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Somboonsuk & Pittayaphinan, 2021; SPICA, 2023) 21nAanssy
fanan wudn Wendinisdaussiseninsudlnsdiuvesis
1 uazUategen AiiANeIUsEIN 90-100 WURLAT UaAY

usugugnansUssaa 3-5 lwuiwng mdeagluilufiaiu
g19m151 TasUnAazgniislizetudesaasuieviinislonay
ilesangserndensvudnonaziiuinasnn ddlimndn 2-3 du
pols

nslddomasnnld Wuitnildunisudandanunaun
fflusgans nmganazidufinsdedwindey n1seenuuuLay
Wanedesduliildlunssuaunmsnandemadsadudsdwad
artaelinsudnivszansamuasiianuduinsdoduindon
undedu (Department of Alternative Energy Development
and Efficiency, 2017) lnedandnyagnisaiinnusauvesly
19151 dlenfteuiulidulaesialy Afnsldauluniswdald
Tulssulndia@rana dsuansly Table 1 (Kongto et al., 2021;
Nam et al., 2020; Sarker & Nielsen, 2014; Shi et al., 2016)
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Figure 1 (a) Map of rubber cultivation in Thailand and (b) cultivation radius in the south.
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Figure 2 Expected trends in the production of rubber wood.
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Table 1 Proximate and ultimate analysis of rubber wood and wood chips

Characterization Rubber wood Woodchip
Proximate Analysis
Moisture 10-12 % 20-50 %
Volatile matter 78-80 % 70-85 %
Fixed carbon 17-19 % 2-12 %
Ash 0.5-1.5 % 0.5-5.0 %

Heating value

4,200-4,500 kcal/kg

3,000-8,500 kcal/kg

Ultimate analysis

Carbon 49.5-51.5 % 45-50 %
Hydrogen 5.5-6.5 % 5-7 %
Nitrogen 0.2-0.3 % 0.1-0.5 %
Sulfur <0.1 % <0.1 %
Oxygen 42-44 % 35-40 %

maAfedaiumnanlunsirdmveslsisrmnsdildain
nsfaus e sl sguiiud uaundn udliidnawiuly
iesmninuinvedlidudamasereniuiou Ui
fifleguazinameniold Tnglifidvuslnajuasduiinaniels
110 xfiuszansamlunisniidngt WewSeuieuduldis
gundnuarUsunanielifes (Ragland et al, 1991) wiiel¥
wngdunisdud omduds aunsodwigludilsany
gnamnssuiiinisldeuremielotuuuldidemasuds 4ed
AnuFeInTgeluegreiios uigUassneyfinisyudie
esnndruedlionsmaimdedu dvarnnarsgunssas
guInTianaELAnAnaiy

Ty n1a9naa 3TN1500NLUULASNAIUIAULUY
sruvdugagliionamns Aaunsandeudrodludfiaaud
AU leunnsiauds Weuusuduvesis A uas
Uanewon Wuliiduvunauszana 3 81 6 wufiwns Sdiinese
msvutheludalsanuuusguiiesoussn 6 & iauazain
uazAusIALEIlunsid Inefidadednulaun anuiaseu
n13du (seudewd) 4 sziu Taeildntuade 1) Avwausaly
v 2) Usgansamlunsdu 3) ndsenuild war @) wunn
VoITan

gunsaluazIsn19IdY

Useansnmlunmsay
Uszansamlunisvitauvens esduld (Efficiency

equation) anunsawmlalagldaunisdi 1 (Kuhn & Medlin, 2000)

Efficiency = (Output/Input) x 100% (1)
Taoil

Output Ao Ysunarimgiilaannisdu
Input Az Usinasimgildlunisdu

aun1stazyrslunisinusednianveans asduld
A o a o a o Al o
nfianuanunsalunisvinuisuiuliiaingnldlunisdu
whins TnalSeuiisunaansiilaninnisduiudsunaingldlu
A&y wanvandulesigudiiielifiuninuanunsavesniag
Fuldllaogrataau

YUIAYOIaN

aunsladsyesuunavesian (Particle size) asdunt iy
TN19TAVUIALAZNITLANEIIVDIVUIAVBITAR Feanunsouus
poniuansuszinn Ao NMsTRvuIALUUALLNTS (Sieve analysis)
WarNITInYUIALUUNEN (Sedimentation analysis) lagauns
wasidenldlunisFuiauuinaisvedlddu (Particle size)
v0991uidel esenidunisieseiuuunisiavuiauuy
arwnse Sudenldinnaldlagldaunisdl 2 (SO 3310-1, 2016
Terence, 1981)

D(mm) = (Z(Ri2 x di))/Z(Ri2) @
JGEY D Ao YuAladgvesianiniugazinsily
wheladiuns (mm)

Ri fip UniinvesuuInm1g o ARIUIAZLNTS
Tundaendu (g)

di Az vunvesianisugnzunsiluniiey
Hadwes (mm)

SunounIzoonuuy
TunsWaudusuussuudugesldsransiuln s
Foenslifuuuuszuudugesilaunsadluiufiaauetans
welagdrusnnsyuudsminealy azdusuuuuressyuudy
goouuuaunLy deiiduiiduuadn §1 auanans Snits
Handunisldanudilunsamuainudesnis laeduideass
Shahid et al. (2019) #ivhniseanuuuiadosdulilaefifurids
Fusaunsnimesumnalng uiilosniuiiigosnisasshau da
Juauenamnifszezvinsseninaundlduindn Feeenuuy
AnianTAfoen1sTunsldau leun 1) szuudugeslsiuuuann
gt luludiuil aausransnld 2) amnsedugooiauliifs
§MT1VUINGIAR 4 Ausadalus waz 3) awnsndaulsl
nEnmsdugestusaussyn v
Tumseenuuuszuudugessaiinaniandnasiy {isedeh
n1seanuuuszuUAallitgaludy wazganavlindaninniu
nsdudesludviotialitusaussyn 6 do Tnesaaiininugs
gaevietllangd 3 was wazszuua o denuduiusdaiu
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Figure 3 Characteristics of sending shredded wood chips to 6-wheel trucks

80 HP diesel engine
Cylinder volume 2488 cc
Continuous horsepower 80 PS
Maximum torque 66 Nm

at 2200 RPM
Engine net weight 340 kg

winndnsa S50C guwda S1uau 24 lu Woruiuilunssu
147 &3 Figure 6 waswindafiniraieumdwdnldielaed
panetes Sniumsiifvuadurgudnanensanssentudnn
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Figure 4 Preliminary drawings of the prototype system of the mobile rubber wood shredding system.

Figure 5 Preliminary drawing of the screw assembly to carry wood chips through the ejection blower to the delivery pipe.
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Figure 6 Preliminary drawings of a rotating squirrel-cage wood chipper set.

Squirrel
cage
blade

Set to pull the wooden rod into
the chopping hole.
(Sawing plate rotor rotary feeder)

Figure 9 Squirrel cage wood shredding system.
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NALazATAINANITINY
wamsaTNTATuLYsTUUaUEeelinanIsuadeuil
dlevhnsesnuuuszuuRusuusyuUdugesliionanis
wasuiindnase lihnisaiiunsadraaios Inedamsiuna
nsa¥1aa3es fa Figure 8 Inofidnwazvesyassuvdugoslsl
LUUNTINTETON #19 Figure 9
NsNAFeUtSETIITaUYeUAT DY
nsnedeudladefimunzauvenades lnun1snadeu
ANU5250UYDIN5EU (Sausaundl) 4 sedu aua 1000, 2000,
3000 waz 4000 souUsiewi @aduanududadudl 209, 41.9,
62.8 way 83.7 wnseaiundl) wWewszandamlunisviieu
yaundosdulsl Anuansalunisvhen msduddemdnu

Table 2 Physical characteristics of Para wood

LazvUInvesTanLadsdie3snng Sieve analysis Inonnsinden
A9l BN VUIAEUHINANEINANS 4.41+0.53 LEURLUAT
AL 100 Lwufilums $1uau 20 vieu Juduvioulfonamie
nanNvaeYINeIYnaYiY yhmstuiindniinvesietsusiay
uwisnounsaaey wiewhmaiiuteyaiedidudautues
vioulyl lananisyuiinteyadnwaenisnieninvedldenanis,
fauanslu Table 2 nMstlousegadluiniomnaoy s
Howeulinsietng 4 veunfeurtu iuiuiivdnirens
vhau ileidunismeasuyssansamgeqaueanies lenanis
naaeuladefimunzan faansly Figure 10, 11 wioufinas
nedsuvLImeyMalade lddeyanismaasudanandly Table

Physical appearance Value
Diameter (cm) 4.41+0.53
Length (cm) 98.08+1.19
Weight per piece (kg) 2.05+0.42
Moisture (%w) 30.00+1.76
100.00
94.52
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=
290,00
£
y
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& 8000
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Figure 10 Relationship between chopping cycle speed and efficiency.
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Figure 11 Relationship between chopper speed and performance and power consumption.
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Table 3 Average particle test results

Chopping cycle speed (rpm)

Average particle size (mm)

1000
2000
3000
4000

4.26+1.01
4.07+1.02
4.03+1.01
3.83+1.01

annsnaaeudaefmuivauve eI osduwuuduld
gnnsLAdeuT finnuisiseunisdu 4 szdu TeuA 1000, 2000,
3000, way 4000 soUsiou? Fudurasinnisususouiesna
vasyLRofiuids Idanuausalunsiauveaaisasiiy
1.84+0.19° 2.11+0.15% 3.51+0.36" wag 3.12+0.24° duso
Falua dlevnsaadminveddiiduilaludemisesnifieuiu
dmiinvesliiinnddluaiesdennituAnduimingayde 9
"Lﬁﬂizﬁwﬁmwmiﬁwwa&;ﬂ'ﬁ' 75.82+1.65% 81.95+1.69°,
94.52+1.96° uay 93.11+2.46° Wasidud 1afuimnisiiu
WomdndudluluudazrYasenndeu Andusnsduuaos
W99 0.75+0.067, 0.81+0.06%, 0.86+0.05%° Lay 0.95+0.06"
Ansrafy N30 24.71+2.14°% 26.68+1.87%°, 28.33+1.50% Lay
31.29+2.07° unseduy (Hfufeasiai 32.94 unseans)
TneusiazAnaiingaan fianuuanenansadaitedfey 0.05
eviinsmegeumateyniaads feifnisTavuiauuy
ATULNTY (Sieve analysis) TduavuIneun1ALad o 1y 1Fy
4.26+1.01, 4.07+1.02, 4.03+1.01 uay 3.83+1.01 Aadiuns 89

Table 4 Calculation of the break-even point of the machine

Judeyanisnegeurestadaainusiseunisdu 1000, 2000,
3000, way 4000 SoUREUT AuEIRU Faaziiuledn wwaldy
nsvhaasRbty Weenuiiseuluiindugetu aonadasiy
U3 T8989 Manomai & Leakmuinwai (2020) 7 na 121471
ﬂawmﬁsaumgawuﬁﬁqa%u JrdmasienNaNnTalunstoy
liifigetu widwinaosunuuiivrgeiigaiiniusiseuluio
U 3000 seuReud nszidlevhnisnegeuiininiiseunis
Uil 4000 oUW denaliueuduiusseninnuga
50UN5AU wavaasalunisdavieuldenanisnladuius fu
fnghviiteudrludugnduauandeamniuly shlvinnvauuas
anfneilivenndos ilinandniildlugesmessniuanas duma
farusansnmlunsduianas
pmRelunITAIYY
INN1TRBNRVUHAS AU Y AF URUUTEUUFUg e ldl
#1913 1Ad oud it ounldnaununsssuauluni syl
mﬁamﬂmi@fﬂlﬁmmﬁﬂmﬁ%ﬂwﬁﬂ'wLﬁm lANan153LAsIEH
wamwwmmwgﬁaﬁauﬁm%u Aauandly Table 4

Details

The pickup truck is equipped with a set of equipment

Production capacity

16.128 tons per day

Daily income

(at the price of 1,000 baht per ton) AL
Energy expenditure per day 750 baht
Transportation expenses per day 528 baht
Labor cost per day 900 baht
Average daily depreciation and maintenance 290 baht
Total expenses per day 2,468 baht
Net profit per day 13,660 baht

Net profit per month
Net profit per year

300,520 baht
3,606,240 baht

d3UNan1339Y

AR ukUUITEUUAUE o liianansad oun dmsunis
wisugamadkionamisdu dievhnsAnwndadedumunzauuas
LATD4 LA AIUSITEUNTTAU (SUrBuNT) WUl LlaAuise
sauvadbuinduLAiNLNNYY Fzdanaliauaunsalun1sviney
vauATeY (Audadilu) gedunu lnedlAgeani 3.51 duse
Y] a < Y] | a oA °
F2lU9 AMUL5250UN1SEU 3000 50UABUNT WALl avinng

a I v ' a 1Y) '
NAFDUAAINULSI5aUNISEUA 4000 SOURBUIT NFUNUIN
ANEIN50 N5V UaRRY SULBIN1INAIEAIILS TR
n15dUN 4000 souseun?t Tngaudugnduauazidenunniiuly
yilinnuaunazand1eilineaniag faiuieisususennus)

o 1 | a o o a v & '
FOUNMIAUEN 3000 sURBUNT dnSulATEwULUUT Weun
A53Rnsewliiannn1Trviauvsafnwsensvasldienannsn Badl

Frunnluidazilag @130 UAIUATUTAUTINN il
Ussavvudelieg1aiuviaed Yreantunaunsaiunig an
srgzalumavihnu sudmenisldussnulunsinuldedns

a

fivsgansam JWumnaluladnd dauaimmaneanlunislday

A

foldumsmeunsanuiiazadnuigninssuazionvuuas
daula Wensimundneainlunszuiunisdanisavldindeiia
eNIsNEAS Weasyaruiiundeny naenauduteya

wugilunmsimsideseivgesiely

AnAnssuUIENA
vavaunsAnlUskNsuaTuayunITiRILImAlulagves

gaamnssulne (TAP) wa3etneuminendoveuuny Aldlvsy

atuayuAdglutauyssann wa. 2564
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Design and development of a prototype of a mobile rubber wood
shredder system
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Received: 30 May 2023 The purpose of this research is designing and establishing a prototype of a mobile rubber wood
Revised: 22 June 2023 shredding system. The study involved examining the characteristics of a set of chopper blades in a
Accepted: 29 June 2023 squirrel cage wood shredding system and testing various factors of the machine. These factors
Online published: 8 August 2023 included the chopping speeds, which were tested at four levels: 1000, 2000, 3000, and 4000
Keyword revolutions per minute (representing linear speeds of 20.9, 41.9, 62.8, and 83.7 metres per second)
Rubber respectively. Rubber trees obtained from pruning and leftover wood in the plantation area were
Rubber wood used as raw materials. The physical characteristics of the rubber wood were recorded, including a
Rubber wood fuel diameter of 4.41+0.53 cm and a wood moisture content of 30.00+1.76 percent (wet base). After
Wood chlppe_r testing the various factors of the machine, it is determined that the maximum efficiency achieved
Wood shredding system was 94.52 percent, representing a maximum capacity of the machine equal to 3.51 tonnes per hour

(with an average of 2.65 tons per hour). The energy consumption rate is measured at 28.33 Thailand
Baht per tonne (diesel fuel at 32.94 Thailand Baht per litre). The average particle size obtained
from the sieve analysis was 4.03 + 1.01 mm, which was the test data for the optimal chopping speed
factor of the machine at 3000 rpm. This speed is found to be suitable for handling wood chips from
fallen or pruned rubber trees in rubber plantations. The system works in conjunction with a lorry
to pack and transport the wood chips to factories requiring fuel from shredded rubber wood in a
timely manner.
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(0>0.05) TnefiAneglutae 89.96-93.91 Wadidud drudasinisseameidieagluanidziifiinisudsuuvas
AMANLazARNUNIUdanasundy faagluyas 98.33-99.67% waglinunsiaidonslanniediunay
Tsad w17 winunisind olulasauesiie (Enterocytozoon hepatopenaei, EHP) fatiu n1siasadae
nsaunuanazfiludaiisn 0.4 Wesidudluamns Yremunisiesyduln Wuauamvssiavuauuly sses
Twaan921 uazduasuarunumussauasealuanidzidiniswdsuulasanufuuazainumuniude

o . . . o X
Wasundu lasdensfianuningsnda 90 wWesidud udednelfan1iznishiaie EHP

unin

ﬁ’wﬂLL’muﬂm (Litopenaeus vannamei) Lﬂuﬁ’m’jﬁjﬁ
fifinsiaunaeiuginedadedos ileliannsomzdedls
$1e wigivlaldaluihiideaseudunig Jadeitddaluns
wnzidsstsnauuululiszaunadida 1w auamusagn
Wug 83 wazn1sdanisvihiy fausiagdadedeuduiusiu
ateseLilos 1‘14511"3ﬂﬁEh‘u:mﬂ’liLgéJﬂﬁ:WﬂLL’JuuﬂmUi%ﬁUﬁU
amenraialan lurag 10-14 Yuwsneasnisandsslutedu
(Munkongvvongsiri et al,, 2013) wumslunisanadssann
anunisalil fe miLaarﬁfuaﬂwuﬁwﬂaamiiml,aummmw oF
Hrwanenudedunsiinlsaseiradedd mindin159anns
Wfuogramnzay vieusiudnisiiuvieindouansunsuindiil
qw§¢71uauuaSaaw%‘aﬁmmu@iaL%‘yaLLUﬂﬁL?&Jﬂ'aiiﬂ aglu
913N WU INTWE nsawnuineiludniisn wazayulnslne
sy wiedaelninasyivinuesdsdidu wavananine
anuafenf vl ss ouneld serenisiAnlsaldszuing
MIouUNAlUENTIAIMUNWILLINGS (Puycha & Tanee, 2014) Tu
Haguilaideiffunsidamnasuusialuemsdimiu
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maedsstrnwuuily wu Jndud ﬁﬁdasﬂ?ﬁugﬁﬁm fiu
Thvhawsgaiiussnzam mﬂmﬂiwmau NUAITAAYTININ
ﬂamehuaam (flavonoids) mqwﬁmuaumaaasu wazdadl
aﬂiaaiaézju (allicin) uazansozladu (ajoene) Afignilunis
Frumud owuailise 1Wos uarlasa (Thawonsuwan et al.,
2010; Chirawithayaboon et al., 2020) kagn15lgnIAnALLIDLdl
Tudniisn Afguandidumssssund Wesandndvgwully
oy LLaxETqmmsaéTqmiwzﬁfummﬂqaw%‘lﬁ (Jorgensen,
2005; Jannoey et al, 2010) § siaanudaends lunelwiin
Sunsosiadniin doanmuindey warraguslan wadedl
AuauTRvesasdfyIIInwailiues IuﬂWi%aaaﬂaﬂsauua
aaiymﬂuwwImJUUEJﬂmmmmﬂﬂmaamiaaﬂiyawaumm
1nANNATER Frensedudeulivielindngedluuyilunis
Wiyiule PrefinaueeIne s Msiue1ms (Wu et al,
2016) nsthansemnsiaranluil el endeadsing 1 1y
nsiasuauavgeNkgEIn1e 9 lusenie Ungivseannis
vhaneduazdugeulofinanueien Sutaelignisanansa
numuten1sUasLLUasAIANLAZ AU LR e SINAY
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ot adunduld (e et al, 2017)uazdufiunisadiandaile
(Zhang et al., 2021) Wagamuaundanuliaunasgiase (Van
den Pol, 2003) nzAuUIANAY @aTaNUNIUABANTUTY
vaauwauluilugld (Liang et al,, 2022) aunsamIvALanIIz
thmaludonls uarlunsaunuanesiludafiin wuaslasives
Yulnalalas (triterpene glycosides) ﬁﬁﬂmauﬁmumié’ugﬂ
wuaiSounsuauLazdanls (Abdel-Naime et al,, 2019) uay
gaanursalinaununisldenuiiusladnaae (Bae et al,
2022)

nsfnwAselidinguszasdiieAnvnavesn1siaiunse

2 aa =

wnuu1ezilutansna dqns miﬁwuaugaﬁasmazqwé
nsfumudewuaiiSenslsalussiuiiuansreiulueims e
N15ALle S3INTT0ANNY AUNINGNAY ANNANYTIVDY
FU ArmuuiensiAsuuUase L AnkarAuUTUsD
Wosunduegndunduresgnivnwiuuly eduuuamaly
nsUfuUsInanmgnd sl @ity wazanunsoduniuseide
Vibrio parahaemolyticus AHPND Tu% 2919 9 UL TN 0 3

LTV BT IN K T PTTV Vo 1A

gunsaluazIsn1Ide
aninmasd

anfsvrauily seeglnaaisi (PLY) wrsuenvy
FUNDAUNILEY TN TAUATUTY
97197159994

9wty ssezlnaans Wuemnsde
yinudenisdn Aanududulnsugseaulusiulitosnin 39
wWosigus lesulsdosnin 7 wWosidus
ASAUNNLIDEIUT TN

yilaf 1 1 Jundndueiildanuuaiisedindnnse
udndin

yilad 2 1Ouayulnsnanvesiydainan Hawthom
N Valerian uagfivdindu « wu dew (Hops) Aeflursdiaw
(Cannabacese) wazayszunu (Lemon balm)
M3NAAeeTl 1. NISANYIYENIH UENYABAsEUAgNE A 15H 1Y
iWouvailiSenalsn Inednwinsaunuanesiludisn 2 viln fo
WG9 ST A 9Inn sMYe I UATISETINGANSAUANTIN Uax
F15anIANY

auiun1sfnuiuIuiuasdiueyyadaszveinia
wnuu1ezdiludafizna1835 DPPH radical scavenging, ABTS
assay, Ferrous ion chelating activity wag Folin-Ciocalteu
method (Dinis et al., 1994; Manok & Limcharoen, 2015;
Srimoon & Niyornwan, 2021) wag@nw1n158us ud onelsa
Vibrio

Edwardsiella  tarda,

Vibrio  parahaemolyticus, Vibrio alginolyticus,

harveyi, Aeromonas hydrophila,
Pseudomonas aeruginosa, Streptococcus agalactiae 1n83%
agar disc diffusion (Khan et al., 2007) 8 1unalasn1sinLau
shuqua‘nmwaw%nmaﬂaﬁvlﬂﬁmim%‘mﬁuaqL%yal,wﬂﬁﬁ's

(inhibition zone) e Santheiduliagiung

nsnaaedl 2 msrnwmsiasunsaunuinexdludaisnisedy
usneiuluesiuagenisiignaule onsin1ssense uag
AN INGNAsYTMILILL s2eeingarITI

I9UHUNITARBILUUA ANy 3ol (completely
randomized design, CRD) 3 ¥AN1INARDY YANIINARDIAE 3
41 Tneldomaduaguitdszdulusiulaitionnin 39 wWoediud
Juonsyllandnandenism agnrauiunsawnumnesiludai
3nwiafidgvsnsiueyyadastgs LLazﬁﬂmauﬁmuﬂwsé’UégaL%a
weiGenelsa dldannsnaassd 1 lnsagnaauiisziuaiiu
Wudu 0 (@wnsnguanuaw) 0.2 uay 0.4 Wesidud uduadou
semaguau (pullulan) FedinaautAlunindondn (adhesive
property) 6@ unuilduvasnaguauaunsadesiunisriudn
panveteandiauLarasusulaeenlediudiemsla (Farrs et
al,, 2014) wwdeuludnsrdiu 20 fiadnfudeemsdnsagy 1
Alandu il sedernuauuiluszes PLI3 fidiunisufy
An1IEKa7 31U 20,000 fraUe 13U 9 Yo vuIAUe 2x2x1
wns U31193 2,000 gnuiearians Tenstuay 6 ass vhns
Wasudeuazganznouveadeyniu nsifudeyanis
WIAUlA 8MIIN1350AAY waTANNINGNA IV IWIUU Y
s¥uy PLO (MouN13MAaed) PL13 (31n1501Aa84) uag PL25
(Fuganisneaes) Wiuteyanaiivlauazdasnissenns vh
msduiiiuiegnegniediuau 100 wndsthmiinuionimn
\dore wazduiiufiegediudu 20 f fanmue (total
length) #281205 1 78RS A UiUed it eniA1uE1aadY
(Department of Fisheries, 2018)

\Audeyaquamiiaiiaszsinauningniswuiuun
lu ¥hnsmageuaumunudenaeien  Tanisutiidn
dufudegnesiuau 100 # wudluthdn Al 30 wif udavin
11305330 UNNTTBANEYDIGNTT AWMU VBINTY
Uszas szyingnisiiudauss anansauiuaunavesussinld as
fignsnisseanielivosndn 90 wWoesidud uaznaaeunisuy
wosindu gufudiegssiuiu 100 ¢ wugludmesundu
anadudy 100 drulutudau 7915 30 it udansaati
N1350AANEYDIGNA4 fsanmunariUsziure Nz
szyliin gndawnawsuunlufifanuudawsmnsadsslunis
Uusonnuieioaiiiiuduegsdundu aasiisnsinissen
melaifesndt 95 Wesidud

NAFBUAMAINANT V1MUY Anudasnuds
3utlulewa (Ruchirawat & Vaikrudha, 2003)
fa9E19gn1991uuU 20 67 iin1saTsliinzuuuANENysal
neldndesganssamiiidiveny 100 w1 (10X) wuseendu
FIUIUNT AL ANANYTAVD9T819A Usdnnieuen

Tngguifiv

Snsndunilentodnld (MG ratio) Usinaudialosuluduuas
AwaNysalvesdugnie agunanisbinzuumduesidud
AspIuMIBeNsy dwsutuneumansanelindesqanssa
AsdaziuuNITATIaRaLs 85 wWasiiudiuly Fsazfiodndy
Lﬂmf*ﬁmmgm (Department of Fisheries, 2018)
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naApUAMAMGNITILINUlMETEN e AT
T5af #5293 3958 Teun TsAnnenau (Acute Hepatopancreatic
Necrosis Syndrome, AHPND) T5ARILAIAI9UTY (White spot
syndrome virus, WSSV) (Department of Fisheries, 2018) Tag
théhegrsgnidliitesndn 150 f dadauiieen ileusndiuni
fedafiansdudauisen PCR vhmsualiasiBen Fafegng 1
nsu idhladansiugnssy Ingldyanaaeudsazu DNAZol®
Reagent uadsthunsamemaia nested PCR lagld primer
2 @: (Songkhla Aquatic Animal Health Research Center, 2018)
ns1vdeun1siad olulasavesiie (Enterocytozoon
hepatopenaei, EHP) dntaniza@iudu/dusou tastanizly
fuviisiiogfatunszimizenms Nevuusualad nentndy
1 ven Ynviusrenszantnalan Wiludesnielindesganssed
FnwnraUadues EHP axiiusnsnay uazguineadresnd 4
yun 12 lulasiung Fefosldidavens 1000 11 (1000x)
(Department of Fisheries, 2018)
MTUATISY TN 19a0A
ihdeyauinamsiusyyadaszveansaunumeziludadizni
191178 DPPH radical scavenging, ABTS assay, Ferrous ion
chelating activity wag Folin-Ciocalteu method wiu3auLiisu
AULANAIINNEDAAI835 independent sample T-test Way
ideyaataiuln 8nI1N1570ANIY LALAMAINGNAIYTILILL
Ty idesigvmanuuUsusiuneanalag analysis of variance
(ANOVA) LagiU3suifisuanuuand19ve1A11ad o 5gminang
naaoilasldrA1add Duncan’s multiple range test (DMRT) i
seiumIdediu 95 Wesldud shelusunsudifagumeadia

NALAZATAINANTSTINY
HANI5NAFEIT] 1. msﬁanwﬁ(n75&7”714@1%/@55{5344@3;7%5(
msFrmdauueiisonalse veansaununezily 03750 2
¥iln Ao wAASITIF9 NN ISRiYaURTISTINGANTAUENTIN
uazasann Ny
a]wﬂmaﬂniﬁﬂwnqwgﬂwaﬁwuaqgaﬁaizﬁum nsn
wnuegiludiisnaae3s DPPH, ABTS, Ferrous ion chelating
activity wag Folin-Ciocalteu (Table 1) nuinnsaRANNIDLlY
Tafsnadiadt 2 Fadundasusianits Sanududuiiannse
MliAududuvses DPPH anasseuay 50 (ICs) LN AU
0.359+0.32 ladnsuseiiadans lagan ICs WUSHAKUAUAN
ANNAINNTlUNITATNeLYATETE WARIIN ANUEINTAlUNNT
Fueyyadaszveansaununesiludafisnuiad 2 andiy g
n1nsawnuueziludaisnydedl 1 7 laarnn1snainves
wupfi3eiindnnsaudndin egredivuddnmneada (p<0.05) A
ICso Til#iTu Tuvdruvesfiviivhunadin wu lu wa aen (Hudy
wavansildlunisade 1w i1 enuea aaslswesy (Judy
(Bahri et al,, 2019; Keser et al, 2014; Lyu et al, 2022,
Proestos & Komaitis, 2009) uazauanusatunisduivlessy
vaslangdiauanareiueg1slifidedAgnieeda (p<0.05) uay

nsawnuueziludafisnudnd 2 SUsuaiiuednsiu feenin
otslitdAysedia (p<0.05)
a13ainIINNYIININ Hawthorn NaY Valerian wagyyiln
3 9 wu Fon Arlurddayn wavazszuv fanwannsoly
N15A1UOULATATYEY AANTITINANEVRLYAS ARAIINATEA
nsrdundduduldviaued1eivssdnsamuindu Sy
ilosnann msUsznevddniioglufis enfiwu Tufly Hawthom
(Crataegus monogyna) A WUa1TUTENOUN Ued n g flavonoids,
vitamin ¢, glycoside, anthocyanin, tannin, saponin, protoanthocyaniding
Fuunlsdwdu oyaniin3-Ogalactoside 7l asnsod ey yad asyld
aéﬂﬂ‘ﬁ'ﬂwuﬂﬁﬂﬂdmﬁ'u 9 (Bahorun et al., 1996; Froehlicher et
al,, 2009) Tnedufvansianadasiegnednaae (Kostic et al,
2012) 3nsenumsidelufeuniwiuunly wud nisldansanda
ity fquautAeengns nsdueyyadass Idauiu
warnnaeilany Wy metuas dduusndnauiiudes
napidov nsziiton Tung Turzasu Tudsfae 1udu 3
auulnsfing1n wuansddylnsianizansngu flavonoids 18
# anthocyanin, tannins, hydroxychavicol Wag eugenol Lagans
lunqudaniaseysannie (Liao et al, 2023; Onsanit et al,,
2020; Pawana et al., 2017; Penprapai et al., 2017)
MnHansAnwgns nsiunudeuunadiSedelse
WU nsawnuu1esdludaiinvdad 2 7 At udy
50 fladnsusedadans awnsadudadouuniisenolsn
V. parahaemolyticus VA wNAzLa sid o TCBS 18 Tneil
ﬂ'ﬂLaf?{EJﬁuaaLé’um'wuquéﬂawmﬂﬁm?nmia WINAU 7.330.58
fadwns Tuweiinsaunanesilutineded 1 du liawise
gududouuaiidonelsaie 7 ¥ilald 91ns1eeuideves
Yu et al. (2022) wuin Yisfumenszmeann Melissa officinalis
farududu 1 lulasansrefiadans annsadudadeuvaiise
V. parahaemolyticus 18 Wuerawansin lunsaunuunesily
Ta7isnwuiiadl 2 § M. officinalis Wuesdusznauusdu wald
aunsaszymadaduld wagdssauinduansiduunlia
lumié‘fuﬁquﬂﬁmlﬁu‘lmmmL%‘ya Staphylococcus aureus,
Pseudomonas aeruginosa Wwag Escherichia coli (Tadic et al.,
2008) Tuiia Lemon balm (M. officinalis) fasusyneutdu
aqﬁuﬁmaﬂﬂiﬂﬂuaﬁﬂ flavonoids, triterpenoid e phenolic
acids Inglannzans triterpene glycosides fitduasiuayya
Sasvuardailanuaunsadudwuaiiiounsuauuazdanls
(Abdel-Naime et al,, 2019) uenainil feilsneunsived
denadoatun1sldarsannainied dgns n1saunue
wuaiSenelsason wrikiuulueg1amvainvaty a1y
flwzanelas fansueulasnsiluilas (Andrographolide) flaglu
nay Lactone s umudeuuaiidy uarlada (Yin et al,
2022) Tlunsziion  dansdaladu uavarsezladu danaudd
Frumudeuuniite Wes warhida Tnewdlenauivenmsldiu
4 awsanunusielde V. parahaemolyticus 1¢ 8nitad
arunsadvasundaudule (Thawonsuwan et al., 2010;
Chirawithayaboon et al., 2020) 1UﬂizL%8UﬁaWS anthocyanin
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foqus dudud euuaiiSuunsuay V. parahaemolyticus,
P. aeruginosa b9 (Gonelimali et al., 2018) #su8 T2 s
dutsznouduasulnsvasyin aunsodudimaiauesde
V. harveyi fiausl
azaafehAldauadsnsdudilndifsstunsldefiue
tetracycline (30 lulasnsu) (Srithaworn et al., 2015) uay
Tunsuifeu uaswidondu Svisudimansydulaveats

V. parahaemolyticus, A. hydrophila wag

V. parahaemolyticus oguniu (Tummarongkongsatit, 2007)
HANTTIAGEIT 2 HANSANYINITATUNSAUNNL 2 TlUT 5N
Aszdvunnansuluemms senisisauduls shsinissense
UdEANINGNIYIMINILY TresIngaIT)
HansiulnvesgnieuwIuulusseglnaalsa (PL)
Aldsunsiasunsaunumneziludafisaluemsduiagusedu
uanea (Table 2) wudn gnds sees PL25 Aldsunsiaiunse
wnuuegdiludafisnlue missedu 0.2 uaz 0.4 1Weosidud I
ANRE BAINENIRY 15.671.38 Lay 15.75:0.95 ad1UAT
auadu sdianadegeaniingumunuegisiidedfyneada
(p<0.05) vuzdithmiinidevesgnds svez PL25 AldSunisasy
nsaunumeziludafisnluemisseau 0.4 Wesidud SAuviniu
0.028+0.00 N34 ?faﬁmqﬂﬂdmsmﬁﬂfﬂﬁﬁiymmﬁﬁ (p<0.05)
fugndsiilefumsieiunsaunusnesiludafiznsedu 0 uaz 0.2
Wesdud Tuemnsdnsagy uidnsnissenmeunndieiuegis
Wfided1Agyn1sad@ (p>0.05) TnaiAnviyu 90.98+3.37,
93.91+7.54 WAy 89.96+4.99 1UosIGuUR Aua1nU Lanslail
nsaununeiluinfisnastivananseyyadass Mdufivselwad
meAuantinsiueyyadasrvesasddyImInvlaliueys
Henszdusionlivelinanseluutielunisadyduln dieiia
AINBYINDIMNT NISAUDIMT (WU et al., 2016) duasuludn
thilsyansamlumsldansemnsitu (Cherubini et al, 1991)
thasomnslvavanluiioifeviowadsng 9 Wunsiaduadis
wargouLeNaIuse 9 lusienie (Xie et al, 2017) fdLyu
Menuransineludaiih wui nmaSunsawnuaneziluds
#3n dns1dau 100 dadinsudonlaniuemsfeuiiuuily 9e
Heiusarnaasydulaldinnian uazannsonaununnsly
81U Tuzlidndie (Bae et al., 2022)
1NI189IUNITANYIVDY Xie et al. (2017) Wuin
msiaSunsaunsinozdludafisnfinududu 150 fadniuse
Alansuonsianwunlugasuaidusin anunsadiefiunis
WIAulnven wazduasunisusudalilinnununiuse
worlufly laegramnzay eaun1sfinyilulaives Wu et
al. (2016) wuin MsiasunsaunuInesiludafiinfianududy
87.5 fiadnsumanlansusvsusstaian (Ctenopharyngodon
idella) sz8¥ juvenile FremusRsINITAUIATATHNIZ A DT
ag19idud Ay wazAIUANNITLANIDBNYBITU NPY Wag
ghrelin l@og1amunzan @onAdoIiuNISLESUAIUNTALNLL
azfiludniisn dnsndiu 158 dadnsumeilansuluotmsuaida
F28UTuUTIN1995 A ule Tneseduvasiouled aspartate
amino-transferase (AST) anas deszdivveseululidudved

nsvhauvesuLarAUsauTests mMndszdugelu dunansdls
nsdewvesad vefimnuinunfvesiuuazdugeuiniu
waziinAanssuveseuledigasoonludfaiama (superoxide
dismutase activity, SOD) ilanszdunisnovaussvaniiduiy
LazaILNTIRuNIUA L auuAfiF ol (Temu et al, 2019)
uon9nil fieaunisideiiaenadestunisldasatnandie
Sy nsiumueyyedassuaziunudouuaiidonelsase
fnwuwlueguvainats ol nMsidsuasaianla
U (Phyllanthus urinaria) A dneamlunisd nasuguam
Ussiuaziveau ddmyiglunmsiasuniinuiu wSunisdu
auyadase wazdiuniulsa AHPND 16 (Charoendat et al,
2021) n1staiuemsnuIuunludgasadnams g
aldslan Faazfinisnszugidudy Prefiunisieiyivle
WazdnIINNTTOAANY (Keawtawee et al., 2019)
KANSYAFDUATIMUINUA DA ILATEAAEN1TuT L
3 Fauansfsnnuannsolunisufudarenisiud suudaa
anwandeuvesrsuawuulild Tnewudn desses PL25 7
I9sunisiasunsawnuaneziludaiisnszdu 0.4 wWesidud Tu
9 1sdNs3U §9091n1550AR 88940 A 99.33+1.15
Wesidud sesasn feildsunaiaiunsaunumesiludaiin
5¥AU 0.2 waz 0 LWosidud awdidu densin1ssennie
98.67+1.15 Uay 98.33+0.58 WWasidud mudnu lnefidnsn
nssenmeLanaeiueellidudAgnieada (p>0.05) wag
ovaasulngnisuswesundu unsmeaeunaudausema
a3srlumsusuiseaaeniind uogsdunduvasdsun
wauwnly nud gnde seey PL25 Aldunsiasunsaunuaneys
Tudafisnszdu 0, 0.2 uag 0.4 Wesidud Tuemsdnsegy
8MIIN1950AN1Y 98.67+0.58, 99.67+0.58 Uay 99.67+0.58
Wesidud i Tnefldnsinissenneunnaisiuegeldd
TedAgyvneadia (p>0.05) dugni seee PL13 uag PLY fldns
n1sseamuaglutag 95.33-98.33 Weldud Feildnsinissen
melidesnin 95 Wesidud Wuluauinaeissifivvesnsy
U528 2INHANITNAADUAUNUNUADAINATEAYRANT Teuy
PLY szuusi1e 9 lusranedianwanysaitdesninszesdy Se
dnsnssennelunisuuisieanimuinden nMsUsuaunaves
w3570 uarnsUTURaseneSEATiinTueEsdunaUl Aoy
n7192828 u 9 (Department of Fisheries, 2018) 13 8 nw1
nadssdsnuuuliluaniiziedeniivdeuluananne
Wasuuauuudundy uazanannzidamudutureadere
lsAge aznudn mMstasunsaunuanesilutisnluemisiarn
wnwlsagasananueioaiiinduld Tnsastiedudsasde
UszamiiinunfAsuidesnananuiaien Saisanaiseyua
Saseidufivdowadvioode nazduniiduiuliannss
nunuseaneUAsuuas dwaliiisnanisseamegelu
A0nARDITUTIBNUNTITEVY Xie et al. (2017) WUT1 N1SATY
nsaunuaneziludaiin 150 Tadnfureilaniuemisniunn
wruwlugmsartustt agdreliimindafiudu drdsisu
(Hepatosomatic index) karnsiasayiulafiu smsinisson
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v
N Y

