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Acid (PLA) Blends with Polybutylene Succinate (PBS)
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Abstract

Biological container coated with Polylactic Acid (PLA) blended with Polybutylene Succinate
(PBS) was produced by corn husk fiber and bamboo sprout fiber. Both fibers were mixed in soda
process by spinning at ratio 20:80 (%w/w) of bamboo sprout fiber and corn husk fiber, respectively.
Then, paper container was formed by hot compression handmade with and without coated. By
investigation physical properties of paper container both with and without coated with PLA blended
with PBS, the results of paper container coated with PLA blended with PBS showed less surface
roughness and more shiny skin. In term of mechanical properties evaluation, Tensile Strength,
%Elongation at Break and Wet Tensile Strength also showed better if comparing with paper container
without coating. Besides, paper container was formed by compression process to test leakage and
deformation resistant. The results of paper container which produced by corn husk fiber and bamboo
sprout then coated with PLA blended with PBS showed no water leakage and no deformation in any
conditions. By the overall research evaluation, the handmade paper container coated with PLA

blended with PBS could be usefully applied to produce food container products.

Keywords : Biological Container; Polylactic Acid (PLA)/Polybutylene Succinate (PBS); Natural Fibers

Paper Handmade
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Abstract

Organotin compounds, e.g. tributyltin, dibutyltin and monobutyltin cause changes in the
endocrine and reproductive systems of marine organisms, especially imposex in female gastropods.
Due to high toxicity to non-target species, tributyltin-based antifouling paints were banned for the
use in all vessels since 2008. However, organotin compounds are used in a variety of industrial and
agricultural applications, and subsequently discharged into coastal environment. This study aimed
to assess the effects of dibutyltin and monobutyltin on growth, mortality rate, and development of
imposex in female spotted babylon (Babylonia areolata). Dibutyltin and monobutyltin (5 and 10
mg/L) could accumulate and metabolic transform in the tissues without deleterious effect on shell
length, but significantly (p < 0.05) decreased whole body weight and increased mortality rate of
spotted babylon. Additionally, dibutyltin and monobutyltin induced development of imposex
(10.00-13.33%) in spotted babylon and promoted development stage of pseudopenis to the level
1-2 dependent on the chemical concentrations. The results demonstrated that dibutyltin and
monobutyltin had effects on growth, mortality, and imposex incidence of spotted babylon.
Therefore, government authorities should implement stringent measures and enforce a law to
reduce the contamination of organotin compounds in marine environment, and simultaneously

prevent undesirable consequences on production of shellfish culture in the future.
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Abstract

The primary objective of this study was to upcycle used factory film sheets, thereby adding value
to these materials and mitigating the accumulation of industrial waste. Specifically, our research focused
on developing an electrochemical sensor for humidity measurement. Initially, the plastic sheets
underwent a comprehensive analysis of their physical and chemical properties. Subsequently, they were
coated with graphene oxide at varying concentrations (0.5%, 1.0%, 1.5%, and 2.0% w/v) to investigate the
electrical response of the electrochemical sensor using cyclic voltammetry. Humidity measurements were
conducted using the LCR meter based on the electric method. The study revealed that the waste film
sheets were of Polydimethylsiloxane type, with a thickness of 0.105 mm, showcasing flexibility and
suitability for surface modification through laser screening. To enhance the conductivity properties, the
electrochemical sensor was coated with 1.0% w/v graphene oxide. This modification enabled accurate
humidity measurements, establishing a relationship between humidity (x) and electric capacity (y) through
a second-degree polynomial equation: y = 0.0013xA2 + 2.7902x - 51.17, with an RA2 value of 0.971.
Furthermore, the morphology analysis of the graphene oxide on the modified sensor surface revealed a
stacked configuration with a hexagonal shape. The specific surface area of graphene oxide was calculated
to be 74.6269 square millimeters per gram. This innovative approach not only showcases the flexibility
and adaptability of Polydimethylsiloxane-based film sheets but also demonstrates the potential of
graphene oxide coatings in developing efficient and reliable humidity sensors, contributing significantly to

the field of environmental sustainability and sensor technology.

Keywords: Upcycle; Polydimethylsiloxane; Electrochemical sensor; Graphene oxide
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wanadin anuslunisaunuveawessalinai
60 mm/s vt ol uun unanad nndsatdidae
Lawsas (Laser induced plastic) ﬁﬁgmuﬁmmxau
(2], [16] nsAnwihdenmdoudusidnlnsauuy
snauielinisnszaefvesnszualiiiadainy

auysal fagun 1

JUT 1 Biéinlvsauuuianay

PMNTUTRUNALU T ea s N ba b
wrluansararewasuaUlmefiaaniiu AUy
0.1 Tans Wuan 1 F7lug teadelasadieesd
Tuarnsunisdaniznsifuesnlen wasse
ANNDILANT N VUYL UNANERNLUT 8UA e

§ o 1 a .
LS v duwnuddanlnsakuulanay (Circle

U

electrode) & sfimuaunsalunsuildia dmsu
arsazansiuesuaUlaefiaandy 0.1 Tuangiy
wienlaannnisazaieuesunUlalefiaaiiu
(C2H7NS; MERCK) 1.9288 n$u lutf 1Us1/a1n
looou (Deionized water; DI) 250 44 wazUsu

USuwsudu 1 aasenevindinusunng

2.4.2 mMswwssunslueenlunivuies
wisunTfueenlesilaududy 0.5, 1.0,
1.5 uag 2.0 %w/Av auaiau luansazarevean
Twled (PSB) pH 9 91t wthansazaned beid
\w3esdansileila (Digital ultrasonic cleaner) JUGT
SONIC-D13, GuangDong GT Ultrasonic, China Wy
an 10 Wil islinflusenlesazansoeaauysal
nduansazaned Ialuns suus osvo iy

Sianlnsawuurenauiinsoul’ wazviliwiaazle
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sl usenlesiguges i ndeuldu a1sazane
Tilaglumsiseiusynoulddae 1 ansazane
Woawaiwiwes (PSB) pH 9 Auwnty 0.1 Tuans
w3 suanlod sulalalasiauneana (NaH,PO,
Sigma-Aldrich) USunau 0.1135 nsu waglaleidou
lalasiaunleain (Na,HPO,; Sigma-Aldrich) USune
355544 n$u avaneluyrUsieanlessy 100 43
mnuusudiinsansazanedu 1 dasluvinda
YN waz 2. @1vavaroines-tiels Wedln
Unines (Ferriferro PSB) pH 9 A utdadu 0.1 Tal
815 wisnanmsiiulnunadounaslsa K
Sigrma-Aldrich) U3snas 3.7279 n3u Tnuviai@euines
Taenluall) (KsFe(CN); MERCK) UTanas 1.6411 nsu
waglnunad suenaglganlueasa(llaslawmsna
(Ki(Fe(CN)y) 3H,0; MERCK) USu1ad 1.864 nSu adlu
arsazanevoaatiines (PSB) wazd unaudae

= - v a A
bATBINIULLUULL Lwaﬂf\]ulmmia%awﬁmaaﬂa [16]

2.4.3 mswaseRauifimslnidnvesnsiiu
sanloAwuges

vhns flusenlesisumedng ¢ arududuy
nvdeuRmantinisunlii Inelivalensiilu
oonledlaugefiunilfulumsazaroine-iwels
Wadlnm (Ferri-ferro PSB) 5ﬂﬁwuwﬁmaﬁ’u%ﬁm
nssualiiiiioTanisnevaussnszualiilagld
watalgadnlaaunuun3 (Cyclic voltammetry;
V) Mmsdwesiasadinszvnislili feshsnis
wanu 0.025 Thadaedundl odsiianisnsuany

Sein9 —0.5 89 0.7 Taad 71 25°C

2.5 AN5IASITRUTUIUAMUTUAWATIAY

aanlunLyuLyas

2.5.1 NINFYUEITATANFDIUAIUINTFIU
wisuiduldanisaeusieu (Calibration

curve) ¥89815aaNgNaBdUAINAIANUTUTUNNG

(RH) $osay 11-97 WWudis1989dmsunsinna
povauewelniineauduR s SERI19US e
Aud udusing (RH) uazauqliia [16] 1ne
wIsuanmsazanwansUszneundslutisiaain
losou sundeliiannsaazangldsn anniudann
wazdaisliigamgdresdunar 24 92l el
arsavarendennuaniduaisazarsindeduda
nioulgau

AN5197 1 NSHSENRISTANULNADDUA?

d1sazaney ﬂ?mfuﬁ’li ©®:  %RH
Usuasunnau
(ml)
ASeumaslyn (LICL 88.7: 100 11
MERCK)
TnuvaigunosTinn 80.2 : 25 23
(CH,COOK; Sigma-
Aldrich)
wunili@eunaslse 235 : 100 33
(MgCl,; Sigma-
Aldrich)
TnuvaLgeu 56 : 50 43

ANSUBLUR (K,COs;
MERCK)
TiRealuslun 35.10 : 100 59
(NaBr; MERCK)
TLAeunaelsn 37.85: 50 75
(NaCl; MERCK)
Tnunadounaslsn

(KCL; Sigma-Aldrich)

35.90 : 100 84

Tnuvaidoulunsn
(KNO3; Sigma-
Aldrich)
Tnuvalgon damn
(K,SOy; Sigma-
Aldrich)

33.97 : 100 93

2.00: 100 97
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2.5.2 MsnagaunsiiAudy
n3¥aAns N nALT ureens Iy
panlydwuwesldnnuduiusseninauaudan
Wil Ao Araanugliin wazaududuingan
asiadinded umdauias oetaneadens (LCR
meter) 31 LCR-9063, Lutron, Japan fveugae
RANNTINBUNUAUG 1IDNITAUNIUABASINAVDS
nszuabnliiluasesd afunasmmannmesve e
ANMUAIUNIY LATAITUONLAUT LA8NITIALIIAY
(V) anAseu, nszua () 7 lnas1u LLaSHQJLWﬁ‘ﬁI
WANANAUSENILSIRuLaznseua i 1deonld
auavagoud 100 ESmdusunulunsmaunis
ANUAUNUSNIAEIRFNERS
Tun1siaaiauglaliivilagis uaings
nsrflusenlediwuwesluaisavaisindedudai
119%RH 91ntldiades LCR upsfidasidnlnsnite
gruAauglih uasdsuasarasindedusi
AuTufiisHoITuATY wazihAe g iy

IATEIMANUTUNUSTIADRAEnSAa LU

2.6 NMINTIVHBUAUFIUINGIVBINTINY

aanlaalgusas
nsrftusenledieuiseifinionduinazgn
Y1119 5398 U UFIUINY I8 NA 099 AN TIAY
SLENATPULUUEDINT A (Scanning Electron
Microscope; SEM) 3u JSM-IT300, JEOL, Japan ii
f&sveny 10,000 1911 Taed1BLdnnsaulILdeInsIn

Tuuivesing iefnwdnuuesUie amaneuy
Haf0819 wasunalun1svinugAsenvensiiiu
sanlydndmasion1siinufisenainialni ey

aunsi (1)

(1)

ool
S =

A = fuiiRvesnsifiueenlenwuees (M1519

e

PRI N (P15190adLUnTRaNSY)

e =),

ladiuns)
m = dminveseuniAnsiusenlenguees

(n3u)

3. nan1sAnwILazaAUsIuNa

3.1 ANHUSNINIBATNVDILHUA AL
MNNsATIIER USRIzl DEuvR LTI
i dutmgivlumsided wuifdud duutu
BSou fauaeia datnnunuilageds 0.105
faduns uwazliduyulaeian L* 93.68, a* 3.94,
way b*-11.21 auasu 9nnsnaaeuLd eedy
wuinilduiianunsadou wieRuwaruasuuime

NI Bkt

3.2 laseadquazasnusenauvasunuiay
nsiasgviny lsidunisadusuilduee
WATABUNILIAVDILEILUUELY U (ATR-FTIR)
wuinuwsuildufdudalaufiAinisasounadly
AL areeInUsEnaUTeLAllna AR UNDALY
asvdanedlatuvialoasnigu (Polydimethy-

lsiloxane; PDMS) é’ummﬂugﬂﬁ 2

thy

&4 ~— Factory film sheet waste

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber cm-1

JUN 2 maieunyitanduvesitegananadin

funedlauialvasniwy
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nwod lawwiialeaanigu (Polydimethyl silo-
xane; POMS) L unadiueslunguessniluddneu
(Organosilicon) AniasAlaevialuazdinnandossio
mainuiseed lidalnite danuasdmoniny
Fou SevaznimasimaInlasuausou 1.1 dan
n1311AU59U (Thermal conductivity; k) 0.2 06
AoluATAolAala TAd1udar1g9 (Elongation)
Useanaunnieiosaz 160 Aanulusuas dannu
AmIUAININITUNNLasIEEnE USuuseiuRale [17-
18] denRdaITUNAN AN IVIENEaEIMEnNi
I¥anmsaneluns Wednmautasunslin
wuhidaiannsolidutanvsluaidnuin videtan
Afusngmsaindlwihadng Ramsmieninsgg
TwihifvesTanyhlmAnmusadndmaliinan
wsanszdudsnavresnuaedng waganud uves
fan 119] wedlawdalvaonui unidunediues
7 faudrdglunisianlduselo v nglwi
Tneamzauaninsaveamsiautiomuduau
1993 1UB 18 N3 n(Negative triboelectric material)
[18] fhanfisnadnslunsilni Ssanansatn

o @ aa Py co vy
W@Ju%ﬂuaLaﬂImiLﬂﬂJﬂaLsﬂuLsﬂaiqmﬂaqﬂJ%ulﬂ

3.3 duvanelnirvesnsusenludiwuiges
nsfigatiendnwalnsihdedidnasounes
nsfueenlemwuwesifunaianisiasigvinig
T adifAdoudunldlunisinsefidelsun
1esuLAdl LAt eetunIzUIUNISS AenG 7t
Aenfudndluiniiaruauainieesdid ansednd
dledndlufidsuulas wagiinufaservean
s1fueenlynuuRIvTRLIUTDS lUAITAYA 8BS -
als Weanauvines aztAnni1saelou
Blamnsau (Electron transfer reaction) UURIUBS
1wl dedygaeenuntugduuulendnliauny

wnsAeuandluzun 3

4.00E-04

3.00E-04

2.00E-04

1.00E-04

nszualyNa(Aa)

_ 1

04 0

e — 04 0.6 08
SrooRQEy

o AMududu 0.5WT%

o AMdutu 1IWT%
anududu 1.5WT%

-3.00E-04 anadudu 2wTo%

-2.00E-04 m\\ ,;.)?;f/

ArnuaneAnglvida(v)

JUN 3 dyaadleadnbiaunaluunsy

Yaens1iueenlunuas

mﬂgﬂﬁ 3 wiuladnsfusenlemiduans
AaNaNaNnTLsINIsAnUAsesandulan dane
NN BULVDIFUNTIVBINTINTENINAIAINAS
Fndlai uaznszualwihfiAefiafidaau Weswn
naueenlendnuaudRneliiuasnanuseu
fun Tnslanizegedeanuanusalunisiadeud
Y999LANATOUNS PENINAABITUIND S 200,000
ASFUALRTEalane I IAnudavgug [7]
annsaisensasiudiEnaseuluata i @il
Jusdenfimunzaudmiueuges

NAITUIAMUFUNUS TEWINAINITATUNIU
i wagnszualudn wuinnsusenlamdainy
Wty 0.5 %w/v IAMIUNIUEEA NN
Snwarresiinfifntuardzunssiuauideifiouiy
asflusenlasiinnududuiu wazdlofiarsawa
vpaamsilnirveans fueenles agiiuainig
Wlwiegsendng -0.0000231 - 0.000293 uauuUs
Tnensflusenlanauidutu 1%w/Ay tansyua
Twhgeninfianududu 0.5%w/y usiilowfiuaiy
Wudunsflueenlamidu 1.5%wA uag 2.0%w/Ay

AdunUIInsERalinf TaladiAneag 1iie99nn

v o
o

nsldnsfueenledfiiiuuiniy agyilvduaiy
wvedluanansfiueenledunaguiiminuesds

¥ 2 AnN1STRUIN1SUNEIBE RSO UNRINTIA
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v
=

I [8] malulun93dedidedenldns Husenlen
AMULTNTY 1.0%w/v AiliAIn sl Afan
Wushuwnulunisneasdunismeanuduiusvesan

ANUTURE

74
s L% & 1 =
3.4 AnuduRusARMNginHIuazANTY
[} v -4
dUNNS
= Y v L4 1 1
nsAnwIANNFNRUSIENINaAIANg
warAUTUFLTISUUNT U Ueslne InANY
I vunsHuwuwes g unUAIANNT WINLEY
1AINISADUMIBUTDIANTAYAELNABD UA bR
durtusegluzuaunisnyuinidsass (Polynomial

2" power) flauandlugui 4

N
G
=3

E:
b
v 2 y = 0.0013x2 + 2.7902x - 51.17
% R?=0.971
£ 150
£
< 100
=
-~
f=- 50 4
g 3
0 T T T T '
0 20 a0 60 80 100

A (%RH)

JUN 4 Anuduiusseninenutuduing

wazA1nR b

31N3UT 4 wudrArmuglninvzintuile
s 2 < & £ o o s

Wesiduinuiugeu anuduiusilulvaunis y
= 0.0013%" + 2.7902x - 51.17 9 A1 R = 0.971
Usingnsaliiddgyazuuadu 3 ¥ae fe el 1
& - VI = a ¢ %
Judspnnuiiuduingen wdilihatindrautdieaa
n1suanaaeaUse i1 lud 19l diAe danalv
nsrflusenlediwuyesiauaudfiduauiulni
wazldlanusanenduanudulaegnetnau usmle
AuuduivsinTuduszesdl 2 nszualniilne
s Audunsiiuiuivestan wazlssnIsuan

Aveslseqliin demalvinsfueenladwuges

wansauAdus Wi ia wavaiunsasiwun
A1u9 uduivs eenulaeg 199alay uay
auanansatunsihlnihezSunsiiszesd 3 el
U%mmmm%uﬁ'uﬂ’wa‘qﬁu WUl gIAUNISANEN
AuduRLSsYIneruuivan A sliinges

LRUEINAU [12] hazenanisi [13]

3.5 duguinervesnsiusenlediwuges
ns1fuesnlydivulye s A Waud yuans
é’mgm’immmnmsa%fwmwﬁuuﬁamﬂﬂﬁﬁ%waq
FuaIdlannTeu NuornaNvBInNs I uRenluR UL
wiwues Weldmnududuresns fiueenlesi

AMULIUTY 0.5, 1.0, 2.0, way 4.0%w/v ANNANU

HANSANWILARRIFUT 5

(A) 1.5%w/v (9) 2.0%w/v

) 0.5%wv ) 1.0%w/v A) 1.5%w/v 1) 2.0%w/v

fl
=

JUN 5 duguinevesniluguibes

93U 5 wuindavesnsfuesnled
wuwesusznaulufeoymans uiifid s du
pnimdudoudnintudufunssrneiuusuees
PMUHUNAAAN LAazUTUIUANUNUILU WYY
sunaazdamndudoanududuresnsiiiu

20NlYAZITY WAYAIINYTVTLUUTURIDYNATLLTIY



a

36 2158153YINTITUAL I UNT. WEUAT A1Y1INeImIansuazialulad Ui 19 avuil 1 (2568)

Wndumuddu (8] mndnuwaisdanandadu
Yadend i dwmalfiAnnistavanenisivaves
nszualwin uazifuguassndenisindoufive
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%y wavitufifvens flueuwesiivunn 6 M5
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Abstract

Akineewakana recipe is a Thai traditional medicine that has cannabis as an ingredient which is an
elixir medicine group in King Narai the Great. This recipe was used for appetizing, analeptic and antiemesis.
These properties are related to the type and quantitative of chemical constituents. Currently, Akineewakana
recipe was lack data of phytochemicals. Therefore, this research aims to study the type and phytochemical
content by HPLC technique, also the antioxidant activity of Akineewakana recipe was determined. The results
showed that the ethanolic Akineewakana recipe extract demonstrated the ICy, value of 56.30+0.29 and
23.39+0.44 pg/ml by DPPH and ABTS assay, respectively. The FRAP value was 448.01+5.72 mmol/100 ¢
Extract. However, this recipe showed lower activity than Trolox (2506.15+13.60 mmol/100 ¢ Extract). The
cannabinoid analysis showed a high relative cannabinoid abundance (8130.00+35.59 ug/e Extract) which is
d9-THC as the highest content. In addition, it found the relative phenolic and flavonoid abundance as
1804.14+4.86 g/ Extract. Moreover, the correlation analysis showed that the total phenolic and flavonoid
and cannabinoid content correlated with antioxidant activity which is gallic acid and p-hydroxybenzoic acid
showed a high correlation with antioxidant significantly. The result suggested that Akineewakana recipe has
the potential to be an antioxidant agent. Moreover, this data was used to support the usage of Thai traditional
medicine and development of the pharmaceutical products.

