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nsraAuRadanmwarnnAnuiuAsUSuan s au Uyt
Tnensusinuuunsuazuuuiang
Biogas Production from Co-Digestion of Pretreated Spent
Grounds Coffee with Cow Dung (Manure) by Batch and

Fed-Batch Fermentation

Usznn Wdzaau’ Seyalsh 13aysudias’ wassuna weaeAsay’®
Prapa Sohsalam® Thuntidee Charoenthanaphat? and Ratchapol Pawongrat®
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n9ite il ingussasdiofinyinisudnuiaanimainmanmuniikiunsusuann
sfuyaiFionszuumviinuuunzuaAsne Tnefidnsdnlastutnnnnuniiuns
Ufuanindeyath 4 sio 1 Tnevndn @adufesar 10 vesuTinaveaudaioun) fgnmad
35 esrnwaidea \Wunan 15 Ju 91nnansaaeiensyuIunsndinuuune nuingnandu
vasansuousiolulnsiau (CN ratio) SnadeUnufaiiiniu lnsfisamdiuvesaivause
Tulasiauwiniu 24:1 (CN 24:1) agleSanauiadinmeazaugegn fie 44.50 laddnsdeniy
vosudvszmedty Fedusidiuvesasveudelulnaiau vty 24:1 FagnihanAnwinsuan
uiadanwene i nmandinuuuisng Tasuvaduansdunidiinssuy Ao Wamn 2 Fu S
2 af (wuudl 1) WAzl 3 1Y WU 2 %1 (wuudl 2) Wunan 15 Su Mnkanismeaes
wud uuud 1 sgldiuinauiatinmazaugean Ae 38.00 Jadanssensy veadssivedne
fUsinavesesduszneuidunfaivn (CHy) wazufamsueulasenled (CO,) wirtuosas
20.12 uag 6.47 lagUsung muaau
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2 IENTIVY) WINYISYTIVAUATAITIIUINY

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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duidosmnmassyivlamsuassgiaosemnduarnafinturesssanslan
ihlugausoanslimineinsmafundanuifiunnniu dwalivinaidemaantiosas
wagTAEIUUSURIgety shlFFesdinsiamuvamdsnuiidduuasliidusunaede
Aawandeu tieanmsfimmdsnudomamoada uarannisUdosuiadounszan (g
wazAY, 2566) Whaganm (biogas) Sududnmadenwilefiviaule Fwdadinmidufaiing
(CHy) upsdusznoundn Wundsnuazonaunsmilududomameiu waalwil vie
nanAnuTeuld lnsudadmu 1 gnuiAiwng aunsavnawnuuiandulauszanu 0.46
Alansu viendnlulinlauszann 2,09 Alatadsedalus (Aefaumdsnumaunuuazeyintg
WHIY NTENTMNANY, 2561) dmalrauisaanaldaneluasisouls nsudawiadinin
aansovhldvansuvasingAuuinissdnuiadanimaindama (biomass) daduumasingdiu
fifisununn lnsamessmealnad ussmanwnsnssuid fng Aumdeimnamainuns
Usziandnluteaglaa (ignocellulose) Faillunguvesdinaiifiosdusznoundn e Lwaglaa
(cellulose) Ladliwaglaa (hemicellulose) wagdinilu (lignin) 1wy 11913 Fad1ilng vudes
Hudu (e3fl, 2555) FeingAumaniilassassfidudowilvinisdosamevesgduniaduly
leen FsdududesdinisuSuanin (pretreatment) Tngealdismaall Menw wisdnw
WeTiazanunsatunliusslendluniswdnuiadnnmls (Zheng et al, 2014) TneTaunafiniu
msUfvanmazgninavinsiuesdennuaded wu yat iesmniideqdunidsiu
INNTNsauReNISHARLAET NN (Corro et al, 2013) MIuanuAaganwilesldnszuiuns
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RUALNDLULAFYINTNNLLANLLHOARNIIAY uWWUWaLﬂﬂfﬁJﬂixujuwMﬂuUUﬂzLUuﬂﬂiM AN
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WuduvsdTanlunsndniesniufes wasuuuianzdummlinfidnsuafudunsdia
dndrufimunzay WeandyninisasauvesasdunseNiinanansvuveutegduns
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(Rmfen wazanz, 2559) ueniniloainianTnaillianaainunsnssuud lutlagtuia
fivdefsnmagaanssy 1w ninmun SadunilundeingAuiiiiaula nunedndy
wsnuildsunnuieon lussmdlnedmsuiloawasindinufiud uand wa. 2560
1 1,350 ¢ 18w 1,415 u Tud wa. 2564 Andufes 2.9 uariuwiliuiigauluowan
(International Coffee Organization, 2022) %aiumsmumswémmLLWﬁWL?%gﬂﬂfmzﬁmﬂme\I
wieadusinusnn aeinlud e, 2565 axiininaunmaefiaseana 290,000 funal
(afgwad, 2562) uenanmnnurazdudnangeavnssuivdofiswdadeilassaing
fidudeuiligndesaaesegdunidldionn msufuanmazdoinyszansamlunsusu

2D R

Tassasraiamaaivaznanienindswabiaiunsatluldusslevdiioidud owmadle was
FaanusalfiduingAudssiulunisndauiadaninle (ugdns uagias, 2558; 9mnsal uaz
WA, 2560; AN, 2560; BIFNIA, 2562)

v
U VYA v =2

aaluIdedvinsinwnsedauiadinmainninnunitiiunisusuaninsuiu
misldyaiaenssuiuninuuunsuazuuuiansiieiiauseloviasn wenainiinisdinin
nunanlgUszlevdansativantymasnadon Tuiaan s Iwomdianna1suseine

nandundsnuldnawusmaainieada nelvinanuddulazsiuasselUlusuag

BANlUN1ITY
1. Msin3suAegsnINAUNLasyadn

Ausegrsnnnun (@nfuauilivedlad Smiasey?) dlumniunn Wy
nan 2-3 Ju udhunuadiieanvualaeniseurunzunss e 1-2 fadwns nndui
Weufigamail 105 ssrwaidea unan 2 $2lus iiusedsldgananainUntingslviadn
MnsiesgiesAusznaunaad lun Ysunaeaglaa wiwaglaa Sndu Twwsedinis
WasuuUadlassadrenaniilaewnes fourer transform infrared spectroscopy (FT-IR) @i
IAsvE5InIBUeNMIENABIgansIALBIANATEULUUEABINTIA (scanning electron microscope:
SEM) wazensndunsususslulasiau (CN ratio)

LﬁUG]U’JEJEJ'N;‘JJaﬁJJ’JLLﬁﬂmﬂIﬂLﬁa (CD) (MNAUZARIUNNG UNTINENBINUATANERNS
Ingnamiunaiay foinuasugy) dlvmnuan Wunen 2-3 fu mnthaiuuaiiieansun
TAENITTOUNIUAZLNT VUIA 1-2 Tadluns vinsiesziesausznounmandl Tawn Usunu
waglad willwaglaa Andu USinavaauderionn (total solid: TS) Usnamesudsssinede
(volatile solids: VS) @nwilAseasaneuensiend osqanssAudiannsouwuudeansIn way
Sandaumsveusiolulnsiau mndudulilumeueiitaain Weldlutuseudeld
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2. nsusuan wuaInInnIui

msusuanmiiawieusegrsninnunlagizmand faudasunanisnisves
030l Wazu1Iu (2560) Tngrhninniundiuan 1,000 n3u wiluansazarelaioulansen
Taigt (NaOH) Audadu 2 Tuang §asndau 1:10 Taemdnseusunns Wunan 32 $9lus
Pntudeet sudndanudunsa-aiadunans (enudunse-sns Wiy 7) wd
ﬁﬂﬂauﬁqmmﬁ 105 asmwadva Wuan 2 99lus hmsiessiesdussnouniaad
loun Vsunauwaglaa wliwaglaa anllu Anwilaswadunieuendiendasganssmididnasou
wudeansa uasieeinsasuuladasasamnaeiiiaanios FT-R 9ndwufuninnum
FirunsUSuaa™ (pretreated coffee: PO) BlunmwuzitUnaiin dieldluiuneusioly

3. msﬁnmmiwﬁmLlﬁﬁ%fsmmjaamnmLW\I‘ﬁN"mmsﬂ%’uamwiwﬁm&a"ﬁ”ﬂﬂa

A1suINUUUNg (batch fermentation)

MsAnwINSNARLAATINNYBINANUNTIK UM sUFUan s mAuyaTlag
ASNIALUUNE AALUAIISN1UNI9INIBN158Y Pilanee et al. (2011) lngA1ruABNIIEIU
arsvausolulasauTiunna1siufe 21:1 24:1 waz 27:1 audsu MEensaunInnIum
ﬁshumaﬂ%’uamweﬁaagaﬁ’a (PC:CD) Wiy 4:1 Taetuidn Fadudosas 10 veaU3unas
favan) WanndutTing 250 faddns luvaaguauy aun 500 faddns lugagunssd
suARLAagInm (1wdl 1) vhnslaendluwingurmlagliufalulasiou Yasmegnens
fattaliTigamgiivie (35 ssmiwailea) Wusveziaan 15 fu vieaundrUTinaufaiifngu
Asfl shnstufinUSinaufaiifeulneiBnsmuiiimn 1 3 fu Tiengimmmbunse-
RRIVAR UnamAaiifntume Tu Unufaazay warAMFIURANIINIEA MBI TULINLAY
Tugavinevesnisvdn

AP —p

Afusedls — <+—— ASPUBNAN

GRTAGHY
MANUH+YaT < 09

A 1 yagunsalnsHARLAETIN N
1 fianlasainindien wazany (2559)
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4. MsAnwMsHAALRaTIMYBsIANUNiiiIuNsUUanIWT R uyaTalag
nsusinuuuniang (fed-batch fermentation)
msndnuadinmannnnunsamduyatilagldnszuiumsmsinuuuiang v
mneaesaaeiunsEanuiadInnlagldnsyuIumsminuuung TaemuuaA1enIIdILTes
asvausialulasia wihdu 24:1 Snsifnansdunididnssuuiunndnaiy 2 wuu fie wuud 1
Wamnn 2 T 91w 2 A% uazLUUT 2 Wunn 3 T4 1w 2 p%1 Tnednmaauninmuniisnu
nsUsuanwieyat) ulaRuasdunisidnsruundiun 12:3 ledndn wasduasaar 4:1
Tagmdn Wadluszuunuud 1 uas 2 mudisu shnstuiinuiaiindulneds nisund
511@’3’14 eserarnnudunsn-an gaumagd USmnaufaiiAndunetu Usinaufaava
Anszriesrusznevtesnianieinssuialasunlnns Wi (sas chromatography: GC) (e
Shimadzu gu 8A, Japan) laun ufiadinuwasuiaaisuaulaeanled (CO,) warAuanyY
MUANYDITURS N JUAAYINEUDINITUIIN
5. NSAATITH
mMsRTzimesUszneumaaiivesninnwiitldinunisuSusassunisusu
anmuazyaty Tnefaulasmnanisnisves Horwitz (1980) Tasgitunamasudeiomn
Usinamesudsszmedne USinavesidawiuasy (suspended soilds: SS) A1@led (chemical
oxygen demand: COD) msinsziusinailulnsiautaun Tnefaulasannisnisvesiudu
(2551) M53ATIERUsUUAIS UL lagaalualannidsnisves Walkley and Black (1934)
mymziesusznavreada T Usinawfaiinuuazuiarsveulaoenles dewdes
whalasuvns il msinsziaanudunse-ae Inewedesianianudunsa-ans (pH
meter) MAATRANBAULIAIESINBUNIENE DI9aNTIAMIBIANATOULUUABINTIA Lay
Aseinsiasundasiassadimanilnenies FT-R Tngaunulugisanueeay 4,000-
600 WwuRng " Wiguiiguiu Avicel (waglaan1anisan)
6. NMFIATIZUNIIEDA
Fuperlunsifouaznanisnnaosivimun 3 81 Sirs1zRanuwlsUsIu (one-
way ANOVA) waziUSeudisunnuunnsnavesaadelngld3s Duncan's multiple range test
(DMRT) fiszsiupnuidesiusosas 95 (p < 0.05)

NAN1539Y
1. nansAnwaudneasnaeiidasfurasninnuiiazyaia

mnnunduingAuiifiviinaisaglaadeutrsiusuimnaieiwaglaage e
FeusutanudedimenanunsUssandy q laensusuanmasaemidndniudsliauds
Tuvenuvsandoulnssasiwensaglaauazialiwaglaa anduiulumiiounisdeaiuldlv
dunIsidlugosameiwagloauaziefiwaglaa vinlioulesiannsadfelng Auldieiy
(Swwa, 2558) Mnwamsinuliamziinaesiuszneumanil liun waglad elliwaglad
wazdndu vesmnnundlisiunisuuanmuagsitumsivanimuasyati 9naed 1



6 MIATIVY) WINYIFYTIVAUATAITIIUINY

wuiigaglaadinmafisiinnduaindosas 3.50 Wudesar 7.48 dandniuduinaanasmn
Yovax 38.15 udesay 17.37 uenanijosrusznevsy 1 W arsuseneveiiuviad w i
fivsinaanasanesas 49.65 Wuewaz 20.50 wansbiiuinnmsuiuannlagansavanesng
danasialassainevesitetanarasrusenaumanilaenmzwaglaauazaniy denndesiv
MATevesaTITIM (2561) uagimiindiegsTivdondsnisuivanmanidudosay 7558
dnyatilivinasaglaawiiuosas 2.16 Tesaenndesiudoyavesgnamnssugudinm
(2561) finamlFyaiidnlngivinamaglaseglurisiesay 1.60-4.40

M197199 1 ssAUszneumuaiivasnInnuriliiiulaziunsUSuan muazya

29AUsZNOUNINAY NINAUN yada
(3avazinetmiin Tinunsusvaniw  eunnsusuann
L‘aniaﬁ 3.50+0.08 7.48+0.24 2.16+0.04
iwillwaglaa 29.48+0.44 33.87+0.27 30.010.05
aniluy 38.15+0.45 17.37+0.15 15.92+0.15
Bu 9 1) 49.65+0.21 20.50+0.42 51.90+0.10
ﬁmﬁfﬂﬁmé‘a 100.00+0.00 75.58+0.11

e - TeyauansAnade + dudeauuinggiu (mean=SD)

uananilfaaenndostunis@nwiniaud suutasdnuurlassarenisuen
Uinafuiifvesninmunlaendesndosanssmisidnnsousuudensn Wisuieusswing
mnnuiilaiiunsUsuanIm (Mnd 2 n) waznnnuNfikunsUSUaAIW (il 2 )
wuhnmnnufidunsufuanndiiuiifiadudauas snguauelngiy Sedmalvidalona
lunsdesaasvesdeqdunid dsaenadostunuitevesana (2558) ndmimsuiuann
dheasavaeluienlansenlad (NaOH) axfirnuiugngufissnnty Weswnnasdadaui
sz fevvesdniueviefiwaglaaeenly WenSsuifisutusogailaiiumsysuanm

—— 100 pm —— 100 pum

AN 2 ANBLlATIASI9N18UBNUS AN UNRIVINNNWIAAEIE1e 1,000 911 Ay
MIUSUANN (N) wagRuNsUSUaN N (3)
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MnransAnvINMsUasuLUaslassairamaaivesnnniunsieiaios FT-R
TnoAnwilassadananivesansusznouduridimenisgandundussdduruse Wefiansan
9N 3 wuidnwazvesfiafiusngduuneenld 3 daamdn 9 muvyfledduiidu
dauvsznovvewaglaa wefiwaglaa wazdndu Tnovisavadu 2,922-2,923 wufumg
LARIN15dUYeY aliphatic-CHx & aifulassairsveaiwaglaa Yasavad u 1,638-1,743
wuflums " wanany C=0 uansliiifunsidsunladassadrsveiedivaglaa uazena
AINEIAA Y 1,010-1,029 wufluns " LLammié"wummg C-O-C Tu arty-alkyl ether U949
andu diefansaneudsunuasening FT-R spectrum 1090 nnuniibdnunsuu
anmfunInnunfiiunsUSuan s arsaraneladialensenled uay Avicel nuin
donunsusvanmisasaraneledieslensenled vinliiusuavesdniuanas diy
Uinuvensiwagloauazisagloaiuiy Ssaenndosiunuiseuesdinsem (2561) finuh
asavaneluionlansenlediinadelasiadimanaiivesdniduvildadiuuTinauag laa
fuw Tty dswalinsiesnassamanTueaglaafiiunisusvaninluliusslon
I#ognsfidnenmanntu

