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Abstract

This research aimed to investigate the biogas production from co-digestion of
pretreated spent ground coffee and cow manure in batch and fed-batch fermentation
processes at 35°C. The ratio of pretreated coffee grounds to cow manure was 4:1
representing 10% of the total solids solid material. The experimental results of the
batch fermentation process were showed that the carbon-to-nitrogen ratio (C:N ratio)
of coffee grounds with cow manure at 24:1 has maximum biogas yield of 44.50 milligram
per gram volatile solids (ml/g-VS). Therefore, this optimum C:N ratio (24:1) was used for
biogas production in a semi-batch fermentation process. However, when adding organic
substances to the system every 2 days, which was 3 times for 15 days, the maximum
biogas content was Type 1 (the maximum accumulated biogas was 38.00 ml/g-VS) and

the amount of methane and carbon dioxide were 20.12% and 6.47%.

Keywords: Biogas, Spent grounds coffee, Cow dung, Batch fermentation, Fed-batch

fermentation
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Aandon Woannmsianndsrudomamleada uaranmsUsosufaiFounszan (f5yd
uazAY, 2566) LAaTINN (biogas) Sudusnmadenvisivnauls Faudadinndufaiimu
(CHy) WWuseAUsznaundn Lﬂuwé’ﬂmuazammmamjﬂﬂLﬁuLﬁ??aLwﬁﬂﬁzjqéf:u nanlAN %S e
HanANNTould lngudadnu 1 gnuiaduns ansanawnuuiansdulauseunns 0.46
Alansu viendnlifilsuszana 2,09 Alataddodalus (suiaumdsnunauulazeysng
NRMNY NTENTINEWNY, 2561) dawaliannsaandlddrgluasaFeuld mmdauiainm
anansavhlsvansuvasingAuudmInanuiadinmaindauna (biomass) daduuvasingiv
fifisuaunn lnsangUsamalnodulssmmnuasnssudifngAumdenoneninnees
Uszinvidnluwaglaa (lignocellulose) Fadunguvesiinaiiiiosddsznoundn fe Lwaglaa
(cellulose) Lasliaglaa (hemicellulose) wagdinilu (lignin) W W1eU1 Fetilng vudey
s (360, 2555) BeingRumaniilasiadaiidudourhlinsgosaansvosauniaduly
lne1n FedndudesiinisuSuanin (pretreatment) Tngenaldignanil nenw wSedanm
WieTlazanunsatuldusslevilunisndnuiadanmle (Zheng et al, 2014) TneFauiadinam
msdSuanmaggnihunnindindvveadsaniadnd wu yai Lﬁaqmﬂﬁvﬁaﬁ;ﬁuw%éﬁmu
innfivnzausensedauiadinw Coro et al, 2013) mandauiatanmdesldnszuiums
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viinifleufadinmiwanuandnaiu uinuiauls fe nszuruminuuung Wumswsinfidang
Fadurastaslumminifissedadien wasuuuisnedumevindfinmsuafudunidaga
Fadufionzay Weantymnisavauesansdunidifinadensinuventegdunss
(Anfen wagaz, 2559) usnmileanianunailianmanunsnssuuds Tutlagtuian
ﬁLwﬁaﬁammmﬂqmammm wiu mnnun SadunieuvasingAviiinadla nudedndu
wdesiuildTuauien ludsamdlveiinisusloauasiid i nundatuand wa. 2560
117w 1,350 diu 1 1,415 u ud wa. 2564 Aadudos 2.9 uasduunliniigduluauan
(International Coffee Organization, 2022) G‘TiﬂumsmumsmﬁmmLLWﬁWL%ﬂgﬂﬂ?u%ﬁmﬂmLL‘V\I
widefiaduduumnn aadtlul wa. 2565 asiininniumindefisszan 290,000 Fusied
(efgnad, 2562) uenanninniunlazidudanamegnainnssuilmdefiswdadaiilasaaing
fidudeuiligndesaasseadunidldenn nmsuivanimazdieiisdszansamlunsusu
TassadiamaaiiuasmenenindwalfausailUldsslonifedudomadls way
sj"ammiﬂi%lﬂui’mqﬁué’?ﬂéfusl,umimﬁmt,tﬁa%amwlﬁ (U3 waeas, 2558; 9Mnsal way
WY, 2560; SHNTI, 2560; QIFNIA, 2562)

o
v v

aaludITe3vihmsAnnmsndauiadininainninniwniiiunsusuanns iy
misldyatienssunmliniuunzuaziuuiangieliiinUselevdaan venaniinisdinin
nuinlgUsglesdanunsativantymdwndon suisaan1siiddsmd@inaalssmne

wandundsnuldvaunudamaainneada nelidsrnuddunaziiuasdelulusuian

Waniun1sivy
1. MsinsgufagnINAULazLaTd

Audegranmnmul @nfruailnealed Smiasvy3) tlumnilunn Wy
a1 2-3 Ju udhinuaiieanualaensseusuezuss Tune 1-2 Safas 9
euilgaumail 105 ssrwaldea e 2 Falus iusheedldgawanaintauingslsiain
Mleseiesausenoumaadl loud Ysunauaglaa wiliwaglaa anfiu Jieseinis
Wasuwadlassasamaailneirios fourier transform infrared spectroscopy (FT-R) @nw1
InseasaneueniIendeanssABianasouLuudeIns1a (scanning electron microscope:
SEM) wazdnsaiumiveusislulasiay (CN ratio)

Aushegeyatuininlade (CD) @nAadnunnd wninedoinuasaans
Ingnntunauay Saminuasusy) dlumnuen una 2-3 fu sndudsnuadioassunn
IAuNIToUNIUATINTI YUIA 1-2 Tadwes vinslasizvesdusznaumandl lauwn Usunu
waglaa ediwaglaa Anflu Usinamasudeianun (total solid: TS) Uaanmmosudassinedts
(volatile solids: VS) Anw1lAsdas1an18uenAIend 099anssAuBIaNAToULUUADINTIA Way
Samamensvouselulasiou nndudvllummueiteain weldluduseusisly
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2. M3USUAINVININAUN

mMsUsuanmitewnioufegisnmnnunlagimand daudasnanisnsues
Tl warunIu (2560) Iaetininniunduau 1,000 nsu wiluasasangledeslansen
lagf (NaOH) ety 2 Twans Smsdau 1:10 Wedmindeusues Wuan 32 Falug
Mnudreaed auhdedaanudunsa-aadunans (rudunse-ane widu 7) uda
thlvsufigamgdl 105 ssmwaidea Wi 2 $alus imslinsizsiosduszneumaiadl
Toun Usinouwaglaa wlwaglad anfu Anwilassadunieuendendewanssmidianaseu
wuudesnsa uarliangimsuasuuadasaiamaadiaoeies FTR sndufuninniu
frunsUSuanm (pretreated coffee: PO) Blunausditnaiin el lutuneusely

3. n1sAnwIsHAALRATINMYBINNNUNTuMsUTUARIWS i UYaTalng

n1sudnuuune (batch fermentation)

mMsAnwINsanuAadanmvesnnnUNTik N sUTvan msmuyaalag
NMsnnkUUNE AAKUaIEn151191n35015904 Pilanee et al. (2011) lngimundngdu
msueusolulasiaufiuandsiufe 21:1 24:1 uaz 27:1 suddu Temsduninnu
frinumsuiuaninseyads (PGCD) wity a:1 Tnsiwin Ealufesas 10 vesU3uns
Favug) WuinduUTuneg 250 faddns uraagUouy vute 500 faddns Tuyeeunsal
msudaufatanw (awil 1) vhnslderndlusingurmlagldusalulasiau Yasegnen
fafidliigumgiives (35 ssriwaiion) \usrezina 15 Tu vidoaunitUSmuuiadiAaty
Agl ﬁwmiﬁ’uﬁﬂﬂ‘%mmuﬁaﬁLﬁmﬁuima‘i%'mﬂmuﬁﬁmﬂ 9 3 Tu Bpziaanudunin-ang
PN Uinaufafiietumetu Uanuuiaasan wazAuaITRNIINEA NYDITULINUAY
Tugavneveansndin

A1 —»

[

Afusiegls — <+—— ASYUBINAN

ol

duna
MANUA+aT <« 09

a ¢ a & A
2NN 1 YAYUATAUNITNARLNATININ
91: fawlasanninfien wazany (2559)
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4. msﬁnmmiwﬁml,ﬁa%amwmmnmlmﬁchun'liﬂ%'uamwi'mﬁ'uyja"'a"ﬂﬂa
mswinuuuRieng (fed-batch fermentation)
msmﬁmLLﬁ"ﬁ%amwmﬂmﬂmLLWi"mﬁwai’ﬂmﬂ%’ﬂivmumwﬁﬂquﬁmv ik
ﬂ’]iVlfﬂaENﬂa’]EJﬂ‘Uﬂ’]iNEﬂ(5]LLﬂﬁ‘U?ﬂ’]WT(ﬂEﬂ"Uﬂ‘J”U’Jumi‘wmﬂLLU‘Uﬂ‘“ Immmmmamwmuﬁum
msuaunalulnsia L‘VI’]ﬂ‘U 24:1 ummumiawsaLmi‘vwmmmmmu 2 WUU fo wuuil 1
Wy 2 T 91 2 a¥s uazuuuil 2 Wy 3 T 91 2 ads Tnednsraaunmnnundisu
msvsuanndeyats ulauasdurididnsuundiuan 12:3 Tetmdn uwaniuadaay 4:1
Taeuidn Budilussuuuuudt 1 was 2 mudieu shstuiinudaiietulee3snsunui
hmntu Sinsgianmnudunsn-ang gaungil USnauAaiifedunetu Usinaufaaya
Aipsziesrusznevtesianiewnsosufialasulnnsndl (gas chromatography: GC) (B
Shimadzu u 8A, Japan) tuf wiaiivuuazuiaaisueulaeenled (CO,) wazamanyuy
maeilvasiuusnias Jugaievesnsuin
5. NMSAATIZA
MyleTzimesrUszneumaaiivesmnn ik unsUSukaziaun1sUSu
anmuazyain 1nenauUamNINIeNI5es Horwitz (1980) Airszaidinameudatmun
Yinaweadsssivedie Usinamewdsuaiuase (suspended soilds: SS) A1@leR (chemical
oxygen demand: COD) msinswviUsinailulasiauiionmn Tnegaudasannismsvesiudy
(2551) M5IATIERUTIUAISUBY LnunauUasa1nisn1sues Walkley and Black (1934)
mMylesiesruszneuveswia liun Usinausadmuuazuiansvaulaeanlss dewses
uwhalasuninns il nsinsearanadunsa-ae Tneind aeindranudunse-ane (pH
meter) N153AT1ZNE NUAULIATIASNABUDNIUNA BITANTIAUBLANATOULUUADINTIA Uaz
rsginsasunlasiaseadrmaniilnendes FT-R Ingawnuluyisanueaay 4,000-
600 WwuRlnT ' Wiguiiguiu Avicel (waglaannenisan)
6. NSAATIZHNIEDA
Sunerlumvouaznamsneaeniviae 3 91 JesiziauuUsUsau (one-
way ANOVA) wazilSsusisuanuusnsnsvesanadelnglddd Duncan's multiple range test
(DMRT) fisesuanaudetiudosas 95 (o < 0.05)

NaN1339Y
1. wanshnwaadnuazmaafifosfurasinnunuazyada

mnnunduingAviiiviinumaglaareudsuiuiinaeiivaglaag o
deufuTanuwdefiamenmainuasUszinndy 4 Tasnsuivanimazdieidadniudedauds
Ivieruvisewdeulasiaiaveasaglaauasiafiwaglaa anfdudndumiiounisdosiulyly
Qaunidiinlugesanmemaglaauaziefiwaglaa viliieulusiaunsaddeingavlidsdu
(Swwa, 2558) anwanfinu e zidiinuesddszneumaeadl laun iwaglad eilwaglad
wazdndy maamﬂmLW\lwlmmums‘dsuamwLLaymumsU'ﬁuam‘wu,a.uuam NN 1
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wuinsaglaalinafinUiiaduaniosay 3.50 Wufesar 7.48 drudniuliviuaanasn
Yovay 38.15 Judesas 17.37 uenanilosrdsvnaudu q W @1susznevedunid wu ¥
fisinaanasniosay 49.65 Wufeeay 20.50 uandbiiiuinnisusuanmiagansazalenig
dwasislassainsvasiegnsiaresdusenoumanillnalanzivaglaauwavaniiu denndeiu
NUATEI09AIITIN (2561) wasmiingrognelvdevdamsusuanmandusesay 7558
duyahiiviinaiseglaawiniuiesay 2.16 GeaenndosiuteyavesenavnisugiuTanm
(2561) Ananliiyahdndvaivsinasaglaaoglutasdosas 1.60-4.40