Keywords : Phytochemical; Antioxidant; Akineewakana; Cannabis
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AuBYadasyaI87s DPPH ABTS Wag FRAP N13
Tz unaiiuedn Warliuesduazuauunl
uegn AlutnAdA HPLC sauludanisd nwn
anwduiusuegifiueyyadasiussduseney
mandilusnsueonatinue
2. 521U8UT939Y
2.1 ASATIURAISUIILAZATENR
ierdafdainmelduandosenldunn don
1.85 n5u law 1.85 n3u Waenouwe 3.70 nsu Tu
N3 3.70 NTU ATUNG 3.70 NTU @¥AIU 3.70
n¥u Yauie 5.55 NTU ARy anEe 7.40 N3N AUA
7.40 n$u wavthenansan 11.11 nda (4] wasliidh
fu 91nduthisuedaathnue 20 n¥u udaLRy
95% Lo upauiuing 100 Haadns wazuiunana
semadandudsniuigs (sonicate) 1uan
30 Uil (afeen 3 AYs) Uhansavaneuinsessay
A5EAENTEs Whatman wes 1 udhaisazansd
TlussmeliuiasneiedosszmeuuugayIna 9

9sauarnandnasaimviniu 11.45

2.2 N159ATILRBIAUTENOUNILA

2.2.1 msmdsunuansusznauiluadngiu
nsmUsunaansuseneuiuedanayleis
Folin-Ciocalteu Tunnsnnaeuazkauanssiagg 20
lulas@nsAy Folin-Ciocalteu Se8ag 10 91U
100 lulpsdns luaavaeuila 96 vaun Unduan
5 undt 91nduidia Sodium Carbonate $o8as 7
Fruau 80 lulasansvuiduiaan 30 uavt 4
gaumgiivies thlindnsganduuasii 725 unlu
LIRS Aa8LA3 09 Microplate Reader W@l L as
wanawaluming dadnfuauyavesnsauwnadnse

N3UaEN5anA (mg GAE/g Extract) [16]

2.2.2 msmdsanaasusznaunalaueensau
nsUTunaaITUsEnounailaueun I
Yesasanalukiaz 919919 AT8195 131
195988190108 1NHANA U AIC, Spvay 2Tu
ans1d 1:1 laguSuns luaiananvila 96 vy
vanunan 20 unit figangiivies udsnduiily
Tarmsgandunasi 415 urluluns Aeia3oe
Microplate Reader Tnsuansnaluniie dadnu
duyavemegNunansNasana (mg QE/g

Extract) [17]

2.2.3 nsudsanaiiusdnuazalaussnang
wialda HPLC
MTATERUs N sERRsmatia HPLC
(High Performance Liquid Chromatography) @ 28
Lﬂ%‘laﬂ HPLC (Shimadzu Prominence-l LC-2030C 3D;
Kyoto, Japan) @ 78 Column Unisol C18,5 pum
Particle Size, 250x4.6 mm (Torrance, Ca, USA) lag
14 Mobile Phase 71+ uaaunaussw3ne Acetic Acid
Zovay 1 (neUsinms) luiusmannlessu (Solvent
A) uaz Acetonitrle (Solvent B) @ sld/szuu Gradient
Program (31970 0-5 1, Solvent B $oeiae 5; 910 5
15 w9, Solvent B 5aga 9; 910 15-22 Wi, Solvent
B Spway 11; 310 22-38 w1, Solvent B Saway 18;
910 38-43 U9, Solvent B Saway 23; 310 43-44
mﬁ, Solvent B 5a8ay 90; 91n 44-45 mﬁ, Solvent
B Spway 80; 910 45-55 w1, Isocratic ‘1'71' Solvent B
{ouay 80,910 55-65 w17, Re-Equilibration 7
Solvent B Sagay 5; Linear Gradient 210 65-70 w17
Solvent B $awaz 5 7iswsinisiva 0.8 faddnsde
Wl gaungiinedu 40 ssmiwaldea Lazdnans
Aeg1eU3ung 20 lulasdns lnely Uv-diode Array
Detector 7iauenandy 280 wiluuns dmsuans
ﬂaq'tudroxybenzoic Acids Wag 320 W1 lulung

dmsua1snau Hydroxycinnamic Acids 59ulUfie
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370 wluing dm3uasngs Flavonols 33 HPLC
Chromatogram ¥@@135Ma8193zgniIeuLiiguiu
ansunsgIuiuednuazranliusedfinaniieaiiu
[18]

2.2.4 n15uUSNIULANUIT UREAA F8IATA
HPLC

MIIATIUSIALALLIT LeRR18LA3 B9
HPLC (Shimadzu Prominence-i LC-2030C 3D;
Kyoto, Japan) %28 Column Shimadzu NexLeaf CBX
for Potency C18, 2.7 um Particle Size, 150x4.6
mm (Columbia, MD, USA) Lagld Mobile Phase i
Judiuwanseing H,PO, Seway 0.085 (lagusunms)
Turf1 (Solvent A) uas H,PO, $o8as 0.085 (Ing
U511m3) 1w Acetonitrile (Solvent B) & ¢14'szuu
Gradient Program L%Im”lﬂ 0-3 mﬁ, Solvent B 588
8y 70; 970 3-7 W17, Solvent B Sowaz 85; 910 7-8
119, Solvent B Sauay 95; 210 8-12 w1, Solvent B
Sovay 70 fisnsiva 1.6 Taddnsreunii gaumgl
ARANY 35 pernwalliud Wazdnansmenslsinng 5
1TAsans Taeld Uv-diode Array Detector 7iaa
B19AAU 220 Wluwng §9 HPLC Chromatogram ¥e1
asieg g nIUTEUE Ui UASINATEIULALIND

YREATILIALAENNY [19]

£y

2.3 miwﬂaa‘qusmuaga&aﬁaiz
2.3.1 75 DPPH radical-scavenging

waaisaia 100 lulasdns Andnududu
199 (ANUdudugaing 10-500 lulasniuse
Taddns)nuaisazane 2,2-diphenyl-1-
picrylhydrazyl (DPPH) 200 fiadluans 911y 100
lulasdns lunnavanviln 96 au (96 Well Plate)
Tagvhmsvadunan 30 wfl feamgiivies Tudidle
uwdnhluinmsganduuadil 517 unluims fae

A5 99 Microplate Reader Tngldansinsaand

(Trolox) WHunguAruAudaun Awinmaosay
AM38US1voe DPPH feaunisi (1) wageraan
Wuduvesansiieengns dudaldfosay 50 (50%
Inhibition Concentration; ICs;) [20]

ABScontrol'ABSsample
ABScontml

DPPH inhibition (%) = x100 (1
1ned
ABSconiol = ANGANAULAIYBINGUAIUAL

ABssampLe = ANANAULERIYDINGUAIDYIN

2.3.2 75 ABTS radical-scavenging
2,2"-Azinobis-(3-Ethylbenzthiazolin-6-

Sulfonic Acid) (ABTS) azgnvitiusuyadasy
#1® Potassium Persulfate (2.45 fadluand) luih
ndu vndunan 18 $2lus neunisldom nauans
fr08 197 A udunag 100 lulasdns fu
a1vazas 7 Aadluans ABTS™ 100 lulasdas Tu
aemgaviia 96 vau udluinAinisgandud
736 nm #2813 04 Microplate Reader waglaans
Trolox LunguAIuANLEIuIN AuImAsosas

Msefudaves ABTS faaunsi (2) wazan ICy, [20]

ABScontml-ABSsample x
ABScontrol

ABTS inhibition (%) = 100 2)

1ne?

ABSconrol = ANAANAULEAIYBINGUAIUAL

ABSemple = PNAANGULEAIIDINGNAIBENS

2.3.3 75 Ferric reducing/antioxidant power
(FRAP)

d15aa18 FRAP gninfeulaun1sHay
381319 300 fadluans Acetate Buffer pH 3.6, 10
fedluans TPTZ Tu 40 fadluans HCL uag 20 fad

Tuans FeCl, Tuemsidau 10:1:1 lagUsunsg
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na991ndudnaIsieg1 20 lulasdans Mau
Wty 200 lulasnsusefiaddns unvinujisendu
ansagay FRAP 80 lulmsdns luniavianuiin 96
o’ a A a =
viau Unduan 4 wiil Ngaumnil 37 sariwaidua
wthldinA1nsanaunasi 595 nm fleLATes
Microplate Reader Tagl4'@15 Trolox + 4 TREGE
AIVANLTIUIN HaTilaasuaninaluniieiiadluase

100 n3uaisadia (mmol/100 g Extract) [21]

2.4 MIATIYoYaN19ADA

Toyasinag azgnuandluguuuy Aeds +
Andsauumasgu mylesgiaiedsadld one-
way ANOVA LagTtas1e i Auuana19n 1979
Tukey’s test U9UIUUANTAAYLAZAULANAI
$uA3 t-Test vosnmdiueyyadase sziuniy
v eastu 95% (p<0.05) saulUden15TiAs12 9
dulsgdnd anduwusdromaila Pearson’s

Correlation faglusnsy SPSS 26.0

3. Nan1sAnEILazaAUsIUNa

3.1 99AUSENBUNINLAL

3.1.1 YSunaluednuaznaliusensiu
PMNNMSANIUSHIA LN IV IATANR
msvedaainuglaaiUssuiisuiunsminsgu
299 Gallic Acid Tngdaun1stdunss vy y =
0.0351x - 0.0334 UazdlA R? = 0.9987 WUIETaNR
f15 VBN US U WO NSIUIIN Y 83.36+1.76
TadnTuauyavesnsaunadnsansuansana uag
msAnwUSInunalueen lnalUSsufisuiunsm
UINIFINVDY Quercetin Inpdlaunsidunsavinbu y
=0.0375x + 0.0831 wazilA1 R?2 = 0.9990 WUl
USuaunaliuesnsasinivu 23.53+0.25 Jaansy

auyaveumeTiuseniumsain

3.1.2 Usuradlusdnuaznailiusennleimaiia
HPLC

Tumsiangiusnaduedn 9 wila laun
Gallic Acid, Protocatechuic Acid, p-Hydroxybenzoic
Acid, Vanillic Acid, Syringic Acid, Chlorogenic Acid,
Sinapinic Acid, p-Coumaric Acid etz Ferulic Acid
uagwailauews 2 wila lAwA Rutin Lag Quercetin
Feenmns 11 wiaduansiinuluTNanmsdaaszians
NAenily Shikimate Biosynthetic Pathway [22] wu731
MSu1e AR danuzd USinal ued ndunvswindu
1804.14+4.86 lilpsnsusensuansana lagwuindl
UsinailuednegTudag 102,93 fia 392.67 lulasniuy
donduarsann 4alusuia Gallic Add 1nvi qa
(392.67+1.92 lalasnIumensuansann) uansialiny
Chlorogenic Acid wa Sinapinic Acid Tusng® Vil
a5197 1 7 sanslunguiluednuazwailiuesdil
audndylunissudseyyadassanauainsalu

mslevmenveslalasauliiiveyyadasy [23]

A15197 1 N153AsErUSuailuedntaznanla

Yagnmewala HPLC

JSuraluedin uag

ansdnAey Walausen
(ug/g Extract)
Gallic Acid 392.67+1.92°
Protocatechuic Acid 143.59+0.45°
p-Hydroxybenzoic Acid 110.44+1.35"
Vanillic Acid 213.38+0.78"
Syringic Acid 102.93+0.50'
Chlorogenic Acid ND
Sinapinic Acid ND
p-Coumaric Acid 125.70+0.08°
Ferulic Acid 146.83+0.33°
Rutin 268.80+0.97°
Quercetin 299.79+0.67°
USuaudniivg 1804.14+4.86

B MnuInTesangunneiisnuuaniueelidud1Aty
WoSsuiisuliinaasadyudazviafiszaunnudeiu 95% uaz

ND Aonsaalainu
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3.1.3 Ysunauauurdussaaiemaiia HPLC
mmenzAliinaaunluesaluasann
msupweRtrae 10 wlla lawn Cannabidivarin
(CBDV), Cannabidiolic Acid (CBDA), Cannabigerolic Acid
(CBGA), Cannabigerol (CBG), Cannabidiol (CBD),
Tetrahydrocannabivarin (THCV), Cannabinol
(CBN), Delta-9-tetrahydrocannabinol (d9-THC), wa
Tetrahydrocannabinolic Acid (THCA)
Cannabichromene (CBC) wuindiussnauauud
UDARLNNOWINAU 8130.00+35.59 lalasnsumeniu
asann lnewu CBDV, CBGA, CBN, d9-THC waz CBC
B nauanaam s 2 InefisiUSuns d9-THC gs
fgavinfiu 5080003266 lalasniusiensuansarin
Tnefisnenuin do-THC amnsadudsrnudermean
UfAseentinduiiinanlelasiaseanledls (241
wazavisRumsSaUTia [25] SnvadinisTenud
aslunguuauundueedlaun CBG, CBD, d9-THC,
CBN, CBGA CBDA Wa d9-THCA fiqvisdueyyadass
i ilenmaoudieds ABTS, DPPH, ORAC, Beta-

Carotene CUPRAC Uuay FRAP [26]

A15197 2 N153LAT1ENUSHIULALUN T UREA ALY

wAtlA HPLC

. Ysuamauundueed
CRELRLTY

(ug/g Extract)
CBDV 1000.00+0.00¢
CBDA ND
CBGA 396.67+4.71¢
CBG ND
CBD ND
THCV ND
CBN 563.33+9.43¢
d9-THC 5080.00+32.66°
CBC 1090.00+0.00°

. YSuauauunidusen
UELRLLY
(ug/g Extract)
THCA ND
USunudunns 8130.00+£35.59

UL AIDNYIN T TINGUNUIERIANUUANAITUBE
IdpdfydiailSeuiisuUiunuasdfgusasviinfiszau

AT 95% way ND Aemsaalinu

s

3.2 QNSAUDUNADEHSTY

Y

$ o

nsAnvIgNiA1ueUYadaTverinTuYl
dAALIAEAI83S DPPH, ABTS way FRAP WU
asanndfuendndthanuzdonssueyyadaszene
75 DPPH way ABTS fgan ICs, 1NAU 56.30+0.29
way 23.39+0.44 lulpsniurefiadang fan1s1eil 3
wazni1siaauaInsalunissfidaisisznau
\Batouvanan Fe®* (FRAP) wuitssuensnadl
IPuzdAN FRAP LY 448.01+5.72 diadluasie
100 n3uasafin usegslsfinugvsiuesuyadass
yauhusndnathaneSnaligrdtesnin Trolox 7
Dunguenuaudsuan Weisuisuiuinasing

Uszlilugnaiueuyadasenig s ABTS nuidesu

Saa

819nATIAMEIgNSANIN (Strongly Active; ICs,
10-50 lailasn3usiediadans) [27] wazdnoglugns
Urunarad 031a5129% #2635 DPPH (Moderately
Active; ICs, >50-100 tulasnsusofiadans) [27]
uaﬂa]’1ﬂﬁ"miﬁﬂmqw’éﬁwua%aﬁaimm9‘1’1%’U&J’1
UgnlylsiniifuenengTauglaefian £Ds, iy
83.59+0.58 lulasnsumeiiaaans [28] uagd15uen
Usvazaiiugos deiiAn ED., iy 69.05+3.85
uay 88.48+1.94 lulpsnsumeliadans s DPPH
Waz ABTS auansy [29] FawudnlunisAnuaildl
gns Fueyyadaseanindfueidngnn iile
Aasgiiiuendanthauzlaedianyands 4 dau
wavfiua 4 dou Jushemdndanuin LnyaLNGd

v '

ANNANNTOLUNTSE g soUYadaTENARILAT EDs,



a

46 2158153YINTITUAL I UNT. WEUAT A1Y1INeImIansuazialulad Ui 19 avuil 1 (2568)

Winiu 24.58+1.12 lulpsnsusiefiadans udlufva
faflgndiueuyadaseiios (EDs,>100) [30] aeals
Anuayulnsnniadlasdrdgfidanuaiuisore

lunsduasunsenseiueengnsiueyyadasely

Msuille

M13197 3 grEAUeYYadasEYetaTaniadTue

SAATIAMY
- mjaf'zmﬁﬁum Trolox
dARtIAME

DPPH; ICso (ug/ml)  56.30+0.29° 4.89+0.03°
ABTS: ICso (ug/ml)  23.39+0.44° 2.97+0.06°
FRAP

(mmol/100 ¢ 448.01+5.72°  2506.15+13.60?
Extract)

NUBUA: FITNYINIWIBINUMLERIANULANFANTUDEN
o o o A = = ' o 9 A 9
fdeddyiawIeuifisusenitwhueniu Trolox Nsgdu

AT 95%

3.3 MylRsiduUsTEnS anduwus
Msasgianuduiusseningna s
auyadaTy (Wosidusn13sudsvas DPPH, ABTS
wazA1 FRAP) fudsuauansdrdayiinsranulusisu
Y15 ARTIAMELAAIFINISIIA 4 WUT1 DPPH il
usnuAuUSuIe Gallic Acid ag/14dl
11 = 0999 &1 Gallic Acid 1Ju
asddniigvsiuouyadass dungids uazdy

o

nssniau Sntedaduansiildfianuduiiv [31]
wondafigaiisneaiuin Gallic Acid faudusiug
ot/ 19l Tod U DPPH [32] §nvte DPPH &
Fuwus nuliuu p-Hydroxybenzoic Acid, p-
Coumaric Acid, Ferulic Acid wag d9-THC Tuwad
d@auUsunas TPC, TFC, Protocatechuic Acid, CBDV
way CBC flmnuduiusiuiu ABTS uana1niiug
U5 11 Syringic Acid, Vanillic Acid, Rutin,

Quercetin, CBDV kay CBC AAUdUnuUs A Ui

°

FRAP #19011519% 4 usagnalsAmuuSunaansdfay
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Abstract

This study aimed to pectin was extracted from the cantaloupe peel wastes and then utilize it
in the development of an edible coating to enhance the postharvest quality of mango cv. Nam Dok
Mai Si Thong ripeness. First, the experimental design was 3 x 3 Factorial in CRD to study the
optimization of pectin extraction conditions with 2 factors: citric acid at varying pH levels (1, 2 and 3)
and the ratio of cantaloupe peel to citric acid (1:10, 1:30 and 1:50 by weight). The results indicated
that the 1:50 (by weight) ratio of cantaloupe peel powder and citric acid extraction at pH 1 yielded
the highest pectin (33.58+0.34%), accompanied by the lowest methoxyl pectin (%DE less than 50%).
The purity of the extracted pectin met the standard required for commercial pectin manufacture.
Then, the cantaloupe peel pectin, optimized for maximum yield, was utilized with 3 levels of pectin
concentrations (10, 15, and 20% w/w), supplemented with 1% w/w glycerol and 0.04 g. of calcium
chloride, was further utilized in an edible coating for mango cv. Nam Dok Mai Si Thong ripening quality
preservation during storage at 13+2 °C for 18 days. The results showed that mangoes coated with 10
%w/w pectin exhibited the lowest weight loss and total soluble solids, as well as the greatest firmness
compared to other conditions. This study highlights the added value of cantaloupe peel waste and

offers a sustainable solution for enhancing the postharvest quality of mangoes.

Keywords : Cantaloupe peel waste; Pectin; Edible coating; Mango quality
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Usuns \iundieeseadesar 1 Tagtmiin uas
weaideunaolsd 0.04 niulngtmin et
fanualinrmdouiigumgll 60+1 asawaidya
quldansazaela angaungdidu 4042 oaen
\waldea mm?uﬁmmjaaqﬂfmﬁﬂﬂizmm 350 -
550 nsunena Juastuaisiadouuilaale Ju
speziIan 30 3undl Adliukeatn thiediaiedd
NABINTEAIVGNNN VUIANTIIXYIIXGS LAY
31x36x13 LWURIAT UTTIULN9NGRIAE 10 WA
LinadeuriuiuuazUndnges Liusnuiiigamgd
132 paf@aldiua Aeg1aluInTeRamnInmg
neam Ensnsgyidotmdn Usinavosuded
azaneld auuduile wazaand) vn 3 Tu

Wuszezian 18 Ju
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4

2.4 NSIATIZRAUNTN

q

2.4.1 MINATIENAUNIWNARY

2.4.1.1 Yovaznananiily (% Yield)

Wiegandainmin AuiudEunisd (1)
. m
Yield (%) = — x100 (1)
m

Taen
Mo = USuaunaiuiaiale (nsu)

m = Ysuaudfenuaumguindenanly (n$u)

2.4.1.2 vviinn3uauyavaamadu (Equivalent
Weight: EQ.W) uag szautunanda (Methoxyl
Levels: % MeO)

Fominwanaiiu 0.5 n¥u Tdadluviagy
Y VUIR 250 Aading azaneraNARUF BTNy
UsN1ng 100 faddas Touvsumaulimwafivazany
Wuleiounaslse 1 ndu 9nduhansazanely
Innsadivarsazanelaneulensonlamdudy 0.1
uosuea lagldAusatsmdududiames au
miazawﬁmﬂuﬁwﬁq (pH 7.5) JuinUiumnsves
Todoulansenlanfildlninse (Haddns) was
@Tm’;mmﬁmﬂ’ﬂﬂi"mmuuaﬁ’aaumiﬁ (2) 9y
asavareiithunsvilidunansiananunmszsu
wyendalneiuaisavanalaoslonsonlondudu
0.25 wesuea UTu1ns 25 faddns Uaunvingy
yuialy 30 it iinansaranensnlelnsaanin
WU 0.25 wasuea USuns 25 Jadans waluiun
Inmsameansavanelafeslonsenlamidudu 0.5
uosuea lngldluanaudududnines au
asazaneUdsudidudvuy Tufinusunsves
Toioulensenlesilalnmsn (adans) [10] waz

ANUIUTEAULLNDNTA AIAUNITN (3)

EqW = = @)

Tnedi

S = thuihurwessegranaiu @adndy)

N = pududuansazanelaioulonsonlosiily
Tnmnse (Losuea)

V = Guwsasazansladodlonsenleniild
Innsn @adang)

31xVN

MeO (%)= ———x100 (3)

Tae?

31 = Aasmihwinauyavesunanda
N

Inmse (uasuea)

Anududuansaranelaieulansanlaninly

V = dSumsansevaneloneulansanloniild
Inmse @adans)

S = dhninwiisvessiegnaneaiu (Jadnsy)

2.4.1.3 szaunsiinteamasiaty (Degree of
Esterification, % DE)

Fubwinnanedu 0.5 nfu Wueniuea
Zowar 95 USuns 2 adans aranudiuuinduy
Usu1ms 100 faddns Tdunanitauliidniungds
neafuennau 5 nea ildlnnsamisaisazans
Tuideulansenlusidudu 0.5 uesuea sudvuysa
Usang Tufinua ndulfuasavarsleiou-
lansonlondudu 0.5 uasuea Usuns 10 Nadans
wEwse q waiald 15 wiit dhldidnansazanense
lalasmansnidudu 0.5 uosuea YSu1as 10
Jaaans mmfuwa'wuﬁmwjmww LA
Auoannidu 5 vea drlulnnsasigaisavane

loipulansenledidudu 0.5 uosuea audvuisy
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U51n4) [1] TuiinuawazAuInmIA15 088 U0

SEAUNSNALRAWBS T ATURIaUNIST (4)

V2
Vi+V,

DE (%) = x 100 (@)
1ne?
Vi=USurmsarsavareloneulansontan by
Inwsaasasn @edans)

Vo = YSunmsansazarelavieulansenlend 14

Innsnmsaanying (Hadans)

2.4.1.4 nsanuanylsiln (Galacturonic acid)
FautnwaAY 0.1 ASUNANAUE1Sazany
lavieulansenlomdudy 0.05 Tuais tuwinusu

1%

USu1as UsuuSurmsidu 100 Tadanseae

v v
o a

asavanglofenlansenlen aeniald 30 Wi Y
ansazanedild 10 fadans waFeadeinduay
flU3ums 100 fladans antudiunansazaioiie
ndldaslunasanaasalsuing 20 Jaans 31U 3
naon 9 az 2 4adanT LHua1Taza18A1TUIY08
Wutdusesaz 0.1 aslurasanaasy 9 ay 1 Jadans
WWuasazatunsagansndudu dsuans 12
fladans welidhiy danald 25 udt dlutaen
mi@mﬂé‘mmﬁmmmmﬁu 525 UM lULUAT W0
‘U%mmﬂimmLLamﬂsﬁﬂmnﬂiwwwigm [11] 4
AU UTUVRINTANILAAYLTTNTENI19 0-80

lulasnsu/aaans

2.4.1.5 AU (Moisture)
LAY AINUT UR1UTS V09 AOAC (8

925.10) [12] Ingfunasaaunisa (5)

M

Moisture (%) = % x 100 (5)
1

Tagn
M1 = dwmdndlegranauay (n5u)

M2 = dhwmidndaegnanaseu (nSu)

2.4.1.6 181 (Ash)
FAsEUSuaa 1935 vee AOAC (18

923.03) [12] IngAunasaaunisa (6)

Ash (%) = % x 100 (®)

1

Taen
M1 = dwmdndleg1ansuay (A5Y)

M> = dmindieg1arasay (ASY)

¢

2.4.2 MIAATISNAUNNNZIGEN

2.4.2.1 3psaMsgayieruniin (Weight loss)

T
¥ o o 1

YU MInNUE1UNLIAIUIUAIFUNIST (7)

. M{— M
Weight loss (%) = # x100 (@)

1

Tag?