100

O O
(S I

9

LN1TNSANIU
[0}
(2]

80
[
ﬁ 75 aliphatic-CHx Q)
70 c-0-C €0)
()
65
60
600 1,100 1,600 2,100 2,600 3,100 3,600

429ANUBIAAY (WUALIAT )

WA 3 FT-IR spectrum asmnnuiisiunisusuanm Avicel (waglaanianisen) (n)
nnnunfldrunsUTuanin (1) wagninnuwnitiunsiuanim (a)

WICHCHA JOURNAL Vol. 42 No. 2 July - December 2023
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YBNINTNNTTIATEREN YAl ssduvesnInnun i laiiunnsusu
annuaziunNsUSUanwIazyata (151ad 2) nudrludruvesninnusiidianudy
nsA-A9anatann 9.25 1 7.80 dwmiuusnawend wWaueilUSunamanatenn 866.67
faaanseenda 1 765.48 fadansrenia uavUSunamewdssemedeivsinafiutuan
489.72 fiadanssiensa 1Ju 550.46 fadansrens sziuldinmsusuanmiudwanons
LU?{auLLanaa@mé’ﬂwwLﬁaqﬁumqmﬁmaqmﬂmuw lesnasavanelaieulensonles
lilaseadaud susdasluinlwansdunidunsdauluninniunanas wiaiuisowiia
23fUsznauveIliinamewdsssmeiefiaunsai g lunisude uiadinmwaznsusu
anmdsdsmarenmhauventesdunidliiemndu wmilrtunounsuaauiainduls
unTuuiy (Refen wazans, 2559) Iuﬁumﬁaﬂa’?ﬁﬁﬂ‘%mmaaLLSﬁaﬂgwmmﬁu 64.19
fiaddnsroniy wasUSunamewdassmediewindu 13.33 fadanssensy WewSoudisuiu
NUITLVRMINTA UazuIIu (2560) fUsinavendaiunuarUnaesudssemed
HAenin V'igq{ﬂﬁaqmﬂyjai”am%ﬂu;ﬂai’aLLﬁQﬁchumisJaaamamLLé’aﬁﬂﬁU‘%mmm
msduvissluyaildenaazuanieanyaiian uaznsguiiognananuvasiuansaiy

M13199 2 AdnwuraaiiilewuvaininnunildiuuaziunsUTuanmiazya

anwauznaall NINNUH yadn
Taisnu Y
msdsvan i sUuanIw
AMsLdunsa-Ag 9.25+0.28 7.80+0.12 8.25+0.15
USunauvesdeszwvede (ladanssansi) 489.72+1.37 550.46+1.26  13.33+1.18
Vnaesudaimun Qadanssensa) 886.67+1.82 765.48+3.02  64.19+1.06

e - TeyauansAiaie + dudeiuuinggiu (mean=SD)

2. HamsANYINNSHAALAETIANYBINNN UM UM sUSUAN I INAUYa T
Tngn1sudnuuung
MnnMsEnvMIkdauiaganmannnnuikunsuivanmsniuyath
wudiluszezingn 3 Juwsn Uiinaufaiiietune fuluwldudsdy Tnesasaiuninmu
frinunsuSuaninseyaiiidasdin 24:1 TinauAatanmgegawindu 44.50 fadans
Aonsy Yaeldesyivedny %aawa@uﬁawmazﬁm?}Lu%a (acidogenesis) uazi3uanas
\oanitgrasumludiuda (methanogenesis) yanuautIsiufl 6 Tuudldunisudn
fiiutu wandliifuimandniutuwesninnuiuiuga hannsadulssans awluns
waaudadinld Weisufunisldyatuissesadeaznmnnmuniiiiunisuivanim
iosandnsuauyatiivimif infouduundsqaunid uassnduvesaiueuse
lulnsiuiiu 24:1 Aige FdlndiAsiuanuideves Kim et al. (2017) dwalituneunis
HARLLRTainlieg 19515
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M13197 3 USInauiadinmazaugaaveavasninnkiidunsusuanmsawiuya i
dnsdvasnsvausislulnsauiuanesiulumsminuuung Wussesna 15 1

ansdIuvaIAsUBURDlulAsIAY USunauiadaniwazau
(neviwiin) (Radansreniy vaeudeszviedne)
AN unITUSUaNN (21:1) 28.08+2.58°
mAnuATiEunITUSUaNN (24:1) 35.10+2.31°
AN unISUSUaNN (27:1) 28.75+0.43°
ya (21:1) 35.50+1.19°
SanamumnnuniikiunsUsuaninseyat (21:1) 36.00+0.29°
Samdwmanuiiunsuiuanmseyata (24:1) 44.50+1.53°
Samdwmanuisihunsuuanmseyats (27:1) 39.50+1.32°

WBwe: - a b waz c WuAmnsadfnsziumnudediusesay 95 (p < 0.05)
- Yayauansrnedy = drundsauunnnsgiu (mean+SD)

9NM597 3 uansUSInuAadannasausE Iy AnUAN (WUUNY) LAz
Sandunnnuiiiunsuiuanindeyatn isndnvesmiususelulasiauiiunnsieiu
Tag Sasdmnnnunisinunsusuanmaeyaifisasduvesnivouselulnsiouwinfy
26:1 TSnaufadinmasaugsiigavindy 44.50 fadanseieniy voaudsszimedny unnsns
fusgailtiddnmeaia (o < 0.05) WewSsuiisuiugamuasusiaysniidn :1n5 ey
N15378909 Kim et al. (2017) na@1331A18RIIdIUvRIATTUaUM BbulaTauTBININN WY
iy 23:1 iWudivnzaudenisudaufadanin uasidurisiivanzay Ao ogludisves
20-30 (Yen and Brune, 2007) feA8ns1diuvassueusialulasiaugunnuuaiiselungy
wnlay (methanogen) agldlulaslaununegssinddmalinisudnuias Tumanduiiu
fednmanresniveuselulasiausnun 4 ssililulaseuinndulusagliinmedudy
wenlanily dawalvirnnudunsn-ansgendn 8.50 uaziduiiwseuuniiiFefinandinule

mMaAsuudasdnuasmaeiiluuusnuas ugninevesnmandauiatanm a1
A131971 4 wutuserdaTdiUi A B IS Aunnsaty TneUsinamesdsimunuay
vowudsspmeieluunsnvessruutsiiuunliinfiugedu faaenndosivauisevoaianie
wazAg (2558) Ainanrimandnuuunsdunswinddnsistanlumsndnifiesasaien
Fofudl esroraiuluuiinamsdundd (@sunnveaudeszivedin) azanas inae
QauvIddesamumsBuvidesieioiiies lnsnanisvaaesdinisindauiinavesudeimunng
Turesay 7.95-17.50 nMsidausinaveswdszveieegluyisiosas 16.84-48.50 dau
Prgaumniilunsfng nuiieglugie 32-35 ssrnwadea uazAiaudunsn-ing oglugas
6-7 AonndoaiuARAEN LazAnE (2559) szylulaunusegaumniinawiegunniuly
Imamiﬁwmumaqsswﬁyﬁ]waﬂuﬂmLa,ﬂsm'?\lSﬂ (mesophilic period) (Usgunau 20-45 94A1
waidea) uarArauniunsn-rsfiunzanlumandnufatnnniunsreglutng 6872
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M15197 4 nsildsunvasanvasmaadluiusniaz fugavineroinsnanniatininain
nnnuasuiuyaidlaensudnuuune Tudnsidmvesmiveuselulasiaud
wansineiuly ui 0 wazdun 15

dnduves anwauznAll Fuil 0 Juil 15 Yewas
Asuausalulnsay (adanssianiy) N3
(ngriwiin) Man

yada (21:1) Usinamesuderionnn  526.18:0.01 484.37+1.59  7.95
Uiinamewdsszinedie 330.17+1.59  274.57x0.78 16.84

yata (24:1) Usinameaudeionnn  560.06:0.87 513.49+0.89  9.03
Usinamewdsszinedte 327.1520.01  255.17+0.36  22.00

yata (27:1) Usinamesudeionun  550.78+1.69  500.22¢1.89  9.18
Ulinauwewdsssnedte  362.46+2.89  286.27+2.69 21.02

yat (21:1) USinamesudeionun  300.13£0.36  275.89+1.98  8.08
Ulinamwewdsszinedie 60.48+1.89  46.47+569 23.16

§hsndrmunnnuniiny USinamesudeionun  600.14+191 508.48+4.32  8.61
madsuanimdeyads (21:1) Usuaweswdessinedls  331.47+0.89  248.47+1.58 25.04
§hsndrmunnnuniiny USinamesudeionun  663.27£0.01  547.24269  17.50
madsuanimdeyas (24:1) Usuaveswdsseiedls  434.58+1.58 223.79+1.01 48.50
dhsdamunnnuniiku Usinavesudeivan  598.38+096  505.35:0.89 886
msdsuanwseyats (27:1) Uswawesdessinedls  343.45:0.23  249.18+1.55 27.45

e - TeyauansAiaie + dudeuuuinggiu (mean=SD)

3. wansAnwINIHARLAETIN YR IRk IUNsUSUAN S U UYa T
Tasnswsinuuuiang
MnnMsEnvMIkdauiaganmannnnukunsuivanmsmiuyat
Tunszurumswsinuuuiang Taglddnndiuvesasveusiolulasiaufivmngauannsin
msudnuiatinmussmnnuiidumsuuanmsmiugatalasmsvsinuuunsvintu 24:1
yhnsnwguiuumsinansdunidiuanaieiu 2 wuu fie mamfhuuuisns wuud 1 i
fufl 2 uae 4 uazuuudl 2 WuTudl 3 uay 6 Al 4 wuimskEauAaTiEBILUUTHARR
USnamfatanndlugae 7 Juusn antuasiiuanatuasasiicaud Juil 12 Taodt saesuuy
wiivinaufiatinmiuuiliniutu desmnmnadmdmnidnsuunivansdunidadly
Tuszuudawihlviqdunidaninsodesameansdunidliios q wasudsanmduufadmuld
Tuvauedinaiuasdunidiingssuuminifissafaier Wuuny) vlvaduniddesans
ansduriduazuusanmbuuiaimildflutiun vennndasensisiadeaudasnis
yosqduniddmasiouszansamlunandanfaanmiianas lnenudn wuudl 1 awsondn
wialarnindedamalvindauiaginmlaandi
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o

o

&
LUUR 2 LRUATINA 2

WUUT 1 LAuASsn 2

v
a

o
w

)
8

—l— YAIUAN (LUUNg)

= a
BUUN 1 LIUATIN 1

e - -

WA 2 RuASIR 1

a

LYY

—h—  Luufeng (WUuil 1)

—— uuuUisng (Wuuin 2)

Aavanmnmnavu
<
6
1

AINDNIN VYBDILVIT.

=

6V
1%

US04k

aga

@

(@]
—
N
W
i
(6]
(o))

7 8 9 10 11 12 13 14 15
szeziian (3u)

A 4 Uinansudauiadinmse uiiiaduvesninniunidunisusuanimsiuiuyg
Flpgnswinuuuiangionsidrunsiinansounse o Wussesian 15 Ju

USinumsuanufatinwazaniildidewIsuiisusninsganiuay (Wuung)
wagmMIvnUUUAINE (WUUA 1 wazuuudl 2) wuinyamunu (Wuung) SuTinaufadanm
avauminiu 47.65 dadansronsu vewdssiviedte Sanuuanansiuesedidedfy e
TuvagAimmifuuuiang uwuud 1 fuunldunsudaufadanmazadldfni’ wuud 2 Fed
Uunamfadinmazauviniu 38.00 Sadansreniy vesudsssmedne uaz 27.67 dadansee
N5y vesudsszimedny muddy WeRasanvsmaudaiiuiarutanisveulaoanlud
fiinTu wudganua (Wuung) wagmandnAsng wuud 1 TWUsinautaivull dannw
upnsinuegsltudAynsadfvinduTesay 18.40 uay 20.12 laaUsunns muaiau diu
USunauufiaasusulasenled wuingamiuau (Wuung) denuuwsnsneiuegreiidedidgnie
adfuiiufosay 22.80 TaeU3unns Fenasd 5 Faainmsvaaes nuisuaeiatvy
vﬁm:ummmwmmﬂaaumaunuquwg} Sovay 50-70) Feenaazdilafesnanvangag
WU LmammwmmWuumﬁmwEJmammuﬁuaqmwmuﬂaumﬂm Femsiintunoulunisindn
Auduiieliiidndiuvesuiadimufindu mﬂﬁum@mm’]mu (Mamun and Tori, 2017)
uaﬂmﬂﬁmmﬁmmmzwmwﬁﬂﬁlﬂuwamﬂajamyizﬁ fimssumussuuilennnduneuy
maiushegandinsgi msfiianmindasiuuiuinasionisnmunaydnaienisgosaane
asouradleenseinlrlauiatinureutie (Suwa, 2558)
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= ™~ oo S a X I3 o o U Aaa &
A5 5 USinaufatinmazauiiintunaresdusznauveuiadinmluuniivinauia
Wi ugegavesninniuisunsUTuanmswivyaidlagnisvdnuuuiang
o ] 13 ' v & @
nenduvesnsusualulasiauwiiu 24:1 Wusseza 15 Tu

ANINEAR Usunaufadaniwazas SowazlneUsung
wAggan N (Naganssianiu uhadmu  whaarsueulaeenlan
voudesinedng)
YARIUAN (LUUNE) 47.65+12.33° 18.40+1.13° 22.80+2.30°
WUUAINg WUUT 1 38.009.30° 20.12+0.94° 6.47+0.71°
WUUAINg WUUTi 2 27.67+6.82° 9.75+0.51° 4.10+0.47°

WBwie: - a b waz c WuAmnsadansziumnudeiusesas 95 (p < 0.05)
- YayauansAnedy = drundsauunnnsgu (mean+SD)

nansdsunlasdnuusnaailluiulsnuas Tugavhovosnsndauiatanm
MnmnmusuuyalnemsiuuuAsngishnduvesnnsususolulasiauitiy 24:1
WuINgAAIUAL (LUUNE) LagLUUA Ny LUUd 1 wazuuud 2 Tufugavinedivuuves
uf i amuanazveaudassmednefianasnintuusn davenfsanuanansolunsdesanis
asduviadvondegdunas lnemandnuuuisneifesasmatidanes UTuuveudaimun
oglur9 12.97-20.70 uazfesarmsidnuiinavesudsszimeine eglutag 41.97-53.12 3
wuuil 1 Tesazmstidaanniian fansedl 6 uazgaminaenszeznanKanufatanm
RAvegT 34 ssrnwaldua deglursilefidadutisgumaifimnzaudmsumsiasyidvle
rosnuAiiise warliAnanudunsa-aseglugie 5.0-6.0

M990 6 nan1sAuklaanvugnaailuTuksniay TuaavineveINsHaRLAET AN N
nnmunsinduyaileensmdnuuuiang fgnsdmvesmsvausalulasiau