[y

A15199 1 aqﬁﬂisﬂaumqmﬁmaqmﬂmLLWﬁI@JmuLLazr;humsﬂ%’uamwuasgﬂan

asAUsENaUMALAT n1ANuw wadq
(3oeazlngtiwtin) Tidunsusuann  lrunisusuanIw
L"aniaﬂ 3.50+0.08 7.48+0.24 2.16+0.04
welivwaglad 29.48+0.44 33.87+0.27 30.01+0.05
aniluy 38.15+0.45 17.37+0.15 15.92+0.15
3u 9 4dh) 49.65+0.21 20.50+0.42 51.90+0.10
dtininde 100.00:£0.00 75.58+0.11

MW - ToyauaniAiafe £ d1ulouuuiInggIu (mean+SD)

uenanilfeaonadostumsAnyinadsunlasdnuuslasaiienisuen
vinasiufiimesmnniulasndesndenanssmididnaseunuudensin Wisuifisussuing
MU ik sUFuanm (il 2 n) uaznnnuiiiumsUuanm (Mwd 2 )
wuhmnnufiriunsusvanmiiuiindudauas snsuraluadu Ssdmalmidslona
Tunstesaneventodunid Jsaonedostumuisevesiona (2558) nanrinnisusuanm
Feasarasluideslansonled (NaOH) asfimnubugnguifisanniy Wessnmstdadud
Lidusufovvesdniuazietiwaglaseenty WewSouifisuiusessiilsisinunsuiuanm

F—— 100 pm F—— 100 pm

dl o v a 451 ‘ﬂlﬁ 4‘ o U 1 dl T
A 2 dnwaelAsIEs19NEUBNUS AN UNRIVBININNWNARIS ey 1,000 win Ak
MSUSUANTN (N) wagPRILNSUSUENN (3)
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nsansAnuINsasuuUasassaimaaiivesmaniundeiries FT-IR
Tnefnulassainaaivesasuszneuduridfonisgandundudsd@duniise WeRaisan
1AW 3 wuindnwazvesiiaiiusingdwuneenld 3 ¥amdn q auvyHadduiidu
dauuszneuveswaglaa iefiwaglaa wazdniu Tnevaaavadu 2,922-2,923 wufiuns
LAAINITE UVD aliphatic-CHx q’faﬂu%iaﬁ%’mmaqwaqha 19avPa U 1,638-1,743
wudluns ! wanany C=0 uansliiunisivd suudadlassaiwoseiiwaglas wazdag
ANNENIAGY 1,010-1,029 LwuAluns’ uanIn1sduvesmy C-O-C u arty-alkyl ether vos
andu WeRtnsanamuisuudassening FT-R spectrum oI leun15USU
anmAunINNUI AU van s ansazansledenlansenles uay Avicel nuin
W erunisuvanwsieasazansluifeslensenled vilviiuTunavesdniuanas dau
U%mzwuamaﬁLszjaqiaauamaqiamﬁu%u Fsaonadasiunuifevesdtissa (2561) finuin
asavanelaisulansenleninadolassaiiamaniivesdniuiidadulsnaeag laa
fuwildudfintu dwalinmsthiegsusnvanliusegloaiiiumsusuanwluliUssTond
IFegnedidnanmanniy

100

WU
O O
(@) (6]

q

o8]
&,

I9YATNIING]
[ee
(@}

75 aliphatic-CHx (n)
EY
70 C-0-C ()
()
65
60
600 1,100 1,600 2,100 2,600 3,100 3,600

429A2°U817A8Y (FURUAT )

A 3 FT-IR spectrum va3n A iiisinunsusuanin Avicel (lwaglaanianisan) (n)
nmnnuiliiunsUTuanin () wazninnunikiunsuTuanin ()
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uenndanmslieneidnuuryaaiidesiuresninniuw #liiunsu sy
anmmuagiuNIUTUanmazyaty (M519i 2) nudiludruvesninniuniiaianudy
n3n-Ansanasain 9.25 1u 7.80 dufuuiinamesudeimuniuiinuanasain 866.67
fad8nsroniu fu 765.48 Saddnarensu warUSuuvoudsumedeiviinadiutuan
489.72 fiadAnastensu u 550.06 fadAnssonsu wiuldinmsuivaniniudsuadons
Wisuwamesnainuuzdesiumaeivesninnun esnasavaslnfeslensenlys
vinlilaseasaud sundasluilarsdunidunsauluninniuanas udanansaiiiy
psAUszneUvesUTInave sl ssmedeiiansmiluldlunsnan ufadanmiazasusy
anédmatensinuveadogdunigliitennty lidunounsudaufaiaduld
unTuguiy [afen wasang, 2559) luvneiiyatiiviinavewdaiomawinty 64.19
fadansreniu uazUiinavosdeszmeieminiu 1333 Saddnsdonsu WewTeuifeudu
nuATevesgInTal waruiu (2560) fUuvewdsimuanarUinameudsszimedng
fAosndt eilidosnnyatildduyatuiediiiunmsgosaansanudwhlfusunuves
msBuvdluyaildonsazusnisanyaiian uazmsduiegisnanunasiiuanediy

M13299 2 AasdnwusnaaiiiUewiuvasnINnundldiuiaziunsUTvan ey

anwaenaall n1nnuw yada
Taisinu N1Y
msdsvan i msUsuanIw
Andunsa-Ag 9.25+0.28 7.80+0.12 8.25+0.15
USinauveaudassvedne (adanssensy) 489.72+1.37 550.46+1.26  13.33+1.18
Usinaesudaimun Gadansdensa) 886.67+1.82 765.48+3.02  64.19+1.06

MNEWe): - ToyauaniAiafe £ d1ulenuuinggiu (mean+SD)

2. wamsAnwINMIHAALRETIA YR INMNNUWIUNsUFUAR W uAUYas
Tngn1sudnuuung
NNMsANIMIKERRAETINNIINAINNUNTR LM sUF VAN MmUY a T
wuifluszesin 3 fuusn Yinawdaiiietunefuluualdufinty Taedasdamuninniu
fiiunsusuaninseyataifisnind 24:1 TUSauiadinimgeaawintu 44.50 Tadans
Aonsy vaeldesyiviedny q’?’aawasﬂmﬁmmag%‘lmﬁLué’ﬁa (acidogenesis) uazi3uanas
iosnitgaraumiludiuda (methanogenesis) gamuAntaTudl 6 duultunsnds
sty uandvidiuimansinganfureamaniundauiuyataasnsadiuuszans nwlunis
wanufatanmle Weisuiunsldyatufissesafeaznnniuniiiunisuiuanmn
iesandnsnauyatiiviimindmdouduuvasgdunid uas snduvesaiveude
ulasauwiiiu 26:1 Afan Felndiesiunuideves Kim et al. (2017) dwalituneunis
Hannluddanialdeg1singa
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A15199 3 USUauuAafin nasaue s Avedvaan NN 1N 15UTvan sy adan
FasrdruvasmsuausalulpsiaunwanasTulun ssinuuung Wusseznan 15 Ju

ansdIuvasnsuaunalulasauy USinauiadanwazau
(agviwin) (HadansAansy vaudessivedng)
AMnNWINTIRILNTUSUANTN (21:1) 28.08+2.58°
ATk UANTW (24:1) 35.10+2.31°
ATk uANsUSUanN (27:1) 28.75+0.43"
yat (21:1) 35.50+1.19°
Samaumnmuniiunsuuanmsoyata (21:1) 36.00+0.29°
SamaunnmuniiunsuSuanmsoyats (24:1) 44.50+1.53"
Samawnnmuniiunsusuanmsiogath (27:1) 39.50+1.32°

W) - a b waz ¢ WWuAsadifissduanuiieduiesas 95 (p < 0.05)
- Toyauansrnade + dudeauusnsgiu (mean=SD)

9NA1T197 3 wansinuuAatiniwaranszniayanIUAL (LUUNE) uas
é’mwa’aumﬂmLLWﬁmumsﬂ%’uamwdagai’a fismsdmrasasvousohlasauiiunndneiu
1oy é’mm’aumﬂmLLWﬁmumiU%’UamWia:gai”;ﬁé’mwd’mﬁuaam%vawialuimmuwhﬁ’u
26:1 WBnaufatinwazaugsiigawinfiu 44.50 fadamseensy vowdsszimeis wnnsis
fusgsiifivddnymaeada (o < 0.05) WewSeuiflsuiuynauauusazdndu 1neny
N15398983 Kim et al. (2017) na1111A19051d21UY09A5 Uoua olulnsiauveninniwm
fvinfu 23:1 Wueivnzasdenmsnanuiadiam uwasdutisiimnzean fo egluraswes
20-30 (Yen and Brune, 2007) 81eA8ns1durasn1suausetulasiauganuuafiiselungy
Wl (methanogen) agldlulnsiaununeenesindadmalinmsadauias Tumanduiu
feasdiuvesmnsvausslulnsiausinn 9 swililulasuiinfuluseslmesudy
worlulle dwalirnanuiunsn-siegaini 8.50 wazluiuieuuafi3efindndivld

mMaasunladnungmaeiluiunsnuas Sugevnevessianufaanim ain
My & nuwsiasdnsduiivsinumsduradiiunnmetu Tnetsinarewd vimunuas
voudsspmsielutuusnvessruvaeduwiliudingedu Ssaenedestunuitevosianie
wazAe (2558) findrimviuuunsdunsindidmadstaglunsindssedaden
Fafud eszeznanluuiiaasdunse (usuavewdsemedie) avanas ez
Qawiddenampansduridediwiaiiios lnsanmmmeaesinarndaueudsimunng
Tugaeseway 7.95-17.50 mafdausunaveadssenediseglutniosas 16.84-48.50 dau
Frgaugiiunsfine wuiteglugan 32-35 esmwadea uazAnudunsn-ae oglug
6-7 aonndoariuAnfAen wavan (2559) Ins1ziumlulunusogamgiifinvs oganniAuly
Imamiv‘f'muﬁuaaszuuﬁyﬁ]zaqsluﬁd'aat,uhiﬂSﬂ (mesophilic period) (Useu1ay 20-45 8367
\waLTeE) LLaxmmmﬂuﬂim—mqﬁmmxazﬂummﬁmﬁa?nmwﬁ?uﬂai%a&ﬂmm 6.8-7.2
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M13199 4 nMswdsunlasdnuaemaniluiuusnuag Tugainevean sHanuiagianInein
nnnumduyaidlaenisvdnuuung ludeasdiuvesmsveusslulasiaud
wansineriuly Jun 0 wartuil 15

dnTIEUVDY anwauznaad fudi 0 Fudi 15 fouaz
msuaumalulasiay (adanssaniu) gk
(agviwiin) 13

gai’a (21:1) “LJ%EJ']QJ‘UENLL%W?GMM@ 526.18+0.01 484.37+1.59 7.95
USinauwaaudesemedis 330.17+1.59  274.57+0.78 16.84

yan (24:1) Usinamesudeionun  564.46:0.87 513.49:0.89  9.03
USunauveandesewiedny  327.15+0.01  255.17+0.36  22.00

yad (27:1) Usinamesudeisuun  550.78+1.69  500.22¢1.89  9.18
USinauvendesewiedny  362.46+2.89  286.27+2.69 21.02

yadl (21:1) Usinasweaudartav 300.13+0.36  275.89+1.98 8.08
USinauwesudeseinedny 60.48+1.89 46.47+5.69 23.16

Snsdmninnuiisn Vinawewdaiovue  600.14+1.91 548.48:4.32 861
madfuanmdeyas (21:1) Usuavesleseviedie 331.47+0.89  248.47+1.58 25.04
Snsnauninnuniieinu Vsinawewdafavan  663.27+0.01  547.24269  17.50
nsUsuanmsieya®s (24:1) Usinawesudesziviedts  434.58+1.58  223.79+1.01 48.50
Sasndmninnuniisag Usinaweaudaavan  598.38+0.96  545.35:0.80  8.86
msusuaniwsieyas (27:1) Usinavewdesuiviedis  343.45+0.23  249.18+1.55 27.45

Mewe: - YeyauaniAiafy = d§1uleuuunnggu (meanSD)