A uT U gnviegeriensed ugedluuiardaAuiy an

v '
a =~ A

mnueseaiiistuiloannadeuudsuuas Tasiawzile
sgluannzdifianududuvesenluiege aunsanusienin
dutugeduld Inefiansunaindasinissennefiaindunis
nslallfiasunsaunumnozdludfiznluoms venani oey
Tuanmedidauduturende V. alginolyticus fawmuuunla
Alssuemsiaiusnensaununesiludaiisn 175.6 adn3usie
Alansu fdnmnissenmegetu Predinnisiadey Wuln wiou
sannsounuiinisldenfiuglunang deeiily (Bae etal,
2022) wiusluanmzmsenewns tmaludesvesys devhns
Aansaunuaezdl luda73nLa11TAAIVANANITAUA YD
nglaaludaidonuas LazAIUANTZAUNITUARIBEN MRNA U89
gosluuthmaludengeesaiamifou (CHH) waslngnlaa
(PK) ¢ (Zhang et al, 2021) Wlea15n151as U 28n3A
unuwnerdlutaisnilinaaonadestunisldayulnslumades
Foid wu nslélngfund (Picrorhiza kurroa) Seilgnsan
AMuATEnYasY waresTinauaBansatnaINmIB (Rheum
officinale) Ansdiudu 0.1-0.2 wWesldud tredetuninunien
mnqmmqﬁﬁ'qﬁyuiﬁ (Liu et al, 2010) 91NNANITNAEDY
AunMgNAIMads Wurilulewma (Table 3) wud gniswniwau
Wl sveg PLY way PL13 TA1AZLUUAMATIIIAY 69.67+8.08
WAz 84.002.64 Wodldud muady Faszes PLO fdsindn
LNRUST UIMTFIUG AR IR AININYBINTNUTELIT WUzt ]
(Department of Fisheries, 2018) Lﬁaﬂmﬂﬁwmmiﬁuaﬁwu
13 9 Wy wden wardu delilauysel dewalildaiunsaysu
aunavesussuazilusameanninudsustasaduld
lutiguisudnsuussusasiinsauaunisndngniugndila
AaunnLazdasalsaudaty widwasdlsameiinuazeyuia
vsdulilddndunisnaasuauaingnnsnsuvieliun
inwnsng dwaliamamgnisuisdudulanamlimangauun
n1sUdesandes uardiaudesdenisinlsaldde ndsmingn
feszee PL13-PL25 tasunisiasunsaunuanesiludanisnseu
0.4 WesWudluewnsdniay Tnanmmgndsindu 95.67+1.15
Woedidud @ efinunimuanseiusg e dodAymniaaia
(p<0.05) wlovinsueniduazuuuusazinas szwudn fsumn
wunly spe PL25 AldFunsiasunsaunumesiludafitnly
21sdnsaguszau 0.2 uay 0.4 Wesidud danuanysaluaz
AIINALOINYBIAIA ILAZTENA Anazuuunaninily
14.67+0.58 uaz 15.000.00 wWosldud auddu waziiu3una
inlushy 18.67+2.31 uay 20.0040.00 Wosldud auardu Fal
Anadounnsnstuegrelidedfyn1eada (p<0.05) Wiewieuiu
faldsunsiaiunsaunumesiludiiinluemsdisagusedu
0 Wesidud uanslidn nsaunuanezdludsiindeanuanunsaly
N1SAIUANAIINDEINBINIT N15NUBINIT (Wu et al,, 2016)
nmhasensidldavasluiledoniowadsng 9 vesdaih
M3U3u microbiome ludld muauan1azeie o aelusenie
Tiunfas Woasunsaunuuneziludafsnluomsdn i
Wunsiasuadauasdeunsudiunie q lusienie Willguam

geauity dwalddnisedaivin nudeanzwindeud
Wasuuvas ananseyyadass uaznseulsifuianisnevauss
WWQQﬁﬂ?NﬁULﬂIWﬁuaEJ'NG]'E)LﬁIEN Wuniswieuarunioy
Tunsfuifeduidenelsafiazyngnidanluszninenisides
(Ngo et al,, 2019) fatfu  Fadunafiugunimwesgndslig
nTuld (Bae et al, 2022; Xie et al,, 2017) uazusiusin1siady
nsaunuu  ezfludavisnlusimisvaian wievardung
(C. idellus) Winageandaaiu Tngiflonaunsaunuunesiludi
3n 87.5 fadnsudeilansuemisvar ilwsnsnisdule
Sumediangean arwannsalunisfiueyyadasygsdu vl
malondialdehyde anadld (Wu et al., 2016)
finnsldanulnsuazansadmduansnszdugiduiu

q

a

wuvliduwigludwnwiuuly Wy arsweaddu  feglu
nsudienan Weasuluemsrsidunisifinuszdnsanly
YUIUNT5 phagocytosis v linus en1sinLd olsanag 4
(Boonta et al., 2012) @15 glycosides, saponins, flavonoids,
alkaloids, lignans uag tannins afnanvglalunisgnldly
nanAueTIzyliszauLeulesl aspartate aminotransferase
wae alanine aminotransferase aAaY LUSHNRUNUTEAUAIY
duduresansarin dsmalifuuasfusoudsiiquamidy ua
A1 phagocytic activity Wiy (Charoendat et al,, 2021) @13
polyvinylpyrolidone ﬁaﬁmlﬁmﬂwamaa (Clinacanthus nutans) il
Ysunaudadensin Aanssuveveuludfiueasending uay
aruumudeuuniisewaslaaiaty (Direkbusarakom et al,
1996) A4 L $ua15nq'y phenolic alkenone aiaa1nTs
(Zingerone officinale) Ingn1swano1m1slinuy JUsunanda
Wonsin Aanssuveteulwifusasendiea wazAuiIunIY
Aol ouuaiissuazlhyafiuainisniug u (Chang et al,,
2012) ihifungndrmasansatnanuiiudes fasussneuines
quass duduasiueyyadase fesduszneudunsalugiud
edenisgadu Tdudnmanluemsiwwuunluazdane
TWemsnsaigivln dnsnissennts waznliduiugady
(Penprapai et al., 2017)

i emaasunmaIngnn 1v1wuulud33
NM9eTIMEN (Table 3) Wud1 gnresses PLY PL13 uay PL25
Aldsunisiasunsaunuanezfludafisnsedu 0 0.2 uaz0.4
Wedidud Tuermsdndagulinunisiadenelsanissau
(AHPND) a4 af1unan29913 (WSSV) 81941 8911910
mimmuﬂmquﬂf’jﬂfiauﬂa'aaml,gm N33ANTTAMNINYD
WA ped A waznasldeanisi f e uawd og 1umanzan
(Munkongwongsiri et al., 2013; Boonyawiwat et al., 2017;
Department of Fisheries, 2019) wazdl $1891UN15A NBIVDY
Wu et al. (2016) lataSuarsan mannlui s Gynura bicolor Tu
NIy WUIERIaRUTe V. alginolyticus wauite
Thsa wssv ¢ uaznsiuanvinealgaunanlueimns ansnsauia
EuUAeNsAndeLUATiGe V. parahaemolyticus Tugnis
1§ (Keawtawee et al, 2019) weiLdl 991N15NAEBUNISAALT 0
lulpsavesiie (EHP) meluduwasduseuveasduwiuuily



Y. Inbumrung et al. / (PRAWARUN AGRICULTURAL JOURNAL 2023) 20(2): 10 - 20 15

lunnszey finsinde EHP lnewvavesaeadouinndt 10
aues Fegumanisimdoluseiy ++++ Juseiuitiinisinge
EHP luteides fsonaldsuieanmsiuates EHP Adegluh
Haroun1sMAaed (PLY) S1utuavssfinuldaiusauven
Armdutusiumuguussvastsaiiiald Jufussesnisaie
vouda (Chuchird et al,, 2016) wumsmmaﬁuimmﬁamﬂu
Funazdugeududmouunn uazfinsugaasnesnuinionds
Fuswazauieuneludedos (Songkhla Aquatic Animal
Health Research Center, 2022) TutlaqUuiin153dauas Waun
W emansuiesndi e g old Tnednisdnwiamsonuui
fansddaduanstamnlnduraailsauazansdamnniuaniny
fignd nszdugiduiuluiensega Penaeus lunszuiuandy
yuumsiviudelsauazdulantaoy (phagocytosis) ka¥N13
a%19 melanin mmaﬂé’uéﬂﬂ'ﬁﬁmﬁa V. parahaemolyticus,
V. harveyi 16 (Kamble et al., 2022; Rudtanatip et al., 2018)

d3Unan13IY
m3fnwlupsstinuitnsaunsaunueydludvisni
491NN 313N Hawthomn nqa Valerian wagi9wiind u 9

Table 1 Antioxidant properties of each type of Y aminobutyric acid (GABA)

Wy Fow Avlurdige wazazszund AflquaudAnisdu
ounadase Iikan1sdudsuuaiide V. parahaemolyticus 7
Anududy 50 fadnsudefiadans Wevihnsiadunsaunuan
aefiludniisn szav 0.4 Wosidud luemsdusagy annsatae
iinn1siaiyduln snsn1ssennne wazdawalinuainyes
gnfsununly sees PL25 geitgn Tasfinuningnisdnidu
AZWU 95.67+1.15 WWasidud (5xAugeninAIuInTgIu 90
Wosidug)
AnAnssuUszne

{iTevovounn nasidonasimurgunindn i
nsuUsra fleynsnziiiasgilaadnithdeiinsonydine
WagIEMN99atIINen LLazsuaﬂuaU@mm"mﬁwﬁLLazﬁﬁm‘%ﬁyﬁywm‘%
wazfdnuigyiln ﬁaqﬂﬁﬂ’ﬁﬂﬁimumasﬁmmiﬁ’miﬁw
aAdvumzidssdndi auzdsvas i inedeinunseans
V19U eutasizinsidudeyanazn1sitagiziisiig
nsfnwiifunisinmaieldlasinisiaunisinig 062/65
YDIWMINY Y INYATAEANT

Antioxidant properties GABA type | GABA type I p-value
DPPH assay ICso (mg/mL) 1.114+0.21° 0.359+0.32° 0.022
ABTS assay ICso (mg/mL) 0.044+0.00° 0.044+0.00° 0.266
Ferrous ion chelating activity (%) 2.053+0.67° 1.446+0.42° 0.072
Total phenolic content 4.37+0.15° 3.29+0.12° 0.000
(mg GAE/g crude extract)
Note: * in the same row with different superscripts are significantly different (p<0.05).
GABA Type | is a product obtained by the fermentation of lactic acid bacteria.
GABA Type Il'is an herbal blend of hawthorn, valerian and other plants such as hops, cannabis and lemon balm.
Table 2 Growth performance of Pacific white leg shrimp larvae fed with 0%, 0.2% and 0.4% Y-aminobutyric acid in commercial diets
Growth performance 0% GABA 0.2% GABA 0.4% GABA p-value
Total length (mm) PL9 8.75+0.55 - - B
PL13 10.80+1.15° 10.80+1.15° 10.80+1.15° 1.000
PL25 14.31£0.79° 15.67+1.38° 15.75+0.95° 0.003
Length gain (%) 132.48+7.33° 145.05+12.74° 145.84+8.78° 0.003
Body weight (g/PL) PL9 0.006+0.001 - _ R
PL13 0.010+0.001° 0.010+0.001° 0.010+0.001° 1.000
PL25 0.022+0.001° 0.024+0.002°° 0.028+0.000° 0.023
Weight gain (%) 215.67+12.61° 239.70+15.35% 283.56+1.78° 0.022
Survival rate (%) 90.98+3.37° 93.91+7.54° 89.96+4.99° 0.684
Note: > in the same row with different superscripts are significantly different (p<0.05)
Table 3 The quality of Pacific white leg shrimp postlarvae stages PL9, PL13, and PL25 was evaluated by Shrimp Biotech
Shrimp quality 0% GABA 0.2% GABA 0.4% GABA p-value
PL9 69.00+7.21 - - -
PL13 84.00+2.64° 84.00+2.64° 84.00+2.64° 1.000
PL25 89.00+1.00° 93.00+1.73° 95.67+1.15° 0.003
AHPND ND ND ND -
WSSV ND ND ND -
EHP ++++ 4+ ++++ -
Parameters (score) 0% GABA 0.2% GABA 0.4% GABA p-value
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Table 3 The quality of Pacific white leg shrimp postlarvae stages PL9, PL13, and PL25 was evaluated by Shrimp Biotech (Cont.)

Shrimp quality 0% GABA 0.2% GABA 0.4% GABA p-value
PL25
Number of spines 10.00+0.00° 10.00+0.00° 10.00+0.007 1.000
Completion of appendages 13.67+0.58° 14.67+0.58° 15.00+0.007 0.031
Completion of hepatopancreas 14.00+1.73° 13.00+1.73° 14.00+£1.73% 0.729
Lipid content 14.67+2.31° 18.67+2.31° 20.00+0.00% 0.031
Muscle to gut ratio 10.00+0.00% 10.00+0.00% 10.00+0.00% 1.000
Salinity shock 11.67+2.89° 11.67+2.89° 11.67+2.89° 1.000
(survival %) (98.33+0.58)° (98.67+1.15)° (98.67+1.15)° 1.000
Formalin tests 15.00+0.00° 15.00+0.00° 15.00+0.00° 1.000
(survival %) (98.67+0.58)° (98.67+0.58)° (98.67+0.58)° 1.000
Note: * € in the same row with different superscripts are significantly different (p<0.05).

ND = non-detect pathogenically, tested by molecular biological methods.

++++ = More than 10 EHP spores were found per sample.
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ABSTRACT
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The study aimed to investigate the effects of y-aminobutyric acid supplementation at
levels of 0 %, 0.2 %, and 0.4 % in the diet of Pacific white shrimp (Litopenaeus
vannamei) on growth performance and postlarval quality. The postlarvae stage PL9-
PL25 during culture was investigated. The results showed that y-aminobutyric acids
extracted from plants (hawthorn, valerian, hops, plants of the cannabis family plant,
mint, and lemon balm) had exhibited antioxidant properties and showed inhibitory
effects against to Vibrio parahaemolyticus AHPND bacteria at a concentration of 50
mg/ml. The PL25 shrimp fed dietary y-aminobutyric acid supplementation 0.4 % had
the highest growth performance. It was 15.75+0.95 mm in total length and 0.028+0.00
g in body weight with a quality score of 95.67+1.15 % and statistically significant
differences (p<0.05) from the control group (0 %). The survival rate was not
significantly different (p>0.05), which was in the range of 89.96-93.91 %. Furthermore,
under salinity and formalin stress condition, the survival rate was in the same range of
98.33-99.67 % (p>0.05). In all experimental groups, there was no infection by any
pathogen causing early mortality or white spot disease. On the contrary, an an
Enterocytozoon hapatopenaei (EHP) infection was found in the hepatopancreas of all
experimental groups. Therefore, shrimp diets supplemented with 0.4% y-aminobutyric
acid could improve postlarvae growth performance and shrimp quality including
resistant to salinity and formalin stress condition. The quality of white leg shrimp is still
over 90 % even under EHP infection conditions.
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Figure 1 The morphological of five chili peppers in experiment.
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wu3 il ernudud uresansatnanawi asia 5 @i mqqsﬁu
anuaninsalumsiud dfanssumsnueevevlelusuiiuesnd
wariadusae (Fisure 2C-2D) ustansartadeordlalulnsdasdl
auannsalunisdus s anssunisieuveseuleusuiiy
pondwnan ninasatas ssievueaud ol Anud Ui Wiy
(Figure 2C-2D)

dewseudisummuansalumsdudsianssunisvian
vevouleusuiiveandnalurivesnnud ud uresansiiaunse
Fug snnsvianuvesiovulela Tesaz 50 (50 % Inhibition
concentration, ICso) [iads Table 2 WuIENsaiARBLNUBAAIN
Wanwa 5 wiia e ICso ﬁqaﬂdmazLLmﬂ@iNasmﬁﬂsJﬁﬁiyﬁUé’aIa
wiueauazuAUlaGy (Table 2) ynmssiuduansaiafisesdlaly
Insdannindnyauuasninimlien ICs Alsiunndnedudalays
uoa wazuaUledu (Table 2) uansinansananieesdlalulnsaann
'W%ﬂs“d"mmuuazw%ﬂs‘ﬁymv;ﬁ@mauﬁ’ﬁlumié‘m&%ﬁamssumsﬁ’mu
vevouledusuiiueandnaldindifesiudalaysueauasuadledu
venaniifmuinansafindoordlalulasdans nduuarwsnt g
9N ICso 7160 (Table 2) wiazuansnseeaiifoddnyiudalaniuea
wazualsfunanu (Table 2)

Sample Sample code

Extraction yield (g/100g of dry sample)

Ethanolic extract Acetonitrile extract

Prik Khee Noo Suan PKNS
Prik Khee Noo PKN
Prik Som PS

Prik Chee Fah PCF
Prik Wan PW

549+0.28 ° 6.34+0.17
7.79+0.11° 7.62+0.06°
8.40+0.04 ° 5.11+0.13°
9.07+0.15 ° 6.21+0.24°
17.75+0.22 1.55+0.30°

Values in the same column followed by a different latter (*) are significantly different (P < 0.05). Each value in table is represented as mean+SD (n=3).
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Figure 2 Effect of difference concentration from five chili pepper extract in xanthine oxidase inhibitory effect.

*,xx wxx eeex xxxxx Mean with different in same concentration are significantly different (P < 0.05).

Table 2 Xanthine oxidase inhibitory activity of five chili pepper

Samples

50 % Inhibition Concentration (ICso, pg/mL)

Ethanolic extract Acetonitrile extract

Prik Khee Noo Suan 30.50+0.45° 5.61+0.10°
Prik Khee Noo 28.76+0.63° 5.36+0.06°
Prik Som 46.33+2.60 © 8.41+0.69 °
Prik Chee Fah 364.05+1.18 ° 7.18+0.17°
Prik Wan 87.63+1.92° 34.86+0.32 ¢
Capsaicin 4.02+0.14°

Allopurinol 3.13+0.11°

Values in the same column followed by a different latter (*“) are significantly different (P < 0.05). Each value in table is represented as mean + SD (n=3).

asusznevlunguuauledussdinuluniniivareuin
wu uadledu lalalasuaUle@iu woslalalasuauledu Toluuay
lsduuarlolilalalasuadledu uifinuinniigaiiiies 2 viade
ualledusovay 46-47 uazlalalasuaUleduiovay 22-40 lng
%ua&jﬁwﬁmmw%ﬂLwiazawﬁuﬁ: Thongmarong & Phoomya
(2017) uenaniifafisteaidirhavaeiimnyauiioldlunis
afnuaUlsdunarlalelasuauladuliliunnigaeldesdlnly
lasdifudaviiazany (Chinn et al,, 2011) INANSNARBINUIN
mimmgmLLmJlezJ%uﬁﬂmamﬁmumsé’uEj"unﬁﬁmﬁumsﬁwm
vaueulell urufiueendnaiisuiniudalayiuea (Table 2)
Fudefinsanlassairmaniiveauaulsduiinglansendaiiu
diuUTEnouag UUIUMIULUNEY (Figure 3) Tagdisigauimg
lensendaiimuannsalumsiudsmshaureseuladuauiiy

OCH;

Figure 3 Structure of capsaicin (A) and allopurinol (B)
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ABSTRACT

Keyword

Chili pepper

Xanthine oxidase
Allopurinol

Inhibition of enzyme activity

Xanthine oxidase enzyme plays a significant role in the change of purine base derivatives into uric
acid. An excessive amount of uric acid leads to the formation of monosodium urate crystals in and
around the joints of the human body, resulting in joint inflammation. The objective of this study
was to investigate the potential of extracts from the five different chili peppers to inhibit the activity
of xanthine oxidase enzyme. Five chili peppers (Prik Khee Noo Suan, Prik Khee Noo, Prik Som,
Prik Chee Fah and Prik Wan) were extracted with absolute ethanol and acetonitrile. The extracts
were evaluated for their potential to inhibit xanthine oxidase activity comparing them with standard
capsaicin and allopurinol. The results of the experiment showed that the extract yield from five
chili peppers ranged from 5.49-17.75 and 1.55-7.62 %w/w when using absolute ethanol and
acetonitrile as the solvent, respectively. The results of the study on the inhibitory effect of chili
extract on xanthine oxidase activity revealed that the acetonitrile extract was more effective in
inhibiting the enzyme compared to the ethanolic extract. The extract from five chili peppers
displayed xanthine oxidase inhibitory activity, with I1Cs, values ranging from 5.36-34.86 and
28.76-87.63 pg/ml. when using acetonitrile and ethanol as the solvent, respectively. Additionally,
the acetonitrile extract of Prik Khee Noo and Prik Khee Noo Suan did not significantly inhibit of
xanthine oxidase activity compared to the standard capsaicin (4.02+0.14 pg/ml) and allopurinol
(3.13+0.11 pg/ml). This study provides new insights into the potential use of chili pepper extracts,
especially Prik Khee Noo and Prik Khee Noo Suan as a source of xanthine oxidase inhibitors.
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wiasndsrumdnlumadssldlduuuislfsdeswuhlinanan
liganinnguitlévanedlsdiueisaudulungsy annmane 9
mATesansliiiuilatednaunsaldmawnudilnaluges
osdaidnluseiugald wisisnunslivarsdnlsdiuediile
Huomsliliidedulsadounuuidatusedoglionunn daans
sueyyadastluvansdnlsdiueiuiaziinalunisanainaadon
vodldlafdsdulsaFounvudalddnmanis

fefunisnanosndsiFaiinguszasdiftefnyinaveanis
Tanednlsdwesiduemslily deuinamananly aanmly
wazend nludesesldlifidedulsadounuudn

¢ ad a o

aUnsaluazIvn1sIe

URUNITNAADIUAL TN IVIAADI
n1snaaedasIagnelin1smiuguaveIRNEnIINNIS

T iiteamAsomaineimans ininerdemaluladsvasna
4295008 1avfl IAU-RUS63-005 1M9UNLAITNARBILUUFA
awﬁzﬁ (completely randomized design, CRD) \Wenaaauna
vaenslivaretilsdivesiduemis deusuunananly
Al wazAd Taludeavedlily Tneldldlauslatuusio
$1uan 90 dadediony 41 dUasiduduly dedulsadouuuy
UauunTafunse A vu1n 40 x 40 x 39 L wufluns n3ay 1M
Ie¥unasaineiuas 16 92l (161 : 8D) WAL TULUULANTTY
az 2 afs Turaadnan 7.30 w. uagluthadunan 16,30 u.
amnsiszaulusiuiosas 17 wazlindsnuldusslomila 2,800
Alauaeisioflaniu muduuziives NRC (1994) szognaly
nsnaassianue 74 Ty ludanfen wwisy - Aguisu
WA 2563 Qmmﬁuazmm%uﬁmﬁwém?{a 38.20 DIALIALTYA
Lazouay 62.50 muddU MInnassLULdutsUSudLtoli
dnifumeivenmanaaes 14 Ju waessezarlunisiudeya
60 Tulavdudninaassoondu 3 ngu nduaz 5 91 4hay 6
waelldsuonmsmnaesdsil nauil 1 nguaueldsuemagns
Fnlnauaidundndesar 40 lugnsens (O naud 2 lé5uemns
gasUaednuuduvdniesas 40 lugasevs (BR) nguil 3
I§Fuomsgrsvaednlsdiuedifundniesay 40 lugnsemis
(RBR)
msiiutoya Insrzideys uasanuilunIsnneed

eulszneugnsomnslunsaznquveassduiiuiedng
Frlnaun Yareden wasUanetn lsdwedvinee 5 91 e
TATerimalsuseneuiluedin dawdasain Folin-Ciocalteu
method »1135n15789 Singleton et al. (1999) duifiudgi
osneaadluuazngy nauay 5 SuleAnwimasdusznoy
maadildun Tnquata w Wiy lusfu Bely lulnsaunSiend
wnsn wAaldeu wazWeanesa mu3sn13ves AOAC (2000)
Sufinaussnnmnisuds s dindndudeduduuazimin
Lﬁaguqﬂﬂﬂimmaaa USainaomsfiduluuday u (daily feed
intake) Usuaunananly (hen-day-egg production) vnidnle
(egg weight) 17814 (egg mass) §M31N151UE 8UDIMT (feed
conversion ratio) funuAtIMIsABNISHARLY 1 Alansu (feed
cost/kg of egg) wazdnIN13Ae (mortality) Tuiinannnly
o Andluwns (yolk color) Araruadlyan (albumin height)
wazAgangiln (Haught unit) CECIGELY Egg multi tester EMT-
7300 AUIMUIA A 91 LU kA (yolk index) Taeld@aunis
Yl = YHAYD (Ardwiiliund = anugevesliuns/idurnaudnans
13uns) uazinmumunveadenluse micrometer lufud 15
30 45 uagduil 60 vesn1NAaes AT Taluidenvasliynngy
naaognialuiuiifuganisvnaes lasnisisdonnidudon
Uinadnlnednuwnduiina 1.50 faddesitonnadusiniden
917 (white blood cell count, WBC count) wag@nunsiakay
YSunaudaidena1iuinfng 9 Au3sn15vee Gross & Siegel
(1986)

A3 ANUUTUTIU (ANOVA) 18393 adussnnIn
nanan aunmle wagadtaludoanuusunisvaaouvds
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auysal wazuiilsunnuunniisvesriadededs Duncan’s
new multiple range test 7 szsuai1dasiufosaz 95 e
TUsunsum9adid SAS V.9.0 anuiilunisvaaes whsuvaasuaz
WosUJuanisdasieviennisdnd avnividaadnans
AnzWAlULAg NN YATLAZAAIYNTTUINYAT UMTINYTRY
walulad s1vusnagIssaugil

NALAZATAINANITINY
NanTiATIEiauAInlavugvesingAvilelunis
naaoanuIWatet1lsdiued T¥ouazvestnguia Tusiu
11 lulasiaunsiendunsn luunnaedudatsd1ivniuay
F1lnaun (p > 0.05) uandliiiuinfngAvisameiadai
winzauf gl duunaindnunawnuiulsluemsdnidn
vananid varednlsdived dadid elosinindalwaunis
5.87 Wi (Gewaz 0.94 \fleuiu 5.25) (p < 0.05) Fauravdawals
finsgeuldiludnidn WeRarsandsdevarvosuaaidouuas
Woaneda nuinluvanedilsdiedwasdaredavndailag
lagdnindnlnauaey 5.00 Wiwaz 2.66 iMiamEIRy
(RAsdevaz 0.35 \isuiu 0.07 wazdesas 0.24 iieuiu 0.09
AWAPIU) (p < 0.05) BESlIAAILAINTIB9UVBS Schirmann et
al. (2018) fivhnsasansziesusznoumanivesUaiednn
linuwpafeusaseanedaluvarednd adululufianig

Weatun1sIdeasalinstanululsunadunlneniessuay

Table 1 Nutritive values of feed ingredient used in the experiment’ (+SD)

[

0.07 wag 0.09 MY ﬁ’qﬁLﬁaqmﬂﬁmﬁwammﬁuﬁwasﬂqﬂﬁ
wansinaiulsdsadonunnuarauAmalagugvest 1l
Uing & Jichao, 2012) Iilefiansanisansiueyyadasyioglusy
vosansUsznauflusdnnuinlulasdnlsdiuediiansusznou
fuedngandtnlnauauazUatedniviey 1.21 wiuag 5.38
Wih mudndu (69.28 Wiguriu 57.08 Lay 12.86 Nadnsuauya
Y03nIALNadAsa 100 NN A1NE1AU) (p < 0.05) Meians1ee
Y93 Settapramote et al. (2018) wuitasusznauil uednludi?
lsdiedludsanalve ileunndstusenluniuiuilunis
winzUgnlaeiAiegsening 179.16 fis 327.61 dadnfuauyaves
nsn unadasie 100 n¥u usanmsmasesadsiifulaed1ided
AU 82917 (pericarp) Woun3indrnudafudonuuiuna
a1suszneuiluedniiies 69.28 dafinfuauyavesnsaunadase
100 n¥u Gensazauvesansuseney Huednluwdadnlsdiued
azagludiuvesindnmialusitni (bran) (Walter et al., 2013)
wazALazidoalunstadiniiieiuinasinadenisnsany
USinmansUsznauiluednld (Table 1) o1mnsnaaoisaungy
gnanalidszaulusaudesas 17 uasnwdeau 2,800 Ala
uAaeIsienlaniunumudosnsvestiliszesving (NRC, 1994)
waznaanAsitaszsinuindseauTusauilndidssiugand
syduiidnaliadesesay 0.14 uaznguillivaeinudundni
\Dunanwassldvnanisinensiiduyuaieimsdenlandudinis
nauilddnTnadundney 0.78 vinsioilaniu (11.69 vnifiey
U 10.91 ) (Table 2)

Composition (%) C BR RBR P-values
DM 88.56 (+0.76) 88.67 (+0.34) 88.54 (+0.12) ns
cp 7.88 (+0.41) 7.80 (0.45) 7.68 (+0.72) ns
EE 3.78 (+0.72)° 1.30 (+0.67)° 1.50 (+0.96)° *

CF 5.25 (+0.55)° 0.52 (+0.98)° 0.94 (+0.54)° *
Ash 1.68 (+0.84) 0.83 (+0.65) 1.06 (+0.21) ns
NFE 78.54 (+0.95) 79.00 (+0.23) 78.00 (+0.37) ns
Ca 0.35 (+0.34)° 0.06 (+0.47)° 0.08 (+0.11)° *
p 0.24 (+0.21)° 0.08 (+0.65)° 0.10 (+0.10)° *
TPC? (mg GAE/100g) 57.08 (+1.16)° 12.86 (+1.10) 69.28 (+1.12)° *

1 . .
Proximate analysis,

2Total phenolic content, C = ground corn, BR = broken rice, RBR = Riceberry broken rice

bValues within a row with different superscripts means significant values.
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Table 2 Composition of experimental diet*

Item C BR RBR
Ingredients (kg)
Ground corn 40 - -
Rice bran 21.85 21.85 21.85
Broken rice - 40.00 -
Riceberry broken rice - - 40.00
Soybean meal (44%) 16.00 16.00 16.00
Fish meal (55%) 7.00 7.00 7.00
Leucaena leaf meal 250 2.50 250
Oyster shell 8.00 8.00 8.00
Fat 3.00 3.00 3.00
Dicalcium phosphate 0.70 0.70 0.70
D - L Methionine 0.20 0.20 0.20
Salt 0.50 0.50 0.50
Vitamin premix 0.25 0.25 0.25
Total (kg) 100.00 100.00 100.00
Price (baht/kg)® 11.69 1091 1091
Nutrient composition (%)
cp? 17.21 17.13 17.09
ME (kcal/kg)* 2,800 2,800 2,800
Ca/P* 3.05 3.03 3.01

Ic= ground corn, BR = broken rice, RBR = Riceberry broken rice.

“Ground corn = 9.45 baht/kg, rice bran = 7.50 baht/kg, broken rice = 7.50 baht/kg, riceberry broken rice = 7.50baht/kg, soybean meal = 14.10 baht/kg, fish meal
= 29.20 baht/kg, leucaena leaf meal = 8.00 baht/kg, oyster shell = 3 baht/kg, fat = 25 baht/kg, dicalcium phosphate = 18 baht/kg, D - L methionine = 140

baht/kg, salt = 5 baht/kg, vitamin premix = 140 baht/kg.
*Values obtained from the proximate analysis.

“Values obtained from the calculations.

wavesn sl Uaned nlsdived lugasemaiisuiunsld
FrilnavauazUmed nuseaussnn s evedla A sdu
TsaFeunvudanuih dwdndadiodimanes dwindadioduaans
vnaes Usinaewnsiiulde ety wWesiduinanasly dwiinly
1nald uazASMsUAsues liuansnatu (p > 0.05) denpdas
AUBRT Pereia et al. (2016) 71 [dnnae mauyA TTHAUAG I8
Uanednlugmsennsunnsemdulyosay 100 (9.9 Alansulag
dwifn) wudtlsidmensenuerndmnnsauldetu Samslild
dwiinla wazArasmawAsuewns venandnguiliuamedilsd
wesddidunuArewnsiensd@aly 1 Alansusiminguilidning
uaegilanTuag 2.90 UM (p < 0.05) (27.50 Wiguriu 30.40 VW) Uay
WeoRasandsmaunmla ldunddadltung Armmgeslyyn
AAURenly uazAnsenytin ﬁuaaﬁgﬂamnf:jwmaaqwuﬂﬂzi il
AnsuansneiY (p > 0.05) Tudwwesendliuamnguitlduaedilsd
wesuazumetnumbialvusdsiusnssiuusinningadildd e
Un (4.85 Wiguiv 4.82 uag 6.37 wiemua1nu) (p < 0.05) (Table 3)
Fsserrdosriunansisves Jadhao et al. (2000) imeumudnalnaun
meumednsesas 50 lugnsensemsinliiuglanlouaudisnuay
wughviaasesunuitlsifinanssnuse dminld sunsseds A
vumouUdenly Adivillvan uagardeilvung uinguitlivaetm
wfladlruaesninguilidrlneis 4.26 wi (140 Weuty 6.40
i) Wesnmanetridiuingiuuedmd smulifiansd

Fauuphlild i unenani3esd aluua swesanslidlyunsan
S35 deraannisiTeedsiinguiilivaednumiadliuaes
inauitlidilnneg 132 wi (482 Wisudy 637 min sudy)
faiilosanlunsideinnnguvnaeddlunseduuiiiuumd wos
witualsiiud aduuesansdnuisssumnasesas 2,50 lugesemnsds
PanUsuUgaAn Al undlig ot uld Tuvanednlsdiued ulfaedius
ualsiuegwiensaivwunnidundndeansuouileefiudaduseadiog
ArTlarmeldRluswhasanediidausu 1 usr weanesed (Karadee
et al, 2003) Fbiavanlulundifdnuszneuvedluiueggs il
nquitldsuimlsdeddansuundlvunsininguitld Sudrilne
@onAd 83 UTBI1LYDY Chalermsan (2021) 7 naaesldUated 1
Tsdwedduwdmdsmmdnsnivlusuioray 6 lugsemmades
IruuuAsdai suaeslulsadomuudanuilusessniuduumd wos
wiuAlsiiuazueulysTdiuieniu lunsefud wililugiandly
1A% (6.12 ynia) dewteuiunguitldanedrilsduedusilaiisfaily
uggy (191 i) Fanguvesesiildaednlsdesidumdnluns
ynaesns st A dluun 4.85 mitesiiminsenuyes Chalemsan
(2021) il flssmnsduresnsdssamiideiulugase st
dwmaldandldunsiinetuld nfunmsfinsanetuan ity
syulauenINdesiamanInaussanmnskasedlnliude1ases
Manufimelasodveslyuns fuasomsidend svew{u3lann
Usgneumsiasandsdsedimsinudndely
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Table 3 Effect of Riceberry broken rice as feed for the laying hen on egg production and quality®

Parameters C BR RBR SEM Sig.
Performance
Initial body weight (g) 2,128 2,125 2,130 23.28 NS
Final body weight (g) 2,288 2,280 2,286 31.22 NS
Daily feed intake (g/bird/d) 125.22 120.62 121.31 4.25 NS
Hen-day-egg production (%) 79.22 78.85 79.25 1.30 NS
Egg weight (g) 61.00 60.25 60.85 1.64 NS
Egg mass (¢/bird/d) 48.30 47.52 48.22 1.56 NS
Feed conversion ratio 2.60 254 252 0.08 NS
Feed cost (baht/kg egg) 30.40° 27.75° 27.50° 0.06 *
Mortality (%) 0.00 0.00 0.00 - -
Egg quality
Yolk color 6.37° 4.82° 4.85° 0.06 *
Yolk index 0.42 0.40 0.41 0.64 NS
Albumin high (mm) 6.48 6.50 6.55 0.48 NS
Shell thickness (mm) 0.36 0.35 0.36 0.10 NS
Haught unit 77.80 76.98 78.10 0.15 NS

“®Values within a row with no common superscripts differ significantly (p < 0.05).

Ic= ground corn, BR = broken rice, RBR = Riceberry broken rice.

o

wavaanslivansdnlsdivediduemsinlidendin
Tuden wudnisanunaunasesidiuiaidonsiomun
Windenvvdalululeyt viaulefla wazvindledlufiald
waneaifu (p > 0.05) eRansandedndmveadadonsnivin
wovimelsilanazaslnlev (H/L) Faududriivavenanuaioalu
1Alé (Gross & Siegel, 1986) InglafiilnnzaaaTongazil
seUAn H/L 1 8gedu (McFarlane & Curtis, 1989) 194910
dielniaFuasdaunuanlndiuuen (adrenal cortex) azUaas
gasluunglanasineen (glucocorticoid) 1ignssuaidendna
Tagduvendinidonvnvindulnlevianauasifiuseduvonda
wenuvtatannelsila (Yolao & Yammuen-art, 2016) waz
ALATEAdINAR NS AR U AdasELazUATen lipid
oxidation 78 asfueadlusrsnienelfiinanmdemeduly
seaugad a1suszneuluedniuansdtueyyadaszaiu

535UMRAINITANANULATEAIINURATE10enTatuluse iy

wad wazannisudssesluunglanedAnosd (glucocorticoid)
16 (Mahfuz et al,, 2021) Tnglunguilléfutaednlsdiueisian
dindenunviedulnleviguaziinndadensnviaenmelsila
mninguiildduinlnauauagyansdnum (p < 0.05) wagilen
dadruvaainidony1y H/L indinguilld$utalnavauas
Yaned1117 (0.49 WeuAUu 0.75 uaz 0.89) (p < 0.05) MUEINU
(Table 4) ABAARBAAUTIBIMUVDY Lokaewmanee et al. (2018)
fiszyiluannzdnidndiudadonsn HL ludnilnasiidneg
59119 0.30 - 0.57 Famadidlmifiuinlilinguiildsutansdnlsd
weddanuadsasninguildfudninaun uasUaedun
faiidesanluarednlsduesitawiueyyadassiteglugy
YasansUsznauTiuednginitdnlnauauazuaied1iuiey 1.21
Wi wag 5.38 Winmuadnu (69.28 wigufiu 57.08 way 12.86

fadnuanyaveansaunadase 100 N3 ANA1GIU)

Table 4 Effect of the Riceberry broken rice as feed for the laying hen on blood parameters

Blood parameters C BR RBR SEM Sig.
WBC ( x 10°cells/mm?)! 0.23 0.21 0.21 0.86 NS
Heterophil (%) 3242° 37.86° 25.32°¢ 0.55 *
Lymphocyte (%) 43.28"° 42.12° 52.78° 0.04 *
Monocyte (%) 6.10 6.58 6.30 1.01 NS
Basophil (%) 3.22 3.36 2.68 0.84 NS
Eosinophil (%) 4.00 4.16 4.12 0.42 NS
H/L ratio 0.75° 0.89° 0.49° 0.02 *

'White blood cells.

*®Values within a row with no common superscripts differ significantly (p < 0.05).

C = ground corn, BR = broken rice, RBR = Riceberry broken rice.

A3UNaN1539Y
Umedmlsdiesanunsaldunut ninauauasUaed iy
gosensinilalnelinsgnuivanssowmandnuavaannly loun

Binaemnsinuls Binamasdsly dhwninle wnald dasnswdeu

9113 AT TR AwE sl v AnuvwesUienty wazAn
genyfin wenanilrannsoanduyuaewnsden1smdalyld 2.90

| a 9 = Mo & A I v
vmweilansu wazanaraiessevednlufidedulsaiouwuudald

winsiuaedlsdwes bidwarensiiydvesliung
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The use of Riceberry broken rice as feed on egg production, egg quality
and blood parameters of laying hen raised in open houses
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ABSTRACT
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Riceberry broken rice is an agricultural by-product that is a rich source of antioxidants. The aim of
this study was to determine the effect of Riceberry broken rice as feed for laying hens on egg
production, egg quality, and blood parameters in hens raised in an opened-house. Completely
randomized design was used in this study. Ninety Lohman Brown hens (41 weeks old) were divided
into 3 experimental groups. First group was defined as 40% of ground corn (C), while second group
was 40% of white rice broken (BR). Third group was 40% of Riceberry broken rice (RBR). The
result showed that the final body weight, daily feed intake, hen-day-egg production, egg weight,
egg mass, feed conversion ratio, yolk index, albumin height, shell thickness and Haught unit of all
treatments had not significant difference (p > 0.05). The RBR group showed lower yolk color than
C group (p < 0.05), but had not significant difference from BR group. However, the RBR group
had lower ratio of heterophilic white blood cells (H) to lymphocyte (L) than the other groups (p <
0.05). The RBR group had the lowest feed cost by 2.90 baht per kilogram of egg (p < 0.05).
Conclusion, Riceberry broken rice can be used in laying hen diets as a substitute of ground corn
and white rice broken rice without negatively affected the egg performance, egg quality and also
reduced stress of on laying hens raised in opened-house. However, the riceberry broken rice could
not increase the color of yolk.
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Figure 2 Sound absorbing pad from sunflower seed shell powder form.
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Figure 3 A set-up of sound-absorbing pad test; (1) 6-inch tube with closes,
(2) Absorbing pad, (3) Sound source and (4) Sound meter.
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ABSTRACT

The study aims to develop and assess sound-absorbing panels derived from agricultural
waste. Agricultural residue, specifically sunflower seed shells, underwent processing to
produce two distinct varieties of sound-absorbing panels: 1) sunflower seed shell panels
and 2) sunflower seed shell powder panels. The sound absorption capabilities were
evaluated using a set of calibrated sound sources as the testing apparatus. The sound
sources were adjustable across frequencies ranging from 100 to 2,000 hertz. For testing,
a Mastech MS6708 model, which adheres to the IEC651 standard for sound intensity
measurement, served as the sound receptor. The experimental procedure involved
interposing a sound-absorbing panel between two pipes. The test outcomes provided
measurements of sound levels at various frequencies (in decibels, dB) and the sound
absorption potential (o). The outcomes revealed that within the testing environment,
the average sound level, without the incorporation of sound-absorbing panels, registered
at 94.4+8.7 decibels (dB). Conversely, when sound-absorbing panels were introduced,
the average sound levels diminished to 76.7+9.9 dB and 65.4+10.4 dB for panels
composed of sunflower seed shells and sunflower seed shell powder, respectively.
Notably, these panels demonstrated substantial sound attenuation capabilities, leading
to diminished noise levels, with sound absorption coefficients (o) ranging from 0.69 to
0.81. In summary, this research presents an innovative method of optimizing the usage
of agricultural waste by transforming it into effective sound-absorbing panels, thereby
offering a sustainable solution for noise reduction.
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Table 1 Soil properties and fertilizer requirements tailored by specific soil analysis in Kalasin Province during 2021-2023

Soil property

Fertilizer grade of

Farmer

Season pH om” Avail. P Exch.K” Texture N-P,05-K,0

ne: (soil.water 1:1) (%) (mg/kg) (mg/ke) (kg/rai)

1 5.62 0.34 9 36 sandy 16-4-8

End of rainy 2 5.49 0.31 10 20 sandy 16-8-16
(2021-2022) 3 6.00 0.36 31 24 Loamy sand 16-2-16
4 5.46 0.23 11 57 Loamy sand 16-4-8

5 5.44 0.23 9 15 Loamy sand 16-4-16

6 5.90 0.18 12 80 Loamy sand 16-4-8

Early of rainy 7 5.99 0.37 18 95 Sandy loam 16-4-4
(2022-2023) 8 5.86 0.29 I 85 Loamy sand 16-2-8
9 5.42 0.44 30 26 Sandy loam 16-4-16

10 5.58 0.28 14 49 Loamy sand 16-4-8

YOM = Organic matter, # Avail. P = Available phosphorus, ¥ Exch. K = Exchangeable potassium.