WAy 24:1
ATHAR Anwauzniaall Fuii 0 Fudi 15 foway
wAagIn N (iaddnsraniu) A15ANN

YAAIUAN (HUUNE) Usinomeswdetiun 77917125 647534069 16.89
USinuvesdessmedne  434.58+7.95  238.19+1.77  46.34

wuuiany wuuil 1 Uuowewdetiue 589156198 677.2+085 2070
USinuvesdessmedie 434524058  203.71+541  53.12

wuuRanzwuuil 2 Vinaewdaimme  559.82+2.01 487.2+1.85 12.97
USunauuesudeseinedney 454.58+0.92 263.79+0.01 41.97

viangwie: - Tagauaniaiede + dudesuunnnigiu (mean+SD)
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N159AUTIINANIIAY
MsfnwIMINAALAETIAMIINAINNUNTIRUN SUSUaa s AU sl aTase
53 UIUNT NUUUNZRAZRUUA 9N wudmmmLw\ILﬁu%amamqqmammammﬁaﬁqﬁﬁ
Tassarsiidudouriliigndesaaesegaunislaonn annanmsidouandliifiuinnisusu
anmaefiuUszansamlunsihluldusslovdtonaaiiuazmenenind waldaunsa
ﬁﬂﬂ%ﬂsdwﬁlﬁaLﬁulﬁﬁy@L‘wﬁqLLazi’mqﬁuﬁgqéfuiumwamLLﬁ”aéﬁ’JmWié’f (SNNTEM, 2560;
algnad, 2562) wiviiludinveansnsnanuAadanm W‘U’jw%mmmmLLﬁ”aﬁmuﬁié’ﬁmﬁw
L@Jams&mmauquwg Sovay 50-70) Fsor9veiitadesnanvansaning WU uiadinmg
mmsuumﬁmwsJqmammummmmmumuwm mmimmumaﬂumimammﬂmuma"lm
dndruveiaiimuiiuiy Wy mﬂﬁummmﬂmu (Marnun and Tori, 2017) 8nvisenatin
mﬂswwmwmmﬂuamsm \osmnduneunsiiuiednsiinsei QeI LReLl
vmﬂaamamamiaaaaawmiaumwﬂﬁlﬂLmaumuﬂaumqm (Sna, 2558)

a3UNaN153Y

msUuanmnnnuieunsaauAadinwazdeiudnennvesingavluns
iluldudausa Wosndnmswdsuwlamuanidtomaeiuasmenenin dewalving
yurendesdunidieiniy dalumssdaufadinmmuinluanisnsinuuung
fisnsdruresmsveusslulasiauwingu 24:1 Wushsdndivunzay nadledlundausa
P nudluaniznsvdnuuungasliTinauiadinnasagaanviniu 44.50 Jaddns
Aansy vaandesywiedty JuSinauiaiinuiesay 18.40 uavUsunauianisueulaeanlen
Soraz 22.80 drwluanznisminuuuiang Tngnsiinansduvsgvn 2 Ju dunan 2 ¥q
(il 1) IiTmaufadinmazangegaindy 38.00 faddnsdeniu vesudssvinede
HUsunaunaivusesay 20.12 wazUSunuunaasvsulneenlenioeas 6.47 MnNWanIsANE
LLaﬂﬂlﬁLﬁuﬁﬁﬂﬂﬂﬂﬂLLWﬁﬁhumSﬂ%UﬂﬂW‘WS"JﬂJﬁijﬁfﬂﬁﬁﬂﬂﬂﬁWﬁlumiﬁ\lamﬁﬁ%’mﬁw 1o
anunsaldl@iaiamsuinuuunzLasLuAIng seimninsanwiuiufanunsadusn
Lmewﬁﬂum{LGﬁLﬁuwa'ﬁmqﬁuﬁmmiaﬁﬂﬂﬁaaamLﬂuwa‘”ﬂmwmmuL%yamﬁqmﬂ
Weadarellluauan

AnAnssuUTENA
NATelasuNsatuayuItENTangaTInemansiinIn neIvTINeIrEns
AEAAUAANTLAYINEIANENS UNTINGNTENUATAENT INS UV TLNIEY
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LANE1581989

NFUTAILNNAINUNAUNULALOUT YWY NTENTNNGNNU. (2561). gleRnaUIUNIAYAUR
AIUNENIUNAUNY NITHANA 19590 ININTHYAH I 9. guaTIvsil: umiAnedy
QUATIYEIH.

Anfen Joudu Ysean WWeaniu uassyna ngaadinid. (2559). nsudauiadaninain
Anmurniiniunisuivanmienisideiuduyatilaonssuiumsmsinuuune.
3AITUNINGIAYUTIZNITTIVUATUNS, 8(3), 129-139.

9Mn30d YULONS UarwIL Watee. (2560). n1suinanvesnInnukaziUdenuaan K
friunsuivanmimiuyaladefinstavamnsidniedaniw. Tu nisUsso
Svimsaserenduisssmalne s 13 Grendendumauny) (i 112-
119). Wedlnal: uninendeuaila.

Tgned FuRdauius. (2562). n1an1ui nuAInwilgdwunAnAsTygfanyulgudmiu

WAMAUTITINMN. 97597550980, 23(1), 1-8.

ugdms fatunssna uagied Usaaiesde. (2558). mafinwnnnuiiagninssnld
UsslomflugUilowmasdnusis. 215msumInerdemsunsunsilsm, 7(13), 15-26.
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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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LeumdgauazaAfiuanAstuezdssarendsnuesTanidalussuuiuiu (Zhang et al,
2022) wenniunavesianiarsruudmasesyuundsuiaunuAenunsingm
waﬂ33%%@5@315314%1@%@5&@Lﬁm{amsmamﬁ’ui’aqLﬁmmaiéfﬂ’]sé"uamﬁaml,m(??ﬂ
(Menbari and Hashemnia, 2020)
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Bacillus subtilis TISTR 2664
The Study of In vitro Phagocytic Activity of Soybean Meal Fermented
with Bacillus subtilis TISTR 2664
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TodAgn9add nansfnwiuinnindamdemdniinaautfinsedugliauiugaudu
wmaideiausesiensinlUlduselevdiduansaduguamuaziiuyaniniaasegia
sl

AndAgy: Nndamdesin Bacillus subtilis Aanssunilnle@in Wulne
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-inflammatory antivirus cell communication,
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/mU), 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 guideline 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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Hagtunmsvilnandadaurormsnndadesduwaliudumniu Ysenaufuns
fiamandastonsganudsiudssaliiAnnnfusiiidudendussduss noundnifindy
u thfudandes undandes Wy e dundesieduumaweddusiuauamgaionn
fuUsmalusiugais 36-56 Wosifud Taetwiin (Wen et al,, 2022) fnsnozdlufisuiuly
dneufionnean Tutu 20 Weddud mslulainsm 35 Wesidud uistn 5 Wesidud anudu
10 Wosidud wavansusenoudu 9 wu nsaluty Saiu waluesd Telesanlu nsnfluea
wazelufiu (Medic, 2014) fsdunndavdesfindonnmandnemsiaduingiusagn
fimldieuasinuameenmsgs

anautimsdinmuealndfndnnnlsiudundoniufiaulanu Fadulng
Huansewnsfidnduiiinannisdeseslsiumetoulaivionnnismindeduvislid
yueluanafidnas fiaudasadouasauusslovivanuas amnsamuaunsinnues
a3ingsetaostulsarudeniods (Chatteree et al, 2018) Yrvanmusuladin N1y
lalVlamamelsialin dueyyadase AulsAdau duumnu fuuess (Singh et al, 2022)
nsoengninsiinmusaulndusazviadaruusndrstulunisimini auaussuy
MUAUIMT srUUUszam szuuiilawazraenifon sruugiduiu nsdueyyadase
wazmsdudueulesdiiudey angiotensin I Uiy angiotensin I Faduaimmueanniulsn
mmﬁulaﬁmqa (Korhonen and Pihlanto, 2006; Escudero et al., 2012; Castellano et al,,
2013) venaniiiemiddointudindifdminlmanaduasdgvssueyyadasy W
Lﬂﬂlmﬁﬁﬁqméﬁmawaﬁaiz TulpandnanaininaeuuaiiSewanin (Coda et al, 2012)
Budu mnmsinulasaduagnisesngnimsdanmvesddlnddildannistesdvies
freeulesl nuTnfinanuanunsaveasad RAW264.7 Tunisiiedilulelnda (pinocytosis)
waznsadrslunsnoanles Interleukin-6 (IL-6) wag TNF-C (Wen et al, 2022) usnaini
fsonumasinnindandesieqduvidduan 3 aeus Ae Bacillus subtilis Lactobacillus
casei Wag Hansenula anomala wuingiwanen1svieadslugnansiaaniinguaiuny
(o < 0.05) (Yuan et al,, 2017) Wlndildndaundesiinuand@lunisusvaunaveszsuy
QffuAY Tdun YPFW MITLAIPYNKPGR MITLAIPVN HCGAPA Wag GAPA (Chatterjee et al.,
2018; Yoshikawa, 2015) feauaudfninanvesalllvdaziinadlagsiusenisvinnuyes
FIMeuazaunnvesiuilaa wisgtlsinunisinwaaandfsuesdussnauresudlng
uaznalnfifliesyuugliduiudiuiinadiin

angy3veTedaruaulafiasininduvdequnldifutngAvlunsnindqeide
wuafiGafiolrlduulng wszduingauiiflusiununngaaziinsaesilufidndumans
yiadussdlszney Snadumaihendananassldangnamnssuthiufivnelulszme
uldusslomilunafiuyaaidueaaiuguam tnsnuddsdyatunisfnugning
FanmiiireszuunfiduiulunisnsedunsivivduanUasuveadaidenunivionisiin
Ansmumiinlefnveauilndildnnmandnnindamdesdedouuaiise B subtilis TISTR
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2664 fuesnldaniiuasiinuadilunsaaeulsilusiiea saudsmsnwddiunsn
ozfiluvoaudlnduazaiinvedusiu ndeumsvihunenuaudimeiinmdeldidudoyad
aufusmslunsimunnslilsslesdannilnddmiuusulsnanmussomnsdninie
pInsEsuguNNEaly

oA lUNITINY
1. madmeiesdusznaulunndamiasitldangaamnassuigiuiiy
I#sunsaiuayunndavdonduingivnnuien sunssdnsusiiduiiy S
yhmsemeinauealifeismamnasgu American oil chemists’society lagdiaszviaanuiy
(moisture) &35 moisture and volatile matter forced draft oven method (AOCs Ba 2a-38)
ApsgiuSanailusiu (oil content) saeRs moisture and volatile matter in cottonseed (AOCs
Ba 3-38) JinzyiUiunallusiumenu (crude protein) ¢ae33 AOA 94501 TnseviUSinaudele
(crude fiber) Ae738 AOCs official method Ba 6-84 wagilasngiusunauan (ash) Aae3s AOCs
official method Ba 5a-49
2. Mswdsufiagsnnaavasmindaedauuaiide B. subtilis TISTR 2664
Tnshnmndandemwausieindulusndan 5 de 1 Ghwmindeusunms) iy
mﬁbzhL%@é’hWﬁaﬁammﬁ’ulaﬁqmmﬁ 105 asAwaLdyE S3eziIan 20 W19 (Zhang et al,
2020) Wiuvdeuuaiiide B subtilis TISTR 2664 lfiusinanteBudulsyana log 6 Talail
dendu Uniigaumgd 37 esmwaidea szoznan 24 92lug 1n15nTI9deunsial yes
Weuuadide ynuthseghsluliutuuudenuds (feeze dry) wazduaziden udrsou
NALATINTY 60 WY (mesh) ntuihluasanedistinduwasusuarmndunsa-ang (pH)
Wil 9.5 Juissiinnuidaseu 5000 WWunan 10 it anazneudeandunsa-ae 4.5
Jumieefiruidiseu 5000¢ WWunan 10 wift wazusulildamandunsa-sng 7 diluvili
wisuudonuds azanedrstindulusns 1 Wesdud (aevwmindousunes) deuly
maaus[,wﬁgum'aiﬂ Larvinn1sAnwrvuinn 1ewmaila SDS-PAGE (sodium dodecyl sulfate-
polyacrylamide gel electrophoresis) Tusguu tris/tricine buffer system A28 16 WS W ud
WaduaN (resolving gel)
3. MsimszesdusznaulUlnduazlusiiuvesnindndesiningae de
wuANi3Y B. subtilis TISTR 2664
TaeTnusnalusidusedisieiSues Lowry et al. (1951) Ingliwsudayiiu
21177 (bovine serum albumin) Lﬂuaﬁazmmmyu mnﬁuazmaﬁaaéwﬁw 2x tricine
sample buffer Wduagnmgdl 95 ssmeaidoa Wuan 5 unit wdrdumnmeneudl 11,000
sousiown? 1unan 5 Wit (Tachapuripunya et al,, 2021) divdwlafiediesziosiuseney
WilnauazTusiumemailn SDS-PAGE luseuu tris/tricine buffer system #ae 12 wWosidus
Waduans uaz 4 Wedidus waduuu (stacking gel) ey SDS polyacrylamide gel
FaeEnuFug (coomassie brilliant blue @) UuLA3 pag1d1uAY Aoud19ddeudinrne,
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destain Vufinaimiaa fowfusnuluindy deudidoseddeudanaslunm iver
nitrate) Tneutiaalutine1nsaead (fixative solution) suaan 60 undl Aewwdiealuingy
TuAy Lad1aane 0.02 wWesiudlunoulnledama (sodium thiosulfate) wagmueae
dhndu ntunealuasazans 0.1 Wesiuddaneslumsm Wuna 20 wift draealu
hndu udwrlu 3 Wedidudlefouaisuaiun (sodium carbonate) sunaulusiiutsing
wdmgaUARTeIRe 5 Wesidudnanthdu (acetic acid) ¥hmstenimuasinsiginniag
WoSsuieurunvaslusiuuaslulng

nsaTzdvtiaveslusiutazidllndnremedauuaaiunlnsiuns (mass
spectrometry) Taen1s1435 10-SDS-PAGE T2t 1slusAuad oufl i g duresiaadiudn
e 0.5-1.0 Leufuns 1ndudoutadedaufug uasdsddiuAusendetien destain
wamssauaulusfiueanainukuies wazmisufegnadulndanduadilademain
nsgeslusiuluaadiseuled 3Ty (ncel trypsin digestion) i elildansazaneilulng
dmsumsilesenieny LC-Q-TOF-MS/MS udwhmsiinsigyidaya MS/MS ion spectrum filst
A2elUsunTy MASCOT Tagfi1nuan1s1diines 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 33N%@H6Lﬂﬂlwﬁﬁﬁﬁﬂaaau (ions scores) 1NN 39 wazlushu
flsvyriald WeSoudsudnduaslusiiuandiedns 3 61 vhuenmausRveauulng
Flgeelusunsuviunemedansaunedsiauilng Tachapuripunya et al. (2021) Tsunsy
yneilivdnnisveamaieudueaies (machine learning) lunsFeusvedusunsude
Ated laeaunamelusunsy R I9danesiulunsvihwevieduundssinntdeya lagldns
A1 KNN (k-nearest neighbors:) kag random forest algorithms ﬁw%’aiﬂamﬂlwﬁﬁ]’m
grudoyardlndfinsugaanifinisdinmannsmeassifinameunsunneu auzg3de
tindwadwiadugadayansfin (training data) uasndayansnnaey (testing data)
Tnsyadaganistinagldlunmstaulunadisiuendnduiasauant® nduiiluea
mMavhwneildumeaeuiugadeyanismaaey eusuiliuussavsamuasauusiugves
nMsvine wdnisunsuitlddunldihuetuudnditldannisgesmndandes

4. n’mnﬂaaUﬂcuamjGlminimusu‘uunuﬂunwaqmamﬂui“ﬂuLsuaa

vnmmamqmamamaaumEJmmiLammaa 5 svfu BuanseRuanududy
geaniiannsnazaeléd dwSushegnall Ao 50 Weddud Tnsthwmin udvihnmsdeawield
afsay 2 Wi Ao 50.00 25.00 12.50 6.25 3.13 way 0.00 WesiEus mudu wieldluns
nageuALd ufiud oigad uagseiuaududuil ianuvaends Tnevilvisadidinsen
anii 70 Wosidud iy asgnilldlumsmeaeunaifivisiinmitidessuunddudu
mnnsnsgduliiAaianssunlnledndold Fsmaiaianssuilnlefndiwadasinng
UanUdevanslusdneenleseenindae Usinalunineenleniunntuardsmaliinnisduiu
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[y

