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Abstract

Eclipta prostrata (L.) L., Sphagneticola calendulacea (L.) Pruski and S. trilobata (L.) Pruski are the member of
Asteraceae family. Similar characteristics may be misleading and misused. This study aimed to compare biological
activities of ethanolic and water extracts of these plants. Antibacterial activity was assessed using broth dilution method
for MIC and MBC determination, anti-inflammatory activity using lipopolysaccharide-induced nitric oxide production
in RAW 264.7 macrophage cells, antioxidant activity using DPPH radical scavenging assay, total phenolic contents
using Folin-Ciocalteu reagent and chemical constituents were investigated by TLC their fingerprint. All the tested
extracts exhibited low antibacterial effects against S. aureus, P. aeruginosa and MRSA. The ethanolic extracts showed
significantly stronger inhibition on nitric oxide production than did water extracts and the standard anti-inflammatory
medicine, diclofenac. Among them, S. trilobata had greatest inhibitory activity with IC50 33.43+4.76 pg/ml. The
ethanolic extracts of S. calendulacea showed the highest antioxidant activity and phenolic content with IC50 of 43.48+1.00

pg/ml and 55.46+7.18 mg GAE/g crude extract, respectively. TLC fingerprint of the ethanolic extracts of these three
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plants were identified. In conclusion, W. chinensis, S. calendulacea and S. trilobata are different as assessed by both

their biological activities and their chemical identification by TLC.

Keywords: Eclipta prostrata (L.) L., Sphagneticola calendulacea (L.) Pruski, S. frilobata (L.) Pruski, biological

activities, total phenolic contents, TLC fingerprint
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@@ﬂﬁmauﬁ 520 wllaas ¥nnnsmasay 3 91 ansin
nagauaNULIuRBUaITITRNAGLTARA83D MTT assay
lagduanIazansy MTT 5 JaanSusaliadans L phosphate
buffer saline 13313 10 1553 11 96-well plate 1HnT
\TRR RAW 264.7 ag UailugiLia 5% CO, amsnqil 37 89e1
waldes waan 2 mIm garadnaIniiaaznauaan
L@ 0.04 M HCI lus isopropanol Y5anas 100 lulasaas
\{RB8zauKEN MTT-formazan aNnLwas ﬁ']vlﬂ’iﬂmms@ﬂ
nAuusa 570 wluwas wnimasseadiatasniidos
a2 70 Wialfinufy solvent control UFAIIIEITERATAINY
HuRindarmas s fasazmsiufinssaia NO (%
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inhibition) uazn IC_ laeldlisunsu Graph Pad Prism
9.0

mManadauaNAGanNadaITA18E DPPH
anLdadann Uthairung et al. (2020)

LARUUENIRAANNLAE ethanol a9nzLiiedniley
nzLdadgy LLa:m:@;uﬂaoLganlu DMSO WUAZ®R1I
waspunsauesanaiinluir IWldanududu 1-200
lulasnSudeladdny @uasudazanududu YSunas
100 lulasaas adlu 96 well-plates L3 0.15 mM DPPH
(2,2-diphenyl-1-picrylhydrazyl) lu ethanol Y3anas 100
lulasias aslunqunases wanldidhiu vuluisa 30
WA ﬁ'lvl,ﬂi’@mmsg@ﬂﬁul,mﬁ 517 WlWNAT fuIns
ATBLAZM I UBLUADATE (%inhibition) LAz ICSQI(MJ
1411/sun38 Graph Pad Prism 9.0 ¥nnmsnagay 3 €0

asudsumilnadnsinar835 Folin-
Ciocalteu assay aauilada1n Zhang et al. (2006)

LATLURNIDTALNINIZ U gallic acid Aanud
41 25-200 lwlnsnSudefiangans lu ethanol ssafiainuas
ethanol VaInziisdnle neidledaey LLazﬂs:@uﬂadLgaﬂ
ANnNLTNdw 5,000 lulasniudedadaas @uanTazans
uaazANNTNTY USnas 20 lulasdas adlu 96-well
plate 1@na3azA1Y Na CO_ 154103 80 lulasday Lfu
Folin-Ciocalteu phenol reagent 1U331a3 100 lalasaas
wa AW U 30 mﬁﬁqm%gﬁﬁaa il Tadmiga
nAwLEIT 760 wilmuas sy massznaud
uadn WuuNUNTIWNINIZI% gallic acid WRAIHALDUAN
J88nIW gallic acid augaﬁuﬁmﬁnmsaﬁ'@ 1 N3N (mg
GAE/g crude extract) inn1Inasay 3 i

msAnssagRanlasilans Waa33 Thin
Layer Chromatography (TLC)

W saiatu ethanol 2a9RT19 3 1A LAZANT
¥1A33 apigenin 8za18A28 methanol 1 lananuiy
41 10 Jadnsudeladans maaasudazsiadSaunas 10
Tlulnsdasasuniny TLC silica gel 60 F_ 9119 6x10
rudituas lagldia3as Linomat 5 vuein TLC laluuns
ﬁmiﬁ;ﬁaﬁmzmﬂﬁ@mﬁu 3 52Uy l@uA chloroform:
hexane: 95% ethanol (6: 3: 1), petroleum ether:
chloroform: methanol (2: 7.5: 0.5) 8¢ chloroform:
benzene: 95% ethanol: methanol (5: 3: 1.5: 0.5) 3197
50 finaaas aniasiwes TLC ludoansld UV cabinet
finupinan 254 uaz 366 wilwwas Tuiinaw
i laisdens anisaldehyde/H SO, TWANAW T891%
natduen hRf
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a

P & v

anan iz lumseszidoys

LEAINANIINARBI8AaRY + &autdasun

A a ' 1

¥19331% (mean + SD) WInufiBUANLANGIIITAIN
ngudpaianuguilslunisiiansidaya one-way
analysis of variance (ANOVA) uaztnmndayaiinnnuuan
FNINUNIIEDA (p<0.05) AzlT Scheffe post-hoc test LiN®
wWisuieuszningy

HNan1Inaaay

mafudetsfrlunuidoassd ldeatie
ﬂzLﬁaéf’sLﬁmmznuﬁdﬁaﬁﬁﬂu authentic UTunuitas
"Lmﬁmwaém%’umiaﬁ'@Lﬁiamaaunﬂ%@ms] ana
authentic ¢ ethanol el 3suIRguonaNwaMILAT
Funafa TLC s fusnsaiatinuas ethanol 104
ﬂ:Lﬁd@f’JLﬁULLa:ﬂ:Lﬁ{iﬁ’JQﬁlﬂ%ﬂ’]iﬁﬂﬂ’lﬂﬂ%@hd5] 1
mguvlwsﬁ%‘ﬂ%amﬂ%uﬁmmmﬂ%aommgu"l,wﬂumim‘%
YNFTRNA m:@;wau'ga ol authentic lTunsarauiie
fnsgntene g mdimsiouifsuienansoinaad
funaiia TLC Wansananztilamiils neldeig uas
m:@;umqLgaﬂvlﬁﬂ%mmmsaﬁ@ﬁwﬁ@Lflu,‘i"aﬂax 7.21,
6.49 WAz 8.38 aUA1AU &138Na ethanol Aalduinsas
144, 2.01 U8z 0.77 MUS1AU mwmguvl,mﬁ’d 3 viia
usadlu Figure 1

Figure 1 Whole plant and flowers of E. prostrata,

S. calendulacea and S. trilobata
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mMInagaunNETwdauuaiiSy S. aureus, P.
aeruginosa W8z MRSA WUITIRN TR AT LA 8N TEA A
ethanol BasRTIEN FanisudanuafiGadeuinge
I@Ua’]‘iﬁﬁﬂﬁ’ﬁlmﬂuﬁdﬁ’)LﬁULL&:ﬂ:LﬁOﬁQ%ﬁQﬂ%ﬁ’ML%@

S. aureus W8z P. aeruginosa a-ﬁg@ @1 MIC 12.5 uaz 25
A ae i A aa .« o £ X .
UafnNdailafaey @NA10U gndealia MRSA WU
Q 1 r t{q/ z 1 A Qs
mmn@a’mlmyun%m’mt’ﬁa MRSA LLOULNLIRITIRNA
90’ & s a tild l: ' z ﬂl '
PaInsNaLNBNAgN N DaaIna17 (Table 1)

Table 1 Minimum inhibitory Concentration (MIC) and minimum bactericidal concentration (MBC) of purchased E.
prostrata, purchased S. calendulacea and authentic S. trilobata extracts against S. aureus, P. aeruginosa
and MRSA (mg/mL) (n = 3)
S. aureus P. aeruginosa MRSA
Samples Plant
MIC MBC MIC MBC MIC MBC
Water E. prostrata 12.5 25 50 >100 50 >100
S. calendulacea 12.5 25 50 >100 50 >100
S. trilobata 50 50 100 100 >100 >100
95% E. prostrata 25 25 50 >100 100 100
ethanol
S. calendulacea 25 25 50 >100 100 >100
S. trilobata 25 50 50 100 50 >100
Ceftriaxone - 10 - 10 - 10

Y v 9 ad o O
NINARBUNNDIGIWNITANLEUAIBADHUE
MIF9 NO WUINRIIENG ethanol wadNTng 3 &

<
qnd
FumIsniauiniassiainuazen diclofenac Saiilu
positive control atafikuddnynaaiid launszaunas
Lgaﬂﬁﬂﬂﬁf@]ﬁqﬂ fien 1C_ iy 33.4324.76 lulaanu
dadafans Andinzilsdaduaznzifiadiioadiedl
RUFAYNIRDG faumIaiatwinasfe 3 Ainnw
\audu 100 lulasnSudediaaans Sqntiudinssais NO
letaaniniesaz 50 uazmInaseuaNaduivvasans
aiadaLTas RAW 264.7 ¢me3% MTT wuisnsaiasinuas
3810 ethanol B9 3 AnNwERw 100 lulasndu
dadiadaas Mugasanuiduiudainas lasiimadsaadia
NINNIN3Ta8az 90 (Table 2)
miﬂ@aaqu%;ﬁ'magyaamzﬁ’aﬂ%’% DPPH
radical scavenging assay Wi &13&0@ ethanol Va4
nuﬁaé’a%ﬁqw%ﬁmmgga%m: DPPH ﬁﬁqﬂ 1 1C