Table 2 Fertilizer application rate of the test method and the farmers’ conventional method in farmer fields of Kalasin Province during 2021-2023

Rate of N-P,Os-K,O (kg/rai) Organic fertilizers (kg/rai) Plating
Farmer
Season no. Test Farmer Test Farmer Test Farmer

1 8-2-4 7.5-715-75 500 0 PGPR 3" plant hormones

End of rainy (2021- 2 8-4-8 8-8-4 500 0 PGPR 3" plant hormones

2022) 3 8-1-8 75-25-175 500 0 PGPR 3" plant hormones
a 8-2-4 757575 500 0 PGPR 3" chemical fertilizer”
5 8-2-8 757575 500 0 PGPR 3" chemical fertilizer”

6 8-2-4 15.5-15.5-11.5 500 450 PGPR 3" plant hormones

Early of rainy 7 8-2-2 8-8-4 500 200 PGPR 3" plant hormones
(2022-2023) 8 8-1-4 8-4-4 500 0 PGPR 3" chemical fertilizer”

9 8-2-8 8-4-4 500 500 PGPR 3" plant hormones

10 8-2-4 8-4-4 500 0 PGPR 3" plant hormones

YPGPR 3 bio-fertilizer, #chemical fertilizer grade 25-5-5.

nsiasaulnveuiua Uy A
ANUgveiudUsnaananinIsuIsuANAeiun 1At
agulitlydAnyBeny9e1e (Table 3 & Figure 1) nanafe Tuyas

fiudUgndaeny 3 6 uar 10 o Fsneaeuiininugadie 87
135 wag 226 WUAWAT 11NNIINTTLTBINEAINITNTAINALRE
75 107 Uay 172 lgufiluns Amuaeu
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Figure 1 Growth of cassava at 6 months after planting of the test method compare with the farmers’ conventional method in Kalasin Province during end

of rainy season, 2021-2022

Table 3 Plant height of cassava of the test method and the farmers’ conventional method in Kalasin Province during end of rainy season, 2021-2022 and early

rainy season, 2022-2023

Plant height (cm)

Season Farmer
3 months 6 months 10 months
no.
Test Farmer Test Farmer Test Farmer
1 as a0 114 94 297 222
End of rainy 2 59 53 116 75 257 208
(2021-2022)
3 61 as 117 67 229 240
4 74 69 107 105 292 168
5 59 56 119 107 258 154
6 78 55 164 158 224 172
Early of rainy 7 102 84 144 110 152 112
(2022-2023)
8 142 130 182 132 182 146
9 133 116 162 119 221 173
10 109 101 125 107 145 128
Average 87 75 135 107 226 172
P-value 0.0004 0.0010 0.0021

t-test

X%

% *%

** Significant different at P<0.01.
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(Gluconacetobacter diazotrophicus) Fsanunsanislulnsiau
agangveawa uaztiuuszansamnisgeldisineimis vl
anunsaannisldyeadlududivendsliagalossaeay
25 (Department of Agriculture, 2016) ﬁ]zLﬁulﬁ’j’lmﬂdﬂEJLLUU
waunauludnuurdanarndunisdaaiudfuuagfuvilidy
dgvdsanunsagedn wanidsy wagisnemnsildldedig
WaUsEansnn danarenisias i ulauasnananve iy

season, 2021-2022 (A) and early rainy season, 2022-2023 (B).
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Table 4 Yield and yield components of cassava of the test method compare with the farmers’ conventional method in Kalasin Province during end of rainy

season, 2021-2022 and early rainy season, 2022-2023

Roots Starch Yield (Yield gap)
Season Farmer (root/plant) (%) (kg/rai) (kg/rai)

no. Test Farmer Test Farmer Test Farmer
1 11.50 8.05 25.0 259 6,476 3,268 3,208
End of rainy (2021- 2 7.80 6.30 24.4 237 5,492 4,760 732
2022) 3 6.25 4.30 25.6 259 5116 4,220 892
4 7.85 7.80 26.7 25.6 6,416 3,992 2,424
5 4.75 5.10 277 255 4,776 3,272 1,504
6 11.15 11.75 29.0 28.3 5,672 5,336 336
Early of rainy (2022- 7 8.10 4.50 27.0 29.5 4,512 2,572 1,940
2023) 8 8.80 10.10 29.2 29.9 5,472 3,072 2,400
9 11.35 12.05 27.0 27.4 3,800 3,608 192
10 13.20 10.80 28.3 22.6 4,064 2,304 1,760
Average 9.08 8.08 27.0 26.4 5,180 3,640 1,539

P-value 0.1138 0.8603 0.0008
t-test ns ns **

ns = Non significant, ** significant different P<0.01.

HANBULNUNIATYEN T

HARDULNUNIILATYFND WU ITNndounasis
nuasnsianuuandatunai fegrefivoddyd s Tnedy
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whe 6,675 vnsiels s1eldlede 12,239 umsiels s1aldans
wae 5,563 UmAsls wazA BCR Wiy 1.84 awiiulaindaud
WBnageuazddununisudnfiganinisinensns uweldeuiun
AutuAmadvresstgld s1eldgns wazan BCR nudn
ada a I ad ¥ o w
TneaeuiianuinniIsinunsnsiosay 42 80 uay 28 AU
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Table 5 Effects of fertilizer management on economic benefits in cassava production of the test method compare with the farmers’ conventional method in

Kalasin Province during end of rainy season, 2021-2022 and early rainy season, 2022-2023

Yield Income’ Total cost? Net income (baht/rai) BCR
Farmer (kg/rai) (baht/rai) (baht/rai) (income/cost)
No. Test Farmer Test Farmer Test Farmer Test Farmer Test Farmer
1 6,476 3,268 19,428 9,804 7,696 5,747 11,732 4,057 252 1.71
2 5,492 4,760 16,476 14,280 7,240 7,018 9,236 7,262 2.28 2.03
3 5,116 4,220 15,348 12,660 7,126 6,621 8,222 6,039 2.15 1.91
a 6,416 3,992 19,248 11,976 7,663 6,246 11,585 5,730 251 1.92
5 4,776 3,272 14,328 9,816 6,999 5,750 7,329 4,066 2.05 1.71
6 5,672 5,336 21,440 20,170 8,500 10,569 12,940 9,601 252 1.91
7 4,512 2,572 17,055 9,722 7,242 6,973 9,813 2,749 2.36 1.39
8 5,472 3,072 20,684 11,612 7,815 6,493 12,869 5,119 2.65 1.79
9 3,800 3,608 14,364 13,638 7,415 7,194 6,949 6,444 1.94 1.90
10 4,064 2,304 15,361 8,709 6,035 4,142 9,326 4,567 255 2.10
Average 5,180 3,640 17,373 12,239 7,373 6,675 10,000 5,563 235 1.84
p-value 0.0008 0.0008 0.0921 0.0004 0.0005
ttest *x %% ns ™ *x

ns = Non Significant **: significant different P< 0.01

"Income is calculated from the yield multiplied with the price of cassava per kilogram 3.00 baht (no. 1-5 price at August, 2022) and 3.78 baht. (no. 6-10 price at

March, 2023).

?Price of chemical fertilizer; formula 46-0-0 = 30 baht/kg, formula 18-46-0 = 40 baht/kg, formula 0-0-60 = 36 baht/kg, chicken manure = 2 baht/kg and PGPR-3
= 60 baht/bag (2 bag/rai). Total cost is calculated from plot preparation cost 750 baht/rai, cassava cutting cost 500 baht/rai, cassava cutting preparation cost

150 baht/rai, labor cost for planting 200 baht/rai, labor cost organic fertilizer application 100 baht/rai, labor cost for chemical fertilizer application 100 baht/rai,

cost of weeding 2 times 600 baht/rai, and the cost of harvesting and transportation 600 baht/ton.
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ABSTRACT
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The purpose of this study was to evaluate the effects of integrated fertilizer management on
increasing cassava productivity and reducing production costs. This experiment was participatory
action research in cassava plots of 10 farmers in Muang and Sahatsakhan districts, Kalasin
Province, Thailand during 2021-2023. There were 2 treatments: 1) the test method was an
application of PGPR-3 bio-fertilizer, 500 kg/rai of organic fertilizers (chicken manure and husk)
combined with 50 % chemical fertilizer according to soil analysis; and 2) the farmers’ conventional
method. The results showed that the cassava growth, fresh cassava tuber yield, and benefit-cost
ratio (BCR) in the test method were significantly higher than in the farmers’ conventional method
(p <0.01). The test method could increase productivity by 42 %, reduce production costs by 27 %,
increase net income by 80 %, and improve the BCR by 27 % compared with the farmers’
conventional method. Therefore, the integrated fertilizer management technology is another
method to increase yields, reduce costs, and increase income for cassava farmers in Kalasin
Province.

“Corresponding author

E-mail address: nimit2524@hotmail.com (N. Wongsuwan)
Online print: 24 October 2023 Copyright © 2023. This is an open access article, production, and hosting by Faculty of Agricultural Technology,
Rajabhat Maha Sarakham University. https://doi.org/10.14456/paj.2023.26



273871960 IWTEIFA (PRAWARUN AGRICULTURAL JOURNAL 2023) 20(2): 50 - 57

4 ' v

s A &
7, &

4 &

4,
L L4
£z »
N »
AcricuLTo®

UNANNIY

PRAWARUN

AGRICULTURAL JOURNAL

https://1i01.tci-thaijo.org/index.php/pajrmu/index

¥ [ 1 a a a 04 o/
Nﬁ‘llE]\‘iﬂ']'ﬂ“leWi‘IJLLﬂﬂGL‘IJ'JHQUQﬂGIE]ﬂ"l'ilﬁl'iiyLﬂUIﬁLLﬁ%NaNaﬁ?laﬂNﬂﬁaﬂ
Seysnul wsumauwne!” U3yan wdstu? uaz 1ensung an13na’
Tgdnerununsdamianwaug ennewleanwaug 39winn1maug 4600
Zmvtvunaluladnisuanily pazimeluladnisinwms umIngidenIwaug 39ianiwaus 46000

daygaunainu

Article history

Fu: 10 NINYIAU 2566

uily: 7 Aoneu 2566
PIUFUNISANUN: 21 Aue1y 2566
Aniurieeulal: 25 nainu 2566

unAnga

Ay
Wrndunse
Ygdun3d
AaanAuly
AU
wndune
Knaan

winadudisuienadniiaansalfidudefivanld bemndlulaswuduesdusnougeiidasiuns
wiydulnvesity eldAnumsldumuaaiaduue sleduvisdluianmaufuugn Wemsnsmslifimunzay
Tunsnauaussdiunisasyiiulauaznandnvasinadniiugnluntvus Tnga1aunun1smaaa LUy 2x6
Factorial in CRD Tu 2 Uade ldun 1) vliadnadn Aa arewugniuneauastinmasian 2) dnsnisldunuung
wivludaquanfuugn 39uau 5 nssuds Wisuiisuiudeasn 1 N335 3Nn1snaaes wudn n1siyiule
fruarugeduvesinadaniuneauinnindnadatamefian Tuvariisiualuludnadadanesisnunnndiadn
adanIuned unludunandndnadasaesaewus bifauuandneiu daunsinusannistdumunud ol
wanzaudanswaiulavesingda wuin mathwuaatarlfiduTsmuauaulgnluinadara 2 sewus fins
Wiydulauaslinandariign Ae nsldumuacia 5 % sewmanfswnunwuia 4 % uvaeiimsldumunaia
1 % fmassyAvlauazanandniign Jweandasiunanmsdinsisismenns mnmadinssismensisndude
massduln wu Sdnausmemnsinduienasydiviadesiige dafsutunsmissy 4 dafu Saadui

wnzsalumsugningdn Ao wiuuawisludnsdau 5 % vsauruuaawie 5 Alansusadzguan 100 Alandu

unin

wiuLAs (Azolla spp.) Lﬂuﬁ\I%uﬁwumﬁﬂwuagjﬁ"a"LU
Uinanifs fnsliussleniduielefivan Jedanmuazems
&od esnnluluresunuuasiamsedidoannuu iy
(Cyanobacteria) 91#8ag Faanunsansdlulasiauaineiniels
biunuuaaasgivlalisuazilulasnudussdvsznouga
(Kaewsuralikhit et al, 2018) @nsaganafilaieuazUanUass
lulnsiauuagsIne1msivdu q eonunldisa (Sriplang et al.,
2011) MnAaandifnanfdinsihuuuasldluuvasig
Tulasulifuisdnlaenmeisinluiidanudesnislulasiau
gudesainsinlulnsauduasunisiydulnvessenseu
Tu wagfaiu Inglutsewmalneduuuasdinusnnlusssuw i
Ao anetiug A. pinata wagnsudginisineaslivinisimunane
ﬂ’uﬁjﬁuaumuumﬂfuuﬂmi Fo11 A microphylla #fi8ws1n13
wigaulaAndtaneiug A pinata 89 10 win dvuialugnin
wazganunsanselulasiauluennialduinndn eaenadosiu
11U T8V Arora & Singh (2003) W N&1371 WHULAS

a

A. microphylla WuilU3unailulasiaugaiign

4

"Corresponding author
E-mail address: littlepigdear46@gmail.com (T. Promdonyang)

Tudagtuguilnadulviruddylunsidensuusemuy
o sfidanuan mwaven uazdasady dnadadueims
Uszunvmil s ld Yuanudonnind uuasfiyadigs denalid
inwnsnsaulavgninadmifistu dnadadeglufivdniuly dedu
smpnsTiduaiunnaiyAuladiddy fo lulnsiou Tufuves
wiuasagiawvEgidmnuannsalunisedslulasoulueinia
fismlulasiauszan 4-5 % vesthmiinuis wasdedsgemis
3u 9 fifedeanisindie wu veareda nuvadoy uweaidey
wazuundifen Avqelvfvudausesiunuselsanazuuas
(Nam & Yoon, 2008) Fwshlsiunuuaaduiandunigdnulianils
funagianlddutaguaslunisugniiein uenanidsdivreusu
Tnssasisvashulviimanluseanniy

Tutligtunsfnuideiiefusnnduiimnzauves
nsldunuunduiandgniiienisugnindeiflaiunsvareundn
Tnonsldyanugnit laiimunzanlunisugnidndawalinig

a a

WIYAULR USH uazAmIN NTBIRaNGnanadld Aatun1sAny

o

JanUgnfimugaudiolildnandafifiguain uazUSunugean

LR
&

Faforduusuiuiiddglunisugnidn waziiofiazdnwn

Online print: 25 October 2023 Copyright © 2023. This is an open access article, production, and hosting by Faculty of Agricultural Technology,

Rajabhat Maha Sarakham University. https://doi.org/10.14456/paj.2023.27



T. Promdonyang et al. / (PRAWARUN AGRICULTURAL JOURNAL 2023) 20(2): 50 - 57 51

§eUszAnS nmvesunuuaeTi 019dmad on1siasLiulaves
dnadn JednsAnvinavesnisldunuuadduianuansenis
wigulnvesadn lngladvinnis@neinaresdnitdiuvoawnu
wneiildiinaslulutagugnifeiduundsmaunusinomis
lun1sfnwin1sasyiulaveinadn Handn warAMAINYRINN
adn dwsuludoyalunisduaiunismizgninadndunse
Turinunsns wazanunsathauiildlusesealudiunisi
gafiled e TanAunausioluls

aUnsalkaITN5ITY
NI591URUNITNADDY

ns@nwiluaded vimnaoslasnisugninadalugs
wzUgnuun 8x11 47 IneauRuNsIAABsLUY Factorial in
CRD $1uau 3 91 91w 5 gamsviaaes Inevhnisne 2 dade
fail

Haduil 1 (A) Wisuifluaeiuduesinada 2 via léun
1) Wugn3umed (Al) wag 2) fugunwesian (A2)

aduil 2 (B) SnnslidedunIsumuunauis $1uau 5
ns5u3% WisuifieuduvEmauiaunu (oeen) dsil

N335 1 Juman 5 % (yamuaw) (B1)

n351337 2 wnuuas 1 % (B2)

n351AB7 3 Wnuuns 2 % (B3)

N353B7 4 uvuuns 3 % (B4)

N353BA 5 uvLLAs 4 % (B5)

N353 6 uvLLAs 5 % (B6)

Funounsinm

1) Maweudedunsganunuuaania lnenisiiuwiy
unaan uRasilsiuss

2) Mawisutaauandulgn ldunaudu wnausd
qouzni1 wagvthiu nauiiludasdin 1 : 13 anduihte
SuvFSunuunauianaunud fvuausiaznssuis Meteies
GG

3) Mazwdanddnadn lnaiziudalufivueauas
sathldusvanas 3-4 Ju fundifnaziGusen wisnduwhns
frendnasluaiamiznguuuin 200 nau uLdodundieny
14 Ju Jumieudrenanasgaugnnaaes lneUgnaiglulsaseu
wuudn
a) quadnw Wiiynid - 1Bu dessuudiven ddn
ﬁmgﬁm&‘ﬁudlul,l,ﬂa\‘iﬂgﬂLLaz‘Wi’Juauia‘U 9 Tausu

5) Msufiuen dnadn annsaiuiesldileduindeny
ATU 45 Ju naadeugn

6) quieg19fuLfaznITuIs Il adeTiaT1gsiany
9AANYINVOIAUNDY - AINITNAABY & WesUJURAnIsUgH
Mans NMAIAmanT Anzinyasians unInedeliodn

FnrsiusIvsaudeya

A1svT U ARan1sNaanInIsLas YA ulavesdnadn
lnsuvsoanidu 2 dnwar Ao doyanisadafivln wazdoya
wanan da3uvinnistuiintoyanisiaigdvinvesinads
001y 1 dUni wdsdeugn Inevihnistudin dail doya
anwaugn1saIgavle laun 1) deyannugeiu (lwudung)
way 2) Foyaduauly Toyadnuaznandn liun 1) dwdn
wanAnantiafy (n3u) 2) dwiindaudu (n31) uag 3) vwdin
dwsn (nF)
NITIATIZITRYA

vannifudoyadnuafidnwuagihdeyadilduinis
Anrgiteyanaiifnelusunsy Statistic 8 (SXW Tallahassee,
FL, UAS) waztUS suiiioua 1ad swosdoyalnedsn1s Least
Significant Difference (LSD) fisesupmaiidasiu 95 %

HauazINIalNanIITY
anvaiznsiasaule

1) ANUGIRNUVDIENASA

Argeureanadna 2 aeus (Yade A) 910013
AaszviauLUTUTINYedeYa wul Anadnaneiugniuned
wazaneugUnwmesian liflinuuanseiumeada Tuduaiy
aosidy TudUaid 12 uay 4 dnadais 2 aesiug wilu
FUnid 3 war 5 WUl AnugefufimnuuanEnaiumeaia
Tneinadaanewug n3unea InsaiauAvladuaiugediuaie
1NgaTl 8.98 uag 13.03 WwuRiluas mud iy (Table 1)

anugeduesinadn luanugniifdnsinisldunuung
waneineiy (Jade B) wudn n3sulssnsnisld unuuadlunis
mam’a@gﬂqmﬁﬂ 5 szau TinadnsziauuUsusiuvesteya
fmnuuandaiuneada lunnsseznsasgiulanasninnig
§1eUgn Tnenaenszuzn1sasaiuln nssuisdnsinisldunu
uAe 5 % fn1sasyiduladuaiugadugefian sesasun
Ao N3TUTTaNIINTITUMILLAL 4 % lnelindugedu 16.57 uay
14.92 wuftums (§Uniil 5) auddu waznssuisensinsly
At 1 % dnsadyivladiunnugadutesiign wasi
9.75 wuiluAs (Table 1)

lumusnsnaseninednsnisldunuuasivaneiugves
Anadn (Jade AxB) 31nn153kATIEviALLUTUTINYeITRYR
wun fianuusnsnedueeneidodfynisadfiangduaid 4
way 5 Ingluduanidl 1 wud dnadnnunea Aadmugesy
BY3ENIN 3.60 - 6.97 LuALUAT uavareius Unnesian
fiAadunnugeiuegsening 4.17 - 7.73 lwufiuns Tuddamid
2 wuh finadaniunea drndaugediusgsening 3.30 - 8.97
WwuRAs uazaneusUninesiondtadnnugsiuogsening
3.30 - 9.10 Lwufwns TudUanddl 5 wudn fnadaaneiug
nuneaiignlunsssissnsnisliunuuns 5 % fnsiesaiula



T. Promdonyang et al. / (PRAWARUN AGRICULTURAL JOURNAL 2023) 20(2): 50 - 57

ATUANUEIRIUNINTIGA AB 17.50 LWUALAT FOIANABKNARR

[ & o 6 ad v ¥ % (%
aneugUnmesienlunssudsonsnistdunuuns 5 % Anadn
ANUWUT NS UABAIUNTITNIS 81N ITUUULAY 4 % way

q

a

aenusUnmasianlunssud

El

o

Famsnsldunuung 5 % daugs

52

15.63 15.37 uay 14.47 wufluns a1ua1nu lngnssuisonsd
nstdunuung 1 % luadnaneiugnuneauavaieiugunines
ion finsieiadvlasunnugediuosiian Ae 9.53 uaz 9.97
\UALIAT ANAU (Table 1)

Tablel Analysis of weekly plant height growth rate (cm) between two lettuce cultivars and different application rates of dried azolla organic fertilizer

Early height growth each week

Factors
Week 1 Week 2 Week 3 Week 4 Week 5
Factor A (Varieties of lettuce)
Green Cos (A1) 5.82 6.42 8.98 a 11.45 13.03 a
Butterhead (A2) 5.42 6.09 7.39 b 11.14 12.48 b
F-test ns ns ** ns *
Factor B (Azolla rate in planting material)
Manure 5 % (B1) 4.88 b 6.3 b 7.45 c 10.25 cd 11.92 c
Azolla 1 % (B2) 3.88 d 3.35 d 4.42 e 7.27 e 9.75 d
Azolla 2 % (B3) 4.75 C 5.02 c 6.30 d 9.77 d 11.35 C
Azolla 3 % (B4) 4.98 C 5.63 bc 7.60 c 11.20 c 12.03 C
Azolla 4 % (B5) 6.87 a 8.2 a 10.82 b 13.82 b 14.92 b
Azolla 5 % (B6) 7.35 a 9.03 a 12.53 a 15.48 a 16.57 a
F-test *x *x *x *x *%
Factor AxB (The influence between the use rate of azolla and the varieties of lettuce)
AlxB1 6.27 3.30 7.10 10.27 d 12.60 C
AlxB2 3.60 3.40 3.33 6.23 f 9.53 f
AlxB3 4.50 5.40 5.57 9.83 d 11.00 de
AlxB4 4.83 547 7.03 11.87 C 12.20 cd
AlxB5 6.37 8.07 9.73 14.17 b 15.37 b
AlxB6 6.97 8.97 11.57 16.33 a 17.50 a
A2xB1 5.50 5.40 7.80 10.23 d 11.23 de
A2xB2 4.17 3.30 5.50 8.30 e 9.97 ef
A2xB3 5.00 4.63 7.03 9.70 d 11.70 cd
A2xB4 5.13 5.80 8.17 10.53 cd 11.87 cd
A2xB5 7.37 8.33 11.90 13.47 14.47 b
A2xB6 773 9.10 13.50 14.63 15.63 b
F-test ns ns ns o *

ns,

* *%
)

mean not significant and significant difference at P< 0.05, 0.01 values with the different.

Superscript in each column are significantly different by least significant difference (LSD).
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Table 2 Analysis of growth rate data in terms of number of leaves each week between 2 varieties of lettuce and the rate of application of dried azolla organic

fertilizer was different

Number of leaves each week

Factors

Week 1 Week 2 Week 3 Week 4 Week 5
Factor A (Varieties of lettuce)
Green Cos (A1) 5.12 a 6.39 a 9.30 12.20 13.33 b
Butterhead (A2) 4.29 b 556 b 9.95 12.04 14.12 a
F-test x> x> ns ns **
Factor B (Azolla rate in planting material)
Manure 5 % (B1) 5.15 ab 6.38 bc 7.73 c 9.17 e 12.65 d
Azolla 1 % (B2) 3.45 d 3.78 e 4.83 d 6.5 f 9.55 e
Azolla 2 % (B3) 4.12 cd 5.18 d 7.65 C 10.88 d 12.72 d
Azolla 3 % (B4) 4.83 bc 5.93 c 8.62 c 13.23 c 13.77 c
Azolla 4 % (B5) 5.05 ab 6.78 b 12.75 b 15.32 b 15.97 b
Azolla 5 % (B6) 5.62 a 7.78 a 16.17 a 17.62 a 17.72 a
F-test *x *x *x *x *x
Factor AxB (The influence between the use rate of azolla and the varieties of lettuce)
Al1xB1 4.63 6.33 8.23 d 9.33 fg 12.77 de
AlxB2 3.10 4.43 5.53 ef 8.00 g 9.63 f
AlxB3 3.77 5.60 7.43 d 11.20 e 12.33 e
AlxBd 4.33 6.33 8.23 d 13.47 cd 13.77 d
A1xB5 4a.67 7.33 12.13 [« 14.87 bc 15.17 [«
Al1xB6 5.23 8.33 14.23 b 16.33 b 16.33 bc
A2xB1 5.67 6.43 7.23 de 9.00 fg 12.53 e
A2xB2 3.80 3.13 4.13 f 5.00 h 9.47 f
A2xB3 4.47 477 7.87 d 10.57 ef 13.10 de
A2xBd 5.33 553 9.00 d 13.00 13.77 d
A2xB5 5.43 6.23 13.37 bc 15.77 16.77 b
A2xB6 6.00 7.23 18.1 a 18.90 a 19.10 a
F-test ns ns ** x> **

ns, ** mean not significant and significant difference at P< 0.01 values with the different superscript in each column are significantly different by least significant

difference (LSD).
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Table 3 Productivity growdth rate data analysis between 2 varieties of lettuce and different application rates of dried azolla organic fertilizer

Productivity growth

Factors
Total weight (g/plant)

Stem weight (g) Root weight (g)

Factor A (Varieties of lettuce)

Green cos (A1) 87.34 73.76 12.67
Butterhead (A2) 88.11 76.44 11.54
F-test ns ns ns
Factor B (Azolla rate in planting material)
Manure 5 % (B1) 44.92 d 39.32 d 3.45 d
Azolla 1 % (B2) 23.10 e 20.97 e 222 d
Azolla 2 % (B3) 44.33 d 41.00 d 3.27 d
Azolla 3 % (B4) 69.67 c 60.17 c 8.83
Azolla 4 % (B5) 114.33 b 97.67 b 19.33 b
Azolla 5 % (B6) 230.00 a 191.5 a 35.50 a
F_test ** *% *¥*
Factor AxB (The influence between the use rate of azolla and the varieties of lettuce)
AlxB1 43.83 40.30 3.00 f
AlxB2 22.20 19.93 2.07 f
Al1xB3 41.67 39.00 3.20 f
AlxBd4 68.67 60.67 733 de
AlxB5 121.00 97.33 24.00 b
AlxB6 226.67 185.33 36.33 a
A2xB1 46.00 38.33 3.90 ef
A2xB2 24.00 22.00 237 f
A2xB3 47.00 43.00 3.33 f
A2xB4 70.67 59.67 10.33 d
A2xB5 107.67 98.00 14.67 C
A2xB6 233.33 197.67 34.67 a
F-test ns ns o
ns, ¥, ** mean not significant and significant difference at P< 0.05, 0.01 values with the different.
Superscript in each column are significantly different by least significant difference (LSD).
Table 4 Analyze nutrients that are essential for plant growth (before experiment)
EC oM Total N Aval. P Exch. K
Sample pH
(dS/m) (%) (%) (mg/kg) (mg/kg)
Compost 5 % 7.42 0.45 12.78 0.16 266.98 879.20
Azolla 1 % 7.42 0.38 13.77 0.16 230.45 716.60
Azolla 2 % 7.41 0.48 10.89 0.18 248.04 950.60
Azolla 3 % 7.36 0.59 13.96 0.19 253.45 1012.20
Azolla 4 % 7.29 0.84 14.52 0.22 269.01 1300.40
Azolla 5 % 7.22 1.03 14.60 0.27 274.42 1810.20

pH: potential of hydrogen ion, EC: electrical conductivity, OM: organic matter, N: total nitrogen, Aval. P: available phosphorus, Exch. K: exchange potassium

At Soil Science Laboratory, Department of Plant and Soil Sciences, Faculty of Agriculture, Chiang Mai University (2 September 2022)
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sample oH EC oM Total N Aval. P Exch. K
(ds/m) (%) (%) (mg/kg) (mg/kg)

Compost 5 % 5.95 0.85 294 0.08 79.32 238.92
Azolla 1 % 6.05 0.38 3.35 0.10 69.29 221.20
Azolla 2 % 5.93 0.46 3.83 0.10 75.76 249.36
Azolla 3 % 5.75 0.56 3.83 0.10 79.27 250.34
Azolla 4 % 5.88 0.58 4.02 0.11 88.88 253.48
Azolla 5 % 5.80 0.74 4.39 0.13 91.21 286.76

pH: potential of hydrogen ion, EC: electrical conductivity, OM: organic matter, N: total nitrogen, Aval. P: available phosphorus, Exch. K: exchange potassium

At Soil Science Laboratory, Department of Plant and Soil Sciences, Faculty of Agriculture, Chiang Mai University (28March 2023).
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ABSTRACT

Keyword
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Lettuce

Azolla is a small aquatic fern known for its high nitrogen content, making it a valuable choice for
use as green manure. This study aimed to assess the optimal application rate of dried Azolla in a
soil mixture to promote the growth and yield of lettuce in containers. The experiment followed a
2x6 factorial design in a completely randomized design (CRD), considering two factors: 1)
Lettuce types, green cosmos and butterhead cultivars, and 2) The application rate of dried Azolla
in the soil mixture. This was compared to a single treatment using manure. Results showed that
green cos lettuce exhibited greater plant height growth than butterhead lettuce, while butterhead
lettuce had a higher number of leaves compared to green cos lettuce. However, there was no
significant difference in yield between the two lettuce varieties. Regarding the use of dried Azolla
for lettuce growth, it was determined that the application of dried Azolla as a soil mix resulted in
the best growth and yield for both lettuce cultivars. The highest growth and yield were observed
with 5 % dried Azolla, followed by 4 % dried Azolla, while the lowest growth and yield were
associated with 1 % dried Azolla. These findings were consistent with nutrient analysis results,
which indicated that the nutrient requirements for growth were minimal. When compared to other
methods, the most suitable ratio for growing lettuce was found to be 5 % dried Azolla or 5 kg of
dried Azolla per 100 kg of planting material.
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Figure 1 Location of three sampling stations in the Mekong River, Nong Khai Province.

Source: Google Earth (2023)
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Table 1 Stomach fullness index

Fullness

Fullness %
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Source: Chittapalapong et al. (2014)
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Figure 2 (A) Soldier river barb (C. enoplos) and (B) Fish egg in the female fish's abdomen.
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Figure 3 Total length - weight relationship of C. enoplos in the Mekong River, Nong Khai Province.
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Figure 4 Digestive tract characteristics of C. enoplos in the Mekong River, Nong Khai Province.

100.0
~ 900 L, = 0.5395L, 1% LI
E 1
< 80,0 R? = 0.4951 o« % o o T .
5 o o 0T
T 700 n=32 et e,
i o ey ® @
Soe00 . .®
2 o¥ e
£ 500
1]
an
8 400

30.0

40 50 60 70 80

Total length (Lt) (cm)

Figure 5 The correlation of the total length and digestive tract length of C. enoplos in the Mekong River, Nong Khai Province.

nsanwefaiinuinvalaniinssimnzinddegliiionms
TumalAuemisies (Fullness 0) $9uau 11 @1 Asdu 34.37 %
yosainun Uanivhnisnuiieiugevnsindesedu 1.25
Prmtnemslumaiiueimisiede 6.56 n$u wie 0.22 %
yostuindaua uarilrngeandl 0.84 % v3eifutmiine s
23.61 n$u Mnvalandiiinuen 61 wuiwns wazain 2.8
Alansy wiuldinvaniisausuldlunisdnwiden Fullness
Aoutes ﬁqﬁﬂ%mmmmqﬁummmﬂumxwammwmﬂm
%ua&uiﬁwmaﬂﬁa 917 HYYNIA UIBNYANTTUNIIAUBINT
luseuiu YanasAuemnstesadluyiinggniainely uwavaziu
9IsINNTUNd a5 nliaSaAuas (Osman et al,, 2019)
wazn1sAnwluuaing (ctalurus punctatus) WUI1AIUVBS
mmﬂumzwaawmﬂuﬁmﬁuuazﬂ;’ﬂqamﬁﬁd’mﬂmﬁu

(Yamazaki et al., 2019) ?\]"Iﬂﬂ’]iﬁmﬂﬂ%ﬂﬁlﬁWU’hUa’]ﬁﬂUﬁll
Ieflvunalngi@seglusaiaiusundusgluriggniandls
waziduvandisuldlurasnastu deeravinlivatanivems
oy wona Nt Amatayakul et al. (1995) Ifdufiugruinailan
Juvandinuemstes wazdiuszansanlunisgesamisge
Fetladeimardoraduamayinlian Fullness lunisAnwiaded
Aoudes annsineesruszneurinuesemisluniui
91115999Ua11an #2878 Points method 910A15USEUIUAT
winuariunadudosasvesTuue o NUIINGY
gmsudniinulumaiuemnsuszneudie lens fseuuas
wieE @18 vUIAve) wastneuiiv Uan uaxis Anidu 23.26,
22.07, 20.12, 17.11, 10.29, 6.87 wag 0.27 % AINAIAU
(Figure 6 wag Figure 7)



R. Mapanao et al. / (PRAWARUN AGRICULTURAL JOURNAL 2023) 20(2): 58 - 66 63

0.27% 6.87%
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Figure 6 Weight percentage of food items in digestive tract of C. enoplos in the Mekong River, Nong Khai Province.

(A B)

Figure 7 Food items in digestive tract of C. enoplos in the Mekong River, Nong Khai Province;
(A) Bivalve (B) Fish scale (C) Insect larvae (D) Hydra (E) Phytoplankton and (F) Macroalgae.
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Table 3 Index of relative importance (IRI) of stomach contents in C. enoplos from the Mekong River, Nong Khai Province

Food items Frequency of Numerical percentage (N Weight IRI
occurrence (F %) %) percentage (W %)
Fish 15.63 1.77 6.87 135.04
Shrimp 6.25 1.33 10.29 72.61
Mollusc 43.75 40.04 20.12 2632.19
Insect larvae 40.63 17.92 22.07 1625.21
Hydra 62.50 12.83 23.26 2255.74
Macroalgae 75 20.13 17.11 2793.21
Phytoplankton 31.25 597 0.27 195.21
ﬁ?ﬂwaﬂﬂiaﬁ’ﬂ (pp. 75-101). Oxford: Blackwall Scientific Publication.
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Article history ABSTRACT

Received: 30 June 2023 A Study on Feeds and Feeding Habits of the Soldier River Barb (Cyclocheilichthys enoplos) in the
Revised: 4 August 2023 Mekong river, Nong Khai Province. Fish samples were collected from June 2021 to May 2022,
Accepted: 25 August 2023 covering a period of 12 months. A total of 32 fish were collected (n=32), comprising 9 males and

Online published: 26 October 2023 23 females. The average length of the sampled fish was 60.98 + 5.60 cm, ranging from 49 to 75
Keyword cm. The average body weight was 2.94 + 1.22 kg, ranging from 1.2 to 6.5 kg. The relationship
Cyclocheilichthys enoplos between fish length and weight was represented by the equation W = 0.0000005 L3782 with a
feeding behaviour correlation coefficient (R2) of 0.7816. The ratio of fish length to the mean length of the digestive
Mekong River tract was 1:1.14 + 0.13. The relationship between fish length (L) and digestive tract length (L;) was
Nong Khai province described by the equation L; = 0.5395 L%, with a correlation coefficient (R?) of 0.4951. The

stomach exhibited a small and straight shape. The average stomach fullness and food weight were
1.25and 6.56 g (0.22 % of body weight), respectively. The primary food items found in the stomach
contents included hydra (23.26 %), insect larvae (22.07 %), mollusks (20.12 %), macroalgae (17.11
%), phytoplankton (10.29 %), fish (6.87 %), and shrimp (0.27 %). Analysis of the Index of Relative
Importance (IR1) indicated that macroalgae had the highest IRI value (IR1=2793.21), followed by
mollusks (IR1=2632.19), hydra (IR1=2255.74), and insect larvae (IR1=1625.21). In conclusion, this
study suggests that the soldier river barb is an omnivore that also exhibits predator behavior.
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ﬁaa’qwaﬂsswumﬁaLmé’aumﬁm@mmwﬁwLLazﬁm’immmq
‘Ugﬂﬂam% (Wanganon, 2006; Charoenijit et al., 2019; Nakhon
Nayok Provincial Agriculture and Cooperatives Office, 2023;
Nakhon Nayok Provincial Hall, 2023) mﬂﬂzgmmdwﬁmiﬁw
uaswienialdsunansenulnenssdsuaviliuaimiififngg
Wasuwlaadoulnsuas sauawdianarsuauvesarluuith
wasweninisdsunlasansiuauasalusae Wesainan
au@amm?nﬁ%ﬁm‘luizwﬁmﬂmnﬁ"ﬁﬁﬂuﬁaaﬁimﬁwaaﬂmaﬂaa
vinliandifiogendouaznisiuenmsvesUatanasnialuse
daavilivaruiseidnervsazduuildugywus lueuian
(Pfauserova et al,, 2021; Koushlesh et al., 2023) 3agayely
nunaaiiu 9 18 Fsandgmidinaigendananseny
foundusioauluguvuuazifiusenoue Insuuszuadifienn
withuasuenegrmanidedailys gafunmsnweamannnans
silauaznisunsnszarevalunivhunswien Smiauaswien
YN IVANULVDIANUNAINYA8YRY A AUYNYY Uay
nsnsranevanluwithuasuenlunsazsnne wedazldifu
mmi’maammflu%’agaﬁugm LEAUDLULNITANUUANINTANS
RBeatuuily mnnsliussleniifuvesssnsiendeuiiom
Tagsoumsithuasuenuaznismuuamsianseysngninens
Varluuslthuaswen WAnemnuddusely
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Figure 1 The sample point of fish in Nakhon Nayok river, Nakhon Nayok Province.

1) ANNYNYUNT oAU ¥99715U59 Va7 (Frequency of
occurrence)

lngltgns il (Pettingill, 1967)

F (%) = (ﬁwuauﬂ%aﬁwuﬂaﬂmﬁmfus[,umiejm/ﬁwmuﬂ%q
lunsdusiegng) x 100

Tngldnasilunsudsssiunnudduivsvesdateandu
5 SE6U Ao

90-100 % ¥"BHY WUUDILIN

65-89 % WUNBEN WUUOY

31-64 % e nulives

10-31 % uehe WeIn

1-9 % MuNBHY WYINUIN
2) BaT1evimayidnusainyila (Diversity index; H) ¥e4ua?