?1'&LLUaﬂUaammLsnaﬁmiﬂsmﬁmm?fﬁ?u (Zhang et al., 2019) ﬁaﬁnnmwmaauﬁﬂmi
yinaes 4 91 Tunnseduanudidu
4.1 MsneaeuANUduiuseawad (Interational Standard (ISO 10993-5), 2009)
VlmaauimwmaémwLgad%ﬁm RAW264.7 (mouse macrophage cell line,
ATCC® TIB-71™) fimnududu 1 x 10° wadsefiadans Useidunanisnaasuidausunm
Ineldvesans MTT (3-[4, 5-dimethylthiazolyl-2]-2, 5-diphenyltetrazolium bromide) N1
NAaaUnTITAN13iTTnsenventad wiaTannuduvesdiiaueiadu 570 unluwns
ansfegmeaeuiidudatugadudvilfivadmeuazivodi$uinisidinveawadosann
70 Weddusd WenFsuiisuiuuiinaneadivansmuninday (oWnaieaead) asdaas
fhethmageuiuiiinruduivsowsd denmududuitvaensuthludnwse
4.2 msnegeulsinulunsnesnles (Zhang et al., 2019)
Tnewdsnwadinnziass RAW264.7 Wilarududy 2x10° wadsoiiadans
Tuaumedesnune 24 vigu deasu 24 Falus WasuemsAsagadifuomssiian DMEM
(dulbecco’s modified eagle medium) 7 fiansasanes1o8 1amadeud nau uanslalnned -
winalse (lipopolysaccharide: LPS) anududu 1 lulasnsusiefiaddns (@saunuideuan
Ao @13 LPS Anuidudy 1 lulasniusefiaddns anseiuaulieau Ae Tdansazanglalaailiun
(diclofenac) 40 lalasnfusiefiaddns nauiu LPS unusaeens) Uuiwadiigaumndl 37 aaen
wadea uay 5 Wesifudmsueulaeenles Wunan 24 $2lus Yrenmsdsseadileun
Aeseilsinalusineenlen faeyanageu Griess reagent kit nszvivsinadlules (nitrite)
Tnetasavanedanidatlua (sulfanilamide) wag NED (N-(1-naphthyl) ethylenediamine
dihydrochloride) x??aﬁﬁqmwgﬁﬁm 15-30 Wit Tdansunesgrululasnluanududusing 9 ¥ag
0-100 llaslua viawa 50 llasdng (3 viqu) aeansazaedavidanlud Usues 50 lulasdns
Tavnviqu Ualufitln foamaiivies 5-10 urii ga NED U3anms 50 lalasans Tanamvan uslin
gaumgiivies 5-10 wnit Tudisle thluiamsganduuasiinnueniadu 570 wiluas laede
aelu 30 w1t udamiuiagandunasifaldunuiny vy wasanuiduduresansazans
INATTILLIULNL x thavhnsmasaraneanpssiuielflumsduayinalusinesnled
4.3 nMsnadeunsiinnanssunlnlefin (Zhang et al., 2019)
FswRELadINZAET RAW264.7 Thilmnududiu 2x10° wadsodadans
Tuamumnzia s 24 viau fleasu 24 F2lus Wasuemsiaseeadiduemsyia DMEM
fiflarsavanevessiogrmadeu Usuns 100 lulasans (E13AIUANLTIVIN FD Luéfmal,mu
(B-glucan) mmmmu 50 lulasnsusediaddns uazarsmiunulay As 9MsiaBTad)
mﬂuuumlfzjaammmu 37 aqmmﬁawaa way 5 Wesiurmsveulaeenlen (Wunan 24
Falua flensunangaemsia vavadeanuaziuasazans damiasn (neutral red) (A1
Wudu 0.075 Wasiiud USunslaeusuns luaisazareweanadvines) 100 lulasans
sevqu Unilgamnd 37 ssmiwaidoa Wua 3 $alus Weasunmgamsazaneimiaisaoen
wideetindeneamnties (phosphate buffer saline: PBS) Aaananfiunsa-ss 7.4
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Wuansarate destain warmsuuesoswg g 1 alus MntuiluinAganduuesd
AMNETIAAY 540 ulluns Auailesidudvesianssuviinlefinainaunis (1)

¢ e em - ANAANAULEIVDIF DL
wWaswudnanssunlnlefin = v % 100 (1)

ANYANTULENTYDIANTAIUAILTIAY

4.4 MTBATIENveyanIeata
NAABUAILUANA 1IN SARAVBIANRA B3z 1ang uaeTUsUATY SPSS
version 15.0 (SPSS Inc., 2008) tA51¢31ANULUSUTIU one way ANOVA WisuiluaAaae
nramsmaass & 91 1aeds Duncan’s multiple range test (DMRT)

NAN15IY
1. HamsAneasAUsEnauvesansemnsTunIndwEIwazNS Sy vasUUATFY
TumswisgunmndawiaewiingeauunaiiSe B. subtilis TISTR 2664
nMsfnwiesdusznouvesasomstunndunassituldiduingiu wua
fU3unalusiiy 44.65 Wesidud tnifu 1.28 wWedidud arudu 12.08 Woddusd 11 6.40
Wedidus warloawns 556 wWesidud wdmmihnndawdesiiniunsmingredeuuniise
B. subtilis TISTR 2664 anuanzfifmua wuindeuuaiiSeinsisaivlnfiusuna 10.88
aeN3TugIUAY (logy) vedlaladsensy TuSinawenudlndfidvuinasiindt 3 Alanas
Wity 3.5 wh wegludSnaldsiuiivihfuesidadiuvedusiufidaunlnganauiiodiou
fumndandesiildeiunsutn danmi 1
2. wamsdnevwnvaslusiufiidussdusznavludegnanindandesmdng e
\Jewuniiide B. subtilis TISTR 2664
nsnudnualUsliialusiuvesinegumuaudadunindumdesiiriiunisis
gFeuslifinsipudowuaiite wuindeududuredusiuwiiu 8.85 fiadnSusieliadans
slevimsgesmndvdestuidewuaiiise B subtilis TISTR 2664 wuiniusinamadudu
voslusiufistuviity 1387 fadndudediadans n1samaaeunmamyadlusiudildan
Msgededenuniiise B subtilis TISTR 2664 faawdl 1 (n) tau 3 wuirvunveslusaud
gneegluazeglurag 30-100 Alamadu (kDa) uagdrulvgjazivunneglugig 5-29 Alanadu
Sodteuiulushegismugu fanmd 1 () tau 4
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MW (kDa) 1 2 3 4 Mw(kDa) 1 2 3
2100
1250 — -1 i
1010 | 250 | N
5.2 175 |
127
36.8 19 “
S — .
26,6—. . & -~
20T 57T | .
lu—'
st |
gg—_—... o .. -
[
3.5—‘ ! 5 24 . P
SR
| i mms.
() ()

A 1 g‘uLLuwawmmIUiﬁu‘LumﬂﬁaLmﬁamﬁﬂﬁwvﬁy@umﬁﬁ'a B. subtilis TISTR 2664
(n) SDS-PAGE Tuszuu tris-tricine 16.5 Wesifusina nszualniihasifl 45 Saduouuys
Wunan 10:30 $2lus Tngiaudl 1 uae 2 Ao TWsAumsgUIUIAAI 9 Laud 3 fo
wWilnganmndamdemsin uaziaudl 4 fe Mndamaesiirunsteindoudlald
Fudouuniise
() SDS-PAGE Tuszuu tris-tricine 12.0 Wodifudiaa 7i8audedanoslumsmves
nMndamasamind o1 euuaiiiSe B subtilis TISTR2664 Wil old@nwnranaes LC-Q-
TOF-MS/MS Taetauit 1-3 Ae shegradlndanmndamdemsn $1uau 3

3. nan153essesAUsznauvasllnduazlusiuvesnndamiasiinsing e
\JowuniiBe B. subtilis TISTR 2664 18 LC-Q-TOF-MS/MS kasn1s9iunedansaume
MM iuEanvsunivesiiegnndmdemtn nudiuues
wWilng 8,981 wile ovhnsseuisudndvmmndasianismadiansaume andsy
nsnezdluvesulndaninsassyvialddmsd 1 wazilovhunenuaudinisdanimues
WAL nudrfinaandasiviuneldsiu 10 auasi Tiun qnifiuuziss dudes
anasuladin dugadn dudsdn dunissniau dulida nszuaunsdeansseninasad
Mathdsen wagmsdudimnziumaduzds FadulndiddnunniaeiqaeadRanuiy
Tafin (antinypertensive) 3 snaiiazdisslovtisansiiarsaninununisindulndainnin
fwdesluneassmarios fiRinsdeifievngnislivsslovdsely
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A13197 1 Tayaviauavaidureinsneziiluludieganmnd i esiiduns ndnaee
WUATISE B. subtilis TISTR 2664 WiauN15vIuneAMaudRNIaTInTmI Aelusunsy
eI sauwme (Tachapuripunya et al., 2021)

gnEmedann anunsnazdlu YUnvaglUsiu
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)

RYHSHYILDTGDVIPMEIVDKY (2359.56 Da)

KPAVAEWIQGLQNHPDCSWYIFELLETIRDRM
(3655.57 Da)

RVVEIPGKG (742.60 Da)

KSSSQSFRV (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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ansedi 1 (o)
qusNIeTanmN aeunsnazily Yinvaslusiu
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 KDAMDGWEFRL (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
RPLLDFRAMAELRYV (1447.20 Da) patatin
KDAMDGWEFRL (1012.23 Da) uncharacterized protein
RCPLTVVQSRN (1058.79 Da) uncharacterized protein
antiinflammatory KSSSQSFRV (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 RYHSHYILDTGDVIPMEIVDKY (2359.56 Da) protein kinase domain-

containing protein

< a A‘ Y a a v a
4. mavasauaMduine guslunisnszduianssunilnlafin wazmsadislussn
29N lYAUBINDE1IN NN AT BINNINAELTBMUATILSY B. subtilis TISTR 2664
& a ) a o aa I3 al )
AMNAEBUANULUUNWYBININ WNE BNt NNTsalwad RAW264.7 AseauaINy
WUTUN 0-50 Tadnsunoladans nuinnenUdudy 3.13-25.00 Jadansuneladans lud
auduiie Inefwesiduinissendinvedwadogiugig 75.61+2.03 - 86.25+2.05 \wWosldud
fanmdl 3 Fansfiadidineguinndn 70 wWesiud Yuld Wwnasiisensuitasiulu
searuANuLtunlglunsnaaeuinnudasnsdy aunsathluldneaeulutusslule
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<))

100 b b

7]

80

1)

saaaa
¢ <
ILEYUR

Ysunanaanuyl

60

(1o

40
20 d
e
. = ]
A5AIVAN ENTAIUAY 313 625 1250 2500 50.00
Weau  @euan

a a

AMUTNTUYDY FBS (adnsusaiiadans)

AMNA 3 HAYBININOIMNA BIN NI NABI BLUATILSEY B. subtilis TISTR 2664 (FBS) Nilsan1s
197 nvenwas RAW264.7 1A 19 NWILIL 019N INT WHNA9A Y BUNgDa AL
unnveEsltedAgIeada (p < 0.01)

100
- 90
,;.z &
& 2 70
% g 60 a a a
L : ;
= 'm 40
5 = 30
=) 20

10

0

ansmuRuidsau (LPS)  3.13 6.25 12.50 25.00

AMUNTUYRY FBS (ladnsudadiadans)

AN 4 nsas1slussneanlosveinindimassininaleiowuaiiise B. subtilis TISTR 2664
(FSB) naaauluas RAW264.7 19e6d Nysiiilawians mAkansneny uunede ANy
wanAnseeliudFyn19EDia (o < 0.05) WaWeuivansnIuAmgauan (LPS)

mseszivinansadslusdnesnlsfvesineganndandesfivsindeide
wuATiSe B. subtilis TISTR 2664 fiszsuaaududu 0.00-25.00 fadnsuredadans wuin
finmsasslundneanleslugae 43.41+0.99 - 48.53+0.35 lulasluans Tnefieududy 3.13
fiadnsusiefaddns nszduliiwadndnlunineanled 43.41+0.99 lulasluans WWuuiunm
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Asndransmuauisuinlalwmedudnanlsd (LPS) amnududy 1 lulasnsusiediadans G
wanlusinoonled 53.60+349 lulasluans fanwil 4 uaziilomnududuvesiiegsnin
SavBomiingstwiu 6.25-25.00 fadniudefiaddng dualvinisadslusinoenlesgelu
Finadnton agluta 44.79:149 - 48.53:035 lailasluand Tneusnallusineenlasdifisdu
Lifimuduiusuuudunssiumududuressiegefiiintu Saunnssessldiived iy
e Woieuiuaseugudauin LPS uigeninansmunuidsay ansazanelalaafiuun
anandudu 40 llpsnsusefiaddns fanuuandnatuegaiveddamada (o < 0.01) &
asazanelalaaiiuuansyuliivaduanlusdneenlenil 32.06:2.52 lulesluans
mytaesidudmaiaionssunilnlefin wuimnssauaududuresiiedig
nndmdesiiviindedeuuniiSe 8. subtilis TISTR 2664 fivinneasudiquilunsnssdu
TiAnAanssuvlnleAnld 65.43+1.24 - 93.27:0.50 Waediud mudidu Tnsiedudu
6.25 fadnsusiefiadans dfanssurhlnlefin 65.43+1.24 Wesidud lnelurisanududuain
3.13 D9 125 dadnsusieliadans nmﬁmﬁﬂﬂiiumiﬂ%ﬁﬂqﬁuaEi”mﬁmmé’uﬁuﬁ‘lwsﬁu
Temsstuanududuifinty wasynsssueududuvesietsdnaliAnfanssunlnlafin
gesniansemunuduInuinguauiinandudu 100 llasniusediaddns etnaditoddny
N9adf (p < 0.01) Fan it 5 wasdiaandudu 125 fadnSudefadans dAanssuinlefin
geanwinfy 93.27+0.50 Wosidud usegndlsimuniionnuidudugsdunuinlifingliin

Aanssuvinlinlefingadu wansliiununliudansiduanududumiasiignslunsnsesu

EARIGHHG
120
Y&
& 100 2 a
N a E3 T
Z 8 a I
& >
S 6
=
[ ey
v 40
=
g’é 20
<
@
< 0
ansmuAGIN 3.13 6.25 12.50 25.00
(udnguaw)
anududuves FBS (Nadnsunoliaaans)

al a _a a o ' Y] = A o v & o .

awd 5 Maiefanssuvhlnlefnvesiiegsninamdssviinaneiewuaitse B subtilis

TISTR 2664 (FSB) Tuiwad RAW264.7 lag@asnusintouviansiwiuanaeiy et
ANULANANREeliTed AN EdaA (o < 0.01) WeliguiuansAIuALTIUIN
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N138AUTIENANTIVY

NHANTIATIRREIRUNTRREI kA yTinvelUsium 8 LC-Q-TOF-MS/MS wuin
TumniwdesiivindedeuuaiiSe 8. subtilis TISTR 2664 Sduusznovvesuulndsiuau
8,981+30.32 wiln aesndesiutoyavestusiuandumdes Glycine max iftoyalugiuteya
welula8@rnmunisnd (NCBI) uaznsiunemstansaumenuiduln i dnanuauda
neTanmuandaiuds 10 auandAvinalunsvsduaiudequnin Taslawiziwundidl
AnanRanautulaiinluuiinagainitauasidy q lnewulnddananeiadsuarionis
Snwnnaua B vAIYBIad Eevaaausumditugetanni 3 aesrdesiuneaide
Y94 Karaki et al. (1990) finuindulndannsgeslusiueduiianuidudusi (100 fadn3u
seflansy) awseanaudulaingdunynaasdld H1un1sAINAN RAS (ranin-angiotensin
system) iUlndifianausianeudulafinmaionadidnlunsannasanlusinaeniys
YOUTAdFY ABAARDITUNANITNARDIAINNT 4 LAYTI89UN1TANYIYE Majumder and
Wu (2014) Bnvawamsviunefenmuausiniedinmdy q wandvidiuddenialumsidouio
ihudanaainmstesnndamdedlulivsslenilunmsdaasuauaimdnusing 4 WWundsdu
U nMadugadnrEemsfiuunds uenindulndfidiesunssnavenadidiates
Tunalnvesianssumiinlefnfifindu dinnil 5 sonndestusenuissves Moller et al.
(2008) A8 uInIUndUIsin Wy waalawlesiu (actoferrin) wag tuftsin dnunsoiia
Aanssuiinlefnvensadifindensnld dufunatrsiuldfnnusiduresnismanedly
HesufoRnaflennasuiariuduanauifvesuiindmanduagmsfinuidedindeludanaln
mavhauresddlndvdenguudndiiaula SniideyannautFveandulndiviungldasdu
wumslumsitangessasmesuUlndina dlifiauaudnufenis wu mausndudling
viafeuiqrsviegastauanuuindunnnimileilniivhansutuvdodiuiu Wudu

