B? — MA? — 2MAyA% + MB? + 2MAyB? + PAyB, + PA%B, — 2PA3B; + PB}
—cPB; — QA;B; — 2QAyA,B; + 2u?A, — 8Du?A; + 6u*HB; + 6u*JA; — 5u*PB; = 0
(13)
where
D =cos?z F =sinz *cos?z G = cos®z,H = sinz * cos® z,] = cos*z, M = cos z
P =sinz * cosz and Q = sinz, To determine all unknown, we match all variables in eq. (13),
All constants: —AgA; — A3A; — A;B? — cA; + 2u%A,
Coefficient M: —A% — 2A,A% + B — 2A,B?
Coefficient Q: —A1B; — 24¢A1B;
Coefficient P: AgB; + A3B; — 2A%B, + B3 — cB, — 5u®B,
Coefficient D: AgA, + A3A; — A3 + 4A,B? — cA; — 8u?A,
Coefficient F: 24,B; + 4AoA B,
Coefficient G: A3 + 2A¢A3 — B — 2A,B?
Coefficient H: 3A3B; — B3 + 6u’B,
Coefficient J: A3 — 34, B + 6?4,
Coefficient K: 0

To obtain the kink solution, we will set By = 0, all parameters are

1 1 + 8u?
Ag=—5.c=— 4M Ay = 0,4, = +iuV6
therefore, we have
1+ 8u?)t
5=M<x+ﬂ)
4
u(§) = — + ipV/6 tanh () (14)

The time evolution of eq. (14) can be shown in Figure 1.
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0.8}

06}

20

Figure 1. shows the time evolution with u = 0.5

Another form of the soliton solution is known as the pulse form, this can be set as A; = 0. All

parameters are

1 -1+ 4u?
Ap=—7.¢= Tﬂ'Bl = /6
The solution will be written as
-1+ 4u®)t

u(§) = -3+ /6 sech(?)

The time evolution can be shown in Figure. 2

50 0

Figure 2. shows the time evolution with u = 0.79

(14)

The head-on collision, where we start with two solutions in the opposite direction, will be shown

in Figure 3.
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Figure 3. shows the head-on collision with both have the same u = 0.79

4. Conclusion
Sine-Gordon expansion method can be used for finding the soliton solutions which
depends on a number of terms in the series solution. Both pulse and kink shapes are also found
with this method. However, the stable solution will be next investigated via the time evolution

where these solutions are chosen as the initial condition.

5. References

[1] Infeld, E. and G. Rowlands, Nonlinear Waves, Solitons and Chaos. 2nd ed. 2012: Cambridge
University Press.

[2] Russell, J.S., Report on waves, in the fourteenth meeting of the British Association for the
Advancement of Science. 1844: York. p. 311-90.

[3] Korteweg, D.J. and G. de Vries, On the change of form of long waves advancing in a
rectangular canal, and on a new type of long stationary waves. Phil. Mag., 1895. 39(
5): p. 422-43,

[4] Korteweg, D.J. and G. de Vries, On the change of form of long waves advancing in a
rectangular canal, and on a new type of long stationary waves. The London,
Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 2009. 39(240): p.
422-443,

[5] Washimi, H. and T. Taniuti, Propagation of lon-Acoustic Solitary Waves of Small
Amplitude. Physical Review Letters, 1966. 17(19): p. 996-998.

[6] Schamel, H., A modified Korteweg-de Vries equation for ion acoustic wavess due to
resonant electrons. Journal of Plasma Physics, 1973. 9(3): p. 377-387.

[7] Lax, P.D., Integrals of nonlinear equations of evolution and solitary waves.

Communications on Pure and Applied Mathematics, 1968. 21(5): p. 467-490.



112 | sanTinermansuazimalulad ams.gassugil Print ISSN: 2586-8101 Online ISSN: 2697-6447

Uil 5 aduil 1 (Ranau 2563 — Tunaw 2564)

[8] Gardner, C.S., et al., Method for Solving the Korteweg-deVries Equation. Physical Review
Letters, 1967. 19(19): p. 1095-1097.