3. nansAnwINsHAALRETIN VBN INAUTIRIUNsUSUAN WS AL UYA T
Tasnnswsinuuuiens
NNMsAnMsKERLAETINNIINAINNUNTR M sUS VAN S AUy a T
Tunszurumawiinuuuiiong Taelddandruvesmsveuselulnsiouilivengauainnsng
mMsnAsuAaTanmuesMAnuikIuMsUuan st uyalasmeiuuungvidy 24:1
yhmsAnmgUMUUMBANaN B unFEuandaiy 2 wuu fie maninuuuAeng wuud 1 1
fufl 2 waw 4 uazuUUT 2 FTudl 3 uay 6 NN 4 wuihmsrEauiatsaeauuuILiAn
USmaufatanmilugag 7 fuusn anduasisuanasuesasiicouniud 12 Taevtsaeauuy
wiivsinaufatinmiluuilfuduty Wesmnnnawdmniifimsuaiuansdunidasly
Tuszuudsilvadwnidannsadesaaeansdunidlfizos 9 uazudsanmduufadmuls
Turaigdi maduansdunddidig ssuuminifissadafion (wung) shliqauniddesaas
ansduvEduazuUsanmduuiaiinuldflutuen venandansownsdisiadennusionis
YosduvEddsnaneUsAnsamlunmsndauiatinmilanas lnenudn wuudl 1 ansnsondn
wialdanindsdemalindauiadinnlasniy
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(
0

N
— — o~ s
RSO N (= W (O | sz 1
S RS
cy &1 &9 aé 1
ag } @ I ag I - I ( )
D © = = N o~ —l— nAuAu (hUuUng
? ! : a : ~ : s : ‘ :
=z = W 'UEI NS | ) i - o
N 21 =1 =} s | —h—  wuuneng (WUUR 1)
& S0 S S .
S B O - H i i 4 o
= .z ' I —§— LUUNINE (LUUN 2)
zg i
p g o i
C @ < " I
T '
G (o3 1
C O H
1
=2 & i
e -8 |
C o N i
3 = |
e (G 1
P (@ 1
G 1
3 g
T

(@]
[
N
W
iiny
[6,]
(@)Y

7 8 9 10 11 12 13 14 15
szgzLan (1)

awi 4 YSinaunmsudauiadinmseuilifiatureaninnuniiiunisusuannsauivya
Tlpgmsuminuuuiangfsnsidiunsiiuansdunss 9 Wusseziian 15 Tu

Usnamandnuiadanmazauildifdonisuisussninayeaiugu (Wuung)
warMIMETLUUASNE (WUUT 1 wagiuudl 2) nuingamugy Wuung) duTanaufadanm
arauyiniu 47.65 Jadansreniu vesudsssmvedts dauuanatsiuegsidedAymeada
Twrngdinsdnuuuiang woud 1 Suuldunssdautatinwaradldfndt woudl 2 G
Uunauiatinwazauwindu 38.00 Saddansreniy vosdeszsvieds Loy 27.67 daaansse
n3u vesudsszimedne muddu WeRtansanvsunaufaiimuwasufansveulaoanled
fiintu wudigamuay uung) wegnavsinisng wuudl 1 TS inaufadivula fiaanw
upnAiuegNlsdAYNadAvIAUTeaz 18.40 waz 20.12 laaUsuias muaiau @i
USunadamsueulasenled wuiiganiuau uung) denuuandeiueg19ideddgmng
adfnintusosay 22.80 TnaUBinns fwnnedl 5 Jinmsnmeass nuisinareufadivy
mlmmmmmmaLUiaumsJUﬂummqwg (iaaau 50-70) Geo1aaziithidenainviateanie
iy LmammwmLﬂmumﬁmUEJauammumawmmmﬂaumam Seensifintuneulunisida
atuielriidaduvoufaiivmudfiady wu mﬂ%m@mmwmu (Mamun and Tori, 2017)
uaﬂmﬂﬁawLﬁmmﬂizwmimﬁﬂﬁLﬂulﬂa&mhiawﬁaj dnssumuszuuiiioninduneu
msifumetna ez msitaamiindafriuutuiinademsniunasdssasonistosaane
ansdunidlaeasaililiufadmudoudnei (Guwa, 2558)
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5197 5 USunaudadinmasauiiiadulasasnusenauvakiadinnluiunivsunawia
ndugegaveaninniunidunsuSuanmswiuyaidlagnmdnuuuiang
NonsdveIsususalulasauwinay 24:1 Wuszeznal 15 Tu

NSWAR Usunauufadannasey fouazlngUsung
uhadanan (adansronsu uwhadimu  uldamnsvaulaeanlyn
Yaudeszvedng)
YAAIUAL (Luung) 47.65+12.33% 18.40+1.13° 22.80+2.30°
wuuAang wuud 1 38.00+9.30” 20.12+0.94° 6.47+0.71°
WUURINE WUUTi 2 27.67+6.82° 9.75+0.51° 4.10+0.47°

e - a b uaz ¢ WuAmsadfissduannudesiusesas 95 (p < 0.05)
- JoyauansAiady + daudetuuiinggiu (mean=SD)

nansiasundasdnuagmaeiluiunsnuaz Sugavnevesnmandauadann
MnmamunsAuyailaemsinuuuiane isnsduvesmsveuselulnsiouwindy 24:1
WUIYAAIUAN (LUUNY) LATWUUA N WUUdl 1 wazuuudl 2 lufugavinefiusinaves
uiaianuanazresudsszvediofianamintuusn deenfsmnuansalunisgosaais
asduridveadeqdunid e maninuuuisneifesaznisidnves Usinmmesudwionn
ogflutng 1297-20.70 uagdosarmsidmBinavesudessimeins oglutag 41.97-53.12 3
wuuil 1 f¥esazmsiidnunndige fwns1e 6 uazgamgiinaonszaznainsHAnLiadInm
WAvegi 34 ownwadea dseglutiileflanlursgumgliiuanzaudmiunaeiaivle
vouueiisy warlidanudunsa-ansedlugas 5.0-6.0

5197 6 HaNSALULUAIE NWaELAT W IULS LAY TUAANNEVBINSHARLAATINININN

nnnunsuduyadlaenisuinuuuiang Adnmdiuvesmsveusslulasiau

WinAu 24:1
ANSHEARN dAnwazniaad Sufi 0 Sufi 15 foway
whgdann (Radanssansy) A15A4AA

YAAIUAN (HUUNE) USinaumesuderinun 779.17+1.25  647.53+0.69 16.89
USinauveaudesesivedny  434.58+7.95  238.19+1.77 46.34

WUURenE wuuit 1 Usinaweudeiavam  589.1541.98  677.24¢085  20.70
USinouveaudeseivedny  434.52+¢0.58 20371541  53.12

wuuRanzuuuil 2 Usinamewdeiaium  559.82+2.01  487.2¢185  12.97
U%NWW‘U@QLL%Q?SL‘MENIWEJ 454.58+0.92 263.79+0.01 41.97

MW - ToyauansAiafy + d1lsuuuNInggIu (mean+SD)



NIANTIVY) WINYIFUTVAUATATETININY 13

N158AUTIENANTINY
MsAnwINsHanLAaTINMAINIINNUIR R LU VAR s U Tdaiae
nsrUILMITNUUUNELAzLULA9ng wudinmnnuilidudnanisgeavnssumd ef ofi &
Tassafrsidudouriligneesanesegaunadidenn annanmsideuandiifiuinnisuiu
anmdeiiuuszans mmlunnivldusslenivanaaiuazmmanenwadwaliananse
inlUl§uselondifefudomdwaringAudafulunissdaufataniwls (sfnssas, 2560;
afgnad, 2562) usviaiiluduveamsnissanuiatinm nuivsinaveudadivudladeie
lonBsuifisunamaui] Gevaz 50-70) Fso19azitadeunannatsanvn Wy uiadinmi
Anduorans s‘]’dﬁé’mdauﬁuaamm%uﬁawﬁwm ﬁam3Lﬁm%umau1umiﬁwaﬁ’mmmgﬁywﬁdﬁ)?ﬁ
dnduvesufadimuiindy wu mﬂsummmﬂmu (Mamun and Tori, 2017) 8nvise1aiAn
nsguunviindsslaianysal iesndunouniafufegislinsed masaftuvestan
windmesiensgosamemsBuvo IR Eu el iureuiaeh (3¥wa, 2558)

d3Unan13ITY

MsUsuanmnnnuAsunsHaRLAaT I ez AN s maesTagAulunng
inlUldndauda omniinisdsuulasnmanifnmnaniiagmmenm dealing
yurend e dunidineinniu duilumssdaufadanimmuifluannensminuuung
fsmiduvesnnfueudelulasauwindy 24:1 Wusandwivnzan Tnedlohlundnuia
P wuhluanmgmsmlinuuungazlvivsnauiadinmasaugeganiniu 44.50 Tadans
Aonsu vosdiszmede dusunauialvuiesay 18.40 uazUSunauiansueulasenled
Yovar 22.80 dndluaniizmaviinuuuiiang Tnsnisfvansdunidnn 2 Tu iunan 2 ads
wuuit 1) liSinaufadanmazangeanvindy 38.00 faddnsdoniy voudsszimedie
fvsnaudatinudesay 20.12 uasUSunauiansueaulaeanleniosas 6.47 91nnan1sfiny)
wamdlsiifiuinnnnuniiiiunsusuanmswduyaiddnenmlunswanuiadanm lag
anunsolF eI mavinuuneiasuuL g edvniinisAnvifuduiannsodudn
wwmavdl dlumsliiduuns sTagAviianmnsai ludesendundsnunaunudoma win
WoaTaseolUluaunan

AnfnssuUszNIA
nuideilldsunsaivayuuidenndngasinermansiinm aedyinerenans
ANEAAUAANILATANGIFNENS UNINYIRUNEATANARNT INSUUAN NI
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The Study of Compression Process and Mechanical Properties of

Food Containers from Coconut Shell Fiber
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AENARY: NIEUIUNIEATLETY ArurUsIRes WulaiFenuening
Abstract

The objectives of this research were to study the production of the food
package made of coconut husk fiber and properties of the food package made of
coconut husk fiber. Factors in the study were hot compression molding with two
levels of temperature, 150 and 170 degrees Celsius and three levels of time required
in the hot compression molding process, namely, 4, 6, and 8 minutes at 1,000-2,000
pound-force per square inch. Mechanical properties were measured, which included
the maximum average compressive strength of the top view, the maximum average
compressive strength of the side view, the maximum average tensile strength, and
water absorption. The test results indicated that the maximum average compressive
strength of the top view and side view was 1.90 and 2.58 mega Pascal (MPa) at 150
degrees Celsius. The time required for the hot compression molding was 8 minutes,
and the maximum tensile strength of the was 2.48 MPa at 150 degrees Celsius. The
time required for the hot compression molding was 8 minutes, and water absorption
was 14 minutes 60 seconds at 170 degrees Celsius. The time required for the hot
compression molding was 8 minutes. Therefore, the appropriate status for the hot
compression molding process of the food package made of coconut husk fiber was
150 degrees Celsius for 8 minutes as the package had an overall smooth texture and
was strong. Its natural color can be maintained with good mechanical properties.
According to the survey on satisfaction with the food package made of coconut husk

fiber, it was found that the mean satisfaction score was 3.19, at a moderate level.
Keywords: Compression process, Food containers, Coconut shell fiber
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Abstract

The research aimed to study the effects of container wall friction on the vertical
vibrating convection pattern for granular materials. The both cylindrical particles of sizes
used were diameter 6 millimeters (mm), length 6 centimeters (cm), at 460 particles and
diameter 12 mm, length 6 cm, at 115 particles, respectively, which were randomly and
layered placed inside rectangular containers with different wall friction such as acrylic,
foil, velvet, and No. 400 sandpaper. The granular materials were vertically vibrated with
the amplitude of 5 mm, the frequency of 12.21 Hertz (Hz) and dimensionless acceleration
of 3. The results revealed that the granular materials were on granular media. After that
the granular materials slowly moved to the side, center and top of the containers again.
The movement in one cycle is called “ convection”. The materials on the left moved
sideways in anticlockwise direction and those on the right moved sideways in the
clockwise direction. In case of friction coefficient between granular materials and wall
being 0.790 and 0.825, the granular materials could move fast causing kinetic energy.
When the friction coefficient between granular materials and wall is 0.376 and 0.432,
the materials would move to the side and were unable to move to the center. Their
movement was static, or they hardly moved due to low friction coefficient between
granular materials and wall, making the materials moved slowly and yielding low kinetic

energy.
Keywords: Granular material, Convection, Coefficient of friction, Vertical vibration
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The Study of In vitro Phagocytic Activity of Soybean Meal Fermented
with Bacillus subtilis TISTR 2664
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v AdeiauseiionsinWldussleniiduasia uguninuasiinyaniniuasugie
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AdAgY: Nndwdesiin Bacillus subtilis Aanssuwlnledn wWulne
Abstract

This study aimed to investigate the components and activity of bioactive
peptides derived from Bacillus subtilis TISTR 2664 fermentation of soybean meal to
stimulate phagocytosis. Soybean meal obtained from a soybean oil factory was used as
a raw material for fermentation. It contained 44.65% protein, 1.28% oil, 5.54% dietary
fiber, 12.08% moisture and 6.40% ash. When fermented with B. subtilis TISTR2664 and
examined by SDS-PAGE, most of the protein size remained in the range of 5-29 kilo Dalton
(kDa). The 8,981 types of peptides in the fermented soybean meal were investigated
by Liquid Chromatography-Mass Spectrometry (LC-Q-TOF-MS/MS). Ten biologically
active peptides having the following properties were predicted: anticancer, antifungal,
antihypertensive antimicrobial antiparasitic anti-inflanlnmatory antivirus cell cornmunication,
drug delivery, and tumor homing. Interestingly, the peptides with antihypertensive
properties were found in the highest amounts. The results of this prediction will be
useful for planning for further laboratory trials of the peptide derived from fermented
soybean meal to lead to its utilization. A preliminary laboratory investigation into the
toxicity of fermented soybean meal on RAW264.7 mouse macrophages was performed
using the MTT assay. No cytotoxicity was observed at less than or equal to 25 milligrams
per milliliters (mg/ml), with more than 70% viability of RAW264.7 cells. Moreover,
sample concentrations ranging from 3.13 to 25 mg/ml were investigated. The results
showed that at a 12.5% concentration, the highest phagocytic activity was induced at
93.27+0.50%, which was significantly higher than that of the positive control (p < 0.01).
Nitric oxide production at 48.53+0.35 micromolar (UM) was non-significantly different
from the positive control at all tested sample concentrations. The result of this study
can be used as a suideline for fermented soybean meal research in immune stimulation

for further development as a health supplement or as an added economic value.