KA INMINAABUNYSluMINszduliAnmIfuAuAwlandasuveudadenumvie
Aonssuvhlnlednvosnndamdemsin wuinfienududy 3.13-125 fadnsusedadans
yhlAnfanssuvhlnlefnnniudernududuresnindundomingstu Tnsfienududud
12,50 fladnSusiedadidns dualviiaianssunilnlednlalulSinagde wazdusuuana
ntlesiimnududu 25 Tadnfusiedadans iesnuulndlunnduvdeminaztiewad
snlasvng RAW264.7 ianszusunsitlulslnda dadumsihansluanalveflusuansazane
ddueadldftuuaznssdulitiniesdnlusineenledldinndu (Wen et al, 2022) Faenaln
mMavhanuvesssuuniduiuiineuaussdedaulanyasuriunszuaunsiinlelvda Jeawdl
nsUanddosluninesnledennundae uismAdeinuinsmaumsaiisluninoonlalid
anudutusuuudussatuanududuresmndamdemiiniigaty wafuandnstuionaed
fenalnmsvihenufiuandrsturesudndusazsdiniildanmsdos udesndlsimunatiang
Thdtuiudndlunndamdesminfienududulugasiing 12.5 fadniusedadans dqvs
Tun1snszdugfiduiy (mmune stimulation) widlomnududugedufansshlnlefinua
nsadlunineenlsdreutiea Ui hassesfimnududuiissdugaduinlduia
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(% [

dndrurenuulnanignsaunisdniau (anti-inflammation) $3u678 Feaenndesiunsfny
Y9 Zhang et al. (2020)

d3UNaN33Y

nndawdosnmsatainsiuiinilegninnuindedewuaiiFe B subtilis TISTR
2664 Fadudofiuonldnnduinesinsasaeululiusiiea drevililusiueuadn
fUsmaniindu wandlefinwiesduszneusenuiinduasnsviuenanmautinisdanm
wundiulng 8,981 vila uaslnaandfniadinmuansneiu 10 auauds fe Auusss
Frudien anenuiuladin Fruqadn Fuusdn dunssniau dulfa nssuiunmsdeans
sewinawad Msthasen uazmsdudumefuwaduzds lnenndundeainiaanduty
0-25 TaAn3usioNiadans drmnaende Twulnifiduaiuiansamilnleinvonsaduilasa
RAW264.7 16 Tneiimnududu 12,50 fiadn3usefiaddns nszduliiAnAanssumilnlefnls
93.27+0.50 iwefudust uaziinisadrdlunineanled 4853035 lalasTuans MnAuandRd
wazkaMIMwEN T U nndundesiiviindedeuuaiise 8. subtilis TISTR 2664
fidndsznovveadulndfiinuautimlumsnszdussuugidudu anunsaideseiiionsiam
Tulfiduansiasuaunw uaziiiensiiivyadmaasugiannueamslunsyuiumsnanues
QUANVNTINDMS

RIEPEIE
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nedeunuaLTRfiLALfuNsaneuiy Aldnnansinetmsaumainuinfulng
fifinuautAuiluiings
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Abstract

The study of zinc supplementation aimed to investigate effects of sunflower
seedlings growth and yield. 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 ¢ (Treatment 3), 7.5 g
(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 zinc
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/ke), followed by zinc concentrations at 5.0 g, 7.5 ¢ and
10.0 g 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 ¢ of
selective microbes and 120 milligrams per kilograms (mg/kg) of mercury concentration
was found the greatest removal efficiency of mercury at 43.07%. Followed by 5 grams
of selective microbes with 240 mg/ke 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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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 formula was 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 (mg/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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2. MINAUIGAINISHAAUIIAEBNAINWEAUTY
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TianuFoulusedumaslsd (@aumall 70-75 asrnwail@es) Uiy 15 Uil ussyiegeusiay
yamsnaaedatiuvInLivun 200 faddans Jeaun wazvih s uiudl iuiigumgd 41
psrmaifua winiluveaeumssoniunmunimmsUszamduda liun Snvasusing & nau
nausa savAauianluvniziy wazauweulassIuseds 9-point hedonic scale (Stone

and Sidel, 1993)

2.2 mafnwUSinahmaivensausednuns e sramduiavesuuiniauUsy
Tnodnidensdndusiuniudaussilasuasiuumseeniumsssamduia
aetan 9nmsfined 2.1 duhmalusnsdniniadosas 0 13 uag 5 ileAnuIUsina

Y
4 '
o =

Umnaninason1sueusuNUTEEmMEUNEA1875 9-point hedonic scale saAUNTInAIIN
WORAVBITANITUABAINATAAIUNEA (Just about right (JAR) scale) 5 s¥aU (Lawless and
Heymann, 2010)
3. MIANYIAUAIMNIINMEMWUAZAT USHNaaun3d uazanAmIelasuInig
Tun@ndasiuumadanainuanss
3.1 AnwIANUAENIINEN WY BIUNAAUSY
IneinAd@n1uszuu CIE (commission International de I' Eclairage) (L* a* b¥)
sein3osingd 83 Hunter Lab Ju color flex FarnanuviafioindesinAranamiauuy
AUMIVYY (rotational brookfield viscometer) wagsenuralumiieiwuinesd (centipoise:
cP)
3.2 Anwdnuaznall
Tngdseraanudunsn-anadieinias pH meter uaglasieiusunm
ansleenludiivdolundndusiuuanuwdnuse Tne38n1s pyridine pyrazorone method
(O’Brien, 1991)
3.3 ANYIAMNINNIRAUNSY
laun USurmuues total viable count L‘Z?ya Clostridium perfringens
Staphylococcus aureus Bacillus cereus Way Escherichia coli maﬁ%‘mmgm Bacteriological
Analytical Manual Online (BAM) (2001) o salmonella spp. Wag Listeria monocytogenes
FNLI8U1MIFU International Standard (ISO/IEC 17025) (2017)
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3.4 FnwAuAmnlaTuINSTOIULEAUTY
Usenausme arsennsvan (Usiu mslulawmse wazlady) roaanesea
loa1mns Ianfiu (mdwe Imdul 1 wazdnndud 2) uazussig (GIawan uwaadeu waz
TAes) 91135U193§11 AOAC International and Latimer (2019)
3.5 msAnwUsInansalatuiidussiusznaulundnfaeiunanubaUse
paematauialasulnnsIwil (gas chromatography: GO) Lazaaf10814
mu’?%‘mmgm AOAC International and Latimer (2019)
4. MsAnseideyanieata
Aeglusinsuaauimes lneldias1eiAuuwUsusiu (analysis of variance)
fiszduanudetuiosay 95 wavSeuiiauauuansiswesrwassenindmeasidigis

Duncan’s new multiple range test (DMRT)

NAN153¢
1. asAUsznaumaaiidasduvasudausy
nsAnwesdUsyneumaaiid ssdurenudause nuindauduvinfu
25.28+0.10 n¥usia 100 n$u Uszneudisansenmsndn e lusiu ludumundian
(38.36+0.04 nsuMe 100 NSU) T998911 Av LUSAY (12.48+0.01 nSume 100 ATU) Lag
ansTulawnsm (11.62+0.24 n3use 100 n34) auaIfu fannsned 1

a I3 a I
f13799 1 93RUTLNDUNLANYDUNEAUTY

29AUsZNBUNIULAL Ysunaufinu (nFusia 100 ndu)
AT 25.28+0.10
hie 1.72+0.21
1Ushu 12.48+0.01
lusfunenu 38.36+0.04
deloneu 10.54+0.16
Aslulansm 11.62+0.24

MNEWe): - AeFg+ANTgAUNNIATEIU (Mean+SD) 31U 3 91

2. msﬁ’mmqmmiwﬁmuumaLﬁanmnmﬁﬂﬂiz

Ao o )

nINAdoUANANBUEN1IUTTA AN AV LA UTEN TSR d AN 13T
wuhimeaeuianuseududuaranuveulnerudeunsdnUsludamaiuuday ot
Wiy 1:3 gafian Lmeamﬂqmﬁ‘h’j’é’mwﬁmLuﬁmﬂizﬁaﬂfﬁwhfi”u 1:2 uag 1:4 9819
fruddameadi (p < 0.05) drumssenduiudnwurUsINg ndu ndusa savA uas
anusAnluvgin wuihdnaseulinisseusugrsildsnsdmidaussrotminty 13 uay
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1:4 llwpnanedusg el dedAanisadd (p > 005) WALAINNITNIITUALLULAIUYBY
Immamamamm% wuIShELEnUsEAot Nty 13 day WUUENEAINNY 7.39+0.09
Fam51971 2 ammLaaﬂammaanLUuamwumuium'ﬁﬂﬂmﬂimmmmawmm YAUND
aﬂwmumwiummammaﬁuaaumL;Jamﬂiﬂusuumaumaiu

AN5199 2 NAN1TERNSUNNU T AR AYDINANA LU BLEDNIN AN UTE

AMANYULNIY Snsdundausiatnlugnsuumadenannuiauss
Uszamdudavaandnsio 1:2 1:3 1:4
anwaizUsng 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° 7.26+0.14°
nausa 4.98+0.42° 7.06+0.48° 7.12+0.38°
AU 6.86+0.52° 6.98+0.09° 6.52+0.24°
Audanluvnziu 4.52+0.84° 7.02+0.28 7.18+0.48
ANNYOUlAETIY 5.82+0.82° 7.39+0.09° 7.08+0.16"

U0, - ALRFL£ANLTERUNNINTFIN (Mean+SD) 311U 3 4
- fones a b ¢ MensululuIueu vinefls AmuLANsNLegllEAA AT A
(p < 0.05)

’mﬂmiﬂiwiﬁammsﬂamamm%ummﬂL@Jamhv Immmmmmaiuﬂimm
maﬂu WuIIMsiNtaadesay 3 uay 5 fnarenisuousunisUssamduda fiunauy
nausa iasmmmmgaﬂiu%mwm LLazmwmaU‘Lmaiauqaqumwmmimmmma‘[,usmu
fovay 1 wazgnsmuay (Liiiuinie) egiduddameadd (o < 0.05) Insnadey
TiazuuunruweulasudeuniudaUszgnsinnadosay 5 1nfign (7.74£0.19 Azuuw)
Fapn519di 3

dlofiansanranissausurmumuvesdnsusianananisinanuned wuin
NaUMAEBUTNIT08AY 66.67 Wéﬂ'«awﬁmﬁmsﬁummﬂLmﬁmﬂsgqmﬁﬂma%’aaaz 3 (il 1)
@‘Tﬂﬁ?u?jaLﬁaﬂLﬂuqmiﬂﬁimﬁmuuLa,J5szze‘i’m%’umsﬁﬂwﬂu%umwiaiﬂ

A13197 3 HaniseenunsUszavdudavesuumadenannudeauszansunsguiniiuun

thanasafiu

AMANYUENIY Uunanimalugnsusmadenannuiauss (Govas)
Uszamduiavaswangio 0 1 3 5
inwaugUsng 7.58+0.28° 7.66+0.20°  7.72+£0.25° 7.63+0.36°

a
a 7.54+0.16° 7.57+0.29°  7.54+0.28° 7.52+0.16°
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157197 3 (sid)

AMANBAILNIY U‘%mmﬁﬂma“lugmuumaLﬁanmmuﬁﬂﬂiz (Sowaz)
UseamMFUNEvaINanA U 0 1 3 5
naw 7.06:0.14°  7.12+0.06° 7.20+0.02° 7.32+0.10°
nausd 7.02+0.28°  7.08+0.08° 7.24+0.32%  7.30+0.25°
AU 7.54+0.19°  7.59+0.12° 7.86+0.12° 7.63+0.30°
AwFanuvaziu 7.02+0.18°  7.12+0.16° 7.32+0.08" 7.45+0.12°
ANUTEULAYTIU 7.26£0.24°  7.32+0.20° 7.68+0.20° 7.74+0.19°

MW - Ade£ALdeLULNIATEIU (Mean+SD) $11u 3 61

N o

- AN a b Neeiulunuiueu nueis AnuwenasiueslidedAyniseia

(p < 0.05)
0 —
Odpsunn  Hilee
60 ] o
B wan B nn
50 Immﬁqa
»
S
@ 40
r
.ﬂg 30
i
€
20 u :
0 |] [
0 it :Z:E |_|:3: E |_|:3:

0 1 3 5

JSuaiana Gowaz)

AN 1 NANTSHRUTUANUMINUTBINANS T UL AEaNINWAAUSEATUS I aaf 19y
Jalaanananisinanunad

3. AMATWNNNIEAINLAZNILAT wazasAUsEnaUNIlATUINISTUREn eI Uy
madonanuinyse
HANTSANIANULINEN LT Iedvendndaruumadonainuinuse
Fadugasiilssumseeniuinniign nuismnudausyilamamaing mnududuas way
A udmA YU 86.42+0.12 1.64+0.32 uay 5.26+0.08 A1Ua1AU wansliiiudl
uuadndseidnunrdvnahuazdeulumedndos uenvniidefintsandiarunila wuii
uindnUsziundndasifisiaeumiasivindy 10.82+0.18 lwuiinesd wazilaiay
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[V
v

Wunsa-anawindu 6.32+0.08 Fanduasesnuiaudunsadn Menuusunaansioenlug

TunandueiuuUseREUNSEUIUNTNNEWDLST Windu 2.61+0.03 fadnsusailansy Anudu
FIUUA FAAN5199 4

A15199 4 ANVUENINIEAINLALNILATVDINEA ST UITULNIBADNANLEAUTY

AnwaznnIgnNLaznILail wazusunudasioenlun Arfinaszile
ANANEINY (L¥) 86.42+0.12
A duduag @) 0.60+0.32
Aanududiviaes (b¥) 5.26+0.08
AAUdunsa-ang 6.32+0.08
AMUNLR (wuineed) 10.82+0.18
Usinaansluenlud @adndusenlanty anutugiuuie) 2.61=0.03

oA d . x
WA - ALRAYEANTELULNIATEIU (Mean=SD) 91U 3 €1

MnmaeneiUiinadeiuiiiudoulusdnfasifiunssuiunmssdnde
nslenufeusziumaaslsd wuihdnisuudouveadeqdunidimun whiu 1.12 x 107
Tnlaiidefiaddns uarhinunsuudouveadesdunidivilhiinlsesis 5 viin ldun o
S. aureus B. cereus Salmonella spp. L. monocytogenes Ua C. perfringens ’5’;31‘1??&1,%’@ E. coli
Fawutiesnin 2.2 alailiefiaddns famssd 5

N a L a e X dl A o ¢ - <
M157199 5 Uiuwzulﬂj@fgau‘wi&JUuLUauwwuiumamm%uumqLaaﬂmmmaﬂﬂiz

vlinvas USannuiing NINTFIUDIMTHUYEUNTY
\Wagdunisuuidou Tundndioua iliAalsa*
(ladidofiadans) (aladidofiadans)
Total viable count 1.12 x 107 <1.00 x 10°
S. aureus Taiwu Taiwu
B. cereus Taiwu <100
Salmonella spp. Taiwy Taiwuy
L. monocytogenes Taiwu Tlaiwu
C. perfringens Tainy <100
E. coli <2.2 <2.2