M1 = dwtnesgienausy (NSu)

M> = dmindieg1araay (ASY)

2.4.2.2 auutiudio (Firmness)
Famnuwiwileruudenveweiae
\A5 B9 Texture Analyser U31I8uf1 IN@1ILAUNE
(Mesocarp) lagldlnsvaunulaaafansinautdu
HIUAUENAT 6 Tadfiuns naAeAI11L57 0.2

NadWnSAaIUT [13] NTIAAIIIUIU 6 FI

2.4.2.3 @a1d (Color)

nugdvuUenilden AndIuRl asInana
LaraIUNgYRINANLLITINA1ETEUY L a*b* A
\A3asinAd HUNTER LAB 3u Color Flex ATilEun

ANAINIAT Hue angle A3auni1sn (8)
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*

b
Hue angle =  Arctanagent prs (8)

2.4.2.4 Uunasvasudefiazangld (Total soluble
solids)
Uonwdenuwshaazihduiieluanvuin
feiadesiiuauigentunsesieiunu
Yruuza 297 L unmian oBrix Ineldias o

Refractometer

2.5 ATIATISANANINEDH

Yoy adilaainnsitasieiquaInyian
AATIERANUUUTUTINYRITBYA (ANOVA) fAszeiy
audesiufesas 95 wariUTouifisunuunneing
209A1aA8lAs35 Duncan’s New Multiple Range

Test laalglusunsy SPSS version 25.0

3. Han1sAnELazaAUs18Na
3.1 p1sAnwan1Efvangaudanisana

waRuIINIURRNLAUAgUMADNY

HANTUATILAAUANVDUNARY (115797

a

1) wudnslensadnini pH a1 dwwalidinands

waRLUSHgeegiidyd Ayneada (p<0.05)

AN5199 1 SPEarYRINaNARMARUNENALAIN

wWasnuaugUmaedns

pH ansndulaen NANARLNARY
Ltﬂumgﬂmﬁaﬁwia (5owaz)
Usuaunsndn3n

1 1:10 10.30+0.30%
1:30 20.77+1.12%

1:50 33.58+0.34%°

2 1:10 8.45+0.58%

1:30 19.95+0.26%°

pH ansdul@en NANARLNARY
LLﬂuﬂﬂgULwﬁaﬁﬁﬁa (5owaz)
JIuaunIndnin
1:50 32.48+0.25%
3 1:10 4.54+0.19™
1:30 5.84+0.12"°
1:50 6.24+0.29"°

)

' o da a ' o o '
nueLan: Anadendsnusiniluguanaaduluuuids (A, B) uanain
uananseedituddyneada (p<0.05) vasiadusinu pH veensATn3n
' a dao a ¢ d W < ' ' '

AnadsfionusiuidnuanasiululuIng (a, b)) LaAIIILANA9DES

A o o an vy .
TIudAyneada (p<0.05) veatladurnudnsdruansann

esnnsn@ninfisedu pH snagyili
Usualalasiaudeeu (H) ludhazaivgauas
annsolufiunniauffzenlslaslad (Hydrolysis)
y11UsTamARY (Protopectin) daduansuszneu
Fafuveanniu Tneusinalelnsiaudeeudiiintu
agyilvivgasuenda (Carboxyl group) laiunne
wiiiand enduanslefteglndiuvinliinaiiy
ANAZNIUDDNUT ADAAABINUIIUIFLYDY S. Ma et
al. [14] wuihanmzansazarensail pH wiriu 1.5
Ienandnmaiuunnind pH wiiu 2 Tasaniy
AN58YaNENIATILSITY damaliinsianuvesouled
lunsadandaeadignenseinuasUaaumaiue
9NINUNNTY UBNINTINMTT 1 Sanudnnis
dWinvsinansadasndushazaneiinadenisdie
Townandu mldiwafuaunsaazatseenuild
uflauldnanan g utues agrslsAniumn
seU pH veeivhazariiugaiuly Usuna
lelnsiaudeauluszuuavanasauisqad inaiu
anazneulilld Usunauneiudiatalédana [15]
PINNANINABDINUIINTUTUTZAU pH e
nIg s Avny 1 Tugnsiduveanatidaon
wAuAQUAB SN IAdsE NIty 1:50 Tneviwiin

AoUsung InandnmaRuiniganalugITeiden
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anmedana s suiisun uauiivesnadud
afaldumaRunInsiuansinad 2 uagiily
Uszgndduansindeuiilaalasely lnanaunimees
weRuTianaldniFenuaunguivdedisianaud
foeusuldluszdunianmsdn Feddmdnniuanya
tosniunaiunisnsdn uansdunadufiadaldd
Tnssassveamaiwdnnit dninluanatosnds
yuddlauauiinsaraelarauamsolunsin
Wafisni ashﬂsﬁmuﬁmﬁﬂﬂ%’mamﬂammmﬂauﬁ
Annnvietiosiudsdueg futia euun-sou ae
Wugvewaly 3§n1sain wazISnisanagnau
[101,[16] Tudmv0952AULNDNTaaenansans iy
sziumsLAnLeamesThadu (% DE) elddamseinm
vpumaiu TnewnARuilll % DE dusSosay 50 Tuld
vieflssiuamendadunioray 8.16 Tulufauum

AR UYL ALUMNBNG ag 9 (High methoxyl pectin)

o

dumARuA T % DE snindesay 50 wSedlsziu
wvendaninindevaz 8.16 vl wnad uaia
wmendas (Low methoxyl pectin) &aziiaLaalé
i effloseuvedlanzegdae [15, [17] 91nsanIs
maanwudumﬁuﬁaﬁmﬁmﬂLﬂﬁammumgﬂmﬁa
7 1t 18030803 ndnoy lung uveanad usie
wendani (% DE warszaumnendaminfuseuas
28.12+1.02 uaz 1.92+0.19 mudsy) 4wz iv
mailusggndlfiduanaifineudunie ansli
A viseansedouinlusiu nedaseiiiinase
seuvendavenafufianaldannnsa wu pH
¥inveinsn gaumndl szezaINTana suday
an-unvesiiwildaiaidusdu aesndesiu K A. lsrael
et al. [8] WU U uaunend adl afaLnaf uain
WhennaleruszezAud USunauinniwuden

nAeAuTEETEN

M15197 2 AasandRvesnaivInUienuaumaUaialiussuiieuiunafumenis

AMEUUR waRuaNURnuAuAIgY INARUNINTTAT*
ﬁ?ﬂﬁﬂﬂ%ﬁiamﬂa 238.67+1.53 958.83+4.70
s¥Aumenda (5ovaz) 1.92+0.19 8.98+0.15
SEAUNIIAALEANEITILATY (Fouaz) 28.12+1.02 73.06+1.20
Usunaunsanuaaylsiin @adniu/ldans) 75.70+1.14 72.00+0.20
naumnutu (Gesaz) 2.75:0.19 1.69+0.02
Usunauan (5esaz) 0.34+0.04 0.91+0.05

“nafunanisadunaiudmnsueimsiilissysinveanaiu

ludruvensaniuanylsinduniisg og
vounadiy §aududvadddglunisiinse
WBaUSunaazlassaswomnedudnailsnitou
Wievsvendnanstudauuiansiiemediiu
ARy [18] IngoIAn1991%1TMaZNITLNYATUIA
anuszrildmnualfinafui wdnldaasd
U3mainsnnuanylsiinegwosdosay 65 July

[1], [18] R nNan1sNAaINUI1USTuIUNsA

v
a

nuanylsinvesnafunUdeniaunguindai

°

fAuuTananssuteninualun1sndninaiy

aaa =

(75.70+1.14 fadn$w/Aaans) swdelanuuians
UINNTUNARUNIINITAT doARdDINUNUITEVRY
M. Kazemi et al. [19] wu?nadui afaldain
WasnuaumgUinded sinlssnugramngsud
AuUIanssndedadauautinisiduasdu

puyadasruINNINd oS uguiunAR UN 1
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A5AN uam’mﬁmsfﬁﬂwﬁmm@u@z:umweuauw
ARUNIINITAALANIANE NEALNARUUIUIYIA
(International Pectin Producers Association: IPPA)
fmuniTinamutueanaiudesliiiuiesas
12 eaRuaglifuinudunoutasfesdiusunandn
laiAuSeway 1 [19] LLﬁﬂdﬁﬁﬂ?WNU%qwémadLWﬂau
INNTLUIUNITENA Imaﬂsmmmﬁmaﬁuﬁaﬂu
Frfunafuiiatnanudenuauniguivied
unsgruegluneififmuaiisuinnafunig
N5ANANToldaueInatn uAuAnsnetuRinag

Wnluuszgndldanu

3.2 NNSANWINAYBIEISLAR BUUSLAALA
a a o P2 a £,
waRuNainaNUAanuAuAIgUImvIaaie

AMNTNYRLEIsAanldlEnasEn
mﬂg‘ﬂﬁl 1 (M) wag (1) NUINNITUINLUN

o

Jrnenld@nosuadaunlgaisedauusinalaain

wWasnuaunguidensdinisgadetmintdesnda

uzdhsiheenld@neslilaadeuineg1eitedAgy

N9adfA (p<0.05) dnaliifirog1eilannunyuiile
WnnTeg1eifedfynneada (p<0.05) wledan
asndouuslnalaluunAguildanuazUntasing ¢
fiemaldGsdadumsdansunsvaslethuas
e denaluzadidnsinisaetaznismela
anas aufimsgadentndesnianiuny (20
swdansindevuilnalaaiunsovrasianssuues
oulgdinafiug (Pectinase) Tunisgesaaevinli
nalsiiuty deidunsandnsinsinanaydaawalsl
url (6] denalsnuanuuiuwilevesalinaennis
dusnw Tnenisldansiedeuuilaeldinefiuiiaia
IFnndenueunguindedisiifaududuiosas

10 denalvingsindnisgaydeumindesigauazd

mwmﬂmﬁamnﬁqmLﬁmﬁnﬂﬂmﬂﬁauﬁ’gﬁﬂﬁtﬁm
AN17EAALUSUTIENNA Lagd1ianNISHIULY 1980
vosoondiay ileldansiidmmidudugaiuluviili
Fuiwesansideviinnuruniniuinaudou
avaunelunalil wazinsTusuveseoniautioy
wulvilnaldifansmelanuulaldeandiau au
ualsiinsgadeiminandusasinaliauuiu
i sveanaliananguiu [21]-123] Wiofansan
USinauvesudsiiazanels (§‘1J‘17i' 1(A)) NUINUL
thnenlddneundouseasiadouuslaaldinaiu
frnudududesay 10 SnsiasuulamesUsnu
voaudsiiazaneldtioniign Tnonsldasiadou
uslaalavisansnsinisuielavesusur9vinlv
wiauldlasueandiay dusunmslddundeanu
nsvAunIsauvesouled (Enzyme) sing 9 1oy
wulgderluaaiiasinislalnsladawtluuziiag
wasasudutiniasing (Reducing sugar) kag
vhanalyizing (Non-reducing sugar) dswasnoa
Usunameudefiazanslaanas [23] wazuansds
1z39EN Y189 A0ARABITUAN YT AVDIULUIIN
SUT 19) uagguil 2 wuwssisnenldfEmesi 4
an1azdlandindes (Hue angle 581913 79.71-
69.28) masnaign1siiuinw 18 lneunfiszning
nMafuinwdiudenuzhainenlifdnesanasdu
Aindos uazazid swdudmdeme il duiy
\leannualsiiuesddaiusiningdndesiiuium
mmsﬁymmmiﬁimi’mq%ﬁmﬁu 7 aaeialdidle
uysiean [24] IINNISVABBINUINULLTIRIUATS
wasuAafin1siUasundaswesiandties uanada
naldisnsnismelonazudniefiduiianas vily
UgN A NT1aMATIAANTEUIUNITY B AR

Aaalsiaanudanvesuziiatnasse [25]
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8 ‘ —a—Contiol ——P10 —+—P15 +r=20| (n)
$s
<
%]
v
o4
=
&
22
=
0 T T T T T )
[v] 3 6 9 12 15 18
Storge time (days)
50 4 —s—Contiol —g—P 10 —a—P 15 +P2D| (°l|)
40 4
=
= 30
2
g
£ 20 ]
=
10
0 T T T T T 1
0 3 6 9 12 15 18
Storage time (days)
25 —e—Control  ——P10  ——P15 —m—P20 | (")
20 4
£ 15
e
w10 4
2
5
0 T T T T T 1
0 3 5 9 12 15 18
Storage time (Days)
85 - —a—Conticl —g—P 10 —s—P 15 —m-P20 (\i)
80 o
i)
on 75 4
=4
<
S0
T
65
60

6 9
Storage time (days)

JUN 1 msvdsuulasgunmveuzaiainenlil
Wiusnwiigaumadl 132
a U a
DIFNALRYE T¥8ELIAT 18 1U; (N): NIGRLae
wtln () Auudile (a): Usunnveaded
azanglel way (9): Ad Hue angle

sunewAn: Control Ao uahaiwenlildliiadeufs, P10 fie uzihsfindou
RuwaRuewaz 10, P15 fie usinfedouiunafiuiesas 15 uaz P20 Ao

oA A s a v
UEUNNPADUNANARUIDEAY 20

Control

(n)

Control

(%)

JUN 2 Anvgveamauzidg (n): Wushwiuusn

2@ o o A
ke (V): LAUINYIIUN 18
wanemg: Control Ae uzsihatnenlsiliildiadoui, P10 fio uzahsiiindey
fmaiuderay 10, P15 Ao uvihsfiledeufiwaiiudesay 15 uay P20 fe

oA A s a v
ULUNNAADUNANARUIBEAL 20

4. a3

nsafamaiuaniudenuaunig Ui eii
Tngnsiiunsadnsnvindu pH1 laglgonsidiuues
HuUdenuAungUiaUSIuNIABRINYINAY 1:50
Tnenwiindeusines Wuaniieilduananuniiae
WAZIADININNINEAINLALLATAUNTNINTFIY
Alddmiunannadunianisdn uaziileuianudn
Wuarsedeuuilaaldnuinfiaududuves
wAdwiAuTegay 10 @1u15asNYIAMAINYDY
uzshwheenlsEvesanldffian saonorgmaiu
$nwn s gaungdl 132 esrwaldvaiduan 18
fu fdumsudeansiadeuuslanldluadsdiedu

nslduselogdanildenuauniguinded glid

Lo

yaALiuLazanduunI st NI uNARuNLsIAg
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ne1aUsEina srudalidunuinianissnyn
A nHalINgady Tuseninanisvuds o gaugien

Worzasnsankazaansiindelasniiey
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Abstract

Healthy wellness is a trend that is increasingly popular. Fruit and vegetable juices are examples of
healthy foods and meals. Consumer desire for commodities that allow all fruit and vegetable kinds to be
consumed and that give comprehensive, nutrient-dense vegetable and fruit juices is driven by the health
benefits of fruits and vegetables. Throughout the manufacturing process, however, it generates "garbage," or
leftover vegetable and fruit waste. Because of the aforementioned concerns, using the 3Rs (reduce, reuse,
recycle) to help decrease environmental pollution also increases economic value by making unique colours
from cold-pressed fruit and vegetable waste for use in textiles and other creative uses. The methods are
creative: 1) investigate the qualities and methodology of collecting cold-pressed fruit and vegetable pulp
from Bangkok's Healthy Juice Bar, and 2) explore innovative techniques to manufacture distinctive hues by
utilizing the 3Rs method until there is no waste (Zero Waste). The study's findings are summarized below:
Cold-pressed vegetable and fruit juices waste in everyday are between 10 and 50 kilograms. The experiment
was performed 5 times using dyed water extracted according to the colour of the trash using a semi-industrial
juice extractor. The colour value analysis found that the majority of hot dyed yams had brightness and
yellowness ratings, cold dye has a dark and a blue value. Printed dyes are made from powdered pigments
and printing powder blended with adhesive agents. Heat is used to seal the colour, making it a healthy juice
bar in Bangkok. There are innovative methods to repurpose garbage. Selling environmentally friendly items

(eco-friendly products), establishes a brand product, and leads to a more sustainable fashion sector.

Keywords : Dyeing innovation; Fruit and vegetable dregs; Cold-pressed
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Abstract

The effects of insomnia include weariness, irritability, daytime sleepiness, loss of energy, and
decreased productivity. Ashwagandha (Withania somnifera) has been found to reduce stress and
improve sleep quality. Moreover, it can help restore cardiovascular function after sleep deprivation,
and erythritol can help prevent increases in insulin and blood sugar levels. This study aimed to
develop dark chocolate products with Ashwagandha root extract containing different amounts of
erythritol. A total of 30 individuals (30% male and 70% female, aged 20-59 years). Each participant
received four dark chocolate samples: (1) a basic dark chocolate products (formula 1), and (2-4) dark
chocolate products containing 300 mg of Ashwagandha root extract with 20% (formula 2), 30%
(formula 3), and 40% (formula 4) erythritol. A sensory test was conducted using a 9-point hedonic
scale. All developed dark chocolate products received high overall acceptance scores. In particular,
formula 2 received the highest appearance, flavor, aroma, texture, and overall preference acceptance
scores among the developed dark chocolate products. Hence, formula 2 has potential for commercial
development and future clinical studies. However, increasing the amount of erythritol may negatively

affect texture and taste.

Keywords: Dark chocolate product; Ashwagandha root extract; Erythritol; Sensory test

* Corresponding Author. Tel.: +668 2249 6564, E-mail Address: chatrapa@yahoo.com


mailto:chatrapa@yahoo.com.th

a

80 2158153YINTITUAL I UNT. WEUAT A1Y1INeImIansuazialulad Ui 19 avuil 1 (2568)

1. unun

Yaymnisueulindu Wuanvananlunis
JUMUMTUOU MNMIANWILTITEUIRINEA B2
ansusllivaulnemznguygeeng lulsendlne
WU fussrnsionnisusulinduievas 46.3 31
nsdnelulszensiidengunnnia 60 3 $1uu
40,111 A [1] Tneemsuenlivdvaansafntully
ynT ey uenaniinsueuliivdussdmansenusie
uAalUAILA 1 9 U sownde Jsueulunau
naneiu weviindne Usvdvsnmlunsyhauanas [2]

asulnsiigsusnmionisuedlandudul
vannvatesia laun wuderudse welieu 510

@

fane 5INAULI 84 [3] 8 NN 9898 N15ANYINI9AETEN

q

[ [

WA patuansadnannsinlans wi oludsuna 300
Jaansu nddwglunsanuardnnisauas e
LarAUIRNATIA Lﬁ'uqmmwmiuawé’ﬂmaam
sEERUA T e e B (Sleep onset
latency) 191 [4] Tneansaimannlaud uieiiansuseneu

v = a

Ad1Ay Ao Tnlulas (Withanolides) 1 unguves
afisosnuaAla (Steroid al lactones) Uagauiusan
wnuneiifdngaglunsanaruing ussmennis
Fane$ wazmsueuliuduiiu Tnekumsuiuauna
n1sviuvesunulaluniaiany dnisexns da
(Hypothalamic-Pituitary-Adrenal) [5] Wt Tudl Ul
msldasafnansinlandufedudiunaluvu
Y AR UTUNGS LazkanTaITL [6]
msndealnuandundnsusiosiifisani
wavnauidwendnuel [7] Feivhmafudunand
dAnresavinvesienlnuan lnendndusinnsnden
n LLamdau’lmgﬁﬂjwma@maLﬂudawszﬂauﬁﬁmm
wuuaglingsanuas 8] ludaguansiianummu
mmef”nmasuaqmﬁmﬁm%qﬂauLLaswma? Ao
1hanad3vivea Isignihanldfegraunsvans 1ilesan
Duhnnausaneged i Wndsnusiies 0.2 Ala

a U A a @ dl a v g
LAADINDNTU NTDAMLTUY 6% LU BLNBUNUUINNG

glasdlulTinadvindulasiinnumusesay 60-80
vasmaglase [9] sudsdaedudsnisiiatuves
sgauimaluionuazseAuBugay [10] USulsens

PNNUVDIMADAG DA DARANULEBI AL [11]

v
a o a

wardrausndasiunsundauasiiugle [12] Bnviedl
nuATelEFanwansasidenlnuanlagldiinad
Sviveadudunasunuthnaylesa [13] TneUsan
msuslaethenadsvealumeaesliesiiu 0.66 niu
sevming 1 AlansusieTuuarlumendsldesiiu
0.8 n3urtethwiinga 1 Alanurietu [14] wenan
iForlnuandilansiuoyyadasygeiiduusslon
songuifiueulaivdulnetaeitunssraumsyihay
vassruUillarvaendenvdnenusuls [15]

Tuilagthuewnsiitaelumsuoundulnsiame
neunAnugiminderlnuaniifossiia Sniae
Usglovdvasansadmansinlanduiefassne i
Paglumsueundu dedu §33e3afmualalums
W wdndnginis ndonlnuangULuuwi uKaNans
afnnanlauduieifdmmaumenimadivives
TutSnaiuannaiy

ada v

2. s2gUI58

2.1 SumEUNIITE
nsimwRandasinsndonlnuan JULUY
Ul (Research development) wauansannsinlaw
fuiiie 300 Jadnsu AeUsuadenlnuan 30 nJu
$117u 3 o Iiud grananinnadivineatosas
20 (gn32) Sewar 30 (g3 3) war Souaz 40 (@nsd)

lnednaiuaunNaNs198991n1n 51U CODEX [16]

AN597 1 drunaunaniusiasndenlnwan

duumdn  gasl  gns2  gas3  gnsd

TnlAdud 516 616 516 416
(Sovay)
thana 30 20 30 40
(Sovay)




RMUTP Research Journal Sciences and Technology, Vol. 19, No. 1 (2025) 81

doumdy  gasl  gns2  gas3  gnsd

welnla 18 18 18 18
GERD)
BT 0.3 0.3 0.3 0.3
GERD)
nawafian 01 009 009 009
GERD)
angann - 0.01 0.01 0.01
Tnladuie

(Sovay)

NUBWA: gasi 1 fe gasunidslinauansainsnlauduie
waz1manltlugesi 1 fe Winnaglasa drudmanlylu

aniil 2, 3, 4 Ao UnadIviIvea

2.1.1 NSLASENEIUNEN
w3aulnlndud welnln Yn1adsvsnea wa
iy ndurdian arsadnsnlauduie nuansi

° 9 =
ATNUARIRITIN 1

A) welnln

2.1.2 nMsuaudunan (Mixing)
naulnlntud Umadsvsvea welnln ans
afnsinlauduiie Wamefuduial 12-15 Wi

gaunni 40-50 DA LwaLTed

JUN 2 n) Manaduwey

) MsWaNaIukaNAsnTaalnLan

2.1.3 113AUANNEAN (Tempering)
1AsndealnuanumaiuunInLiNeyinnig

AIUANKANTIRUMYI 30 DI waLTya

] = ) s dr
gﬂﬂ 3 ﬂ’]iﬂ’mﬂmmaﬂmiﬂ‘uaﬂIﬂLLam

2.1.4 M3uUsIATaAlLanRAZN1TUTY

'
P

Wodealnuanasguudatludauusniy

USuuiiaesns anduiinisussyldussysiue

o I3 s

W%I’ellla@QaqﬂUu‘UBQNamﬂm%ﬂﬂiﬂ%‘ﬂﬂIﬂLL?HGWHM

a [

gnsiiruuanardniufinamglundu

Y

U, PR

JUT 4 msuvsuadenlnuaniaznisussy

2.1.5 NMSNAFBUNISHNSUNISUSSEMNFUENE
% a a % 6 6 @
JowssundndnginsndealnuanlugUiuy

WU v 18nTEAwUTUIM 30 NTU MY 4 aas



a

82 2158153YINTITUAL I UNT. WEUAT A1Y1INeImIansuazialulad Ui 19 avuil 1 (2568)

1% a

wiaufinsitasan 3 ndn uar tndan 250 Jadans
Lﬁ'aﬁ'mué’qmiuﬂmiuLm'azqm g uuan
wanfasinnindenlnuanis 4 gasliidrsuide
Uszifiulududnuaeusing @ ndu sand e
fUra wazauveulaesl lnenaaaunisuszam
FAudanuy 9 AU (9-point Hedonic scale) %ﬂ%’r&’
Wi3uduau 30 au iunduilvedtdamnsuey
Linduiilasunisuszdiuwuudeuniy Pittsburgh
Sleep Quality Index (PSQN ¢ s unuvasuaiy
AMAINNITUEUEY THUSTTIUAMN NN TUBUNAY
warAnuLUTUTINTeINIsueuvaUluT 1 (feud
WU 8 7 aaduszneu loun Auninnisueunay
svernaRumdueuILd eI undy svezna
wouWanu Uszansaimnisueundu assunivly
AMTUDUNAU NTLTIIUDUNAY wazANURAUNRRAL
mstundulugasnainansiu Tnedazuuudus 5

aziuutuly [17]

Randomized Complete Block Design (RCBD) uag
WS YULT B UAIINLANA 19YDIALRE 8AUED B