Keywords: Fermented soybean meal, Bacillus subtilis, Phagocytic activity, Peptides
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Hagtumsuilnanansusionsandamdesiunliufiuniniy Ussneutunis
fiawantasienaganududsaliiondnsusifiidumiesdussdussnaundnifindu
Wy thiudades uuduwdes Wy wav dudesdeiduurdsedusiunmunmaaiasin
fiusunalusiugatia 36-56 Wosidud Tneninvein (Wen et al, 2022) finsmozdludisnduly
dpeuianzay Tty 20 Weddud mdlulewnsn 35 Wediud uisng 5 Wesidud anudu
10 Wesidud wavansuszneudu 4 wu nsalausiu Fanfiu walwees lelevlanlu nsnfluea
wazenlufiu (Medic, 2014) fstumndundosiivdeainnisudnomsdadutagiunagn
fimldieuasiinaurmnemsgs

ANt msnllndfdennTusiudavdesiuiienulanduy Fauding
WHuansensiisnduiiieannstesvedusiuseieulusintennmsmindegdunielnd
vnalianaiidnas fmudasadouazauusslonivainvats aunInnUANMIYNNUYDs
aFinewiseteatulsarudensods (Chatterjee et al., 2018) Yrvannuaulafin N1y
lelulmaamelsiadin Fueyyadase fulsadau fuumL fuueiss (Singh et al, 2022)
n1seengns nstanmveaulndudazviafianuuandeiulunsivini aunussu
MUFUDMIS sruudsvan seuuiilanazvaenien ssuugddudy msdueyyadase
waznstudaeuleiiniasy angotensin | Uiy angiotensin I Faduaivnvonisndulse
mmﬁuia'ﬁmqa (Korhonen and Pihlanto, 2006; Escudero et al., 2012; Castellano et al,,
2013) uenanifiineniAfodsruuindiitiudnlnanaduasdovsdueuyadasy 1wy
Wilnaifigrisdueyyedass lulaandnandinindeuuaiiFouanin (Coda et al, 2012)
Jusu mnmsinuilasadsuazniseengrsmedanmeessddlngdldannisdesdmvies
freouls] wulniuauausavenTad RAW264.7 Tunisiiailulelvda (pinocytosis)
waznnsadrslumsneenled Interleukin-6 (IL-6) wag TNF-Q (Wen et al, 2022) uonani
ferunswinmnduaesieqduridnay 3 aewus fe Bacillus subtilis Lactobacillus
casei war Hansenula anomala wuitgiwaneinisieadslugnanslaaniingualuny
(o < 0.05) (Yuan et al,, 2017) WlndilFandmdesdnuaniilunisufvaugavesszuy
aiiAuiy TouA YPRW MITLAIPVNKPGR MITLAIPYN HCGAPA Uag GAPA (Chatterjee et al.,
2018; Yoshikawa, 2015) migaaautfnmnanvesUulndaziinailagsiusenisintnuyes
FNMeazgunmTesUslae wisgalsinunsfnwnuanifsussdusznauvesudlng
uaznalnfiflreszuugiifuiudsiiviinadin

Az 3385 alanuaulafisgimnd v osnlfidutngAvluns mindaeide
wafiGaiellduUng sziduingaviflusiuganmgsuasiinsnesilufdudumans
vindueiuszney Snadumsiemdnmanasslfangaamnssiduiianeluussme
sldusslomilunafiuyasdwommsiasuaunim s awideds adunsfnugni ma
Fanmiidreszuugiquiulunsnssdunsiviudwlantasuveadadonvoviensiin
Anssuhlnleinveadulnddldanmandnnindundesieitowueiise 8 subtilis TISTR
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2664 fuenldandiuariinuandilunsaieuleilusiies saudsmsAnwadunsa
ovilluveautnsuazalinvedusiu wieumsimneanuaudimdinmifieldidudoyai
azfuwmslumsiaunnsldusslevianndulnddmsulivupnunnesemsdnivie
gmsEsuguAweely

F/ATUNITIY
1. malinszviesdusznaulunndawdesiildangasmnssnintuiie
Issumsanfuaunmndamdeaduingiuainuidy sunsuBnSuTTuily $1i0
FhmsaTeiuedifeisnusnseL American oil chemists’society aediaTnzsiamaiu
(moisture) feA5 moisture and volatile matter forced draft oven method (AOCs Ba 2a-38)
Arsgsivsanalasiu (oil content) se38 moisture and volatile matter in cottonseed (AOCs
Ba 3-38) JneiuSunallusiunenu (crude protein) $e33 AOA 94501 Snszsitiunaniele
(crude fiber) Ae38 AOCs official method Ba 6-84 Lagilasgiusanaua (ash) Ae3d AOCs
official method Ba 5a-49
2. MmawseuiIgesnndamasmiindleideuunise B. subtilis TISTR 2664
Tnethnndamdemandisindulusnsdy 5 de 1 wiindeUsuas) My
mssidesevdielmudulofionmgfi 105 sswnwaldea stexiaan 20 Wit (Zhang et al.,
2020) WL euuaiiSe B subtilis TISTR 2664 IfiUsinand i3 uduuszanal Log 6 Taladl
fonsu Uniigamall 37 ssrnwwaifoa szoviaan 24 $alug vn15n5I980UN3L93 Yee
Wouuaiize anduihfedsllvhliuiuuudenuds (freeze dry) waziluaziden udrsou
NuAEUNse 60 W (mesh) ntuthldavaneseuindusazusuaamnundunsa-ang (pH)
Wle 9.5 Juwiesfianudiseu 5000¢ Wuan 10 uidt anezneudiemdunsa-aig 4.5
Jumiesfinuidiseu 5000¢ Wuna 10 it wazusulildamemudunsa-sa 7 diluvilsi
wswuuidenuds avanededndulusns 1 wWedlud (aevmdnreusinns) newhly
maauim’]gum'alﬂ LagviNISAnwIvUInA8NATA SDS-PAGE (sodium dodecyl sulfate-
polyacrylamide gel electrophoresis) Tusguu tris/tricine buffer system A28 16 Wosigud
LA (resolving gel)
3. MsinszesdUssnauiUlinduaslusiuvesnind amdasinindae 13
wuANLSY B. subtilis TISTR 2664
TnednUsunalusiuludioganieisves Lowry et al. (1951) Iﬂai%’L%§u§aUﬁu
91177 (bovine serum albumm) L‘Uumiavmammmu mﬂuuavmamamama 2x tricine
sample buffer LLa’JUlI‘V]QﬁJ‘MQM 95 seriadea Wunan 5wl wdilusnezneuil 11,000
sousiowil 1uran 5 wift (Tachapuripunya et al., 2021) Wiudnlawiednsziesdusznay
wWilnauaglushunemaila SDS-PAGE Tusguu tris/tricine buffer system ¢e 12 wWosidus
Wwadmans uag 4 Wesidus Wwadiuuu (stacking get) mﬂuuaam SDS polyacrylamlde gel
maaﬂmszma (coomassie brilliant blue g) vuAs g9 ufy ﬂaumqaaammamm
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destain Tufinnmiaa newfusnwiluiindy Seudiiaedisddendanaslumam (iver
nitrate) Tneugiaalutinenn3amad (fixative solution) Wuan 60 wiit Aewutealuingu
YruAY Lad199a1e 0.02 Wesidudlureulnledan (sodium thiosulfate) wagmumle
vndu mntutumaluansazans 0.1 Wedusdaneslunsm Wunan 20 unil draealy
hndu udwely 3 Wesdufledenafueiun (sodium carbonate) aunaulusfiutsng
wdmgnUfATendae 5 Wosifudnamindu acetic acid) vhmstenimuagiesgiaiag
WanFeuiisvauevesiusiivwazilulvg

ns3AsziviavedusiunazilUlnd arowadauuaaunlnsiund (mass
spectrometry) 1ngn1519735 1D-SDS-PAGE IﬁﬁaaaﬁﬂﬂiﬁumﬁlauﬁLﬁi’hajéi’?ummL'«Jaa"aua'w
WiBs 0.5-1.0 wufms ntudeuaadednundug uardneddmiAueendaeuie destain
wdvhmsdauaulsiivesnanuiuea uasnssusaegaullngandueaildaemaia
nsteslusivluaanseuled 3 gy (ncel trypsin digestion) Wi el ansazaneiudlng
dmsumsinsgiisng LC-Q-TOF-MS/MS wdwhmsiiasigvidesa MS/MS ion spectrum filst
A2eTUsUNTL MASCOT lagmnuani1s1dines enzyme = trypsin; fixed modifications =
carbamidomethyl; variable modifications = oxidation; mass values = monoisotopic; protein
mass = unrestricted; peptide mass tolerance = + 1.2 Da; fragment mass tolerance = + 0.6 Da;
max missed cleavage = 1 iau‘i’fﬁlyjamﬂlﬁnﬁﬁﬁﬁﬂaaau (ions scores) 1NN 39 azlusau
flszyriald WenSsuisudunduaslusiuandogs 3 41 vuieanauifveadding
AlgFelusunsuinnemedaasaumeadsiauilag Tachapuripunya et al. (2021) Tsunsy
vnueilivdnmsvesnmsieuueaiedos (machine leaming) iWunsBeuiveslusunsude
Aed lagwannalglusunsy R Iddanesfislumsiuenieduunussiandeya lagldns
AU KNN (k-nearest neighbors:) kag random forest algorithms éjﬁa%ayjamﬂwﬁmﬂ
mu%’amLUUlméﬁw':?wﬂmamﬂ’ﬁmﬂ%amwammimamﬁﬁmimmmﬁ'mdau ANIZEIRY
muhﬂmmmmmmuﬂwmauammﬂ (training data) UazyAtoyANTNAGBY (testmg data)
Immﬁmauamiﬁlm]JLGi’ﬂum'ﬁwwmImLmal,wamuwmﬂlmLma gAANTR niuiiluea
msmmwimmmaamm{maﬁ,ﬂamsmaa‘u WioUsyfiuusyans nnuazaundugves
mvue udahlusunsuiladanldvhuetudlngildanmsdesmnduvdes