1ngla Shonon-Weiner diversity index ﬁqmﬁﬁﬁ’ H=-2
(pi log2 pi) (Ludwig & Reynold, 1988, Clarke et al., 1994)

dlo H = fuidrunannvane

Pi = dndruvesd uIuAdTind | dodiunuEdidin

Wanalusaoens
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3) UAs1zvimaianauuInidn (Richness index; R) 9e4ua)
Tagld Margalef diversity index ﬁ@mﬁ'ﬂf‘j R=(S-1)/
(n (n) (Ludwig & Reynold, 1988; Clarke et al., 1994)
dle R = Adwiinnuunnuile
S = Srunuriamusiiny

N = PIUIUFIVINUATINGY

In = natural logarithm
4) TinTIzinavinuyuiig (Evenness index; E) vasuan
Iﬂalsﬁqmﬁuaa Pielous evenness index ﬁqmﬁ’af‘!’ E=
H/ InS (Ludwig & Reynold, 1988; Clarke et al, 1994)
o E = filanuwiniien
H = fasdlannumainuaie
s = Snurilannuluanniidn vie woudsaat 4
5) ARSI NEA
MMATIATIEvainnNiaINatsvesrinUaliag A
yny Tuudazdunelagldlusunsudnsagy SPSS nsiasizi
AMUWUTUTINLALY (One-Way ANOVA test)

NALAZATAINANTTINY
1) AuMaINaI8TIAYA)
nan1sEsIaLAufegstanlundiiuasuen Smin
uAswEn @nsafususlddenan 437 §1 @unsasiuun
wilalatdu 10 Sudv 18 23 27 d@na 31 vila (Table 1) A2y
varnnangvie (H) faoglurassening 043-1.63 fldads
Wiy 0.84+0.41 sivilauuinyia (R) Teregluraesening
1.33-3.80 AL oiinfu 1.85+0.83 duflar1uiniley (E)
da0gTuya958ming 0.34-0.88 fiALad eiinfu 0.61+0.15
dewssufisusunsinwimnunainraneyidavanluwiih
UATWIEN WUIHTIWIN 10 Sustu 23 29d 52 ana 72 vila duil
Aunanvaesile (H) astdauuineia (R) uagaudanumi
Wion () fawad ouwinfu 2,68, 11.27 wag 0.61 A1uaIfiu
(Termvidchakomn et al, 2009) & sfiAn H<1.0 Yauanisnanu
warnwarsadavais Ussdnsaimnisudadaiveusi
uasuenegluinasian Lifanuaunauazgauanysainig
f1aAInen (Tudorance et al, 1979) Faduusivhuaswenilan
futinnunainuanevila (H) dvllausnnesia (R) wazdvianiiu

Pangasidae 3%

windiey (B) fauwilduansas mmmﬂaamnwaﬂsvwmm
ﬂﬂﬂ’iiuLLa”mSI‘UiJi”IENIUVIWUVlLUaEJULL‘IJ@Qi‘IJLLﬁ mmmumﬂ
oy Lﬁuu msmewuwaamﬂwaqﬂsuﬁmmu ﬂﬁ]ﬂiimﬂ’l‘jLW%Laﬁlﬂ
dnith msvinisinens 154979AAMNTIN LAYN1TYBaLT Y1
Hudu anuvainmstinmevesdanlutegtuisduunliuias
anasdlaSoudisuivluein Falanuaenndesduianssunis
T liAnanuyudazgnusosasnaedinansguithuasuien
Tnensalaefivnlaifinisuata (Vijaylaxmi et al, 2010; Lee et
al, 2015; Chankaew & Chunta, 2020;
Siriwattanarat, 2021) @nasiasian1sunsnszaevesvaluay

Wongroj &

mmamaaﬁuaaéaﬁ%ﬁm‘l,uszwﬁnﬂmqﬁwﬁﬁmﬁagmﬁﬂ‘uawm
vhlvandifiegordvanamaznisiueimsvesandamasilian
uarinenavsduuiliugayiuglusuinn (Pfauserova et al,
2021; Koushlesh et al., 2023) Umﬁwumﬂﬁqﬂ Ao 2edvan
pzLfigu (Cyprinidae) $1uau 7 9 (23 %) 5998930 Ao 2AUa
\@e7u (Labeonidae) 91u2u 6 ¥1a (19 %) 19AUa1vou
(Channidae) waz19dUannsny (Notopteridae) 31u3U9A A
2 wila (6 %) 2AUaImualng (Anabantidae) 23dUainuenia
(Helostomatidae) 2sdtannseh (Osphronemidae) 29AvaUu
(Xenocypridae) 33AUa1@3 (Danionidae) 3adUand uluaseid
waziin (Syngnathidae) 29AUa1nse A (Mastacembelidae)
19AUay (Buthidae) 23 Uarmued19mdeu (Pristolepidae)
1A Uvandunn (Ambassidae) 29d Uara11e (Pangasidae)
19 Uatan (Claridae) 79A Uatuve s (Bagridae) wag9d
Uansgnam (Belonidae) I1uiuisdag 1 vl (3 %) (Figure
2) FadleSsudiouiumsinumaunanvanesiavarluusith
(Lothongkham, 2008; Noommeechai, 2014; Nokkiaw et al.,
2016; Petsut et al.,, 2017; Innak et al., 2019; Seetapan et al.,
2020; Tuncharoen et al., 2020)
(Cyprinidae) ﬁa"wmumnﬁ'qml,amﬂ UA LA ULY ULA 821 Y
\losnnvansduainziiiou daulandusniign wu 40 %
veanhdnluunefens usonidedd Uszneufuvanedum

znUiUaNAUaInE LN YU

pzfieudularfiannsausuiadnsuannuindeulduas nu
fonsUasunlasesszuuiiadwmariliauisanuanied
Uamuiitou (Cyprinidae) Taluunasiindaraluunnaalugae
(Nelson, 1994; Alexandre et al., 2010)

Clariidae 3% Belonidae 3% _ Bagridae 3%

Figure 2 Composition of fish families caught by gillnets in Nakhon Nayok river, Nakhon Nayok Province.
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2) n75U§szﬂum7mmﬁ/w§am71/ﬁ?yam751157f7g (Frequency
of species occurrence)

2.1) msUszfiumnuynguvdoruivesnisusnges
Uaunazvin LL‘U'<1ﬂqISJUaWVldIWUIuLLJJ"lf’mﬂiuﬂﬁlﬂ Tanin
uaswen ansoutsoanidu 3 ngu (Table 1) fiseasdondall

2.1.1) nguuaninuves iusegrsanlsisiuau
3 viin Usgnoumisuainssun (Barbonymus schwanenefeldii)
darunuuan (Hypsibarbus lagler) wazUatud ug'ng
(Parambassis wolffii)

2.1.2) nauaniinulsives udegsUanlswou
119170 Usenousa8uainsed uns (Trichopodus microlepis)
Yamgl gunes (Barbonymus altus) Uawluii 2 (Parachela

siamensis) Yanzds (Puntioplites proctozysron) Uands aaviaon
(Henicorhynchus caudimaculatus) Uanase ggnUa (Thynnichthys
thynnoides) Uan% 1 (Labiobarbus lineatus) Uang 1a118Laumi
(Rasbora paviana) Uaaan (Notopterus notopterus) a1y
(Oxyeleotris marmorata) wagUannsgyam (Xenentodon cancila)

2.1.3) nguuaniinuvnenn wusegaanliduou
17 wiln Usznausiae Uanuiue (Anabas testudineus) Uawsenia
(Helostoma temminckii) Ya1% @1 (Channa striata) Uan 3¢ @9
(Channa lucius) Yanld @ un1uas (Cyclocheilichthys apogon)
Uamglnn (Grclochellichthys enoplos) Uanseauda (Hampala
macrolepidota) Uauns (Cirhinus molitorella) Uaas 8812

(Henicorhynchus siamensis)

Table 1 Species diversity, distribution, conservation status, frequency of occurrence of fish in Nakhon Nayok river, Nakhon Nayok Province

No. Order/Family/Scientific name Common name Conservation Station study (District) F
status (%)
ONEP'  IUCN? Mueang Banna Ongkarak
Mar. Oct. Mar. Oct. Mar. Oct.

Order Anabantiformes
Family Anabantidae

1 Anabas testudineus (Bloch, 1792) Climbing perch DD LC + 16.67
Family Helostomatidae

2 Helostoma temminckii (Cuvier, 1829) Kissing gourami - LC + 16.67
Family Channidae

3 Channa striata (Bloch, 1797) Striped snakehead - LC + 16.67

4 Channa lucius (Cuvier, 1831) Forest Snakehead LC + 16.67
Family Osphronemidae

5 Trichopodus microlepis (Gunther, 1861) Moonlight gourami - - + + 3333
Order Cypriniformes
Family Cyprinidae

6 Barbonymus altus (Gunther, 1868) Red tailed tinfoil - LC + + 33.33

7 Barbonymus schwanenefeldii (Bleeker, Tinfoil barb - LC + + + + 66.67
1854)

8 Cyclocheilichthys apogon (Valenciennes, Beardless Barb - LC + 16.67
1842)

9 Cyclocheilichthys enoplos (Bleeker, 1850) Soldier-river barb - LC + 16.67

10 Hampala macrolepidota Hampala Barb - LC + 16.67
(Kuhl&VanHasselt,1823)

11 Hypsibarbus lagleri (Rainboth, 1996) Ray-finned fish DD VU + + + + 66.67

12 Puntioplites proctozysron (Bleeker, 1865) Smith's barb - - + + + 50.00
Family Labeonidae

13 Cirrhinus molitorella (Valenciennes, 1844) Mud carp - NT + 16.67

14 Henicorhynchus caudimaculatus Striped mud carp - - + + 33.33
(Fowler,1934)

15 Henicorhynchus siamensis (Sauvage, 1881) Siamese mud carp - - + 16.67

16 Labiobarbus lineatus (Sauvage, 1878) Lined shark - - + + 33.33

minnow

17 Labeo chrysophekadion (Bleeker, 1849) Black sharkminnow - - + 16.67

18 Thynnichthys thynnoides (Bleeker, 1852) Tiny scale barb - LC + + + 50.00
Family Xenocyprididae

19 Parachela siamensis (Ginther, 1861) Siamese glass fish - LC + + 33.33
Family Danionidae

20 Rasbora paviana (Tirant, 1885) Sidestripe rasbora - LC + + 33.33
Order Osteoglossiformes
Family Notopteridae

21 Chitala ornata (Gray, 1831) Clown featherback - LC + 16.67

22 Notopterus notopterus (Pallas, 1780) Bronze featherback - LC + + 33.33

Order Syngnathiformes
Family Syngnathidae


https://www.fishbase.se/summary/FamilySummary.php?ID=429
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?genid=472
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?genid=9234
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?spid=28881
https://www.fishbase.se/summary/FamilySummary.php?ID=751
https://www.fishbase.se/summary/FamilySummary.php?ID=749
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Table 1 Continued Species diversity, distribution, conservation status, frequency of occurrence of fish in Nakhon Nayok river, Nakhon Nayok Province

No. Order/Family/Scientific name Common name Conservation Station study (District) F
status (%)
ONEP'  IUCN? Mueang Banna Ongkarak
Mar. Oct. Mar. Oct. Mar. Oct.

23 Doryichthys boaja (Bleeker, 1850) Long-snouted pipefish - DD + 16.67
Order Synbranchiformes
Family Mastacembelidae

24 Macrognathus taeniagaster (Fowler, Zizzag eel - LC + 16.67
1935)
Order Gobiiformes
Family Buthidae

25 Oxyeleotris marmorata (Bleeker, 1852) Marbled Goby - LC + + 33.33
Order Anabantiformes
Family Pristolepididae

26 Pristolepis fasciata (Bleeker, 1851) Malayan leaffish - LC + 16.67
Order Ovalentaria
Family Ambassidae

27 Parambassis wolffii (Bleeker, 1850) Duskyfin glassy - LC + + + + 66.67

perchlet

Order Siluriformes
Family Pangasiidae

28 Pangasius bocourti (Sauvage, 1880) Bocourt’s catfish - LC + 16.67
Family Clariidae

29 Clarias macrocephalus (Gunther, 1864) Broadhead Catfish NT DD + 16.67
Family Bagridae

30 Hemibagrus nemurus (Valenciennes, Yellow Catfish - LC + 16.67
1839)
Order Beloniformes
Family Belonidae

31 Xenentodon cancila (Hamilton, 1822) Freshwatergarfish - LC + + 33.33

Remark : 'Office of Natural Resources and Environmental Policy and Planning (ONEP) (2017).
2The International Union for Conservation of Nature (IUCN) (2023): Vulnerable (VU); Near threatened (NT); Least concern (LC); Data deficient (DD).

+ = There are fish found.

Yania (Labeo chrysophekadion) Ya1ns1e (Chitala omate)
Uasuituassd s (Doryichthys bogja) Uawanane (Macrosnathus
taeniagaster) Uamua v 1918 vy (Pristolepis fasciata) Uanaane
(Pangasius bocourt) Yana ne o (Clarias macrocephalus) Lay
Uannawded (Hemibagrus nemurus)

2.2) mi"dmﬁummsqﬂsqw%amm?{ﬁummiﬂmﬂgmawm
wiazaile ulanguuanusuneluwsiiuasnen Smiauasen
(Table 1; Figure 3; Figure 4) fis1waziun fiei

22.1) 8wneiiles nudedweUanldsiuiu 83 i
1w 12 vlla laun Yanvue (Anabas testudineus) Uamvdania
(Helostoma temminckii) Uannsgwut (Barbonymus schwanenefeldii)
Jan ﬂisquﬁgﬁ A (Hampala macrolepidota) Ua1U1nvuan
(Hypsibarbus lagler) Uannga’s (Puntioplites proctozysron)
Janas euuaen (Henicorhynchus caudimaculatus) Uan 5 ity
59y (Doryichthys bogja) Uayviste (Oxyeleotris marmorata)
Uammet by (Pristolepis fasciata) Uanwludne (Parambassis
wolffii) wazuanangy (Clarias macrocephalus)

2.2.2) et iusegsualsanau 168 i
13 ¥fin WWunvannseaung (Trichopodius microlepis) Uawziileumes

(Barbonymus altus) Uansgwut (Barbonymus schwanenefeldi)

Yanld s'un1uns (Guelocheilichthys apogon) Yarurnuuan
(Hypsibarbus lagleri) Uanzai (Puntioplites proctozysron) Uan%1
(Labiobarbus lineatus) Uaas aegnU (Thynnichthys thynnoides)
Uauluwia (Parachela siamensis) Uand1a118uausn (Rasbora
paviana) Uamanany (Macrognathus taeniagaster) Uaud udni
(Parambassis wolffii) wazUannsgyain (Xenentodon cancila)
22.3) $uneesnsneg Wudeg wualadiuau 186
#2922 v1a lawn Yaryeu (Channa striata) Uainszas
(Channa lucius) Ya1nszauns ( Trichopodus — microlepis)
Uamz LW 8une3 (Barbonymus altus) Uansgwi (Barbonymus
schwanenefeldi) U a1 6 ¢ 1nn (Crlochellichthys enoplos)
danurnnuin (Hypsibarbus lagler) Yanngs’s (Puntioplites
proctozysron) Uauns (Cirhinus molitorella) Uads sevasn
(Henicorhynchus caudimaculatus) Uan% 1 (Labiobarbus lineatus)
Uanas 88917 (Henicorhynchus siamensis) Uanae (Labeo
chrysophekadion) Uands ot a,nu" (Thynnichthys thynnoidies)
UauluwA1 (Parachela siamensis) Uan% 3man8wausi (Rasbora
paviana) Ya1ns1e (Chitala omate) Uandana (Notopterus
notopterus) Uanuwtugineg (Parambassis wolffii) Uanene (Pangasius
bocourt)) Uanawmae (Hemibagrus nemurus) WagUainsey


https://www.fishbase.se/summary/OrdersSummary.php?Order=Gobiiformes
https://www.fishbase.se/summary/OrdersSummary.php?order=Anabantiformes
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?genid=2952
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?spid=5665
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(Xenentodon cancila) 481 maaqﬂ%’ﬂﬁﬁﬂmmfwﬁqmmwﬁw uay
muAnasilninemaiussnoudae tidy 1hin uway
iinday FsdawaviiliiAnanaumainvansvesyiavannniige
aulludae uenandudaduusinnilndyeduidiuasuen
wihi U313y wazuithuieUzng anussausy demavilddeny
9ANANY I VOI517 01115 YU bulnsn Weanesa way
91m15Uan 19U unasAneufl i qa (Nokkiaw et al, 2016;
Tongnunui et al, 2016; Sawasdee & Thowanna, 2019,
Khowhit et al,, 2022) Fsdswavhliiinnumunzaenisduunas
oy ordouazuna s 19led@ndu’ (Termvidchakom &
Hanpongkittikul, 2008) dswavilsifiuiauauazS1urulaiigs
wudanunfigadiuau 21 vila 186 A2 Teruand1aiusged
Teddey (p < 0.05) ewFeufisudusunotiuu S1um 13
3fln 168 @7 wag 0Nl 91U 12 ila 83 1 (Figure 3;
Figure 4) @eflvfiauazsnuvesUariunsziiduneiiewuas

30

25

20 b

Species

10

Mueang District

Figure 3 Species and distribution of fish in Nakhon Nayok River (p<0.05).

Individual
(o

a0

a0

an

20

Banna District

Mugang Distfict

Figure 4 Fish individual in Nakhon Nayok River (p<0.05).

v

3) MTUsEIUaD1UN WY BIUAT
NaRINNSANINSUSE uaaunN e avasUa i 1

a

uASNEN JiAuATUIEN WUsNNEnTUAMAIUNTRYS YN Uayd
unsnudinaloUIBLATIAL MINENTEIIINAUALE WINE oL
(a.) (ONEP, 2017) anansauuseanidu 2 ngu Usznausiy ngu
anmunndeyalyl \ieawefiazUsziiy (Data deficient; DD) S1uau

291a lawn Yamus (Anabas testudineus) Ua1u1nuuan

gunetuundduiiaingiluiuagnetuuiasdiilng
Usznoufudnuuzveauithunsueneg figauassianiiinnu
anLAen tinzialdarunsovyuils (Department of Mineral
Resources, 2014) uagaanmundurined1aiss (Marine
Department, 2020) Usznauniustnolilaswazstnaviuund
mnugavaNysalveIe MU Wuuwasineufly 9199z
dsnasevanhlsifinnamnzausesin Usuna unasiiogede
wazunarinsldafimnaluaae (Nakhon Nayok Provincial
Hall, 2005; Khowhit et al., 2022) Faifuannisdnuiadall A
vannnaevessiauailuldazsneuay miuynymiendud
vosmsusngluvinausithuasuendudduandatuogied
WednAry (p < 0.05) (Figure 3; Figure 4) L‘ﬁaamﬂqﬂﬂsiﬁmami
UszuadildiAudegns Suaugaiudiegne ggnia dnvae
nilenans gRUTEna Wiaaemns WU unasineuity

Onegkarak District

Banna Distict

Comgharak District

(Hypsibarbus lagler) wagna uan1un1wlndgnanau (Near
threatened; NT) 97uqu 1 vda lawn Uainneas (Claras
macrocephalus) MIWUINHANUNNAUNTEYS YN Y BUAS
psRmIsTIaUsHAieN sy ST ALAE Y HENIETTUNA
(IUCN Red List,) (IUCN, 2023) anunsauuseaniiu 4 nau Ussnausae
neuanunmlignAnA (Least concem; LO) $1uu 20 vt Lo
Uanviue (Anabas testudineus) Uanviuenia (Helostoma
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temminckii) Uan@eu (Channa striata) Yannseas (Channa lucius)
Jarnziin sunes (Barbonymus altus) Uannszuu (Barbonymus
schwanenefeldi) Uald @ uniua (Cyclocheilichthys apogon)
Uameglnn (Grclochellichthys enoplos) Yanseguia (Hampala
macrolepidota) UawUuin 2 (Parachela siamensis) Ua1@aa1e
wauen (Rasbora paviana) Uatas eeq nu™ (Thynnichthys
thynnoides) Uanaanna (Notopterus notopterus) Uanvianaie
(Macrognathus taeniagaster) Uaﬂijiﬂa (Oxyeleotris marmorata)
Uamethawieu (Pristolepis fasciata) Uawtluging (Parambassis
wolffi) Yaid@11e (Pangasius bocourt) UarnaLng o4
(Hemibagrus nemurus) waz Uansgvan (Xenentodon cancila)
nuanunmdeyaliifisameiorUszidiu (0D) 1wy 2 vl leun
Fuiluased §ne (Doryichthys bogja) wWagUarnne o (Clarias
macrocephalus) ngaaaunwlndgnanal (NT) 31w 1 vila
Aurvauna (Girhinus molitorella) nguamunmiiuuilialndaey
Wug (Vulnerable; W) 91u3u 19890 lawn Yardinnuan

(Hypsibarbus laglen) (Tablel; Figure 5; Figure 6) iaiSeudisuiu
nsUssdiuaeun e tinvesUalusiiuasnen (Temvidchakom
et al, 2009) WUINHANUUANA1INNITUTETUADIUAMAIUNTS
ausnvanUndundtinnuuleueiasuam NineNIsITUTIRLAE
dauandan (ONEP, 2017) anunsauvseonidu 3 ngasznausiae
neuanunmilwwnliilndgaiug (W) nduaniunmdoyaliiies
wefl axUsiiu (DD) wagnguaniunmlndgnanais (NT) S1uu
1 9ia @Ua0IUNNAIUNITEUS NYINT YT UAIBIANITTENI 1
UspAilonseynYsTINTIRLA S NN TS TINUR (UCN, 2023)
anwsauuseandu 4 nquseneudlenguaniunmilignanaiy
(LO) Sy 45 villn 50309 Ao nguanunmdoyaliifismeiiaz
Uszidlu (OD) 31w 4 vila nguamunmilwuilidilndgayiug (VU)
1w 2 vila wag nguanunInlndg W ug (Endangered; EN)
$1au 1 vlin iy Seiinvesvarluwhiuasnen gnanau
wazduauanassuiiosinuansemuanianssumslivss e
frufidsuuadiuasds oty

25 20
20
(%]
3 15
[8)
2 10
[Va]
5 1 2
O I I -
VU NT LC DD

The IUCN Red List of Fish

Figure 5 The IUCN Red List of fish in Nakhon Nayok river.

Figure 6 Ray-finned fish (Hypsibarbus lagleri) are Vulnerable (VU).

A3UNaN1539Y
nsAnwmLTaTEERaz 1SN nsyaneUalukiii
UATLNEN FanTAuATIIEN HansAnvInUUaTaian 437 6
Fuunlailu 10 Sudu 18 26 27 ana 31 vlia 2dvaimziiio
(Cyprinidae) wusnnitgadnidu 23 % ngulainutes S1uau
3 95tia Usznousae Yanseun (Barbonymus schwanenefeldii)
darurnuuan (Hypsibarbus lagler) wagUatudug'ng

(Parambassis wolffii) 81L80A3NY WulatuInfigasiuiu
22 ¥ilm 186 A1 dAuana iUy 19l ded1A ey (p < 0.05)
dewSsuiisuivsunetiuuiuagenneiios n1sUsziiiy
anunwsnuMseY BN duntednssEninssemeile
N158UTNYEITUYIARALNTNEINTFTITUYIA nungquUaidl
anunmiduwildulndagug (VU) 91w 1 vile ldun Uan
Urnun (Hypsibarbus lagler) daumaviinnuainialsvila
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(H) svdanuunyia (R) wagaviaiuviniey (E) danviiu
0.84+0.41, 1.85+0.83 WAy 0.61:0.15 muay Ferndviiaany
vanmanein fiAn H <1.0 Ysuendsanumainvansvdiavaisn
‘Uﬁzﬁm%‘m‘wmsm5mﬂawaumﬁfnummaﬂaq"lummsm'ﬁ"l
lLifinnuaugauazgauauysainsinginer fuiudedesty
liliuaunarUsunamandaUaluuiiiuasuisnandesas
mwﬁLﬁuu'}mﬂﬁﬁqmaammﬂéwLﬁatﬁmmm;uauujﬁw Wisuas
flogjande anUsnanindeiiAnanAonssunismeidssdit
Wu nadseds uieUanuganssu nsvinisinees 15y
gRaunITL Msvieaiien wazynmuthudeu Wudu msiesd
navdaneuldesasguiitiunsunen nsldiadeafiousyui
WNzANMAZgNNgMIE N1aRang nsdsduldnguunenisina
‘VTWmiﬂswa‘Lu"quqawl"dw%‘aﬁ;ﬁLLma&hw%‘qﬁ’a 50915
Ussmaafiuiioydnsmadulssuadiuib

AnAnssuUsznA

YousUAMAMEE WIndouLAE NS WEINTAN AN
uninedeumansany fiaduayuideluadsd

VOUOUAME NTIANIA vosan I uITonagWaun
wninedesigwszuas flvdaiausuuglunisiiidondad
sianiduldvenaelddaiiionismaass: wistaiosneg

YRR T9d U1084032562
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Article history ABSTRACT

Received: 25 May 2023 This study aimed to investigate the species diversity and distribution of fish in the Nakhon Nayok river,
Revised: 12 October 2023 located in Nakhon Nayok Province, Thailand. Fish samples were collected on two occasions, in March
Accepted: 19 October 2023 (dry season) and October (wet season) 2020, from three sampling stations: Muang District, Banna
Online published: 30 October 2023 District, and Ongkaraq District. The sampling was conducted using gillnets with eight different mesh
Key\{vord_ ) sizes: 1.5, 2,3,4,5.5, 6, 7, and 9 centimeters. A total of 437 individual fish were collected and classified
Species diversity into 10 orders, 18 families, 27 genera, and 31 species. The most abundant family was Cyprinidae,
Distribution comprising 7 species (23 % of the total). Following closely was the family Labeonidae, with six (6)
Fish . species (19 %). Channidae and Notopteridae were represented by two (2) species each (6 %).
Nakhon Nayok river Furthermore, additional species from various families were identified, with each family contributing one

(1) species (3 % of the total). These species include Anabantidae, Helostomatidae, Osphronemidae,
Xenocypridae, Danionidae, Syngnathidae, Mastacembelidae, Buthidae, Pristolepidae, Ambassidae,
Clariidae, Pangasiidae, Bagridae, and Belonidae. In Ongkharak district, in which contains the highest
number of fish species, totaling 22 species with a combined count of 186 individuals, Banna District
found the number of fish in 13 species, 168 individuals, and Banna District found the number of fish in
12 species, 83 individuals respectively. According to the International Union for Conservation of Nature's
Red List of Threatened Species (IUCN), out of the identified species, 20 were categorized as Least
Concern (LC) while two species fell into the category of Data Deficient (DD). Additionally, one species
was classified as Vulnerable (VU) and Near Threatened (NT). The calculated indices for fish diversity in
the study area yielded that the diversity index was determined to be 0.84+0.41, the richness index was
1.85+0.83, and the evenness index was 0.61+0.15.
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launse Ao nIgnTIvnuaskazannIaifesdunummaniunis
advayuinwnsnvislugunisineusy nslidoyaniumis
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Fw1ns wiemsaduayuluzuuuudu o weliineasnsldisnms
nadend ulunismdadade 1wy n1sldiag eadanegn
1p3osdnsnanisinuns nsUgnivaquAy uarnsinsEUUNIS
‘UQﬂﬁsU Wud (Thailand Pesticide Alert Network, 2020)
Wej1819 (Euphorbia heterophylla L) \JuSwiteiinu
Taest2lusfslui uiilivhinisinuas wagdi il vnisinuns
Tngianzluiinasvgia vahendainduiuividdgludnine
$12909 1oy dundes duder dadas azvs mungTu a1 sy
duends Son Futzan de e Sy Undinisu enams way
g1gu Felulsdnlne nghendadufviivfiszuinguuse vilina
nand1InAanad 21 % (Kraokaw et al,, 1994) #gj1819873150
uninsEategs veeiugiemdn dnaasquavlaldd wuits
flufluriauds fuitusay waenulaertlulunnnievesseima
wonaningreraduvissianifidunuseasiadl fda
T e un glyphosate, pendimethalin, atrazine, alachlor way
acetochlor (Jongrakthai et al.,, 2013; Kraokaw et al., 1994;
Maneechote et al., 2011; Sathuwijarn, 2017; Weed research
group, 2012)
dosnughenaduivieidanuddydmsuniswdn
NYLATYFAD miTeildwanndesenuainyuitedes ns
Wanasatinanffiviionsarugumgenmdssen Sawuiy
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Fuflwifiauandiuwharsadalunisauaunisie3yiule
vomgi1eedTign 3 @iy ldun wafarusie (Praxelis
clematidea R.M.King & H.Rob.) #gj1aze9s (Vernonia cinerea
(L) Less.) wazaulde (Chromolaena odorata (L) RM.King &
H.Rob.) Ingnan15UseLiiun13AUANNE 181918 a18RmMa IW
ansininisladldansada (Wanikorn & Phongam, 2022)
mAteitajudunsinvissdninmesarsataain Teile 3
yin fifnadonisndyivlnvewmgens el unadeonl
wnuasnslanssdeduiildanssauvfutldnaunuainadiide
Tty §an1saruguivRedaeisnisdozimung AU uivh
nsinunsBunse uavinuaslaeads Medadunislétadonis
wanfliidufivdeinuasnsuazdindey dwasvilnuanin
nensineasiinanm Yaeadesensuilaauazdundon

gunsaluazIsn1side
IS sEINYa S UNAaOU

nawsentvivdmnsuneaeuluaiamig Tnaiiusiusi
windrivlunvasdgnitvuazuiadndifes Swianigyauys
Ydasimalienuusudaiisnsen 80% veusudaiithun
e Fsdrwasugnlunmamnzndivunn 105 vau AldTanugn 5
dwnturunsgiisTeiailuass 12 v udFadlunaseu dru
nswsendiivdmsunaaeulugunisd lneiiusiusiuudn
FJoisudgatunrsnagevluaiamnzduudadyiny unlv
auduaumdnisnien oasgnluniamizndivuin 105
vau fildfanugn snimniusunsedfadvfiedluags 1-2 Tu 39
fhondashugamen S1uau 10 dusiens sunsevisiviieiluase
3-4 Tu uidshluneaeu
NISTHNAITAANA 8409 11DA

1. MswisusegeTuiniieatnans vhnsiulutuie
3 wiln loun auide vie ey uavgaress AnuUaslgniie
uazUInalnalAes Fminn1gauys ¥1vhANNazeIn wazaIn
Tuske thluswitausiens 3 wia susseriewunliittliazden
udnhurazealunauiuienuea 95% TudnsdluTaiiauis 1
nsuse levuea 4 Hadans (14) Nudie1a3 8enIuas (KA
RW20 digital) 71 A3131L57 400 soURownd w3 Falus 1
ansazanefildunnsesnenszaunseues 4 duniniivdesin
nsnsestananagsieusaiiaududuiedtu wdanhun
ns09 WMEdedTReaiusn 2 At sauanue 3 afe andui
awsaﬁmﬁlﬁﬁwmmLmﬂmmuaaﬁmm'%laasmaamwumgu
(BUCHI Rotavapor R-100) iiusnwiansadnneudilalugamgi
4°C wazthlUldlunsnageumsaivauiviivsely

2. MawTenansanadmunsAgeUNSAIUANTYIY

2.1 ansildnedeulunmsneaeuit 1y wasuansaia
nlufuiiana 3 via InethansaiaveruanluSeivusdavslnm
azangaBloIUea 95 % TusnsduasannreIy 1 NSuABLeM
uea 20 Uaaans (1:20)
22 ensidmadeulunsnageud 2 T wieiansainan

Tunganuaududy 3 899 Taun 100 75 wag 50% taeAnuidudy

100% thansazanefildanmanageud 1 wild dwamudud 75
uay 50% thensazanefildanded 2.1 inFemeiaengdu
NITNAFOUNIIAIVANITY
1. Manpaeumviavesisfivd muvaudviuriians
afialunsmiuAumgnens
TUNUNITNAABILUY Completely Randomized
Design (CRD) $1u2u 4 81 Usznoudne 4 nssu3a aun 1) naslal
Tdfensadin 2) nsldansadnanluaiude 3) nisldansadinainly
ne1au 4) Msldansannanlungiazess iN1INAREUNIT
AANna1819 tneldvg1e1seny 7-10 Junduneniediluate
1-2 Tu Augnluanmng S1uu 21 wau (1 ngudgn 1 fu) de
nssuisnedn Tnetharsataannlufefivusazedausunm 10
fedansldadlurinasdoun 100 adans danuasuulungh
g9k 4 4 wdvhmstuiindeya
2. msvageumanudutuingauvenisldansadn
nluvghanvlunsmunumeien
thasatmanludsited annsaniuaumgrenald 910
N15n150Aa0UR 1 W MAaaulABILNUNITNARBILUY
Completely Randomized Design (CRD) 313U 4 1 Usznoudne 4
n35u3% Taun 1) nislaldansada 2) nsldarsadnanlungn
UMY 100% 3) nstdasannanlurngaIuANNNTU
75% 4) n1sldansannanluma1anuaududu 50% vi1nas
nadeUi
2.1 nsnaaeuluniswiy U megiengeny 7-10 Fu
nasmzuiefluaie 12 Tu Avgnlunimmnzduau 21 vau
(1 viquugn 1 #u) stonsasdssod smaaeunislimsataainly
nera@uuaazAudutuseUIun 10 Jaddns Tdasluria
awsduwnm 100 fadans Sanuasunlunghensita 4 §1 wdawh
nstiufindeya wdawuansarn 24 Falus Tafinsliiuing
g19uUNG
2.2 manaaevluganizdn dmgheaidluate 3-4
Tu Ugnlugaimnzdn 10 dusiens 91uiu 3 fertonsTuIseet i
nageunsidansannanlungrauiaazAuntuAIgUI NI
20 fiadans Tdadlurinaiusdvuin 100 Jaddns danuasuuly
wefe19ia 4 61 wdwhnistufindeya
a"m%umﬂﬁ‘fwLm'wﬁ”nmwé’wﬁumiaﬁ’mﬁmaaﬂunm
wzardinisliimuunfudliliduialufio dunmeaoulug
wrzdeanisli 24 2l
msvuindeya
1. fobhanuazihminuiwesfuitiinageu Taeifu
Sfiwiinpaundmiuasataduna 21 Yu
2. msdudansiaiaiviavesivity AN TUEATVDY
Machado (2007) sl
% Reduction

% Reduction =

[(Control - Extracts) / Control] x 100
% msduda
maasdulnvesisidluanmanuns
s i ulnvosi i vluannd
Ieisuansarin

Control =
Extracts =
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3. nM3UszilunsmuANiviYaEaIen (visual weed
control efficacy) AMuszUU 0-10 71 1 7 waz 14 Tundanuans
madnuziivsngsel seu 0 Wiy muaulilld (no control)
szau 1-3 Wiy munulaidniles (slightly control) s¥iv 4-6
windu atuauldUrunane (moderately control) s¥Ay 7-9
Wiy AuAulAd (good control) s¥dy 10 Wiy Atuaula
auyszﬁ (completely control) (Weed research group, 2021)

4. MIVATIZANNEDH  T1ATI2RRAAI8ITIATIZIAIL
wUsUT9U (ANOVA) W3suiilsuaiaded1e35 DMRT 7iszdu
audosiu 95%

NAKAZINTAINANITIY
wamsmaaaumyiavesSvivildniuaumghen
N13MAgRUNIIAIVANNE 181 tnenisldansainainiu
Tewunsieionuea 3 via loun auide ReIau Lazng
azo0d lngldludnsidiuasadnrenu 1 nfusiateniuea 95 %
20 fadans (1:20) nan1smadey nuitminanuazt TR
Yomgendsiuansatnanluteiauiate 3 via dau
wanesfuneadafiseduanudoiu 99 % WewSsudieudiu
nsldldansana Inendnensiinuseansatnanlungrauwis
fihwminanuazdhminuiedosnivgensiinugeasatnen
Tuanuideusis ansannainlungavesswis wagnmsldldansans
(Table 1) a'aumamié'fuSgaﬁmﬂ'ﬂamaxﬁmﬂﬂuﬁwmmﬁﬂmﬂ
v inswuasatnanluTsiowion 3 ¥ia wuinisldasaia
nlungrau arsannanluaiuide wazaisannainluneg
avesvnliimdnanuaziminuiwemgensanas 26.17-
56.95 % wa 30.29-67.62 % wlaUSsufisuiunisldldansaria
AuEdU (Table 1)
91NN15U5IUNTAIUANNAIEINILAIUANYDIETTATR
snluTeiiouion 3 vin vdmiuas 1 7 wee 14 S wuinsld
asataanlutsfiouieds 3 vin dussansainlunisniunu
wrenald Faflanuuandnsiumsadaiisduanuidesiu 99 %
dlowssuiisusunishildansade Ssnnsuseifiudeansnd 1
wag 7 Tunasnswuansana wuiinisldansanaainlungiau
Tinan1smuauvgeslannitnisldansadnanluaiuide ans
annanlungazess waznslildansann dwunsldasainain
Tuaude arsadnanlungazesdinalunisaugungrendld
fninslulaasana (Table 2; Figure 1) warn1suseiiiunie
aenil 14 Sundansviuansada wuin nsldansatnnlung
anulinanisaupuugenldandinisldansadaanluaiude
asanaanlunghazess wazmsklldasann dunisldansans
ntuauideinanisarunuvgienalasniinisldansainain
lungavess waznslalldansann (Table 2)
Pnnsnaaeumviinvesisisfianganlunisiiuiyh
miaﬁmﬁ'amuqmmﬁwwfu wuransatavnlungaud
Sasnaan 1:20 Whminaauazimdnudsvemgenadesnia
nslll¥ansada uarlinansmunumghensiivssifiuseaem
waznansfud whminanuazhminutwemghensdiniinisll

Wansain dasataanluaudensasdn 1:20 du vl
dmnanuazindnutwemegreadesniinslildasade
warlvinansmunuughensiivssduieasnuaziudainn
anuaztmiinuiswasmeiensgeininslildansatn aenndos
U Patsai (2011) fisne91uin wavesansatadismyueaanly
weraufisnsndu 1:10 U8 1A UE1IVBITINUAY AL TIVES
Hund1vesmairvasaunentdnuazd i la ot 1eanysal us
Lappanitphoonphon et al. (2022) leuanaiuinasannaindu
Weliew (Vemonia cinerea Less.) femvnusa ANasaa111e17
snuazdusvennaiigadeifisuiudvhazarsadagu
Tnefinaronisuuseadfivatssinveusiliannisiiudiuau
LWWad 7 Uane31n uLaslAinn13sunINNTEUINNITUU TG Ae
uBN21NH Kason et al. (2022) iAnwnuinasataumiues
snluaudeiinnudutusiie q dwadudinisionvenude
aransza1eldniu (Bidens pilosa L) waziudane 11419
(Chrysopogon aciculatus (Retz.) Trin) 1a Tagma1uid udu
40,000 wag 20,000 ppm @111598 U8 1n1599nTOUUER
annszeldniugeiigauazannadudy 40,000 ppm a@1an5a
fudsnssonveasdangidngliaean
HANITIAFOUNIA I NTUT Iz auvesnslFasannaInly
nahawlunismueuvghen

1. mavnagauluaiamiznan

AInageunsidansanaainlung 1@ uanuduty 3
8m31 leun 100 75 waz 50 % Wisuifisuiunislaldarsadn
mnmimaauwujwﬁwﬁfﬂamLLazﬁmﬁmLﬁwaqujnmwﬁdw'u
ansatmnlunghaiuia 3 $as1 daruuansretuneadad
seduauidetiu 99 % WeawFeuisusunisldldansain Tne
weefinudasansataanlungraruaududy 100 % I
dhaninanuaztmidnuilesnimeesinudeansatnaniy
vighanuarududu 50 % wagnslaldansaia dumghersiivu
ansanmanlungauwiimndduy 100 % Wimihanuaz
dminuslduansstungnensiinuasaaanlundauuis
Aty 75 % (Table 3) arnnan1ssudaiminanuay
dminuisemgdhenmdnisriuansasaanlungauiinang
Wudurta 3 §a31 nuinsldansataanlungharuanududy
100 75 waz 50 % v lkiminanuazimiinuaewmeaee
anad 46.08-75.96 % uaz 54.15-83.00 % \ewFeuifisuiunis
lalldansain auadu (Table 3)

nsUszdiunsmuaNivivneaenvesasannanly
WY 1EUAMNLNTY 100 75 wae 50 % aTWUanT 17 uaz 14 Tu
WUIMIHUETAN AN UG TEUANITNTY 100 75 ez 50 % &
UszAvs nwlumsmunuvefiendld deilmnuuandnsiunsad A
seuanadesiu 99 % WenSsuisutunslaldansaria Tasons
Uszdidl 1 Yuvdsmswuansann wuinnsiansatnonluvgiany
AYILTLTY 100 % fusedvanmlunisaaunuveiendaaniinislyd
asanavntung 1auANU Ny 75 wag 50 % waznislilians
anm daun1sldarsan aanlung 1@aruarududy 75 % i
UsgAnsamlunismvauveenlaaniinisldansadaanlume
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auanadudu 50 % uaznslaldansatn waensussdiud 14 woy
21 Tumdsmsunuansansa wulannmskdansataainlung 1@uanny
Wudu 100 wag 75 % Ausednsamlunisaiuaungienldangd
nsldansanaantunganuanudutu 50 % wazmisildansania
drunsldansadaainlune Tt 50 % duszansanlu
nsmuauvgendaanimslildansain (Table 4)
2. myveaaulugamnzd)
mﬂﬂ'ﬁwmaauwm"nfmﬁﬂaml,az‘lfmﬂ’ﬂLLﬁa"ummﬁﬁma
Mé’aw'umiaﬁ’mmniwzﬁwmuﬁq 3§07 Searausnanatunsed i
seupudediu 99 % Wenseuiieutiumshildansada Tneve
gafinuseansatnnluvg ranuemad 100 75 wae 50 % 3
dminanuaziminuisdesndmeenedillldldansaitn (Table 5)
Pnnamsudaimiinanuasiminut semgenstiensidans
anmanlunaanumududu 100 75 waz 50 % vk minan
LLax‘ffmﬁﬂLLﬁwawzﬁﬁmaamm 80.58-91.99 % uay 84.24-93.61 %
Gleeudisuiumsbildansartn augdu (Table 5)
nsUszliunsmuanivivneaenvesasan aainly
RAENUANTNTY 100 75 Uaz 50 % WaIWUES 1 7 Uay 14 Tu
WU MINUENTAAANTUNIEULASAIDNTY 100 75 Wag 50
% Fuszansnmlunsmunuvgiesld §alanuunnsnsiuma
afRTisviummdesiu 99 % WanBsudleutunshildarsatn
MsUstdiudl 17 wae 14 Suvdansvuansarin wuin nisléansarta
nluneranuauT Lty 100 % Susgansamlunisaiunumeg
galenninisldansannanlunganuanududy 75 waz 50 %
wagnshlldansann dwmsldasaiaanlunganuanududu 75
waw 50 % TUszdvsanwlunisaiunuma1enslininnishildans
afia (Table 6)
nMARUMS ST W auvesansartaanluveg 1anudi
tharldlumsmunumgensitslumamnsuarlugamnesidu wui
nslansanaluvefanuanuidy 100 % Wikamsaauguvgiiens
fivszfiugeaemaninnisiiansadeluvganuamududu 75 %

warlinanssud imsaiasivlavemaendliunnsaiunsldans
analug) 1@ UANNTY 75 % Jsmsidentdansaialumg 1@y
amaidiatiu 75 % WesmnanismunumeesTiusuduseanem
voanslansaialuveenuanudady 75 % egluserumunulds
waranUsiunsldansataaddie 25 % WewFeudeutunsld
ansadalunerauanududy 100 % eglsfinumanisaiun
vgenaiUsediugeanemuaymss udai i naauasiminue
suaamjmmﬂ“usﬁyumJJé’m5'1mﬂ%aﬁaﬁ’mmﬂlwzﬁwawﬁqqﬁu
donRansiu Patsai (2011) l91891U31 NavesEsaiadIewmMIea
NNUNYIAUAIBFWINAZABINVIUOATUS ATIA IR 9 AONT
195 QLA UlAU0 96 UNA 1989910 19959 UABNLE N (Penisetum
polystachyon (L.) Schult.) wazeaR (Phaseolus lathyroides L) &3
son Tngansananndama s udsnnuenvesnuasidugesiu
némemasIURenEnuari Rl E U s nd Feensadaen
Tunghanuissmueatinadud imsias i ulnvesdundmd sen
183 satansAneves Thepphakhun et al. (2019) inuinraves
mmqﬂﬁuﬁaamumq (Praxelis clematidea RM.King & H.Rob.) ii
g uduy 1:10 aansadudinissenvemalfiuun Oigtaria
clliaris (Retz) Koel) wazfusum (Bidens pilosa L) l&t 100 % @l
F8AUTNTY 1:20, 1:40 LAz 1:80 AUAIAU LT ULA 8IAU
Poonpaiboonpipa (2019) 184111 HAUBIETAN ANLIUA LN
ueauAqYS M3dadlanid vasluuia (Mumaya paniculata (L)
Jack) ieududusineg denssendinuaznines giiulnvesiy
&gl maun (Echinochloa crus-galli (L) T. Beauv.) uasiinioe
#u (Trianthema portulacastrum L) lngansaianenuainieniuea
100 % SudsaruemTNveE M MuNuasinTeTiugIan ey
msdudanas dlerudituvesenueaanas uenanil Suenoy
& Intanon (2022) e @ nwwavesarsanalute (Gmelina arborea
Roxb) daesarhazaneumuead udsmsas i uladuanae
3’1(1LL@%WJ’]QJEJ’]’Jﬁ’lﬁu‘umﬁuﬂéjﬂﬁugﬁﬂﬂiﬁaﬂNﬁuyjiﬂj 100 %

Table 1 Fresh and dry weight of E. heterophylla after applying three weeds extracts and reduction effect of fresh and dry weight of painted spurge 21 days

after using weeds extracts

Weight of E. heterophylla (g/21 plants)

Type of weed extract

Fresh weight % Reduction Dry weight % Reduction
No weed extract (control) 15.40° 0.00 3.83¢ 0.00
Siam weed extracts 9.60° 37.66 2.18° 43.08
Praxelis extracts 6.63° 56.95 1.24° 67.62
Little ironweed extracts 11.37° 26.17 267° 30.29
F-test x> - x> -
CV (%) 9.43 - 10.82 -
Remark: Mean with the same letter in the same column is not significantly different at p<0.05 by DMRT.
Table 2 Efficacy of weed control by visual rating after applying three weed extracts at 1, 7 and 14 days after using weeds extracts
E. heterophylla control by visual rating
Type of weed extract
1 DAA 7 DAA 14 DAA
no weed extract (control) 0.00° 0.00° 0.00°
siam weed extracts 6.75" 4.00° 1.50°
praxelis extracts 9.50° 8.25° 6.50°
little ironweed extracts 5.75° 2.50° 0.00°
F-test *% *% *x
CV (%) 13.56 28.67 26.36

Remark: Mean with the same letter in the same column is not significantly different at p<0.05 by DMRT.