WinAy 43.48+1.00 lulasnSudafiafans andnansania
ddden IC_ Wiy 91.55¢1.07 lulasnSudeladaas
ptadidamMIsia udfidnit ascorbic acid Faiilu
positive control {fin IC_ 11y 3.680.21 lulasnSude
fiaddas (20.89 Tadlua) adeliudAuneaia sauas
aﬁ'@muﬁaﬁ'sLﬁmm:m:qmauéasﬁm']mﬁmﬁu 100
lulasnsudafiafans ﬁﬂw’f;ﬁma%aﬁmzﬁﬂ fensent
auNadase DPPH #asniniasas 50 (Table 2)

mMImtsunaiuadniiual83d Folin-Ciocalteu
assay WUINE1I&NA ethanol vasRTUARzahalUSuM
AnaANTININNNINETRIANN aTaRaNIFasUeInzLig
éh;jﬁﬂ‘%mmﬂuaaﬂimmnﬂ'j'lmmﬁ’@’uaaﬁmé‘u
2d1IAREFAAYNIRDG uazanIana ethanol HUTunm
fAuadnsrmannniaiaiaiedndinsdynisaha
N6 55.46+7.18 uay 39.58+3.74 UnANIW GAE ¢iam1s
§Na 1 NTN @1NEI1AU (Table 2)
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Table 2 Inhibition of LPS-induced NO production from RAW 264.7 cells and% cell viability in MTT assay,
Inhibition of DPPH radical scavenging and total phenolic contents of purchased E. prostrata, purchased

S. calendulacea and authentic S. trilobata extracts (n = 3)

Inhibition of DPPH radical Total phenolic
Inhibition of NO production MTT assay i
scavenging contents
Samples Plants Ic Ic (mg GAE/g
% inhibition 50 % cell viability % inhibition 50
(mng/mL) (ng/mL) crude extract)
(100 pg/mL) (100 pg/mL) (100 pg/mL)
[mM] [mM]
Water E. prostrata 9.76+0.45 >100 97.99+1.74 27.41£1.50 >100 22.22+0.72°
S. calendulacea 39.95x1.47 >100 96.11x0.30 51.97x0.53 91.55x1.0"c 39.58+3.74°
S. trilobata 5.44+0.80 >100 98.25+4.55 20.45+1.46 >100 12.88+2.58°
95% E. prostrata 75.66+2.66 62.21+2.04° 96.41+1.56 36.31+1.74 >100 25.63+2.34°
ethanol . 0 .
S. calendulacea 79.83x0.65 56.64x1.82 99.71x1.07 86.14x0.29 43.48x1.0b 55.46+7.18
S. trilobata 98.23+1.45 33.43+4.76° 97.16+1.18 17.07+0.84 >100 15.62+2.51°
Diclofenac 66.79+0.97 70.82 +2.26° 103.03+2.91 -
[239.14 mM]
Ascorbic acid 3.68+0.21° -
[20.89 mM]

Values are expressed as mean + SD (n = 3), IC50 of Inhibition of NO production, inhibition of DPPH radical scavenging and total phenolic contents

a.b,c,d)

analysis were performed with One-way ANOVA follow by Scheffe Post Hoc multiple comparison test, the different alphabets ( indicate statisti-

cal significant (p<0.05), when ICSO>100 ug/mL not included.

nsfnsiandneniniaaldieds TLC  sesfudlasanlannlassiuayulns authentic uaneng
a & ~ A o A o Py = a A
ATNLANANANNLNIARY 254 nm, 366 nm WA spray  NWHIALIANNITUVBILALRTT NugaInsdSurmansh
anisaldehyde/H SO, wuitizvy 3 ziia Hvoufunlasun  uaneanu SzuL@mITnazasAuanian 3 siaaananni
lanmRfiuandneniu (Figure 2) lasnziiisdnfiowsznzills  ldFaaufigafia chloroform: hexane: ethanol (6:3:1)
61"3;jﬁ%’@%amﬂ%’mmzlLeﬁaammﬁnuﬂwsﬁé’nwmumums TooduausInuandnanuat1tas 1 10
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wrf A) Chloroform : hexane : ethanol (6:3:1
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Figure 2 TLC fingerprint analysis in three different solvent
systems A) chloroform: hexane: ethanol (6:3:1),

B) chloroform: benzene: ethanol: methanol (5:3:1.5:0.5)
and C) petroleum ether: chloroform: methanol (2:7.5:0.5)
and identify by UV 254 nm, UV 366 nm and spray
anisaldehyde/HQSOA. The samples are the following:

1 = purchased E. prostrata, 2 = authentic E. prostrata,
3 = purchased S. calendulacea, 4 = authentic
S. calendulacea, 5 = authentic S. trilobata, 6 = apigenin.

ayluaziansal

mMsdnwaieil sunInaglladnzideands
Nzl Lm:ni:qwaatgam fanuuANeEN IR W
landnsainaeiuazgniniedinin laggnidiude
wuafidolunuidoil seaasosiunussunauntiing

= o = o o X £
nzideaaile NZLAIAIA HRZNIEANNDILRDE ﬁt]“flﬁ

Tumsdwaagadnadniniieuing (Karthikumar et al.,
2007 ; Nithin et al., 2018 ; Balekar, et al., 2012) RZES
WWunsnumsdinsgndenwidia MRSA 284nzt 9@l

L s o da
tHuATININ FTBNUNIIUNUATNARBURIIRANNONT

fwdauuafidoannadsdiils leun eclalbasaponin
Lﬂumiﬂq'&l terpenoid glycosides ﬁaaﬂqvlﬁﬂﬂmi
ﬁwmmﬁlaﬁmfﬁaﬁmau%a ﬁqw'§ﬁ1m%a P. aeruginosa
lo@ (Ray et al,, 2013) LLaz®1T wedelolactone 1uans

ﬂﬁj&l coumestans ﬁqw§ﬁmt%a S. aureus (Dalal &
Kataria, 2010). &3 wedelolactone Wu'ldluimiia 3 wila
(Le, et a/ 2021 ;
ﬁ’]‘i‘ﬂx‘i"ﬁ (marker) ﬁuﬂ%%dﬂ‘ﬂﬂ%"ﬂ"ﬁﬂd 3 LLﬁG]GE]‘Y]ﬁ@]’]%

; Sureshkumar, ef al., 2011) ﬁdmmﬂu

\HoUUATIZY WONINHINEWANTANVEY Rahman &
Rashid (2018) ALgN&IHETaAA methanol BaInzLTd
WohumaseugnaewTeuuaiiizy wuin fraction Al
%’Jgﬂﬁ]:ﬁq*ﬂ'ﬁgﬁﬂm"%a S. aureus u8s P. aeruginosa ¢
AN fraction AflTAaN %anuﬁaé’uﬁmm:ﬂnﬁaﬁag
WUE1INE coumestans Aluasiindnuangsiia 35079
Fpigsugnisudauuafideluiors 2 16 wannsdne
geandostuMslERTne 3 shalumsunndiuinuia
Snwneunausslsafani udslsmalnefidnmin
ﬂ:LﬁaéhLﬁwwﬁmmtﬂw‘h%’umauqu"LW‘iﬂ’%uﬂ:LﬁdLﬂlal“ﬁ
1umi%'ﬂ1:nLLwaL‘%a%’ﬂuBmmmaiu%’mi’m’%%’uﬁ LEAd
IAudsdszantanaesnaifisdndiolunsiandn
mmguvl,ws"?ﬂ%’%ﬂmLLwaﬁﬁmiam%’a lagawnzlugthe
NN uRTI AN AL LAz FIdansAaLTe ladne
I@ﬂﬁi'mmu'jﬁnﬁﬁ@L%aﬁl,ﬁwaaﬁﬂammmmsl,unﬂ
FZAUAMU U fnwumsaaite S. aureus a0t
ﬁq@ wasiiuw likufiess MRSA anndindes 5 (Stapanavatr
& Karnjanabatr, 2010) uai1¢1 MBC Tuns@nmneisilas
GEPYRREY Wi AiNLsEANS WY asssRIANLLT 67
W ldlasmsnandTnsana MINeI Iz DN E981NN9
AT %%amﬂ‘ﬁmguvlwsn:l,ﬁaﬁ'sLﬁﬂi"mﬁ'um;luvlwfé‘ua]
ﬁﬁqw’f;@"ﬁm%a MRSA L% 1hiuoulsy (Caichompoo
et al., 2020) mﬁu"?j’u (Supannapan, et al., 2010)

namsansngnisunssnaudulyufianis
@eriumslafmrsamalumsunndiuiuiesneuns
LREANDINITUIN (Jaisin, 2016 ; Manohar et al., 2017 ;
Balekar et al,, 2014) Wa=F0AAFaIA LN ToNAIUMT
Sniaurislunaaanasasuszludainesss (Arunachalam
et al., 2009 ; Sureshkumar et al., 2010 ; Govindappa et
al., 2011) awséwﬁmﬁﬁqw§ﬁmmaé’nLawaaﬂ:l,ﬁaé'fuﬁﬁ
L%% orobol, wedelolactone, apigenin, luteolin, hesperetin-
7-O-f3-D-glucoside, quercetin-3-0-5-D-glucoside, (Le
et al., 2021), Echinocystic acid (Ryu et al., 2013) Iwaw
dunziiiadgwuindiies wedelolactone Aflean
qNBEUNNISNLEL (Yuan et al, 2013) ﬂi:@;maal,gaﬂ
ﬁimmumsaaﬂnw'ﬁr VLG;LLﬂI 5,7,4’-trihydroxyflavone,
3-O-[f3-D-glucopyranosy! (1-4)-3-D-glucoronopyranosyl]
oleanolic acid 28-O-f3-D-glucopyranosy! ester (Thao
2019) uar (3a)-3-(tiglinoyloxy)-ent-kaur-16-
en-19-oic acid (Xu et al., 2021) IMNMNBILLAWINART

et al.,
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aanqw'ﬁfﬁwumﬁauﬁusluﬁmﬁtammﬁ@ 1éun luteolin,
apigenin W&z wedelolactone Gt qw%ﬁu famsa$s NO
YoaRaIEn 39MRzInIInmMIsengniINiuYIEs
nagia I@mawwzﬂi:@gmaméa sfidanasufomsaia
NO mmm@iuﬂ'jﬁﬁ%ﬁﬂ 2 39ia uaasliiAninezdeiians
mﬂmaus] ‘VmuaaﬂqwﬂumimumsaﬂLa‘uwmsﬂn‘m
STuRuey nMsRRT 3 ﬁu@uamqmﬂummmﬁm
NO 'l#@nine diclofenac Sﬁ\‘lL“.lJutl’mQu nonsteroidal
anti-inflammatory drugs (NSAIDs) mmﬁaama’mms
was NO Huiitpsnalnwiislunszuauwnmsdniay fofl
nalndug fAfsadasiumssniay efaw mIndans
cytokine 14 ¢ ﬁa&ummgﬂd']mmﬁ'@ﬁﬂ@ﬁm%Tm
mssnguiiansels ﬁ‘hLﬂuﬁaaiﬁ%nﬂiwﬂaaqu’§ﬁﬂu
mysnufinanuanoiieudunasaly imu qw%ﬁu&a
IR TunszUIwI I nIEU LA prostaglandin
E2 (PGEZ), tumor necrosis factor-alpha (TNF-a) Wae
interleukin (IL-1, IL-6 uae IL-10) 1udu s1ufismInagey
gnisunssnauludasnases Lﬁ‘al,ﬂuﬁa;ﬂaaﬁumgu
sl,umsﬁsumm;luvl,mﬁa 3 g Ul iAo S nwniausaim
mmsﬁﬁmm@mmnmzmumsé’mamia"IJJ