Duncan multiple range test

3. nan1sANEILazaAUTIuNE
NNATNAFBUNTERNTUMIUsYaMAUE
wu Aadnvarvemanturinisndonlnuanis 4
ans 1dud dnvarusing @ ndu saui eduia
AuYaulagsIn fneuluuasuatulazuuy
AuvouegluIa 6.73-7.77 vaandufaans1e
3 FaduniseousvlusgiuauveuUiunansda
younn Taensuvananedsdinasinzuuuaiy

YITLAUALLUUAINITIN 2

999 2 NTLUaRaALRRYAZIULAITIONTUNNY

UL MFUNINUYITEAUAL UL

Y 9ATUY wlawa
2.1.6 NSAATIZANGEDA 8.20 - 9.00 TOUINTIER
foyaranuagnianesilngldlusunsy 1BM 7.30-8.19 vauIn
SPSS version 18 Tagrmunifuddgymnsadndidos 6.40 - 7.29 YouUUIUNaNe
N1 0.05 (p-value < 0.05) lngArRUANYALN >-50 - 6.39 wouiintoy
Uszanndudalududnuazsng & ndu sa iile 4.60 - 5.49 1o
fula anuveulngsiuvesnansusiansndenln 3.70-4.59 livouantos
wamiie 4 gas wansdeyadudiads (Mean) uas 2.80 - 3.69 bivaudwnans
d’mﬁmmummg’m (Standard deviation; SD) Tu 1.90 - 2.79 livounnn |
A5TLAT1ER ANLUSUSIUR BAT A ANOVA: 1.00 - 1.89 laivounniign
A15197 3 AzLULNTRdBUNISRNSUTIUsTa AL avesEndaeinnsnTealnuan
AIENBENIG AZLUUAUTIU
Uszamauds gns 1 gns 2 gns 3 gns 4
é’ﬂwmxﬁﬂﬁ’mg“ 7.43 + 1.50 7.53 +1.31 7.60 + 1.25 1.27 + 1.26
g 7.70 + 1.21 777 £ 1.17 7.67 +0.99 737 + 1.19
ﬂéuns 7.13 + 1.57 7.30 = 1.32 7.20 + 1.47 7.13 £ 1.59
AR 753+ 1.74 7.60 + 1.43 7.40 + 1.55 6.80 + 1.83




RMUTP Research Journal Sciences and Technology, Vol. 19, No. 1 (2025) 83

AMANBALNNY AZLUUAUYDU

Useamauis gns 1 gns 2 gns 3 gns 4
loduria 7.60 + 1.65° 737 + 1.43%° 7.33 + 1.52% 6.73 + 1.66°
ANTOULAY T 7.60 + 1.35° 7.53 + 1.22° 7.33 + 1.24°° 6.87 + 1.41°

weme: Afiuandlumsiadudn Mean + SD

R o

a-b nuedls Annduvesdeyaudavynlunuiueuiifisnysunnei1aiy Fwmmefialanuuanssiuet1aliduddn

Maadia (p < 0.05) faviuandluasiaduazuuuauyeuan 9-Point Hedonic Scale (9 = aUNNNEN,

5= w9, 1 = lWdveuuniign)

] ™ T A N aa
ns NUNYAINUIN bLlIllﬂ’ﬂllLLE]ﬂﬁ?ﬂﬂuaﬂ?ﬂuuaﬁ?ﬂiyﬂ?ﬁﬁﬂﬁ (pfvalue > 0.05)

AYLLLATIIYOUTBIT 4 gosludnudnume
Usngeglurag 7.27-7.60 Fadunseeniuluszeiu
ANuYRUUILNANE ST UNING agR ST e FUAT LY
asreuInTigelusudnuazusngde gns 3 8n
fanziuuANTEUTeI 4 gnsluduFoglugag
7.37-7.77 Sadunsveniulussiumnuvounnds
ansildSunziuumuveuIniigalusnudie gms
2 enTnilAziLLANTEUDI 4 gnludunay
ogTura9 7.13-7.30 Fadumssensulusedv
ANYUUILNANE IR UNING agR ST e FuAT LY
AeuInigalusnudnuasnaufe ges 2

AZULUAINTEUTBINI 4 gasludTusani
ogTur29 6.80-7.60 & udun1ssensvlusediv
AuTeUILNANsisveuIn FegnsiilaTunzuuy
AuteULNTigaludusaTARe gns 2 atinzuuy
AuTEUTDNs 4 gns Tududedudasglutag
6.37-7.60 Fafunssensulusziunruwo vl
nanafisweuNIng sgasi ld SuazuuuAINTEUINN
figaluduioduiade gns 1 wasazuunludiy
AgeulasTmTeN 4 gnsoglutag 6.87-7.60 49

Wumseeusulussauanuseuuiunatadsveusnn

'
=

Fagnin b suazuuuauyeulaneTINuINTigafe
g95 1 lagn1sasunanisnaaeun1sgausunia
Ussamduianudn ans 2 Juansiinzuuueugey

Tuaud ndu savnd Hedusad wazauvaulagsiu

WINNIIATUULYBIGNTEY 9 NWAUIAITIY g0 2 B
W ugasi arwnsadluwmund edmu1euse
imsAnwidndtinaslule

<

INKANITNAFDU WU HANTUTIANSNT oA

°

Inuanis 4 gas ldfanuuansnsiueeadidedeiy

'
= a

NeaEdAveIn A NuEA U NYEUIINg & nd

5917 (p = 0.05) 1l psansannsnlanduieda
vhaauasiisavdiion Seildduarnaudiulas
Fuwdadaainndndenlnuan wilududoduia
wuimdndueiasndenlnuangas 1 wazans 4 &
AMULANG A URE N TBEAYN19adf (p < 0.05)
wazlua AN UlagsIN WU WA AU
a1sndenlnuangns 1uay gas 4 wuindaay
uRnNA 1A Uy 19T Uod1A Yn19ad @ (p < 0.05)
Wudeiiundadueinindonlnuangns 2 uag
gns 4 nuddlanuuandnsiuegreditydAyneata
(p < 0.05) Fufumsiiinimassvineauazansaria
snlaud Ui venaflnad oAz LUUALTEUA LB
FUNALAYA1UAMNYBULALTINVBIHA AN UTI A1SA
Foalnuan 1 v991numad snineanzansly
s nfenlnuanldes dronmautAvosiinng
55v3neananusaazanglutinlg (18] uslyanunse
avansluansussiamlosiy Seilaiidodudiadine
losmnderlnuaniuelnlAdudunay Snienns

WaUInNad3n3nealuls N unyvin il sasi s



a

84 2158153YINTITUAL I UNT. WEUAT A1Y1INeImIansuazialulad Ui 19 avuil 1 (2568)

vuAunImand ueiangndoalnuangnsialy
7 saonnd ostumnuAniunazd olausluzio
wARfeifaNTe 4 nuidnsnngReuLUUEUn N
fiauAsuiusiendadasiansndoalnuangns 2 gns 3
uazgns 4 Iiidedudaveny Anduiosay 4280

37.50 way 44.45 anuseu

A51991 4 ANUARLTILLAE TR LALBLUE RENAR B

ASnToAlnwanTINUI

ANUARILLAZ TRLEUBLUE U (Fovaz)

qns 2

leduifaneny 3 (42.84)
edutaaransennlutn 1(14.29)
Weduaaransdrelutin 1(14.29)
JUTEN LA 1(14.29)
AR 1(14.29)
gns 3

leduifaneny 3 (37.50)
Weduraaransennlutn 1(12.50)
Wedufaavanedrelutin 1(12.50)
saRvIuAulY 1(12.50)
samdmuiuluuaziile 1(12.50)
udaneu

gns 4

ledutfamey 4 (44.45)
Wedutfaavansennlutn 1(11.11)
Wedufravanedrelutin 1(11.11)
saRwIuAulY 1(11.11)
savrAmwAulduariiile 1(11.11)

v o

UNARYIU

AuAniuRerdndaiaindenlnuan ans
3 uardns 4 Mdsavidnnuiull Andusevar
1250 wag 11.11 auasusazdsagdniuiul
waeiliiioduianey Andudesay 12,50 wag 11.11

AU

WUIMITRILHE 9 sl s ndealauanain
AZLUUNITNAADUNITDNTUNINUTEAMA UL @V 3
nanSaeinnsndenlnian ANUANIuLATUaLELBWLY
Ronandamnsnoalnuandiiau wuln Ssamnid
v wasodudaiveny Wewndnsiduniemad
Svi3vealuUiaiivniuly Tunmsiaurdnsos
ondldiadsmanduNa s I unaL TS UL A
wagldnandamiansndenlnuandiiidodudadiou
ey [19] BnanmnsereUiuiinanadivlsivsina
fumngaunniu Wesnadullnuaudfidudiad
Tvoaslunisid oudunanlid @ aeduls [20]
Tnoianzimnassvisveaiavarsluninderlnuan
I8lialransnsaazanglumindorlnuanldanntiu 8n
ﬁgqamJ%mz:u‘fwma5%m§waaiﬁaﬁﬂmhﬁaaag 5.00
14 20.00 Ll 9AAANUMNULAYANALVETUTBILED

LY

d

EE

4. d3U

PNNANTNAFDUNTBUTUNNUTE AT URE
wudranfusinsnderlnuaniiiannyngnslisuns
gousunnUszamdulan iuanuveulagyiueylu
seAunTmeuINninerdnsasisndoalnuan gns 2
¥ $unzuuud ndy savd eduida uazauvey
Tagsamund galung undadusiandndoalnuan
Fiannuasdenalnd st undndasinisndorlnuan
gasuni ety gns 2 a’?uﬂuqmﬁmmmﬁﬂu
Wannfiosutheniernisinudnaindelles
sthalsAmalunmsiiuiiniadininealudsunai

WinTuaunsodsanaloduiawas samantinte

a a
5. NARNTINUTZNA
H338veraURnI1U Kokolatier laliin1s
aduayusazaniunisndnaisndealnuandmsu

ANSNAABUNITEBUS UNIIUSLANFURA D N1



RMUTP Research Journal Sciences and Technology, Vol. 19, No. 1 (2025) 85

AMTUAILUZUIEG 9 AADATURDUNITHARAISA

< v < v ! o 14
EU@ﬂIﬂLLﬁfﬂ N1ALNY LLAZNITINE maamuwﬂmm

NERA NI AT NToAlNLANNNBE 19ATUS IULAY

auysal

6. LONANTD19DY

(1]

C.  Sukying, V. Bhokakul, and U.

Udomsubpayakul, “An  epidemiological
study on insomnia in an elderly Thai
population,” Journal of the Medical
Association of Thailand, vol. 86, no. 4, pp.
316-324, 2003.

A. S. Tubbs, K. E. R Kennedy, P. Alfonso-
Miller, C. C. A Wills, and M. A. Grandner,
“Randomized, double-blind, placebo-
controlled trial of a polyphenol botanical
blend on sleep and daytime functioning,”
International Journal of Environmental
Research and Public Health, vol. 18, no. 6,
pp. 3044-3055, Mar. 2021.

Y. K. Wing, “Herbal treatment of insomnia,”
Hong Kong Medical Journal, vol. 7, no. 4,
pp. 392-402, Dec. 2001.

D. Langade, S. Kanchi, J. Salve, K. Debnath,
and D. Ambegaokar, “Efficacy and safety of
Ashwagandha (Withania somnifera) root
extract in insomnia and anxiety: A double-
blind, randomized, placebo-controlled
study,” Cureus, vol. 11, no. 9, pp. e5797,
Sep. 2019.

A. B. Speers, K. A. Cabey, A. Soumyanath,
K. M. Wright, “Effects of withania somnifera
(ashwagandha) on stress and the stress-

related neuropsychiatric disorders anxiety,

depression, and insomnia,” Curr
Neuropharmacol, vol. 19, no. 9, pp. 1468-
1495, 2021.

M. K. Gill, S. Kumar, M. Sharma, T. P. Singh,
and R “Role of

K. Kumar, Kaur,

Ashwagandha incorporated  functional
foods for betterment of human health: a
review,” Journal of agricultural engineering
and food technology, vol. 6, no. 2, pp. 161-
165, Apr.-Jun. 2019.

O. S. Toker, I. Palabiyik, H. R. Pirouzian, T.
Aktar, and N. Konar, “Chocolate aroma:
Factors, importance and analysis,” Trends
in Food Science and Technology, vol. 99,
pp. 580-592, May. 2020.

A. M. E. Ali, L. A. Shekib, N. M. Elshimy, and
M. S. Sharara, “Producing and quality
attributes of low calories dark chocolate
using different intense sweeteners and
wheat fiber isolate,” American Journal of
Food Science and Technology, vol. 9, no.1,
pp. 1-7, 2021.

J. Goossens and M. Gonze, “Nutritional
properties and applications of erythritol: A
unique combination?,” in Advances in
Sweeteners, 1st ed. Boston, MA: Springer
US, 1996, pp. 150-186.

H. Wen, B. Tang, A. J. Stewart, V. Tao, VY.
Shao, Y. Cui, H. Yue, J. Pei, Z. Liu, L. Mei, R.
Yu, and L. Jiang, “Erythritol attenuates
postprandial blood glucose by inhibiting
O-Glucosidase,” Journal of Agricultural
and Food Chemistry, vol. 66, no. 6, pp.
1401-1407, Feb. 2018.



86

(11]

[14]

a

2158153YINTITUAL I UNT. WEUAT A1Y1INeImIansuazialulad Ui 19 avuil 1 (2568)

N. Flint, N. M. Hamburg, M. Holbrook, P. G.
Dorsey, R. M. Leleiko, A. Berger, P. Cock, D.
A. Vita, “Effects of

Bosscher, and J.

erythritol on endothelial function in
patients with type 2 diabetes mellitus: a
pilot study,” Acta Diabetologica, vol. 51,
no. 3, pp. 513-516, 2014.

P. Cock, K. Mdkinen, E. Honkala, M. Saag, E.
Kennepohl, and A. Eapen, “Erythritol is
more effective than xylitol and sorbitol in
managing oral  health  endpoints,”
International Journal of Dentistry, vol.
2016, no. 1, pp. 1-15, Aug. 2016.

R. Hadjikinova, “Chocolate masses with
erythritol as a

sugar substitute,” in

International Conference on Technics,
Technologies,
Bulgaria, 2023, pp. 080010-1-080010-6.

T. Oku and M. Okazaki, “Laxative threshold

and Education, Yambol,

of sugar alcohol erythritol in human
subjects,” Nutrition Research, vol. 16, no.
4, pp. 577-589, Apr. 1996.

D. Grassi, V. Socci, D. Tempesta, C. Ferri, L.
D. Gennaro, G. Desideri, and M. Ferrara,
“Flavanol-rich chocolate acutely improves
arterial  function and working memory
performance counteracting the effects of

sleep deprivation in healthy individuals,”

[16]

Journal of Hypertension, vol. 34, no. 7, pp.
1298-1308, Jul. 2016.

Codex Alimentarius Commission, Standard
for Chocolate and Chocolate Products,
Codex Stan 87-1981, 1981.

T. Sitasuwan, S. Bussaratid, P.
Ruttanaumpawan, W. Chotinaiwatttakul,
“Reliability and Validity of the Thai Version
of the Pittsburgh Sleep Quality Index,”
Journal of the Medical Association of
Thailand, vol. 97, no.3, pp. 57-67, Mar.
2014.

M. Sriariyanun, S.  Krajangsod, S.
Chotikamas, and A. Tawai, “Measurement
and  thermodynamic  modelling  of
erythritol solubility in aqueous solvents,”
Oriental Journal of Chemistry, vol. 34, no.
1, pp. 265-275, Feb. 2018.

F. Shafi, M. Reshi, and |. Bashir, “Chocolate
processing,”  Journal of  Applied
Biotechnology Reports, vol. 8, no. 3, pp.
408-419, 2018.

D. S. Atik., E. Boluk, O. S. Toker, I. Palabiyik,
and N. Konar, “Investigating the effects of
lecithin-PGPR  mixture  on  physical
properties of milk chocolate,” LWT-Food
Science and Technology, vol. 129, 109548,

May. 2020.



RMUTP Research Journal Sciences and Technology, Vol. 19, No. 1 (2025) 87

Depletion of Total Solar Ultraviolet (TUV) Radiation (260—400
nm) and Erythemal Weighted Solar Ultraviolet (EUV) Radiation
by Aerosols Under Clear Sky Conditions: A Case Study from
Data Collected at Nakhon Pathom Station in Thailand

Wijittra Kangwanwit Sumaman Buntoung* and Serm Janjai

Faculty of Science, Silpakorn University
6 Rajamankha Nai Rd., Amphoe Muang, Nakhon Pathom, 73000

Received 14 June 2023; Revised 29 January 2024; Accepted 12 February 2024

Abstract

In this work, the depletion of total solar ultraviolet (TUV) radiation and erythemal
weighted solar ultraviolet (EUV) radiation by aerosol in clear sky conditions was
investigated based on the data collected at Nakhon Pathom station (13.82°N, 100.04°E)
in Thailand. Solar spectral ultraviolet radiation was measured by a spectroradiometer
(Bentham Instruments Ltd., model DMc150), in addition to aerosol optical depth (AOD)
at 340 nm measured by an AERONET sunphotometer (Cimel Electronique, model CE-
318). The total ozone column (O3) retrieved from OMI/AURA satellite data was also
used. The data period used in this work were from January 2017-December 2018 at
Nakhon Pathom station. The EUV was obtained from the solar spectrum and erythemal
weighted action spectrum. A special technique was employed, using UV data calculated
from the UVSPEC, a radiative transfer model, to extract the variation of TUV and EUV
only as a function of AOD. Equations relating TUV to AOD and EUV to AOD were
established. TUV and EUV were found to decrease linearly with the increase of the AOD.

Keywords : Solar radiation; Ultraviolet radiation; Aerosol optical depth; Erythema
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1. Introduction

Solar ultraviolet (UV) radiation is part
of the solar spectrum reaching the earth’s
surface. It has both beneficial and harmful
effects on human health. Excessive exposure
to solar UV radiation is hazardous for
humans. For instance, it can lead to skin
cancer, cataracts, and immune system
suppression [1]. On the other hand, exposure
to solar UV radiation at a suitable level
promotes vitamin D synthesis in the human
skin [2], strengthening human bones.

Solar UV radiation outside the earth’s
atmosphere can be divided into UVC (100-
280 nm), UVB (280-320 nm), and UVA
(320-400 nm) [3]. On entering the earth’s
atmosphere, UVC is completely absorbed by
the earth’s atmosphere. A small portion of
the UVB and almost all UVA radiation reach
the earth’s surface. In general, clouds have a
strong influence on the solar UV radiation
reaching the earth’s surface during cloudy
conditions. However, during clear sky
conditions, aerosols have a significant
impact on the solar UV radiation reaching
the earth’s surface. Deng et al. [4]
investigated solar UV radiation in
Guangzhou, China, and found that aerosols
absorbed an average of 62% of solar UV
radiation at 340 nm before reaching the
earth’s surface. Kim et al. [5] studied the
effects of aerosols on solar UV radiation
under clear sky conditions in Seoul, Korea,
and reported that the attenuation of
erythemal UV (EUV) radiation by aerosol is
very significant.

Most areas of Thailand have very high
aerosol loads [6]. To the best of our
knowledge, the effect of aerosols on surface
UV radiation has not yet been reported.

Therefore, the objective of this work was to
investigate the depletion of TUV and EUV
by aerosols using data collected at Nakhon
Pathom station (13.82°N, 100.04°E) from
January 2017 to December 2018.

2. Materials and Method

2.1 Materials
This work is based on the analysis of

four data sets. The first data set contains
spectral UV irradiance data obtained from
ground-based measurements using a
spectroradiometer (Bentham Instrument
Ltd., model DMc150) at Nakhon Pathom
station (13.82°N, 100.04°E) (Fig. 1) in the
wavelength range of 260-400 nm during
January 2017 to December 2018. The
spectral UV data were recorded every 10
min, which were then averaged to
transform it into hourly data. This
spectroradiometer was calibrated monthly
using a standard lamp. The second data set
is AOD, measured at a wavelength of 340
nm. These data were obtained from a
sunphotometer installed at the station (Fig.
1) and downloaded from the website of
AERONET (http://aeronet.gsfc.nasa.gov/).
These data were similarly processed to be
in the hourly form. The sunphotometer
was calibrated annually by AERONET.
The third data set is the data on Oz
obtained from the OMI/AURA satellite,
downloaded from the website
(https://aura.gsfc.nasa.gov/omi.html).

These data contained relevant daily
information for the entire world. The
ozone data from the Nakhon Pathom
station were used in this work. The fourth
data set is the sky image data taken by a
sky camera (PREDE, model PSV-100)
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installed at Nakhon Pathom station (Fig.
1). It was used to identify clear sky
conditions.

NAKHON PATHOM
* |

Fig. 1 The location of the station and the
instruments installed at the station. A) input
optics of the spectroradiometer, B)
sunphotometer, and C) sky camera

2.2 Method

2.2.1 The effect of aerosol on TUV

In this work, TUV, the total solar
radiation including UVA and UVB (260—
400 nm), was calculated using the
following equation.

400 nin
TUV = 1,d2 (1)
260 nm

where

TUV  =total solar ultraviolet radiation
(W/m?)

I , = spectral UV irradiance
(W/m?/nm)

A = wavelength (nm)

The method used for investigating
the effect of aerosol on TUV can be
summarized as follows. First, the data
from the sky camera were used to identify
the clear sky conditions at the station for
the TUV, AOD, and Oz data to be
analyzed during the clear sky period.
Then, the spectral UV data for clear sky
conditions were integrated over the
wavelength range of 260 to 400 nm to
obtain the hourly TUV data. A plot of
these data against AOD is presented in
Section 3. Finally, a special technique
employing UVSPEC [7], a radiative
transfer model, was used to extract the
dependence of TUV on AOD. The
calculation is done using the following
expression.

UV( ¢ AOD’O_?,ave) =

“ave’®

AOD, O, )

Vmon'el( 2 ave’ 3,ave

uv z,AOD,O3)

()

UV, 240D, 0,)
) mndﬁl(

uv (z,AOD,O3) is the TUV measured

meas

as a function of the actual solar zenith
angle (z), aerosol optical depth (AOD),
and the total ozone column (O3).
UV, oie 2-A0D. 05) is the TUV from the

UVSPEC at the actual conditions of z
AOD and Os. UV, . (z,,.A0D.0, )

ave

is the TUV from the UVSPEC, where
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AOD is the actual aerosol optical depth,
and z and O3 were set to constants equal to
the average values of z and O3
respectively (z =43 and 0, = 261

DU) from all the data sets used in this
study. In equation (2), the terms
UV el 2:A0OD, 03) and

uv (z,AOD,O) cancel each other,
meas 3

leaving TUV as a function of AOD
( UV(z,,.40D.0, ) ).  Then,

uv(z,,.A0D,0, , Jorinthis case, TUV

is plotted against AOD at 340 nm
(AOD340 nm) and presented in Section 3.

2.2.2 The effect of aerosol on EUV

EUV or erythemal weighted solar
ultraviolet radiation, which is more
closely related to the biological effects of
solar UV radiation than UVB, was
obtained from the convolution of the solar
UV spectrum and the erythemal action
spectrum, proposed by McKinlay and
Diffey [3], as follows.

400 nm
IR ,,dA 3)
250 mm

EUV=

where
EUV = intensity of erythemal weighted
solar ultraviolet radiation (W/m?)

1, = spectral UV irradiance
(W/m?/nm)

R,  =erythemal response (-)
A = wavelength (nm)

The method described in Section
2.2.1 was used to examine the effect of

aerosol on EUV. The results are shown in
Section 3.

3. Results and discussion

3.1 Effect of aerosol on TUV

The direct plot of total solar UV
radiation against AOD under clear sky
conditions is shown in Fig. 2. Significant
scatter is observed in the data points for
both years due to the effects of the solar
zenith angle and ozone.
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60 {° o
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> 30 ° 58 g
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22018

AODzs0nm [-]

Fig. 2 Direct plot of the total solar
ultraviolet radiation data from the
Bentham spectroradiometer (TUV)
against aerosol optical depth at 340 nm
(AOD340 nm) for 2017 and 2018.