[9] Ablowitz, M.J. and H. Segur, Solitons and the inverse scattering transform. SIAM studies in
applied mathematics. 1981, Philadelphia: SIAM. %, 425 p., 2 p. of plates.

[10] Malfliet, W. and W. Hereman, The tanh method: I. Exact solutions of nonlinear evolution
and wave equations. Physica Scripta, 1996. 54(6): p. 563-568.

[11] Wang, M., X. Li, and J. Zhang, The (G’/G)-expansion method and travelling wave
solutions of nonlinear evolution equations in mathematical physics. Physics Letters
A, 2008. 372(4): p. 417-423.

[12] Yan, C., A simple transformation for nonlinear waves. Physics Letters A, 1996. 224(1-2): p.
77-84.

[13] Bulut, H., T.A. Sulaiman, and H.M. Baskonus, New solitary and optical wave structures to
the Korteweg-de Vries equation with dual-power law nonlinearity. Optical and
Quantum Electronics, 2016. 48(12).

[14] Dehghan, M., J. Manafian, and A. Saadatmandi, ANALYTICAL TREATMENT OF SOME PARTIAL

DIFFERENTIAL EQUATIONS ARISING IN MATHEMATICAL PHYSICS BY USING THEExp-
FUNCTION METHOD. International Journal of Modern Physics B, 2012. 25(22): p. 2965-

2981.

[15] Djoudi, W., A. Zerarka, and C. Cattani, Exact solutions for the KdV-mKdV equation with
time-dependent coefficients using the modified functional variable method.
Cogent Mathematics, 2016. 3(1).

[16] Tang, B., et al., Exact Solutions for a Generalized KdV-MKdV Equation with Variable
Coefficients. Mathematical Problems in Engineering, 2016. 2016: p. 1-10.

[17] Drazin, P.G. and R.S. Johnson, Solitons : an introduction. Cambridge texts in applied

mathematics. 1989, Cambridge England ; New York: Cambridge University Press. xii, p. 226



113 | NIasimemaniuagivalulad uns.aissaunil Print ISSN: 2586-8101 Online ISSN: 2697-6447

Uil 5 aduil 1 (Ranau 2563 — Tunaw 2564)

nstiaUsEansnmn1sUseineLATessayy

nsainsalAnen lssnunanvauenanszanuszasasun

A STUDY OF OPTIMIZATION OF JOINT CORNOR MACHINE MAINTENANCE A CASE
STUDY OF AUTOMOBILE DOOR GLASS

aUR 29Amn * @nnee Snms 2 watld fdwes

Somchat Wongthep !, Sakchai RakKan ?, Podchanee Sriwichain ®

* indnyvangasimnssueansimUngin @1913n15IaNsEmnTsL Wnineaenua e

o

? 181NN IENGATIFNNTTUANERTUNTNTR 8197139INTIANNTNUIAINTIY UrInedeinwutndin

B
Y
? 910138MAngeTIFINssuAansI TN a1913v1n153ANTNUIMINTIN NnTinetaeinuedadin

* e-mail: wongthep-somchat@hotmail.com

uninge

msﬁﬂmﬁﬁi’mqﬂixmﬁlﬁaLﬁmﬂizam%mwmiﬂwqﬁﬂmm’%lawiaguéfwmiamam%’m%@wm
ww3eadnsle 60% winusyansnmeaiesdns (Machine Availability) 16 10% Tneldlssnusegnadman
vgunszanUszgssuilulsswelnedunsdinu mefnnadiinteddiefllivsznaudan wuglwusly
(Pareto Diagram) ,m33wns1evilagléinaina 5 A1a13 (5 Why Analysis) wRunmaivauasxa (Cause and
Effect Diagram) dmiunaifiutoyauasiinnssitigmmanvn mafinvidesiunui Tssnudreglai
szuunsdanisnisgontse uazdilentsvhaulasynsdentigednufseiilefiesesinsmgayiauly
ity Msdnuildsdiaueszuunisiizuaiesdinsuuy Dynamic Pm Tagldlusunsa PLC
FrnudiliensinuauseunaInsinuese lnedavinenaisnisaiunueslua (Spare Parts Report)
wonUsstanvedezlnawuu Common Part wazliuu Non Part Tagld ﬁgﬂﬁbq?ga ROP (Reorder Point) t¥u
Qmﬁﬂmmmﬁm%yal,l,azﬁmﬁu wagiivdoyanisdoutiganazUszinsdsussing adugiuteya
TUsUn3u Access tiomstinszinistigademelunends anmsdidunuldihssuuludfoauasi