Nan'nmaauqmmuauuaaa?aa@maaanm'm
nﬂﬂawmu Anpnwinanssiaiwesnadaddouas
mz@;u‘nauaas qu%wmawaﬁmzvl@uay (Karthikumar
et al., 2007 ; Govindappa et al., 2011) lumm:ﬁmmﬁa
ﬁlgﬁaﬁ'ﬂﬁm methanol ﬁqw'ﬁfﬁ (Bari et al., 2021) uilaz
Ej'ovl,xiLﬂalfmmmmﬁ%’aﬁlL‘j_l’%ﬂmﬁsqu%fﬁ’mawaamz
Yo9m5aTa ethanol uaztinlufanssuannon LANaNSs
anwaSsiifsenndesiunnuioumihfuaesldifin
ImslEarinazanseasunialumsanasinazyinlildazns
é’]ﬁmﬁﬁqw%ﬁmawa'éas:mnﬂ'j'm'ﬁaﬁ'@ﬁ'ssji:n S}
Renfunuwdseluiniu g fineewinassia ethanol
qw%ﬁwuawyaﬁaizaﬂ'jwmmﬁ@ﬁ’] (Dhanani et al., 2017
: Sepahpour et al., 2018) Lﬁaamnaﬁmjﬂwﬁﬂuaa%oﬁ
qw’ﬁ;ﬁwua%aﬁaimmxmﬂhé}'ﬁﬁﬂﬂ:ﬂﬂﬂﬁﬁ%ﬁﬁaﬂmfw
1 le@ninlusin (Sepahpour et al, 2018) saandaafiy
namItazRUsnmineansulumsdnmil Anuin

a A a a s a a a s t§
YSunmiuednnufenusuiusldludanadeinugnd

dnuayyadasz DPPH WU T Eu g ﬁi:i_ql'h
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daszguguiulasfanuduiuiidunswiduass (Aryal
et al., 2019)
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Abstract

This study examined suitable conditions for enhancing yield quality of fruiting bodies and beta-glucan in Oyster for
treatment to reduce the risks of gout attacks. Suitable conditions depend on many factors, such as the strain of
mushroom, substrate and growth condition. Mushroom strain were selected and mycelium growth conditions optimized
for medium type, pH value, temperature under laboratory conditions and substrates for 7 formulations of mushroom
house conditions. After that, mushrooms were harvested and the nutritional value, mineral and beta-glucan contents
were analyzed. The results indicate that GYE, pH 7 was a suitable medium for growing oyster mushroom at 25 °C.
The TISTR-Agr PPU 009 strain cultivated on a formula (sawdust mixed with rice straw) produced the highest dry
mushroom weight (55.17 mg/g). Moreover, it had good quality and higher nutritional value compared with cultivation

on other substrates.

Keywords: Oyster Mushroom, beta-glucan, Suitable condition
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witsunuanslulelase (Total Carbohydrate) las3®
Phenol sulfuric acid method @@auiad31n Hansen and
Maller (1975) M33LaT=w LSl (Crude fat) USanms
nnle (Crude fiber) LLa:ﬂ%&JWMLﬁWﬁ{m&J@ (total ash) e
75ued AOAC (1995) MIaTzimaamsiwia laun
K, Na, Cu, Ca, Zn, Mn, Mg uaz Fe lagldia3a9 Atomic
Absorption Spectrophotometer (AAS) AuATVaY Willard
et al. (2001) USanmwaanasa lae Spectrophotometer
Molybdovanadophosphate method (Westerman, 1990)
LazIATIZHARN Total glucan #2833 Mushroom and Yeast
beta-glucan assay 184 Megazyme (procedure K-YBGL
09/2019)

6. NMIANANTHTONANANIIFAG
naflaunIanzineadia lagnsunuwnme
aaaLmuLw\Iﬂﬂaﬁﬁalmmmmu@mamgmﬁ (Factorial in
CRD) lasltlusunsa SAS (1999-2000) wazitSuuifisy
fLa8ua283% Ducan’s New Multiple Rang Test (DMRT)
A o A o
NIAUANUTDNU 95%

NAN13IVLLAZITE
1. maﬁuﬁjl,ﬁﬂmoﬁ'lﬁﬂ

[

dnaamlunisuda
a3 dan-nguan

nnMasiawei 10 mevug leun TISTR-Agr
PPU001, 002, 003, 004, 006, 007, 009, 010, 011 L&
012 wmasaudnonnlasnisimnzluizguwizidu
gasnasg iy wodfiewsinaneiiug TISTR-Agr
PPU009 uaz PPU012 fidammatasyraadulelutowie
L‘%’sﬁq@ fia 1.68 LUALNAIGD I T998901 Ao TISTR-Agr

Table 2

Study of Suitable Conditions for Production of Beta-glucan in Oyster

Mushroom Fruiting Body

PPU011 fdasnistatavassulaluiowifa 1.67
LTWALNAIA T (Figure 1)
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Figure 1 Mycelium growth rates (cm/Days) of 10 strains
Oyster mushroom on commercial substrate formulation

Warhnaulsaians 10 mmﬁuﬁf"l,ﬂl,'ﬂ@@aﬂ
lulssSen uaziiuwandaranue 3 3u wudnians 3
mﬂﬁmfﬁ’dmslﬁwaNﬁmamﬁﬂga lasfsinntingaiads
WiNAU 1.798, 1.790 Uaz 1.744 Alansy au&eU Lazaan
Lﬁ@ﬁvlﬁﬁqmmwﬁ Ao AUINAANUANBUSNAN ABLNA
EIRIEY ﬁmmmaﬁﬁagﬂwﬁw 7.54-7.96 LTUHALNAT

(Table 2, Figure 2) wuanaanlnguazilsuimeaan
¥nn 10 aandata WalfluuAumMoRUTaY ) GIruiAa
w9Fhanoiug TISTR-Agr PPU00Y, PPUO11 sz PPU012
= Ig . o‘d'd s a A v d'
?ﬂ\‘lLﬂuﬁﬂﬂ‘W%‘g‘ﬂuﬂﬂUﬂﬂWluﬂﬂiNa@]ﬁ’]‘m@]’]-ﬂQLLﬂ‘WYI
finadamaaaanuisslsauig lesniduisedui
uwlauss idulondadulai Wnandagiuazldaaniia
Ald a AR o > A 33 '
NigINING Favihmsfaden lnasaulutuaanda b

Fresh weigh and quality of fruiting bodies of 10 strains Oyster mushroom cultivate on commercial substrate

Mushroom species list Fresh weigh (kg)

Cap diameter (cm)

Stalk diameter (cm) Stalk length (cm)

PPU001 1.692° 6.45' 1.00° 6.10°
PPU002 1.590° 6.12° 1.13° 5.95°
PPU003 1.382° 6.10° 1.14° 6.26°
PPU004 1.671° 6.08° 1.10° 6.46°
PPU006 1.682° 6.87° 1.00° 6.44°
PPU007 0.989° 7.23° 0.98" 5.57°
PPU009 1.798° 7.96° 1.15° 6.65
PPU010 1.689° 7.12° 1.10° 6.42°
PPUO011 1.790° 7.85° 1.16° 6.51%
PPU012 1.774° 7.54° 1.10° 6.54™

Note: Numbers followed by the same letter in vertical do not significantly different from each other at 95% by DMRT test.
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Figure 2 Fruiting bodies characteristics of Oyster mushroom cultivate on commercial substrate formulation
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wamsmaaummngmL%aﬁwuﬂ 5 3%l fa
potato dextrose agar (PDA), malt extract agar (MA),
coconut water agar (CWA), V8 juice (V8) LAz glucose
yeast extract agar (GYE) ‘ﬁl pH 5, 6, 7, 8, 9 uaz 10 ¢a

maigrenduluiauiedin 3 mowug fa aeWuf

TISTR-Agr PPU 009, TISTR-Agr PPU 011 LL.az TISTR-Agr
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MuRus TISTR-Agr PPU 011 uaz 012 13y lddfigaum
81W13 V8 WAz GYE i pH 7 1snlediSaduséu
5098901 Wleifiuiu PDA a%n‘%agﬂ‘?ﬁﬂugmmuqu
(Table 3) azifiwlein w9 3 maﬁ’unfm’%mﬂ@ﬁ%aﬁq@uu
91913 V8 A pH 5-10 uetdulofladanwmzunadouly
Aufaninanms Sanunuwiusiwias (Table 4) Wiasan
9113 V8 Usznaudas tndn 8 wfia fe uzidane wasen
Fuanorss Gn wimad dnmaven JelnasinTaLas
finlaw %aq@ﬂﬂﬁm%mﬁu WAZLITNG) ﬁ’fw:ﬂs:@um‘i
wintdulavaadnleinliiasylas wddsraunas
mfuaufidaadunnuudaussuszanunuina s dule
FOAANDINUIUITLUDI Kumla et al. (2013) NA&aUNTT
sy vaadwleialaslu (P. giganteus) UuaIW1T V8

LﬁulﬂLa‘%rytﬁwmummiﬁaﬁqﬂmﬁsJ 17.75 §adLuas
foiu udlaTatsunadinna (biomass) wuindvsunm
Wosniuflaiuuiiu PDA Ao 38.43 uax 82.65 Iaansu
daau auddy lusnefisnsusmiFuwing s
wuloifians 3 MURUTUUEIMNT GYE Ldulofiinue
azidoa 5210 9 ﬁmm%muﬂumnﬁqwﬁﬂuwhﬁ'ugm
AILAN (Table 4) ifiosannluomnsiasate GYE Usznau
ﬁwmaﬂgiﬂa (20 nSudadns) uunadansuam uaz Yeast
extract uunaslulasion Seddnonwlumssoduly
2841%@ (Kupradit et al., 2020) F0AARAINLIILINUYD
Hoa and Wang (2015) NaxaU§AT81M130aN3La3ve3
wulofiawssuuasifiaitihge woinenmsfidsznauds
nalad waz Yeast extract sdnaliidulofianamuwiuiiu
FUslalalole! uaﬂmﬂﬁﬂ;ﬂﬂaﬁogmzqiﬂL‘i:;lul,mdam'jfuaw?i
ﬁﬁq@ﬁﬁﬁ%’umwﬁmmuﬁﬂimwaauéfinm"lsﬁmauﬁmﬁ
Aule (Kim et al, 2001) §1uHaV8IAN pH Kumla et al.
(2013) n&a1N L%mwﬁmwmmm’[umim’%tyLauiw‘fi
pH 4-9 ugifi pH 7 1Tusn pH Fimanzaudsliaams
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Mushroom Fruiting Body