A plot of TUV, as a function of only
AOD at 340 nm, a constant solar zenith
angle (43°), and a constant total ozone
column (261 DU), as calculated from
equation (1), is shown in Fig. 3.

80

70 2017 and 2018
_60 1 y =-11.057x + 48.037
‘\E 50 4o ° . R2=0.7799
540 R . o
E 30 A e & ®

20 A e

10 A

0
0 1 2 3

AOD340nm [-]

Fig. 3 Plot of TUV as a function of AOD
against aerosol optical depth at 340 nm
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(AOD340 nm) With the solar zenith angle
fixed at 43° and the ozone column fixed
at 261 DU.

A linear equation was fitted to the
graph in Fig. 3, giving us the following
equation.

TUV=-11.057A0D,,, +48.037; R2=0.7799

(4)
where

TUV = total solar ultraviolet radiation
(W/m?)

AoD,,, = aerosol optical depth at
wavelength 340 nm (-)

R? = determination coefficient (-)

Relatively less scatter is observed in
the data points for 2017 and 2018 (Fig. 3)
because the values of z and O5 are fixed,
and only the effect of AOD on the total
solar UV radiation is manifested. It is also
observed from Fig. 3 that the TUV
radiation for 2017 and 2018 has a linear
relationship with the AOD. In other
words, the TUV decrease linearly with the
increase of the AOD. This may be due to
the fact that the increase in the AOD
increases the depleting agents of the UV
in the atmosphere, thus decreasing the
surface UV. This result confirms the result
of the research work of Deng et al. [4].

3.2 Effect of aerosol on EUV

Similarly, a direct plot of EUV
against AOD is shown in Fig. 4. Although
the values of EUV are lower than TUV, a
significant degree of scatter is observed
due to the effect of the solar zenith angle
and ozone.

After filtering out the effects of the
variation of the solar zenith angle and
ozone column using equation (2), the
plot between EUV and AOD is shown in
Fig. 5.
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Fig. 4 Direct plot of the erythemal solar
ultraviolet radiation data from the
Bentham spectroradiometer (EUV)
against aerosol optical depth at 340 nm
(AOD2340 nm) for 2017 and 2018.
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Fig. 5 Plot of EUV as a function of AOD
against aerosol optical depth at 340 nm
(AOD340 nm) with the solar zenith angle
fixed at 43° and the ozone column fixed
at 261 DU.

A linear relationship between EUV
and AOD was obtained from the graph
plotted in Fig. 5 as shown below.

EUV=-0.0489A0D ,,, +0.1713; R2=0.6557

()
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where

EUV = erythema-weighted solar
ultraviolet radiation (W/m?)

AoD,,, = aerosol optical depth at

wavelength 340 nm (-)
R? = determination coefficient (-)

This result helps to confirm the
work of Kim et al. [5].

4. Conclusion

The depletion of TUV and EUV due
to aerosol at Nakhon Pathom station in
Thailand was investigated. TUV and EUV
decreased linearly with the increase of the
AOD. The findings from this work
corroborated previously reported work
from other parts of the world.
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Abstract

This research aims to design, fabrication, and test a mobile wood shredder. The effect of the
number of blades on the ability to shred wood branches was studied. Testing was conducted on
wood pieces with a diameter not exceeding 70 millimeters, using both fresh and dry wood branches
weighing 15 kilograms per test. Three sets of blades were utilized: 2-blade, 3-blade, and 4-blade sets,
with a cutting angle of 45 degrees and a blade length of 105 millimeters. The tests were conducted
at an engine speed of 3,400 revolutions per minute. The test results revealed that the wood shredder
could shred fresh wood faster than dry wood, and increasing the number of cutting blades reduced
the shredding rate. The shredding rates for fresh and dry wood with the 2-blade cutting discs were
274.3 and 221.4 kg/h, respectively, followed by the 3-blade cutting discs at 250 and 216.3 keg/h and
the 4-blade at 221.7 and 178.6 kg/h, respectively. Moreover, increasing the number of blades resulted
in smaller and finer wood chips, with the maximum sizes after shredding being 15x25, 10x15, and
7x10 mm for the 2-blade, 3-blade, and 4-blade cutting discs, respectively. Additionally, it was found
that the wood shredder with 4-blade cutting discs had lower shredding rates compared to the

shredder with 2-blade cutting discs.

Keywords : Wood branches; Wood shredder; Cutting disc; Blades
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Antioxidant, Anti-O-Amylase and Ql-Glucosidase Activities
Ethanolic Extract from Vernonia amygdalina Leave
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Abstract

From local wisdom, it is found that Vernonia amygdalina is a medicinal plant used for
medicinal purposes such as helping to reduce blood sugar and pressure but only few academic
supports are still provided. The objective of this study is to determine the total phenolic content,
total flavonoids content, antioxidant, Ql-amylase and Ql-glucosidase inhibitory activities extract from
V. amygdalina leaves. In this study, the leave extract of V. amygdalina showed the total phenolic
content at 59.03+0.67 mg GAE/g extract, and total flavonoid content at 22.98+0.21 mg QE/g extract.
The antioxidant activity of V. amygdalina leave extract determined using DPPH free radical scavenging
method was found with IC5, value of 9.37 + 1.31 mg/mL. Additionally, the extract from dried leaves
of V. amyedalina extracted showed good anti-Ol-glucosidase and anti-Ol-amylase activities with 1Cs,
values of 10.39 + 1.08 and 11.08 + 0.76 mg/mL, respectively, compared with those of acarbose with
ICs5, values of 14.08 + 0.21 and 12.47 + 0.46 mg/mL respectively. Therefore, extensive studies of
biological activity and composition should be conducted to lead the development of products for

use in the therapy of free radical related diseases and diabetes.

Keywords : Antioxidant activity, Ql-amylase inhibitor, Ol-glucosidase inhibitor, Vernonia amygdalina
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woav-ngladina (Ql-glucosidase) wazuaani-oy

lauaa (Q-amylase) Faouladsnaiagyimunilu

nseaguls ‘mﬂmiaﬁ’wmuayulwsmmiaﬁ%
aglunisrraomiestnnaluanaglfiduluans
Aendeufasenlalasladaveoulesd ns¥nu
Favansdudaoani-nglading uay uoavin-oy
luaassduussloniodnsds uenandarsduds
woavh-nglading uazuean-evluiaa dagauan

o

szaudugiu amnsadulsauzse Yagduenlungy
fifivarewia \wu ezarslua (acarbose) Tanalua
(voglibose) wazdindnoa (miglitol) Ingaziinalu
nsanszduthmandaiusenuonms
nsfnwadeiiiingusvasdifiofnw Ui
fuedniionun USinamlaliuesdaun qradu
ouyadasy guslunsdudauean-ogluaa uas
woavh-ngladinavesansannainlunuiuaumiy
dlafudoyafiugnilunsazilumnuanmion
Wudselevdluniesnisunnd il e 5w Uae
TsmummunasSadudoyafiuguvesiivayulng

Tugaigu

a L

2. s2gUI58
2.1 YUNBUNI5IY

2.1.1 mswsguasaiavervanlunnuamie

Tunuuainiedldlunuiseadedldifiv
FUTWIMNLTEBzUgnludvannszen 8110
MINsEen Jaminaseund lasidenianivlueey
msiigaliendnualiiy Tnedeiegdlunumuan
wrglufinsuinnsinuas ngammwamuAs thansh
arwazoraseiindu sudutudng evlugeud
gamdl 50 ssmwalya uw 12 §alus thieens
Tuun 2,950 nsu ualvaziden vinsanaee
Aviaraty 95% teniuea ludnsnaiu 1:2 [9)

aa

$1835n115wY TN (maceration) Uan1vuznalin

a v

amgiivientuvian 7 Tu Weasuimun nsewiie

o)
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Lﬂ%laamquyzywmﬂ Yransfiadaldunsemedah
azanwean mela3 esszimeansneldagyinia
(rotary evaporator) 9¢ b ug ruatane vty
L@1UBa (ethanol crude extract) Famnves
ansataneuitld wazfusegndlluvanuddund

aeuund 4 aeAALTYd

q U

2.1.2 mswidSunailuednievan
\w3pnasavariaeg 19 lnedsEnsataveu
10.0 fadnsu azanuay 99.9 % Lenuea USu
USung 5.0 fadans aglaansanadudy 2 Jadnsu
Aollafans d1UAITAYAIEUINTFIUNTALNASN
LATIUALTUUUAIY (1.0, 0.8, 0.4, 0.2, 0.1 ez
0.05 fiadnsuneliadans lneld 99.9 % Len1uea
Jushvharane) thanssegadidesnismadeunay
a1517m551U USu1as 0.2 Taddns tiuasluly
vnduusung 2.5 fadans uasiivansazany
Folin-Ciocalteu reagent W a1t uty 10%
USumsaaUsunng Usuing 0.2 Haaans vinsive
i Wiuansazas loeuaisuoiun (Na,COs,)

a

AMUIUTUT% WIasadsu1ns USuns 2.0 Jadans

o

g ansuanduiieinseman aulingm

a v

adveslud darduian 90 urdt drluTmaanig

Y

ANNAULEINAIMULIAAY 760UNTULUAT AIBLAT DY

U

UV-Vis spectrophotometer FALUaIRINIDNITUD
Majhenic Skerget & Knez [9] A1uun1UT U

U ANMHAINNTINLINTFIUVBINTARNAGN

Y = 0.0441x + 0.291

2.1.3 M5yUSuuna e ANILN

=] o '

M3 8UENTATA18A08 19l nTIE TN AU

a o £%

10.0 Ha8n5u aza8ny 99.9 % tenusa USUns

s

5088805 d1Ua15aLA8UINTFIULADT TAU

LTIUALTUTUAIY (1.0, 0.8, 0.4, 0.2, 0.1 Uay

0.05 Jadnsuneiiadaans lagld 99.9 % Len1usa
Jusvhazane) thansieteiideinsnagounas
@15110351U U5u105 1.0 Taddans tduasly
Tuthndy Usuns 4.0 9addns Wiy 5% wnase
Usuras laiaenlulasd (NaNO,) U3u1ms 0.3
faddns Wy 10 % wiaseUTuag ezqilieunae
15 (ALCL) U3 0.3 fladans UaliTigaugiivies
Wuaan 6 uil iuasazarelaifenlansenlen
(NaOH) anududy 1 luais Usunms 2.0 Jadans
USudsinmsdetnndu 10.0 daddns unluiae
ﬂﬁ@mﬂﬁuuaaqqqmﬁmmmmﬁ"u 510 U lULUAT
F81A5 09 UV-Vis Spectrophotometer ¢ akUa4
17761509 Arvouet-Grand et al. [10] AU
Usinamanlauessnmunveasiaog191nnsa

a

UINTFIULADTTHU
Y = 2.834x +0.039

2.1.4 mManagaugvEELByYadas: Tng3s DPPH
Radical Scavenging

LW3ENAITATANYRIDE9AIY 99.9% LaNIUa
Tilamnuidntu (500, 250, 125, 62.5, kag 31.25
lulasnsusiadadans) dauaisazaloninsgiu
butylated hydroxytoluene (BHT) @28 99.9%
LOVIIUDA LATBNAMLTNTURSY (500, 250, 125,
62.5 uay 31.25 lulasnsunedaddans ) ¥rais
eﬁ"gadwaﬁﬁmmimaauLLazmsmmgm Usuns
2.0 dadans tAuaisazany DPPH UTu1ns 2.0
faddns welidndunaz valingaumgivondy
A 30 uiluiisie LLé’ﬁﬂﬂ'ﬂmiamﬂﬁmmﬁmm
81978 14 515 U luluns A28LA5 09 UV-Vis
spectrophotometer AnKUag91nI5N13904 Braca,
Sortino, Politi, Morelli, & Mendez [11] A14384A1
AATMMIAN oA YRINTIUBYYadase (DPPH

radical inhibition%) kay A1AULTUTUT AU
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v
LYY

UmﬂﬁLﬁmauzﬂaamz 50% (|C5O)'1ml€fﬁ]’mﬂi'lw
W UMI9521319 DPPH radical inhibition (%) fiu

AU UVBIENTANA
DPPH radical inhibition (%) = [(A-B)/A] x100 (1)

Taofi

A = ANsRANAULAYDIATaza1 DPPH il
asveaeu (NUAIUAN)

B = ANN15RANAUUAIYBIANTATANY DPPH fiflans
GGLY

Tunsnaaeugns dueyyadass 14 BHT 10y

positive control

2.1.5 n1snagaugns n1ssud seulesiueani-
azlulad (Anti-Ol-amylase assay)
U1d1588878U1NIFIUDEAIT LUA N30
miazmaﬁaaﬂ’mﬁmmL‘ﬁmﬁusﬁmﬂ (0.03, 0.05,
0.10, 0.42 waz 0.21 Aadnsuraiiaddns) UTuns
200 lalasdans wauloidsuneainuwines
(pH 6.9) AMULNTY 50 dadluars Usuns 100
lulasdng Ruansazansoulesiveavi-oxluaa Tu
Toifsuroalntvines pH 6.9 7 arnuidudu
10 gdnsiofiaddns Usuins 20.0 lulasdns asly
96-well plate Usl3gamaivesduna 15 und
LA Ua15azane 2-chloro-4-nitrophenyl- QL -D-
maltatrioside 1 uTY 2 Jadluars Usuias 20.0
lulasdns aslu 96-well plate 1vg1 wagyulii
gy Ivenduiian 30 wv Wuaisazaie
l9LhguA1s ualum (Na,CO,) [udy 1 dadluans
U3ans 40 lailasdns thlansgandunasiining
1AAY 405 Wlung Faulamin3inisves Gella

et al. [12] ¥ASpearn1sgugananssuLaulayl

weavh-aluad (% Q-amylase inhibition) 31ngnN3

% a-amylase inhibition = [(A-B)/A] x 100  (2)

1nef

A = ANNIPANTUKASYRIATAEANE T TN Tndey

B = AnnsgAnfulasvesansazaeilasaaeuy

2.1.6 n1snadaugns n1ssus wauladuaani-
ngladiag

UNA1988a18UIATFIUDLAT LUE Y30
ansavanediegns innududusiieg (0.03, 0.05,
0.10, 0.42 way 0.21 Haansusaladans) Usu1ns
20 lulasdes wanlgheunoamntvines (pH 6.9)
fienududu 50 fiadluans Usunas 100 lulasdns
Winasazareeulziueani-ngladina Tulydey
woawlstvlas (pH 6.9) Ainnuiduty 10 ginsie
fadans Usung 20 lulasans aslu 96-well plate
Uilifigaumadivienduna 15 wiil iuansazane
p-nitrophenyl-0l-D-glucopyranoside 4’19 u 2
fadluans Usuins 20.0 lulasdns aslu 96-well
plate 1weh uazUnlingugivieaduna 30 uri 4
WWnansazaeladonasueiun (Na,CO,) [T
1 dadluans Usuins 40.0 lulasdng drluinns
panduuasiiauendu 405 uiluwns dauas
91135N15U99 Matsui et al. [13] #1A15088203
ET‘UE?Jﬁﬁ]ﬂiSQJL@ui‘l)ﬁLL@aWW—ﬂquﬂ%Lﬂﬁ (% o

glucosidase inhibition) A1ngAT

% a-glucosidase inhibition = [(A-B)/A] x 100 (3)

lng#
A= AN ANAULAIUDIAITaEAT bl Tans
GGLY

B = AIN13AANGUNLAIRIENTaTaNeilaNsnaaey
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3. an1sAneILazaAUTIENa

3.1 MIANAEITANAIINNY
nmsafalunnuaistmdng oy

2,950 NS AREANNALANY 95% LONIUBA LAF1T

ananeulUBUIURUWATEIVINAU 341.92 n3U A

Wudewazivindu 11.59 vastimiinuii

3.2 YSunauiuadnnaviun

v
a o

NITmUsIauedniarua luansann
ne1ulunuIULRInIBA8 35 Folin-Ciocalteu
colorimetric Tagld@15azatsu1nsgiusd u
AsaLnadn nuin arsanavervlunuiuenied
ﬂ%mm?\luaéﬂﬁu’wm Wiy 59.03+0.67 Hadn3u
duyavesnsaunadnaeniNasana (mg GAE/g)
Fauanslumsnedl 1 Famanisvnansdildaenndes
fUs189°UP849 Qing et al. [14] fiwuin luansadin
Tunurula i efiatagasieniueaidusun
Tluoadniisnun 63.044 + 2.60 ladniuduyaves
nsawnadnsonsuansatn Sansatnaineniuea
azliuSuailuednuinnind alfisuiudavi
azarpviiedu ewnanarsuszneviluedndu
a15UsznouUssinezlsunfiniazansledeludy
Vazanglenuea waviilsiTouisuiuaisans
mw%mamuaamaﬂm@imwa Tudn dndedn
wavueseiiia AHUSu Rl ued i anun Wiy
21.20+3.06 67.45+1.35 31.33+0.82 wag 8.02+1.14

o a

Tadnduauyansaunadnaeniuansann auaay

3.3 USunaunanlauaennanun
NATIIUTUIUNANIUBYANINUAR ¢

15 Aluminium trichloride (ALCL;) Colorimetric

Tneldarsazarennsgruilunesdau wudn ans
anavervlunuiuuntedusunanailiueyn
Fauawiniy 22.98+0.21 fadnuauyavenasd
Aumanduansann dauanslumisned 1 wazain
N13@NEIUR Omede et al. [15] wuuSuanaln
wed W anunluaisadanervlunuiuianind e
Wiy 0.857 + 0.15 fladnsuauyavesnoigfuse
nSuansana dmsuusnamaliussdraunves
arsadnludn dnvedn lupnine uazuesziia den
WA 68.28+1.44 44.78+1.49 38.06+2.11 thag

saa

6.72+0.25 dafinTuaNyaveLARsTAUABNTY

a

a1sana natiesnnluyning ludnilndetn uay

< a 9 v o
vosuie Luanulnslvevrsydad 19w

TsALumIny [16]

3.4 qui #usuyadase 1ae35 DPPH
radical scavenging
nsnadeugms A ueyyadass 1neis
DPPH radical scavenging laeld @15azane
WINIFIUAD BHT wudn ansanavervlunuiwad
Lm'aﬁqwﬁfﬁmamgaﬁaix Tagdan ICs, 1WA U
9.37+1.31 fladnSusiefiaaans suwandlunisied 1
Lﬁal,ﬁwﬁumimmgm BHT laadian ICs, Winfu
10.02+2.46 HadnNTUNOAAAANT HANITNAADY
Fhiudn arsafaeniusasnlunuiuamied
nEFueyyadaszuareengnslagisminoyya
DPPH wams3aelunedl aonndesiuauidoves
Omede et al, [15]; Wang et al,, [17]; Adeoye et
al, [18]; Qing et al,, [14] fisneeuin ansataieni
uoa LLazLumuaasuaﬂwmumwmiaﬁqm%‘ﬁm

DUYADHTY
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195197 1 UFunauil wed nol anua YFunm
WalueeAN A UazanSAUeULABaTEILATIZN

19835 DPPH radical vasansannantuvnua e’

#156nn Usu JSunau fin IC5,
Puedn wanla qw'éghu
wava ueud  ayuAdHsE

(mg hanun Tne3s
GAE/g (mg QE/g DPPH
extract) extract) radical
(mg/mL)
asannainly  59.03+0.67 2298+0.21  9.37+1.31

AU UNIY

Positive 10.02+2.46

control (BHT)

! AafeaINN1INAaed 3 91 + AddeLULNINITgIU

ONSAURUYATATEYRIETAN ALY

Lu’iaﬁ'ﬁuaqﬁuﬁa%’wawasjmﬂiu wilnvesansann
Frhazareildlunisadnans [19] Anudutuvie
YUIAVDIENTATATRLY wazUSuIuvesasUsu
fusdnieavunuazrlailouesdsianualuaisada

neUUNUNUR NI [6]

3.5 gusnsudueuludueari-azluas
ﬁ]’]ﬂﬂ’]iVl@?lE]Ui]Vléﬂ’]iETU‘c’jddL@ui‘liijLL@aW’l—
prluag nansageUszAslud Laransanaveuly
RUULRUAIY WU @san averulununuemie
annsadudimsvhauveseulviuear-eyluea i
Andaparmssudaviniu 85,35+ 0.61 Wiathumwnen
ICs, WU31 ansanaunerulunuiuanmisdan 1Cs,
Winfu 10.39+1.08 fadnsusefiadans Wieisuiu
arsazaeu1nsgIuezaslua dn1sgud old
92.15+0.39% uagila ICy, 14.08 + 0.21 daansuse
fIaaans fauandunsed 2 msdudsmsvhanues
wuley woan-evluaguesansananenulunuiu

i glunsiTeas el @ennaeeiunIsITeVD

Alara et al,, [6]; Erukainure et al., [20]: Alara &
Abdurahman [21]; finuinansafalueniuea uas
arsanaludaniueaigns dudenisiauves
wuleiuoan-evluiad way anslndnuealu
sssurRansadudafanssuveeuledlunsees

aanemslulanse

3.6 asnsdudaeulesiuearin-nglading
mnmwmaauqwﬁ(mw”usfuauleuﬁ
woavh-nglading wul1 ansadaneivlununua
isannsadudanisieuveseuledueant-
ngladina T¥esarnisdudanavhaureseulsd
wean-ngladiaaiiniu 74.39+0.15 dlothumnen
ICso WU @TANAMUNUIURWAIBRAT ICp LTI
11.08+0.76 dadnsunefiadans o e oufiy
arsavauuInsgIuezaslua fn1sdudald
89.82+1.86 % Waxdlan ICy, 12.47+0.46 adnsusio

123805 AakanalumsIen 2

AN5199 2 $pzarnisdudanisyinauveseulyy
wear-azluad way toulwdueani-ngladinaues

msmmagmazmﬁua YpsasannIINTunUILaT

ol
LAY
wuladuaani- oulasivoani-
ngladiag ozluad
#196i79814 % o-
% O-
1C5o glucosida 1Cs
amylase
(mg/mL) se (mg/mL)
inhibition
inhibition
asanmantu 85.35+ 10.39+ 74.39+ 11.08+
Ry 0.61 1.08 0.15 0.76

Ay 9215+ 14.08 + 89.82+ 1247+
Rl REINTE! 0.39 0.21 1.86 0.46

! AaeaNN1IMAaed 3 91 + AddeuuNInIgIu

Ansgudanisyinauveaauley waani-

naladwavesasanaveuluruiuanniglunig
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Wy aenAdediun1TITeve Alara & Abdurahman
[21]; Alara et al,, [6] i wulna1satavesoniuea
asafini uavansatnvesdueaiiovdsudanis
vaueseulsioar-naledina visilognives
anaraiidnaaeulugrssudinmshauveeuled
wearh-nglading uasteulesiuoari-ogluaatuog
Autade wu ssezialumslviansanna wasvlinves
ansannansddey [19] eradutadeilifeadetu
nseengiFuumveslumwR Y
nan1Inapsslun1ssudueulnliuear-
avluaa uasteuleduoavh-ngleding vesansania
Turuunis wudn arsannvedeniueadniu
munuIBanIIaeeng s fudueulusiioulyd
woavh-azluag wavioulwiuweavi-ngladinald
wagn1siiansadalunuiuienndsainieniuea
ansadudnisinueseuleiueani-ezluiaa
uazioulwsiuoav-ngladinald Kadorailonnan
fvhavansenueailuasazanedifianuddaunn
Azanunsafsansazanei dgns lunisdud sewles
woar-orluaa uavieulwdiueavi-nglednalad
[6] ensafinraenIUeaNlUNUIURIEELNTD
pongsFuuILlagaNIITTasNIRATITT
dostunageduvesiimanglaadgnszuaion
Tneaveangrdlunsudsfanssuvesevlasiuear-
oluiaa uazueav-ngladiaa [26] Wuieulwlild]
unumdAglunsiswiselelasladaveandale
duhenanglaa shlinisgeduiiaanglaaain
alddndignsruaidenanatan vserududuves
ihmaldgaiuluauiannzdune amaannis
nnaosd doyatiauayunsAuNUYes Ejike et al
[22] Fas18aui1 arsafalumuaiganngni
wanseiuihnaludonls nansmaaesiiannsn
ihandudeyafiugulumsiasatadeeniuen

ntunu i glulglunsdnwinienisuang

siabl Liethunldlunisdudeanisyinauveseulal
woan-azluea uazioulasiueai-ngladna viall
lun1suslaeasadaluruiuainisaseglunis

¢ v o

AuATRINNE LT eIey laglamzi Uy {nilse

]

Usedni Ferissedinsetadufiey

4. a3

HaRInnIsAne Wevhnsatalumunuan
WI8A2838n15u8 N (Maceration) lagld 95%
wuealufviazany wwlnsevavansainwindu
11.59 gpathmiinuia wuin ansadaneulumuny
e SiUsnafiueaniimun Usinamanliuess
fiovun fqus druoyyadasy qvinisdudenis
Maureeulesiieani-ngladina warqninis
Fudanisyiraueseulsiueani-ozluas 59l
anuduldldlunsiansafadluinisisevie
L{‘Ju%’ayjaﬁugwﬂumwmaawﬁammﬁﬁﬂ ey
wwanglugnisudnmdundndusidmsuldlunis
S lsaiiduiusfuoyyadass salsAImL
fafu nsldmuiuenni o adedlddaoniiy

Sranse e

5. ARANSSNUSZNA

YBVRUAMANEINYIAAASLazmALLLaE
un1Ineraesivfgilaseainsal Tunssusy
s1gUtius Mlvianueuasziinsodie gunsal wag

anunlunsininsideluasell wavveveunmyLvy

o v W v ¢

AIUARTINIZYT JWRIAFTTUNT m‘[,ﬁm'mmgmi']w

. ' a

fvAaeg19 waglitayanivaygiiudiunisldieg

A7)
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Abstract

This research aims to study the method development for Iron content analysis using lotus
leaves extract and Ultraviolet-Visible spectroscopy. The lotus leaves extract was prepared by solvent
extraction method that used acetate buffer solution as extractant. The chemical structure of lotus
leaves extracts was detected by Fourier Transform Infrared Spectrometer (FT-IR). The result showed
the functional groups of lotus leaves extracts were similar to tannic acid standard. The optimum
condition for Iron content analysis with the developed method included acetate buffer solution (pH
4.8) used as suitable solvent, the concentration of tannic acid in lotus leaves extracts of 5.6 milligrams
per liter. The reaction time was 10 minutes. The detected wavelength was 570 nanometers. The
linearity range of the developed method was 1-10 milligrams per Liter. The linear equation was y =
0.0326x + 0.289. The coefficient of determination (R*) was 0.9956. The limit of detection was 0.51
milligrams per Liter. The percentage relative standard deviation (%RSD) of intra-day and inter-day
were 0.14 and 1.28, respectively. The percentage recovery was 87-104. The result of iron content in
pharmaceutical tablet that obtained from the developed method was well-correlated with Flame
Atomic Absorption Spectroscopy. This developed method is simple, convenient, environmentally

friendly, cheap and use the instrument that available in laboratory.