DAA = days after application.
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Table 3 Fresh and dry weight of E. heterophylla after applying praxelis extracts at different concentration levels and reduction effect of fresh and dry weight
of painted spurge at 21 days after using weed extracts

Weight of E. heterophylla (g/21 plants)
Type of weed extract

Fresh weight % Reduction Dry weight % Reduction
No weed extract (control) 9.07¢ 0.00 2.53° 0.00
Praxelis extracts at 100 % concentration 2.18° 75.96 0.43° 83.00
Praxelis extracts at 75 % concentration 3.06™ 66.26 0.66™ 7391
Praxelis extracts at 50 % concentration 4.89° 46.08 1.16° 54.15
F-test ** - > -
CV (%) 28.32 - 34.72 -

Remark: Mean with the same letter in the same column is not significantly different at p<0.05 by DMRT.

Table 4 Efficacy of weed control by visual rating after applying praxelis extracts at different concentration levels of 1, 7 and 14 days after using weed extracts

E. heterophylla control by visual rating
Type of weed extract

1 DAA 7 DAA 14 DAA
No weed extract (control) 0.00° 0.00° 0.00°
Praxelis extracts at 100 concentration 9.00° 8.75¢ 7.50°
Praxelis extracts at 75 % concentration 7.25° 9.00° 7.88°
Praxelis extracts at 50 % concentration 3.00° 4.13° 2.75°
F-test % *x *x
CV (%) 11.09 16.57 18.96

Remark: Mean with the same letter in the same column is not significantly different at p<0.05 by DMRT.
DAA = days after application.

Table 5 Fresh and dry weight of E. heterophylla after applied praxelis extracts by 95 % ethanol at different concentration levels and reduction effect fresh
and dry weight of painted spurge at 21 days after applied weed extracts

Weight of E. heterophylla (g/30 plants)
Type of weed extract

Fresh weight % Reduction Dry weight % Reduction
No weed extract (control) 96.62° 0.00 18.15° 0.00
Praxelis extracts at 100 % concentration 7.74° 91.99 1.16° 93.61
Praxelis extracts at 75 % concentration 12.09° 87.49 1.74° 90.41
Praxelis extracts at 50 % concentration 18.76° 80.58 2.86° 84.24
F-test *x ** -
CV (%) 50.08 59.76 -

Remark: Mean with the same letter in the same column is not significantly different at p<0.05 by DMRT

Table 6 Efficacy of weed control by visual rating after applied praxelis extracts by 95 % ethanol at different concentration levels of 1 7 and 14 days after
applied weed extracts

E. heterophylla control by visual rating
Type of weed extract

1 DAA 7 DAA 14 DAA
No weed extract (control) 0.00° 0.00° 0.00°
Praxelis extracts at 100 % concentration 9.92° 9.67° 8.67°
Praxelis extracts at 75 % concentration 9.33" 8.42° 6.67°
Praxelis extracts at 50 % concentration 9.08" 8.00° 6.25"
F-test *% *% *%
CV (%) 371 10.92 13.20

Remark: Mean with the same letter in the same column is not significantly different at p<0.05 by DMRT.
DAA = days after application.

control siam weed extracts praxelis extracts little ironweed extracts

Figure 1 Using the extracts from dry leaves of three types of plant with 1:20 ratio for painted spurge control 1 day after using weed extracts.
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A3UNaN1339Y
vighanuduiiviidnenmlunsisvhasataauau
Fyitandson Fsmsidansatanlungauuiasiseniues
ludnsrdiuansadnneu 1 nJusioeniuea 95 % 20 daddns
a1u1saAIuANNg eI wenlieg1elise NS wazAIy
Wutuvesasanaanlung a1y 75 % Lilganaseani1sniuay
v1e19lé Taelinanismvauugensiiussidusisanemerlu
sysuikaznistiudansadyiulnvemdhendhiunnsetuns
Tansafnanlungrauauduty 100 %

AnAnssuUszne
A ilasumsativayuuideanumning1de sy
Meyauy3 uusssnueeld Ysedhteudssana we. 2565
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ABSTRACT

Using plant extracts for weed control is one of the practical options for farmers to reduce
the use of chemicals. The primary focus of this study is to determine the efficacy of
plant extracts in post-emergent painted spurge management. The research encompasses
experiments involving the identification of suitable weed species for effective painted
spurge control and the evaluation of the impact of extracts from dried leaves of three
distinct plant varieties, specifically siam weed, praxelis, and little ironweed, treated with
95% ethanol, in contrast to untreated controls. The study's results indicate that praxelis
leaf extracts exhibited superior inhibition of painted spurge growth compared to
untreated controls, as well as when compared to siam weed and little ironweed extracts.
The subsequent experiment aimed to identify the optimal extract concentration from
praxelis leaves for controlling painted spurge, utilizing three concentration levels:
100%, 75%, and 50% with 95% ethanol, in contrast to untreated controls. The findings
revealed that using praxelis extracts at 100% concentration resulted in more effective
painted spurge control, with noticeable growth inhibition in seedling trays and nursery
bags, surpassing the untreated controls. Interestingly, there was no significant difference
in growth inhibition between the 100% and 75% concentration extracts. Therefore, for
effective painted spurge control, praxelis leaf extracts at a 75% concentration appear to
be the preferred choice.
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Figure 1 Gallic acid standard curve with various dilution concentrations and taken to measure the absorbance by a spectrophotometer with a wavelength of 765 nm.

Table 1 Effects of vermicompost, chelate, and seaweed extracts to the cannabis plant height (cm.)

Plant height (cm)

Treatment
Week 2 Week 4 Week 6 Week 8
Fertilizer (Control) 51.60 + 1.52 ¢ 80.12 + 2.48 ¢ 108.70 + 3.90 ¢ 13478 + 2.43 ¢
VE 4570 + 2.11 ¢ 72.00 + 4.64 d 99.96 + 3.68 d 12274 + 6.03 d
VE+CL 59.08 + 559 b 88.00 + 2.74 b 121.40 £ 5.13 b 147.00 + 4.73 b
VE+CL+SE 70.60 + 3.71 a 98.40 + 3.51 a 136.20 + 4.15 a 166.40 + 7.80 a
Fotest - . *x -
CV. (%) 6.34 4.07 3.65 3.92

Y The vertical mean followed by an english letter obtained from the comparison of statistical values.

** There was a statistically significant difference at the 99 % confidence level.
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Table 2 Effects of vermicompost, chelate, and seaweed extracts to the cannabis bush width (cm.)

87

Canopy width (cm)

Treatment
Week 2 Week 4 Week 6 Week 8
Fertilizer (Control) 37.53 + 7.83 bc 38.13 + 7.90 bc 38.93 + 8.08 bc 39.99 + 6.80 bc
VE 30.96 + 6.68 3293 +7.27c 33.94 + 6.65 ¢ 3575+ 6.78
VE+CL 4287 +377b 4453 + 275 b 4585 + 2.63 b 4743 + 262 b
VE+CL+SE 48.87 + 343 a 51.01 + 294 a 5348 + 254 a 57.03 + 358 a
F-test *x *x *x *x
CV. (%) 14.34 13.77 12.90 11.74
Y The vertical mean followed by an english letter obtained from the comparison of statistical values.
** There was a statistically significant difference at the 99 % confidence level.
Table 3 Effects of vermicompost, chelate, and seaweed extracts to the cannabis stem diameter (cm.)
Stem diameter (cm)
Treatment
Week 2 Week 4 Week 6 Week 8
Fertilizer (Control) 0.67 +0.04 2 0.87 + 0.03 bc 1.03 +0.04 b 1.13+0.02b
VE 0.56 £ 0.05 b 0.78 + 0.06 ¢ 0.87 +0.10 ¢ 0.95 +0.09 ¢
VE+CL 0.70 £ 0.07 a 094 +0.05b 1.1+0.07b 1.20+0.02 b
VE+CL+SE 0.77 £ 0.03 a 1.04 + 0.05 a 1.24 + 0.05 a 137 +0.10 a
F-test *x *x *x *x
CV. (%) 7.68 5.51 6.79 5.85
Y The vertical mean followed by an english letter obtained from the comparison of statistical values.
** There was a statistically significant difference at the 99 % confidence level.
Table 4 Effects of vermicompost, chelate, and seaweed extracts to the cannabis leave width (cm.)
Leave width (cm)
Treatment
Week 2 Week 4 Week 6 Week 8
Fertilizer (Control) 12.90 + 1.02 ¢V 15.50 + 0.50 b 17.40 + 0.42 bc 18.60 + 0.42 bc
VE 11.10 + 0.74 d 14.00 + 0.79 ¢ 16.20 + 0.45 ¢ 17.80 + 1.04 ¢
VE+CL 14.70 + 0.57 b 16.50 + 0.35 b 19.00 + 0.61 b 20.50 + 0.94 b
VE+CL+SE 16.60 + 0.96 a 17.80 + 0.76 a 22.10 £ 2.38 a 2330+ 211 a
F-test *x *x *x *x
CV. (%) 6.11 393 6.79 6.39
Y The vertical mean followed by an english letter obtained from the comparison of statistical values.
** There was a statistically significant difference at the 99 % confidence level.
Table 5 Effects of vermicompost, chelate, and seaweed extracts to the cannabis leave length (cm.)
Leave length (cm)
Treatment
Week 2 Week 4 Week 6 Week 8
Fertilizer (Control) 12.3¢ + 0.42 ¢V 1520 + 0.27 b 16.00 + 0.71 bc 17.00 + 0.35 bc
VE 10.96 £ 0.76 d 12.80 + 1.35 ¢ 15.10 £ 0.74 ¢ 16.24 + 0.49 ¢
VE+CL 1450+ 0.71 b 15.90 + 0.22 ab 1720+ 045 b 18.40 £ 0.55 b
VE+CL+SE 1570 + 0.45 a 17.00 + 0.61 a 19.00 + 1.41 a 20.76 £ 1.40 a
F-test *x *x *x *x
CV. (%) 4.52 5.01 532 4.48
Y The vertical mean followed by an english letter obtained from the comparison of statistical values.
** There was a statistically significant difference at the 99 % confidence level.
Table 6 Effects of vermicompost, chelate, and seaweed extracts to the cannabis SPAD value
SPAD unit
Treatment
Week 2 Week 4 Week 6 Week 8
Fertilizer (Control) 39.43 + 0.65 bc 40.07 + 0.94 bc 40.86 + 1.55 bc 41.78 + 1.90 bc
VE 37.56 + 0.69 c 38.23 + 0.87 ¢ 38.55 +0.79 ¢ 38.97 + 0.68
VE+CL 4247 +215Db 43.08 + 240 b 43.65+225b 4522 +299 b
VE+CL+SE 4577 £ 3.08 a 46.79 + 4.40 a 47.35 +4.32 a 49.75 + 5.22 a
F-test *% *% *% *x
C.V. (%) 4.69 6.13 6.07 722

Y The vertical mean followed by an english letter obtained from the comparison of statistical values.

** There was a statistically significant difference at the 99 % confidence level.
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Mnuansnaaesziiuldindsdninyaldidou Alan
wazgansanaamdie ddnsamlunisnszdunisiasyiule
Ieananislddewnd WWusuamslunswdadgydunsdsaldle
1Wueeei aenndnatuiuNAanswes Marubodee & Ruanpan
(2020) wudr n1stEenin@inmilasion1siasyAulawaneig
Aun1eads lnedendndinmgasadunidniondqe lnavinli
At udluvesduinetstougefianfe 40.22 SPAD unit
finnuedlu wazduiuivesiuinensseuiagsiiaaie
16.62 lguAWAT kaz 8.70 iIrafl MINEIAU wazdanAdaeiU
N15918971U983 Tarangsri et al. (2023) lanaaouUszansan
vostjowiindiiinasenisiaiyiulavesinnianeuniulda wuin
n1sasyiulnvesinniaveuniulda laun Augedy Ay
niansay Fuaulu anundielu wazauendlu ey
wansinsegeidedrdgmieaia (P<0.01) laglusuainugeiu
wuin nslidensingasit 9 anunsadawaliiinniavenniulde
augedu anundmsay aundslu anvenlu uag
Frualugefiae sesasunde nsldtevingasi 6 waziile
Wisuiisuivameassiiinislddeiadl wuin fnniavesniu
18aiilasuteindl udliaonndeaiuaunnasives Puangbut &
Phisayatrai (2022) 71 l#@nwinavesnisldy sviinyaldidou
Jufunsaanmslddeiniisenisiasaiuln uaznislinandnves
Fnlwatmdemnu Samuinsldadeyaldifeusiniunisan
nsldadeind duavitliniugauazatanudeslulaiinniu
uangnafunisldteweddamuusii uenaninuinislddeya
lddousudunisannislddeiaiinndnsn vinlinandnilnan

88

Talnaldunnsneiunislddend

uen9ntl Ssaonndoaiun 13 TIBIUTEs Benchasr et
al. (2021) levinsAnwdnsnaveslesenisiaigiiulauay
KandnvoInszLisuder wuin nisldleyagns dwalinssideu
Jergannitaail 2 dUavivdadgn luvnigfiaunavesdidu
nsziisuider Souaiutuluynduani Tne 8 dUamindagn
frnuniannigauieriunanisieiagivlnvesiguiluns
naaosil Weownnndefiwasaivlaunty tudilufazadne
uniu dewaderugs arunidly edenalinandniiusina
LANAINAY WAEEBAAA BINUNITIIEIIUYDY Tiamiyu et al.
(2012) is189uHANITIAADII1 BVBwavesnIsTaniTlouay
Unatlefinsuifouidollduinadenmnn SnunsvesHanan
LazaIdUsENoUNARARTBINTHITBUTEN

dlernuniieongasu 9 dUnmindsireugn Sufinuiuw
Chlorophyll A Chlorophyll B Total Chlorophyll Total
Carotenoid mﬁﬁmagaﬂaﬁaax e Total Phenolic compound
wuin fanuuanansegeiiveddabansadi (P<0.01) Tnanis
TilJodwinyaldifounaufion wavarsadnamene (VE+CL+SE)
vluTuIae Chlorophyll A, Chlorophyll B, Total Chlorophyll
uay Total Carotenoid fiFngsilan winfu 5.67 7.8 13.16 uag
2.37 grult @U@ (Table 7)

nslideduadl ilviusinamsiueyyadass :1e9u
warduAn ECso Ao M3namdnseyyadaszanadldndamis fien
LA U 77.28 grul ! WA Total Phenolic compound qﬁi
an WU 15.37 goael " (Table 8)

Table 7 Effects of vermicompost, chelate, and seaweed extracts to the chlorophyll A, chlorophyll B, total chlorophyll and total carotenoids in cannabis leaves

Treatment Chlorophyll A (grlL™) Chlorophyll B (geyl ™) Total Chlorophyll (gewl™) Total Carotenoid (grul™)
Fertilizer (Control) 3.33 + 0.30 bc" 4.90 + 0.32 bc 8.23 + 0.55 bc 1.39 + 0.14 bc
VE 242 £ 057 c 3.80 £0.81 c 6.23 +1.27cC 1.04 + 0.23 c
VE+CL 434 +£025b 557+023b 991+042b 1.76 £ 0.10 b
VE+CL+SE 567 +0.87a 748 £ 1.53 a 13.16 + 2.38 a 237 +0.37 a
F-test *x *x *x *x
CV. (%) 14.05 16.30 14.84 14.38

Y The vertical mean followed by an english letter obtained from the comparison of statistical values.

** There was a statistically significant difference at the 99 % confidence level.

Table 8 Effects of vermicompost, chelate, and seaweed extracts to DPPH scavenging activity ECso (gawL™) and total phenolic compound (geael ™) in cannabis

leaves

DPPH scavenging activity

Total phenolic compound

Treatment B 4

ECso (grwl ™) (g6ael™)
Fertilizer (Control) 77.28 + 9.48 a" 1537 + 4.43 a
VE 88.40 £ 851 b 10.72 + 1.08 b
VE+CL 96.25 +8.02 b 10.25+ 148 b
VE+CL+SE 90.53 + 4.76 b 11.67 + 161 b

F-test *% %
C.V. (%) 8.95 21.04

Y The vertical mean followed by an english letter obtained from the comparison of statistical values.

** There was a statistically significant difference at the 99 % confidence level.
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\osnntedunidegluguvesasuszneudunid uas
fsnusgemsegies WewSsuivuiulend aonndosiu
NUNARBIYDY Thaimuang & Sumrit (2007) szyinshidemsin
Winsethaie lusnsdruiuseleviin ity 3:1 vhlvdmin
anuazimdnuidludiuniofuuasldfuresnszesffan
faudrhmslielaifenuuansstumsedfludoshuiinaandn
WiNan1IMAaeINUI Uit lai$ul ednsavanlulasiau
woanasa uarlwunadon geanhduilldldsudedumienu
waglidiu waludonAd 09N U UNAADIYBY Kowwilaisang &
Anilbon (2020) levin1sAnwdnsnavesyindesonislvinanin
uazansUsznoufiuednsailudidas nanismaaesnudn winde
lifinaseUsinaasituednsiuluwdadidas usisuunltudiinis
T4 uyadeanvdnilvansiiuednludngafign se9aen
fe mslienduaznslalads muddy umasesiuandli
wiudeyadeeviindunlduinasannsndieiiuasituedn
Tudals

uananiiaonndostunIsT189uTes Thaokanchan et
al. (2018) AnwinavesledunidsoUsunaisusznauiiuedn
Homavesudsgans wuh fulsgeildsulea it
aﬁﬂizﬂauﬂuaﬁﬂmmﬁ'qm WINAY 4.85 Mgeae/Sow WA bl
AOAAFDINUIUNARDIVBY Buakham & Sanprasert (2017) 16ivin
mMaBsuifisumsiesyiulanasnandntiuniiugnlagldieiad
wazdedunidludnsisng q fulueiuidminguasesiil
Tnefinsugniaunlufunsesiuiifinnuganasysaldnneld
anmen1Aresdminguasvenil wuinislidedunsgsiuiy
JenadlviliiiuTuna Asiaticoside Tudruusvluvestungsiign
fatfu inwasnsiisiosnisugniunites mnerandauiaiield
WuimgAvdmsundnenayulng Fsasinisladedunsdsuiu
JoiaiTlunisugniiaun Sensladewniigns 15-15-15 Tuusiazads
8031 7.5 Alanfudels Tauduledunidyalinauunauluunas
adsdn 500 Alanusiols Aireulgnuasndednedgn 1 Weurh
T9USana Asiaticoside LiTugsiian

d3UNan13I9Y

mslilethuinyaldifou naufian uarasafnamsie
(VE+CL+SE) yhl¥idudgundnsasqaulauaglvinandnidian
Tuduaid 8 daunislidednad viliusinaasdueyya
dasy uazansUszneufiuednsangiian oﬁ’ﬁﬁ"'umﬂﬁﬂafmﬁﬂ
yaldifiou naufian wagansannamsne (VE+CL+SE) asiiiesne
é”msi"umiﬂgﬂﬁzgﬁmaqLﬂwmmﬁéfaqmﬁmﬂwLawwﬂ‘uam
Wewfuiienandniiony 8 &Uawi uddmsuinuasnsiidosnis
Ugnigmiielfiduingivdmiunaneasyulns idosdisd
Ysinaansdndey msliledunidruivdenillunisugniie
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ABSTRACT
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Cannabis cultivation requires production to control the quality of raw materials for medical grade.
The cultivation process is important because it is to affect the quality of cannabis. This research
was to study the effect of vermicompost extracts, chelate extract and seaweed extract on growth,
antioxidant activity, and the total phenolic compound content of cannabis to provision the basic
information for those who are interested in future cultivation and research. The experiment was
conducted in a Completely Randomized Design (CRD) with ten replications for four treatments.
Fertilizer was a control factor (Fertilizer; Control), vermicompost extracts (VE), vermicompost
extracts mixed with chelate (VE+CL), and vermicompost extracts mixed with chelate and seaweed
extract (VE+CL+SE). Fertilize by pouring onto the planting material at the amount of 2,000 ml per
pot once a week for 8 weeks. The results showed that the VE+CL+SE had the best cannabis plant
growth in the 8th week with plant height, canopy width, stem diameter, leaf width, leaf length and
SPAD values were 166.40, 57.03, 1.37, 23.30, 20.76 cm and 49.75 SPAD units, respectively. The
chlorophyll a, chlorophyll b, total chlorophyll, and total carotenoids had the highest values of 5.67,
7.48,13.16 and 2.37 grwL . Fertilizer application (control) showed the highest antioxidant activity
with an ECs of 77.28 grwL* and a total phenolic compound content of 15.37 geagL ™. Therefore,
VE+CL+SE may be sufficient just for growing cannabis farmers who want to sell only fresh leaves.
But for farmers who want to grow cannabis to sell dried leaves to be used as raw materials for
producing herbal medicines, it may be important to consider active ingredients. Organic fertilizers
should be added together with chemical fertilizers to the soil used to grow cannabis as well.
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ndvsfiagiuns ladiued uasiivfinyaun iguugll 37 ssanvades Wussesiaan 0 24 48 uas 72 Falus
WisuWisudBinaansusznauiiuedniiaiun gusnisiiueuyadass uatlulnawmases nan1sinwamuiiusunn
d1susznauiueinnavue qusnisiiueyyadase uazlWlnaneseavasdnafagiuns ladiues uasiiufiuguun

Ansindiny - R 4 X o a o o o
. fuwnlduiududisszeznanlumseeniiuiuiy n1ssenfiguugil 37 asAwaided Wuszazioan 72 dalus
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ars0engninIeTan ayyadasrgegn Weviniseniigumgll 37 ssrwaded Wuszezaan 48 Halus (p<0.05)
91ndeq

o < v I~ v < =)
UNUI waaUsznaunigiaanuluan (tegmen %39 seed coat)

drnduiilunsznandg (Graminaceae) ¥aidungy
awnsvdniduunasanslulawnsavesdssrnsuinniieisan
finnsugnuaruilanegraunsvarslugiuzemsivilan
Uixﬁi’ﬁ’uimaiu'ﬁawqasaimﬁ’ummwﬁmﬁu 9 (Hu et al,,
2023) §1:duemswdnvesaulneundwsadsussnniauas
fodudinigyravesaulng nmsviundaduewudnass
Uszrudiulugvesuszsma waziislaindrnduiisasugia
drdyd i ihselesiuauninidagUszine (ORDPB, 2017)
Frdmdundananianisinuasvesined uSuaunandn
Wududunisunvanenmssuiiadeiu nsdseend1ivesing
Tud w.e. 2565 dUsu1uN15d998n89 7.69 ausiu laguIuw
deoaniudu 22.10 % il eiisud i safuvesdneu
TngUssinad dnd191ilng 5 duduwsn Usenausindsn
wan3nle Ju ansgoiusng waziuiiu (Office of agricultural
economics, 2023)

Frndudyudedand of sldunanudavessyiie
winvel1 ansnsanasaiulalaludnuazgivsemenazglionnie
fumnaraius slulundeu (tropical zone) warlunougu
(temperate zone) #1lassasraudatnusenoudiedenuds
Vumdavieunau (hull) iwihivudaelineludensiu
Ha (pericarp) WuwadgUuvisvioruseuwdn wén (seed) nelu
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Dunilswaduis 5Us1eea% aauluseludu Savililinaauds
Tunstestuililiidngilewsn daududelussla (hyaline
layer w30 nucellus) agAnfutuUdeniusdnusznaudoans
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sUAwAsugnuIAfLariiladuaegmsinans Ussnausmelusiu
wiiwaglaa uaziwaglaa ¥ usnoundudway (germ wio
embryo) WudwiiFeninayndidudumisuvesdudiaz
somdudutidulug dnazidudiuiiezsendusensou
(plumule) wazdruitazsanidusinduia (radicle) wazdwile
Wan (endosperm) HUszanm 68-70 % vouuant1n anelu
\waaUsznouMIBanIsy (starch) wazlusiududiulvg (Matin
& Kang, 2010)

12nd8390n (Germinated brown rice) IngaLfunan
Fuiit o usarfvosdnndes nnssenilvsdngeuns
an3EH21Ia1N1599 UaznsiunsdaAsIziaiseangv’
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findeifu AoUsznavludie 3 Tumeundnaowiostu Taud
1) N13UYarn1598n (soaking and germination) 2) N1SWLLIAS
N3I0ULIA (drying) kay 3) n13a (hulling) uianziizLUden
0N (Oli et al., 2014) NMsuduazn1sendunszuiunsfidfay
Tnensihdrdenutluisyana 6-24 alus wlelidilug
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Mnseuuis Tnenisanuanniseulvuie i elwdrauden
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Waeonesn fe nsusnidensenly wielwlddludnuae
19nd049 (Kumar et al., 2018)

T1andesseni ganldroarsernnsi fuselovil
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Ilmamasen arsUszneuiiuedn Wudy nsvuaunsuaivile
senfudusoutu Fededuitmniledildfumnuauleogrann
Tutlag i fnndessenifududifidnenmlunisudsiulunann
g9 wsnzdigaiiunaneysenns 017 fnduney e gaudig
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y1ialy sdandessendiganlufrsiniiud indeus dule
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s1melanningndesund (Patil & Khan, 2011; Thammapat
et al,, 2016; Weng et al,, 2019) JaUuiin15Any1dHaves
nsrUIuNIsend 1IN sAsuuUatanseangnin1edanm
Tut12 Trachoo et al. (2006) svin1sAnwinszuaunIsIendn
wudransaisaseangninedanmlaganindnilasiou
N3zUIUNTSI8N Choi et al. (2006) TavinsAnwinsezuIunig
sondrdiusveriie 24 Falus wuiransaiindSunaniinia
Wgelaa 3.4 111 U1ena3iag 2.75 i uazaisUsenay GABA
(Gamma-aminobutyric acid) 7.97 Wi WiawSeuiisududig
TaiunszUInISIen YanINTL Ukpong et al. (2023) wuin
A usreziatlunisiendwmanonsii nus ualusiu
a13UsznoU GABA LLazqwémiﬁmaqaﬁaﬁaszLﬁuqﬁu WARA
gesnsendentsidsundasansiilnamesoauazqninisfiu
ouyadasyvasinfiuiuvlgaiugdaiidesunn dufunisine
Funhadaifajaduinvmaresszernanlunissensoiinm
asUsznaufiuedniianun Inlnamesoauazqvsnisiueyya
faszveatnuuugeius usvdavesing & saziduuvas
A158ULNALUNITWRIUINTEUIUNTHA AT 1INE 898N T 3l
Anuausatunsudsiulunainnely

gunsaluazIsn19Ide
gy

#0819 14 lun13@nwiuszneusiedadagiuns
T17lsdued wazdsiudiuguuw vinsiiud ooluged
W.A. 2563
N30 19T INaDNEN

thdavis 3 4in Téun $1afiagduns $1lsdiued uax
Gr1ITUALYUUN udauendsUasululagynisnginiziuden

ndsnniudaomedniianyseiuasfiunda Sailazen
wd 1910w W las S uada - u Ao 103 WA
flgungiivies usroziaen 24 dalus viinisdauasiudeui
Inivn 8 42lus i iunisurudaniinissenlag
Uszyndlin1aisves Thammapat et al. (2016) Ingn1sldmu
vereliuarnslivumsunsuiieldlinutussiveeenluiss
Aultuasfieliauduasi vihnissenludauaugungd 37
aaradea lusrerian 0 24 48 uay 72 Falus nAIILNT
son thinfiiunssenlusuliusiasedeuaniounuuaind
gamndl 60 asangaidoa TWldusuaaududings 16 %
(d.b) ndaanduihdndldlurinsualazideauas souniu
ALUNTIIoU (sieving) YA 180 1wy (mesh) waziiudiagely
gefiuuasiigaungil -20 sarmwaldoa Aeuwhnsiases
mseTIsiSSnaaUseneuitueaniian

nsieseivlinmansUseneufuednitomuaiasze
Inel4 Folin-Ciocalteu method m1335984 Abootalebian et al.
(2016) TnguA981917 500 Aadnsu in1sANaIsazay
N8 80 % W1n15Y UNANLAZNTBILBIA DY 1917
0.5 daddns vinn1siAuansasaiy Folin-Ciocalteu reagent
(0.2 N) U3snns 2.5 fiadans vinsaaiald 5 wil wdwvhmsiia
a15a¥any sodium carbonate (7.5 %, w/v) U3uns 2 adans
wdaainsl3ludifin 30 unil Sadnsgandunasiiniueniadu
765 unlwuns taeldin3 oa UV-visible spectrophotometer
Tda1sazany callic acid Luarsazarsninsgiulugreniy
WUty 50-200 dadnsusedns ArutaUIuina1susznay
fuednluguiiadiniuauyaveansaunadn (mg GAE)
MFAATIIgYENI e YRBaSY

mfimezﬁqw%‘é’ma%aﬁaizﬁ:}&ﬁ% DPPH scavenging
assay lagqaa1sazany DPPH Auidudy 0.13a81uans
3 fiadans asluansainaindieds 150 lulasdns wawlmdniu
Unilgaumniviesluiidaidunan 30 wfl udriamnsganduuas
fe1A3ae UV-visible spectrophotometer fiauenindu 515
wrluiuns (Mokbel & Hashinaga, 2005) 4if 8/ 1U2 %1
% radical scavenging 31NAUNT

% DPPH radical scavenging = [(X=Y)/X]x100

e Y g ANIRANAULAIYBIRIDETN
X fig AnnsgANGuLEIes control

myuas1eisualilaamesoa
nmslasgivTinulnlaamesea Ussgndldnuisves
Thammapat et al. (2016) laguf0819U3NU 2 ATU 119
nsenedlnnlugdueen aag KOH 2 Jadans (600 nSu/an3)
NaCl 2 ad8n5 (10 NU/873) 95 % Ethanol 2 1888 waz
Ethanolic pyrogallol 5 fiaddns (60 nYu/dans) laeld 50-
Cholestane 19 u Internal standard & s91n1 u nIN158
Ty water bath i g umad 70 sarwaidea tuszeziian
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a5 undl viliBunazaineieg n-hexane : ethyl acetate (9 : 1)
wasntuinlussinesivazatseendauias 09 rotary
evaporator figauvail 40 sseniwaldea Waslvoelugeyius
Taeld BSTFA : TMCS (99 : 1) 10 lulasdns uag pyridine 1
fadans azaunaumie n-heptane kagilviiaszsiusanul
lnanosoa Laglyd GC-MS (Gas-Chromatography Mass-
Spectrometry)
MTUATIZITOYaNNaDH

INUNUNITNABBILUY Factorial in CRD (Completely
Randomized Design) 31A512% A0 UTUTIU (ANOVA) ay
Wisudieuanade 1ae35 DMRT (Duncan New Multiple Range
Test) fisesutiodndny 0.05

NAKAZITAINANIIIVY
wavesszeziIarlunIsendausuaa sUseneuiiueanyianus
UazgMENISH I YYASASY
nsfnwinavesaniizlunissend1idaasuns
FMlsiued wazdviuiinyuun fguvgfl 37 ssmisaidea
28213981 0 24 48 way 72 Falud MuEIRU Kan1TMAABINUIN
mi‘dizﬂauﬂuaﬁﬂﬁwmmaﬁnﬁ’uﬁmuLLWﬁU%‘mmqaqm
(213.95 mgGAE/100 ¢) T0tadu e Ts¥iues (196.97
mMgGAE/100 g) uazllaaiuns (193.94 mgGAE/100 g) Aua1Y
dlevhnseenidusrezinaviud unuisinaasuseneu
fluedniemunarilusunaniiunnniu (p<0.05) suflsszeziaan
Tunnsseniduszeziian 48 $alus (Table 1) Tned1alsdiues
fivinisseniduszegiian 48 $alus aefiuSunauansusenoy
Wuaﬁﬂﬁmmqaqm (288.22 mgGAE/100 g) Wesnnssuums
senaziliteulasiang 9 (phosphoenolpyruvate, d-erythrose-
4-phosphate) n18luiud At 1915 e uLavy ssdaane
asUszneuluanalngiiiteldlunszuiunisadiaemnslsiiusiu
goureitn Fuhliarsusvneuiluedndenaai udu

(Thammapat et al., 2016) 111Uszneumensafuedniazlna
Talasaiazansthlduarliazaneth ansuszneuiiueadaulg
ogflugtuvuiiliazaneh Ssasdusunedudnanlsdintoead
vaafi® (Miller et al, 2000) n15%and seAuaangfl 37 aaen
waldea szognan 48 4alue duTunmvesansusnauiluedn
anungefian udIInHIuNTEUIUAITINTEBRIA LT Y
Tneldinarlunissen 72 Falus vhldarsusznoufluedniiavan
anas (p<0.05) esannmsdeuudasluiduansduiionns
Widulafudugeusely Jeaonndaatunanisfinuives
Yang et al. (2001) wag Tian et al. (2004) 7 189111349
nszvrumssennszdulviAnmsiasuulasaummeemsuas
a1sUsznauiluednlussninenszuiunisten lagsening
nszvIunIsenuisraduesivgne ey lvldaisusenau
Wuaﬁﬂgﬂﬁaﬁmﬁlwﬁyu danaliiansusenauilusdnuaznsn
Auednid uduldluseninanissen Vongsudin et al. (2012)
IFsseuinisdisuamisduaivesinindes 3 via ldun
Frameuida 4119190enurd 105 wazdrundeani 76w
nsrvIUMsIEnfigamnll 30 esrwaldua wazsoziaatsen
48 F2lug WuTIT19 e 3WuE T W unsruIunTe0n
fiansuszneviluednioundiinty 1-4 wih dewSeudleuu
wiadnildkiunszuaunissen

gy lumsinueyyadassludria 3 aeus (Table 2)
wuIrdnlsdiued Aqnslunisdueuyadasegaga (45.45 %
Inhibition) se4a%A® faaiuns (42.40 % Inhibition) wagyiuiiu
U (41.41 % Inhibition) Ay Wlevhmsseniigamgd 37
svrnadea Wuszezanutunuingrata 3 vile fgvslums
ey adaseqaliu (p<0.05) Tnedmlsdiued fivhnssenidu
szpian 48 Falus axdiovd lunsiueyyadasegegn (79.50 %
Inhibition) & s@enAd 8¢ UN1SA NwIves Lin et al. (2015) uax
Ukpong et al. (2023) finuindlovnssendifusseznaundu
dwmaromafiugvdluniuoyyadaszgeu

Table 1 Phenolic content (mgGAE/100 g) of ungerminated and germinated some rice cultivars

Germination Time Varieties
(h) Nil-Surin Riceberry Tubtim Chumphae
0 193.94+2.26% 196.97+2.23™ 213.95+3.45%
24 223.78+10.16% 237.11+4.63°° 237.82+3.12°
48 258.14+20.33™ 288.22+18.49™ 273.37+3.30™
72 239.59+9.04"% 267.39+2.82% 245.68+2.40%

Mean values + standard deviation of determinations for triplicate samples.

Values with the different capital and small letter in each column and row are significantly different (p<0.05).

Table 2 Antioxidant activities (% Inhibition) of ungerminated and germinated some rice cultivars

Germination Time Varieties
(h) Nil-Surin Riceberry Tubtim Chumphae
0 42.40+1.84%° 45.45+0.97" 41.4120.73%
24 74.80+1.12% 57.18+0.26 60.46+0.26
48 70.22+0.52% 79.54+0.18™ 68.54+0.52"
72 70.60+0.95% 76.31+0.16% 62.63+0.25%

Mean values + standard deviation of determinations for triplicate samples.

Values with the different capital and small letter in each column and row are significantly different (p<0.05).
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wavevszezIalunsiengeUsuialnlaamesoa
MnuamsAnwannzlunissendniigaumai 37 sam
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Uunalilnawmesea nansdnwnuitlilnameseaiinuludn
Usznausie Campesterol Stigmasterol
B-sitosterol A5-Avenasterol A7-Stigmasterol wag A7 -
Avenasterol Tnglnlnainasoandniinuludnn fie Campesterol
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FadeandosriunanIsAnuues Chu et al. (2020) finuindey
nssendrdussszmunuiudswadenaifinduvesansonn
grimeTanm msduasgiaslungulnlnameseatufnan
n151Wd sundasveaoulednganundaisuondiaaain
N3¥UIUNITAAISUBNTLaTU (decarboxylation) U8snTnazilly
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2007)
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Figure 1 Phytosterol content of ungerminated and germinated some rice varieties.

Different letters above the bars indicate significant differences (p<0.05).
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ABSTRACT
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Brown rice

Rice contains husk, endosperm, and bran layers, which contain a variety of nutritional and
biofunctional components. Germination is one of the techniques used to improve the texture and
nutritional qualities of rice. Germinated brown rice was produced from the Nil-Surin, Riceberry,
and Tubtim Chumphae cultivars by dehusking the paddy grains and germinating them at 37°C for
0, 24, 48, and 72 hours. Total phenolic content, antioxidant activities, and phytosterol were
analyzed and compared to that of non-germinated brown rice. The results showed that the total
phenolic content, antioxidant activity, and phytosterol of the Nil-Surin, Riceberry, and Tubtim
Chumphae rice exhibited an increasing trend as the germination time increased. Germination at
37°C for 72 hours provided the highest phytosterol content among the germination treatments
tested (p<0.05). However, the amount of total phenolic content and antioxidant activity was found
to be the highest at 37°C for 48 hours of germination (p<0.05).
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Figure 1 The sampling station at Thon Canal, Thung Lan Subdistrict, Khlong Hoi Khong District, Songkhla Provinc
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= The upstream station (Station 1; 6°54'55.39"'N 100°25'32.57"E)
= The midstream station (Station 2; 6°55'25.26"'N 100°25'26.93"F)
= The downstream station (Station 3; 6°55'41.68'"'N 100°26'03.46"'E)
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Table 1 List of phytoplankton species surveyed in Thon Canal at Thung Lan Subdistrict, Khlong Hoi Khong District, Songkhla Province
List of species Station 2020 2021 F %
1 2 3 Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul

Cyanophyta
1. Oscillatoria spp. + o+ + + + + + + + + + + + + + 100.00
2. Microcystis spp. + + + + + - - + + + + + + + + 86.67
3. Anabaena spp. + o+ + + + + + - + + + + + + + 93.33
4. Merimopedia spp. + o+ + - - - - - - + + + + + + 60.00
5. Chroococcus spp. - + + - - - - - - + - - + + - 33.33
6. Spirulina spp. + o+ + - + - - + + - - + + + + 66.67
7. Nostoc spp. + + + + + - + - + - + + + + + 80.00
Chlorophyta
8. Pandorina spp. + + + + + + + + + + + + + + + 100.00
9. Eudorina spp. + + + + + + + + + + + + + + + 100.00
10. Pleodorina spp. + + + - - + + - + + + + + + - 73.33
11. Volvox spp. + o+ + + - - + - + + + + + - - 66.67
12. Pediastrum spp. + + + + + + - - + + + + + + + 86.67
13. Botryococcus spp. + + + + + + - - + - + - + - - 60.00
14. Planktosphaeria spp. + 4+ + + - - + - + + + + + + + 80.00
15. Dictyosphaerium spp. + + + - - - - - - - - + + + + 46.67
16. Crucigenia spp. - + - - - - - - - - - - + - - 13.33
17. Oocystis spp. + + + + + + + + + + + + + + + 100.00
18. Ankistrodesmus spp.  +  + + + - + + + + - + + + + + 86.67
19. Scenedesmus spp. + + + + + - - - + + + + + + + 80.00
20. Oedogonium spp + + + + + + + + + + + + + + + 100.00
21. Spirogyra spp. + + + + + + + + + + + + + + + 100.00
22. Zygnema spp. + + + + + + + - - - - - - - - 46.67
23. Closterium spp. + + + + + + + + + + + + + + + 100.00
24. Cosmarium spp. + + + + + + + + + + + + + + + 100.00
25. Kirchneriella spp. - + + - - - - - - - - - - + - 20.00
26. Euastrum spp. + + + - - - + + + + + - + + + 73.33
27. Arthrodesmus spp. + o+ + - - - - - + + + - + + - 53.33
28. Plurotaenium spp. + + + + + + + + + + + + + + + 100.00
29. Micrasterias spp. + + + + + + + + + + + - + + + 93.33
30. Staurastrum spp. + + + + + + + + + + + + + + + 100.00
31. Coelastrum spp. + + + - - - - - - - + + + + + 53.33
32. Hyalotheca spp. + 4+ + + - - - + - - - - + - - 40.00
33. Xanthidium spp. + o+ + - - - - - + + + - + - - 46.67
34. Mougeotia  spp. + + + - + + + + + + + + + - + 86.67
35. Desmidium spp. - + + + - - - - - - - - - - - 20.00
36. Spondylosium spp. - + + + - - - - + - - - - - - 26.67
Bacillariophyta
37. Gyrosigma spp. + + + + + + + + + + + + + + + 100.00
38. Fragilaria spp. + + + + + + + + + + + + + + + 100.00
39. Licmophora spp. + + + + + + + + + + + + + + + 100.00
40. Navicula spp. + + + + + + + + + + + + + + + 100.00
41. Amphora spp. - + + - - - - - - - - - - + + 26.67
42. Surirella spp. + o+ + + + + + + + + + + + + + 100.00
43. Epithemia spp. + + + + + + + + + - + - + + + 86.67
44. Cyclotella spp. + o+ + + + + + + + + + + + + + 100.00
45. Bacillaria spp. + + + + + + + + + + + + + + + 100.00
46. Melosira spp. + + + - - - - - - - - - + + - 33.33
47. Pinnularia spp. + + + + + + + + + + + + + + + 100.00
48. Synedra spp. + + + - - - - - + + + + + + + 66.67
49. Cymbella spp. + o+ + + + + + + + + + + + + + 100.00
50. Pseudo-nitzschia spp. + o+ + - - + + + + + + + + + + 86.67
51. Nitzschia spp. + + + - + + + + + + + + + + + 93.33
Pyrrophyta
52. Peridinium spp. + + + + + + + + + + + + + + + 100.00
53, Ceratium spp. + + + + - - + + + - + + + + - 73.33
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Table 1 Continued List of phytoplankton species surveyed in Thon Canal at Thung Lan Subdistrict, Khlong Hoi Khong District, Songkhla Province

List of species Station 2020 2021 F %
1 2 3 Aug Sep Oct Nov Dec Jan Feb Mar  Apr May Jun Jul

Chrysophyta
54. Synura spp. + o+ o+ + - - + - - - + + + + - 60.00
55. Mallomonas spp. + 0+ o+ + + + + + + + + + + + + 100.00
56. Dinobryon spp. + o+ o+ + - + - + + + + + + - - 73.33
57. Tribonema spp. + o+ o+ + + - - - + - + + - - - 53.33
58. Centritractus spp. + o+ o+ - - - - + - - + + - - + 46.67
Euglenophyta
59. Trachelomonas spp. + o+ o+ + + + + + + + + + + + + 100.00
60. Phacus spp. + o+ o+ + + + + + + + + + + + + 100.00
61. Euglena spp. + o+ o+ + + + + + + + + + + + + 100.00
62. Strombomonas spp. + o+ o+ + + + + + + + + + + + + 100.00
63. Colacium spp. + o+ o+ + + + + + + - - + - + + 80.00

- = not found, + = found.