Table4  Mycelium density of 3 Oyster mushroom strains on different medium at pH 7
Mushroom strains
Medium
TISTR-Agr PPU 009 TISTR-Agr PPU 011 TISTR-Agr PPU 012

V8 +

GYE +++
MA ++
CWA ++
PDA +++

Note: + (Scanty), ++ (Moderate), +++ (Abundant)

Table 3  Mycelium growth rate (cm/days) of three Oyster mushroom strains on various media at different pH values
pH values
Mushroom strains Media
5 6 7 8 9 10
TISTR-Agr PPU 009 V8 1.21° 1.21° 1.21° 1.21° 1.21° 1.21°
GYE 1.21° 1.21° 1.21° 1.21° 1.21° 1.21°
MA 1.16™ 1.21° 1.21° 1.21° 1.21° 1.16™
CWA 0.95" 0.95% 0.95% 0.95% 0.95°% 0.95%
PDA 0.90°° 0.91° 0.93% 0.92° 0.93°¢ 1.01%
TISTR-Agr PPU 011 V8 1.21° 1.21° 1.21° 1.21° 1.214° 1.21°
GYE 1.07° 1.07° 1.16%° 1.07° 1.11™ 1.11%
MA 1.07° 0.98" 1.02% 0.88° 0.95%¢ 1.06%
CWA 0.95°° 0.98% 0.98% 0.98% 0.98% 1.21°
PDA 0.92° 0.95% 0.95% 0.91° 0.95°¢ 1.06
TISTR-Agr PPU 012 V8 0.73" 0.71" 0.71" 0.71" 0.71" 0.71"
GYE 0.60"* 0.66"* 0.71" 0.66" 0.66"* 0.66"*
MA 0.53" 0.58"% 0.53" 0.62" 0.62" 0.53"
CWA 0.574" 0.57™ 0.52" 0.53" 0.54"™ 0.52"
PDA 0.67" 0.66"* 0.61%" 0.58"™ 0.6 0.54""

Note: Numbers followed by the same letter in vertical do not significantly different from each other at 95% by DMRT test.

3. gmnpdifimanzandansinzasduly
iR

Sannaasyveasduluiawadiim 3 GRS
LﬁulmLa‘%@VL@Tﬁﬁq@ﬁqmvsqﬁ 25 9IANTALTHE T0ININN
ﬁaﬁqmﬁgﬁ 30 AT 20 BIFLTALTUE ANEIGU (Table 5)
Iﬂﬂé’numwaaLﬁusl,ﬁLﬁﬂﬁmwwmuuumﬂﬁqmﬁgﬁ
25 Uaz 30 pIALTALTR @IUMUNRAN 20 BIANTALTY
fanwmzud nwduwitaunia lummxﬁqmﬁgﬁ 35 83N

wados iEwlaiarzinmaedy webisansnesydeld
WAuwad ugadnyaing uazame (2552) 189 %I RN
duihisiindydemasiyreadulouszmuadydivla
vasneniailuatnibs aaudszanduloaunssiafanan
vl&iﬁaomiqmﬂnuﬁﬁgw%a@‘i'%ﬁuvlﬂ ROANADINLIINITY
283 Adebayo-Tato et al. (2011) wuiwqm%gﬁﬁmmmw
domaaiyrenduluiiaasznawsiiunssueglugag
25-30 8IALTRLTUR
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Table 5

J Sci Technol MSU

Mycelium growth rate (cm/days) of three Oyster mushroom strains at different temperatures

Mycelium growth (cm/days)

Mushroom strains

20°C 25°C 30°C 35°C
TISTR-Agr PPU 009 0.91™ 1.02% 0.99% 0.50°
TISTR-Agr PPU 011 0.81% 1.07° 0.91% 0.50°
TISTR-Agr PPU 012 0.73° 0.71° 0.57° 0.50°

Note: Numbers followed by the same letter in vertical do not significantly different from each other at 95% by DMRT test.

4, "'mqm'lzﬁ'mmmmiaﬂ%mmwaNﬁmmz
Qmmwmamamﬁﬁ

a’mmmww:LgﬂaLﬁulsLﬁﬂuui'a@lLW']:"?'iLLmn@i'm
7 g3 Holfunanda wuidiawsir 3 mﬂﬁmf
(TISTR-Agr PPU 009, 011, 012) Tina lulufienmaidennin
fa ﬁﬂ‘%mmﬁmﬁnmmé‘smnﬁqmﬁamw:nui’a@;L‘m:
gmﬁ 2 Ja989afe ;j{m"?i 1 U8z 4 @NENGU (Table 6)
Tasliwinaaaaslugis 1.885-2.464 Alany luvms
ﬁqmmwmamamﬁ@luu@iazgmﬁmmLmﬂ@mﬁuama
Iuindyn1eada laogasii 2 Wiaaniwaenlassw
laun Lﬁumuguﬁﬂmwmn@aﬂ, MuAaN WaZAINY
maﬁm@aﬂﬁﬁqm fienaapwiiiy 6.93, 1.33 uaz 6.78
LIUALNAT TURIAL Lﬁam‘%ﬂuLﬂﬂwawﬁmazqmmw
@amﬁ@ﬁvléjlmwia:gm wuindilaefiAeadosdonts
LIIYUBTHANE® ﬁuﬁai’a@;mn: UAZDINILEIN IFQLNIE
gmﬁ 2 §Taqwnande Hideusnemnlnainouifinarwns
1§30 Ao TvinanUameatingn uazdnInauaaziua
I@mglnﬁil'ﬂ%"amwmnﬂmﬁqmmmammsﬁLﬁ@]ﬁaami
wu uaaidoy ulasian weawaTa uazgasluu (Aiwivm
ANDI9§IIA, 2551) TrodLaIUNIIIYVaILElY Lazny
gi9aan vhlildnantags Snvsiioawin T lwatly

Table 6

formulations

Usznaudauilaihens usslusdudaduiounsslulasian
wazunaIAiuean Muiidinlnefivaaiulznay
drunguiraglad (cellulose) dinalwiAaasnadulyld
auyInt (Rambey et al., 2019) ‘saaaamﬁagmﬁ 18779
waniiuiides waziduinanatesas 3 Wuamsasy
XOAASINUINWITHVEY Erkel (2009) Nasadtdnlauan
sianar 1 aluTsquniziianauie WUIWaNAaLA ALY
Fuathafltuidn LﬁaLﬂ%UULﬁﬂuﬁugmmuqu T
ﬁgmﬁ 4 ﬁagmﬁa@ﬂ’%mm"flﬁammzwawﬁumaﬁnﬁ
Lﬂui’aqmﬁaﬁomamimwﬂué’mﬂd’su 1:1 susnLAN
nanAaaanialdaiadtoidynaiadenuidoiu
95% \ilasanwsdidsznaudsiadsurssnin g laun
iaglas euar 35 walioaglas Jauaz 18 uazAnfiu
Souaz 15 uanstsznevduniddszinnanslulaiasa
Faduunasarmsfltlunnesyidulavesruazifia
(Jiang et al., 2011) uaziiialFuuifiouifiar 3 Gt
azAnldiniaweiaoius TISTR-Agr PPU 009 lu
fa’a@;mﬁzgmﬁ 2 waNNANANAAFILTY T9dgmnn
@aﬂiﬂmma‘ﬁ'qﬂ lasdnwazaaniiaazinuinaanuuia
Ing v LLa:ﬁﬁLﬁu@mﬁuLﬁawaxuui'aqﬁLmﬂ@mﬁu
(Figure 3)

Fresh weigh and quality of fruiting bodies of three strains Oyster mushroom cultivate on different substrate

Formulations Mushroom species

Fresh weigh (kg)

Cap diameter (cm) Stalk diameter (cm) Stalk length (cm)

1 TISTR-Agr PPU 009 2.122+0.281° 6.43+0.454° 1.13+0.051° 6.52+0.125"
TISTR-Agr PPU 011 2.01240.272° 6.94+0.117° 1.29+0.033* 6.52+0.121
TISTR-Agr PPU 012 2.259+0.240° 6.90£0.239° 1.24+0.040"' 6.50£0.125"
2 TISTR-Agr PPU 009 2.464+0.133" 6.93+0.124° 1.33+0.031° 6.78+0.102°
TISTR-Agr PPU 011 2.329+0.163" 6.88+0.262° 1.2740.041% 6.63+0.123"

TISTR-Agr PPU 012 2.339£0.171°

6.83+0.357% 1.28+0.032° 6.53+0.253"

3 TISTR-Agr PPU 009 1.372+0.282 6.42+0.539° 1.19+0.082%" 6.25+0.323
TISTR-Agr PPU 011 1.469+0.281' 6.34+0.517°° 1.17+0.061" 6.18+0.326°
TISTR-Agr PPU 012 1.378+0.271’ 6.37+0.541° 1.21+0.061° 6.21+0.321
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Table 6

formulations (cont.)

Study of Suitable Conditions for Production of Beta-glucan in Oyster

Mushroom Fruiting Body

Fresh weigh and quality of fruiting bodies of three strains Oyster mushroom cultivate on different substrate

Formulations Mushroom species Fresh weigh (kg)

Cap diameter (cm) Stalk diameter (cm) Stalk length (cm)

4 TISTR-Agr PPU 009 1.885+0.290°

6.82+0.297% 1.27+0.043° 6.63+0.231%°

TISTR-Agr PPU 011 1.978+0.27%

6.59+0.521% 1.26+0.044°°% 6.58+0.254"

TISTR-Agr PPU 012 2.025+0.281°

6.72+0.291™ 1.25+0.041°°% 6.59+0.251%

5 TISTR-Agr PPU 009 1.046+0.310" 6.23+0.509° 1.13+0.063° 6.19+0.321°
TISTR-Agr PPU 011 1.028+0.281' 6.28+0.471° 1.21+0.053%' 6.02+0.461°
TISTR-Agr PPU 012 1.102+0.311" 6.22+0.425° 1.18+0.091°® 6.13+0.355"

6 TISTR-Agr PPU 009 1.827+0.242'

6.71+0.309" 1.24+0.041° 6.45+0.301%

TISTR-Agr PPU 011 1.739+0.235°

6.68+0.417° 1.23+0.053' 6.51+0.254"

TISTR-Agr PPU 012 1.738+0.272°

6.59+0.420% 1.21+0.053 6.47+0.258"

7 TISTR-Agr PPU 009 1.404+0.24 6.47+0.415% 1.20+0.055' 6.32+0.261%
TISTR-Agr PPU 011 1.529+0.25" 6.62+0.402° 1.2140.053%' 6.28+0.323"
TISTR-Agr PPU 012 1.538+0.28" 6.37+0.504° 1.21+0.054° 6.29+0.326°

Note: Numbers followed by the same letter in vertical do not significantly different from each other at 95% by DMRT test.