Keywords: Lotus Leaves Extract; Iron Content Analysis; Method Development; Ultraviolet-Visible

Spectroscopy
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Abstract

The objective of this research was to study the effect of pH, temperature, soaking time, and
germination on the gamma-aminobutyric acid (GABA) content of 26 varieties of rice grown in Nakhon
Sawan Province. The rice seeds of the Pathum Thanil variety were soaked in various buffer
solutions (pH4, pH5, pH6, pHT7) and water at different temperatures (35, 40, and 45 °C) and for
varying soaking times (3, 8, and 12 hours) and different germination times (24, 36, and 48 hours).
Afterward, the rice was dried at a temperature of 50 °C until dry to stop the germination of rice. The
results indicated that soaking the rice in a pH 5 buffer solution at 40°C for 8 hours led to the highest
GABA content in rice grains and was significantly different (p <0.05). Additionally, the germinated rice
condition with the highest GABA content was in the pH5 buffer solution at a temperature of 40°C
for 36 hours and was also significantly different (p<0.05). Following this, all 26 rice varieties were
tested using the Pathum Thanil rice variety as a reference. Under these conditions, it was found
that KDML105 had the highest GABA content during both the rice soaking period (12.79+0.12 ppm)
and rice germination (20.47+0.35 ppm). In contrast, Jao Khao Jek rice had the lowest GABA content
during rice soaking (10.17+0.15 ppm), and rice variety RD47 had the lowest GABA content during rice
germination (11.58+0.15 ppm). In conclusion, the optimal conditions for rice to have the highest
GABA content during germination were found to be in a pH 5 buffer solution at a temperature of

40°C for 36 hours and the difference was statistically significant at the 0.05 level.

Keywords: Rice; GABA; Soaking; Germination

* Corresponding Author. Tel.: +669 8829 2494, E-mail Address: natth1977@smail.com


mailto:natth1977@gmail.com

RMUTP Research Journal Sciences and Technology, Vol. 19, No. 1 (2025) 131

1. unun

v P

dandeudgniieusinall 2 vila Ao 917
Ugniewdie (Oryza sativa L) wazdiugnuensng
(Oryza glaberrima Steud) Tuusgwalngdudig

¢ o

AuMAINaNEAeLS Saudazaneug Tanwa
Awmndnsiu aulnedouuilnadiey 2 viade
#1987 wagdhamien Juegiuimussauluwiay
ginafududufum dedrud wardrmies
fuunldvaneyszinymainvangaiewug fisinng
Usudgeiusanue daufvaudetagiu eulveluiiui
nawmilensuaninianatineuvunenuilaa
fuusgmudnduemisvdniuiudie deu
Uszinelnefosas 80 vasiiufinnainuasfianue
(107.24 &1l3) \uduitungninngs 71.88 &uls
TufwmTauasarssaliiud 130 dua 15 sune
finunsnsvuUszan 117,148 $18 fiui v
2.98 a1uls Smundudiund wazuiuds wdu
2.56 uaz 0.42 a1uls muadu [1] druseens
IHwdnd1aWudd Ussuin 56,000 fusad [2]
yruluaaiiui nmamiensuans uazaianang
peuuy Inmswaundnenmlunissunguiuiie
Wannnisuandnlagldninuiniaineremansidmun

Ussgndiielulaansinvundundrfglunisuilag

]

miﬁ’wﬁﬁyﬁﬁagh%wﬂﬁud @1901U1 (Gamma-
aminobutyric acid; GABA) Iﬂﬁiuﬁ%QﬂWUﬂ%ﬁLLiﬂ
Tuidedeveuiunds wazdouniiinsfunuansyin
Hudtwinuiacie q wu dnley wedema dniea
vdenlad Jumiiu Windang 1n1dn 1919
nruanUd milelinge uavdmuansilunald Wy
odu wotida wasmuluwdasayiy iy 41and 41
v1siad 9nndesten dundes wasnuluwdnsy iy
Anzsendsaglansnitgs [3]
arsmdndunsnezfiluiilisndu (Non-

essential Amino Acid) S AN ULINHAN 1N

nszuIunIsAAIsTondiadu (Decarboxylation)
Y89n3ANgAEn (Glutamic acid) Inedniulng
Aongaa (Vitamin Pyridoxal) wuunnluguaswazan
vosuywd Adunumdrdyifuarsdevszam
(Neurotransmitter) UszLangu &3 (Inhibitor) Tu
JPUUUTEAMAIUNABINY Y Wantilunis
Shwaunavetausstieyiiauetinnisieunaie
FUANIINNTZUIUNITNIISI SNV RTLU BB UANS
ngauum (Glutamate) luavesluaisnitn 4]
ogslafinuansnidhiuduiiddnfunuudly
waneUszinaannsanulailunusssusfives
gsaeUsEaniiiusnauanaestuly uazdae
audusssumaiiosddiusunalined wayll
WeamenoaudeinisiiazvilsAananiud

v

fuslaaaiands Fefuaiinnafnarsnitiady
wAnAusiemnsaiacie 9 wieliuilaaldsuly
Usinauiiiieanensauias (5] a1snith flunum
adlunmsimihiitieananufanien aneinis
InNfea aneIN1ITULAST ane1n1THUTUTINTY

15uaIvIUsEI AU Y lvusurdulanTw Joeiuy

A a o -

Tsaflieafuansdedszam 1wy Salowes nie
w§Audy vraomudouveuad Jestumsiia
ug13e Arvaunsindeulnitieliieunany
(Relaxation) $nwannaluauesitlézunisnszduri
ThaueufinnISHaUAaIEIINNTEUIUAITN
ﬁiimmﬁﬁmf?iaua"ﬁﬂqmmm (6] luaneafuans
1191 3asendnegranilein Wuaissssuvdly
aneafivaelvacy (Brain's Natural Calming Agent)
Heglunissnulsaaudny wazanuduladings i
flansnidamagyldiineinisdnle ”I,uij‘ﬁlﬁ
wqﬁnnmé’mﬁq (Manic Behavior) aﬂ§Qﬂau

q

(Acute Agitation) a15n1U1az vl Ugasuied

Lo

gusadtseInasuUszainua livinlafnen (7] 3

o

Uunaansnitnlududaseliausazaneiugnd



a

132 2158153YINTITUAL I UNT. WTUAT A1V 1INeImIansuazinalulad Ui 19 aduil 1 (2568)

v
= s

Ysinauilaiminduduediunatedade wuvliniug
117 @n1EhINReNYBIN1TUAN NTEUIUNITIY
& ' 2 v 2 v
JUABUNITHTLALNITIBNVBNNAAT T UAY [8]
TagnaanNISANIUSUIUE1SAUN UL 9N
N52821387919 9 83917 5 @1eudfe usd105,
Awalan2, gnssuysl, douinl wavunusiill
wudrlwudadeziivsuiaaisnitngetuly
' a & 1Y)
521319 TIeN kargengatunissenidunian 20 Tu
Na991nUUYSHIUNIUI9EADY 9 anad 3
nan153 e dnanslmiuinudadiisyezina il
YSunuansningaivsnzausienisuslaa [9] uagil
nsfAnwvTuaasnUludamieaiug nu 6
PUIT AR INNIUNITWIUIEHUT UV BIEITAN
YUANYY wananLgls1eunIsAnwIUSuEns
U lutnaaMennuINANRdsUSUINE1TNIUN
1% o X a a & 1Y)
vosiufiuvulargegannisuaduia 24 Falus
NUUUSUIUEITNIUILANAINTLELIRINISUY
WINTY [10] F931nn1sANwIRan1sIFelut1ade
WUT1 QNN UarsreElIa1luNITRYTILaENIS
Jondinaseo YSuruansniun [11] wag pH U89

ansavaeNlglunisurnazniseeniinasaUSuio

vy
U A va v

a15nUn [12] Wneglunmsvinideasailiidelafnuna
193A1A10TunIAf1e gl wazsvezanly
n3uY doUsuunsawANNezilutITNve9917

vananeugluiuiugnludminuasaissa

2. 521 U8U35398
TMIURNUNITNAABILUY Randomized
Complete Block Design (RCBD) 1n15nAa84 3
1 TneAnwusunaasmdluangfivmnyay
939 pH 9N FrLiIan (NSUWTUaENITIeN) U
innssesuiisuusunua1sniun lagvinnisanwd
Fuatrdrsanteyaiusinnluiuil 130 dua 15

s

1,00 Tudariaunsa1ssa n1siusieg1aius

q

111719UaN1nnYAINIY1IUT Anwranided
wianzanlunIsuyuagn1599nv0391 Nilnass
USunaansmdivestiivananeiuglunuignlu

FINIAUATAITIA

2.1 mawssudngivd1indassen

nsiufIegeaiuidn vaziAuifen
AMNTY 20 Westdud Usunas 500 nfu $1uau 26
froea 26 aneviug (Madl 1) Pnduiilungmiy
Wasneeniiietwantilumisuduaisazais
F0819917

A197199 1 sustananludminuasaissed

Rice sample group Rice varieties
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Sinlek,

Non-photoperiod ~ Hom Nin, Pathum Thanil,
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RD47, RD49, Red Jasmine,

sensitivity Rice

Riceberry, Suphan Buril

Source: Subdistrict Agriculture Office, District
and Nakhon Sawan Province (2014)
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aa
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Duncan’s new multiple range test (DMRT)
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buffer pHa 41fiansntngegafigungd 35 semn
waidea 1Wunan 3 Falusiviinuaisnit 11.91
ppm, Citrate buffer pH5 %’l?ﬁﬁ'ﬁﬂ’]ﬁ’]@ﬁ?jfﬂﬁl
gamadl 40 asmwalFea Wunan 8 $7lue fivsana
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3 Falus fUSumansnith 15.32 wag 15.20 ppm
paIRy wazilguugd 35 1unan 8 $alua
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fians migeaniigumgifionmail 35 ssmialdus
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Junan 8 7lus fUSuasnati 16.03 ppm
(151971 2) wamdiiuingamgdl ApH wagiian fina
soUTinuasmtiuandluanneiifsiureims
wrm Tewuan mswd1ilu Citrate buffer pH5 91
fansntngean d991n519unsAnuide wudn
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A15199 2 NTIATIYIIUSUIUEI5NIUT Gamma-aminobutyric acid (GABA) TU@N1IEYIUTE7

Buffer pH4 Buffer pH5 Buffer pH6 Buffer pH7 Water
Temperature (°C)
Time (3hr) (ppm)
35 11.91+0.36 a 9.44+0.06 ¢ 14.65+0.13 b 14.03+0.09 a 14.74+0.10 b
40 9.99+0.06 d 13.02+0.06 c 15.20+0.12 a 12.96+0.12 e 13.99+0.12 ¢
a5 9.44+0.06 e 12.33+0.09 d 15.32+0.12 a 13.42+0.13 cd 14.84+0.06 b
Time (8hr) (ppm)
35 10.86+0.07 b 6.23+0.06 h 15.30+0.15 a 13.56+0.06 bc 13.54+0.09 d
40 10.59+0.06 c 16.47+0.10 a 14.65+0.07 b 12.29+0.12 f 16.03+0.09 a
a5 8.47+0.06 g 13.62+0.06 b 12.41+0.06 c 12.29+0.06 f 14.78+0.06 b
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Buffer pH4 Buffer pH5 Buffer pH6 Buffer pH7 Water
Temperature (°C)
Time (12hr) (ppm)
35 9.12+0.09 f 9.66+0.10 f 12.45+0.09 c 12.19+0.09 f 9.73+0.10 g
40 8.56+0.06 ¢ 11.83+0.06 e 9.40+0.09 d 13.32+0.06 d 11.79+0.10 f
a5 10.84+0.06 b 11.83+0.06 e 14.59+0.13 b 13.60+0.09 b 12.41+0.06 e
F-Test * * * * *
% C.V. 0.980 0.654 0.774 0.699 0.659

* = Significant difference at probability level 0.05

3.3 wan153As1zRnIUINIaa1snatnlu
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A15197 3 N1TIATIPIRUIUIUETITNIUT Gamma-aminobutyric acid (GABA) TUaN1I¥Y19917980

24hr 36hr 48hr
Temperature (°C)
Buffer pH5 (ppm)
35 12.88+0.15 b 13.13+0.09 d 13.26+0.09 b
40 13.32+0.06 a 19.56+0.06 a 14.23+0.15 a
45 13.15+0.06 a 15.14+0.15 c 14.55+0.10 a
Water (ppm)
35 13.34+0.09 a 13.24+0.06 d 13.45+0.15 b
40 12.64+0.09 b 17.56+0.06 b 13.48+0.09 b
45 12.95+0.10 b 13.43+0.10 d 12.90+0.12 ¢
F-Test * * *
% C.V. 0.705 0.587 0.855

* = Significant difference at probability level 0.05

3.4 W3guwiguusuuansn1tn Gamma-
aminobutyric acid (GABA) Tudqeud412
nud9d1298n

Tug19ug912 (40 perwalTod, 8 §21uq)
LaLY1991790n (40 perwalTed, 36 9alu9) Tu
d13azany buffer pH5 wavin daduaniaziild
a1sm3tngegn vesiudazaeiugnuin 4109
USunaaisnivngeande 1atusued 105 9
danzd1venluaisazaie Citrate buffer pH5 i
gungd 40 sarwaldea Wuian 36 $alus &

Usunaansn1tn 20.47 ppm (A9 4) uandli

Wit usavaneiugivsunaasnistnasanly
anngiuansnaiu Tasdramnaneiugasiuuim
a13n1Ugegaludiednsenluaisazatey Citrate
buffer pH5 391N51891UNTITENUI An1ITUY
417 (40 pemwalTea, 8 H2la) uardisdnasen
(40 asAnwaLdea, 36 421u9) luarsazarensn
gou pH5-6 1JutasAn pH ﬁlﬁﬂ?mmawimﬁwqa
ArlugaeAn pH By Feansazangunildn pH7-8
Foduan1izait1a waztasdnien luaisazans
Citrate buffer pH5 FaUTu1a19A1U189n 77
Tuih (14)

A15197 4 N15USEUTIBUUSHIUENSAIUT Gamma-aminobutyric acid (GABA) Tuaauad®n? AUYI991398n

Conditions Soak in (40°C, 8hr) Germinate in (40°C, 36hr)

F-Test % C.V.
Rice varieties (ppm) buffer pH5 water buffer pH5 water
Black glutinous 11.38 b 10.17 d 12.59 a 10.78 ¢ * 0.008
Chor Ratri 11.18 ¢ 9.97d 18.25 a 1259 b * 0.035
Daeng Noi 10.78 9.76 d 18.65 a 13.20 b * 0.015
Ha Ruang 11.38 b 10.17 d 13.40 a 10.78 * 0.011
Hawm Bai Tuey62 11.38 ¢ 10.17d 19.06 a 12.59 b * 0.008
Hom Khaojek 10.17 ¢ 9.97 ¢ 12.59 a 10.78 b * 0.014
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Conditions Soak in (40°C, 8hr) Germinate in (40°C, 36hr)

F-Test % C.V.
Rice varieties (ppm) buffer pH5 water buffer pH5 water
Hom Nin 12.19 ¢ 10.58 d 19.67 a 14.82 b * 0.043
KDML105 12.79 c 10.78 d 20.47 a 15.02 b * 0.032
Khao Dawk Mali 11.38 ¢ 10.17 d 18.85 a 1279 b * 0.019
Khao Kamnan 10.78 b 10.17 c 12.39 a 10.98 b * 0.025
Khao Tha Phra 11.38 b 9.56 d 12.79 a 10.78 ¢ * 0.011
Niaw dang 11.38 ¢ 10.17 d 18.85 a 13.40 b * 0.018
Niaw Wan 11.38 b 10.17 d 13.20 a 10.78 ¢ * 0.018
Nok Na 11.38 b 9.56 d 12.59 a 10.78 * 0.018
Pathum Thanil 12.19 c 11.18 d 19.46 a 1441 b * 0.032
Phitsanulok2 11.38 b 9.56 d 13.20 a 10.98 ¢ * 0.013
Phra Vet 11.18 b 9.76 12.59 a 10.78 b * 0.028
RD31 11.18 b 8.55 ¢ 12.79 a 10.78 b * 0.041
RD41 11.18 b 9.56 ¢ 11.79 a 10.78 b * 0.025
RD47 10.98 b 10.17 c 11.58 a 10.98 b * 0.039
RD49 11.38 b 9.76 c 12.59 a 10.98 b * 0.028
Red Jasmine 11.18 ¢ 10.37 d 18.25a 14.01 b * 0.045
Riceberry 11.99 ¢ 10.58 d 19.46 a 14.61 b * 0.031
San pah tawng 11.38 b 9.97d 1340 a 10.78 ¢ * 0.025
Sinlek 10.98 ¢ 9.76 d 17.64 a 13.40 b * 0.047
Suphan Buril 11.38 b 9.56 d 11.99 a 10.78 ¢ * 0.008

* = Significant difference at probability level 0.05
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Abstract

This research involves the utilization of white sesame husks, which were agricultural waste, to
create a beneficial application. The process involves cleaning, drying, and grinding the husks into a
fine powder. Then, they employed methylene blue dye adsorption. Additionally, the study explored
isotherm adsorption using spectroscopy techniques to analyze samples. The conditions that resulted
in the maximum amount of methylene blue dye adsorption were: 0.2 g of adsorbent material; 30
mg/L of methylene blue dye; 4 hours of adsorption time; 150 rom of shaking speed; and 11 pH.
89.4%, 93.3%, 93.1%, 89.8%, and 90.2%, respectively, were the dye adsorbed percentages for these
five parameters.  This research includes a study of adsorption isotherms and employs
spectrophotometric techniques for sample analysis. As a result, the adsorption isotherm study,
correlating to Freundlich isotherm adsorption, shown the R? value of 0.93, indicating that the
adsorption occurs on a non-uniform and multilayer surface. The results of this study show that white
sesame husks can efficiently absorb methylene blue dye, which presents an opportunity to recycle

agricultural waste and possibly even give a treatment option for wastewater tainted by dye.

Keywords : White Sesame Husks; Agricultural Waste; Adsorption; Methylene Blue
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Abstract

This research aimed to identify molds and yeasts from Loog pang for Sato production from Jib
and Paka Umpul rice. A total of 20 Loog pang samples were screened for molds and yeasts, and the
results revealed the presence of 90 mold isolates and 50 yeast isolates. The morphological and
biochemical characteristics of these isolates were subsequently analyzed. It was found that 6 mold isolates
and 2 yeast isolates were identified. The identified species included Aspergillus flavus, Aspergillus oryzae,
Aspergillus niger, Mucor indicus, and Saccharomycopsis fibuligera. Following these findings, A. flavus and
S. fibuligera were evaluated for their starch degradation efficiency and Sato production capabilities. From
enrichment technique, 7 mold isolates and 115 yeast isolates were established. The starch degradation
efficiency of A. flavus and S. fibuligera was assessed, revealing diameters of 3.41 + 0.22 cm for A. flavus
and 2.93 + 0.11 cm for S. fibuligera. For Sato production using both rices, the starter concentrations of A.
flavus and S. fibuligera were used at 0.57x10" and 1.00x10" cells/ml, respectively. On the 3 day of
fermentation, 1.50 liters of syrup (16.00 °Brix) was added to 1 kg of rice. After fermentation for 7 days, total
soluble solids (TTS), reducing sugars (RS), pH, and alcohol content (AC) were evaluated. The results
indicated that Jib rice Sato exhibited TTS of 12.73+0.09 °Brix, RS content of 137.05+0.00 ¢/, pH of
3.64+0.21, and an AC of 4.50+0.74% (v/v). In contrast, the Paka Umpul rice Sato showed TTS of 13.20+0.20
©Brix, RS at 141.45+0.01 ¢/|, pH of 4.14+0.09, and an AC of 4.26+0.32% (v/V).