4. msnagauananUAn1snITdusTuulAuiuvasitetslusEauILad

ThnsiFensinetmnsouisaIsReNTed 5 seiu Buansesumududy
guaafianunsnazansldd dwiuiegneil Ao 50 Wedidud Tnsuwmiin udwhmadesrsiely
adsay 2 1w Ao 50.00 25.00 12,50 6.25 3.13 uaz 0.00 Wasidud mudrsu wieldluns
nagauAuLd U us alwad wazsziuAUT LU A A uUaenss Tnevilfwadidinsen
ani 70 Wedidud July asgnilulilumsaseusniautimeianmiiinessuugAduriu
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A auvanUaouveaeadulasnnauind s u (Zhang et al, 2019) Heilnnn1smaaeusnig
yaaes 4 51 luynsvuanududy
4.1 msneaauaNUlufiusowasd (Intemational Standard (SO 10993-5), 2009)
maau‘mﬂ%waa‘mwL?ﬁywuﬁm RAW264.7 (mouse macrophage cell line,
ATCC® TIB-71™) fimnandudu 1 x 10° wadsefiadans UssilunanismedeuidsuSuas
Ineldduesars MTT (34, 5-dimethylthiazolyl-2]-2, 5-diphenyltetrazolium bromide) A1
NAAUATINIANSE T3 nsenvenaad wiaTannuduvesdiiaueiadu 570 unluwns
ansfegmpaeviiduiatuwadudwhiiisadmenaresifudnnsidinveseadiosnin
70 Wedud WenFeudisuiudimnaisadiuasmunuiday (o3 suTad) avdnans
fhethmegeutivinianuduiiviewad denamududuiivasadoiludnuse
4.2 msneaeuUsualunineenlen (Zhang et al., 2019)
Tnewssuwadinnzidss RAW264.7 Thilanududu 2x10° wadsefiadans
Tusumnedissun 24 viqu deasu 24 Falas WasuemsAssadiduewnawia DMEM
(dulbecco’s modified eagle medium) 7 fia1sazanefiot 1mageuiinauivaislalnned -
wnmlsa (lipopolysaccharide: LPS) avuudiudu 1 lilasndusiediaddns (@seunuidauan
Ao @13 LPS anuvintu 1 lulasnsusiediadding ansmiunudiau fe Tdansasanslalaailiun
(diclofenac) 40 lsilasn3urefiaddns naufu LPS wnusiiegne) Uuisadiigamail 37 oen
wadea war 5 Wediudamsuoulasenled Juna 24 9w thewnsidouwadiilaan
Anziivsuailunsnesnlen Mmeynnngeu Griess reagent kit InsziUsinalulas (nitrite)
Tagihansavarsdaviidarlua (sulfanilamide) wag NED (N-(1-naphthyl) ethylenediamine
dihydrochloride) &eliTigaungdivies 15-30 unit laansunsgululpsiluaudadusing 4 92
0-100 lulaslua viguaz 50 lalaséns (3 viau) geansazaedarhilailud USanns 50 lalasans
Tavnviau valufidla igamniivies 5-10 unit ga NED Usanes 50 lailasans Tavnvau vslin
gamniivies 5-10 udt Tuiiin thluinAnsgandunasiiarmenadu 570 uiluwns Tneia
melu 30 uiit vdsmnduthegandusasiiialduuuny y uasenududuresansazans
IATTIULMLLNY x thavhnsansaganemassuiieldlunsiuanuinalunineanlyd
4.3 nmsnegeunisiinnanssunlnlefn (Zhang et al., 2019)
Thmswieumadnnzdes RAW264.7 Triflanududiy 2x10° wadreliadans
Tuanumizides 24 viau Wensu 24 Falus WasueaA suwadiduomswiia DMEM
fiflarsavansvesiiegvageu Usuas 100 lulasdns (@19AIVANTIVIN AD LUAINGUAL
(B-glucan) mmmmu 50 lalasniusiefiaddng wavansmuauidsay Ao onadsusad)
mﬂuuuwnaawammu 37 aqmmamﬂa waz 5 Wesiiunmsveulaeenles Wuan 24
Flaa Lmamunm@mmmmsmLszjaaaaﬂu,auLmum'ﬁauawmmam (neutral red) (A4
Wudu 0.075 Wesiud Usuinslaeusuing TuaisazareweamnUvivies) 100 lulasans
sioviau Uniigamgdl 37 ssmwaides Wunm 3 $alus dersunangeansazanelimiaisneen
WEdeheiindeneamindiines (phosphate buffer saline: PBS) enudunsn-sng 7.4
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Wnansazane destain wdvsumasasvgwlunan 1 99lus mnduihluindiganduuasd
ANETIAGY 500 ulluins Mwialesidusvesianssunlnlefinainauns (1)

¢ o ea - ANAANAULENUDIFIDYN
wWoeswuananssunlnlafin = Y % 100 (1)

ANYANTUNLENYDIANTAIUANLTIAY

4.4 MIAATIRNVBYAN AR
NAFDUAMULANG 1N 9AT A v0sAL0E 85zmI1ang uiaeTUTUNTY SPSS
version 15.0 (SPSS Inc., 2008) tAT18%AUWUTUTIU one way ANOVA Wisuiieuaaae
INNANITVAFDY 4 Ggﬂ 1m8i5 Duncan’s multiple range test (DMRT)

NAN153Y
1. HamsAnasAUsENaUTetasavsTunnduvE Az IaS yvesuUaiiy
Tumswsunmndawiaewiing eiauuniiiSe B. subtilis TISTR 2664
msfnwesAUsznevvesasemsiunindivassiitunldiduingiv wuin
fUsunalusiiy 44.65 Wesidus vhsiy 1.28 wWesidus mnudu 1208 wWedidus 11 6.40
Wesfus uavloonms 556 wWesdus vidmnmhnndamdesiiinumsvdngrodouuaiise
B. subtilis TISTR 2664 muanmefitvun wuindouuaiideiinswsyiulafivsine 10.88
ARN3NUFIUAY (logy) veslalailsansy fiusunawealUlnafisivuesinin 3 Alamadu
Windu 3.5 wh wegludSinalsiuilvinfussiidndruwedusiuiidunlngjanasiiodio
fumndawdesilinumsvtn fanmil 1
2. uamsAnwvunvasiusiuiiiuasdusznauluslsgresnndamdasnsingae
\WauuafiSe B. subtilis TISTR 2664
msfnudnuazlusdlsiuvesnes umugudaduninduvaediinunsds
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M13197 1 Yeyavilauazarrvvesnsaesiiluludlsgraninduniesiiiunsndneaieiie
WUATILSE B. subtilis TISTR 2664 wieun1svinnennautaini@inn adelusunsy
UeN9TIansauma (Tachapuripunya et al., 2021)

quiEM1eTA W afunsnazily Jinvaslusiu
anticancer RCPLTVVQSRN (1058.79 Da) trypsin inhibitor protein
RVVEIPGKG (742.60 Da) SET domain-containing protein
RCPLTVVQSRN (1058.79 Da) uncharacterized protein
antifungi KALANNTANGHATGASSSAAKARA (2041.38 Da)  TLC domain-containing protein

antihypertensive

RLNGTAVNDDKYV (1044.77 Da)
KCAHLPSLPKTSTRT (1307.95 Da)

KTAAIPGTGDDKYV (1044.80 Da)

KLHDSGEYDKTYEKW (1585.38 Da)

KDIHSGPALHSEIISKT (1602.41 Da)

KDAMDGWEFRL (1012.25 Da)

RCPLTVVQSRN (1058.79 Da)
REQDQMQAVMGTMDGIIDTVSAVHPLVPLIGLLK
PHGKL (3971.32 Da)

KLDHSPAQFEPAIVRS (1578.30 Da)
RGTSWASSILPSSNPPKS (1629.42 Da)
RYINVEEAEAQFRNYQMLFDYINSNPSLNAEAKF
(3780.77 Da)

KAVAAEEARL (814.50 Da)

KPISLAASGKQ (814.73 Da)

KLLHGLSYLHGVRHLVHRD (2005.32 Da)
KHLSDGMRDSCLPLRK (1673.45 Da)

RYHSHYILDTGDVIPMEIVDKV (2359.56 Da)

KPAVAEWIQGLONHPDCSWYIFELLETIRDRM
(3655.57 Da)

RVVEIPGKG (742.60 Da)

KSSSQSFRYV (796.63 Da)

RLAVATEPRV (855.71 Da)
RPLLDFRAMAELRV (1447.20 Da)
KEMCADEDGDLMIDSAVKNVPKV (2351.79 Da)
KDAMDGWEFRL (1012.23 Da)

RCPLTVVQSRN (1058.79 Da)

polyadenylate-binding protein
MADS-box domain-containing
protein

NAD(P)-bd_dom domain-
containing protein
transporter substrate-binding
domain-containing protein
Fe20G dioxygenase domain-
containing protein

trypsin inhibitor protein
trypsin inhibitor protein
PKS_ER domain-containing
protein

alpha-mannosidase
alpha-mannosidase

alpha-mannosidase

ribosome biogenesis protein
NOP53

ribosome biogenesis protein
NOP53

uncharacterized protein
protein kinase domain-
containing protein

protein kinase domain-
containing protein

protein kinase domain-
containing protein

SET domain-containing protein
patatin

patatin

patatin

patatin

uncharacterized protein

uncharacterized protein
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mssdi 1 (i)
quisM1eTann anunsaazily Yiavoslusiu
RLERVSDDEFNNYKL (1629.41 Da) uncharacterized protein
KTTFWATMQSFSGTWKGPDLGTDTGPTEYSRP glucan 1,3-beta-glucosidase
(3341.63 Da)

antimicrobe KALANNTANGHATGASSSAAKARA (2041.38 Da)  TLC domain-containing protein
antiparasite KDAMDGWFRL (1012.23 Da) trypsin inhibitor protein
RCPLTVVQSRN (1058.80 Da) trypsin inhibitor protein
RVVEIPGKG (742.60 Da) SET domain-containing protein
KSSSQSFRV (796.63 Da) patatin
RPLLDFRAMAELRV (1447.20 Da) patatin
KDAMDGWEFRL (1012.23 Da) uncharacterized protein
RCPLTVVQSRN (1058.79 Da) uncharacterized protein
antiinflammatory KSSSQSFRYV (796.63 Da) patatin
RLAVATEPRV (855.71 Da) patatin
antivirus RLNGTAVNDDKYV (1044.77 Da) polyadenylate-binding protein

RYINVEEAEAQFRNYQMLFDYINSNPSLNAEAKF alpha-mannosidase
(3780.77 Da)
KALANNTANGHATGASSSAAKARA (2041.38 Da)  TLC domain-containing protein

KRMGTFHEQFIVEPTSLIGCEPTSLIGCYTIVKQ uncharacterized protein
(3697.71 Da)
cell communicating  KDAMDGWFRL (1012.23 Da) trypsin inhibitor protein
drug delivering RYHSHYILDTGDVIPMEIVDKYV (2359.56 Da) protein kinase domain-
containing protein
tumor homing RYHSHYILDTGDVIPMEIVDKV (2359.56 Da) protein kinase domain-

containing protein

s,

4. msvagauanuduiy gnsTunsnseduianssunlnlefin wazmsadisluesn

aanlunvasipdg N INaIWRRIIsinA8L Bk UAiiLSe B. subtilis TISTR 2664
AsRERUANUTUR BN INA A aavTniTlsawwad RAW264.7 Nseauay

Wuduil 0-50 JadnSuraiadans nuItNAaNuudy 3.13-25.00 Jadnsusediedans lud
anuduiy nefiesigusinissentinveadeglurag 75.61+2.03 - 86.25+2.05 Wosiiud
1% a = ~ faaAa ' | s & & < & & al Y &
AN 3 Fansfiwadfidineguinnin 70 Wesidus Yuly dwnasineeusuitasuuly
seouaNULNTUN glunsneasulanuvasniy anunsathlUldneaeulutusalule
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Abstract

The study of zinc supplementation aimed to investigate effects of sunflower
seedlings growth and vyield. The experiment was in a completely randomized design
(CRD) with 3 replications and 5 treatments, The treatments consisted of non-zinc
applied (Treatment 1; Control), 2.5 gram (g) (Treatment 2), 5.0 g (Treatment 3), 7.5 ¢
(Treatment 4) and 10.0 g (Treatment 5) in 20-liter water. The data were collected on
seed germination rate and vyield of 14 days old sunflower seedlings and znc
accumulation. The results showed that the higher rates of zinc supplementation could
increase the yield of sunflower seedlings. Non-zinc sunflower seedlings (control) had
the highest germination rate and yield fresh weight. From the Zn analysis in sunflower
seedlings, the zinc concentration of 2.5 ¢ had the highest zinc accumulation of 465
milligrams per kilogram (mg/kg), followed by zinc concentrations at 5.0 g, 7.5 ¢ and
10.0 ¢ were 393, 387 and 272 mg/kg, respectively. The results showed a positive
correlation between yield and zinc accumulation in sunflower seedlings. Then, the zinc
concentration of 2.5 ¢ was good at the optimum rate for the growth, improving yield
and zinc accumulation in sunflower seedlings, which is an alternative way to increase

the amount of zinc in plants for the health benefits of consumers.
Keywords: Sunflower seedlings, Zinc, Seed germination
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Efficiency of Selected Bacteria on Bioremediation of Mercury in Soil
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Abstract

This research was studied the efficiency study of selective microbes to reduce
mercury contaminated in soil. This research was examined the physical and chemical
properties in the soil and investigated the efficiency of mercury reduction in soil. The
experimental design was varied the concentration of mercury rates within 15 days.
Soil samples were investigated by gas chromatography (GC) technique and calculated
the efficiency of mercury reduction. The results showed that soil properties were as
silty in texture and 18 grams per kilograms (g/kg) of organic matter that medium level.
Soil pH was 6.56 that weak acid. Regarding mercury contamination reduction, 5 g of
selective microbes and 120 milligrams per kilograms (mg/ke) of mercury concentration
was found the greatest removal efficiency of mercury at 43.07%. Followed by 5 grams
of selective microbes with 240 mg/kg of mercury concentration, could remove an
efficiency of mercury at 42.13% of mercury, respectively. Therefore, this research can
lead to the management of areas with mercury residues, including reducing heavy

metal contamination in the food chain.
Keywords: Mercury, Selective bacteria, Mercury removal efficiency
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2. UszAnsnmnisannisuudieuvasansusen
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Development of Alternative Milk from Parah Seed

(Elateriospermum tapos)
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Abstract

The objectives of this study were to develop an appropriate formulation for an
alternative milk or plant-based milk product made from Parah seeds (Elateriospermum
tapos) and to investigate the quality and nutritional values of the pasteurized Parah
seed milk product. Parah seed milk was prepared by mixing Parah seeds and water in
the ratio of 1:2, 1:3 and 1:4 (weight per volume: w/v) with the sugar content of 0%, 3%,
5%, and 8%. The selected formulation of Parah seed milk was tested using a 9-point
hedonic scale. The results showed that the most accepted formulawas a 1:3 (w/v) ratio
of Parah seed and water with a sugar content of 3%. This formulation had an L* value
of 86.42+0.12, a viscosity of 10.82+0.18 centipoints, pH of 6.32+0.08 and total cyanide
content of 2.61+0.03 milligram per kilogram (me/kg). After pasteurization, the contamination
of the Parah seed milk with pathogenic bacteria and the total visible count were
assessed within the benchmark. In addition, essential fatty acids consisting of omega-3,
omega-6 and omega-9 fatty acids were found in the Parah seed milk. These results
showed that plant-based milk from Parah seed, a native plant of Nakhon Si Thammarat
province, has the potential to be developed as a healthy alternative plant-based milk
product.