LB - * 91989 udinuNInIgIUNEnSueignaIngs (2558)
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dlefinwdeyaesiusznoumlaruinisvewmdndasiuumadenanudnuse
NUIULLIEAUSE 100 Haddns TrAmnSuisuawingu 83.26 Alaweass wavilarusenau
MUALVDINAAT IR 100 Dadans bwA AT 101 sTuanus JUSAY M9vLn way
Aslulawmsmiaum windu 84.01 0.35 4.14 1.24 wag 10.26 NS ua1nu tnelanuuSune
Teamsverulundnduet uenanldmuinuuwdaysy 100 Jaddas Usuauwssladen

a I3 Y] a a o o W [l <@ 1 a a

WARIEY LATIAAN WINAU 3.46 4.65 kag 0.20 Jaansu amua1au ag1slsinulunuinniiuie
Fonfiud 1 wazdeandul 2 Tundnduriuuanuanyss Aanns1ai 6

A15197 6 B9AUSENEUNLATUINISVBIHAR ABTILIN A danINWaAUSE

29AU5ZNAUNNNLATUING Usuneune Usuneuse wWasidud
100 iaqans wilamiaeuilaa Tnwuins
(200 {iad&NAT) (%RDI)*
wasuun (lauraed) 83.26 160 -
wasunlesiu Ala 37.26 70 -
LAGD3)
Tushuiavun (n3a) 4.14 8 12
Tasfudusn (nSu) 0.75 15
AoLaALMDIoa (Hadnsu) 0 0
TUshu (n5) 1.24 2 -
anslulansavianun (n5a) 10.26 21 7
Tyoms (nSw) 0.00 0 0
Yhana (n%a) 3.12 6 -
Toihey (Hadnsu) 3.46 5 0
Inndiute (lulasnsu) 0 0.00 0
Infiud Haansu) 0 0.00 0
fiud 2 @adnsu) 0 0.00 0
uAaLgel (Haansu) 4.65 9.30 0
wan @adnsu) 0.20 0.40 2
11 (N3) 0.35 - -
ALy (n$) 84.01 - -

MNewn: - * LWSEUWEURUNINIMSEIY Thai recommended daily intakes (Thai RDI)

W oS auLiguaIfUsEnauNIatATUINISVDINA A T ULN LA BNNIAAUTY
fudSinumsemsiuugilivilnadetu dmsuaulngengasus 6 TAulU lasAnanany
Foan1snasnuiuaz 2,000 Alawrass (Thai RDI) wulnuuwanusyee 1 nieuslag (200
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a aa a a o o Y a = 0§ ¥ a o
1aaang) Nﬂiuqm‘lmﬂuWQWﬂJﬂiaﬁag 12 999UTUUETDINTN LLugu{LWUiiﬂﬂm@'ﬁu IWEJ
A

adulsinaenlefuduiadesas 8 vesusunaansomsiuuziliusinaneiu wax
fUsunamsTulawmsaiamnandudosas 7 vesUSinaanseimsiwuziiliuilnanety
uenINHuudaUsy 1 mheuilan fivsunasananduiosar 2 veeU3ua arsems
Auuziliuslaasetu egrelsinuandsunalusiutomeiinulunsied 6 dledinsize
safUsznavvasnsalutulundnsasiuuanudalss nuiflesdusznausesnselutudud
2 wiin 1dun nsnUrdfian (palmitic acid) uagnsnawiesn (stearic acid) Inedusunadiny
Wi 53332020 ua 29.20+0.16 Sadnsusie 100 n3u muddu waznunsaluduladusy
Badien A nsnlewadn (oleic acid) Wiy 163.35+0.15 fiadnsuse 100 n3u waznsalasiy
Liguddedou leun nsmaluiadn (inoleic acid) uaznsndavilaluiadin (alpha-tinolenic
acid) Wiy 146.67+0.28 way 62.17+0.10 Jadndusie 100 N3y auady fannsed 7

i v a P s a o ¢ a 3
M990 7 ﬂﬁﬂisﬂuu@aﬁﬁwLU‘UEN?‘TU?Sﬂ@‘USLUNamﬂﬂJ"V]UlIW']\TLa@ﬂ%qﬂLﬂJaﬂ‘Uix

Uunansalviiudassidussdusznau Uunaufinu Hiadndusia 100 ndw)
1. nsnlusudush

1.1 nsaUradifn (C16:0) 53.33+0.20

1.2 nsnaL@Assn (C18:0) 29.20+0.16

2. nsmbuduluduss
2.1 nsAbududUANTIAL

1) nsalatadn (C18:1n9¢) 163.35+0.15
2.2 nsalasfuduidadou

1) nsnaluladn (C18:2n6¢) 146.67+0.28

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

oA . ¥
R - ARRY£ANTBLUNNINTEIU (Mmean+SD) 311U 3 9

N158AU1ENANTINY

psrUsznouvdniinulumdnlse Ae vy aenadesiunis@neiues Anchan (2010)
wuiutuudauseiiosdusenovsesuimmaudu s i duloneru arslulawnsn
Tasiamzlusudinuludianagannisiesay 36.49:0.6 nandusiuuanmaaUsziduuy
yadenainiiy fdnuastiumsuviuassfifoyniavestsiu ielviu Wauds wageynia
voswesudawunndndy q nszasegsiudu vilsindnsasidanuasilden (Manzoor et al,
2019) Fafluadomsnszanesoumavestulsiunasiialuiuiiduesduszneulundndasi
NANULMARBNIINIY Inenszurunsulsiuiinasrenisdaitesdn nmsideanin visen1siia
wavaslassaalusiuiiduesdussneulunansiasi uasiinadevuinoynialuasuviuaes
anvzUsIng & ANAIFINIINIEAIN KaZAUNTATOINAAS YT UNNILEDNAINT Y
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(Manzoor et al., 2019; Briviba et al., 2016) unanmanUsEArNaRlAT v UIaAUETTLYR
reaudaUsy TuadnaunarsanensveuudaUsyd wuansisanuuainiveidney q
othalsfinudnuaznaedl wu md aacumiln wassanudunse-a suesdusenoy
NILNTUINIIVBIUNNUAAUTTUANGAITU dORATBININNNTANEITE Dhakal et al. (2016)
finudanuuannsvetesdUsznousng o lundndusiunsaueudiueg fussdusznauves
TngAunaztadeiinasonisarin loun Snsduvenudaroyiinash gamgiinldlunsarin
nanfildudngiu nauaznsruiunsuaiiogne TuiarunveuHuneauennin Wudy
wisUszanilesAusznavansfivlvenlud dadumsivisunse Sududesmunuuiuna
a1siiwsanalimanzanniun1susiaa (Husin et al., 2013; Ngamriabsakul and Kommen,
2009) nszuaumsanuiinaasleeludfiden fe nsldanudeu wu nsduagnsiu
sushmsaeduiinge (Ngamriabsakul and Kommen, 2009) 1oM1uniAN1ToIMITHAL
NUATWENUIEYIIR (FAO) uazesdniseundalan (WHO) lafnualiuywdlasuans
loeludldliiu 005 fadnfudetminga 1 Alansusiotu Fwezlifudunmededuilan
(Simeonova et al., 2004) fauUSinaasleenlusinuluundausedilannnseuiums
wsglumsfinwiliden3suidisudondanieuilaa nuirdviuuaslseludivdely
wanfausigavineiiy 042 fadndu dwniumsgumiuvaendonuanasgiuisivueld
wansliiuinnisusinauuainuanlse 200 Taddns lidudunseseduilaa egrlsiny
lirasuslaaiiu 5-6 mireuslnavsosuussynugunandneidu 4 mnwdeuUss nsadnum
Mnudauseldnsruiusinidordunidfenisiarudoulussdumanelsd vilkinadonis
yhaneideqAurisnolsauaygRurEsiitanumusarmindous uazannsUsudisu Ui
FogdunisluuunnudaUssiiunssuiumsnianelsdfunusiinnsgudiugdunsd
yhlrAnlsaUssvaAnfusiaTofs smudsznansensaasisaay @UuT 416) we. 2563
LAYLN I UIRTTIURE A 9T YUY “Undunded” (UHY.529/2558) (@ dnunnnasgu
HART 9 g AaMNTTY, 2558) nudwdadusiunanudausedusuaunisuud ouves
Hodunisimunuand egdunidnolsroglunasivuinsgiudmun usegslsfiniuns
Tanuseundndneiusziamad esiuiidaranudunsa-aiannndt 4.3 fenszuiuns
manelsflalinmssidesduidimuaiinuluemnsld Fafusniudenfuinwmandug
flgaungil 4-10 ssmeaidoa Wieaorgnafvinwndndasilruduwarengnisiuin
e 15
parUsgnaumalavuinsdd i nulunda s s unannudauszaonnd e ey
psrUsznoumnadluudauszan fe dlududussdusznoundn viaveansalodu
Usgnouse nsndluladnuaznsnsarilaluiain dadunsalusudnduiinugsnituud
AIBUAN (YTWURT Uavauy, 2561) Lasuudauaus Junuinieanludu LDL (low-density
lipoprotein) wazifisllosiu HDL (High-density lipoprotein) LLazﬁzi';stU@mzé’maLaamaiaa
Tusnene Ferasanauidssuesnisiialsaidla lsaviaonidenaues annudulaiin uay
anmaiinnssniaulunguauifinngdru Uurado-Fasoli et al,, 2023; Sarajlic et al,, 2023)
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d3UNaN33Y

wAnSstuimadenaniudauseildsnndiumdaussdotn widy 1:3 wasiy
hmanmeuiinadesa 3 lasunsvensumealseamdudaangnaaoudugdan waan
wiaUszdnduaiesduifanudunsasuazianumilas wandusiuuanudnysein
nslirudeuiigumgdl 70-75 ssrwaioa utu 15 it fusinuaslesludaundo
Tuseduivaonsts aunsauilneld 5-6 miseuslaasetu dusinavendordunidamn
wazogauvasiviliinlsroglunnurinsguiinss s suauarnasgIunEn o
yuruleimunaly Tagesdusznounslagunmsddgiinuluunanudnlsy fe ninlviy
Lidudndafeumaznsaluiulisusindedoulungunsaluiulewii 3 Towf 6 waglawii 9
wanslifiuiunanudnyss Jadufivviodulsesdminuaseisssusy awnsafimundy
wanFsiumadenieguamainiivdelulueunanls

AnAnssuUTENA
1353 lasunIsatiuay vy anMITeaIn s uSNSLazInN1 Y UAu
NIWAUTEAUNUN (Unn.) UssinTeuuseana w.a. 2563

L@NE1581984

UFAIN 50RTTRY. (2565). NAAFUNUNMMURBNIINNY. 2795715TVEUAL AU INAAI YOI,
52(4), 5-13.

yiuns sy 9357 ause uazenAuLs WIn3. (2561). MIWaUINERs eI uNINAIAT
dum. 13315 IMemansuazinalulad use, 3(1), 57-66.

USeyeyn mdoufiyad Tuf wiagissa oysny asies wagssiaa Tmuudu. (2561). wud
nensiawnalulagnisuUsgurdndasianuaadssludanded. 275975799
UMY TIVANUATAIEIINTIY, 3T(Tkew), 114-128.

audidendnslne. (2564). nTesduunnity lomaiidanin suanwdesnisivainvare.
dududle 28 Qumﬁué 2566, A1n: https:.//www.kasikornresearch.com/th/analysis/
k-social-media/Pages/Bean-FB-18-01-21.aspx.

e Inyned. (2559). madsuudasdvdlumadifueslivsslonilsswageudauds:
nsalAnwUnuseluungneuuisiiudy guneuuiisn JmiauasATsTINT.
a5 FsIInnsTIIIaganyal, 16(1), 115-142.

AUnNUINASEIUNER A Te gRENNT L. (2558). 498159 IUNGAS AT TAITY UG UNEDI (A
529/2558). dududle 28 Qmmﬁué 2566, 91N https://tcps.tisi.go.th/pub/tcps0529
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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 (CaCl,) 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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Toy otud wazAmy (2023) TeuIMsannudingd@nsluludns 7.5 nsuredns dnavinln
dminrananuazUinadansdavanluriseuiiady Wewssuieutudrseuiililasu
mMsaanudsngdmaly luvariueadeudadusnosividunumAntestunssuauns
mMaaETIneesiiv 1wy msfnwiafiosmnuesderuwaduasatiuead nsmuaNnITiney
yoneuley warnsiwasuwlaswessesluuneluity suiaddunuinlunsdusifuds
Fouanamelufiafinevaussoannwindeud liwunzau (Batistic and Kudla, 2012) &l
1893 ST NN T wansli i uT R avnaneeidad Lo SunaadeuluseAui wmunzay
melfannzmmidwaluiuassiveuazaed fo msanransyuaInanIzAA Wy
KnAANIUYT (Xiang et al., 2008) 11 (Upadhyaya et al., 2011) mﬂﬁiﬁﬁu (Xu et al., 2013)
wazdlng (Khan et al., 2015) WWudu FaiuingUszasdlunsfinuedaiifiednuinares
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ansazaneuAadennaslsn (CaCly) Naanuneluson1siasuyiuln nanden wasAUNINTDs
wanduvdesiugdedll 60 ildsuanmzumiiluszezaenuiuiug

BAnlun133dY
AnwimsneuausswesmayAulanazaunmesdiugiuvdesdaduiusues
nswirmsineasiidaasuliinunsnsugn de siugiledlval 60 luszeresnnoniianwu
asazarunaidsunaslad meldaniizaiadn Tudiadeusuneay e, 2564 fuiou
AUAUS WA, 2565 o Isasaugudivenmunudaiudiudesnl duanuesns suae
duvae Jariadednl wasesUjuRnamadeunmnnudaiiug nedidenmuaaiugiy
NIATINEALAT UIRAIAET Lemandng SmTanganwa Taedtumeunsdiiunsmaaes
il
1. mMmsUgndamdsswugideddvai 60 melulseizeu

Aandntusdesiugidedi 60 seleanmlslnden s 200 nfusie
widaitug 15 Alansu Ugndamdesiudidedu 60 Tunssnisuunn 10 2 $1uau 2-3 winde
nszans elulsadou lngsesdunauiielenumuuziiveinsuizin1sneyns 1d191nLwan
dundesiuiBedn 60 son Fsaeuuenlsivde 2 dusonszans deandeviuanslnsezluvoa
(triazophos) 40 1Wasidus 8% (emulsifiable concentrate: EC) §m31 50 fladanssaun 20
dns iedesduidaunasiumouaizdiuiiodundesiusifosinl 60 deny 7 Yu uaz
Tatuiafigns 12-24-12 WedumdesiugiBedll 60 fleny 15-20 fundssen munssnis
MuurtvensivIMsinens (2563)