Formulation1

Formulation 2

Formulation 3

Formulation 4 Formulation 5

Formulation 7

Formulation 6

Figure 3 Fruiting bodies characteristics of TISTR-Agr PPU 009 cultivate on different substrate formulations
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%amw%aLﬁm‘*ﬁaaﬁmzuugﬁ@fuﬁmmzﬁ’mmsé’nLm_|
(Finimundy et al., 2013) S aganitmIwzanion
Lﬁﬂgmﬁue] p8INRBAIATYNIRDA (Table 7) Bach et al,,
(2017) na1N mmLﬁu"ﬁumadﬁﬁw-ﬂguﬂmmnd’mﬁu‘lﬂ
g ERUE IFQINE (C:N ratio) wazAMANYIDIAY
AanLAA Sﬂﬁv‘amﬂﬁuﬁ: TISTR-Agr PPU 009 910 3&qL1z

gmﬁ 4 ﬂ'\‘imlﬁﬂ%mm"uaat.dm@ga’rmmé’n UAZLIDN

J Sci Technol MSU

lui'aquwzgms'Sus] e Taslanzagnedelsunmuas
Twunadon (K) Waalwea (P) uazuunili@an (Mg) (Table
8) 6’1’;\1Lflml,i'm@;mmmé’nﬁ;ﬁm']m‘hLtﬂu@iaiwmﬂ 78
MInawasnAuiauar s UUUTEEmMaNs g aanaw
aulafia aruQUIzALABIATLADTOR ugrudsznoud
A VINIZQNUANY TAuNTZdUNNITINUY agtavlmaf
AINDUANIUMIWINAIWENTAIMT LAZNIFILATIZA

Tus@iu (ana AiTus uazame, 2562)
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Table 7  Nutritional value of 3 strains Oyster mushroom cultured on different substrate formulations.
Nutritional value Beta glucan (mg/g)
Formulations Mushroom species dry cell weight
Protein (%) Carbohydrate (%)
1 TISTR-Agr PPU009 15.88+1.02% 47.07+3.04’ 40.32+1.23'
TISTR-Agr PPUO11 16.95+1.22°" 47 14+2.88" 43.21+1.20'
TISTR-Agr PPU012 16.95+1.50°" 45.332.42" 40.6522.42%"
2 TISTR-Agr PPU009 21.11£1.20° 56.91+2.02° 49.22+3.07°
TISTR-Agr PPUO11 20.10+1.44° 49.00%2.46%" 47.89+1.32°
TISTR-Agr PPU012 20.13+1.56" 50.95+3.21% 49.58+2.18°
3 TISTR-Agr PPU009 17.53+1.20° 48.67+4.21" 27.59+1.62™
TISTR-Agr PPUO11 17.79+1.35° 49.3543.56" 30.211.24"
TISTR-Agr PPU012 16.58+1.38" 49.25+3.98" 26.70+2.45™
4 TISTR-Agr PPU009 26.62+1.13° 50.16+2.89°" 55.17+1.36
TISTR-Agr PPUO11 22.54+1.49° 52.13+2.43% 53.53+2.03°
TISTR-Agr PPU012 21.79+1.52% 51.12+¢2.51% 49.75+1.28°
5 TISTR-Agr PPU009 17.25+1.70° 54.05£2.70° 37.40+1.53
TISTR-Agr PPUO11 21.12+1.50° 52.46+1.99° 30.562.12"

TISTR-Agr PPU012 21.87+1.33% 51.24+4.62% 27.69+2.40™

6 TISTR-Agr PPU009 15.67+2.21" 48.55+3.50" 25.75+2.38%®
TISTR-Agr PPU011 15.62+1.98% 42.05+2.60° 28.48+2.50'
TISTR-Agr PPU012 14.59+1.70' 44 56+2.46™ 25.45+2.70°
7 TISTR-Agr PPU009 15.42+1.50" 43.33£3.34° 41.62+1.53°
TISTR-Agr PPUO11 15.63+1.46™ 45.36+3.26™ 40.25+1.56"
TISTR-Agr PPU012 15.74+1.48% 46.34+2.76" 41.29+1.70"

Note: Numbers followed by the same letter in vertical do not significantly different from each other at 95% by DMRT test.
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Abstract

The objectives of this research were to study the effect of different foods on the physical characteristics of ponds and
growth rate of eels by simulating farming to mimic nature in cement ponds. The pH of the ponds was adjusted to be in
the range of pH 6-9 and the experiment was conducted by farming eels in 9 cement ponds. Four eels were released
into each pond (3 females: 1 male). CRD (Completely Randomized Design) was used to plan the experiment which was
divided into three groups in which three kinds of food were supplied; fresh golden apple snails, prawn food and catfish
food. Feeding was every two days (feeding time was 17.00 to 18.00) and the eels were fed for 6 months (February-
July 2019). The research found that the temperature outside and inside the cement pond during each month changed
according to the air environment.The storage temperature outside the pond and the temperature inside the pond from
February to July was in the range of 29 -34 °C. The temperature each month varied with the outside temperature.
The water pH of the pond was 7.29 to 7.66 and the BOD values were within standards between 5.30 and 6.70.
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Effects of different food on physical property changes of 365

ponds and the growth of eels

The average soil moisture content before and after culture in the ponds fed with golden apple snails, prawn food and
catfish food were 11.35%, 11.90 % and 11.28 %, respectively, and 18.57%, 18.48 % and 17.93 %, respectively. The

soil density and the soil pH before and after culture was in the range of 1.79-1.99 mg/m® and 1.45-1.47, mg/m® and

6.6-6.8 and 7.4-7.7, respectively. The soil texture before and after culture was clay. It was also found that the survival

rate of eels was 60-70 %. The average weight of eels before and after feeding with fresh apple snails, prawn food
and catfish food was 222.50, 210.00, 230.00 g, respectively, and 416.25, 322.75 and 307.75 g, respectively. Feeding

the eels with golden apple snails brought about the best growth. The weights of eels cultured in cement ponds with

different feeding regimes were significantly different, (p<0.05).

Keywords: swamp eels, eel food, physical properties of cement ponds
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Figure 2 Cement ponds for using faming eels
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Figure 3 A: Bubble nests of eels B: Eel eggs C:Baby eel



368

2.3 #au laoifisuiuayaifinu® (Mumsell Book

of Colour)

24 sumadulasltlalasfimaiduiondaiidud

Tassinninvainnowils uazdmniorlaslwzunisesis

%silt+clay= (R +C x100) /50 1)

R, &A@ Hydrometer 1836208797 40 wifusn

C, Ao mawaswan c°1iu FPuasdinganed
40 wfluan

% clay= (Rs+02X1OO) /50 (2)

R_ fo Hydrometer ya9datniaz 2 s

Cz fio mnﬂﬁlmumm coiilu FP uasdinen
289z 2 Falug

Y%silt= (Ysilt+clay)-%clay (3)
% sand=100-(%silt+clay ) (4)

A A | ¢ & & ¢ =& & o

Watnguadasiowaning wWasiowaninawis
wazilasiGuaaninionaindauit e unuaiIg
FURRLUEIRSUNIN T STANLiladn

2.5 mamadunsviagluiu lavldraaazey
§uw%ﬂ‘?@1q1uaumﬂaum80il (Organic Matter;OM)

2.6 nagauaNnIiunia-ans lagls pH meter

mMyiadanmsseauazinninuadatlua

danlnawmndrgndaiminnsasyéula
NN 2 1how 91wIn 3 a5y Hum 6 ieu Lﬁaéuqﬂ
nInaasdsiimIdwImnsetatduladseiniaaw
mMIerTudazafiadedasnn1sen (Survival Rate ;
SR),ﬁmﬁfmﬁlwﬁu (Weight gain) anuaumsaaseluil

90171N13389 (Survival Rate ; SR)

SR = Mwiuangarng x 100

wInUaTuen
PARBNLANTK (Weight gain) = (d1wkndan
HANA/AWIBLUANIRNA)

Gua Iunslane uazame, 2535)

NichapaChetrakran, Nuntiya Maneechot, Choojit Sarapak, AreeKraisoon

J Sci Technol MSU

n3ATIzdaya

Jansiauudsdsiuniaden (One-way
Analysis of Variance (ANOVA)) RuuA1LaagTEnIng
ﬂéjuﬂ@aamwﬁ%mad Duncan New’s Multiple Range
Test (DMRT) AMnuaaluLBaTun19gaansauy
aMuLTasin 95%

HaN13IBLAIINA
ﬁa%’a@‘ﬁummiﬁﬁNa@ianﬂiLa‘%ryLauImmauﬂaw
Tnawnditasslutafiundlasrinmsdauydasdnumenis
monwaslutafiund dmsuemsaldlunsiass
Uanlna Lﬁ@mn;ﬁ%’ﬂﬁmﬁuﬁ TuTsdan duaedusen
sunaunay’ Smiagiunt uazlddunansliaims
Tumsiassdanlvavesinuasns aoldwuinoiaainis
sasUanlva Ao wawiwes (Duamisnugu) anwisan
§u3a3d ewnsnesdTegy %a;ﬁ%’ﬂﬁ’[ﬂumiﬁ%ﬁu
nsNaaad susutenaaaddutefiuudidunuunay
fluune 63x45x45 LTUALNAT Wia9aNnLioBIundAiNaN
maadLﬂuﬁas‘fimu@lﬁlﬂﬂﬁamﬁmmﬂmﬁwmngugd
LazanmMInasey wuin Januilunse-enspH) B9 9
1 ag’ﬁ 11-12 FedpeSulitianudunsa-drapH) Tu
19 6.5-9 1L iNTasIMITEAVeIa MIVSULaFLaud
Aidnldundrndulunistivanainuedivasafiuud
lasihdunaodu lateas 5 Alansu ladunarodulude
wazshinldlutieldude Wanariwly 14 Su e pH
¥4 9 Ui a@aaag’lu*‘ﬁ’aa 6.5-9 e pH Amansadssa
Tnalutadundle nasaniudstedmesinsudifise
Tuis 3 Ju F9la@u 30Alansw/uie fnausn 2 Alanu/
o 1anihanunasssTuT AlRwREesY 10 Tudiuas
@1 pH mmmwuasmammmmasJLmeuasmm@T"L';
3 M Lwammamamaﬁwuuunﬂumamnuu Udag
Uanlwadoda 4 dvde madendalnaiduilade
Snodnanitefiinadonsimnzians
MSANBINAVBID IR TAT N DN B Iz LA
qmauﬂ'@mammmwiuﬂaL'gmﬂm"lmvlﬁuﬁqmﬁnﬁ A
i molutafaundfiaesUan ImanuuE swLU S5 a
maasuuasgnmwanma luudasgasideuriandasiu
ml%m@m’nﬂanuuﬂawaoamﬂnummmm amvmu
W mnﬂawuﬂaamaasaamammﬁ A5 auaud
WussRaunsadaldagnsfaian Lm:qm%gﬁﬁmw
ﬁiium?}amﬂiﬁumuqmwgﬁmaammﬂ (Vass, 2009)
ﬁaﬁmﬁaﬁmnﬂﬁauu;ﬂaaamwmmﬂ%aﬁwa@iaqmﬂ{]ﬁ
ﬁﬁl,l,a:qmn'lwﬁ'l'é;ue]mu TutaissUm lnauandraiu
Tuluudasin LﬁaLﬂ%UULﬁUUqm%gﬁluﬂm'gmlu%um