Keywords: Plant-based milk, Alternative milk, Parah seed, Cyanide, Omega fatty acid
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Duncan’s new multiple range test (DMRT)

NAN153Y
1. pedUsznaumuaiilesiuvesudausy
nsAnweeRUsEne UMl s sduvesuEaUse nuindauduwindy
25.28+0.10 n§usie 100 n§1 Uszneuseaisemsvdn Ae lusfu TuuFunaminign
(38.36+0.04nFum® 100nTN) 5098911 Ao TUTAU (12.48+0.01 nTuAo 100 NTU) uag
ansTulewnsn (11.62+0.24 n3uso 100 N31) AudU Fam1s1eil 1

a 3 a <
13199 1 99AUIZNAUNMUANYBILUAAUTY

29AUsZNAUNMLAL] Yunaudinu (nusa 100 nfu)
ALY 25.28+0.10
LN 1.72+0.21
1Ushu 12.48+0.01
Tusiunenu 38.36+0.04
Felavey 10.54+0.16
Aslulainse 11.62+0.24

VBWR: - ANaRYANTBUNNINTEI (Mmean+SD) 31U 3 41

2. MsRmUIgAINIsHAaUNNIREanIINEAUSE
nsvageUAMAN vE U TEa AL ave s UL AU sE TSR d AN ey
wuEmnae Uil uduAuararuoulne e unsAaUsy ludhdundndsesiotn
Wity 1:3 geftge uanA19aNgRslEdnsduidaUszdeuyindy 1:2 uay 1:4 a8
HdedAyM19ada (p < 0.05) d1un158usUA UGN YEUIINg nAu NAusTA 5AVR way
anudAnlurnn wuihgnasoulinssensugnafilisnsduinUssdeinmindu 1:3 uay
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1:4 lunna i ueg 198 ded1dgn19ada (p > 0.05) kaz1NNISNANTUIASHULAIUYOY
Tnesauvesndndng nuhdnsdmuidaussdeinnind 1:3 fezuuugeaainiu 7.39:0.09
Fan139il 2 Fednidengasdananidugasiiugnilumsfnuiuanimaiimzause
SnunrmatsvamdudavesumsdaUszludunousely

AN5197 2 HaN1TeRNSUNIIUSTAMALEAYD AR S T UL EaNNWERUSE

AMANYULNIG Sadrumiaszetlugasuumadonainiudause
Usramduiavasndndue 1:2 1:3 1:4
dnwardsng 5.48+0.72° 7.68+0.12° 7.48+0.62°
d 6.04+0.14¢ 7.64+0.91° 7.24+0.32°
nay 6.89+0.27° 7.04:0.20° 7.24+0.14°
nausa 4.98+0.42° 7.06+0.48° 7.12+0.38°
FAV 6.86+0.52° 6.98+0.09° 6.52+0.24°
AwdEnluvaizi 4.52+0.84° 7.02+0.28° 7.18+0.48°
ANUYAULALTIY 5.82+0.82° 7.39+0.09° 7.08+0.16"

o . ¥
MBI - ANRRYEALUBLUNNINTEIU (Mean+SD) 311U 3 91
a @

- fon®s a b ¢ NAAUTULLILIY HUNBDI AULANANNAWRE WU EERVEDA
(p < 0.05)

NNsYSUURITAaI TR AR A uNNWEn U Tnsnsiisninnaluysana
siafu nudnsdutinnatosas 3 wae 5 duadeniseeuiunissamdnda dundu
ndusa saiauddnlurasiu waraueulnesiugeinignsiidinsiiudnalusedy
Youar 1 uazgnimuau (liiuinig) sgideddamead 7 (p < 0.05) Tnsgnagou
TiazunummeulnsmudouuudnUszgnainniaiesas 5 11n7iqn (7.74+0.19 Azuuw)
Famnsnedi 3

lofinnsanmanissenumumures@nsasianainanisinau e wuin
ngufvnaeudnfenar 66.67 nelandnsusiusainudaussgnaunniadesas 3 (nmd 1)
Fufudadenidugnsnisndaundnussdmiunsinyilufunousioly

i [ v o A [ Aa |a
M990 3 B\Iﬁﬂ'15EJ'EJZLITU‘V]’N‘Ui%ﬁ’lVlﬁﬁJNﬁsﬂaQL!lW]NLa@ﬂﬁ]']ﬂLllaﬂ‘Ui%qmill']@ig”lu‘lflllﬂill’]m

dhanasinariu

AMENYULNIY U‘%mmﬁqma"luqmuumaLﬁanmmm‘mmz (3ovaz)
UszammaunavaINans 0 1 3 5
yﬂ‘tﬂm%ﬂ‘i’]ﬂg 7.58+0.28° 7.66+0.20° 7.72+0.25% 7.63+0.36°

a
@ 7.54+0.16° 7.57+0.297 7.54+0.287 7.52+0.16°
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15199 3 (5i9)

AMENYAIINIS U’%mmﬁwma‘lugmuumaLﬁanmnmﬁﬂﬂsz (Sovay)
UszanduEEvaInanA 0 1 3 5
nau 7.06£0.14°  7.1240.06° 7.20+0.02° 7.32+0.10°
nAusa 7.02+40.28°  7.08+0.08° 7.24+0.32° 7.30x0.25°
AR 7.54+0.19°  7.59+0.12° 7.86+0.12° 7.63x0.30°
mwanluvaizi 7.02+0.18°  7.12+0.16° 7.32+0.08" 7.45x0.12°
AU UlNYTI 7.26£0.24°  7.3240.20° 7.68+0.20° 7.74x0.19°

NN - ANRREALTEIUNNINTEIY (Mean+SD) 313U 3 91

N v

- fonET a b InneAululuILeU BNl AULANANAUeEsiTBd R NeERA

(p < 0.05)
70
Ovessnn  Eiles
60 — o
B wen H 310
50 Imﬂﬁejm
»
©
2 40
A
g 50 7
c o
g o
20 s
1
0 :Z:E H |_|:3:

0 1 3 5

Yuranihna (Govaz)

AT 1 NANITHBUSUALNTUVINEA S A9 UNN I ENANLEAU T RTIUS LB as 19U
Jalaananan1sinANunef

3. AMAMMNIINIEAMNLaEIaAT kazasAusEnaumalasuinslundaiaeiuy
mMadenannuanyse
HANTSANYIAN WAL NAEAMLAL NUATIVDIHER A iU NG N NIEAUSE
Fadugnsildzunmsseniuinniign wuinmnudnUsesimeinruaing mududua uay
Aadudindoayindu 86.42+0.12 1.64+0.32 wag 5.26+0.08 ANUAIAYU WAASLA AL
undnUseiidnvardumainuasdeulunmdmaes uenanidefasanamumin wuh
wunanUssdundeSasidannuviasiniu 10.82+0.18 wufineed wardaiaany

WICHCHA JOURNAL Vol. 42 No. 2 July - December 2023




NIATIVY) UNMINYIRETNUAYUATAIEITUTIW 87

Wunsa-aawindu 6.32+0.08 datduiasesnuntianudunsasi ednuusunuasisenlus

Tupan A e uNUTENNIUNTLUIUNITINELDD ST WINAU 2.61+0.03 fadnsumanlansy AuTu
FIUUS F9ANT199 4

A15197 4 SnwarneNenMuaEMBATvesRaR U uInadenINWEnUsY

anvanangnwLaznaail wazdsuraansivenlua ARl
AAETN (LX) 86.42+0.12
AL dudune (a%) 0.64+0.32
AL dudivaes (b*) 5.26+0.08
Amudunsa-aAng 6.32+0.08
AMUTile (wuANDYd) 10.82+0.18
USunuansleenlud @ednsusioilonsu Arwdugiuuis) 2.61+0.03

. a | ° -
WHGUE: - ANRAYEANVYILUUNIRNITZTUY (mean+SD) 91UIU 3 Y1

D

L3 1

MnnTAseiUTnategaunisuuleuludnSusifiunszuunawandae
nslierufeussiumaaslsd wuindinsudouveadeqdunidimun wihiu 1.12 10°
lalatinoladans LLav"LzJ'wumsUuLﬁausmLﬁ?ﬁyaﬁlﬁuw'%ﬁﬁﬁﬂwLﬂﬂiiﬂm 5 ‘ljuﬂ 191 un 13o
S aureus B. cereus Salmonella spp. L. monocytogenes way C perfringens S’J@J‘VNL‘UEJ E. coli

Fanutiesnin 2.2 Talatisenadans damised 5

€

= a & A  as & = a o ¢ = <
M13199 5 USiauvegauniduuiounnulundndnsiuumiauienanuanausy

LELIOE Vanauiiwy UINTFILDNMNTAUAUNIE
L?’fa sunsduudou Tundndmue fivlinlsa*
(nlatinedadans) (nlatinediadans)
Total viable count 1.12 x 10° <1.00 x 10"
S. aureus Tainy Tlainu
B. cereus Tainy <100
Salmonella spp. Taiwu Taiwu
L. monocytogenes laiwu Taiwu
C. perfringens Taiwu <100
E. coli <2.2 2.2

ER;: - * 9989 N UNINTHIUHER S namN T (2558)
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Sofnwdeyasadusznaumalnsuinisvessdndasiuumadonanudnyse
wuIuLwEnUse 100 daaans InAmdmuimunwingu 83.26 Alawnas’ wazilesdusznay
maafivesrdnsasise 100 adans Iaua Arudu1dn Totuteun Tsiu sanun uay
aslulawnsmsianun Wiy 84.01 0.35 4.14 1.24 wa 10.26 n§u anudey TnelainuySunas
Twownsvenulusdndng uenaniSmutumadeuss 100 fedans IR GITERREIETENH]
UAALT YL UaLLUAN WU 3.46 4.65 way 0.20 Taansu auawu egslsAnulinuinnfiue
3nfiud 1 wazdandud 2 lundnsausiunanudalse fmsed 6

A15199 6 99AUTZNOUNNINTUINITVOINAN ST ULNIEDNAINILAAUTY

29AUsENAUNLAYUINTS USuuse U3uausa wWasidud
100 fiadans wilavineuilag TnwuIns
(200 HaqanY) (%RDI)*
wauvavue (Alaunasd) 83.26 160 -
wasuanlugdy (Ala 37.26 70 -
LAAeS)
Tasfustanue (n3) 4.14 8 12
Tugiudus (n3u) 0.75 15
ABLAALADIOA (HadnTy) 0 0
TUsAU (n5N) 1.24 2 -
anslulawmsaavun (n3u) 10.26 21 7
Toos (n5W) 0.00 0 0
Yhana (n$) 3.12 6 -
loLAsy (Taan3u) 3.46 5 0
nndute (lulasndu) 0 0.00 0
Iiiud Hadnsu) 0 0.00 0
Indiud 2 (Hednsu) 0 0.00 0
uAaLTew (Haansu) 4.65 9.30 0
wan @aansu) 0.20 0.40 2
L (A1) 0.35 - -
AT (N$) 84.01 - -

e - * LWSuBuAuNMeINInsg I Thai recommended daily intakes (Thai RDI)