B Cyanophyta

B Chlorophyta

B Bacillariophyta
Pyrrophyta

B Chrysophyta

B Euglenophyta

Figure 2 E-value of phytoplankton, divided by taxonomic classification at the level of divisions. The number shows the proportion as a percentage
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Figure 3 E-value of phytoplankton, divided by taxonomic classification at the level of genus. The number shows the proportion as a percentage
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Figure 4 Species diversity index, Evenness index and Richness index of phytoplankton at each station. Different letters indicate statistically significant
difference (p<0.05).
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Figure 5 Species diversity index, Evenness index and Richness index of phytoplankton at each month. Different letters indicate statistically significant difference (p<0.05).

Table 2 Different parameters of water quality in each station and in each month

Statiorv/ Parameters
Month Water Depth Water TSS pH EC DO BOD TAN NO,
temperature (m) transparency  (mg-SS/L) (us/cm) (mg/L) (mg/L) (mg-N/L) (mg-N/L)
(C°) (cm)

Station1 28.22+0.86”  2.03+0.52”  18.17+14.19" 14.51+4.72% 6.88+0.22” 91.71+4.41"  6.19+0.54” 1.41+0.70°  0.046+0.051”  0.008+0.006”
Stetion2 28.48+1.13"  1.40+0.48°  47.33+13.03” 25.02+19.02” 6.86+0.27" 91.86+4.68"  599+0.57” 1.38+0.65"  0.035+0.030"  0.003+0.003"
Staton3 28.14+0.97”  1.26+0.36°  17.33+13.03  16.00+5.54” 6.81£0.25"  92.60+5.99”  6.08+0.60” 1.23+0.617  0.034+0.025  0.003+0.004"

Aug-20 28.00+0.36°  2.40+0.61°  20.0+0° 25.70+5.26" 6.47+0.20  89.50+7.76°  539+0.50°  1.61+0.61°) 0.020+0.016° 0.011+0.004°
Sep20 29.10+0.44°  1.60+0.40° 50.0+0" 9.25+4.09° 6.72+0.27% 89.81+0.29°  4.82+0.90°  2.43x0.77" 0.017+£0.008“  0.008+0.0004°°
Oct20 28.80+0.32%° 1.60+0.60°° 56.0+3.16° 18.10£14.59  6.84+0.09% 98.68+0.71° 5.75+1.60°°  0.63+0.33" 0.011£0.015° 0.003+0.005™
Nov-20 27.55+0.40°  1.55+0.60° 50.0+0° 40.04+29.73°  6.56+0.04" 94.16+1.63° 5.90+0.40°™ 0.67+0.21 0! 0°

Dec20 27.29+0.35%  1.70+0.16™ 23.0+0° 1589+1.92°  6.64+0.07" 80.36+1.49° 6.34+0.24"°  0.98+0.99¢ 0.039+0.044°  0.006+0.006°
Jan-21  26.42+0.35°  1.70+0.16™ 50.0+0° 15.155.01°  6.75:0.03% 90.35+0.81¢ 6.53+0.33"  1.35+0.54% 0.046+0.031°  0.004+0.003°*

Feb21 28.16+0.42° 1.92+0.19°  53.0+4.83° 16.00£9.82°°  6.87+0.05° 96.41+4.66™ 5.72+0.44°  1.88+0.17°° 0.024+0.025° 0.003+0.002°
Mar-21  29.12+0.45°  1.38+0.52°% 51.0+3.16° 12.85+3.37° 7.12+0.08"° 97.09+£3.52 549+0.69°  2.21+0.36°° 0.002+0.001°  0.008+0.018%°

Apr-21  28.87+0.29°° 1.204£0.26™  50.0+0° 16.60£1.79°  6.98+0.11° 91.93+2.97% 6.39+0.36™  0.94+0.11° 0.096+0.056°  0.005+0.003°*
May-21 28.75+0.33® 1.05+0.16°  50.0+0° 17.10£2.12°  6.99+0.07° 91.21+1.38% 6.50+0.29°  0.89+0.40° 0.073+0.011°  0.003+0.003°*
Jun21  28.49+0.17™  1.50+0.71°° 50.0+0° 19.05£13.84°  7.01+0.04> 89.23+0.29° 6.57+0.40°  1.01x0.09% 0.038+0.008"  0.003+0.002"
Ju21 28.50+1.46™  1.38+0.49° 50.0+0° 16.40+8.78°  7.14+0.10° 95.01+1.32° 599+0.64° 1.29+0.69% 0.088+0.069°  0.004+0.005°

Note: TSS = Total Suspended Solids, pH = positive potential of the hydrogen ions, EC = Electrical Conductivity, DO = Dissolved oxygen, BOD = Biological Oxygen
Demand, TAN = Total ammonia nitrogen and NO, = Nitrite, The statistical analysis of each column using letters a-i shows the statistical differences of the

parameters for each month and y-z letters represented statistical differences of parameters in each station (p<0.05).
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Table 3 Pearson correlation coefficient

Parameters

T D Tr TSS pH EC DO BOD TAN NO,

" Pearson Correlation 0.117 0.202 -0.123 0.141 0.060 0.019 0.235 -0.246 0.149 0.014
P-value 0.495 0.238 0.476 0.411 0.727 0914 0.168 0.148 0.386 0.936
Pearson Correlation 0.060 0.300 -0.160 0.094 -0.042 -0.014 0.023 -0.131 0.100 -0.045

£ P-value 0.730 0.075 0.353 0.584 0.809 0.935 0.895 0.445 0.561 0.794

R Pearson Correlation -0.173 0.071 -0.110 0.351" -0.100 -0.028 0.319 -0.207 -0.098 0.102
P-value 0.313 0.679 0.522 0.036 0.563 0.869 0.058 0.225 0.569 0.552

Pearson Correlation 0.325 -0.096 0.114 -0.199 0.361" 0.172 -0.016 0.011 0.020 0.091

cell volume P-value 0.053 0.576 0.510 0.245 0.031 0.316 0.924 0.951 0.910 0.598

Note: * show that there is a relationship, H = Species diversity index, E = Evenness index, R = Richness index, T = Water temperature, D = Depth, Tr = Water

transparency, TSS = Total Suspended Solids, pH = positive potential of the hydrogen ions, EC = Electrical Conductivity, DO = Dissolved oxygen, BOD = Biological

Oxygen Demand, TAN = Total ammonia nitrogen and NO, = Nitrite.
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ABSTRACT
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This research focused on phytoplankton diversity and water quality in Thon Canal, Thung Lan
Sub-district, Khlong Hoi Khong District, Songkhla Province. Samples were collected monthly
from August-December 2020 and January-July 2021, at three sampling stations. This study
revealed that phytoplankton were found in six divisions, including Chlorophyta, Bacillariophyta,
Pyrrophyta, Chrysophyta, and Euglenophyta. Among these divisions, The Chlorophyta division
was the most abundant, with 29 genera, making up 46.03 % of the total number of phytoplankton
genera identified. The most common phytoplankton had a frequency percentage of 100 %,
consisting of 25 genera. Most of these genera were discovered within the Chlorophyta and
Bacillariophyta divisions. The percentage species composition was classified according to the
taxonomic hierarchy of the most common division, Bacillariophyta (43.15 %), and by the
taxonomic hierarchy of the most common genus, Navicula spp. (20.59 %). The phytoplankton
species diversity index at Station 2 was the highest, with a value of 2.55. The richness index was
found to be highest in August 2020, reaching 5.88. Phytoplankton that were frequently found in all
stations and had high densities, which were the dominant phytoplankton genera, included
Fragilaria spp. (diatom group), Oscillatoria spp. (blue-green algae group), and Trachelomonas
spp. (euglenoid group). The water's pH showed a correlation of 0.361 with the phytoplankton
community. The findings of this study raised awareness within the community about the
significance of water sources and the diversity of aquatic life within them. As a result, there was a
collaborative effort to develop a plan for cultivating environmentally friendly aquatic species.
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wuaiiSenelsa Felnatieusuuguanslunmaufiueimsves
1lelATy Aunarddnavilinandnlivazussansanasly
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et al. (2014) 891U nsnduvEdIvihiduaiunsinues
dldludaidnlasandn pH ludildliegluseduiimanzay an
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Table 1 Feed formulation and chemical composition of the basal diet

senmuanlyliuanddu Table 3 91nn1sasIaRMAmlY WUl
naassnindunulsliwasnsndunidrlddnadothminlais
wlos thwiindenld dhwifnlduns dwinlaens dlduns wagen
Haugh unit (p > 0.05) usiwuieumuUdenivifiudlungy
fldasiuanundunse (p < 0.05) lusariinuuduses
wWaenluuulnfindu (p = 0.075) lunguiliaduansifiueay
Hunsathe 2 wila

Item Amount (%)

Ingredient
Corn 56.94
Soybean meal (44 % CP) 22.48
Rice bran 4.00
Fish meal (55 % CP) 3.00
Oyster shell 8.30
Dicalcium phosphate (18 % P) 2.00
Plant oil 2.55
DL-Methionine 0.13
Salt 0.30
Vitamin and mineral premixes 0.30

Calculated analysis
Crude protein 16.5
Metabolizable energy (kcal/kg) 2800
Crude fiber 3.43
Crude fat 5.69
Calcium 4.08
Available phosphorus 0.45
Lysine 0.88
Methionine 0.42

Table 2 Production performance of laying hens fed diet supplemented with bamboo vinegar and mixed organic acids during 70-78 weeks of age

Treatment
Parameters Bamboo vinegar Mixed SEM P-value
Control
0.4 % organic acids 0.4 %
Initial body weight (g) 1732.50 1727.50 1723.80 234 0.340
Final body weight (g) 1763.80 1753.80 1746.20 391 0.195
Body weight change (g) 31.30 26.30 22.40 4.32 0.748
Egg production (%) 78.50 80.60 79.37 0.40 0.085
Egg weight (g) 63.17 63.15 63.22 0.21 0.990
Egg mass (g) 49.58 50.89 50.17 0.30 0.222
Feed intake (g/hen/day) 115.50 113.50 112.50 0.65 0.179
Feed conversation ratio (g of feed 2.32 2.23 2.24 0.02 0.053
consumed/g of egg mass)
Damaged egg rate 2.02 1.82 1.85 0.03 0.055
Table 3 Egg quality traits of laying hens fed diet supplemented with bamboo vinegar and mixed organic acids at 78 weeks of age
Treatment
Parameters Bamboo vinegar Mixed SEM P-value
Control
0.4 % organic acids 0.4 %
Whole egg weight (g) 63.22 63.40 63.30 0.16 0.928
Shell weight (g) 6.90 6.85 6.92 0.04 0.831
Shell thickness (mm) 0.374° 0.381° 0.384° 0.001 0.037
Eggshell strength (kg/cm?) 361 3.75 3.80 0.03 0.075
Yolk weight (g) 16.12 16.22 16.15 0.02 0.360
Albumen weight (g) 40.20 40.32 40.22 0.16 0.950
Yolk color score 8.65 8.75 8.55 0.04 0.261
Haugh unit 82.17 81.82 83.12 0.29 0.192

P Means with different superscripts in the same row are significantly different at p < 0.05.
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ABSTRACT
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Aged laying hens have a decreased eggshell quality and an increased incidence of broken eggs in
the late phase of production. Therefore, various methods should be sought to increase the quality
of eggshells. This study investigated the effects of dietary supplementation of bamboo vinegar and
mixed organic acids in laying hens on production performance and eggshell quality. A total of 48
Hisex Brown hens (70-week-old) were assigned into treatments with 4 replicates of 4 birds each,
with a completely randomized design. The laying hens were fed a diet supplemented with bamboo
vinegar and mixed organic acids at 0.4 % level compared to the control group without
supplementation for 8 weeks. Feed intake, egg production, egg weight, egg mass, damaged egg
rate, and feed conversion ratio were recorded. Egg qualities were measured on the last day of the
experiment. The results found that supplementation of both acidifiers in the diet tended to improve
egg production (p = 0.085), feed conversion ratio (p = 0.053), and reduce damaged egg rate
(p = 0.055) when compared to the control group. For egg quality, supplementation of acidifiers
increased eggshell thickness (p < 0.05) and eggshell strength (p = 0.075) compared to the control
group. The results of the experiment showed that supplementation of acidifiers in the laying hen
diet at 0.4 % level improved egg production performance and eggshell quality.
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Table 1 Composition and nutrients of basal diet in experiment

113

Amount (kg)

Ingredients Starter Grower Finisher
(0-10 days) (11-24 days) (25-42 days)

Corn 55.46 58.28 62.95
Soybean meal 48 % 38.60 35.17 30.14
Rice bran oil 211 3.15 3.86
Monocalcium phosphate 22 % 0.77 0.59 0.45
Limestone 1.29 1.16 1.05
Salt 0.58 0.47 0.31
Sodium bicarbonate - 0.15 0.30
DL-Methionine 0.32 0.26 0.23
L-Lysine 0.20 0.12 0.13
L-Threonine 0.10 0.06 0.03
Vitamin & Mineral premix" 0.24 0.24 0.24
Choline chloride 60 % 0.08 0.08 0.08
Antioxidant & Toxin binder 0.16 0.16 0.16
Anticoccidial 0.05 0.05 -
Phytase 10000 IU/g 0.01 0.01 0.01
Nutrients by calculation

Metabolizable energy (kcal/kg) 3000 3100 3200
Crude protein (%) 23 215 19.50
Fiber (%) 3.59 3.45 3.26
Fat (%) 4.68 577 6.56
Methionine (%) 0.67 0.60 0.54
Methionine + Cystine (%) 1.08 0.99 0.91
Lysine (%) 1.44 1.29 1.16
Threonine (%) 0.97 0.88 0.78
Valine (%) 1.13 1.06 0.97
Calcium (%) 0.96 0.87 0.79
Total phosphorus (%) 0.72 0.67 0.62
Available phosphorus (%) 0.48 0.44 0.39
Na (%) 0.23 0.23 0.21
Dietary electrolyte balance (dEB; mEg/kg) 246 250 244

! Premix provided per kilogram of diet: vitamin A (transretinyl acetate), 10,000 IU; vitamin D3 (cholecalciferol), 3,000 I1U; vitamin E (all-rac-Ol-tocopherol), 30 IU;

menadione, 1.3 mg; thiamin, 2.2 mg; riboflavin, 8 mg; nicotinamide, 40 mg; choline chloride, 400 mg; calcium pantothenate, 10 mg; pyridoxine HCL, 4 mg; biotin,

0.04 mg; folic acid, 1 mg; vitamin B12 (cobalamin), 0.013 mg; Fe (from ferrous sulfate), 80 mg; Cu (from copper sulphate), 8.0 mg; Mn (from manganese sulphate),

110 mg; Zn (from zinc oxide), 60 mg; | (from calcium iodate), 1.1 mg; Se (from sodium selenite), 0.3 mg.

MTUATIIMUSHIARAWYSER eummiln Quantitative polymerase
chain reaction (GPCR)

Wi 8@ nw1U3 uras uILUAT LS 8 Lactobacilus sp.,
Salmonella spp. wae Escherichia coli \iiufeg 9o g oelu
Sldnngldvia 4 dau Ao glofitu agify Todey uas@iy thn
afpAduevesuuafiFe Taglde Pimer Admezinzastuandly
Table 2 Busfutunou Pre-denaturation gaumail 94 °C uwu 2wl
dsudaludunsiiutiinamidue $1uu 40 seufigamgil 94 °C
w1 30 3t gamdl 72 °C uw 30 Uil uavAugnnsieTieid
gaunfdl 72 °C Wy 10 W19l 6198 5X HOT FIREPOL® EvaGreen®

Table 2 Real-Time PCR primers

qPCR Mix Plus Taeld Bio-Rad CFX96 real-time PCR wag CFX
Manager Software (Bio-Rad, Hercules, CA) AMTIAUSHULUATLS &
(CFU/NSY) TN 1sANUALRUS A UANINSEIUTRUATIS B AL
1A (Dumonceaux et al., 2006)
MsAATIYTOYaN DA
ToyaitldanmanaaessenunalugUvesiied suazen
\J sauuAss I (Mean + SD) uasiU3suiiisuauumns1aves
AlaAsusazNgIMAREIREIT Unpaired ttest Aszdumnudesiuf
95 % (p < 0.05) Wneldlusunsudn3agy SAS version 9.0

Product size

Genes Primer sequence (5’-3’) References
(bp)
Lactobacillus sp. F-AGCAGTAGGGAATCTTCCA 341 Walter et al. (2001)
R-CACCGCTACACATGGAG
Salmonella spp. F-TCATCGCACCGTCAAAGGAACC 284 Lietal. (2012)
R-GTGAAATTATCGCCACGTTCGGGCAA
E. coli F-CATGCCGCGTGTATGAAGAA 585 Penders (2007)

R-CGGGTAACGTCAATGAGCAAA
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HALAZINTINANITIY
Ysrmnsuvaiiselumaiuems
nsAnwUseunsuuaiisslualdvndiuvedn lngld
wmAdla Real-time PCR Aauandlu Table 3 lunuaauuansig
289U52¥n5 E coli war Lactobacillus sp. i a1 ldv&nau
aloftin 1t wazlodenegdituddyseninngunisaaes
(p > 0.05) lumatiue ms drudiunguiiasudieninuas
uzvmtlounu Lactobacillus sp. fusuaniady (p <0.01)
wilsddsnaliuszunns £ coli anaaifleiisuiunguauay
(p < 0.05) wenvnithiny Salmonella spp. Tunndiuvesald
#eaoengunINARe Lactobacillus sp. \iunuafiFeluldu
Firmicutes danuanansalunisldlndiiueauazasansiuunue
ladlumaiuemsdnd wu SCFAs wummeilodu uazlalnsiau
wWeseenles uedufinanaydulaiemuauninfulaves
wunafiSenelsalaen1susugiAuiuvedeas (Dempsey & Cor,
2022) uenaMni Lactobacillus sp. neglunguvesuuniifed
wAnnsauanfnls (Lactic acid bacteria) Insuuadiiielunguil
a1unsanseRun1InevaNamagiduiulavateniu Yieusu
aunaniiAuiy Usuuazauaunisnevausiniagiduiuluald
Tnensanlalalaifivhliinnssnau dunisudn 1gA Tuasdn
s uarduaunsneuaussanidutuiisimzuarlisanig
sordelsn Uugdunislumaduomsuazdudatolse Usulge
panmiioresdnidn uastioifuuszAninmnismdnveasln
Asenals (Lutful Kabir, 2009; Wyszyﬁska & Godlewska, 2021)
N19A N¥1U89 Saeed & Tariq (2007) WAZITUA N¥I
Aeatugunimuarduns lumaduewnsveslinsenafidesdu
AziiinAaATenIInANNTou wunsaleaanInfiuiunm

Table 3 Determination of bacterial load by real-time PCR

gariu (0, 75, 150, 300 uag 600 fadnsu/Alansy) Yreuiuuse
AuEmsatunsiiueyyadasy wwiuauwdssvesdld
LarusseInIsUInduiitAnananueseaainanusoulsd
H1uN15AUAN A UNTElun19LAue1n1s (Yang et al., 2022)
wonanurufnuly a1satnainnsnuazadiu 100 ppm
famuindisUsuasulssnsgdunidlumaiueimsvesla
nsgnafignnssduliAnlsdldsniaunuuiidonts anmnula
sonadulsn waranauuussvesisaluliidoaetugnnsd
18 (Kim et al., 2015) wona ni uATeTes Kumar et al (2011)
Anvinavesansatnanuzvudounnuidudy 20 % dimin/
U3uns nudaunsasesiuluaviienalsale sauie £ coli
sglsiimalunisdnwadednudn £ coli iusaumnduly
nauiiasudaensnuazuzerndon udasdniniuduves
Lactobacillus sp. waigalaianunsnnIuAunIsasave £ coli
1§ gslsimunisiiusauiues £ coli ldlddmalifiin
armsvastsela q lwlaflasunsiasundnuazazanudenlunis
nAapIASal WuReatutun1sAneves Viveros et al. (2011)
Anuiinseiuninegududutazasaiaainudnogu dai
safUszneundniduarsindiluea nunisiiuduauduves
E. coli, Lactobacillus, Enterococcus wag Clostridium Tudg iy
Tngldlddwmadosonisasaiviavesdiinszng iesrnianis
$nwraunaseninUssrnsvesuuaiiiSedidulssloviuas
wuAEnealsA
@zummﬁ'ya
mwizLﬁumwwmﬁma%ﬂmmwLﬂfaﬁuaal,ﬂfaaml,amiu
Table 4 Wudwqmamﬂ’ﬁmamamwmmmﬁmufaaﬂlﬂ' GRIRF
aydotvionnuausolumsdu warusudeuresnduiile
ondlAliunnAeiuneadd (p > 0.05)

Parameter (log CFU g™) Treatment SEM p-value
CON IHP

Duodenum
Lactobacillus sp. 9.35 + 0.80 8.91 + 0.49 0.64 0.28
E. coli 7.29 +1.37 8.22 +0.70 1.1 0.17
Salmonella spp. ND ND - -
Jejunum
Lactobacillus sp. 9.78 + 0.65 9.29 +0.70 0.66 0.24
E. coli 6.94 + 0.98 7.54 +0.77 0.86 0.26
Salmonella spp. ND ND - -
Ileum
Lactobacillus sp. 9.93 + 0.54 10.07 + 0.63 0.53 0.69
E. coli 8.10 £ 0.29 7.89 £ 0.44 0.35 0.35
Salmonella spp. ND ND - -
Cecum
Lactobacillus sp. 8.83 + 0.10° 9.84 + 0.31° 0.55 <0.01
E. coli 9.61 = 0.43° 10.13 = 0.11° 0.39 0.03
Salmonella spp. ND ND - -

CON = control feed (basal diet), IHP = basal diet + 0.1 g/kg of chili pepper powder and 0.2 g/kg of Indian gooseberry powder. ND = Not detected, SEM = standard

error of mean.

2 Means with in the same row with different uppercase superscripts indicate a significant difference (p < 0.05).
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Table 4 Meat quality characteristics of breast muscles in broilers
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Treatment
Parameter SEM p-value
CON IHP
Thawing loss (%) 541 + 249 4.95 + 221 217 0.75
Drip loss (%) 397 + 1.37 3.11 £ 0.90 1.14 0.23
Cooking loss (%) 28.23 + 3.45 26.58 + 2.07 2.73 0.34
Shear force (N) 11.38 + 3.50 9.54 + 1.04 2.53 0.26

CON = control feed (basal diet), IHP = basal diet + 0.1 g/kg of chili pepper powder and 0.2 g/kg of Indian gooseberry powder. SEM = standard error of mean.
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Figure 1 Photomicrographs of histological cross sections of Pectoralis major muscle from broilers (Hematoxylin and eosin staining, 100x). A = Histomorphologic

scoring of Wooden breast (Score 1 - 4): 1 = Normal breast (not found in this study) -

2 = Mild WB; Mild regenerating fibers — 3 = Moderate WB; Regenerating

fibers, small, basophilic, irregular myofibers, endo- and perimysial fibrosis — 4 = Severe WB; Loss of normal muscle architecture, fiber atrophy, splitting, and

vacuolation, increased interstitial fibrosis and inflammation. B = Histomorphologic scoring of White stripping (Score 1 - 3): 1 = Mild WS; Mild myofiber necrosis

(<10 %), scattered atrophic fibers and inflammatory cells in the endomysium - 2 =

Moderate WS; Moderate myofiber necrosis (10 - 50 %), scattered inflammatory

cells in the endomysium and adipose tissue infiltration — 3 = Severe WS; Muscular degeneration (> 50 % of necrotic fibers), fiber with vacuolization, fibrosis,

endomysial edema and adipose tissue infiltration.
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(

picture represent regenerating muscle fibers (arrow), fibrosis (*), fiber atrophy (arrowheads) and adipose tissue infiltration (**).
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Table 5 Effect of dietary Chili pepper powder and Indian gooseberry powder supplementation on broiler performance

Parameter Treatment SEM p-value
CON IHP

Grower (11-24 days)

Initial body weight (g) 301.73 + 10.16 302 + 18.49 14.22 0.97
Final body weight (g) 1391.36 + 195.48 1419 + 96.91 146.75 0.68
Body weight gain (g) 1090 + 193.22 1117.09 + 83.83 142.67 0.67
ADG (g/d) 77.83 + 13.80 79.79 + 5.99 10.19 0.67
Feed intake (g/d) 144291 + 102.04 1362 + 114.03 110.81 0.09
FCR 1.36 + 0.26 1.22 +0.08 0.20 0.11
FCG 27.26 +5.28 24.58 + 1.57 3.95 0.13
Mortality (%) 8.33 0 - -
Finisher (25-42 days)

Initial body weight (g) 1391.36 + 195.48 1408 + 100.07 147.75 0.68
Final body weight (g) 3326.36 + 418.65 3418.18 + 213.49 320.14 0.53
Body weight gain (g) 1935 + 249.66 1999.09 + 177.71 209.08 0.49
ADG (g/d) 107.5 + 13.87 111.06 + 9.87 11.62 0.50
Feed intake (g/d) 341291 + 290.46 3290.55 + 567.14 433.93 0.53
FCR 1.78 £ 0.14 1.66 + 0.32 0.25 0.29
FCG 34.95 + 2.75 32.88 + 6.43 4.83 0.34
Mortality (%) 8.33 0 - -
Overall (11-42 days)

Initial body weight (g) 301.73 + 10.16 302 + 18.49 14.22 0.97



N. Phisitaukara et al. / (PRAWARUN AGRICULTURAL JOURNAL 2023) 20(2): 111 - 121 117
Table 5 Continued Effect of dietary Chili pepper powder and Indian gooseberry powder supplementation on broiler performance
Treatment
Parameter SEM p-value
CON IHP
Final body weight (g) 3326.36 + 418.65 3418.18 + 213.49 320.14 0.53
Body weight gain (g) 3024.64 + 414.83 3116.18 + 207.49 316.04 0.52
ADG (g/d) 94.52 + 12.96 97.38 + 6.48 9.88 0.52
Feed intake (g/d) 4855.82 + 357.34 4652.55 + 622.49 494.47 0.36
FCR 1.62 + 0.16 1.50 + 0.21 0.19 0.13
FCG 32.08 +3.25 29.82 £ 4.16 3.74 0.17
Mortality (%) 16.67 0 - -

CON = control feed (basal diet), IHP = basal diet + 0.1 g/kg of chili pepper powder and 0.2 g/kg of Indian gooseberry powder. ADG = average daily gain; FCR =

feed conversion ratio; FCG = feed cost per gain, SEM = standard error of mean.

a3UNaN1339Y
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ABSTRACT
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This study evaluated the impacts of Habanero pepper powder and Indian gooseberry powder (IHP)
on intestinal bacteria, meat quality, and growth performance of broiler chickens. A total of 24 male
Ross 308 broilers were randomly divided into two groups: the control group (CON) and the IHP
treatment group (supplemented with 0.01 % Habanero pepper powder and 0.02 % Indian
gooseberry powder). Growth performance was monitored on a weekly basis over a period of 42
days. The findings revealed no significant differences in BWG, FI, and FCR between the groups
(p>0.05), with no observed mortality. Based on carcass trait analysis, there were no significant
differences in drip loss, cooking loss, or shear force (p > 0.05). Supplementation with IHP
demonstrated its potential to increase the abundance of Lactobacillus sp. (p < 0.01), while E. coli
was not reduced (p > 0.05). According to the results, supplementation with Habanero pepper and
Indian gooseberry powder was demonstrated to modulate lactic acid bacteria in cecum and balance
bacterial population in the gut of broiler chickens.
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Table 1 Plant height, internode length, number of node, leaf width, leaf length, number of leaf and SPAD chlorophyll meter reading (SCMR) of three
tomato varieties with application of paclobutrazol, ethephon and paclobutrazol plus ethephon

Treatments Plant height  Internode length  Number Leaf Leaf Number SCMR
(cm) (cm) of node width length of leaf
(cm) (cm) (leaf)
Varieties (A)
A101, Indeterminate with early maturity (al) 56.18b" 5.07 18.22a 9.83b 15.63a 18.223 49.10 b
B102, Determinate with medium maturity (a2) 41.22¢ 5.37 14.06b 10.14b 13.79b 14.06b 58.18a
C103, Indeterminate with late maturity (a3 61.37a 5.34 20.17a 11.73a 14.823 20.17a 61.54a
Ftest (A *x ns %% %% #x *x *x

Application methods (B)

Untreated control (b1) 62.76b 6.55a 201la  1130ab 16238  2011a  53.18b
Paclobutrazol (P2) 100 ppr at 14 DAS (b2) 43.60c 4.67b 1644ab  970c  14.00b  1644ab  58.98a
Ethephon (EP) 100 ppm at 65 DAS (b3) 66.86a 6.50a 1789  1036bc  14.58b 17892  520%
Ethephon (EP) 100 ppm at 70 DAS (b4), 66.92a 6.21a 20.11a 11.62a 16.14a 20.11a 52.44b
PZ 100 ppm at 14 DAS + EP 100 pprm at 65 DAS (b5) 39.18d 361c 1311b  10.60bc 13926  1311p  618la
PZ 100 ppm at 14 DAS + EP 100 ppm 70 DAS (b6) 38.21d 4.0dbc 1722a  980c  1360b  1722a  59.1da
st @® - * * - * x ”
AxB > * ns ns ns ns ns
CV. (%) 5.21 12.89 24.25 081 002 2425 9.03

“Mean values with different superscripts in each column were significantly different at 0.05 probability level. ns, *, ** = non significant, significantly different at
p<0.05 and p<0.01, respectively.

Table 2 Interaction between varieties and application methods for plant height, internode length, number of internode, leaf width, leaf length,
number of leaf and SPAD chlorophyll meter reading (SCMR) of tomato

Treatments Plant height  Internode length  Number  Leaf Leaf Number  SCMR
(cm) (cm) of node width length of leaf
(cm) (cm) (leaf)

Varieties (A) x Application methods (B)

A101 (al) x Untreated control (b1) 60.88¢" 6.42a< 2067 1070 1520 2067 4430
A101 (a1) x Paclobutrazol (PZ) 100 ppm at 14 DAS (b2) 46.76ef 4.85e-g 1567 901 1307 1567 = 257
A101 (al) x Ethephon (EP) 100 ppm at 65 DAS (b3) 69.13b 599b-d 1833 977 1300 1833 4467
A101 (al) x Ethephon (EP) 100 ppm at 70 DAS (bd), 71.302b 5.76c-e 2100 1026 4343 2100 4517
A101 (al) x PZ 100 ppm at 14 DAS + EP 100 ppm at 65 DAS (b5) ~ 46-29¢f 3.60hi 1167 99 163 1167 PV
A101 (al) x PZ 100 ppm at 14 DAS + EP 100 ppm 70 DAS (b6) az.71f 3.80g- 2200 %21 1323 2200 5273
B102 (a2) x Untreated control (b1) 55.35d 7.19 1933 1140 1787 1933 5860
B102 (a2) x Paclobutrazol (PZ) 100 ppm at 14 DAS (b2) 28.79g 3.98¢i 1267 1020 1567 1267 6100
B102 (a2) x Ethephon (EP) 100 ppm at 65 DAS (b3) 57.25cd 7.11ab 1567 1027 1558 1567 o313
B102 (a2) x Ethephon (EP) 100 ppm at 70 DAS (b4), 56.75cd 7172 1767 1105  17.41 1767 5500
B102 (a2) x PZ 100 ppm at 14 DAS + EP 100 ppm at 65 DAS (b5) 24.67g 311 933 977 1472 9.33 59.20
B102 (a2) x PZ 100 ppm at 14 DAS + EP 100 ppm 70 DAS (b6) 24.50¢ 3.66hi 9.67 813 1253 9.67 61.57
€103 (a3) x Untreated control (b1) 72.06ab 6.03b-d 2033 1181 1563 2033 9663
C103 (a3) Paclobutrazol (PZ) 100 ppm at 14 DAS (b2) 55.25d 517d-f 2100 990 1328 2100 6337
€103 (a3) x Ethephon (EP) 100 ppm at 65 DAS (b3) 74.21a 6.38a-c 1767 1105 1317 1767 o787
€103 (a3) x Ethephon (EP) 100 ppm at 70 DAS (b4), 72.70ab 5.69c-e 2167 1355 1737 2167 Ol
C103 (a3) x PZ 100 ppm at 14 DAS + EP 100 ppm at 65 DAS (b5) 46.58ef 4.11f 1833 1207 1440 1833  (LO7
€103 (a3) x PZ 100 ppm at 14 DAS + EP 100 ppm 70 DAS (b6) 4r.4ze 4.65e-h 2200 1201 4503 2200 @ 6313
F-test (A) x (B) * * ns ns ns ns ns

YMean values with different superscripts in each column were significantly different at 0.05 probability level. ns, *, ** = non significant, significantly different at

p<0.05 and p<0.01, respectively.
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Table 3 First flowering date, harvesting date, number of fruit per plant, yield per plant, total soluble solid, seed weight and 1,000 seed weight of

three tomato varieties with application of paclobutrazol, ethephon and paclobutrazol plus ethephon

Treatments First Harvesting Number of Yield per Total Seed 1,000
flowering date fruit per plant soluble weight seed
date (days) plant (g/plant) solid (g/plant) weight
(days) (fruits/plant) (°brix) (9)
Varieties (A)
A101, Indeterminate with early maturity (al) 38.33b" 81.83b 11.94a 363.11 6.16a 0.97b 2.78¢
B102, Determinate with medium maturity (a2) 38.67b 80.28¢ 10.50b 328.89 4.68b 0.94b 3.24b
C103, Indeterminate with late maturity (a3 39.3%a 84.8%9a 8.44c 362.67 5.96a 1.69a 3.89a
Ftest (&) *x *x ns *x *x *x
Application methods (B)
Untreated control (b1) 39.11b 86.56a 13.22a 432.22a 5.90ab 1.00bc 3.53ab
Paclobutrazol (PZ) 100 ppm at 14 DAS (b2) 39.78a 83.44b 9.56bcd 38244ab  5.42bc 1.44a 3.86a
Ethephon (EP) 100 ppm at 65 DAS (b3) 39.44ab 81.00c 10.56b 332.89bc 597a 1.24ab 2.90c
Ethephon (EP) 100 pprn at 70 DAS (bd), 38.89b 80.89¢ 10.22bc 326.56bc 5.94a 0.93¢ 3.22bc
PZ 100 ppm at 14 DAS + EP 100 ppm at 65 DAS (b5) 37.67c 80.67c 9.00d 321.67c 5.40bc 1.43a 3.11bc
PZ 100 ppm at 14 DAS + EP 100 ppr 70 DAS (b6) 37.89¢ 81.44c 9.22cd 313.56¢ 4.98c 1.14bc 3.21bc
Ftest (B) % *x *x *x *x *
A % B ** * ns ns * *
CV. (%) 151 1083 17.40 968 2321 9.07

“Mean values with different superscripts in each column were significantly different at 0.05 probability level. ns

p<0.05 and p<0.01, respectively.
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Table 4 Interaction between varieties and application methods for first flowering date, harvesting date, number of fruit per plant, yield per plant,

total soluble solid, seed weight and 1,000 seed weight of tomato.

Treatments First Harvesting Number of Yield per Total Seed 1,000
flowering date fruit per plant soluble weight seed
date (days) plant (g/plant) solid (g/plant) weight
(days) (fruits/plant) (°Brix) ()
Varieties (A) x Application methods (B)
A101 (al) x Untreated control (b1) 39.00cd” 85.33b 15.00a 436.33 6.43 1.13cde 3.53b-f
A101 (al) x Paclobutrazol (PZ) 100 ppm at 14 DAS (b2) 38.00ef 82.00e-g 12.00b 419.67 6.43 0.99def 2.49fg
A101 (al) x Ethephon (EP) 100 ppm at 65 DAS (b3) 39.00cd 82.00e-g 11.67b 333.33 5.90 0.88def 2.27g
A101 (al) x Ethephon (EP) 100 ppm at 70 DAS (b4), 39.00cd 79.67hi 10.33bc 308.67 6.63 0.81def 3.20c-g
A101 (al) x PZ 100 ppm at 14 DAS + EP 100 ppm at 65 37.33f 80.67gh 11.00b 330.33 6.17 0.84def 2.84efg
DAS (b5)
A101 (al) x PZ 100 ppm at 14 DAS + EP 100 ppm 70 37.67ef 81.33fg 11.67b 350.33 5.40 1.19bcd 2.35¢
DAS (b6)
B102 (a2) x Untreated control (b1) 39.00cd 85.33b 14.33a 433.67 5.00 1.03def 3.60b-e
B102 (a2) x Paclobutrazol (PZ) 100 ppm at 14 DAS (b2) 40.00b 82.67d-f 9.00cd 313.67 4.27 0.73ef 4.80a
B102 (a2) x Ethephon (EP) 100 ppm at 65 DAS (b3) 39.33bc T7.67k 11.00b 316.67 5.17 0.93def 2.71efg
B102 (a2) x Ethephon (EP) 100 ppm at 70 DAS (b4), 38.33de 79.33h+ 11.67b 350.00 5.03 1.24bcd 2.77efg
B102 (a2) x PZ 100 ppm at 14 DAS + EP 100 ppm at 65 37.33f 78.00jk 8.33d 270.00 4.43 0.66f 2.52fg
DAS (b5)
B102 (a2) x PZ 100 ppm at 14 DAS + EP 100 ppm 70 38.00ef 78.67i-k 8.67cd 289.33 4.20 1.03def 3.04d-g
DAS (b6)
C103 (a3) x Untreated control (b1) 39.33bc 89.00a 10.33bc 426.67 6.27 2.13a 3.4567b-f
C103 (a3) Paclobutrazol (PZ) 100 ppm at 14 DAS (b2) 41.33a 85.67b 7.67d 414.00 5.57 1.08c-f 4.29ab
C103 (a3) x Ethephon (EP) 100 ppm at 65 DAS (b3) 40.00b 83.33c-e 9.00cd 348.67 6.83 1.62b 3.72b-e
C103 (a3) x Ethephon (EP) 100 ppm at 70 DAS (b4), 39.33bc 83.67cd 8.67cd 321.00 6.17 2.27a 3.68b-e
C103 (a3) x PZ 100 ppm at 14 DAS + EP 100 ppm at 65 38.33de 83.33c-e 7.67d 364.67 5.60 1.50bc 3.96a-d
DAS (b5)
C103 (a3) x PZ 100 ppm at 14 DAS + EP 100 ppm 70 38.00ef 84.33bc 7.33d 301.00 5.33 1.51bc 4.24abc
DAS (b6)
F-test (A) x (B) ** ** * ns ns * *

YMean values with different superscripts in each column were significantly different at 0.05 probability level. ns

p<0.05 and p<0.01, respectively.

* X%
)

= non significant, significantly different at

Table 5 Germination percentage and germination speed of three tomato varieties with application of paclobutrazol, ethephon and paclobutrazol

plus ethephon under laboratory and greenhouse conditions.