Vol 40. No 4, July-August 2021

MINAFBIN 819117 3 THA IWNIRNA 9 Ua WUINTI9
\AounuMAUS-nINgIAN 2562 NNNIaLIUG (Treatment)
qm%gﬁag‘sz%’m 29-34 24ANTALTHR NIINANDINWID

Effects of different food on physical property changes of
ponds and the growth of eels

. o x A¥u. e
liwanasuaziivduzesgunnlvinlduandrefiuuazd
w sy luian @i (Figure 4)

39
37 Temperature @ Initial Temp Temp ext
v 35 M Initial Temp Temp int
3 XX X X X
® 33 - % % % % % % % % % A 2rd month Temp Temp ext
3 tttttttttt
E3l T AAAAAKKKKKAAAAA —— <2rdmonthTemp Temp int
59 _%"""““ X 4th month Temp Temp ext
| EEEEEEEEER .
27 ® 4th month Temp Temp int
25 + 6th month Temp Temp ext
0 > 10 15 20 _6th month Temp Temp int

Figure 4 Temperaturein the ponds during 6 months period
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Table 1 Value of pH,DO, BOD in the pond water before and after farming eels
PH BOD
D.O. standard
Treatment pH Standard D.O. (mg/l) BOD (mg/l) standard (ACFS,
(ACFS, 2004)
(ACFS,2004) 2004)
Treatment1 (Before) 7.36 3.30 4.10
6.5-.8 <4 mg/l <20 mg/l
Treatment, (Before) 7.21 3.00 5.70
Treatment3 (Before) 7.32 4.20 6.10
Treatment1 (After) 7.69 3.00 6.10
Treatment_(After) 7.64 4.00 7.70
7.66 4.10 6.30

Treatment3 (After)
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2549) a3 uu s DA ULAN AT BIANUR NI LT
Posduszningmslioiauesamisfiuandrsin wuin
lduandranuneada (p<0.05)

Table 2  Humidity, density value of soil in the pond before and after farming eels.
Treatment Humidity (%) Density (g/cm®)

Treatment1 (Before) 11.35 1.99
Treatment_ (Before) 11.90 1.79
Treatment_ (Before) 11.28 1.89
Treatment1 (After) 18.57 1.45
Treatment_(After) 18.48 1.47
17.93 1.45

Treatment3 (After)

arduniaiagluan (OM) aranadunse-
A9 (pH) Liba @ (Soil Texture)

37N Table 3 LLamqmauﬁamamﬂm‘wmaaﬁu
. X o X A & '
Aawapddan nanaznaddusdan nalutaBiundnwuin
ﬁw'ﬁuﬂ%ﬁmqluauﬁamﬁmLLazwﬁaLﬁmﬁa 9 1a agjlu
WA U NIFILAZAININ LALTDWLRLINTALNUG 2 &
fi1 pH @ga 6.6 uaznIaLuud 3 fid1 pH §9g@ 6.9 %
X ~ €. A N = & A
WREVTaNUA3 JA1 pH dga 7.4 uazviawuud 1 den
pH §9§@ 7.7 Lihadunautaznaalausditaauduaumniie
Faaunirunfondudun1annunadtdoanwnuin

durowdsstanlwadauiien 7.5 YR 6/6, 7.5 YR 4/6
W8z 5 YR 5/8 ¥ AoAAABILAIMNENGTY GURIALS
FAuie1 7.5 YR 5/6, 7.5 YR 4/4, 5 YR 5/8 flaaiiuaingas
LAIMNENGY talSauiReuen pH VDIGUNDUUAZAAY
Woadannudtuanasiuege i aunioaia
(p<0.05) LAZFNA A LU U BIA T DW= RAIRBS N
UANEINUD 1IN FIAYNIIRAE (p<0.05) udd1 pH
LAZANMURILBYBIRWsEHININT IR DN SN AT
WU LILANAINUNIIRER (p>0.05)

Table 3  OM, pH, soil texture value of soil in the pond before and after farming eels.
Soil Texture
Treatment
oM pH % Sand % Clay % Silt Soil Texture Clay Color
Treatment1 (Before) (Low) 6.8 22.8 61.6 17.6 Clay 7.5YR 6/6
(Reddish yellow)
Treatment2 (Before) (Very Low) 6.6 20.8 63.6 15.6 Clay 7.5YR 416
(Strong Brown)
Treatment3 (Before) (Very Low) 6.9 22.8 59.6 19.6 Clay 5 YR 5/8
(Yellowish red)
Treatment, (After) (Very Low) 7.7 20.8 53.6 23.6 Clay 7.5YR 56
(Strong Brown)
Treatment2 (After) (Very Low) 7.5 20.8 53.6 25.6 Clay 7.5YR 4/4
(Brown)
Treatment3 (After) (Very Low) 7.4 20.8 49.6 27.6 Clay 5 YR 5/8

(Strong Brown)
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' a 6 4{ ,;’ A > zd
wdnznIawudiliafuganiimases Jadsiide 71.33,
63.00, 63.00 11/aLTUA AINEIFU NAINNTILATIZRANN
Lmﬂ@haszwj']dﬂ'wLa’&'mjaana;uﬁvlﬁ%fummsmiamﬁ@

1 a 1 > [l a o o s aa
wuhlenuuandanuagalinasgaynieana (P<0.05)
laonIaiwud 1 (nquiildTunesaanudauiuainis

ﬂ"lma;tl 416.25+2.13, 375.50+4.27 L8z 312.50+£3.15 a1

o '

§10U wudrdanissaauaziasgiavlavesdalnale

auqu) imaatydulagigaluidand 6

Table 4  Weight gain of eels’ growth value in fish pond
Treatment1 Treatment2 Treatment3 P-value
Time
Weight gain (g) *

Initial 222.50+4.27 210+4.08 230+4.53

2rd month 312.50+3.15 231.25+3.87 246+2.25

4th month 375.50+4.27 282.50+4.73 257.5042.39

6th month 416.25+2.13° 322.75+4.16" 307.75+2.50™

SR 71.33% 63.00% 63.00%
* Mean + SE

2 Means sharing the same superscript are not significantly different from each other (P<0.05)
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Abstract

This article presents a numerical investigation of heat transfer and fluid flow of a confined plane laminar nanofluid jet
impingement on an isothermal heated surface using a single-phase model. The finite volume method was used for
the solution of resulting governing equations. TiO2 nanoparticles dispersed in water with volumetric concentrations
ranging between 0 and 4% were used as working fluid for simulating the heat transfer and fluid flow of nanofluid jet
impingement. The influences of volumetric concentration of nanoparticles, nozzle-to-impingement surfaces (aspect
ratio H/B, where H is the distance between the nozzle and the impingement surface and B is jet width) and Reynolds
number were examined and discussed in detail. The results indicated that the volumetric concentration of nanoparticles
and Reynolds number enhanced heat transfer when considered in terms of the local and average Nusselt number.

However, heat transfer deteriorated whereas increasing aspect ratio ranged from 1 to 4.

Keywords: impinging jet, heat transfer enhancement, nanofiuids, TiO2 nanoparticles
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Introduction

Impinging jets provide an effective and flexible way
to transfer energy or mass in industrial applications.
A directed liquid or gaseous flow released against a
surface can efficiently transfer large amounts of thermal
energy or mass between the surface and the fiuid. Heat
transfer applications include cooling of stock material
during material forming processes, heat treatment (Ferrari
et al., 2003), cooling of electronic components, heating
of optical surfaces for defogging, cooling of turbine
components, cooling of critical machinery structures, and

many other industrial processes (Zuckerman & Lior, 2006).

Nanofluids are a suspension of very fine solid
particles (nanoparticles) with length scales of 1-100
nm, dispersed in base fluids such as water, engine oil,
and ethylene glycol (Choi & Eastman, 1995). Due to the
enhancement in thermal conductivity and heat transfer
provided by nano-fluids compared to classical heat transfer
fluids, nanofluids have become highly significant for a
wide range of engineering applications which require high
heat dissipation rates. Such applications include heat
exchangers (Venkitaraj et al.,, 1995) and cooling of
electronic components which suffers from a high heat
generation (Selvakumar & Suresh, 2012). Integrating
nanofluids with impinging jets is considered a promising
technique that can overcome the challenges of heat
removal (Abdelrehim et al., 2019).

The existing types of nanoparticles that are
used suspended in fluids can be classified as follows: (1)
some advanced structural materials with highest thermal
conductivity such as graphene, CNTs, diamond etc. (2)
some metallic simples with high thermal conductivity
such as, Au, Ag, Cu, Al, Fe, etc. (3) some metal or
non-metallic compounds such as CuO, AI203, TiOZ,
ZnO, SiC, SiO2 etc. After comprehensive analysis and
comparisons, TiO2 nanofiuid is a common type of nanofluid
without extremely high thermal conductivity as found with
some precious materials, for instance CNTs or Graphene
based nanofluid. TiO2 nanofiuid has some special features
and unique points compared to other types. It is thought
that TiO2 is one of the best materials for practical
application since TiO2 exhibits several more
comprehensive and reliable superiorities compared to

other materials. Firstly, TiO2 has been extensively used
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in the fields of cosmetics, printing and purification without
any toxicity, which is an essential requirement for
largescale application. Secondly, TiO2 nanoparticles have
been produced in large industrial scale, which makes them
economical and appropriate for high-volume applications
in thermal fluid fields. Thirdly, TiO2 nanoparticles have
outstanding chemical stability, acid and caustic corrosion
resistance as well as high temperature resistance. Finally,
TiO2 nanoparticles have shown excellent dispersivity
in both polar and non-polar basefluids as reported
extensively in the literature, and it can be further
improved by adding some specialized dispersants
(Yang & Du, 2017).