WS suisuaIAUsEn o UN N ABUINISVOINERA T UL EDNINWEAUS S
Ausunaansesikusiiusinasetu dwsuaulneetgdaws 6 Juld lneAnainainy
Foan1sndanutuas 2,000 Alawaass (Thai RDI) nuusudausesa 1 wueuslae (200
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a aa

fiadans) Susinallasuiomndesay 12 vesUSinaensemnsiuuziliuslanseu Tne
Ao uusmnaainluiudusidesas 8 veeUsuruasemsiiuziiliuslaas oty uay
TUsmaensTulawmsaiameandudesas 7 vesUSinaasormsiwusdilruslnasesu
uenaniuudause 1 nheuilna fvsnasmwanAndusesas 2 vaeU3uia a1semis
A uuzihliuslnasetu oghelsAmuanusunalviutsmuainulunsed 6 14 ednsen
aafUsznovvanIalatulundnsusiutanwdalss wuiilesdusenevvesnsalutudusa
2 9iln ldun nsaUddan (palmitic acid) waznsaaLfissn (stearic acid) Tnad USunauding
WU 53.33+0.20 waw 29.20+0.16 fiadnsusie 100 n§u auddu wasnunsaluiulidus
Faiien Ao nalewadn (oleic acid) Wiy 163.35+0.15 fiadnsusie 100 n§u waznsa lusiy
Lidusddou Wud nsmaluiadn (linoleic acid) waznsadavhlaluiadin (alpha-linolenic
acid) Wiy 146.67+0.28 uaz 62.17+0.10 dadnsusie 100 ndu mudeu famisned 7

= v a a 13 a o ¢ = I3
M990 7 ﬂﬁﬂbLsUiJuaﬁ38VlLUu@\‘1ﬂUi$ﬂ@UIumﬁ@]ﬂm%u@JVl’NLaaﬂf\]’]ﬂLllﬁﬂﬂﬁ%

Yuransalviudassidussdusznau Yunasdinu (@adndusia 100 ndu)
1. nsnlusTudus

1.1 nsaU1diifn (C16:0) 53.33+0.20

1.2 nsnaLfesn (C18:0) 29.20+0.16

2. nsalvduliduss
2.1 nsnlvsfudufguien

1) nsalowadn (C18:1n9¢) 163.35+0.15
2.2 nsnlusuduidedou

1) nsnaluadn (C18:2n6c) 146.67+0.28

2) nsmeanlaluiaiin (C18:3n3) 62.17+0.10

o . ¥
MBI - ANRRYEALUBLUNNINTEIU (Mean+SD) 311U 3 91

N150AUTIIHANTIIY

sUsznaundnivlulwdnuse fe luifu aenadosiunis@nymes Anchan (2010)
wuiud audaUsziosusznauresUimnaanudu usiu i duleneu andlulamse
Tnstomzlasiuinululiinuganniedesas 36.49:0.6 wan A usiunanudnyss duus
madonanity fanwazidumsunuassifoyniaveslsiu Winlutu Wauth wereynia
YpavesudsrunEndy 9 NTEAweYTINAU NG saeiliauasialaein (Manzoor et al.,
2019) Fsfiuasionsnszneieynavesiulusiunasidaluduiiduesiusneulundn s
nanuNMaEenNY Inenseuiun1sulssuiinaden1sdnisesn nsideanin vienisiia
wavedlassaislsAuiduosdusznevlunanios uasinarovumeymalumsuriuass
anuzlIINg @ ANAIAINIINIEAIN KaZAUNTAVOINER S sl uuNIAdanINTY
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(Manzoor et al., 2019; Briviba et al., 2016) usAnidnUsyinanlstiavnuIanusssuend
vouudnUsy sl ndunazsariensrednUssd wanannuaaniesiagu 9
oeslsfimudnunzynanil iy A Aarumile wazAraudunsa-a savsesdUseney
MIlATUINISVDIULINLAAUTTUANANTY AARdBINILN13ANYIWEd Dhakal et al. (2016)
finuharuunniseseslsenousns q lundefasiunsauoudiusgivosdsznouvos
fnnhvuseadviitnadentsara liun Sasduveuiadeuiuan gampiifildlunisadn
nanildudgiu auaznszuIunIsUAREE TIuTiTuIATe RN sasuenn N Husy
widnUszanilesdusznevansiiuleenlud Fadumsfiuiidunste Sudufesmiuauuium
asiwnanan iz auiun1suslaa (Husin et al., 2013; Ngamriabsakul and Kommen,
2009) nszvaunisanUFuaanslvenludiden Ao nsldmnuou gy n1sAuaznisdu
savensnasludiinde (Neamriabsakul and Kommen, 2009) $ormunasdnisemsuas
LWNYATLUIENU 5891978 (FAO) wazaed n1sausdelan (WHO) la iuualiuy wdlasuans
loerludlaliiiu 005 dadnsuderdmdni 1 Alandusiotu Felidudunsedetuilaa
(Simeonova et al., 2008) fstutuanslslusinuluumdauseitldannszuiuns
wdsgUlumsfnuiiflowIsuftsudenionieuilan wuinduimaasleeludviely
wAnAusigaTnewindy 0.42 fiadniu FsinimnnsgiueuUaendoasnasgudinmunl
wandiiiudnisuslaaunanuanuse 200 fiadaas liludunsereduilnm agnslsiniu
liasuslamiiu 5-6 mheuslnaviesuuseyugiunandasiau 4 anmdnUsy nsudnu
Mndatselinssuiusndesdunidfenisliaudoulusefumanelsd viliiuadonis
haneitogaunidnelsauaraaunisiinumusorudous uazannsiTeuisu Ui
\deqduridluuumniudndsefisunszuaunismaselsdfuinasanassud 1wy duns 67
vilAnlsAUsELAVNAR S UeLAT0IRL AUTENIANSENTIEsISalaY (U7 416) WA, 2563
WAL N UINTFIUNE NS 9T YUY “Undundes” (UNY.529/2558) (d11N41UUIATHIY
HART s g namnIIY, 2558) nudmandusiunanudadsedviinunisvudeuves
\Heqduridiaunuaideqdunisnolsreglunmsifuinsgiudmun wiogralsAniunis
Tiaudeundniusiussinniad esduiidaranudunsa-aaninnii 4.3 denszuiunis
waraelsdlallinissnidegauridimuaiinuluemisld fafusuludoafusnwnandosi
flgamndl 4-10 osrneaidoa Liodneeniaifivinynandasiliuniuueregniafusnw
Taivin 15 T
aefUsznaunslavuinisdd i nulundedasi unainudeuszaenndeeiu
asAUsznaumaalluwdnlszan Ao Jladudussrdsznoundn vlavesnaludu
Usznausie nsndluadnuaznsnsarilaluain 4 udunsalusiusnduiinugeniiunin
ANIBUAT (UBUAT UazAMY, 2561) wazudateaus dunumvisanluiu LDL (low-density
lipoprotein) waziiailasiu HOL (High-density lipoprotein) URETILAIUANTEAUABLAALADTER
Tuswne Tethwannrundssvesnisiinlsaile lsavaenidonauss annrwdulalin way
ammﬁLﬁmmié’ﬂLaﬂumjmuﬁﬁmwé’w (Jurado-Fasoliet al., 2023; Sarajlic et al., 2023)
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d3UNaN159Y

wan SustunynadennudauseilisamdumdaUsedoun iy 13 wasifu
dansieUiinadesay 3 WWsunsseusumsssamduiannimaseulugean uNan
winuszdnduniesduifaudunsaduasiinrumiadi nansasiunnudauss ik
nsliaudeuiigumgd 70-75 esanwaioa un 15 uni SuTuuasleenlud aude
Tuseuiivaonsts aunsauslaald 5-6 wheuslnadetu SUSinavesdeqaunidvanu
waztioaunIsivliAnlsaeglunasiinsguiinssrsassaauuaran s usdnSu
guyulgitmualy Tnsesdusznoumslasuinsddyinuluunainudauss Ao nsnlusiy
lidusidadvuarnsnluiuliduiidaoulungunsaluilew 3 Towrn 6 wazlowin 9
wanslifiiuinusanudauss Faduiiwiesiulsedminunseisssusy awnsaimundy
wam Auriumadeniiiogunmainiivieluluouaals

naAnssuUTENIA
lsan93deillasunisatuayuauyssnnn1s3Tenrulsusmskas AN ua U
NSHRUNSTEAUNUR (Unn.) Ussddeudseanns we. 2563
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AEAgy: nszansaniagmauwny nsegaln lWaenldln dsssuvd Gumvesiisedn
Abstract

The purpose of this research is to study the appropriate proportion of substitute
materials and adhesives for molding with pre-made molds, some physical properties of
pots made from substitute materials, and user satisfaction with pots made from
substitute materials. The study was conducted in 6 stages, following the steps of STEM
education project approaches. The study examined 5 sets of experimental samples made
from substitute materials, including chicken bones, chicken eggshells, and the adhesive
which is cement glue. The physical properties studied included strength, water absorption,
swelling, and heat absorption. The study also used a questionnaire to assess user
satisfaction with pots made from substitute materials. The results showed that there is
an appropriate ratio between substitute materials and cement glue for molding with
pre-made molds, allowing the production of pots in all 5 experimental sets. The
physical properties of pots made from substitute materials varied across experimental
sets, with strength being normal in sets 1, 3, 4, and 5, but set 2 had 3 cracks; the best
water absorption was found in set 2 at 27.14%, the best swelling was found in sets 1,
2, 3, and 5 at 6.25%, and the least heat absorption was found in set 3 at 21.29%.
Therefore, experimental set 3 was found to be the most suitable for use as a plant pot
due to its strength, low heat absorption, and good swelling properties. It is suitable for
the growth of plants and could be marketed as a souvenir product due to the high user
satisfaction rating towards pots made from substitute materials with excellent overall

quality.

Keywords: Plant pot by substitute materials, Chicken bones, Chicken eggshells, Dye

natural, Souvenirs supporting tourism
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Abstract

The objective of this study was to study growth and seed quality responses of
soybean var. Chiang Mai 60 at full bloom stage sprayed by calcium chloride (CaCly) with
different concentrations (0, 20, 40 or 60 millimolar (mM)) under water deficit for 7 days
in the greenhouse of Chiang Mai Seed Research and Development Center, Nong Han,
San Sai, Chiang Mai province. The result showed that spraying CaCl, under water deficit
had no effect on the plant height, number of nodes per plant, number of branches
per plant, number of pods per plant, weight per 100 seeds, total seed weight, seed
germination rate, hard seed percentage, dead seed percentage, germination index, seed
moisture content, protein content, and lipid content. However, the soybean sprayed
with 60 mM CaCl, showed the greatest seed width and length. In addition, the abnormal

germination rate was increased when it was not supplemented with CaCl, (0 mM).
Keywords: Soybean, Seed, Calcium chloride, Water deficit
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Tnefaghenesifosmaued Yunmanades mhoduliadwns Faihwin 100 wie i
Wunfa uavduiaenadsimin 100 wan wesdaiminudntamun mu3inisves The
International Seed Testing Association (ISTA) (1999)

3.2 aunaniug Usgnause anusen (Wesidus) Aundlinuni (Wesidus)
waauds (Wesidud) waame (Wesidud) uavanudqlunissen (Tu) muisvesdnimed uay
Aoy (2565) Tnerhudadundeniugifedsl 60 smaaeusmeisimnzwdaseninnsay
(between paper: BP) #1u3584 The International Seed Testing Association (ISTA) (1999)
§1u9U 4 91 9 av 50 Wan wardssdunanuienvenLdnmuisues The International
Seed Testing Association (ISTA) (1999) Tunauefivsunalusiu (Uedidus) wavuSunadluiu
(Wosdus) Swnszainaiisnsves Cunniff (1995) wazmudumeluadn (Wosdus) e
mMadnduvdemiugiTeddnl 60 $1umu 10 n3u lWeufigamad 103 esrniwaides 1y
nan 171 Falus Weasunandaduiulilulogamsduaubu uwdniudaduvdeaiug
Fodml 60 indaimin washlumuramusinaaufunelugdanuizees The
International Seed Testing Association (ISTA) (1999)