Treatments Germination percentage (%) Germination speed (plants/day)
Laboratory Greenhouse Laboratory Greenhouse
1 3 1 3 1 3 1 3
Varieties (A) month months month months month months month months
A101, Indeterminate with early maturity (al) 97.78a 88.67a 99.33a 98.56a 5.16 3.76 12.69a 13.22a
B102, Determinate with medium maturity (a2) 93.50b 87.06a 94.44b 92.00b 4.99 3.66 10.16¢ 12.12b
C103, Indeterminate with late maturity (a3 90.22b 80.56b 95.89b 91.00b 5.70 3.63 11.23b 11.76b

*%

F-test (A)

X

*% *% X% X%

ns ns
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Table 5 Germination percentage and germination speed of three tomato varieties with application of paclobutrazol, ethephon and paclobutrazol
plus ethephon under laboratory and greenhouse conditions. (cont.)
Treatments Germination percentage (%) Germination speed (plants/day)
Laboratory Greenhouse Laboratory Greenhouse
Application methods (B)
Untreated control (b1) 9422 8556ab 9644  96.44a 6.40a 40da  1178ab  13.02a
Paclobutrazol (PZ) 100 ppm at 14 DAS (b2) 91.22 88.78a 96.67 92.00ab 4.92b 3.55¢ 10.27¢ 11.63b
Ethephon (EP) 100 ppm at 65 DAS (b3) 96.00 89.11a 97.56  96.8% 5.14b 358bc  1124bc 12852
Ethephon (EP) 100 ppm at 70 DAS (ba) 9711  8133bc 9822  9578a 6.36a 399%b 1293 1285
PZ 100 ppm at 14 DAS + EP 100 ppm at 65 DAS (b5) 93.11 89.33a 94.89 92.67ab 4.47b 3.81abc 11.21bc 12.40a
PZ 100 ppm at 14 DAS + EP 100 ppm 70 DAS (b6) 91.33 78.44c 9556  89.33b 4.41b 311d  1072bc  1146b
F-test (B) ns *x ns * *x *x *x *x
AxB ns ns ns ns ns * * *
5.17 8.32 4.15 5.63 19.79 11.98 11.10 6.13

CV. (%)

YMean values with different superscripts in each column were significantly different at 0.05 probability level. s, *,

p<0.05 and p<0.01, respectively.

* A%

= non significant, significantly different at

Table 6 Interaction between varieties and application methods for germination percentage and germination speed of tomato under laboratory and

greenhouse conditions.

Treatments Germination percentage (%) Germination speed (plants/day)
Laboratory Greenhouse Laboratory Greenhouse
1 3 1 3 1 3 1 3
month months  month  months  month  months month months
Varieties (A) x Application methods (B)
A101 (a1) x Untreated control (b1) 97.33 88.00 98.67 98.67 6.14 3.92ad 12.32a-d 13.35a
A101 (a1) x Paclobutrazol (PZ) 100 ppm at 14 DAS (b2) 96.67 94.00 99.33 98.67 519 3.96a-d 12.01ad 13.28a
AL01 (al) x Ethephon (EP) 100 ppm at 65 DAS (b3) 99.33 96.00 98.67 98.67 4.61 3.63cf 12.59ab 13.3a
AL01 (a1) x Ethephon (EP) 100 ppm at 70 DAS (bd), 98.67 82.00 100.00 99.33 5.79 3.8b-e 13.57a 13.21a
A101 (@1) x PZ 100 pprn at 14 DAS + EP 100 ppm at 65 DAS (b5) 98.00 92.00 100.00 98.67 4.17 3.8%a-d 13.24a 13.19a
AL01 (a1) x PZ 100 ppr at 14 DAS + EP 100 ppm 70 DAS (b6) 96.67 80.00 99.33 97.33 5.05 3.39d-g 12.41a 1297a
B102 (a2) x Untreated control (b1) 96.00 84.67 94.67 94.67 6.16 4.49ab 11.98a-d 13.14a
B102 (a2) x Paclobutrazol (PZ) 100 ppm at 14 DAS (b2) oL67 9033 94.00 94.00 442 291fg 0% 1044e
B102 (a2) x Ethephon (EP) 100 ppm at 65 DAS (b3) 98.67 96.00 96.00 96.00 572 3.69c-e 10.83b-e 12.81a
B102 (a2) x Ethephon (EP) 100 ppm at 70 DAS (b), 96.00 8133 9733 9067 676  364cf  123dad  1217ad
B102 (a2) x PZ 100 ppm at 14 DAS + EP 100 ppm at 65 DAS (b5) 90.67 89.33 90.00 88.67 3.65 4.13a-c 9.48e 12.85a
B102 (a2) x PZ 100 ppm at 14 DAS + EP 100 ppm 70 DAS (b6) 88.00 80.67 94.67 88.00 323 3.08e-g 9.31le 11.32b-e
105 (a3) x Untreated control (b1) 89.33 8400 9600  96.00 689  37lce  11.03be  1257ab
€103 (3) Paclobutrazol (P2) 100 ppm at 14 DAS (b2) 8533 8200 9667 8333 514 378e 117%d  1l18ce
€103 (a3) x Ethephon (EP) 100 ppm at 65 DAS (b3) 90.00 7533 9800  96.00 508  302cg  103de 1243a<c
€103 (23) x Ethephon (EP) 100 ppm at 70 DAS (bd), 96.67 8067 9733 9733 6.52 4552 12:88ab 13.17a
€103 (a3) x PZ 100 ppm at 14 DAS + EP 100 ppm at 65 DAS (bS) 90.67 86.67 94.67 90.67 5.6 3.43c-g 1091b-e 11.15de
€103 (33) x PZ 100 pprm at 14 DAS + EP 100 ppr 70 DAS (b6) 89.33 7467 9267 8267 4.96 2863 1045ce 10.09%
F-test (A) x (B) ns ns ns ns ns * * *

“Mean values with different superscripts in each column were significantly different at 0.05 probability level. ns
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Breeding of tomatoes takes a long time to obtain new varieties that meet the market need
and the breeding process is costly. Crop management and application of growth
regulators to reduce the crop cycle and speed up the breeding process can reduce time
for tomato breeding and increase the ability for competition in the market. The objective
of this study was to determine the effects of paclobutrazol and ethephon on growth, days
to harvest, fruit yield, and seed quality of tomatoes. A 3x6 factorial experiment was set
up, and the treatment combinations were arranged in a completely randomized design
with three replications. Factor A consisted of three tomato varieties, and factor B had
six methods of growth regulator application. Tomato varieties were significantly
different for growth characters. C103 had the longest days of flowering compared to
A101 and B102. Tomato varieties were not significantly different in fruit yield. C103
had the largest fruits and the longest days to maturity compared to A101 and B102.
A101 had the highest germination percentage after one month of storage compared to
B102 and C103. The application of paclobutrazol alone and the application of
paclobutrazol in combination with ethephon resulted in a reduction in growth
parameters. Plant height, number of nodes, length of internodes, leaf width, leaf length,
and leaf number were reduced, whereas SCMR was increased compared to untreated
control. Applications of ethephon alone at 65 and 70 days after sowing were not
significantly different from untreated control for growth parameters. Application of
paclobutrazol alone, application of ethephon alone, and application of paclobutrazol in
combination with ethephon had a tendency to reduce days to powering and days to
maturity compared to untreated control, but they had low fruit yield. Application of
paclobutrazol at 14 days after sowing in combination with ethephon at 65 days after
sowing had the shortest days to flowering and days to maturity. Treatment combinations
were not significantly different for germination percentage after one-month storage, but
they were significantly different for germination percentage after three-month storage.
Applications of growth regulators as a sole application or in combination tended to
reduce germination speed compared to untreated control. The interactions between
variety and method of growth regulator application were significant for plant height,
length of internodes, days to flowering, days to maturity, number of fruits per plant,
number of seeds per plant, 1,000-seed weight, and field germination percentage.
Paclobutrazol in combination with ethephon can be applied to tomato crops to reduce
crop cycle to obtain early seeds.
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Wafuiumiesazvesnisgaydeveaudassninanisdu (3 )
AIFUNNITAIUAN (ARLUaIaIN Seesung et al., 2020)

a & o a P :
Usnaseaneiigeyide miihvewdsnindesgludevess (n$)

x100

syinemsau (Geway) = dminvesuguiineusu (n3u)

4.4.3 "dwinlenasni1say (Cooking yield)
o o ' a Y & o & v o |
Wshegsugniyneuwinsdiiagusu 5 niu Tdadluly
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diien (100 ssmwaifea) Usung 200 daddns fussqlu
Tnnesaun 500 Jaddns Wneldnanlunsdufivuvanainde
4.4.1 antuhunasiniiosndenszrou Wunau 1 und
Pugnil g whmdnduiamdesazve i miinudanisdu
Feaumsdiuana (3 87) (Faudasann Seesung et al., 2020)

dwinvesuguiivasiu (nSu)
x100

3 o v v v
dmtdnnasdy ($ovaz) =
dhwinvesuguiineudu (nS)

5. N13ANWI09AYTENOUN MO IMITUAZN 1T0UTUYBIEUTINAMD
glynouwIa uSagy
5.1 ﬁﬂwﬁaﬂﬁﬂiuﬂ@UWWQ@WWWiU”Wﬁ1Jﬂ@Uuﬁﬂ

NG L ﬁUIﬂBUWU ﬂNUﬂ@Uuﬂﬁﬁ?ﬁﬂiﬂ%ﬂﬂﬂﬁnWMﬁﬂﬂ?imM

Aedh
ARfanunTinsesided Vsmaanudu Yiunuedlulane
Usinaildsiu Yanadlesiu Usinandelesan uaz Yo
(3 97) (AOAC, 2000)

5.2 Anwinisseniuvesiuilansendndmsl thuzni
puWaRsdu3agUTiATignaInnIsmaae mavesgaumgiiuazLIan
Tuniseunisugniiyneuniedsdniagy uvinismaaeunis
goufuaInguilaa (Consumer test) $1uau 100 AU 3918y
UnfAnw yaainsluuminerdemalulagsivusaaduun
an wagyaraialy Taglduuuaeuniy wiadu 3 nou noudl 1
Toyavhluvesinaaeudu meudl 2 waAnssuvhluveanisuilaa
vgnilouwieisdiFasu oudl 3 ngAnssuialuveanisuilan
vgnd s uustsi sdLsagunaunudlsudayn Tagliazuuu
AUYBY 5 38R (5-point hedonic scale) 5 = ¥oULINTIgn
4 = auun 3 = Yaulunand 2 = Youtiey uay 1 = yeuley
fian Fadunsannuduaunazifivenudaaulunslviazuuy
i ol usTaalWaruuuldd1e9 u (da Siva et al, 2013)
Taewn3susognslunismagoudemsainugvillign 4 i fis
Tazidintuin 1w wavadluthay wdvinisddvumefou
(AauUasa1n Limrungruangrat et al,, 2014) Laz@aun1unIg
vousudendnfusiurvilouwisisdusagy

5.3 MTUATIZVAUAN

1) MIAATIANE

n1sTnadlneins eanr1d @ We Hunter Lab u
MiniScan EZ 4500 Ussimaavsgouini) fisimsinddluszuu CIE
lab (L* a* b*) Tnenfed esTnendanuuuiudaet 1 o Tar mnu
aia (1) Anduas (@) Admdes (b eereumsTadnnedadosusy
1AsgIULA3 89 (Calibration) TaglusudvnaaasgIu (White glass)
Adanasgiu (Black glass) Tnedl L* = 97 a* = 0.18 b* = 1.84 ud
SeinAAvesiog (3 97) wavvnmstuiinea (Loikaeo, 2017)

2) mAemziaFinanidase

¥msiarUsinasase Tngldiad os Water Activity
Meter (6o Novasina 5, U Lab SwiftAW Novasina Usgine
anweiuaud) lamegdliveuninedsaslunivug Tdnvugi s
feedluaies Darueies auntenimuaieeziideaiiou Tufin
Al (3 4)

3) M3 lAsETUSINaIALTY

n1sfariaaud wlaeldiag esfausuiamanutu
Tues (B RADWAG u MAS0.R Usenealuuaus) Tadegns
adluaiosuszana 3 ndu hnstaduedes auAsosiwase
sxfidoasion Tufindaiild (3 91)

4) MINATIRANATMVAINTAY

A mdanisen Tiun nanfiuengaulunsduusnd
19an (Cooking time) USanausosazveudaigaidoszninanis
g1 (Cooking loss) wartmdndildudanisdiu (Cooking yield)
(3 1) (Fauvasann Seesung et al., 2020)

5) my¥adnuzileduis

wisuiegslnensthugviiynisdnsosd suluiidien
Funalunsfuivanzavande 4.4.1 mnduanasdaihy
nszwowdunan 1 il tuniadensestadnvasdoduda
(8 Stable Micro Systems $u TAXT PLUS) #agn1snadeu
wseie 19WaTa A/SPR U a0g 1au madey 5 v da
Amnsfinesildnnaeusail Pre-test speed = 1.0 mm/s, Test
speed = 3.0 mm/s, Post- test speed = 10.0 mm/s, Distance
= 100 mm s18auRauAuAIUNIULTIAY (Tensile strength)
wagalruatIuisalunisd e (Extensibility) (A auUasann
Singthong, 2013)

6) M3UsziliunuAMMIaUsEamMaNa

Tagyihnsmaaeuiungusmaaeuduilisunisindu
3 30 Au Turealuinis lnedsn1sneaaesunialseam
dudalusudnwaedvsing & (eduda ndu savd uay
AU UIABTIY FEABNNTIRAZLUUAILAINTOULUY 9 S
(9- pomts hedonic scale) lay 1 _lmaummam MUY 9 =
yauIniign wagnsinsoude1eildlunisaaey thugndl
anlian 4 it Asliasdnuiuiu 1w @sandoudgy
(Limrungruangrat et al.,, 2014) %IQLLUUﬂizLﬁuﬂqmﬂW\lVl’lﬂ
Uszamduiailasunisusessesssumsise anaaznIsuns
f91301938555uM T lunywd WInerdemalulagsivung
A1u11 (RMUTL-IRB 065/2023)
6. MTUATISYRAY NEIF

thifeyafiliannnisinsiesiada wansmaluguuuy dry
\fa1uuLIAS5 I (Standard deviation, SD) Tngdoyananin
NNATUNIEATN UAANAINNWAIUAT AIULHLNITVIAGBIUUY
aﬁ'uauuﬁm‘ (Complete randomized design, CRD) Lagns
nagounUszamdNTanuuNLIN1 AW UUFN UG anauY o]
(Randomized complete block design, RCBD) WagitAsz#ng
WisuiisusenineAnade #2835 (Duncan’s new multiple
range test, DMRT) fisesfutiudndty 0.05

NaKazITaINAN1IdY
1. WAL IWYOIUTIYN
a Y ' =3 v
Wedwiynuriunszuiuniswlsylidundayn ua
U TeAd wuan A1 L* a* wag b* davinAy 45.39+7.09
5.58+0.75 Uag 14.03+1.77 mua1su @aamnmsdunawdeyund
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andthmasenmdeadnties Usinalsemsvesutiyniiiy
$ovay 7.41+001 dmiuen a, kazArmrmiureteynivinty
0.45+0.04 uaz¥esay 6.51:0.07 auaidy 4 1oy luinasi
wmsgurdndusigurusowdayn (unv.1171/2549) Aiszyin
waynmsiieudulsiiudesay 12 lastudn (Thai Industrial
Standards Institute, 2006)
2. HaNI5ANYINAYeIeNTIF MU YNNAUNUULTITIAN AN IN
snllynevwisiednsogy
NANNSYIAABUNNSNEAMYBIUEMIynaULTTA sdSagY
finaunuseutieyn 4 sedu Aisisidnuazynanenmlusiud
wansAroanulugukuuAIANEIN (L) Arduns (%) And
MBI (b%) UaTAMAINNEINITAY HANITIATIZVNUIIAIAIY
a179 ANAWAY Lag AELNADY dAuLanANAueE 19l TudAY
M3adA (p<0.05) uanada Table 2 TnewloSinandsynnauny
wilsendifinduaanuadng fuwnlduanacegedidodidyna

Table 2 L*, a* and b* of instant dried konjac noodles with different flour ratio

136

aiifl (p<0.05) lnadlA1anasann 43.52 43 25.60 ANELAIIAT
Wuduan 11.87 89 14.11 waw endimdesilenanatain 34.13
f9 26.23 Wseildnsdrutiynifiutuinliendve s duuznil
yneuwieisdnsaguiinisivasuuvasdwalifidnuazdud
urma danmugnd ynouuiaf sdnusagy Figure 1 §9nns
WauulasesadvesusniAfdunaunsynatansauinlds
nUFRsmaRadhmanuuiiAedostueules war Uiz
madndihmaunuuliondoeulssd ddumseuuimenduuznd
fumadndihmauuulilendeioules Taedutadovdniidnade
nsdsuulasandvosndndueilasnisligaungingeduae
duaiunininufAserdiinaldddu (Phonpannawit, 2022)
A0ARADINUIUITEURY Zeng et al. (2020) vin1sAnwinisii
wiaynlaedsyusianuugayyinia wuin msldeumgdd 70
ssmwadua neyniilsaziididuinnninnisldgumgif 60 oem
\waLdEE way 50 asraalTa

Different flour ratio

L* a* b*
(Wheat flour : Konjac flour) (w/w)
100: 0 43.52+2.07° 11.87+0.59" 34.13+2.41°
90 : 10 37.13+2.52° 12.16+0.51° 28.40+2.60°
85:15 27.48+2.44° 13.23£0.37%° 27.38+1.89°
80 : 20 25.60+3.39° 14.11+1.32° 26.23+3.30°

Data were expressed as mean + standard deviation of triplicate. Different superscript letters in the same column indicating significantly difference (p<0.05).

R3

100: 0 90: 10

80 : 20

85:15

Figure 1 Instant dried konjac noodles with different flour ratio (wheat flour : konjac flour)

NANSANEIAAAMUAINSHY WUTN SEazIIAINISHIAS
vzvilynauuiadisagUsnsnsmaunud 100: 0 90 : 10 uay
85 : 15 fiszezhailunisdugnegil 4 wiil uruznilyneuuvieis
diSagudnsimsmaunuil 80 : 20 fisvezailunisdugnegil 3
Wil uanasis Table 3 UzwilynouuriaisdiSaguiisisnsdrunis
naunudrendaynifiad udssalvdssoznatlunisduananag
\losnnlngundnisgnuesugnilaziinainnsiineavesanie
fogneluutaand TasamsvaziAanisnadlueduiielian
Youndifinanivluanneiifithey detuselelasauszaas
Tuanaveshazunsndluludaamssuassutulaanaves
answdsnaliifinanssnosiauarladu (Srroth & Kuakoon,
2007) fettudlowaynndlundndasivgndunuinayili e
Aldlunisdugnanas erawdosanninduy nuaftuduiile
dndwvesutsandlugnsuzniianas Jviliinadenisiinnguiu
vaslavynil Tnenslddrunanduiililsutsandavdamalin
TAsea$19519unv89nq LAY (Gluten network) 71 Laj ud auss

(Limrungruangrat et al., 2014)

Han13@ U minud s uvendvesurniliun
auuiesd 53U wuSnanihvdnudanisduduunliuanas
910 Se8ay 250.13 84 205.67 8ATINISNALNUT 100 : 0 90 : 10
waz 85 : 15 lufinnnuunndaiuneaia (p>0.05) usugniyn

Y % o & o a a a K o o
UL NTIFUSATINMINAUMUT 80 : 20 AUSuauimiinuea
autlegnog1alitudAyn1ealia (p<0.05) uaneds Table 3
Tngilleannueniiynauuwisisdisaguiisndrunsawnusig
wlaundias newdaulaynazadroiuseiungmulundsandvinli
Wadusrawrdnunenishilvaveserilaaludiouds wazdaaiuy
nswesivedauds Fuilrusunaimdnudsduurvianas
(Zhou et al., 2013)

Han1sAnwIUelsiigydeseninanisduves
vgnd ynauwien sdniagy nudn dasinisnaunundeyni

' o | a & o = ' v
wandnsiuilnaeUSIMYRILTINgay A sEnI1aNT150U (p<0.05)

o a < a ' Y o
wansee Table 3 lnguSunuvesudafigaideseninanisaull
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winlthianasann fevar 8.13 fia 5.27 esanuzvilyneuuts
AsdnFaguiisasdunmamaunusieutyniifinuantfiduaa
ity sihllassadeeaduveniiauudusanntu wmee
wilynidlethanazaneiuthagldansavaneiifauduniauay
asnsaiiaia Tnseymeveautiynazgaduindluunguionis
wosdiavilildansagaedidanutundaind usulddnuauy
Tassasrsmenelndiwes (Polymer network) utlaynazlviaai
nusorusou uduse uazdinnuasdaneaiiusouguin
(Akesowan, 1995) sraviuidl oviduvewil udsynlau
nszvuMsiuAdmufeuguduiziinisgaudesninanisiy
anaa

e sNAaaUNIA U nuugl eduilaresuzui
yneuuisisdnsagd nud1 maduudsynnawnundsanfiiuiy
MAuiumIuLsds kaganuansalunisdadaiana
o1 TBAAYNNEDA (p<0.05) IauAINAIUNIULTIAIAAAT
970 3.07 18U 2.29 N way anuansatun1sdnananin 10.22
\Ju 8.35 mm uansdoyad Table 4 osniloutisynmauny
wilsandvinliusmalusiufinnainngiauyesudsaidanas
Fanguauilanasyily auduvuuseils uazanuannsalunis
fnfidranas samvisanenglausiuiuulunsynveedasilily
Favanenisifourenusy fuveanguau (Park et al, 2019; Wang
et al, 2017)

NansNAgeUNsUsEA AT Ao suznil yna Ui
dFa3U wui1 muweuRunaY wazsand dadnuvoulil
WANANAUNIEDR (p>0.05) ﬁﬁﬂﬁlmﬁlﬁ%’mﬂa’iwwﬁmLmu
foudeyniisnsndiu 4 sedu Tavuuuniseoususunay
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WAy SATIRNAALINY WHATUUUNITEBNTUMUANYALUIING
a4 Woduda uazauvaulnesin faruuandiatusyig
Hdpd1Agyn19ads (p<0.05) Lﬁaqmﬂuwﬁuﬂamﬁﬁqﬁwﬁagﬂ
Sasinsmaunudl 80 : 20 fdduunnImngasetnaTaLausi i
AzuuLiniian szdnvaziiusnguenduiidifinndmasie
SnwairUsnglifsgaladuilna wandedudaveaduiirnuuds
nspiailildazuuunseoniudinfian Wwufsaiuazuuunis
poufuf L eduda wuin MauUTuunmaunuuayn
dsduiliezunummouanas Taedasinismaunudl 85 : 15
#5uaruuunuvoududnsazd odudaunnitdnsinis
VAL 80 : 20 ageditudfyn1eadn (p<0.05) FupuveU
Tags wuin vgnilyneuwiaisdisagudmsnismaunud 8s -
15 laguuuanuyavey lusedu 7.33 agluainuveussdu
Uhunans ladflanuuansnsiumnsada (p>0.05) Auuewdl (gns
ﬁuugm) wagdmsnavaunuil 90 : 10 1osannsiinuunm
vowudayniinturilidaduvesudsadanas Ssutlsynaziiin
n13utagaduiiuanissreautsandii et lunelu
Tassaswilidninniswesiivesaniiv danalvianisvianassia
Iiioyasdsiviliidedudavosusniluiut uguslnadlaly
AZLUUNITEDNS UL BYAY (Limrungruangrat & Anocha, 2012)
A0AAABIAUIIUITBYUBY Limrungruangrat et al. (2014) Tuns
Waunndndasiduusud iasuamsiednnianzians wuin
Sotsinaauheinmangarafisduagrilfmagaduiiives
ansrluutivanddosaniliuduanswesianasdmal il
duifavosvgnilutuiy uanads Table 5

Table 3 Cooking time, cooking loss and cooking yield of instant dried konjac noodles with different flour ratio

Different flour ratio

Cooking time (min)
(Wheat flour : Konjac flour) (w/w)

Cooking yield
(%)

Cooking loss
(%)

100: 0 4.00+0.00
90:10 4.00+0.00
85:15 4.00+0.00
80 : 20 3.00+0.00

250.13+1.90° 8.13+0.42°
245.67+6.00° 6.07+0.50°
242.40+2.75° 5.87+0.31°
205.67+7.20° 5.27+0.12°

Data were expressed as mean + standard deviation of triplicate. Different superscript letters in the same column indicating significantly difference (p<0.05).

Table 4 Tensile strength and Extensibility of instant dried konjac noodles with different flour ratio

Different flour ratio
(Wheat flour : Konjac flour) (w/w)

Tensile strength (N)

Extensibility (mm)

90:10
85:15
80 : 20

3.07+0.35° 10.22+0.25%
3.27+0.06° 9.31+0.10°
2.29+0.19° 8.35+0.16°

Data were expressed as mean + standard deviation of triplicate. Different superscript letters in the same column indicating significantly difference (p<0.05).

Table 5 Sensory score of instant dried konjac noodles with different flour ratio

Different flour ratio (Wheat flour : Konjac flour) (w/w)

Attributes
100:0 90: 10 85:15 80: 20

Appearance 7.47+1.29° 6.30+1.58" 6.80+1.35% 597+1.69°
Color 7.53+1.55° 6.77+1.25° 6.37+1.61% 5.67+1.54°
Texture 6.80+1.75° 6.20+1.63" 7.03+1.52° 5.90+1.60°
Odor™ 6.50+1.61 6.23+2.05 6.43+1.59 6.33+1.75
Taste™ 7.20+1.30 6.70+1.02 6.80+1.45 6.60+1.07
Overall 7.33+1.73° 6.57+1.70% 7.33+1.49° 6.40+1.59°

Data were expressed as mean + standard deviation. Different superscript letters in the same row indicating significantly difference (p<0.05). ™ in the same row

indicating a non-significantly difference (p>0.05).
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Figure 2 The relationship between weight (g) and drying time (min) of instant dried konjac noodles.

2 namsAnwigamgduaziiainisevuisnansasivsnd yn
ouusianssuSagy
nM3f@nwiszeznatluniseuiaugnd ynauuiai
d1593U Tneldgamagiluniseuuiefiunnsneiu 3 sedu A 55
65 uaz 75 aveaidea vinnisqudegnadaimin vn q 30
udl wuin veuiyneuuisisdieguldszezinanlunisey
wanseiy Tnguguilyneuuisiadifasuilgamgd 55 65 uay
75 ssAneadeoa unninuznd ynouuied sdnsaguaei i
szazIa1 300 (5 $219) 210 (3 F2lug 30 w1T) way 150 (2
1l 30 wfh) sy esanilegamgiiluniseuusisgetu
i luduusniszmelfidtuinhlinailunseuuiianas
nseuwisiigumgdl 75 ssmuealdua Tinadesiian aenndes
31uT78v89 Puttame & Ninlanon (2021) ldvin15Wmiun
wAnSuriuniiaiuli enuiugaiiasrhivinaniui
anauiegamginarszeznaimssuuiaiiniu lurasusnves
nseuuIURNuALTuaRaIeE TN S TsdsnalnAR st
Fnunusfiuiasy wanads Figure 2
Nan"sAnwIANdve Ui ynauusied sdniaguiiou
gaunnll 55 65 uag 75 ssrnwalliva wul1 aamaiituniseulidl
HAFDANAINATNE UaLAAAT (p>0.05) uivazfiAAivEeves

UgnAyNie 3 aunnd dauuansinsiuegialiteddgynieada
(p<0.05) TnpAndndesvesurniiunduwiliuanas 90 27.62

=

14 25.52 Uan9sia Table 6 uarAN YL ULNIUNLAAIAY Figure 3

€

neilillesnngumngifldluniseuuisgeauhliiinufisend

WIRIALUUAITILUA (Caramelization) Fannannnisiun bnsl

ok

hnnafiguuniigs Tuhliandndusidnaudoundas (Hu et
al,, 2017; Sim et al., 2020)

HANSANYIAT &, WazAANTUTEIUEMiTyNEUUTaR
duSaguil gumndl 55 65 waz75 esmuwala WU A a, Ve
vgniiyn s 3 gaumnd ddanauanstety (p>0.05) aglutas
0.25-0.27 wivnefigumgdinseuuainayliuimaanutu
anaseteitfoddymneadn (p<0.05) 9nauty Sovaz 6.65
anasfudesar 6.03 uansis Table 6 \flosangumgiildlu
nseuusgetusiliiluemandouiitugiontivesensld
570U wastimeoangmeuenlfihidudsalien a, warUiuin
ATwduanas dsaonndesiuaiuideues Puttame & Ninlanon
(2021) U MseuLsUsiliedusihfiguvgiisng 9 lugas
speziIannseuwisiianizaseunsia 3 gamai léun 60 70
uay 80 asmwalea Wuna 12 3 way 4 Hilus vrviladur
fvsnumduanaadiosvornansouuiaisiy

Table 6 L*, a*, b*, a,,and moisture content of instant dried konjac noodles with different drying temperature

Temperature L*"* a*"™ b* W Moisture (%)
(°C)
55 26.19+0.35 13.07+0.15 27.62+0.80° 0.27+0.00 6.65+0.09°
65 25.95+0.18 13.00+0.19 26.18+0.12° 0.27+0.02 6.23+0.03°
75 25.73+0.07 12.79+0.18 25.52+0.85 0.25+0.02 6.03+0.09°

Data were expressed as mean + standard deviation of triplicate. Different superscript letters in the same column indicating significantly difference (p<0.05). ™in

the same column indicating a non-significantly difference (p>0.05).

55°C

Figure 3 Instant dried konjac noodles with different drying temperature.

65 °C

75 °C
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HaN13ANWITEeEIalunIsAY WUl ungduas
sregta1tun1sd 2 anne laun gl 55 seAivaldea
S2e2a1luM AN 4 Wil way gl 65 uaz 75 aeriwaided
svegnailunsdy 3 wifl fe Table 7 ilesaniflogumgiivin
geiwhlilasaisnduugniiianisssmetioonluuiniy
lduvgvilansnsogaind s luduldiity wudeatuiy
gungilumssuuiaiiiintuiinadeveaudsiigydessuinams
éfuuwﬁLﬁuﬁuaéwaﬁﬁaﬁﬁmmaaﬁﬁ (p<0.05)

wansAnIUSIa TN udan sduvesus i sy e
Aedusagunaunuseudeyn wud Usinaniwiinvdanissuves
vgvilouwieisduiagunaunusneudaynd gamgdl 55 uas 65
osmngadoa (p>0.05) Ymdnndanisdu eglurs Sesay
206.40-252.07 Gsimiinudsnisduugmd figumndl 65 wag 75
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aﬂmmamaa (p>O 05) umaaium& oy 252.07-256.47
wivgnil ouuafigumgdl 55 waz 75 osAnTATed dAam
uansnsfuegsiifuddnneadin (p<0.05) Wesanidlenamyil
diugeduhlilassadsesduuzniifanissametoonluun
Jushliduvsmilanansogaindialudulfisd

MnmsAnwvesudsiigaideszuinenisduvesueni
suukaisdSagunaunusisuteyn Agamgd 55 uag 65 asen
walded (p>0.05) faneglutieiesas 5.27-6.87 Usunamauds
fgdoseninanisduvesugni ouusiigungfl 75 o9
wawdea (p<0.05) firoglutisiesas 10.13 Lesanamgii
T¥lunseuniafinged wililassadrsvenduvzaiiians
suimpihoanlusnndwhlslassadauenifianuuszuniu
(Limrungruangrat & Anocha, 2012)

Table 7 Cooking time, cooking loss and cooking yield of instant dried konjac noodles with different drying temperature

Temperature(°C) Cooking time (min) Cooking yield (%) Cooking loss (%)
55 4.00+0.00 206.40+4.00° 5.27+0.23°
65 3.00+0.00 252.07+6.52 6.87+0.83"
75 3.00+0.00 256.47+2.21° 10.13+0.42°

Data were expressed as mean + standard deviation of triplicate. Different superscript letters in the same column indicating significantly difference (p<0.05).

3. HANTSANYIONAYTENOUY N IMITUAL NS0T UYEIEUTIAA
sonansaiduuz o uiogy
NaNsANYBIAUsENEUMMIoMS Tnsthugvilynauusis
Asdi3aguiiiifign (Amdenainiiided JuTiianevieaduszney
n1991v3 wudn SUTunand anudu iy Wedu Beles
waza19lulansn danviiu Seeag 4.06+0.04 8.31+0.13
0.09+0.00 12.53+0.03 0.55+0.02 wag 74.46+0.15 A1Ua1AU
IINATUAAIANAILATUINITVBIBIUITINY (Bureau of
Nutrition, 2018) 531Uzl A g5 agunyeuias eeuse
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ABSTRACT
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The quality of konjac flour was studied by preparing konjac flour by drying and grinding it into
powder, extracting the toxins with an ethanol solution, then re-drying and grinding the powder.
The konjac flour had a fiber content equal to 7.41 %. Moreover, it was to investigate the quality of
dehydrated instant noodles produced by substituting konjac flour for wheat flour. It was found that
increasing the ratio of konjac flour resulted in L* values and b* values tending to decrease in the
ranges of 25.60+3.39-43.52+2.07 and 26.23+3.30-34.13+ 2.41, respectively (p<0.05). While
increasing the rate of konjac flour resulted in the a* value tending to increase in the range of
11.87£0.59-14.11%1.32 (p<0.05). The results of cooking quality found that increasing the ratio of
konjac flour had an effect on the cooking time, cooking loss and cooking yield of noodles tends to
increase by 3-4 minutes, 205.67+7.20-250.13+1.90 % and 5.27+0.12-8.13+0.42 %, respectively.
While the tensile strength and extensibility of noodles tended to decrease (p<0.05) equal to
3.07+0.35-2.29+0.19 newtons and 10.22+0.25-8.35+0.16 mm. The results of the sensory testing of
konjac noodles revealed that the ratio of wheat flour : konjac flour at 85 : 15 had the highest overall
liking score of 7.33 (by the 9-point hedonic scale). The time and temperature of drying konjac
noodles were investigated. It was found that as the temperature increased, the L*, a*, b*, a,,, and
moisture content tended to decrease (p<0.05). The quality of cooking, the temperature increased,
and the cooking time decreased nevertheless, cooking loss and cooking yield tended to increase
(p<0.05). The recommended drying conditions were 75 °C for 2.5 hours. The results of the
consumer acceptance test (n=100) by questionnaires found that 70 % of consumers chose instant
dried konjac noodles. Further, instant dried konjac noodles had ash, protein, and fiber content equal
t0 4.06+0.04, 8.31+0.13, 0.09+0.00, 12.53+0.03, 0.55+0.02 and 74.46+0.15 %, respectively, more
than instant noodles according to the nutritional value of the Thai food.
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12 uag 0-12 &ai (p < 0.01) wag 4-6 &AW (p < 0.05) A3
mswiapAvlaedsseiu gandn SB way SCB75 lunndiseny (p
< 0.01) Wainuin lneedesasimsasaiiviavedld SB SB7S
uaz SB50 AaeRN1SLAe fiAn 13.48 18.38 waz 15.77 niusioTu
mudy Fednsnssyivinmievedls s duduliaside
susuiiilndidsstulifudledlnediony 0-12 dUani wirfu
12.7 n3usiodu (Intharachot et al., 2008) Wevhnsuiuusiiug
dulignuaunuiidnsmnnasgivinedodiuiu delifu
Weslny o1g 16 dUam aeilimidnga 1,395-1,451 nSusied
Iummzﬁllﬂ'ﬁymﬁamﬂﬂmamﬁuﬁmﬁﬂmﬁ 1,885 NSUMBH
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(Leotaragul, et al., 1997) Tun1snmaseadailsrosiaainisdss
0-12 &Um19i wualn’ SB SCB75 wag SCB50 & Ui nda
1132.17+112.37 1325.94+152 uag 1,544.06+100.41 niusieda
gty Beld SCB75 way SCB50 Thiwinsaenndesiulniiu
\eslned i ui deanisvesguilaa @e 1,200-1,500 nfu
(Jaturasitha et al., 2002; Chankong et al., 2022) ualtszeziaan
nsidsstesniiliiudiosine Tudwdsinaemsidunuiila
SCB50 fiUFsnmemsTnueAsgand1 SB uay SCB75 lugas 0-3
&§Uaii (p < 0.01) 4-6, 10-12 way 0-12 &UA% (p < 0.05) e
Uinaomnsiituadelutag 7-9 dunvidulsiunnsatuneada
(p > 0.05) ludusnsnisidsuemadudwinfuasdunu
naAguonnadudmiing 1 Alansu wudild sB #8msinis
wWasuewnafudwinduasdununiaudsue e dudwin
# 1 Alandu founin SB50 wag SCB75 luvnig? In SCB50 uay
SCB75 1u maeanaiassiidnsmaudsuomadudming
wazdunumaiUAsuewnaudning 1 Alansuldunnsaiy
maadd (p < 0.05) InelArdidugnuananynsaifinanssanimnis
nanlnaifssdulngnuan lndeen3d lnnvunes uaglinsudy
Fnf Addasnafiudmidngs Sasnisdsuemaudsy
dhminganinlnfudedine Tasmasanisnaass 1 SCB75 &
Uinaonsiinulsusndnetuld S8 uiiimdndufiugendn o8
udlA SB AsHIuNITARLEaNWaTUSUUTINUTWA AT TSNS
nssaivlauarsmsnsidsuermsduimindslndides
fulafiudios uansliifudnnisdaniananiugliwusa3ide
ausnenseavateidentignlnd hybrid vigor 18931013
Lﬁl%iglﬁuimﬁqasfu Fadudmneddnlunisdndonuazuas
Wug e usnnses givlauagiimind uaaniades
(Bramfeld et al., 2003) nsuaudruaewuslifudostulaiils
NAwAngs Lo laneiugnenisi WuiBnsusuUaneiugids
Tiuuszansamnisnsyduln luvuzdortudalddniaa
AuaudAluduANdunIur ey adaTE LA A 1UNIURD
anmadoslusziuuunansdadudnuuzvesdnignaauiiia
970 heterosis (Wang et al., 2022)
ovAUsynavINYesYedlnmsIdeuaynas Itegnaa
HafinwiesiUszneuenvedlnaiidbuaylnaiidognuan
(Table 2) wu31ld SCB50 & % i eviiren lasfuresias (p <
0.01) uagaglnn (p < 0.05) 9031 SB uar SCB75 ludiuias
WU31 SCB50 i1 % g4nd1 SB (p < 0.05) wsiliiuansneiu SCB75

P
o

yrailludiuues % g enlisaasealy Un wila du uay

Au duliuananeiu (p > 0.05) esAUsznaugnla SCB50 & %

2

€

o o '

dwiingn daudention ves avlnn uaglusuroioufiugs
nld SB Anulu 4.77 1.77 2.02 wag 0.74 % mudy Taovidl
aewug fuadonisainduieuazsnnniaaigiving
WANEIAY (Cunningham & Acker, 2000) d@uvesnisazaulusiu
Anmnitugnssuvesla Taefiwutlafugionss sslufudesiios
mnalnfiudiesgnuan wuierduldgnuaud (Kku12) 48 %
lysfudeaosgenialnd (Promket & Ruangwittayanusomn,
2021)
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nasnmyeailelnasideuas lnasidegnuan
nsleneinunmiolirdidouasliaditegnuan Tu
druilonthen avlun waztes (Table 3) FellmwaziBundail o
anudunsa-sevenie wuin e pH %a3n158i1 40 U9 LAz
ydannssin 24 dalus dulsiumnsnefunseda (p > 0.05) AN
gnvesliaiitouarlia3itognuay n1siasuuasen pH Tu
ndaidevedld S8, SCB75 uay SCB50 ldumndneun1eadia
WUINENEINTTEN 40 U1 pH BETENINN 6.10-5.97 Uagnadsil
24 F4lua fidn pH 98 5¥1114 5.59-5.94 AsUasuulasan pH
Tundraidlondsdaimeanasvdoszana 6 vesmnindndes
(Warriss et al., 1999) 9nmsazaunsauaniniiinannisidlina
Tulundanide Wesmniinmnuaisevesdnineus (Berri
et al, 2007) Unfidn pH vesndndlelurneiitinazogsedu 7
wiasnindnifes Advesnduile wudn SCB50 fanuading
(L) upzdvdes (b¥) vendlodru nihen axlnn wazieagindi
SB wag SCB75 (p < 0.05) lupmuduad (@*) wuidn SB flidunsga
n91 SCBT5 waw SCB50 (p < 0.05) Aveuilolifiuandase Lxa*
b* wudn lngneas SCB50 AN L* uagan b* aendnla SB Tuvauy
i i a* vl SB tuilengendila scB50 shillAusazaneiugd
n1sudmieenvesdiiefiuandnaiu 81 Jaturasitha et al. (2008)
seawiilifudedneddauung (a) voudegs udazdian
e (L) deendiliile vildedeiiiisavestunmsiiadly
lednidisenoutunanstiady fedratu stugnssy uaznis
o3 ustegnalsfiniu nmsuseifiuidvesifoiduduiladai
finavsd feguamvesdeannsadaunaiuldieiednaste
33ﬁummﬁﬂﬂﬁﬁ’uQU%ImﬁﬁsiaﬁuﬁwLﬁaé’mi
Arauanusalunisgutivenie (water holding
capacity: WHO) (Table 4) vouiilodau wii1en avlnnuazios
wWua1 1A SB iR % drip loss Wag cooking loss qﬁﬁ'qm (p <
0.05) sesaauldud I SCB75 uay SCB 50 dauruseiarwmile
(Warner- blazler shear force) 51891uid ua ALY uLi e
(firmness) wutAanuutuilevedliis 3 naulduandiedu (p
> 0.05) @uA1AURTY7 (toughness) wuanla SB AA1A3
wilgaunnan 1n SCB 75 way SCB50 (p < 0.05) W1 3 Fudau
wifen azinn wazdes muamnsalunisdui In sB Sns
aaqde1i191ne1 drip loss WAz cooking loss gannlignuan
SCB75 way SCB50 awaliifoliuninnniu 91nsesunui
Infudlosdanumieaninlansene Uaturasitha et al, 2002)
wifiAuyuan ndy warsarAniiinnanuduiusuaz
aeAUszneuonil @ (Cunningham & Acker, 2000) Taeiile
finsannudn druenfinisgydodunnnitdussazasinn
1INNAINANYITANUTALG IR UTI89IUY84 Tang et al. (2009)
5189w lAnsenadudan drip loss qaﬂdﬂﬂ'ﬁyul,ﬁaﬁu WA
at4lsfinnu Jaturasitha et al. (2008) Na1271 AINAIIVBIANY
situg Tifinarornnisgapdoth us Wang et al. (2009) 518971
mmmama‘[,umsﬁmﬁwﬁ?uﬁNaﬁﬁammszjmﬁ’wLLammm;mmﬁa
{hfﬁ’a‘[,uﬁmmiquLﬁaﬁwzmw’%aﬂaaé’mﬁuﬁﬁuﬂ'ﬂ oH TnglAdi
fnsasyiulndasdviinalnalaaulundiogs vilfian
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v
&

nseendindulululelnaduil 24 Frlumdeindszdugs viliiile
fifi1 pH s dewaliinuanansalunisduiheaioanasiasiin
ﬂ’]iQigLﬁEJﬁ’lU%iﬂNQﬁ (Fernandez et al., 2001) AUTIARKIY
LﬁfaL“ﬁumﬁﬁmmﬁwﬁiyiumiﬁmsmmnmjmawfﬁ) ileiid
AussFarugeRziinumisannninded feusedanitus
Tassrsarududanuuiuid (firmness) wag Ao
(toughness) INNINARBINUI AL UL veslAAs I Te
wazlreidognuasliunndety widefinsanlnsamstudn
azlwndauuduiennniesuaven daudanumien In
sB fimaruumileannnndy SCB75 uaz SCB 50 ¥4 3 §u e dau
an aglnn wazded mudau Ao nduanuainnsoves
FaniazgadundanulildlagliiAnnisuanin anumiend
Auduiusiuauudussuazanuansalumsinfvesian
\Huanohdudoduiavesorms
MTIATIZVeAYsENOUN AL

meanesiUiina anuty Tutusa Wakuss wasd
vadlimditauasliedidugnuas (Table 5) wud1 msdu Tusiy

Table 1 Growth performance of Srivijaya chicken and Srivijaya crossbred chicken

73 wawd vosld SB, SCB75 waw SCBS0 tuldunnstetumng
aif (p < 0.05) ualudruvesludusiunuanla SCB50 dU3unwm
lusfuunsnlundranilonthen aslnn uaztes Ausiaanmils g
n31ln SCB75 wag SB aua1au lngasdusynauniuaivas
Fudauen azlnn uazios vedliaidonarliadidugnuay
wudrdienudu Tndidssiueglurag 71.23-75.19 % i % Tusiu
sz laluanenatfy 8 Shaarani et al. (2006) Mo
sihonazuTinma sz 76 % diures % Wsfiurw
wudnilevieniduduiiflusfunuganitduasnnuazas
Tn® Fanatico et al. (2007) 1891w lAfidsasinsasaivle
Hrazfiviinalusiugs druves wluiuduuiinaluiuiunsn
ogflundnile iesnnnmaassldusndiuvesmilieandouns
Aas1ent wudt 1 SCB50 & % lusiusiugendnla SB uay SCB75
Ustana 2-3 wh sililesannld sB 1 Hulrfudios @l scars
fianeidenlinuiios 75 % SeiUsuas % lusfusm Young & Choi
(2003) wuildfudlesvounwd fludusnilinses

parameter SB

SCB50 SCB75

initial weight (g) 34.07+1.27
weight gain (g)

33.94+0.84 34.06+1.29

0-3 140.85+45.44°
a-6 204.57+20.39°
79 336.25+86.22°
10-12 402.55+51.53¢
0-12 1,132.17+112.37°
average daily gain (¢/d)
0-3 6.70£0.25°
4-6 9.88+0.11°
79 16.01+1.08°
10-12 20.29+2.45°
0-12 13.47+0.44°
feed intake (g) 6.70+0.25°
0-3 395.15423.65°
a-6 800.00+101.55°
7-9 1112.5+125.17
10-12 1,472.50+160.75%
0-12 3779.90+194.87°
feed conversion ratio
0-3 2.81+0.23"
a-6 3.85+0.13°
79 3.310.24"
10-12 3.48+0.34"
0-12 3.34+0.13"
feed cost per kilogram (baht)
0-3 56.20+4.10"
4-6 73.15+4.21°
79 59.58+5.92"
10-12 62.64+5.07"
0-12 61.79+3.29"

260.31252.78"
318.25+15.24°
43250+55.34"
525.50+65.42"
1,544.06+100.41"

184.89+69.68°
253.55+33.09"
378.75+95.24°
480.00+48.91°
1,325.94+152°

12.39+0.60" 8.80+0.46°
15.15+0.72" 12.31+1.50°
20.59+1.62" 18.03+1.29°
25.02+1.85 22.28+2.32°
18.38+0.44" 15.78+0.62°
12.39+0.60" 8.80+0.46°
572.50+27.53" 450.00+24.80°

945.00+160.32°

885.00+130.25"

1116.25+94.04 1038.75+91.47
1,525.00+129.92° 1,430.50+128.61°
4158.75+132.56° 3803.75+109.38"
2.20+0.10° 2.44+0.13°
2.97+0.17° 3.46+0.27"°
2.58+0.14° 2.75+0.30°
2.90+0.17° 3.07+0.26°
2.69+0.11¢ 2.87+0.16%
44.13+3.38° 48.80+2.47°
56.43+591" 65.70+3.23%°
46.44+3.65° 49.50+4.97°
52.20+1.16° 55.26+3.91%
49.77+1.71¢ 53.10+2.10%

"B mean within a row with different letter difference significantly (p < 0.01).