Keywords : Loog pang; Sato; Jib rice; Paka Umpul rice
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Abstract

Durian is an economically important fruit in Thailand. It is widely consumed, both domestically
and internationally. As a result, durians play a significant role in stimulating the economy, both nationally
and internationally. Among the various varieties, the Monthong durian stands out as the most popular.
Durian can be consumed in either fresh or processed forms. For fresh consumption or purchasing durian
for processing purposes, the ripeness level of the durian is a critical factor to consider. However, without
skilled classification, rip or unrip durians may lead to the acquisition of that does not meet their own
needs. Currently, artificial intelligence techniques have been applied to fruit maturity classification to
help consumers choose suitable fruits by using fruit images, sometimes having a background image
attached to them. When processing these images, it is necessary to remove the background to improve
the efficiency of data classification. In some cases, using existing knowledge in image processing to
remove the backeround of an image using a single backeround removal algorithm may not be sufficient
for certain types of data. Therefore, this research presents the enhancement of deep learning efficiency
in classifying the ripeness of durians with hybrid background removal, edge detection with Sobel
algorithms and Grab Cut algorithms for clipping image backeround then create model with 4 deep
learning algorithms to compare the classification performance between using the original image data
and image background clipping, the result shown that the proposed techniques can improve the

classification performances with average the 4 algorithms at 8%.

Keywords : Image Processing; Background Clipping; Deep Learning; Convolution Neural Network;

Monthong Durian Classification
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Muthulakshmi uaganiz [10] laimunszuuduun
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2.2 dana3nuwnsuan (Grabcut Algorithm)
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2.3 danasnulwiua (Sobel Algorithm)
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TngasAumiianiwesnsifiuiuresnnuduues
28301191n@319l Ul TnevauaziinannAIy
wAnANsYEIAMLLTLLESS T RInarT st U nLa
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Wouaslunyasuduvewnldaly diegedieg

mimﬂamaﬂﬂuumwuamé’qgﬂﬁ il

All A12 A13 A14 -1 0 1 Bll BlZ Bl} 814
AZl A22 AZB AZG * 2 0 2 - BZl BZZ BZS BZQ
ABI A32 A33 A34 -1 0 1 BSl BSZ BSB 834
Au | A | Ads | Ag Gx Bay | Baz | Bas | Baa

Input image Output Image
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AuIMNaaNsluRnadaly
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2.4 9ana3NUlASIV18USTANMAULUY
naulag ¥ u (Convolutional Neural
Network: CNN)

Input image Convolutions Pooling

Fully Connected
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Wiennuuaaulgdu [15]
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Uinwadniuseu 4 gunw saufunisuesiiu
elvaflaeseu Farannsodesieiamiiiule
CNN g naenuuunILil on1sUsEatanann
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A Tuvnenfionaagldnisifiuunai s (Padding)
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2.5.1 nszUUNSHANUNaILUUlaUSA
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AlexNet - ludane3fiunisiSousiBsdni
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wagfngos (Fitter) Fefluunvesiinndnuvaziay
fnseauaneneiy wagvinsidou (Stride) fnses
pdsaw 2 finua Taedudl 1 asUszneulude 96 i

Atanway laglasinses (Filter) vuna 11x11 way

q
v

Fuit 2 Usznaulusne 256 fnndnuuy wayld
nseeIUN 5x5 dmsutudl 3, 4 waz 5 2wl 384,
384 uay 256 HIRENwaEANERY Wagldiinges
UM 3x3 [20]

[

RestNest50 — 1udane3fiunsisousids

=~ o v aa

Anfiutdaymideanisldseiudfivinmely lnvay
And uiulasednefdinudndoud1suin Tne
RestNest50 azUsznauluaae 4 uden (4 Block)
Tagsuumimesdmsuiindamunazdsznaull
w18 [3, 4, 6, 3] § 99gUsznovludes1uIuty
VAMLARD (3+4+643) X 3 = 48 $u + 2 Fu = 50 T
[19]

3. NansAneLazaAUsIENa

v v
o o =~

T3l LauDNITAAN NN UNS IR 28

35n15lausalaenislaoanasiunNISARA NN LRSS

@ a

998N NULATUANS WA UTanas Ny lglualy

De

v
o

TUnUNTUTEUIAHNANIN VFIINTUITaY AT
Hun1sUszatananinliasiduinadiniunis
FIUUNTEAUAIUGNVDIVIT HUAINUS NUBUNDY

TneNanIsANwLAasTUnDURaARIR IR LUl

3.1 NANSAAANAUNE
TunuAdetisnanieudoyadeunisadie

lumalunisTuunauanavuesnissulaely

nTEUIUNIIHANINA UMdaesgUTou wang

Aeg1avaemanIsAnNNITuAvegUseulagls

[ d

ganasnunnsUANaasUa 8 wazlylatuasiunu

U

WNTUANUARIAIFUN 9

() @)

JUT 8 NaN1IARTUNEIRIESANaIANUNTUAN

(@)

JUN 9 nansnnMUAEwmAlaitLaue

mﬂgﬂﬁ 8 a5 sUA M09 Aziuld
nnsldianzsaneiiiuunsuanazdalaaunsasn
duitundsitliifosnsosnluldimun v‘fﬂﬁsﬁ'ay‘aﬁ
iluiFeuidnmilundsunsduogdae iesann
amnFeudiiundsesuisguiiaududounay
mqgﬂﬁN’1vi’ﬂﬁl,miﬂﬁ’wﬁahjmmsaﬁmﬁwé’ﬂﬁ
osnddaneifiuduentngainiiundslals
INSIZNTEUIUNI TV ULUUA BLA Nl uAnTg
fmuaudnadudiaulaliunsane3fiuunsudn

Ll aYINTTUIUNITUIVOUATINA 28

Fanashulaiuamuamduwuanisusiy a1u1sadiey

v '
o P =

Twnsuinuusingiuiiundslaavuiasninnism
voukuulziualideyauuusyavdmdaduguuy
AN aguLUaIeInNluE (Gradient) uay

¥

youiiladmnumun @uilenuseiiles uazaguitui
vos¥ng vhliunsudmannsoldtoyatiiiossytag
uasRundslAR uanamanisdaiundadaelsiua
safuunsuRvluguf o i1 5 sUnMEBE9azLiY
¥ a3 eudiiunisdad undsdemaiad

UNAUDHAANSVDINITAAN TNV IBONIINGNILTEY



176

lanninnistdnisldeadanasiuwnsuAnii e

PRANGER
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Confusion Matrix of VGG19 Confusion Matrix of VGG19 Confusion Matrix of VGG19
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Abstract

This research aims to utilize four types of discarded aromatic coconut waste, namely coconut shells,
husks, husk with attached shells, and empty fruit bunches obtained from the agriculture industries in
Ratchaburi and Samut Songkhram provinces, to analyze their fuel properties and charcoal produced from
both a pit kiln and 200-liter drum kiln. The proximate analysis included moisture content, ash, volatile matter,
and fixed carbon according to the ASTM D3172-13(2021)el standard. The study also evaluated the calorific
value using a bomb calorimeter and conducted an ultimate analysis of carbon, hydrogen, oxygen, nitrogen,
and sulfur contents. Additionally, the study investigated the potential for briquetting biomass fuel and
charcoal using cassava starch as a binder. The results showed minor differences in the high heating value
(HHV) of the materials, which varied according to their group and origin. The HHV of the coconut wastes
ranged from 17.38 to 20.48 MJ/kg, while the charcoal produced from these materials ranged from 24.14 to
31.84 MJ/kg. The HHV from both kiln types were similar, with coconut shells yielding the HHV, followed by
husks with attached shells. The predicted HHV of the charcoal, based on the equation proposed by Demirbas
from the proximate analysis data, showed an average deviation of less than 5%, which is practical for
applications. The most suitable biomass fuel for briquetting was found to be coconut husk biomass and
coconut shell charcoal, as both provided HHVs exceeding 20 MJ/kg.

Keywords : Biofuel; Charcoal; Young coconut

* Corresponding Author. Tel.: +668 1443 6054, E-mail Address: soydoa.vin@mail. kmutt.ac.th


mailto:soydoa.vin@mail.kmutt.ac.th

RMUTP Research Journal Sciences and Technology, Vol. 19, No. 1 (2025) 183

1. unun

WAL UnaLuiunumaAglunessui

Ui WesanhdulasuiasssuviRuTudigeuy

aa

warAMURuRIUlL LY uauINanun sl lanidl
wldfuguussty dsdunsfisnauedasldag
waofimnanisinuns suvandundsnuiady
nsponvilsiiadanudduliiuuszmald v
iswgAanisvedlnedidnisvenedagedouznim
wwiew Taglul wa. 2565 ffufnzdgn 88,510
15 uagdlyarnsuanasiis 6,075 druun [1] 113
KA MIUIT9IN ieusni g Fouu 2y
fiavugnirindefivogiduliinamnn Tnengate
ugn$1fnaiad e 9-10 wa vmdnaniade 20
Alansu fdwwiivslnaldifisadosay 25 laoidu

WasnfAnnzaisesay 65 wasnzalgseyay 10 84

% v
o YY)

UINUNNINgaly (2] UENS1IUIVBY 1 HAFN

neanefina 10 naduvdnedy 1.73 Alansy [3]

FatumngnavnTsukl s Unensdmveninigly

Qe

ULNTNIUIVOUEN 1 AUADITUY T LAYULNS 17

v v v
° I~ o

Umeumaeiieds 0.75 dusieiu Awlugnamnssy
wUssUugninnimonininasuzni i menmde
fislunuiinu e ilenay uaziloindsdaua
dmTununInNInuI Jovay 53.4 In153ANTSLAY
uzniimewtion Tnagnesisliluaunioinii
Hudaulng (4] vinliiReavan1iglud wandeu
Fafuiadinsfinuidelunisiiawueninmaons
TUldlugvuuvremdany Tnenuinaiuanden
i nimeunandeinandwlinfuldamnin
vasguwiedfuauldln [5] nsviausauma
MnFenuEniuA Hasduudonuynine
uafudnuendad 55 sio 50 nududndruiiddian

Julunuanasgrundedasigusy [6] wazaiunse

—2
=13

gouzninauivyadnivaziidesiiondnly

e

o

a % v a & a o | & aa
DLWEN WLNWIW [7] NINARLYDINAIDALLNG WU

="

b

Ailedne azanlunisdafulazuuds wazauise

= [ 1

Al AyUzns UL denaN o JuaIndallag

U

o
1Y)

Yoy UITeNal

o a ¢

naUsrasAiodAsaNdanig

v
a

Fomdwenavuznduvdeds (Uden nzan
WaenAnnzan uagnzaeiUan) wazauindnld
lnflauuAgiuiunanisugnugnsng wagisnis
Ugnugnirnmondisnaty vaslssugaavngsm
fifinsUgnuuuduvadludminguys uaznisugn
ugn$1ruvenuuud i ulasyuyuludvia
AYNTAINTIY TIWDINTTUITNITHEAS U (LI mqu
LAzl 019dINAREANNNYDITINA Wazdui
wanle  iiefiansandnenimaumsngaslunig
il inyaeldfuimsusninimenmde

S 9w Y ° = Y
aliduunamaanudrsemadeniasiiutoys

¥
=~

wugrulunmsinluldusslevd valy

2. s2gUI5Y

nsalivnuidelnesin asulansgudn 1

1. TuuniAsusndTIvouIvaf n) Jassn
gaslssmdingng (Wasn/nsanidGeninneay | Winunguans
ngailan) uas Sminayvsaesl (Waendnngan) Tneszanm

1 MU 22 pnduieda — .
2.1 1Enu fam R l W) T
I AnuSauTas
3. WisuiiguanvAdey (LHES
4. SAuvisany A) Ty
. Tnwaudun
5. yadeuiiuiieuiunsgudeimdwasiuyes

T Toun menuSau/fduansiu/anumudy
WV ATUTULAEETTEMY

JUT 1 wsuslensaniiuanudde

2.1 Jaauazaunsal
JanuazaUnsnlUsenaudie LAYNENI 17

UNDURDN AT



’

184 2158153YINTITUAL I UNT. WTUAT A1 1INeImIansuazialulad Ui 19 avui 1 (2568)

2.1.1 eusniunvieuwiaang

LT NS YR NAeRdlunsAnw T DU

v v '
v ° |

ugNIUIMeNRUE AUTU dunnyuvulunun
FINTAAYNTAIATIN WALIINYAAINNTTUE WER
ugndduEd dminsyd Wesnifuuvawdn
uarfiavusndimeuvdeisan Suundudiu
sanlaidu 4 nqulaun wWaen nzan Waenfinnzan
wagnzaeian faguil 2 thlumnuasliusiaile

anAnuTunautih U lmduau

f) ) ) )

JUN 2 iaugnininveuwieds n) wWhen

Q) nzan A) Wasndnngan 9) neagiuan

2.1.2 @
wsne il luemaded THunnwn
It uwuUnge kasienadelrduuumng
WHMUUVAUERANNEN 2 1WnT WU

AUENAY 3 AT ASgUN 3

v
1 Ydewrtu 2 vaula®una 3 Usaldidemas

FUN 3 W URNETULUUA RN N) LNNQumATlETy

13I8 V) LAVIRUIENINUN

wnquiinisaeliiidugiunsundanh

o

Waenfinnyal 3ndminaynsasnsiy wanin

=

Uszana 58 Alansu Tdlunauawduiug 19dsne

MsmquviufounaudisAudnuisdyu d e uil
dwsualrdlulumen ddansdundiuiniy
Uaosadusnuuu waagalidmining Ui
Aulviainmdeiiisslansaiu Tonatlunisien 3 Tu
nsadaunsaiulnainUassaiuiivuaunas 3ala
Wi kil duanuseuiisrgiidhduiiolaly
audnlraunatedudn dhauluanuanuseanu
3.5 Ju auuiis leUSinaeudnduleas 12 e

nandunIuLdn ausakennzateananasnle

n) @) A)

JUT 4 duFenugninianzaiainaiviay

n) Waen Wnzan a) wWasndnnzan

f) 1 vioauwn sl

2 vinsldtana

3 Viowfavoenuaz
daumuniulesivie

4 yningaumgiivioseninl uaz
uRaeenanmMsen vsily
Tiesthuia

5 yadiniiuidvsaruiivenain
5, Y
e Ll

a o
S S
IS IS)

N
o
o

9ol (esrnvaiBes)

a1 (wii)

3
o

0 200 400

JUN 5 10 URIETUUUURR 1) ATNSNYAAURN )
v 6 [ v 4 1
wnSeNgunsaldniiui f) viedlddiuia

3) aunniviea i iala



RMUTP Research Journal Sciences and Technology, Vol. 19, No. 1 (2025) 185

WWILKILUUEY 200 @75 Useneunie 1)
wounlng 2) wedlddiuia 3) vieudavioonuas
drumvwduleseive 4) yningungiviesu il
wazkfiavieenannsiluviedddunatas 5) 90
G‘fﬂLﬁULﬁwﬁaﬂuﬁaaﬂmﬂﬁamﬂwﬁ ﬁﬁgﬂﬁ 5

AsHAREUE U9 Nt LARIENE I Me
e 1dun WienAnnzan ngan wasnyaawan
mndawtaneyd Taaduiodddunaidwiniads
25 Alanfusienss (wwenduldonfinnzaiann
Jeanrinaynsasns1) Unerduuuliaidn galily
voamlmliurealafuans uasdudomasegng
sewios lovuaranssemeandana QNAULUY
Wuvefiefuiedddiuia T9nailunismd 46
Falag aunseislaifaturnviedunia (Syneas) 34
Usgnoumiglianisusuueuanlyaiazlalasiau
Uaseinninlgamgiiiiniy 50 ssriwaldoa Jan
AIUDININGS EIUINNTNERAIULANT (gﬂﬁ 6) 1o
nananvaIn1uINUdan nyan waztudenfinngan

lngiadgsesay 24 Lasa1uanEalesouay 18

fn) ) A) q)

JUN 6 duNAURILUUS 200 F01s
n) Waenueni ) neatugni

A) nezangwlan 9) wasndnnzan

2.2 miessiaanuiou Usunanguans

Tneuszanm wazanUAmaaillngaziden
msaveilavavuzndnimenivdei

wazaud ndnldundiasiziniuiunana uans

TnoUszana (Proximate Analysis) laun a1y

L1 @1338me uavAnsusuAsil mulsluansgIu

VOIFNIAUNITNAABULALTANBLUTAU ASTM D
3172-13 (2021)el [8] A%osUfsAn19malulad
fwandou angwdaud windeuuaziag
W IMeFenAlUladnsEInuNaITUYT (195.) Uay

USHNUAISUBUAIF Y ANUIUAIEUNITA (1)

FC = 100—(M+A+V) (1)

o

Taefi FC, M, A uay V 1dun Sesazmsuaunsin
AT 187 wazanssEImeY Auansy iAsizeien
Ausau faeias ot vany wpaeidines (Bomb
Calorimeter) § o LECO 5 U AC-350 Usgine
ansgewini auvinaeiilavaziden (Ultimate
Analysis) laun arsveu lalasiau uazlulnsiau
#281A5 89 Elemental Analysis § Wo LECO U
CHN628 UseinAansgaluing uag daines fay
\3a4 Sulfur Analyzer 8% LECO §u 6285 Uszine
anfgoiuinn fanvuwauinazinousulsany
Funuy 195, Taemsiaszivgs 3 ade dmsu

USinaueendiau AunusEunis (2)
O =100 —(C+H+N+S) (2)

Tne7i O, C, H, N, S'laun fosavantoandiau
Asuay lalasiau lulnsiau wazdamas auaidu

n1sAuIuIgastatanalugy CHON,
Mlaensmdndiulneluaves lalasiauneaisueuy
(H/C) PandLausieA1suou (O/C) uaz lulnsiaune
aduau (N/C) fensmsaAdeastinmiinuasus

AE5INMILLATNIAVEITIALNOMIAT a, b kaE ¢

2.3 NSV VBNAITINIADALNG WAZOU
DALY
ANSYILY BLNA 9T LA AWVA bTLanY

WaRNAMNUAUAININIMIRALUNTAIATIN ARAIIY

8190¢luY 5-7 WwuRwns diuawdauidldianiy



a

186 2158153YINTITUAL I UNT. WTUAT A1V 1INeImIansuazinalulad Ui 19 aduil 1 (2568)

=

A1UNTAT INWNIAAYNTAIATIN UATIININTIVYS
WunaufusiuszauiivhanuatudUsnda i
Weraudunilands (wde 10 ndulud 100
fiadans) lusnsdulngtminiudenwiod usie
fuseau 100 sio 10 [9] winlidnniu waluld
slumsuaﬂqué’mLm'dﬁ'ﬁl,é’uw'wuqu&fﬂaw a
wulng MUl 7 Uiunszuengulitianiuen
115 UN1IEALUADN Laga1uINAY 8 uag 5
WURLAT AUERU SAdBusIAuTinsain 9 fu
Tnduiidemdsdaursesn wWevrluanuanls
uwradunan 3-5 Yu lddminuisadsveademas
T112897NUADANLNS 1T LAEAIUSALYIALYINAY
29.2+0.1 LAY 53.6x44 a11a1a U noauylly
AATTmAIANseu Usinanguansingyssann

AMUVU MUY BAZATTLANTIY

_:—:=

JUN 7 guUnsaldwiudaurie PVC

MsAdriLang Wi lne g oLnds
dauvidlagmanadin udrUdesanniigs 2 wns asg
fumaunin MnthAeudemasauvsdruiinge
FananluFsimidn wasfmuamaduiunngauss

Aunsi (3) [10]

Tnef R Aedwdunnsiy Wiuway Wr Asunin

ADUDAWIINDULAZUAINAABU MIUAPU (NSU)

3. nan1sANEILazaAUTIuNE

3.1 Nan153ATIIlIIIMNGUa1slaY

Usena

HadlAs1EnUsuInguansineUseunu
wandlumsnedl 1 nuiraranuduresiasuni
dwonuisdeusnoglurisiosay 1.17-7.13 uay
dueglutisiesay 0.09-6.12 mnuduiinasionn
arwdoulasnss inszaradugeiiliaaudoan
foulusunssemevesirlussninenismnlng
Usuandvosavuzng1uivionusten oumnd
Uiinautiosnn (Fouas 1.64-7.16) ilenandudu
wuUSInanduiinty (5.08-20.26) msiuiun
1ége shlsiaenlunsidn uaziinnzniulel 49
Ysunandldaisiiudesaz 20 [11] Armuseu
voumwuzninhmenuiataumnogluta 17.36-
20.48 winzga/Alansy deogluinausinnsgiu [11]
Tnansndnaumends wagmmvaulviaianudou
Laduansnaiu uwiguanaymsasrsudaimiuiou
uarAIUBUAIIZINIIINTINYT Tetonaifeades
fuuvasisnvesmgniiwandaiy desandud
Ugnenadinaseaudiniunivesauuznin lagiey

v
£ °

UENFNIUMBUIINIININTIVYT U1NAUNENT N
UNTY AIUUNEIUENT1IINAYNTAIATINUIN
uzw%nﬁsqmju LU

USuruAIs uauARRInEatuLUan
Wa¥NEA1IINTIVYT famndnae esenn
ugninooudinzaniivisusriidonsninineg o
WS ugunudsns1aun Wangaugns1Ieeull
YSunuassemeaininuden Javilvddianuiou
g9 waznuInAIAsuauAsitveldeniaigandy
nzan denndesiuuiseneund [12] Ainuind

ASUBUAITRLUARNLaYNEA WA USREaY 24.9



RMUTP Research Journal Sciences and Technology, Vol. 19, No. 1 (2025) 187

way 22.1 @1sssivennusesay 46.4 uay 77.2
AU USunaianssuineveaLAiEnd 1t
wisnoutrndaegludiafosay 74.22-85.04 39
USinaansszmegaiuunliiufidianuieugaiae
iwuendatvemd ovinldidus undvilien
ATUBUANILAEAIALT U Y Aruniaians
STINYanaY LIUAEINUNUITERAREWNLUGDN
uzniradwon fwdanays wuhaiaiveunsih
vauUdenuasauiinanlaiiudosas 2248 uas
73.48 LagAMUTBUINAY 17.06 Lag 28.71 Lung
Ja/Alansu awaau (5] HAnNISANYINUINEUT
AR AU UIIRTEIUNE RS T YNBUE LT ALY
Loz 8901 NNEAT HAULA T URA A 9]

yuyunuldvaay [13]

3.2 Namﬁmﬁzﬁiﬂﬂazﬁﬂﬂ

Meseilavazduadunismissay
993 C, H, N, O, S wieldmaarudouainniswn
Tvif uazgnslnana fuanslunsai 2

gn51d9U O/C Lanadapnuiliaiesnin
(Stability) twsgwinntimenuadian 0/C aglutag
0.65-0.74 151 oviu1vlfid uau A1 O/C anas
wiaeagluyae 0.01-0.42 803518 H/C Uauenis
Anudunelsuu@n (Aromaticity) Ingiawignsig
vmeniirnlugaa1.52-1.67 uay fiaanauiiedu
a1u Imaaq’lu%’m 0.43-0.86 European Biochar
Certificate (EBC) Auualiensia@iu O/C wag H/C
Y9I81UTINN (Biochar) AsiiAaenin 0.4 Lag
0.7 puasiu [14] §eauil ndnantavuzngia
Yveuimdedaiirnsnunast EBC onunzansian
A1 O/C guiiunaan uay \maenanuEni
1033 min1wy3 launden waziudendanean i