Several studies have investigated numerically,
utilizing the single-phase model under a laminar flow
regime using water-AI203 nanofluids. A confined impinging
slot jets working with pure water or water-AI203 based
nanofluids was numerically presented. The flow is laminar
and a constant uniform temperature is applied on the
target surface. The single-phase model approach was
adopted in order to describe the nanofluid behavior and
different particle volume concentrations. The results
demonstrated that the stagnation point, the local and
averaged Nusselt number values were increased
when increasing particle concentrations and Reynolds
numbers increased. The required pumping power ratio
also increased with growing particle concentration (Manca
et al., 2016).

The single-and two-phase models of water-AI203
nanofluids on the hydrodynamic and heat transfer
characteristics of a confined single impinging jet were
studied. A laminar flow was considered with a constant
heat flux on the targeted surface. The effects of Reynolds
number, jet height ratio, and nanoparticle volume
fraction on the local and the averaged Nusselt number
were determined. The results demonstrated that the
two-phase model exhibited higher values of local and
averaged Nusselt number with a maximum enhancement
of 150% at H/W=4 and (¢=4% while the single phase
model showed twice the pumping power obtained by the
two-phase model (Abdelrehim et al., 2019).

The thermal and fluid dynamic behavior of a
confined two-dimensional steady laminar nanofluid jet

impinging on a horizontal plate embedded with five
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discrete heating elements subjected to a constant surface
heat flux was studied for a range of Reynolds number
from 100 to 400. The results indicated that variation of
inlet Reynolds number produced a significant change of
the flow and heat transfer characteristics in the domain.
Increasing the nanoparticle concentration from 0% to
4% resulted in discernible change in equivalent Re and
Pr caused by the modification of dynamic viscosity,
effective density, thermal conductivity, and specific heat
of the base fluid. Substantial influence of Re was evident
on Eckert number and pumping power. Eckert number
was decreased whereas pumping power was increased
with the growth of Re (Mookherjee et al., 2020).

Analysis of nanofluids flowing through
microchannel heat sinks was experimentally investigated.
The fluid flow and convective heat transfer in different
microchannel heat sinks using AI203 and TiO2 nanofluids
were studied. The results demonstrated that the thermal
conductivity and dynamic viscosity of nanofluids were
enhanced with the increase of volume fraction. As a
result, TiO2 nanofluids had a better behavior on thermal
conductivity than AI203 nanofluids. However AI203
nanofluids achieved a greater enhancement of heat
transfer in terms of averaged heat transfer coefficient
compared with TiO2 nanofluids, specifically for the volume
fraction of 1.0% (Xia et al., 2016).

Nevertheless, TiO2 nanoparticles are more
environment friendly and economically friendly (Yang
& Du, 2017 ; Mosurkal et al., 2008) compared to AIZO3
nanoparticles. Hence it is better to use water-TiO2
nanofluid in real life applications. These reasons are to
contribute of this research using water-TiO2 nanofluid
as working fluid. Furthermore, several numerical studies
are currently available on the numerical study of laminar
heat transfer and fluid flow of nanofluids impingement jet
utilizing the single-phase model, but there have been

fewer studies on water-TiO2 nanofluid as working fluid.

The objective of this study was to numerical
evaluate the results of heat transfer and fluid flow
obtained by the single-phase model in a confined plane
laminar jet impingement using water-TiO2 nanofiuid to
cool the isothermal heated surface. The latest viscosity

of water-TiO2 nanofluid equation was applied by fitting

Numerical simulation of heat transfer and fluid flow in a confined jet

impingement using water—Ti02 nanofiuid

the experimental data. Furthermore, the influence of
volumetric concentration of nanoparticles, aspect ratio
and the jet inlet Reynolds number (varied from Re=100
to 200, the flow is considered to be laminar (Manca et

al., 2016 ; Mookherjee et al., 2020) were investigated.

Methods

A. Problem description

A schematic diagram of the two-dimensional
confined impinging jet is shown in Figure 1. The jet width
is B, the distance between the nozzle and the
impingement surface (channel height) is H, and L
represent the surface length. The jet impinges over
the isothermal impingement surface while jet inlet
temperature is taken as 293 K. The length of the
isothermal impingement surface (heated surface) to
the width of the impinging jet is fixed at L/B=50, this
isothermal impingement has a constant temperature of
313 K. The confinement surface is adiabatic. The aspect
ratios (H/B) ranged from 1 to 4 to study the confining
effect, and the flow is considered laminar with Re varying
from 100 to 200. The working fluid is water-TiO2 nanofluid
with the volumetric concentration of nanoparticles ranged
from 0 to 4%. The flow of the impinging jet is assumed to
be steady, two-dimensional, laminar and incompressible.
The body forces are neglected and the fluid properties
are assumed to be independent of temperature. Brownian
motion and thermophoretic diffusions of the nanoparticles
do not have any significant effect on convection heat
transfer for the percentage of nanoparticle concentration

considered in this study.

B. Thermophysical properties of nanofluids

The numerical simulations were performed using
water-TiO2 nanofluid and the nanoparticle concentrations
considered in the present analysis were 0%, 1%, 2%,
3% and 4%. The thermophysical properties of pure water
and TiO2 are given in Table 1 (Rohsenow et al., 1998).
When the single-phase model was adopted in the
present work as nanofluids with small nanoparticle volume
concentration can be considered as Newtonian fluids
for small temperature jumps (Mookherjee et al., 2020).
The density and the specific heat of the nanofluids were
evaluated using the formula developed for conventional

solid—liquid mixtures as follows:
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Py = 1- ¢>)be + ¢p, (1) C. Governing equations
In the present study, flows were assumed to
be steady and incompressible. The governing equations
(pcp)nf = (1 - ¢)(pcp)bf + ¢(pcp)p (2) y P g geq
include the conservation equations of mass, momentum,
and energy, and can be written in the two-dimensional
where ¢, Dy Pp' Cp,bf and Cp are the  Cartesian coordinate system form as follows:

volumetric concentration of nanoparticles, density of the

Continuity:
base fluid, density of the nanoparticles, specific heat of
the base fluid, and the specific heat of the nanoparticles, 9
respectively. The thermal conductivity of water-TiO2 E(pui) =0 ®)
i
nanofluid was found by fitting measurement data as
(He et al., 2009). Momentum:
d d d du;
knr = kyr(125.6¢2 + 4.82¢ + 1.0) ®3) 2 __%_ 9 (%%
f = Ror ) = + 6
" 0x; ) 0x;  0x; “ax,- ©)
where knf, kbf is the thermal conductivity of Energy:
nanofluid and base fluid, respectively.
The following equation of the viscosity of 0 d (p oT @
—(ou.T) = — [ ——
water-TiO2 nanofluid was created to fit the experimental 0x; (p ] ) 0x; \ Pr 0x;

data (Alkasmoul et al., 2018).
where u, is velocities in the streamwise and
crosswise directions respectively, 7" is temperature, and

— 2 4
tnf = Upr(25.17¢ + 29.562¢) + 1.0) 4) D is pressure.

where 1 . i, is the viscosity of nanofiuid and

base fluid, respectively.

B
! Adiabatic confinement surface
1
VA T . .
T L Computational domain
Jet inlet :
H Outlet 1 Outlet :
1
y |
]
v X

/ / T
1 Isothermal impingement surface

Symmetry plane (Heated surface)

2L

Figure 1 The two-dimensional confined impinging jet
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Table 1 Thermophysical properties of pure water and TiO2 particles at T = 293 K used in the computations
Density Heat capacity Viscosity Thermal conductivity
Material
D (kg/m®) C., (J/kg.K) U (Pa.s) 2 (Wim.K)
TiO, 4170 711 11.8
Water 998.2 4182 993x10° 0.597

D. Numerical solution procedure

The computations have been performed with
in-house developed computational code. The governing
equations were solved using the finite volume method
(Patankar, 1980). This scheme solved discretized versions
of all equations with a non-uniform a staggered grids. The
principle of mass-flux continuity was improved indirectly
via the solution of pressure-correction equations according
to SIMPLE algorithm (Patankar, 1980). The convergence
was judged by monitoring the magnitude of the absolute
residual sources of mass, momentum and energy,
normalized by the respective inlet fluxes. The solution was
taken as having converged when all above residuals fell
below 0.0001%.

The geometry of a two-dimensional plane
impinging jet consists of the jet stream, impinging and
confinement surfaces as shown in Figure 1. Therefore,
computational boundaries involved were inlet, outlet,
axis of symmetry and solid walls (impingement and

confinement surfaces).

At the inlet, the jet temperature is given at 293
K. The jet stream had an almost uniform velocity profile.
The Reynolds number was calculated based on jet width

and mean centerline velocity as:

_ pvoB
u

Re

(8)

Next, the outlet boundary was placed at which
is sufficiently far away from the main region of interest.
At this boundary streamwise gradients of all variables
were set to zero. Then along the axis of symmetry, the
normal velocity component and the normal gradients of

other variables were set to zero.

Finally, solid walls included impingement and
confinement surfaces. Also the impingement surface

was considered isothermal, the impingement surface

temperature TW is given at 313 K and the confinement
surface is adiabatic wall, respectively. The Nusselt

number, Nu is defined as:

T, — T,

Before proceeding to the discussion of the
predicted results, it will beneficial to focus first on the effect
of the grid density on the solution. Figure 2 shows the
computational grid 246x30 at distance x/B=50 and H/B=4.
Grid clustering is applied near the impingement surface
and at the confinement surface. The grid-independency
of the solutions was examined using three different grid
sizes consisting of 7380 (246x30), 17900 (358x50),
59040 (492x120) and 121880 (554x220) on the model
H/B=4 at Re=100 with water as working fluid. The results
on the third grid 492x120 can be considered as being
grid-independent results because the refinement from the
grid 492x120 to grid 554x220 produces the stagnation
point Nusselt number difference too small as shown in

Figure 3.

v/B

iz} I:i::
50

Figure 2 Sample of computational grid 246x30

Results and Discussion

The numerical results of a two-dimensional
laminar confined jet of watet—TiOz-water nanofluid
impinging on a stationary isothermal heated surface were
investigated. Data presented include the influence of

volume concentration, aspect ratio and Reynolds number.
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Figure 3 Grid independence test results in terms
of stagnation point Nusselt number

A. Numerical validation

In order to verify the developed computational
code, the simulation results including the stagnation point
Nusselt number and the local Nusselt number along the
impingement surface for H/B=4 were compared with the

previously obtained numerical data. The present numerical

results are in good agreement with the results of Manca et

al. (2018) as shown in Table 2 and Figure 4, respectively.