NAN133Y

MnmsAnw wuimsieIyiulnvesduvdesiugiFodnl 60 THun anwg ey
Frurudededu Suauisiedy wardulndeduvesdundeniudifod 60 Adamiu
asazansunaldonaaslsdifmnududuunnisiuluszezaenuiuduiineuld$uanioy
viphlsifienuuandnatumeada Taedamdesiugifedml 60 Adanuasazarouaaifen
AaslsATinNady 0-60 fladluand fanugeduegluraasening 50.31+1.08 - 62.38+2.69
wufluns Sautesylutaesening 12.69+0.33 - 13.81+0.71 Tesedu druiudseyly
¥2958M119 2.81£0.62 - 3.50£0.35 Assiofu wazdIruauiineglutissening 62.63+6.86 -
81.31+3.00 Hlndledu Femnaed 1
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M3 1 Anwgenu 31ude Sl wasduuiinvesimdesiudiisdlnl 60 Nlasu
AMsAANUAITazANsLAAREUAADLSATIANLLTULANARUTUS s EARN U ULANT
noulssuanzvInindunal 7 Ju

d1sazany GRQHGRAT Swnude  Swnuds U
uraLdauaaalsa (LruRLUns) (Fodody) (Rewiady)  (Hndodu)
@adluans)
0 59.81+2.38 13.38+0.56  3.19+0.30 75.19+9.79
20 59.31+1.08 12.69+0.33  2.88+0.30 81.31+3.04
40 59.75+2.33 13.38+0.30 3.50+0.35 64.44+11.51
60 62.38+2.69 13.81+0.71 2.81+0.62 62.63+6.86
F-test ns ns ns ns
CV (%) 1.32 7.59 26.88 23.80

EWe: - ns ilAuwANeNiuN1Eia

(9

AV IMAIUILIAWAR liun AundIuarANEITeNEnd ImE e ey
Fedlnl 60 Mdanuasararsuraifounaslsaninnududuwmnasiulussznenuiudy
noulasuanzvimiianuuanansiued1edlitedAyneeia waldnuauuana1amieed

YosUmlnae 100 Wan wazumdnuaaviaonn (15199 2) lnedandeaiudidesdul 60 9

2N o,

LB X

daviuAITaTaNILAA EUAARLSANAINUTNTY 60 Hadluans JANUNI1eHas ANNENIVDIUIAR
WINTFAMNAY 6.68+0.09 Hadluns wag 7.99+0.13 TaGIAT MINEINU F991519 2

AN 2 AUNTTINER AINENUER UMTNeD 100 WAR LazUINTNUE AT INUAY8
favdeaiugWedud 60 losuns@anuaisasatsurail@eunaslsd Neududy
wansnanuluszeazaanuuunnaulasuanzsinduan 7 Su

1988818 ﬂ')’lﬁJﬂ%‘]\iL&lgﬂ mwmuuﬁﬂ ﬁﬂ‘iﬂﬁﬂﬁi’e’] ﬁﬂﬁﬁﬂ
uAaLday (Hadunsg) (Radunsg) 100 LA LEANanYn
Aaalsn (n5u) (nSuraAw)

(Radluans)

0 6.10+0.17° 7.29+0.15° 17.54+1.28 146.03+1.28
20 6.14+0.14° 7.33+0.03> 17.84+1.34 159.15+1.34
40 6.48+0.16° 7.79+0.23% 17.85+1.48 109.08+1.48
60 6.68+0.09° 7.99+0.13° 18.23+0.48 97.93+0.48
F-test * * ns ns

CV (%) 4.72 4.16 13.57 64.24

eWe): - ns Tllmuwaneneiun1aia
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- * fiaukanannueglvudRyneats Nszauiisddny 0.05

- AR gNUIgRe nwswlaunulldmuwens et unEnf WelSeuieu
1 dl 1 al ¢ YV aa d' U C% o
ANAYIYNINYININUARIEAD DMRT fiszauiledfty 0.05

| & W ey s X v Y a a 2 & A o &a |
dununuaniug laud wWesWudsunalinunfveswdnniwvaeniugdedvy 60
Adanuansazanswmad suraslsand AU utuansanulussszaonuIudunnould su
an12910U ANULANA1SA U NN TBE1AYNI9ERR We LU NUAMNLANE1NISET AU
s 2 & 2 & & < s 2 & o a v & a ' ~
Woesiudanusen Wesidududauds wWeswudwaany lnudundesiudidedu 60
danuasararsuaadounaslsnanududu 0 - 60 Tadluand Ianusenaglugieseniing
84.69+0.87 - 89.75+2.49 Wosidus wuwdnudiogluyaesening 5.50+2.48 - 11.00+1.86
Wosdud uaznuwdnneogluyiasening 3.63+1.35 - 4.38+1.32 wWesiiud luvauiidumies
WugWedlvi 60 Fanuansavareuraleuraslsd (0 Tadluans) numsiinsunaiiauns
WNTgn Wiy 1.13+0.22 Wesilud fewnsei 3

AT 3 AN AUNAIRAUNR WAl wazwdamevesiuvdesiugideddul 60 ilasu
nsaanuasazanswpaldsunaslsanaMLT T uLAnA1sTulusTEE AR NUIULANT
naulssuanzvinundunal 7 Yu

d15azane A213198N fundfiauni waauds Wwanae
uraldeunaalss  (Wasidud) (Woasidud) (Wasdud)  (Wasiidud)
(@adluans)
0 89.75+2.49 1.13+0.22° 5.50+2.48 3.63+1.35
20 88.19+0.28 0.31+0.24° 7.13+0.85 4.38+1.03
40 84.69+0.87 0.00+0.00° 11.00+1.86 4.31+1.05
60 88.56+2.67 0.00+0.00° 7.06+2.06 4.38+1.32
F-test ns * ns ns
CV (%) 4.28 87.84 49.78 57.50

Mee): - ns lIANULANA1IUNIGERR
- * fenauananafueedifddynieadn fseduted @y 0.05
- Anadefinudeisnusiuiiouiuliferuwensiuniada dewseuiiey
ANRRESTINRNUAGERS DMRT fisesiutad ey 0.05
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Turnzdirnuidlunissen anudunmelumdn Vualvsiulusdn waz3uo
lusfuluimdndund oniug ol 60 fidanuasararsunadounaslsididaiundudy
wondnafuluszognonuiududnouldSuanisuainldfanuuandsiunsada Toe
dandesiudiedul 60 Adaniumsazarsuaaifeunaolsd finrmidudu 0-60 fadluand
fenusrlunissenaglugag 20704037 - 22.32+087 u finnufumelumdaogluzag
9.18+0.39 - 10.09+0.62 tasifus fUuralusfiueyluyag 36.76+0.48 - 38.09+0.37
Wesidus wazfivsunalvdunieluwdeeglugg 21.91+031 - 22.23+0.32 wWasidud a
M3 4

o < & I3 I P 2 LY Y A
a13197 4 anusiluniseen Anuduluwdea Ysnadusiu wasdSinaludu vesiumies
Tugdedln 60 lsums@anuansazarsuraldeuraelsanamidutuunneieiy
Tusvsgmenuiufuiineuldsuaniizvimindunan 7 3u

d15azane A5 auuluwda USunaulusiu USuna
umaLdew Tun1ssen (Wasidud) (Wasidud) Tusiu
AaolsA (3u) (Wasiaud)
(@adluans)
0 21.95+0.65 10.09+0.62 36.76+0.48 22.23+0.32
20 21.86+0.18 9.93+0.15 37.58+0.19 21.91+0.31
40 20.70+0.37 9.18+0.39 38.09+0.37 22.10+0.24
60 22.32+0.87 9.89+0.57 37.66+0.26 22.23+0.21
F-test ns ns ns ns
CV (%) 5.35 9.66 1.85 2.48

BWE): - ns lANUWANFANTUN1EHR

N139AUT18NaN1538
mnmsAnwiluadeduandiiiuinnsdanuansavarsunad sunaslsieasan
KANs¥NUTBIAN1 T AL RN NTBIA R IE peiugiTedlval 60 Usznaudae
n1asde AnueTIEe uagnnAadund1fiRaUnd uillamisoanuansEnunIadIunTg
WBydulavesiudeniudiFednl 60 (M99l 1 - maadl 9) Wesnszegnisaiadvle
fvhmsfnwegluszozaenuinind duduszegifimavdsuwamnsseznsaiyidla
yesnuduIng szeznsduiug Taoszezmsieiydulamesiudduduszsosidnng
povdUBIeE eTIEeAN T Sdwmarilinswsyiuluasnananvesitaneyie
anad Ly 917 (Aslen, 2558) dandes (017inen uazdng, 2553) f1e (Parida et al., 2007)
119818 (Loggini et al., 1999) ayen (Sapeta et al., 2013) e nanzvntionadwa
nsgnUReNITUIUNMININES TIneardneiinneluiiy sautsnsifeeyyedasemeludiv
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wWu guweseenlud (0,) lalasiauesoenlast (H0,) lensenda (OH) Afnavinlien
NIdLATIZRMBUAENaY LazdaarilinisasguaziauretlagsInananie (Sekmen
et al, 2014) Faiulunsnaassd seuansliiiuiin1sdanuaisazarsuraidsunaslse
liianansnanuansznurasanzaisomssyiulamadiudidu Ussnaude augs
Sruaude Srunufs wagdnauiln

lunensesiudunisdanuansazatgunaideunaalsn Y ILaANaNTENUVBIANTIL
eierunreNuEn Usenoudie amuniiamdn Anueniuda uazamnnuesmaaius
$un nmadadund iifiaund vidloradeunanueadendusnomnssesiidunumaidny
Tumsmuaunsiesyiulnvesislnaamzegadainsmunulassaiuas msimidives
Heviwad lvueadenanunsotisannanszyuiiinnnuiisoeendindusiunisaiuny
anuduitusvonimelufivuaziunueduvesmssedueyyadase (Ahmad et al,, 2015)
utaneaifendsiidwdidnlunismugunisiieuing 4 meluwadlugugluana
dadayeyiaufides (secondary messenger) (Cousson, 2009) FstelumsusuiUdsunisviauy
MElUNTEUININIERTINGT WU MIATH 51M91Ns wagmsiUAsuulasanurvesad
Wieteliivaninsodafunansgnuduauvesnnuiaienanufitensendiadu (Colorado
et al,, 1994) Tuadrhelinmaruddnunadenloosutazaugaszwiinumadeleoouse
Tnifieulessy (K'/Na") uazuraidoulossu (Ca*) Swaiiiusedunsazaansooalyla
(osmolyte) 171 tnaduumidu (glycinebetaine: GB) warlnsau (proline) aelufiai lasu
anneAnAIen (Gobinathan et al, 2011) fatuiadumauaiviliuaaidoudoan
KANTENUAINNITNALRTLIATa A ILars nIMssendiinund 1d Tnedlidediuans
Tituiueadeunaslsfannsatisnansenuresaniznmirenisaigfilauagzaanm
NaKARvINTaNeTla lwn 913U1skad (Shah et al., 2022) 41@1d (Khushboo et al., 2018)
Munz iU (lbrahim et al., 2016) 913lwa (Mubarik et al., 2018; Somtrakoon and Chouychai,
2022) ve @@y (Xu et al., 2013) LLazﬁb’JQﬂiﬁ (Hussain et al., 2022)

d3Unan1sIY
msanuasazaeuaadeunaslsnneulasuan1igviniliinadeainugs 9uude
F1uaune Suuiin Wivdnse 100 wWae Uivdnudaraue Ausenvanudn wWasigud
< < fd & & < k1 I o P a
WAAWYS Wasuuanny anusItuniseen anuduneluwas Ysunaldusiu wazuSun
Tvsfulude TurueinisaanuasazatenaaldounaslsanAuuty 60 Jadluans neu
lgsuanmzana dnavilianuniisasanuenudaiudy wasdamdesiugidsdml 60
nldlpsvansazansnradenmastsanaulasuanzumiinisasunafinaunAiiuau
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Abstract

This research aimed to investigate the effect of wheat flour substitution with RD
43 rice on the characteristics and sensory properties of cookies. RD 43 rice flour was
substituted in the cookie formula at the quantity levels of 0, 25, 30, 35 and 40% by
weight of wheat flour. The results found that the increased content of RD 43 rice flour
significantly increased lightness (L*) whereas yellowness (a*) and redness (b*) decreased.
Additionally, the hardness significantly decreased according to substitution levels of rice
flour (p < 0.05). The water activity (a,) of rice flour cookies substituted with RD 43
showed no significant differences (p > 0.05) with the values in the range of 0.42-0.43
and moisture content of 2.37% in contrast to the controlled formula. The sensory
evaluation form based on 9-point hedonic scales done by 30 untrained panelists found
that the substitution of wheat flour by 30% of RD 43 rice flour in making cookies had
higher preferred scores for color, odor, taste, texture, and had the higher overall
preferred score at a strongly preferred level than the cookies samples that substituted
with RD 43 rice flour at other ratios.

Keywords: Cookies, RD 43 rice flour, Physical appearance, Sensory
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Figure 1 The specific activities (U/mg protein) of pepsin (a), trypsin (b), chymotrypsin (c)
and amylase (d) in giant freshwater prawns subjected to various dietary
replacements of protein from fish meal with mackerel condensate (MC). The
data are expressed as mean + SEM (n = 3). Different superscripts indicate
significant differences between groups (p < 0.05). CD, commercial diet.

Source: Wattanakul et al. (2017)
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