o a

nswieuiisunanauaiiunisuasndaniiunisdasunalanwieluil lneaanaieseninanisdndes

v
= |

104A3839n5 MTBF Anidudnsimsifinduwingu 86.21% Aianedslunisgen MTTR Aadudnsinis
anawinriu 75% wWesidudnisvendeuvenaiodns Andudninsanaariiiu 79.68% Snsiaumnsay

0A39939NT AnTusIINITIRLTWYNAY 10.12%

AdAey: Usednsain nstngesnweseswioyu nsvanUsensouus



114 | saTinermaniuazimalulad uvs.gassngi Print ISSN: 2586-8101 Online ISSN: 2697-6447

Uil 5 aduil 1 (Ranau 2563 — Tunaw 2564)

ABSTRACT

The objective of this study is to increase the efficiency of machine maintenance per
corner by reducing machine downtime by 60%, increasing machine efficiency by 10% by using a
sample factory that produces automotive glass door gasket in Thailand Applying the Pareto
Diagram, 5 Why Analysis, Cause and Effect Diagram are to collect data and analyze problem. The
problem analysis has found that a sample factory do not has the maintenance management
system: and operation manual because a maintenance was operated only when the machines
stopped working on site. This study therefore proposed a Dynamic Preventive Maintenance
machine maintenance system by using PLC program to count the number of working hours
according to the actual working time. Moreover, the inventory of Spare Parts have been created
the reported of the common parts and the noncommon parts by using ROP (Reorder Point) as the
formula for calculating procurement and storage. The system has been implemented and
compared the results before and after operations, which are found that the average mean time
between machine failures (MTBF) is an increase of 86.21%. The average repair time for (MTTR) is a

75% reduction rate. The machine readiness rate representing an increase of 10.12%
Keywords: Efficiency, Improving, Preventive Maintenance
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Product Time Breakdown Time
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ABSTRACT

This research studies, the researcher is interested in studying the problems of traditional
Bamboo Plantation management by choosing to use Kim Sung Bamboo garden in the area of
Bo Thong District, Chonburi Province. The study has covered the number of areas in a total of 1
rai. There is low productivity per rai, about 4 tons per rai at a time. Problems arising from large
quantities of land but low product per rai. while the demand in the market is steadily increasing.
productivity of garden depends on the proper water exposure. Traditional agriculture relies heavily
on rainwater. Therefore, causing to encounter problems. In this study, the application of managing
engineering work with digital technology that helps control. with cost and value analysis, it can
increase productivity by at least 50% of the water management, installation sprinkler system, and
using loT technology to control water and fertilizer systems. The system was monitored via
smartphones to manage, increase productivity, and reduce costs in order to increase income Based
on the results of the study, we invested 48,993 baht into the system. when we watered in
the right amount and regularly (10 liters/clump) at 7: 00-9:00 hrs, the control humidity 25 - 80%
As a result, the product increased from 4 tons to 6 tons per rai per year. Including the efficient use
of water, it takes 0.6 years to pay back on investment. Therefore, it can be concluded that investing

in digital technology It is a real cost-effective investment. And continuous improvement.
Keywords: Optimization, digital technology, kim sung bamboo agriculture.
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https://play.google.com/store/apps/details?id=net.routix.mqttdash
https://play.google.com/store/apps/details?id=net.routix.mqttdash
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