AN H/C WiUne N15ARR9U899M518U O/C way

H/C fenany Linannsaatedlveslitanaly
sgnaanislatiuseuidard uufia
msuaulaoanles 1h waruiadu q lusewinems
wAng il makandudunszuiunisinislada
wuud1 (Slow Pyrolysis) & g T lunisie g
Tagvialuuszanas 400 ssmwaidea [15] uaynns
HARE1UIINUARNNENTII LazNTa1lens1Inae
LALHY 200 305 gamnfigeanog i 378 sam
Wwallua uaz 704 srniwaldea amd1sy [16] B9
awsaviiwaglad wediwaglaa wasdniu gn
govaarvlaniuniuieu lnsiwaglad waziad
waglaa gndesaaslfiifigumnd 315-400 o
Wwalgea way 220-315 seAngaifiea  AIuEIAU
dndniugosaaeldonniy Tneidatulalutag
gamnAfin1a (160-900 ssAwalToa) uhadiy
Tng#iAnainnisgosaaisivaglaa uay Lodl
waglad lawnasueuuauuenlad (CO) wag
Arsuaulaeanlad (CO,) muaIRU drun1Te o
aanvaniiu Wauialalasiau (Hy) wagdinu (CH,)
[17] AnAus auvesd niuey luya9 23.26-25.58
wngya/Alansy aeniineduganilsa
(Polysaccharide) 7 1A 1AL oYU 186 LNz A/
Alansu uagansann (Extractives) liA1AuTougs
i1 30 wngga/Alansy (18] lag Wang wag Sarkar
[19] s18ud Ui anwazngatusns 1T UTuna
waglad (Gewag 54-65) nniSunadaniiu (Fevay
30-42) lngngand uTunaueag laauinniiuden

a

ugN Lomeli-Ramirez et al. [20] g ndule
ugninseuiiuTunaaglaa desnidniu lauidl
AwviUToay 29.96 uay 35.46 A1UAINU GAT
Tuianavenauuzni i menutswazaurasuen
UsgAvsamnawnlundfld fadoimdediduium
lelasiaush Wownlnisialuanavesieh uas

Tanusaugeninla



a

188 2158153YINTITUAL I UNT. WTUAT A1V 1INeImIansuazinalulad Ui 19 aduil 1 (2568)

M3197 1 wadinsevinguansinedssinavesyiagudeiaiazauiindale

msanseilaeyszana (Sewazlaeuiviin) Aauay
- o NUBLR
YUAVDIIEN P Y . . (wnzya/
AU 191 #1552 ASUDUAIAN -
Alansu)
1. AwENEIU DU
1.1 Waenuzni1a
iﬁ‘lﬁﬁ 3.51+0.57 6.05+0.27 75.37+1.56 15.07+2.34 17.52+0.26
AYNIFAIAIIN 4.73+1.18 4.90+0.14 74.22+0.19 16.15+1.04 18.39+0.13 -
1.2 nzgauswin -
‘E"I“U‘lﬁ 7.13+0.20 1.64+0.27 85.04+1.33 6.19+1.44 19.70+1.33
AYNIFAIAIIN 6.44+0.13 2.01+0.24 81.81+4.27 9.74+1.21 20.48+0.16 -
1.3 nzagwan _
iﬁ‘(ﬁﬁ 2.43+0.87 6.76+0.46 80.17+2.48 10.64+2.91 17.38+0.14
AYNIFAIATY 1.17+0.31 7.16+0.16 78.60+0.63 13.07+0.74 17.44+0.68 -
INTFIUYDINAL! <810 <20 > 15 12.56
2. 814
2.1 Wasnuznia
Y3 1.56+1.22  10.18+1.06  25.94+1.65 56.27+2.49 24.53+0.38 QUGS
2.55+0.26 12.67+0.41 8.90+0.13 75.88+0.30 28.43+0.14 AU
AYNIAIATIY .
4.17+0.61 14.93+0.13 17.62+0.97 63.28+0.19 27.07+0.03 AURINRA
2.2 NTaNUTWI2
Y3 0.09+0.04  5.08+0.63 24.07£2.78 70.76+4.71 31.84+0.47 g6l
1.24+0.31 7.45+0.47 9.88+0.92 81.43+0.74 31.40+0.09  @ULBNGY
AYNIAIATIY .
3.5+0.75 6.67+1.28 15.51+0.87 74.32+2.24 31.25+0.14 2RV GHY
2.3 nzanan
Y3 2.35:0.40  20.24+0.29  19.84+0.43 57.57+0.53 20.14+0.25 g6l
2.4 WaanAnnzan
ﬁ’]‘lﬂﬁ 6.12+1.29 10.08+1.31 26.43+1.38 57.37+1.14 23.31+0.84 A1ULMNDT
1.97+0.22 11.48+0.46 7.89+0.90 78.66+1.33 28.76+0.55 A1ULMNH9
AYNIAIATIY .
3.31+0.08 13.04+2.28 14.73+0.88 68.92+1.56 28.54+0.99 AURINRY
UINTFIUEUBALIIS? <8 20.92
wnsgruaulfineda’ <10 <8 25 25.1
WAsFIUaILUTeEe? <8 <3 <8 29.29

RUBLUA 1ﬂsﬂs&muqmamﬂi§u [11] 2un%.238/2547 [13] 2unw 657/2547 [13] “Un 658/2547 [13]



RMUTP Research Journal Sciences and Technology, Vol. 19, No. 1 (2025) 189

M19199 2 KAATElagazidunveLAY AR LI TaRImRD e NI Ve

vilnvasTan mMseszilavazsiden (Sevazlaeiniin) dndaulua gasluana

C H N o S O/C  H/C

1 AEEWENALBULTRS
1.1 Waangwdn
WS 4558+0.73  6.13x027  0.30+0.04 41.83+097 0.07+001 069 161  CHyOpeNous

AYNIAIAT 45.93+0.09  5.89+0.04  0.36+0.02 42.88+0.07  0.04+0.01 0.7 154 CH;50069No 006

1.2 NZaNNZNE2
5993 48.13+0.13 627008  0.17+001 4374x020  0.05:001 068 156  CHsOpeNooos

aunsaAsIl  4891+0.15 6194004  026+001 4259+40.18  004+001 065 152  CH;5OpsNooss

1.3 nizganelan
5711‘14%‘ 43.46+0.13 6.05+0.08 0.52+0.02 43.13+0.15 0.08+0.02 0.74 1.67  CH;007aNoor

AYNIAIAT 44.32+0.09  598+0.06  0.66+0.02 41.82+0.13  0.06+0.01 0.71 1.62  CHy0071Noor

2. 61U

2.1 Wasnewin

w3 6560+4.60 471027  0.14+004 19.28+0.97 0094001 022 086  CHysOpsMNooor
MWMIAATIL 76684015  273:0.18  032:011 755012  005:001 007 083  CHoeOpoMNocs

7270+130  353:004  045:002  8.13x001  022+001  0.08 058  CHysOpoeNooos

2.2 nzanuznin
WS 7803+0.13 455005 050+002 11.65+0.15 0.15$002 011 070  CHyzeOo1:Noas
auvsasey  78.17+025 3204060  023:013  10.90+611 005001 01 049  CHyuOpNoa

8397+0.15  3.48+004  035:001  593+0.18  0.10+0.01 005 050  CHysOoosNooos

2.3 nzanudan

Y3 69.25+1.38  3.45:029  0.18+0.08  6.78x124  0.10x001 042  0.60  CHosOpeoNocoz

2.4 Waenhn

nean
Y3 76994505  4.95+045  0.30+0.16  7.59+548  0.09+001 007  0.77  CHy7Ooor Nooos
duvsasAT 84.32+0.85  3.35:0.12 0574001 022+090  005x003 001 048  CHouOoorNocoe

72.19+0.25  331+0.08  0.56+0.07 10.76£0.32  0.14+0.00  0.11 055  CHys50011 Nogos




190 21587153 INITUALTIY UNT.WIEUAT d191Inemansuazinalulad Ui 19 aduil 1 (2568)

3.3 miﬂizmmﬂ"}mw%'augemﬂ%'aga‘ﬁ
Wld

Kalivodovany et al. [21] td@s Un1sld
ToynaNMTIATIElAgazdeauldAuINIIAT
AUTBUGS (High Heating Value, HHV) ¥833311a
Tneldannissg o 593 28 @un1T WUINANAITVOS
Strache-Lant U 1924 (aun1571 4) Fesiaunsieann
Dulong uazaun15909 Grummel & Devis U 1933
(57l 5) MiAeuwsiuggeiian v uaye
Asinuazane [22] inageunisldtoyasinnis
AATenUTINunguansineUssanauaslagazden

wdwpmAnuTeugalagld 31 aun1s wudn

a

aun13ved Demirbas (1997) \luaunisiiafigalag
T N9AIAISUBUAIFILNAUIMAIENNST (6) WAy
714 3 @UN1S MIA1AINNNSAIUIULANAIGIINAIDS

ladiuSesay 5

HHV
=34.06C + 143.2H — 1.532+ 10.46S (4
C 0-3S§
=(1.552H +98.75) ?+H— —
(5)
=19.6FC +14.119 6)

lngft HHV feranudeu (ungga/Alansy) uay
C, H, O, S launarsesaslngtrminuesnsuoy

1alAsLau 20NTLAU Lardaasnuafy

PNNsITeYaLAYIEN e A
AndnlauArwiumanuiesugdagldaunisi
(@-6) lanadsgun 8

NANISANEINUIINITATUINAIAINUS DU
YBIAYULNS1INBAUNTI5YBS Demirbas TiA1Aw

' oA v a v a v
WANA19INANT RS U ReT dn (Fauay 12.0)

5998911A® Grummel & Devis (5p8ay 16.0) kag

Strache-Lant (Souag 22.3) MUa16U @1MsuaIu
PNLABIENE LA 0N TNARLE AnSeazYeIAIY
LANANALS BIRUET UL LA B U UL BInE SLey
UENS1I dANYINAUSe8ay 4.8, 8.1 way 8.1 310
Joyaninaaziiuladiaunis Demirbas §A21X
winnganlun1siulgUssunamuIuius i
AufouYRITInaNATaUIINLAYIENE A BT
1§ winsiurldasmngaufudemasauannnid
{osandUsumnudy wazansseivesn el
aunsaldIshaseinquansineUssunavilvigae

Usendnalgaenagiiataslaogiauin

f)
40
i
[
= 30
S
[
==
é
=2 20
= =" I- B
N
£ 10
=
=
[
=
0
wWaan AZAN neanailan
)
40

a/flansy)
(€3]
[w=]

2

Sou (19
[\S]
[e=]

ANAILS
[y
(=]

“II “I || I‘I

Wian  nean vzanawal wWisnfiangan

o

B Measured
Grummel & Devis

M Strache-Lant
Demirbas

JUT 8 ArpuseuenAvEnIIvRoTuaz Y

NnAnlANAIN IR WAZINENNITA 9]

) LAYUENS 1A V) U



RMUTP Research Journal Sciences and Technology, Vol. 19, No. 1 (2025) 191

3.4 HAIATICHLTDINAITINIADALNG LAz

1 = % ]
ATUYINTNDALLNY
AsFawiaUaanuzns1iiaiduldawmas
2178 BATAIUDABINIINALAUENS1IALNSINTT

ANNLAR ML

ya o =

WuIE130AgULad AU 9 dainu
MUY UAINTT 1.0 nTU/gaurAfigudiung J9d
Wtinn JUSnaANi 16 wazAAuSeusy

Tunausiveadands (15199 3)

A15197 3 AUURVRLYDLNAIINIALAL AT UTININDALNS

n) )

a

JUN 9 WWelndadauyie n) Weindswiniuden

UTWF1I V) HIUDABINIINNTAIULENI

A P Y AUDY A
. AT i #1952y B . o
Vg IGHY] G ANuTou Al
(nSwavu.  (Govarlaw (Gowarlaw (ewazlaw  (Jewazlee  (wnvga/  wAn3au
11.) uwidn)  uwiin) wwain) wwain) flan3u)
Walwdegua
Waenuzwim 0.39+0.01  8.53+0.18 5.07+0.46  76.26+1.10 18.67+1.59  20.04+0.59
mmgml,%al,wéﬂ* - 8-10 20 - 15 12.56
audauvie
nEaNENI ETU’U;% 0.86+0.03  2.61+0.29  5.11+£0.65 32.41+0.86 59.65+1.10 27.93+0.38  1.02+0.01
NEAUENE7
0.81+0.04  3.35£0.49  7.31+0.45 18.15+0.66 70.24+7.76  28.92+1.57  1.02+0.01
AYnIAATIL
UATFIUEUBAUTITH 8 20.93

“RIFIUNTUITIURAAIMNTIN [11] U INTFIUNEASTUNYUYUAUSAUTIY (UNY.238/2547) [13]

4. a3y

N13TAsIER ANy AN19A1uTaUYe
Wowdsdunannauznidmeundorianut
Waenugnd U MeuLT W wN s IR TgIY
Wounds drughuannzauzwithvewsunasi
wInsgIuausauviawazaulieiy nsudnanu
M maukaznin aianuiouldunnaneiy
Tnsunasiiinandminaunsasnsm eaifueu

AwLarA1ANSaUgINITminTvySiantey

nsUszurAInIusouglaeldaunisves
Dermibas Wﬂ'mamLLmﬂmwmmﬁqﬁasﬁqﬂ
warAwIlAINAIANS UBUAIALIsdr AdnluA1g
vranldidediouiuaunssu msidemassaui
Tneldudeudvsudadusavszau wanisin
Wasnuzndntmeuyyidud emdadunasn
WSlABATI LATEIUDALYIIAINNZAINENS 1T NI
narasgudemds viliAewansusilnuas

aseyarnNvauvEensle



a

192 2158153YINTITUAL I UNT. WTUAT A1V 1INeImIansuazinalulad Ui 19 aduil 1 (2568)

5. ARANISUUIZNA

1A59n153789 LA TUN U AL UIIN

q

@

ANNUANLATSUNSALASUINYFERS F8LaY

y7anssy (andl.) arelesvalasenns

D

FRB660073/0164 (LW 141U §8LA 9A15WaIUN

'
a

geEULAZATOUARUTIIDIUUTIUNTARUNLTIN Y

warasIIHANTENUAB YY)

6. LONA1591999

[1] Ratchaburi Provincial Hall, “Ratchaburi
Provincial Development Plan 2023-2027
(Revised version, Budget of year 2025),”
[Onlinel. Available:
https://rbpho.moph.go.th/upload-
file/doc/files/25122023-093716-6010.pdf.
[Accessed: Jul. 10, 2024].

[2] P. Saradhuldhat, M. Choorueng, S.

Abdullakasim, and L. Phavaphutanon,

“Macro-nutrient content in aromatic
coconut produce,” Khon Kaen Agriculture
Journal, vol. 42, suppl.3, pp. 192-197,
2014,

[3] A. Sukdaeng, N. Jaroonchon, K
Krisanapook, and W. Imsabai, “Study on
maturation stages of aromatic coconut
fruit within the same bunch,” Journal of
Agriculture Science and Management,
vol. 3, pp. 53-62, Sep.-Dec. 2020.

[4] N. Ardong, B. Uprasert, and B. Keowan,
“Extension needs of aromatic coconut
waste

management by farmers in

Damnoen Saduak Districe, Ratchaburi

Province,” in Proceeding of the 9th

National and the 7th International

Conference on Research and Innovation
Development for the Next Normal
Society: Transition from the New Normal,
Northeastern University, 2022, pp. 1174-
1185.

J.  Chotiratanasak, T. Vitidsant, N.
Chuenban, C. Chertchuwongtanakorn, P.
Yoosabai, and J. Natakaranakul, “A Study
on the carbonization of young coconut
husks waste using a smokeless charcoal
kiln,” Udon Thani Rajabhat University
Journal of Sciences and Technology, vol.
12, pp. 63-80, May-Aug. 2024.

W. Nunkong and K. Mekkaew, “Charcoal
briquettes from coconut coir,” Academic
Journal of Science and Technology
Dhonburi Rajabhat University, vol. 1, pp.
1-11, Jan.-Jun 2023.

N. Wichianphong, T. Juepanit, and P.
Miangkae, “Production of fuel pellets
from coconut coir dust mixed with

biomass wastes,” Pibulsongkram
Rajabhat University Journal of Science
and Technology, vol. 5, pp. 112-126, Sep.-
Dec. 2020.

ASTM, “Standard Practice for Proximate
Analysis of Coal and Coke,” [Online].
Available:
13r21e01.html. [Accessed: Dec. 20, 2024].

S. R Anggita, R. F.

https://store.astm.org/d3172-

Devarasalya, |.
Istikomah, and A. Bawono, “Utilization of
LDPE plastic waste, coconut shell and
coconut husk as basic material for

briquettes with tapioca starch


https://rbpho.moph.go.th/upload-file/doc/files/25122023-093716-6010.pdf
https://rbpho.moph.go.th/upload-file/doc/files/25122023-093716-6010.pdf

(11]

RMUTP Research Journal Sciences and Technology, Vol. 19, No. 1 (2025)

adhesive,” Jurnal Ilmu Fiska, vol. 15, no.
2, pp. 81-90. 2023.

C.  Kumpapai, N. Boonthanom, T.
Rodjananon, and J. Wongthanate, “The
Efficiency comparison of fuel briquettes
from agricultural wastes,” The Journal of
Industrial Technology, vol. 16, pp. 28-38,
Sep.-Dec. 2020.

Industrial

Department  of Works,

“Guidelines and criteria  for waste
properties for fuel briquette processing
and interlocking  blocks,”  [Online].
Available:
http://webintra.diw.go.th/iwmb/.
[Accessed: Jul. 15, 2024]

V. S. Morales Ill, J. C. Elauria, and M. M.
Elauria, “Carbonization of young coconut
(Cocosnucifera) wastes,” Journal of the
Japan Institute of Energy, wvol. 94,
pp.1120-1128, Oct. 2015.

Thai Industrial Standards Institute, “Thai
Community Product Standards,” [Online].
Available:
https://tcps.tisi.go.th/public/StandardList.
aspx. [Accessed: Jul. 15, 2024].

EBC  “European Biochar Certificate-
Guidelines for a sustainable production of
biochar, European Biochar Foundation
(EBC):  Arbaz, [Online].
Available:
standards.com/docs/e71c07d0d6cfel 767
107d54e743c90e2 version en 10 1.pdf.

[Accessed: Jul. 30, 2024].

Switzerland,”

https://www.carbon-

[15]

193

A. A. Rumaihi, M. Shahbaz, G. Mckay, H.
Mackey, and T. A. Ansari, “A review of
pyrolysis technologies and feedstock: A
blending approach for plastic and
biomass towards optimum biochar yield,”
Renewable and Sustainable Energy
Reviews, vol. 167, p.112715, Oct. 2022.

S.  Khawkomol, R. Neamchan, T.
Thongsamer, S.  Vinitnantharat, B.
Panpradit, P. Sohsalam, D. Werner, and W.
Mrozik, “Potential of biochar derived from
agricultural  residues for sustainable
management,” Sustainability, vol. 13, no.
15, p. 8147, 2021.

H. Yang, R. Yan, H. Chen, D. H. Lee and C.
Zheng, “Characteristics of hemicellulose,
cellulose and lignin pyrolysis,” Fuel, vol.
86, no. 12-13, pp. 1781-1788, Aug. 2007.
B. Esteves, U. Sen, and H. Pereira,
“Influence of chemical composition on
heating value of biomass: A review and
bibliometric analysis,” Energies, vol. 16,
no. 10, p. 4226, May. 2023.

Q. Wang and J. Sarkar, “Pyrolysis
behaviors of waste coconut shell and
husk biomasses,” International Journal of
Energy Production and Management,
vol.3, no.1, pp.34-43, 2018.

M. G. Lomeli-Ramirez, R. R. Anda, K
Satyanarayana, G. |. Bolzon de Muniz and
S. Iwakiri, S., “Comparative study of the
and brown

characteristics of green

coconut fibers for the development of


https://tcps.tisi.go.th/public/StandardList.aspx
https://tcps.tisi.go.th/public/StandardList.aspx

194

a

2158153YINTITUAL I UNT. WTUAT A1V 1INeImIansuazinalulad Ui 19 aduil 1 (2568)

green compoesites,” BioResources,
vol.13, no. 1, pp. 1637-1660, Feb. 2018.

M. Kalivodova, M. Balas, P. H. Milcak, M.
Lisy, J. Lachman, P. Kracik, P. Krizan and K.
Vejrazka, K., “The determination of higher
heating value by calculation based on

elemental analysis,” Paliva, vol. 13, pp. 8-

20, Mar. 2022.

[22] N. Srilek, P.Makarkard, W. Nunto, P.

Putthawan and S. Leckpool, “Proximate
analysis based higher heating value
correlation of biomass and biochar from
cacao husk and corncob,” Industrial
Technology Lampang Rajabhat University
Journal, vol. 15, no. 1, pp. 13-25, Jan.-Jun.
2022.



Tt 1 o (R & ¥ p = oo T Y-T ~ g fawfv-rau.-x. T, \ 4 r / % il
LTt = 0 i T o - ) ATk
1= e mfreRn h o kﬂ&, - — e \\.H%.Ar“ﬂhff.rl - i l \ AL
- 7 o . \ 1
i St " 4 T g e s \ . . .
= s rigle o of ﬂ uaﬁl% Ry 11T e ] -4 | | \
i __ t f y X £ i = . i k
= Sl £ .h._ ! -u £ - - e i | N
L o BTy 1 U. s < * - B, E S 1 © \ .
h. TR LN o .2 T - - ! R
o om= o = " 1 -
AT I o 1A ______ L il v [ 31 ¢ !
™ A o & o gt © 0l Y - o B oo A4 N i \
W b g i : % W - - A . 4 \
e oo - £ —-r = - —
: ¢ : 1 o D . iy o ' | “
&y '
i / 19! 3y \
s @ K/ i £
o= T 20 I o0 4 " __ \.\... \ W‘ o
-4 ! \ 4 0 X
il - | i .._,_ Y 4 _
il 3 | i e o _ ., Y A
| TR | A ¢ | 5 | N {
b ooy b, iy A\ A ﬁ\.
i \ i
4 | e Rk ! o — .Ea.wﬂialleu 3 ! )
: S sl T —— 1 q4 o
| ' [ . | > % !
Al - " ;u... oo, i f {
" hadl - \ i K
% g ) moeo o | i 4
o T :
£ e o 11
o { o ; i = . A
rea —— = £
f o PN, A # )
® oo - % w sl [ S . s
IR ST e i [t r PO Y T 1 i — ....ﬂ\.v
J . A H = E {
fou T oy clreo'ly g Peith & 1 u\ 7 = m \\\. f
P90 OROG 5O P il oo il = 2 - 7 7 —— k:
et > ] % it - o v T = | : -
- r ) L W_TE Jﬂ - ™o o
= Ik A . = |
& e e ek e = e - . § X
Mg e e - SR T + gl 1 ' iy
ﬂn.ur.l rap w, owp A L P Y F y

AlDOjou29) pUR S2USIDS
TYNYNOr HOYVISTY

—



https://ird.rmutp.ac.th/

	สายวิทย์ 1
	0__กองบรรณาธิการ เนื้อในวารสารฯ 
	1__สมบัติของภาชนะชีวภาพเคลือบพอลิแลกติกแอซิด
	2__ผลของสารไดบิวทิลทินและโมโนบิวทิลทิน
	3__การอัพไซเคิลขยะแผ่นฟิล์มจากโรงงาน
	4__พฤกษเคมีและฤทธิ์ต้านอนุมูลอิสระของตำรับยา
	5__การสกัดเพคตินจากเปลือกแคนตาลูปเหลือทิ้ง
	6__นวัตกรรมสีย้อมจากกากผักผลไม้
	7__ผลของการทดแทนน้ำตาลซูโครสด้วยน้ำตาลอิริทริทอล
	8__Depletion of Total Solar Ultraviolet (TUV)
	9__การออกแบบ สร้าง และประเมินสมรรถนะเครื่องย่อยกิ่งไม้
	10__ฤทธิ์ต้านอนุมูลอิสระ ฤทธิ์ยับยั้งแอลฟา-อะไมเลส
	11__การพัฒนาวิธีสำหรับการวิเคราะห์ปริมาณเหล็ก
	12__ผลของ pH เวลา และอุณหภูมิต่อปริมาณกรดแกมมา
	13__การกำจัดสีย้อมเมทิลีนบลูด้วยผงเปลือกงาขาว
	14__การคัดแยกราและยีสต์จากลูกแป้ง
	15__การเพิ่มประสิทธิภาพความแม่นยำในการจำแนก
	16__สมบัติของเชื้อเพลิงชีวมวลและถ่านจากเศษมะพร้าว
	สายวิทย์ 2