(a)

%% 5 10 15 20 25 30
*/B Streamline
0 i i i i i
0 S5 10 15 20 25 30
*B Streamline
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1.0
O Re=100 Manca (2016)
A Re=150 Manca (2016)
0.8 O Re=200 Manca (2016)
Re=100 Present
7?00.5 - — = Re=150 Present
;x -« = Re=200 Present
Z 04
0.2
0.0
0 10 20 30 40 50
x/B

Figure 4 Validation of local Nusselt number NuX
profiles are scaled with the stagnation point Nusselt
number Nu0 for H/B=4

Table 2  Validation of the stagnation point Nusselt
number for H/B=4 and $=0%
Nu /Pr*
Re %Error
Manca (2016) Present simulation
100 5.66 5.67 0.18%
150 7.02 7.07 0.71%
200 8.04 8.18 1.71%
(b)
2
Z— |
@ 4 29
= 29— |
29— |
—
308—
% 5 0 15 20 25
x/B Isotherm
(d)
2
]
s 1 293——""]
284——— |
297.
302
, , . ol i—
00 =] 10 15 20 25 30
%/B Isotherm

Figure 5 Streamlines and isotherms for H/B=2 and Re=150 (not to scale) (a) Streamline (1)=0%,
(b) Isotherm (p=0%, (c) Streamline (p=4%, (d) Isotherm Pp=4%
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Figure 6 Velocity vectors for H/B=2, Re=150 and ¢=4% (not to scale)

B. Influence of volumetric concentration

The numerical results of heat transfer and
fluid flow were investigated at different volumetric
concentrations of nanoparticles with values of (i)= 0%, 1%,
2%, 3% and 4% for H/B=2. Figure 5 illustrates streamlines
and isotherms in the case of H/B=2 and Re=150 for

volume concentration q)=0% and 4%, respectively.

The development of a vortex is generated by
the impinging jet because of jet entrainment, confining
effects, and isothermal confinement surface. It is seen
that a vortex is generated in the immediate vicinity of
the jet. The main jet stream impinges on the target
isothermal heated impingement surface, gets deflected,
and then flows downstream in a meandering path in
between the recirculation and the impingement surface
toward the outlet. Similar streamline and isotherm trends
were observed for two volumetric concentration of
nanoparticles. Furthermore, the velocity vectors for
H/B=2, Re=150 and (l)=4% are shown in Figure 6.

Figure 7 shows the stagnation point Nulsselt
number (Nuo) profiles for various volume concentrations
and different Reynolds numbers. It is observed that the
increased volume concentration, the NuO is increased due

to increasing thermal conductivity.

Additionally, Figure 8 demonstrates local Nusselt
number (Nu) distribution along the impingement surface
for H/B=2 and Re=150 at various volume concentrations.
It is observed that for increased volumetric concentration

of nanoparticles, the values of Nu is increased.

20
15 & —£1
Nu, 10
[ —e—Re=100
2 ik —B—Re=150
[ —A—Re=200
0 [ 1 L 1 J
0% 1% 2% 3% 4%

% volume concentration

Figure 7 Stagnation point Nusselt number profiles at
different volume concentrations and Re numbers for H/B=2

16

12

Nu 8

Trrrrrrrrrrrrrr1rryrn

T

o
N

4 xB & 8 10

Figure 8 Local Nulsselt number distribution along the
impingement surface for H/B=2 and Re=150
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Figure 9 Streamlines and isotherms at different aspect ratios H/B and Re numbers, ¢=4% (not to scale)
(a) Streamline at H/B=2 Re=100, (b) Isotherm at H/B=2 Re=100
(c) Streamline at H/B=2 Re=200, (d) Isotherm at H/B=2 Re=200
(e) Streamline at H/B=4 Re=100, (f) Isotherm at H/B=4 Re=100
(g) Streamline at H/B=4 Re=200, (h) Isotherm at H/B=4 Re=200

_ o~

C. Influence of aspect ratio

Figure 9 shows the streamlines and isotherms
when H/B=2 and 4 at Re=100 and 200. At H/B=2 and
Re=100, a primary vortex is only generated below the
jet. However, at H/B=4, and Re=100, 200, both a primary
and a secondary vortices are generated as displayed in

Figures 9 (e) and 8 (g).

Figure 10 shows that as H/B is increased, local
Nusselt number is decreased due to the secondary
vortex. The maximum of Nu is at the stagnation point and
then Nu is dramatically decreased along the isothermal
impingement surface. This is because increased thickness
of the thermal boundary layer and decreased local velocity

profile due to the velocity boundary layer.
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Furthermore, Figure 11 illustrates stagnation 5 ¢
point Nusselt number profiles and Figure 12 demonstrates
average Nusselt number profiles in case of $p=0% and 4
4% at Re=150, respectively. It is found that both Nu0 and
3
Nu decreased with increasing H/B.
avg NUan
2 }
24 H/B=1
1} —6— ¢=0%
20 e iBeS -A- 0=4%
HB=1,2,3,4 =« =HB=3 0 ¢ ; |
16
Y R 1 2 3 4
Nul2 : H/B
\
8 \J Figure 12 Average Nulsselt number profiles for (j)=4%
\ and Re=150 at different aspect ratios
4
0

D. Influence of Reynolds number
x/B When Reynolds number was increased, the
size of both vortices were increased, and the secondary
Figure 10 Local Nusselt number distribution along the
vortex was moved towards downstream. The influence

impingement surface for ¢=4% and Re=150 at different ) )
of Re on the heat transfer can be clarified as shown in

aspect ratio

Figures 9 (f) and 9 (h). Increasing Re leads to increase
the heat transfer due to increasing temperature gradient
at the isothermal impingement surface. Additionally, the
influence of Re on the heat transfer can also be seen in
terms of Nu, Nuo, and NuaVg as displayed in Figures 13,

14, and 15, respectively ; these Nusselt number profiles

15 Br-c—cpA-m——- A
— —O are rise with increasing Re.
Nu,
10
20
5 F —e— $=0% — $=0%
et —A0
- A- $=4% 6 Koy $=4%
0 L ! ) “\\ Re=100, 150, 200
1 2 3 4 12
/
H/B Nu
Figure 11 Stagnation point Nulsselt number profiles for 8
¢=4% and Re=150 at different aspect ratios
4
0 LA L L L a1l o e [ Y ey |

0 2 4 x/B 6 8 10

Figure 13 Local Nulsselt number distribution along the
impingement surface for various Re numbers

at H/B=2 and (p=4%
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Conclusion

The laminar heat transfer and fluid flow of nanofluids
in a confined plane jet impingement were numerically
investigated using the single-phase model. The
performance of the present simulation of jet impingement
flow was evaluated against previous numerical data
that was found to produce good predictions of the local
Nusselt number along the impingement surface and
the stagnation point Nusselt number. The influences of
volumetric concentration of nanoparticles, aspect ratio
and Reynolds number are examined in detail. The major

findings can be summarized as follows:

(1) The volumetric concentration of nanoparticles
ranging from 0 to 4% increase the heat transfer in terms
of the local and the stagnation Nusselt numbers. Similarly,
the Reynolds number varied from 100 to 200 enhance

these Nusselt numbers.

(2) However, aspect ratio ranges from 1 to 4 and

decrease the local, the stagnation, and average Nusselt

numbers.
25 £
20 F
- 4
15 "~ - - 'r =
Nu, -
10 F
5 F —o— $=0%
-& $=4%
0 1 J
100 150 200

Re
Figure 14 Stagnation point Nulsselt number profiles for

various Re numbers at H/B=2 and (])=4%
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4 -
-A
3 B ‘—k"
2 =
Nuavg
1 L
—e— 4=0%
-& $=4%
0 1 J
100 150 200

Re

Figure 15 Average Nulsselt number profiles for various

Re numbers at H/B=2 and (l)=4%
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Abstract

The aim of this research is to design a 3-phase induction motor speed control system for driving a traditional paddy
cleaning machine, using a power conversion system to vary the voltage and frequency for a 2 hp 3-phase induction
motor. The three command voltage waves were compared with a triangular wave to generate the switching signals for
the inverter, based on a V/f control method. The experimental results showed that a change of command frequency
between the range of 10-50 Hz resulted in a change of 3-phase induction motor speed falling within the range of
204-1,424 rpm. In addition, the frequency of 30 Hz was the optimum frequency for a RD41 paddy and Pathum Thani
1 paddy which led to a paddy gain higher than 98% and the undeveloped kernel of less than 5% being obtained.
Furthermore, by replacing a conventional 487-cc diesel engine with the proposed method, the energy cost was reduced

by more than 4 times and the emission of air pollution was eliminated.

Keywords: paddy cleaning machine, induction motor, frequency, V/f control
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Figure 1 Traditional paddy cleaning machine
(a) Photograph (b) Simplified schematic
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Figure 8 Testing and Implementation of the proposed system (a) Simplified block diagram

of the experimental setup (b) Experimental setup
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Table 1

Design of an Induction Motor Speed Control System using V/f
Control Method for a Traditional Paddy Cleaning Machine

Frequency and voltage of the proposed system at different command frequencies

Command Output frequency

Line-to-line voltage

frequencies

Measured value Relative error

Calculated value Measured value

(Hz) (Hz) (%) V) W) Relative error (%)
10 11.11 11.10 131.82 124.80 5.33
20 20.51 2.55 170.41 160.10 6.05
30 30.21 0.70 181.96 190.40 4.64
40 40.13 0.33 196.44 198.50 1.05
50 50.19 0.38 222.06 219.80 1.02
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Table 2  The test results for two types of paddy (15% moisture) at different command frequencies
Test descriptions RD41 Pathum Thani 1
Command frequencies (Hz) 20 25 30 35 20 25 30 35
Wind velocity (m/s) 2.20 3.80 5.60 7.50 2.10 3.80 5.50 7.60
Total paddy obtained (kg) 4713 45.64 44.36 43.12 46.70 45.62 44 .54 43.29
Paddy grain obtained (%) 99.16 98.76 98.02 95.36 99.27 98.89 98.51 95.80
Undeveloped kernel obtained (%) 50.20 24.00 5.00 4.20 40.60 22.40 4.20 3.60
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Speed and command frequencies for an induction motor
1600
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Figure 9 The performance of variable speed controlled at
different command frequencies
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Table 3 A comparison of the proposed system and conventional system (Using diesel engine)
Test parameters VSD with induction motor %z hp. Diesel engine 487 cc.
Rate power 393.00 W 5900.00 W
Energy consumption 0.52 hp./hr. 210.00 g-hp./hr.

Energy costs 1.50 Bath/hr. 5.95 Bath/hr.

Noise levels

No 72.40 dBA

Air pollutions

No Yes

Note: The average of electricity and fuel costs from 4 Jan to 24 Dec 2020
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