2. NM3AAnuA1TAzANBUARLTENARDLIA

ymsnsaaouszszmaaigivlavesdaundeaiug Todl 60 Tnewdodu
ddesiugiBesimi 60 hgszozaenuiudui (R2) wioUszana 45-50 $u ndsannime
wan Felanuasazarswnaildeunaslsd aududu 0 20 40 waz 60 Tadluans 1wl
1 afs Frefaiuanaiaiiouin 3 dns lnewuiinnenuagiudavdesiugidedul 60 Tushn
600 fadAnsronsvn wasslviihdundesiugedu 60 ndimsdanuasaraeunaifon
paolsd Wunan 7 fu idleasufuusdsndunliihmudninn 7 fu andufuiemandn
winiugiuvdesiusidedl 60 Wewdnegluszozanu Ussun 90 Wedldud vieeng
90-120 Yu iiuiAemandnriomeluasiien uazanarutuvesiudalfiiUszanm 10-12
Wesidud Aen1sanuan lnganausunsnaaesuuduanysalnigluuden (randomized
complete block design: RCBD) Usznousig 4 visvmaus vanaudas ¢ 91 91az 5 nsza
laun n1s@anuarsazarsunafounaslsd auduty 0 20 40 uag 60 dadluans uay
LUSHU EUANUUANANSTBIA IRA TS MUUAGIEIE Duncan’s new multiple range
test (DMRT) fiszsuiiudndy 0.05
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3. mytuiindayandsannisinuienanda
3.1 Maasdulen Usenaudie Anuawny tnednaindlrumilosinauiiseen
dudnudesenu dudiuwiuiwausmenu Judwiuinaedy Auninuuan ANeIman
Ingiamenesiliosmavies dunmanaie whaduliaduns dsiwmin 100 waa wiie
Hunsu wavAuiuanededidn 100 wia wazdaiminudaysvln auisn1sves The
International Seed Testing Association (ISTA) (1999)
3 U I3 % f < L2 % Y a a 6 @ 6
3.2 AANIAANUG Usznoume aaen (Woawun) aunaidaung (Weswue)
< < & @ 6 [ § @ 6 < 1 aa o 6
WaaLde (Wosidus) waeme (Uasidus) tazganusilunisson (Ju) muiduesdnsnee uag
Az (2565) Insunudndundeuiugiledlnl 60 umedeumeIsinizuanszninanszny
(between paper: BP) 711135984 The International Seed Testing Association (ISTA) (1999)
WU 4 91 9 ay 50 Wan LarUsyiiunan11L9enveuLaAnINiISY0g The International
Seed Testing Association (ISTA) (1999) TuvgnuSunalusiu (Weosidus) wavuSunuluiu
(Wosidus) Iias1esinuisnisues Cunniff (1995) uagmnudunieluman (Weosidus) lne
° & o = v & ' ° o P a = I
nsdeanfviesiugdeddvil 60 F1uau 10 nsu leuioamall 103 ssrwaidea 1u
wan 17+1 Falus Wensunarladuiulilulagaanuduawdu wdnhwdadaundesiug
Wedlul 60 und il wagihluduiamusunuanudunesluudaniuisves The
International Seed Testing Association (ISTA) (1999)

NAN1539Y

NS nuimseiyiulnvesiumasmiugiBed 60 ldun mnugedy
Suudosiedu SuuAsiedy wazdwiuilndeduvesdumdssiugiTodum 60 Hdanu
asazansuaadunaslsafidanudutuunnsiulusseraenuiuduineulduanioy
vphlsifanuuandsiuneedd Taodumdesiugifedlnl 60 Adariumsavansueaiden
paolsAfirututy 0-60 fadluans daugeduoglugisseming 50.31+1.08 - 62.38+2.69
wufuns Suaudesylutaesening 12.6940.33 - 13.810.71 Tededyu S1uiudsoyly
¥295¥M919 2.81£0.62 - 3.50£0.35 Assiofu wazddruauilinegluraesening 62.63+6.86 -
81.31+3.04 insiofu famsnedl 1
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o Y ° Y o a ° ) a v & ' aY Yo
M197199 1 ﬂ'ﬂqﬂigjﬂ@u MUIUYD ITUIUN LLagf\nu’Ju‘ﬂﬂGU@QQFJLwaENWUﬁqLGUEN‘IVTN 60 V]'l@iU
¢

~ [V % '

nMsAaNuAITazauLAaTELAas s ANALITLTULANA1e Tl uS T EE ABNUIULALT
noulssuan iz duan 7 Ju

dsasany AR Swoufe  Fwoufs Sunuiln
uraldeunaslsn (LURLUAS) (Fosiadu)  (Resiadw)  (lndadu)
(Gadluas)
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

e - ns liAnuuaneneiunsada

a

AIUVRIAUNINAIUTIALAR TAIA AIUNTILAZANUENIVBANA AN AWE DINUG

!

D.

Fodlwl 60 Tidanuansazansuradounaslsafidrmnudutuwanasiulussezaonuiudi
rouldfuanazaidmuuanaeiuegiadiTdfymeadn uilinuauuansieneadn
vosintinde 100 win wasiwinudavaun (3 2) lnedundesiugiBedul 60 7
Aaniuansazansupaleueaslsiirnududy 60 fadluans danunfaavenuenveude
1NTgAYINTU 6.68+0.09 Tadluns uay 7.99+0.13 Tadluns MUy fansadt 2

A151991 2 ANUAIIBUER AMUBNBUER WInTNeD 100 WA wazU1riNWAnTILAvDY
auvdeaugidel 60 lasuns@anuansazansunadeunaalsn inanududy
wanenanuluszezeanuIAunaulasuanIzandunan 7 u

d15aza18  AUANMNAR  AANNBNALER Ywiinio i
uAaLZew (Haduns) (Haduns) 100 LWan Ldanevun
Aaalsa (nsu) (nSuRadw)
(Gadluas)
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

ewme): - ns lAnuuaneeiun1sada
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% & ] ) I A v o W aa o o o w

- * fimuuanasiuegNldud AN Nana AseautivdAey 0.05

- ARANMUAEAID NS T putuldTANuLaNA1ITLNIeERR WeawSsuieu
| a | = sy ad a v v o w
ANRRYIZIINVIINIIUAMETS DMRT NszAutivdAsy 0.05

| 2 o evY 1 s 2 sv Y a a 2 o = v & a '
drugunmudniug liua WesiduddundfinUnfvesudniivaemiugidedl 60
naanuansararsuaadeunaelsandanududuwnndisiulussezaenuiuduiineulasu
danzunurdanunanaeiueg 19l Ted Ay ai @ ualinuauwena1msaifves
c 3 & c 3 & & < s 2 & & Y = v & ' =i
Woesidudaiusen wWesidudiudauds Wesidudmannie lngdundesiugidusdul 60 7
Aavivansavanguaaeunaalinnnnududu 0 - 60 fadluans danusenagluyiesening
84.69+0.87 - 89.75+2.49 Wosiiud nuanudoglugiasening 550248 - 11.00+1.86
Wosidus uasnumanneaguiesening 3.63+1.35 - 4.38+1.32 wWesitwd luvaeiidumios
Wugideddvd 60 Sanuarsavarsuraideunaslss (0 Tadluans) nunisiiadunaiiaund
1nPige Wiy 1.13+0.22 wWesidud dnseil 3

a P Y a a I3 I3 < & = U & ' v vo
M1T99N 3 ALION FUNGHAUNG WAAKTY wazdaevesiIvdesiugdeduy 60 Nlasu
nMsAanUaNTaratsLAaLduuAalsAnAMTLTURANANA Ul USTa R RN U WRLT
nouldsuanzvinidunal 7 Ju

d15azane A1398N fundAnun LAALT WaanNe
uwaaleumaalss  (Wasidud) (Woasidud) (Wosdud)  (Wosidud)
(Gadluas)
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

ewme): - ns lANuuanNAeTun1saaa
- fanuwananafuegaituddmneadn fiseduiaddey 0.05
- Aadeiinuseiisnusiimiloutuliianuuandeiuniada WewSeudiau
ANARESEIYENALAREAS DMRT fisssutuddry 0.05
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Tusafiauirlunsen arudumeluwda Uinalusiuluwde wasusina
lusfuluwdndundeniugiedvs 60 fdnnuasararsunadsunaslsdfifianuduty
wanansfuluszezasnuiudui nould Suaniiznadldfanuuansisfunisads Tae
duvdosiugiudlnl 60 dawuamsavarsunaifounasled innududu 0-60 fadluas
fennudlunissenaglutag 20704037 - 22324087 Fu fianud unelumdneylugag
9.18+0.39 - 10.09+0.62 \Wosidus JuUsualusfueyTuye 36.76+0.48 - 38.09+0.37
Wosidud uazlivsunaladuneluwdneglugig 21.91+0.31 - 22.23+0.32 1Wasidus f
3Tt 4

o < & < a = a LY Y A
M15199 4 AssIlumseen Anuduluwae Usunalusiu uazuSunaludu vesiumies
Wugedvy 60 lesums@aviuansazaneupaideunaslsnfianududuunnaiai
Tuszazaanuruduineuldsuannzuaindunm 7 fu

d15aza18 A1UL57 anudulude Usunaulushu Usuau
uAaLZew Tun1ssen (Woasidud) (Woasidud) sty
AaalsA (3u) (Woasidus)
(Biadluans)
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

e - ns WilAnuuaneneiun1sada

N138AUTIENANITIVY

snmsfneluafeduanslififiudinsaanuansazarouaad sunaslsddasan
NANTENUTIAN AL MEAuA NIt At A aius Fedlual 60 Usznaudae A
nfamdn anueudn waznsiiadund fiiaund wilianmnsoansansenuniadiunis
WnpAulvesdundeniudiedud 60 (9197 1 - a19dl 0) Lilesanszernsiasauivle
1’7{1/71msﬁﬂmagﬂuswmaﬂmulﬁuﬁ Faduszeriifimadeuudaninszeynsadaiivle
mafudf g szognsduitug Tnossoznmaaigdvlamsinudduduszesiinng
povduBtegTImEean1vIe SedmavilinsaSyiulnwasnandnvesiieaneyin
anat 1wy 917 (Aaen, 2558) daumded (e17inen waxdns, 2553) e (Parida et al., 2007)
113813 (Loggini et al., 1999) @1y (Sapeta et al., 2013) \flesananiizviaiienadma
nsgnuRensTUINNISETTIeuarued melufiy saianisAneuyadaszanelufiz
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wu guwWeseanlud (0,) lalasiueseanlad (H,0,) lansenda (OH) Aiwavhlvsns
MIFuATIzRmeLasanad uavdwaiinn1sasguaziauvesielangsuanadnig (Sekmen
et al, 2014) saiulunsmeased seuansliifiuiinisa anuansararsuaaid suaaslss
Tilaansnannansznuvesanznisensisyiulameiugiu Jseneusae ANES
Fmuaude Srunuis warduauiin

Tunanssiudunisdanualsazasunaldsunaol i IaNaNTENUYOIENE
PdevaTentdn Ustnaudie unaudn annue1dn LAAMNNVBALAATUS
éun nmadndundiinund wadenadennmnuenidemdusnomssesiifiunumddry
Tumsmuaumsnaiydulnvesiislasianzegnsdanmsmunulasiadauasmevimiiifives
Horiuwad sihlrunaldenaninsntisansansznuiinanujAzeeendindusunisemun
mmﬁ’uﬁuﬁmmﬁwmﬂuﬁmmzLuLmuaaﬁmmmwiaﬁma%aaaiz (Ahmad et al., 2015)
sutaunadsudafidruddglunsmununisiinudig g melugadlugiugluiana
dadeyeyinufiaes (secondary messenger) (Cousson, 2009) dsaelunsusunasunisinay
MEluNTEUIWNINIETTINGT WU MIATa 51Mo1Ns wagnsiUAsuulasanurvesvad
ilethelviivaninsadesunansgnusuauesaeisnInUfATenendiatu (Colorado
et al,, 1994) ssdaelinsuuddnunadenlossunaraunasswindnunaifelossuse
Tnfsalesau (K/Na") uazuaaifeslonsu (Ca?) Sshefiusgdunsazavaisoealulad
(osmolyte) 191 tnaduunidu (glycinebetaine: GB) warlnsau (proline) neludiai lasu
@nnrAULAS a (Gobinathan et al., 2011) ﬁ@fuﬁuﬂumqmaﬁﬁﬂ%mm%uﬁwam
NBNTENUINNITVIAU IR BV INTBLUE ALaE SR INssenTiAnUnR I Tneflenideiiuans
TﬁLﬁu’i1LmaL?jsmﬂaali@‘mmsaszhEJmaﬂigmwaaaqummﬁmamm’%iy@dmLLaz@mmw
NANARURINYANETRA LA 9719US1ae (Shah et al., 2022) 91a1a (Khushboo et al., 2018)
MUz U (Ibrahim et al., 2016) 913lwa (Mubarik et al., 2018; Somtrakoon and Chouychai,
2022) v @@y (Xu et al., 2013) LLazﬁagﬂiﬁ (Hussain et al., 2022)

d3UNaN133Y
msdanuasaransuradeunaslinnaulisuansnauiliiinadorugs 91uude
F1uuAe 3uuiln Uivdnse 100 Waa UIMTNIUAAYINUA ANLIDNTDILAR LUaSITUA
< < sk ¢ & < & < a a a
WAALTY Wasiumwanne ANuslun1sen anudunelumdn YSunalusiu wazUsunn
Tusfuluas TuvueiinisaaniualsazanonraidoumanlsnnANududy 60 dadluais neu
Isvannzeni Suavihlienunitanasaueriwdaiindu wazdandeaiugifedn 60
nlllasuasavasneaounaslsanaulasuanernininisindunaninaunAiuau


javascript:;
javascript:;
javascript:;
javascript:;
javascript:;

118 29153 UNINYIFEIIYAYUATASTIIUINY

daiauauus
nuidelansaifuwimsdunisiauniSnsugndamdesneldantzuaiila

AnmNsuUsZAA
NuITelasunuatvayuUssnauiugIy (fundamental fund) 9nd1ineu
ANENISUNSANESUINGANERNS Fdewaruinngsy (@nal.) Yauuseunad w.e. 2565

LONEITB9B

nsudwImsineRs. (2563). naluladnisuand undes. ngamms: aaduidedivlsuazii
NALVIUNANIY NIZNTINNYATUATEANNTAL.

AslON 39111, (2558). navesanzunt e ss lvavesansdidninslad Usunausendng
UsunalnsaulaznsiasyAuleuestni. Thai Journal of Science and Technology,
4(2), 133-146.

Fnawe nelann inwssned Sines uazaTuna Sufeduns. (2565). ausen auudouss
waznsiasqavlavesdiundrdundes ndanisindeunazwonudniugsiuiu
Bacillus subtilis. 175875398 113neaeinalulads1vusnansase, 14(1), 266-281.

AUT8 NEOUAN. (2558). M3Ituuaz NG Imies. $9e991598. ns3vINITnYns.

atiudl MTozANIN W3 wiad winua JUEA uazdayeyiand waitum. (2023). wavesly
Finedilinalurenandnuasarnududuvesdangduesn. 295a5599) unrinerde
57?ff)°}]w75ﬂ?5551/57°zf, 42(1), 14-23, doi: https://doi.org/10.65217/wichchajnstru.
2023.v42i1.254742.

017ine vaala uazdnd wunea. (2553). navesnsnntluszernsaigRusion1ndul
LoENANARYRITIVERY. MITTITNHT, 26(3), 251-260.

Ahmad, P., Sarwat, M., Bhat, N.A., Wani, M., Kazi, A.G. and Tran, L.S. (2015). Alleviation of
cadmium toxicity in Brassica juncea L. by calcium application involves various
physiological and biochemical strategies. PLOS ONE. 10(1), 114-571, doi: https://
doi.org/10.1371/journal.pone.0114571.

Bajaj, S., Chen, P, Longer, D.E., Shi, A., Hou, A., Ishibashi, T. and Brye, K.R. (2008). Irrigation
and planting date effects on seed yield and agronomic traits of early-maturing
soybean. Journal of Crop Improvement, 22(1), 47-65, doi: https://doi.org/10.
1093/jexbot/53.366.13.

Batistic, O. and Kudla, J. (2012). Analysis of calcium signaling pathways in plants.
Biochimica et Biophysica Acta (BBA) - General Subjects, 1820(8), 1283-1293, doi:
https://doi.org/10.1016/j.bbagen.2011.10.012.


https://li01.tci-thaijo.org/index.php/wichcha/article/view/254742
https://li01.tci-thaijo.org/index.php/wichcha/article/view/254742
https://doi.org/10.1093/jexbot/53.366.13
https://doi.org/10.1093/jexbot/53.366.13

NFANTIVY) UNINGIFYTVAYUATATITINTY 119

Bellaloui, N., Mengistu, A., Fisher, D.K. and Abel, C.A. (2012). Soybean seed composition
constituents as affected by drought and Phomopsisin phomopsis susceptible
and resistant genotypes. Journal of Crop Improvement, 26(2), 428-453, doi:
https://doi.org/10.1080/15427528.2011.651774.

Bruce, W.B., Edmeades, G.O. and Barker, T.C. (2002). Molecular and physiological approaches
to maize improvement for drought tolerance. Journal of Experimental Botany,
53(366), 13-25, doi: https://doi.org/10.1093/jexbot/53.366.13.

Cerezini, P., Kuwano, B.H., dos Santos, M.B., Terassi, F., Hungria, M. and Nogueira, M.A.
(2016). Strategies to promote early nodulation in soybean under drought. Field
Crops Research, 196, 160-167, doi: https://doi.org/10.1016/j.fcr.2016.06.017.

Colorado, P., Rodriguez, A., Nicolas, G. and Rodriguez, D. (1994). Abscisic acid and stress
regulate gene expression during germination of chickpea seeds, possible role of
calcium. Physiologia Plantarum, 91(3), 461-467, doi: https://doi.org/10.1111/
j.1399-3054.1994.tb02975 x.

Cousson, A. (2009). Involvement of phospholipase C-independent calcium-mediated
abscisic acid signaling during Arabidopsis response to drought. Biologia Plantarum,
53, 53-62, doi: https://doi.org/10.1007/510535-009-0008-0.

Cunniff, P. (1995). Official methods of analysis of the association of official analytical
chemists. (16" ed). Washington, DC: Association of Official Analytical Chemists.

Dong, J., Xiao, X., Wagle, P., Zhang, G., Zhou, Y., Jin, C,, Torn, M.S., Meyers, T.P., Suyker,
A.E., Wang, J., Yan, H., Biradar, Ch. and Moore, Moore, B. (2015). Comparison
of four EVI-based models for estimating gross primary production of maize and
soybean croplands and tallgrass prairie under severe drought. Remote Sensing
of Environment, 162, 154-168, doi: https://doi.org/10.1016/j.rse.2015.02.022.

Dong, S., Wang, W., Jiang, Y., Ma, Z., Yan, C,, Liu, L. and Cui, G. (2019). Antioxidant and
proteomic analysis of soybean response to drought during soybean flowering.
Ekoloji, 28, 2041-2052.

El-Gamal, S.M.A., El-Din, W.M.S., Farouk, S. and Moktar, N.A.Y.O. (2021). Integrated
effects of biochar and potassium silicate on borage plant under different
irrigation regimes in sandy soil. Journal of Horticultural Science & Ornamental
Plants, 13(1), 60-76.

Farooqg, M., Wahid, A., Kobayashi, N., Fujita, D. and Basra, S.M.A. (2009). Plant drought
stress: Effects, mechanisms and management. Agronomy for Sustainable
Development, 29, 185-212, doi: https://doi.org/10.1051/agro:2008021.


http://dx.doi.org/10.1016/j.fcr.2016.06.017

120 MFANTIVY) UNINIFEIIYAYUATATTIIUINY

Gercek, S., Boydak, E., Okant, M. and Dikilitas, M. (2009). Water pillow irrigation compared
to furrow irrigation for soybean production in a semi-arid area. Agricultural Water
Management, 96(1), 87-92, doi: https://doi.org/10.1016/j.agwat.2008.06.006.

Gobinathan, P., Affag, M., Murali, P.V., Somasundaram, R. and Panneerselvam, R. (2011).
Interactive effects of sodium chloride and calcium chloride on biochemical
constituents and proline metabolism of Pennisetum glaucum (L.) R. British
Journal of Pharmaceutical Research, 8(4), 2842-2845.

Hao, L., Wang, V., Zhang, J., Xie, Y., Zhang, M., Duan, L. and Li, Z. (2013). Coronatine
enhances drought tolerance via improving antioxidative capacity to maintaining
higher photosynthetic performance in soybean. Plant Science, 210, doi: https://
doi.org/10.1016/j.plantsci.2013.05.006.

He, J., Du, Y.L., Wang, T., Turner, N.C,, Yang, R.P., Jin, Y, Xi, Y., Zhang, C., Cui, T., Fang,
X.W. and Li, F.M. (2017). Conserved water use improves the yield performance
of soybean (Glycine max (L.) Merr.) under drought. Agricultural Water
Management, 179, 236-245, doi: https://doi.org/10.1016/j.agwat.2016.07.008.

Hussain, N., Yasmeen, A., Yousaf, M.M., Malik, W., Naz, S., Qadir, |., Saddig, B., Shaheen,
A. and Igbal, R. (2022). Exogenously applied nutrients can improve the chickpea
productivity under water stress conditions by modulating the antioxidant
enzyme system. Brazilian Journal of Biology, 82, doi: https://doi.org/10.1590/
1519-6984.236251.

Ibrahim, M.F.M. (2014). Induced drought resistance in common bean (Phaseolus vulgaris
L.) by exogenous application with active yeast suspension. Middle East journal
of applied sciences, 4(4), 806-815.

Ibrahim, M.F.M., Bondok, A.M., Al-Senosy, N.K. and Rania, A.AY. (2015). Stimulation some
of defense mechanisms in tomato plants under water deficit and tobacco
mosaic virus (TMV). World Journal of Agricultural Research, 11(5), 289-302.

Ibrahim, M.F.M., Faisal, A. and Shehata, S.A. (2016). Calcium chloride alleviates water
stress in sunflower plants through modifying some physio-biochemical parameters.
American-Eurasian Journal of Agricultural & Environmental Sciences, 16(4), 677-
693, doi: https://doi.org/10.5829/idosi.aejaes.2016.16.4.12907.

Khan, M.B., Hussain, M., Raza, A., Faroog, S. and Jabran, K. (2015). Seed priming with
CaCl, and ridge planting for improved drought resistance in maize. Turkish
Journal of Agriculture and Forestry, 39(2), 193-203, doi: https://doi.org/10.3906/
tar-1405-39.


http://dx.doi.org/10.1016/j.agwat.2008.06.006
https://econpapers.repec.org/scripts/redir.pf?u=https%3A%2F%2Fdoi.org%2F10.1016%252Fj.agwat.2016.07.008;h=repec:eee:agiwat:v:179:y:2017:i:c:p:236-245
https://doi.org/10.1590/1519-6984.236251
https://doi.org/10.1590/1519-6984.236251
http://dx.doi.org/10.5829/idosi.aejaes.2016.16.4.12907

NIANTIVY) UINYFYTVAUAIATETINIY 121

Khushboo, Y., Bhardwaj, K., Singh, P., Raina, M., Sharma, V. and Kumar, D. (2018).
Exogenous application of calcium chloride in wheat genotypes alleviates
negative effect of drought stress by modulating antioxidant machinery and
enhanced osmolyte accumulation. In Vitro Cellular & Developmental Biology,
54(3), doi: https://doi.org/10.1007/511627-018-9912-3.

Li, D, Liu, H., Qiao, Y., Wang, Y., Cai, Z., Dong, B., Shi, Ch., Liu, Y., Li, X. and Liu, M. (2013).
Effects of elevated CO, on the growth, seed yield, and water use efficiency of
soybean (Glycine max (L.) Merr.) under drought stress. Agricultural Water
Management, 129, 105-112, doi: https://doi.org/10.1016/j.agwat.2013.07.014.

The International Seed Testing Association (ISTA). (1999). International rule for seed
testing. Supplement to Seed Science and Technology, 27, 45-51.

Liu, F., Jensen. Ch.R. and Andersen, M.N. (2004). Drought stress effect on carbohydrate
concentration in soybean leaves and pods during early reproductive
development: Its implication in altering pod set. Field Crops Research, 86(1),
1-13, doi: https://doi.org/10.1016/50378-4290(03)00165-5.

Loggini, B., Scartazza, A., Brugnoli, E. and Navari-Izzo, F. (1999). Antioxidative defense
system, pigment composition, and photosynthetic efficiency in two wheat
cultivars subjected to drought. Plant Physiology, 119(3), 1091-1100, doi: https://
doi.org/10.1104/pp.119.3.1091.

Manavalan, L.P., Guttikonda, S.K., Tran, L.S.P. and Nguyen, H.T. (2009). Physiological and
molecular approaches to improve drought resistance in soybean. Plant and Cell
Physiology, 50(7), 1260-1276, doi: https://doi.org/10.1093/pcp/pcp082.

Mubarik, N., Igbal, A., Munir I. and Arif, M. (2018). Alleviation of adverse effects of water
stress on Zea mays (Cv. Azam) by exogenous application of CaCl,. Sarhad
Journal of Agriculture, 34(2), 327-333, doi: https://doi.org/10.17582/journal.sja/
2018/34.2.327.333.

Munne-Bosch, S. and Alegre, L. (2000). Changes in carotenoids, tocopherols and
diterpenes during drought and recovery, and the biological significance of
chlorophyll loss in Rosmarinus offcinalis plants. Planta, 210(6), 925-931, doi:
https://doi.org/10.1007/5004250050699.

Mutava, R.N., Prince, S.J.K,, Syed, N.H., Song, L., Valliyodan, B., Chen, W. and Nguyen,
H.T. (2015). Understanding abiotic stress tolerance mechanisms in soybean: A
comparative evaluation of soybean response to drought and flooding stress.
Plant Physiology and Biochemistry, 86, 109-120, doi: https://doi.org/10.1016/
j.plaphy.2014.11.010.


http://dx.doi.org/10.1016%2FS0378-4290(03)00165-5
https://doi.org/10.1104%2Fpp.119.3.1091
https://doi.org/10.1093/pcp/pcp082

122 29153 UNINIFEIIYAYUATASTIIUINY

Parida, A.K., Dagaonkar, V.S., Phalak, M.S., Umalkar, G.V. and Aurangabadkar, L.P. (2007).
Alterations in photosynthetic pigments, protein and osmotic components in
cotton genotypes subjected to short-term drought stress followed by recovery.
Plant Biotechnology Reports, 1, 37-48, doi: https://doi.org/10.1007/511816-006-
0004-1.

Rosa, V.R., Santos, A.L.F., Silva, A.A., Sab, M.P.V., Germino, G.H., Cardoso, F.B. and Silva,
M. A. (2021). Increased soybean tolerance to water deficiency through
biostimulant based on fulvic acids and Ascophyllum nodosum (L.) seaweed
extract. Plant Physiology and Biochemistry, 158, 228-243, doi: https://doi.org/
10.1016/j.plaphy.2020.11.008.

Sapeta, H., Costa, J.M., Lourenco, T., Maroco, J., van der Linde, P. and Oliveira, M.M.
(2013). Drought stress response in Jatropha curcas: Growth and Physiology.
Environmental and Experimental Botany, 85, 76-84, doi: https://doi.org/10.
1016/j.envexpbot.2012.08.012.

Sekmen, AH., Ozgur, R, Uzlday, B. and Turkan, I. (2014). Reactive oxygen species
scavenging capacities of cotton (Gossypium hirsutum) cultivars under combined
drought and heat induced oxidative stress. Environmental and Experimental
Botany, 99, 141-149, doi: https://doi.org/10.1016/j.envexpbot.2013.11.010.

Shah, W., Zaman, N., Ullah, S. and Nafees, M. (2022). Calcium chloride enhances growth
and physio-biochemical performance of barley (Hordeum vulgare L.) under
drought-induced stress regimes: A future perspective of climate change in the
region. Journal of Water Climate Change, 13(9), 3357-3378, doi: https://doi.org/
10.2166/wcc.2022.134.

Silva, E.C., Nogueira, R.J.M.C., Vale, F.H.A., Melo, N.F. and Araujo, F.P. (2009). Water
relations and organic solutes production in four umbu tree (Spondias tuberosa)
genotypes under intermittent drought. Brazilian Journal of Plant Physiology,
21(1), 43-53, doi: https://doi.org/10.1590/51677-04202009000100006.

Somtrakoon, K. and Chouychai, W. (2022). Effect of salicylic acid and calcium chloride
on growth of corn under water stress condition. Journal of Agricultural Sciences-
Sri Lanka, 17(2), 350-359, doi: https://doi.org/10.4038/jas.v17i2.9747.

Upadhyaya, H., Panda, S.K. and Dutta, B.K. (2011). CaCl, improves post-drought recovery
potential in Camellia sinensis (L) O. Kuntze. Plant Cell Reports, 30(4), 495-503,
doi: https://doi.org/10.1007/500299-010-0958-x.


https://doi.org/10.1016/j.envexpbot.2012.08.012
https://doi.org/10.1016/j.envexpbot.2012.08.012
http://dx.doi.org/10.1016/j.envexpbot.2013.11.010
https://doi.org/10.4038/jas.v17i2.9747
http://dx.doi.org/10.1007/s00299-010-0958-x

MIFANTIVY) WNINYIRLTVAQUATASITIUTIY 123

Vurukonda, S.S.K.P., Vardharajula, S., Shrivastava, M. and SkZ, A. (2016). Enhancement of
drought stress tolerance in crops by plant growth promoting rhizobacteria.
Microbiological Research, 184, 13-24, doi: https://doi.org/10.1016/j.micres.2015.
12.003.

Wijewardana, C., Alsajri, F.A,, Irby, J.T., Golden, B.R., Henry, W.B. and Reddy, K.R. (2019).
Water deficit effects on soybean root morphology and early-season vigor.
Agronomy, 9(12), doi: https://doi.org/10.3390/agronomy9120836.

Wijewardana, C., Reddy, K.R., Alsajri, F.A., Irby, J.T., Krutz, J. and Golden, B.R. (2018).
Quantifying soil moisture deficit effects on soybean yield and yield component
distribution patterns. Irrigation Science, 36(4-5), 241-255, doi: https://doi.org/
10.1007/s00271-018-0580-1.

Xiang, J., Chen, Z., Wang, P., Yu, L. and Li, M. (2008). Effect of CaCl, treatment on the
changing of drought related physiological and biochemical indexes of Brassica
napus. Frontiers of Agriculture in China, 2(4), 423-427, doi: https://doi.org/10.
1007/511703-008-0056-9.

Xu, C., Li, X. and Zhang, L. (2013). The effect of calcium chloride on growth,
photosynthesis and antioxidant responses of Zoysia japonica under drought
conditions. PLOS ONE, 8(7), doi: https://doi.org/10.1371/journal.pone.0068214.

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



https://link.springer.com/article/10.1007/s00271-018-0580-1
https://doi.org/10.1371/journal.pone.0068214

124 913U UNINIFEIIYAYUATASTITUINY

nstdudeadnaaneiug nv. 43 naunuudsanalundadugiani
Using the RD 43 Rice Flour to Replace Wheat Flour in Cookies

Wely gya'” Jeiingd Sauna’ uazdunun Wiyuasna’
Namfon Chupool!” Rungtip Rattanapon® and Jintana Charoennatkul’

UNANED

1%
v aAav

ATl gUsrasdiloAnyinavesnaunuuiandseudedinaneius nv. 43
Giaﬂmé’ﬂwmzLLazUismwﬁmﬁammﬂﬂﬁy Tnensnaunuwdstnaenug nv. 43 Tudunu
Yovaw 0 25 30 35 waw 40 lastwninveautvand wansAnwmuitUmautdnaneiug
na. 43 '1'71'Lﬁu"ﬁudqNﬁiﬁﬂﬂﬁyﬁmmmadw (L) sy dausnanududuns @) uazAia
Hudmdes (b) anas vaiidnuudanamussiunsmawmdiiindu (o < 0.05) V3w
hdase (a,) vesgninnaunuutsdnnaneiug no. 43 liuandrsiuedralidoddymeada
(b > 0.05) Feazdaroglutg 042-043 uasdaaruiudosay 237 WNANAINGRIATUAN
nan1sUsEIlunUsramdudaneis Az luunuYeu 9 58A (9-point hedonic scale)
fugnaaeudailalinunsiindu 30 au wuimsnauuuteinmentug nv. 43 Ium'iv‘h@ﬂ??
Yovay 30 fdazuuumuvoudiu A ndu savd Weduda uaraureusulnesiugandy

mgnaniiaunuudstnaeiug nv. 43 Tudnsddu sglunaeiveusnn

AdAy: anfl wlsdaeiug nv. 43 Snwaenaneam Ussamduda

L anndmannssuaans ansfaumans unninendewmaluladsivusnansite
" Corresponding author e-mail: namfon.ch@rmutsv.ac.th
DOI: https://doi.org/10.65217/wichchajnstru.2023.v42i2.257216

Received: 20 December 2022, Revised: 23 March 2023, Accepted: 9 May 2023

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



mailto:namfon.ch@rmutsv.ac.th
https://doi.org/10.65217/wichchajnstru.2023.v42i2.257216

NFANTIVY) UMINGIFYTVAYUATATETINTY 125

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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