¢ mean within a row with different letter difference significantly (p < 0.05).

SB= Srivijaya chicken, SBC75=Srivijaya crossbred chicken (75 %), SCB50=Srivijaya crossbred chicken (50 %).
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Table 2 Carcass composition of Srivijaya chicken and Srivijaya crossbred chicken
carcass composition (%) SB SCB50 SCB75
dressed weight 91.60+2.20 89.13+1.95 90.13+2.91
eviscerated weight 79.58+1.16 80.09+0.79 79.32+0.52
wing 9.44+0.22 9.62+0.70 9.30+0.37
breast 11.56+0.92° 16.33+0.10° 13.75+0.85"
drumstick 9.88+0.78" 11.61+0.52° 10.61+0.45%
thigh 11.8240.87° 14.24+0.38° 13.52+0.58"
heart 0.40+0.01 0.40+0.08 0.38+0.10
liver 3.03+0.23 2.80+0.21 2.87+0.09
gizzard 2.41+0.16 2.30+0.11 2.36+0.11
abdominal fat 0.35+0.10° 1.09+0.15" 0.72+0.14°
A% mean within a row with different letter difference significantly (p < 0.01)
°*¢ mean within a row with different letter difference significantly (p < 0.05)
SB= Srivijaya chicken, SBC75= Srivijaya crossbred chicken (75 %), SCB50= Srivijaya crossbred chicken (50 %)
Table 3 Meat quality of Srivijaya chicken and Srivijaya crossbred chicken
pH meat color
carcass breed
0.5h 24 h L* a* b*
SB 5.77+0.02 5.74+0.08 51.97+0.85° 3.80+0.02° 12.39+0.52°
breast SCB50 5.66+0.06 5.61+0.07 54.17+0.53° 2.16+0.01° 15.96+0.25°
SCB75 5.69+0.03 5.64+0.05 53.38+0.45" 2.79+0.04° 13.55+0.37°
SB 5.85+0.02 5.80+0.08 52.62+0.72° 7.29+0.03° 12.06+0.31
thigh SCB50 5.89+0.05 5.86+0.07 54.91+0.67° 4.11+0.08° 13.06+0.28
SCB75 5.87+0.04 5.84+0.05 53.44+0.547° 6.90+0.08" 12.45+0.42
SB 5.81+0.07 5.79+0.08 48.51+0.68° 9.00+0.07° 13.16+0.27°
drumstick 5 b 5
SCB50 5.84+0.08 5.80+0.04 54.00+0.75 6.35+0.06 16.38+0.20
SCB75 5.86:0.05 5.83+0.07 51.54:+0.53" 7.38+0.05" 15.60+0.31°
¢ mean within a column with different letter difference significantly (p < 0.05).
SB= Srivijaya chicken, SBC75= Srivijaya crossbred chicken (75 %), SCB50= Srivijaya crossbred chicken (50 %).
Table 4 Meat quality of Srivijaya chicken and Srivijaya crossbred chicken
texture
drip loss cooking loss
carcass breed (%) (%) firmness toughness
(kg) (kg.sec)
SB 8.32+0.25° 23.39+0.45° 1.04+0.02 9.75+0.50°
breast SCB50 5.79+0.27° 21.49+0.64° 1.14+0.01 7.7320.31°
SCB75 6.02+0.34" 21.96+0.52° 1.29+0.06 8.48+0.80°
SB 4.96+0.32° 19.05+0.82° 1.91+0.02 13.15+0.45°
thigh SCB50 2.96+0.51° 14.90+0.50° 1.86+0.03 11.53+0.47°
SCB75 3.34+0.25 15.04+0.37° 1.98+0.04 13.87+0.38°
SB 5.12+ 0.24° 17.02+0.32° 1.25+0.05 8.54+0.59%
drumstick SCB50 2.35+0.35° 14.47+0.71° 1.20+0.06 6.79+0.72°
SCB75 3.40+0.51° 17.61+0.50° 1.26+0.04 7.06+0.68°
¢ mean within a column with different letter difference significantly (p < 0.05).
SB= Srivijaya chicken, SBC75= Srivijaya crossbred chicken (75 %), SCB50= Srivijaya crossbred chicken (50 %).
Table 5 Chemical compositions of Srivijaya chicken and Srivijaya crossbred chicken
carcass breed moisture crude fat crude protein Ash
SB 74.35+1.45 0.06+0.00° 24.49+0.13 1.40+0.02
breast SCB50 75.19+1.30 0.14+0.09° 23.20+0.17 1.41+0.03
SCB75 74.07+£1.25 0.05+0.01° 23.96+0.15 1.37+0.02
SB 71.59+1.20 0.10+0.02° 20.93+0.12 1.36+0.01
thigh SCB50 72.09+1.42 0.44+0.09° 20.32+0.09 1.55+0.06
SCB75 71.85+0.95 0.33+0.07° 20.25+0.14 1.34+0.03
SB 71.99+1.35 0.16+0.05° 21.20+0.11 1.17+£0.02
drumstick SCB50 71.23+£1.02 0.57+0.06 20.32+0.12 1.18+0.02
SCB75 72.79+0.90 0.33+0.04° 21.25+0.14 1.16+0.04

¢ mean within a row with different letter difference significantly (P<0.05).
SB= Srivijaya chicken, SBC75= Srivijaya crossbred chicken (75 %), SCB50= Srivijaya crossbred chicken (50 %).
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ABSTRACT
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The purpose of this experiment was to study the growth performance and carcass
composition of Srivijaya chicken (SB) and Srivijaya crossbred chicken (SCB). The
experimental design was a randomized complete block design (RCBD). Mixed-gender
SB hybrids of SCB75 and SCB75 pedigree levels (60 chicks per breed), a total of 180
chicks (1 day old), divided into 3 groups of 4 replicates (15 birds per replicate). The
studies were divided into 0-3, 4-6, 7-9- and 10-12-weeks diets with 21, 19 17, and 15
% protein levels. The results show that SCB50 had a high body weight gain (p < 0.01).
In terms of the cost of 1 kg of chicken production, SCB50 was lower (p < 0.01). SB is
no different from SCB75. Carcass quality and carcass composition of SCB50 showed
a higher % of breast, abdominal fat (p < 0.01), and thigh (p < 0.05) than SB and SCB75.
The SCB50 had a higher % of thigh (p < 0.05) than SB but was not different from the
SCB75. Evaluation of carcass quality: pH values of all groups of chickens were not
different (p > 0.05). SCB50 chickens had a higher lightness (lightness: L*) and
yellowness (yellowness: b*) of the breast, thigh, and drumstick than SB and SCB75
(p < 0.05). SB had higher red (redness: a*) values than SCB75 and SCB50 (p < 0.05).
The water holding capacity of SB chickens had higher % of drip loss and cooking loss
(p < 0.05) than SCB75 and SCB50 chickens. Shear force through the meat firmness
values of the 3 groups of chickens were not different (p > 0.05). SB chickens had
higher firmness values than SCB75 and SCB50 chickens (p < 0.05). As for the breast,
thigh, and drumstick SCB50 chickens had a higher % of fat (p < 0.05). SCB50 and
SBS75 have high growth performance; carcass composition is high; and feed cost per
kilogram of chicken is low. Chicken meat has L*, b*, and a total fat % higher than SB,
while SB chicken meat has a red color value and a high water-holding capacity.
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Figure 1 Salted Nile tilapia.



J. Treeinthong and P. Wiriyaampaiwong / (PRAWARUN AGRICULTURAL JOURNAL 2023) 20(2): 151 - 159 153

Table 1 Basic recipe of salted Nile tilapia chili paste modified from MaeBan (2018)

Ingredients Amount (g)
Fried salted Nile tilapia meat 200
Ground fried dried spur chili 15
Ground fried dried Bird’s eye chili 75
Fried shallots 50
Fried garlic 50
Tamarind paste 80
Sugar 17
Palm sugar 20

Seasoning powder

10

NISHAUIGATAUBUY: Fnwmavesusuaniovardaifuse
AUNINN WU MIUNTYOIHEN 0T

31nwan1Inaasslude 2 huivauigasauuuy oy
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Table 2 Hedonic scores of salted Nile tilapia chili paste (n=30)
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Attributes

Hedonic score

Appearance
Color

Odor

Taste
Texture
Overall liking

7.58+1.15
7.65+0.85
6.96+1.20
6.93+1.30
7.34+1.17
7.44+0.94
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Table 3 Degree of change scale (just about right scale) of salted Nile tilapia chili paste (prototype)

Attributes Just about right scale (%) Net Effect
Much decrease Slightly Just about right Slightly increase Mush
decrease increase
Color 0 33 90 6.7 0 3.4
Odor 0 20 66.7 133 0 -6.7
Sweet 0 6.7 40 40 133 46.6
Salty 3.33 60 333 33 0 -53.37
Overall taste 30 a6.7 233 0 6.7
Texture 0 33 76.7 133 6.7 9.97
Table 4 Hedonic scores of salted Nile tilapia chili paste as affected by salted Nile tilapia meat content (n=30)
Attributes Fried salted Nile tilapia meat contents (g)
100 125 150
Appearance "™ 7.16+1.01 7.20+0.92 7.36+0.92
Color ™ 7.13+1.07 7.10+1.09 7.46+0.77
Odor ™ 6.83+1.62 6.83+1.39 7.13+£1.33
Taste ™ 7.06+1.33 6.73+1.17 6.96+1.15
Texture ™ 7.00£1.11 6.83+1.01 7.06+0.01
Overall liking ™ 7.26+0.80 7.20+0.80 7.23+0.85
" Mean in the same row is not significantly different (p>0.05).
Table 5 Degree of change scale (just about right scale) of salted Nile tilapia chili paste recipe added 150 g fried salted Nile tilapia meat
Attributes Just about right scale (%) Net effect
Much decrease Slightly Just about right Slightly increase Much increase
decrease
Color 3.34 23.33 73.33 0 0 26.67
Odor 6.67 6.67 83.32 3.34 0 13.34
Sweet 0 3.33 73.33 23.34 0 20.01
Salty 3.33 16.67 66.67 10 3.33 -6.67
Spicy 0 6.67 50 33.33 10 36.66
Texture 0 16.66 70 10 3.34 -3.32
Table 6 Hedonic scores of salted Nile tilapia chili paste as affected by fried dried Bird’s eye chili (n=30)
Attributes Amount of fried dried Bird’s eye chili (g)
10 15
Appearance ™ 6.67+1.01 7.08+1.07
Color ™ 6.76+0.92 7.00+1.04
Odor ™ 6.68+0.80 7.00+1.11
Taste ™ 7.00+1.04 7.16+1.37
Texture ™ 7.08+0.99 7.36+1.36
Overall liking ™ 7.44+0.82 7.56+1.00
" Mean in the same row is not significantly different (p>0.05).
Table 7 Degree of change scale (just about right scale) of salted Nile tilapia chili paste added 15 g ground fried dried Bird’s eye chili
Attributes Just about right scale (%) Net effect
Much decrease Slightly Just about right Slightly increase Much increase
decrease
Color 0 8 72 20 0 12
Odor 0 20 60 20 0 0
Sweet 0 12 68 20 0 8
Salty 0 28 56 16 0 -12
Spicy 0 24 68 8 0 -16
Overall taste 0 20 60 20 0 0
Texture 0 12 80 8 0 -4
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Table 8 Hedonic score of 200 consumers on the salted Nile tilapia chili paste
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Attributes

Average * standard deviation

Appearance 6.98+1.15
Color 7.13+1.12
Odor 7.16+1.26
Taste 7.21£1.57
Texture 7.41+1.43
Overall liking 7.71+1.01
Table 9 Raw material costs (baht) per kilogram of salted Nile tilapia chili paste
Raw materials % of ingredients Gram of ingredients Price of raw Raw material costs (baht)
per kilogram of materials per kilogram of product
product (baht/kg)
Fried salted Nile tilapia meat 36.85 368.5 80 29.48
Ground fried dried spur chili 3.68 36.8 145 5.33
Ground fried dried Bird’s eye chili 3.68 36.8 270 9.93
Fried shallots 12.29 122.9 138 16.96
Fried garlic 12.29 122.9 117 14.38
Tamarind paste 19.66 196.6 26 5.11
Sugar 4.18 418 30 1.25
Palm sugar 491 49.1 56 2.75
Seasoning powder 2.46 24.6 98 241
Sum 87.60
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Figure 2 The developed salted Nile tilapia chili paste.

Table 10 Product quality of salted Nile tilapia chili paste
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Product quality Results
Lightness (L*) 36.97+1.34
Redness (a*) 9.99+1.08
Yellowness (b*) 10.33+0.95
Water activity (aw) 0.59+0.01
Moisture (%) 10.77
Protein (%) 14.84
Total fat (%) 18.64
ash (%) 6.18
Total carbohydrate (Include) (%) 49.57
Energy (Kcal/100 g) 425.40
Total plate count (CFU/g) 6.50 x 107
Yeast and Mold (CFU/g) <10
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ABSTRACT

Keyword
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Product development

Salted Nile tilapia is a product derived from tilapia raised in floating cages that died suddenly
(knocked out of the water) due to the changing climate conditions in the Lam Pao Dam area. Its
selling price is, however, still quite low. This research aims to enhance the value of Nile tilapia by
producing salted Nile tilapia chili paste (Nam Prik Pla Nile Khem). The prototype product recipe,
formulation development, consumer testing, and assessment of the final product's quality were
studied. The results revealed that the recipe for producing salted Nile tilapia chili paste comprises
the following ingredients by weight: fried salted Nile tilapia meat (36.85 %), dried spur chili
powder (3.68 %), dried bird's eye chili powder (3.68 %), fried shallots (12.29 %), fried garlic (12.29
%), tamarind paste (19.66 %), sugar (4.18 %), palm sugar (4.91 %), and seasoning powder (2.46
%). The average preference scores of all attributes varied from a slight to a moderate preference
(6.98 to 7.71 points). A remarkable 97.50 % of consumers accepted the product, and 87.00 % of
them decided to purchase it. The salted Nile tilapia chili paste developed in this study exhibited
specific color attributes, with lightness (L*), redness (a*), and yellowness (b*) values measuring
36.97, 9.99, and 10.33, respectively. Additionally, the water activity (aw) was determined to be
0.59. The chili paste's composition includes 10.77 % moisture, 14.84 % proteins, 18.64 % total
lipids, 6.18 % ash, 49.57 % carbs, and 425.40 Kcal/100g of energy. Total Plate Count (6.50 x 10?
CFU/g) and yeast and mold content (< 10 CFU/g) remained well below the threshold specified in
accordance with the community product standard for fried chili paste (TCPS. 321/2013) and dried
chili paste (TCPS. 130/2013). The cost of raw materials was 87.60 baht per kilogram. The
development of this product serves to enhance value and introduce innovative and distinctive
products to the community.
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Table 1 Feed ingredients and compositions of experimental diets

Ingredients kg
Corn 47.00
Rice bran 28.00
Soybean meal (44 %) 16.50
Fish meal (55 %) 3.00
Palm oil 1.75
Dicalcium phosphate 3.00
Salt 0.25
Premix”’ 0.50
Total 100
Calculated chemical composition analysis
Crude Protein (%) 16
ME (kcal/kg) 3,000
Fat (%) 5.60
Crude Fiber (%) 5.72
Ca (%) 1.02
P (%) 0.85
Price (baht/kg) 13.99

YPremix (/kilogram diet): vitamin A, 400 IU; vitamin D3, 250 IU; vitamin E, 30 mg; vitamin C, 30 mg; vitamin K3 13 mg; vitamin B1 10 mg; vitamin B2 16 mg; vitamin
B6 12 mg; vitamin B12 0.1 mg; Ca pantothenic acid 60 mg; folic acid 0.2 mg; nicotinic acid 83 mg; choline 105 mg; Co 0.4 mg; Cu 3.7 mg; | 0.5 mg; Mn 86 mg; Mg
108 mg; Zn 62 mg; Fe 42 mg; Ca 11 mg; Na 390 mg; Cl 671 mg; K 78 mg; Met 45 mg.

Table 2 Production performance of Pradu-Hangdum, Nacked-Neck and Betong chicken in semi free rang rearing (10-18 weeks)

Trait Pradu-Hangdum Naked-Neck Betong P-value
Body weight (kg/b)
10 0.93+0.0346° 0.65+0.0351° 0.77+0.0404" 0.0003
12 1.10+0.0115° 0.87+0.0346° 1.09+0.0057° 0.0001
14 1.34+0.0173° 1.15+0.0321° 1.39+0.1553° 0.0458
16 1.61+0.0351° 1.40+0.0435° 1.52+0.0986™ 0.0229
18 1.74+0.0416 1.59+0.0916 1.66+0.0527 0.0937
Body weight gain (kg/b)
10-12 0.17+0.0305" 0.22+0.0472" 0.32+0.0458° 0.0132
12-14 0.24+0.0152 0.28+0.0378 0.29+0.1497 0.7236
14-16 0.27+0.0513 0.25+0.0115 0.14+0.1006 0.1021
16-18 0.13+0.0754 0.19+0.0556 0.13+0.0416 0.4310
10-18 0.81+0.0305 0.94+0.0709 0.88+0.0750 0.1073
Average daily feed intake (g/b/d)
10-12 71.85+8.2931 80.28+3.4657 76.70+7.0651 0.3556
12-14 100.53+11.6398 93.57+7.2511 98.49+4.4055 0.6005
14-16 101.85+13.1542 99.00+4.4513 107.39+7.6631 0.5544
16-18 121.32+18.3256 106.57+4.2307 110.64+3.0357 0.3089
10-18 98.89+9.2014 94.86+3.3578 98.31+2.2345 0.6727
Average daily gain (g/b/d)
10-12 12.38+2.1843° 15.48+3.3761° 22.86+3.2743% 0.0132
12-14 16.90+1.0943 20.24+2.7051 20.95+10.7007 0.7235
14-16 19.05+3.6642 17.62+0.8256 9.76+7.1922 0.1021
16-18 9.29+5.3954 13.57+3.9737 9.52+2.9767 0.4309
10-18 14.41+0.5455 16.73+1.2668 15.77+1.3402 0.1076
Feed conversion ratio
10-12 5.87+0.7746° 5.32+0.9278° 3.36+0.2847° 0.0118
12-14 5.93+0.3380 4.67+0.7028 5.58+2.6297 0.6254
14-16 5.58+1.9073 5.61+0.0115 7.92+1.9798 0.2565
16-18 9.00+2.4183 8.34+2.5571 10.72+3.3728 0.6639
10-18 5.85+1.7262 5.98+0.6665 6.65+1.0740 0.7077
Feed cost per gain (baht)
10-12 78.64+10.3763° 71.18+12.4227° 44.98+3.8145" 0.0118
12-14 79.40+4.5250 62.48+9.4083 74.67+35.2141 0.6252
14-16 74.71+25.5359 75.16+0.1558 106.05+26.5094 0.3355
16-18 120.51+£32.3784 111.67+34.2420 143.47+45.1620 0.4997
10-18 91.55+£3.2668 80.12+8.9260 97.36+1.3488 0.0950

b€ mean with different superscripts within the same row are different (p < 0.05).
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Table 3 % of hematocrit of Pradu-Hangdum, Nacked-Neck and Betong chicken in semi free rang rearing (14 weeks)
hematocrit (%)

Item
Male Female

Pradu-Hangdum 33.92+1.0162 29.87+7.345

Naked-Neck 31.45+2.0518 31.98+2.546

Betong 37.70+5.5810 33.66+1.585

P-value 0.1672 0.6218
Table 4 The male carcasses yield and breast chemical composition of Pradu-Hangdum, Nacked-Neck and Betong chicken in semi free rang rearing (18 weeks)
ltems Pradu-Hangdum Naked-Neck Betong P-value
Carcasses yield
Live weight (g) 1,793.33+11.55 1,846.67+61.10 1,800.00+200.00 0.8450
Warm carcass weight (g) 1,420.00+52.92 1,493.30+11.55 1,673.30+371.66 0.3963
Chilled carcass weight (g) 1,359.30+22.01 1,441.30+13.20 1,439.00+242.22 0.7308
Carcass (%) 75.81+1.67 78.09+1.89 79.61+4.59 0.3640
Breast (%) 13.00+0.66 13.57+0.72 11.23+1.35 0.0560
Fillet (%) 4.42+0.29 4.32+0.30 4.33+0.28 0.9111
Thigh (%) 15.49+1.03 16.15+0.70 16.04+0.67 0.5954
Drumstick (%) 13.96+0.90 14.92+0.76 14.73+0.03 0.2605
Wing (%) 11.25+0.23 11.73+0.20 11.13+0.59 0.2075
Foot and shank (%) 5.39+0.47 5.81+0.58 5.37+0.32 0.4854
Head (%) 4.24+0.15 4.91+0.44°° 5.44+0.48° 0.0259
Neck (%) 6.46+0.46 5.04+0.86 6.14+0.64 0.0901
Skeletal (%) 25.60+0.46° 23.42+1.05° 25.421.10° 0.0485
Breast chemical composition

Moisture (%) 73.79+0.3425 74.39+0.6848 74.55+0.675 0.0915
Ash (%) 1.13+0.05° 1.31+0.19° 2.19+1.09° 0.0214
Protein (%) 23.66+0.49 23.02+0.8487 23.5+0.4851 0.2205
Fat (%) 0.17+0.08 0.23+0.06 0.27+0.06 0.0821

2 mean with different superscripts within the sarne row are different (p < 0.05).
Table 5 The female carcasses yield and breast chemical composition of Pradu-Hangdum, Nacked-Neck and Betong chicken in semi free rang rearing (18 weeks)

Items Pradu-Hangdum Naked-Neck Betong P-value
Carcasses yield

Live weight (g) 1,480.00+199.37 1,406.67+80.83 1,386.67+100.66 0.6221
Warm carcass weight (g) 1,180.00+52.92 1,080.00+20.00 1,066.67+61.10 0.0531
Chilled carcass weight (g) 1,077.67+98.57 1,036.33+34.30 1,031.67+62.69 0.6935
Carcass (%) 72.91£1.23 73.48+4.21 74.78+0.95 0.6793
Breast (%) 15.30+0.18 15.42+1.03 13.76+1.13 0.1092
Fillet (%) 5.14+0.17 5.17+0.22 4.85+0.23 0.1999
Thigh (%) 14.50+0.63" 15.78+1.31% 17.06+0.67° 0.0429
Drumstick (%) 13.40+0.42 13.65+1.00 14.57+0.92 0.2652
Wing (%) 11.65+0.47 11.27+0.40 11.44+0.60 0.9122
Foot and shank (%) 4.58+0.37 4.59+0.33 4.81+0.62 0.7921
Head (%) 3.88+0.22 4.36+0.17 4.32+0.37 0.1232
Neck (%) 6.22+0.08 5.07+0.07" 5.24+0.21° 0.0001
Skeletal (%) 25.42+1.63 24.27+1.35 24.16+1.67 0.5772

Breast chemical composition
Moisture (%) 73.97+0.5463 73.88+0.6106 74.06+0.187 0.8188
Ash (%) 1.16+0.02° 1.20+0.14° 1.35+0.09° 0.0119
Protein (%) 23.26+0.51 23.50+1.0369 23.99+0.5961 0.2639
Fat (%) 0.23+0.05 0.21+0.16 0.28+0.08 0.4808

2 mean with different superscripts within the sarme row are different (p < 0.05).
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The objective of this study was to compare the production performance, carcass
characteristics, and chemical composition of Betong, Phadu-Hangdum, and Naked-
Neck chickens under the semi-free-range system. The study followed a completely
randomized design with three treatments, each having three replications, and each
replication consisting of 15 birds. Ten-week-old (mixed-sex) Betong, Phadu-Hangdum,
and Naked-Neck chickens were raised in a semi-free-range system, occupying
2.5 m?/head in an area of 5x7.5 m2 with a shed of 2x2.5 m2, until 18 weeks of age. The
remaining area was covered with grass and natural plants, and each pen was fenced with
a net. Results showed that the body weight, body weight gain, average daily feed intake,
average daily gain, feed conversion ratio, and feed cost per gain of Betong chickens
during the 10-18 weeks period did not differ compared to Phadu-Hangdum and Naked-
Neck chickens (p > 0.05). Similarly, the carcass characteristics of Betong chickens,
including live weight, warm carcass weight, chilled carcass weight, and carcass
percentage, were not different from Phadu-Hangdum and Naked-Neck chickens in both
males and females (p > 0.05). However, female Betong chickens exhibited a higher
thigh percentage than Phadu-Hangdum chickens, although no difference was observed
compared to Naked-Neck chickens. Regarding the chemical composition of breast meat,
the moisture percentage, protein percentage, and fat percentage of Betong chickens were
not different from Phadu-Hangdum and Naked-Neck chickens in both males and
females (p > 0.05). These findings suggest that rearing Betong chickens under the semi-
free-range system is another viable option for farmers interested in raising native
chickens.
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Introduction
Pomacea
(Gastropoda:

canaliculata
Ampullariidae),

aquaculture purposes. They have expanded
throughout the entire country after they were
released to the natural later on. Recently,

Lamarck
commonly

known as the golden apple snail (Figure 1)
They are freshwater snail that belonged to the
Ampullariidae family and was discovered in
1810. The golden apple snail (Pomacea
canaliculata) is a freshwater snail, it had
been introduced to Thailand in the 1980s and
spread throughout the entire country.
Recently, they were reported as one of the
most severe rice pests in Thailand. These
snails thrive in humid tropical and
subtropical environments, with their original
habitat located in Africa and South America.
They were introduced to Thailand in the
1980s, primarily as aquatic pets or for

"Corresponding author
E-mail address: rachadaporn@kku.ac.th (R. Benchawattananon)

golden apple snails were reported as one of
the most severe rice pests in Thailand
(Litsinger & Estano, 1993; Cowie et al.,

2006). Other plants have their poison
dissolved in the sap or latex, including
Calotropis gigantean, Nerium oleander,

Plumeria rubra, Euphorbia tirucalli, and
Thevetia perviana. It could result in skin
rashes, allergies, blindness, tingling or
numbness in the mouth, diarrhea,
unconsciousness, and even death when
humans touched or drank it (Phumthum et al.,
2019). Other plants with a strong scent that
acts as an insecticide or repellent include
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Hyptis Suaveolens, Catharanthus roseus, and
Chromolaena odorata (Urumarudappa et al.,
2019). The Department of Agriculture of
Thailand (DAT) recommended 4 methods to
control the snails, first, the mechanical
method, second, the biological control
method, the third pesticide control method,
and the last integrating method. On the
contrary, the use of chemical molluscicide is
the most preferred method for Thai farmers
to control golden apple snails in the rice field.
However, using chemicals will create many
effects on human health, the natural
environment, and the ecological system

(Maneepitak & Cochard, 2014). This method
will leave some chemical residuals in soils
and anthropogenic substances in the aquatic
organism. Alternatively, if using the plant
molluscicide method with a plant whose have
the characteristic of a pesticide that can kill
mollusk which is specifically for snail and
slug. Good molluscicidal plants ought to
have some properties: high toxicity, specific
performance, easy to use or prepare, and
leave no residual to the environment. If it is
possible to find the capability of plant
molluscicide, it might be the best alternative
way to control golden apple snails.

Pomacea canaliculata. (Lamarck, 1828)

Figure 1 Pomacea canaliculata.
Source: Lamarck (1828)

There were 6 plants used as a
representative to study the result of the
molluscicidal property to control golden
apple snails. Some plants of this group
contained very high toxicity in humans and
animals such as Erythrophleum succirubrum
and Lantana camara. If a human eats these
plants in a small amount they will become
unconscious, have anoxia, and even die
(Pengcleig, 2002). Other plants such as
Caloltropis gigantean and Thevetia perviana
have their poison dissolved in sap or latex.
When people touched or ingested, it could be
caused by skin irritation, blindness,
numbness or tingling in the mouth, allergy,
and even death (Faculty of Pharmacy,
Mahidol University, 2010). Some other
plants such as Hyptis suaveolens can produce

a strong smell that gives a repellant effect
(Medthai, 2014). There are also some reports
about the toxicology in snails such as
Camelia oleifera. (Litsinger & Estano,
1993).  Anthropogenic  or  chemical
substances, as well as sediments, can degrade
and erode aquatic ecosystems. However,
there is some positive news as both chemical
molluscicides and plant molluscicides can
undergo processes such as evaporation,
decomposition, or degradation through
exposure to sunlight. These procedures
include hydrolysis, oxidation, photolysis,
and evaporation in the presence of sunlight in
the environment. Many factors may be
involved, the intensity of solar radiation, the
water transparency, the water surface area,
and the water's natural body. The photo-
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transformation is limited and dependent on
the radiation in sunlight for 14 and of
sunlight exposes to the aquatic system
(Federal Register, 2012). The following
processes were permitted: photolysis,
hydrolysis, oxidation, and evaporation of the
environment utilising sunlight. The amount
of solar radiation, the water's transparency,
its surface area, and its natural body are just
a few of the variables that could be at play.
The amount of photo-transformation is
constrained and is reliant on how much
sunshine radiation is exposed to the aquatic
system (Jia et al., 2019). The crude water
extraction of Schefflera actinophylla (200
ppm) and niclosamide (1 ppm) solution can
be degraded by sunlight. Their molluscicidal
efficiencies were decreased by 50% when
left in sunlight for 14 and 9 and completely
disintegrated within 20 and 15 days
respectively (Wongsiri, 2002). Compatible
with Rambhare's findings, who examined the

effects of chlorpyriphos on the snail
Lymnaea stagnalis: increased mucus
secretion, decreased respiration, and

inhibition of rates of motility and external
stimulation (Ranbhare et al., 2020).

The Probit analysis is a statistical
analysis program, it can be a method to
determine the relative toxicity of substances
and test organisms. The values of
concentration and mortality rate are reported
as a sigmoid curve. Then use the Probit
analysis program to transform the sigmoid
curve into a linear curve by using a
regression equation. Finally, the dose and
response testing will be reported as the sub-
lethal, median, and lethal concentrations
(Wangsomnuk, 1997; Wangsomnuk et al.,
2000).

Material and methods
Experimental animal

Adult snails of P. canaliculata
measuring up to 3 to 5 cm in size will be
collected from the rice field habitats located
at Amphoe Muang, Khon Kaen. Snails were
transferred to the animal’s house. Fifty snails
were acclimatized to the laboratory condition
and fed with soft vegetables such as Chinese
cabbage, lettuce, morning glory, etc. After 6
weeks, they lay their eggs and hatch within 7
to 10 days. The juvenile snails were very tiny
and their sizes are around 0.1 mm in
diameter. After feeding them for 6 months or
their shell measurement around 2.5-3 cm in
diameter, they were transforming into the
mature stage and ready for experiments.
During intoxicated snails, there should be an
observation of animals’ behavior.
Plant molluscicide preparation

Plant molluscicide is a plant that has
characteristics of a pesticide that can Kkill
mollusk, especially snails and slugs. In this
experiment, the representatives of 6
poisonous plants were studied for their
molluscicidal properties to control Golden
apple snails: T. peruviana, C. gigantea, L.
camara, C. oleifera, H. suaveolens, and E.
succirubrum (Figure 2). Mature leaves and
soft stems of plants were collected from the
natural condition at Amphoe Muang, Khon
Kaen. Then they were dried in a hot air oven
at 60°C and ground to a fine powder by an
electric blender. Sieving plant powders by
the standard net and keeping them in the
desiccator. The testing leaf powders were
weighed depending on their suspected
concentration, then they were suspended in
the water for each concentration for a few
hours before use.
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Figure 2 Six plant molluscicides; Thevetia peruviana (A), Erythrophleum succirubrum (B), Calotropis gigantea (C), Lantana camara

(D), Hyptis suaveolens (E) and Camellia oleifera (F).

The toxicity test

This experiment was used the technique of
static aquatic toxicology testing by using the acute
toxicity test within 48 hours. The results will indicate
the value of the sub-lethal concentration, the median
lethal concentration, and the absolute lethal
concentration. The snails were intoxicated with 5
liters in each dilution of plant extract at room
temperature. Group of control and positive control
were also tested in the same condition. After 48
hours, the treated snails were removed from the
solutions, washed, and transferred to the new water
for another 24 hours. Some snails might be recovered
during this time. The number of dead and surviving
snails was inspected and counted after (Jones &
Lassiter, 2020). The snails were considered dead by
their opened operculum and lost response when
touching their foot (Balram, 2010). The preliminary
screening: this test was used to widely find out the
lethal and the absolute lethal concentration of plant
molluscicides within 48 hours. The definitive
screening: this test was for finding out the definitive
lethal concentration of plant molluscicides. The
number of concentrations between sub-lethal and
absolute lethal concentrations was defining
distribution. For each concentration, 10 snails were
treated in 5 replications then, their accumulated lethal
rate was recorded. The positive control: niclosamide

was used for the positive control group, and the snails
were intoxicated as same as the method of plant
molluscicides testing. The objective was to compare
the molluscicidal efficiency of plant and chemical
molluscicide. The control group: the snails were
performed in pure water in the same condition as the
experiment groups.
Photo-degrading test

The residual testing compared plant
molluscicide and niclosamide when degraded by
sunlight. The experiment was performed by
preparing the lethal concentration solutions of C.
oleifera (30 ppm) and Niclosamide (1 ppm) in 5 liters
per 8 treatments. Each treatment will be tested in 3
replications. Both solutions were radiated by sunlight
for 8 times intervals i.e. 1, 3,5, 7, 10, 15, 20, and 30
days. The 10 snails were intoxicated in each test;
recorded their mortality rate for each time interval.
The total accumulation of their mortality rate will be
analyzed by the Probit analysis program at 95%
confidence (Matsumura, 1982).
Statistical analysis

The mortality rate of the snails in each
intoxicated group will be analyzed by Probit
regression in the SPSS program at 95% confidence
interval. The LCsoand LCoValues of each plant
molluscicide will be calculated. The LCso of all plant
molluscicides will be compared. The plant which
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reveals the lowest LCso value is considered to have
the highest efficiency of molluscicidal effect. In
addition, the correlation  between lethal
concentrations and mortality rates will be estimated
from the slope function of a normal curve (Finny,
1952).

Results and Discussion
Experimental animal behavior

When snails were placed in the molluscicidal
solution, they initially sank to the bottom of the
chamber and then shut their operculum tightly to
protect themselves from poisoning. After 15 minutes,
however, they began to loasen up, crawling up to the
surface of the water to extend their respiratory siphon
and ingest air. They once more sank to the bottom,
shut their operculum tightly, and secreted a huge
amount of mucus. This is similar to Rambhare's
earlier report on a study he conducted with the snail
Lymnaea stagnalis in which chlorpyriphos
stimulated mucus secretion, inhibited locomotion
and external stimulation rates, and also decreased
respiration (Jareankied et al, 2015). The snail died as
aresult of these copious and intense mucus secretions
coming from almost every organ. Some of them had
their operculum open at 48 hours and were dead,
while the others had tightly closed operculate and
might have survived if they had been moved to
freshwater 24 hours earlier.
The toxicity

The mortality of each molluscicide was
analyzed by the Probit analysis program at a 95%
confidence interval. The results showed the value of

sub-lethal concentration, median lethal
concentration, and absolute lethal concentration
(Table 1 and Figure 3 and 4).

The acute toxicity test within 48 hours of 6
crude water extracts of plant molluscicides with
matured golden apple snail. All of the plants showed
the molluscicidal effect. Considering the LCso of
each plant extract, C. oleifera revealed LCsp as 6.21
ppm. Itwas the lowest LCso Value among other plants
in this experiment. Therefore C. oleifera was
considerate the highest-efficiency plant molluscicide
in this group. Similarity to the report of Chunyapes
revealed the absolute lethal concentration of C.
oleifera to control P. canaliculate at 40 ppm
(Litsinger & Estano, 1993). Comparison with, the
L Cso of crude water extract of C. oleifera (6.21 ppm)
showed higher efficiency than the LCso of crude
alcohol extract of L. camara (72.83 ppm) at 48 hours
(Ranbhare, 2020). When compared with the study by
Jareankied et al. (2015) reported that the hot water or
alcohol extraction of Nicotina tabacum, Azadirachta
indica, Sapindus emarginatus, and Durio zibithinus
can kill golden apple snails at the 500-2,000 ppm at
72 hours (Jareankied et al., 2015). Consequently, the
water extract of C. oleifera revealed the highest
molluscicidal effect than other plant extracts and
easier preparation than alcohol or oil plant extraction.
The study of the Niclosamide effect on matured
golden apple snails showed the LCsp and absolute
lethal concentrations as 0.42 and 1 ppm respectively.
Compatible with the report of Chunyapes that study
about niclosamide on P. canaliculata in the rice field
revealed the LCso at 24 hours as 0.62 ppm. (Litsinger
& Estano, 1993). When considering LCso of both
experiments there show a slightly different; it might
be depended on conditioning and surrounding of the
experimental method. The rice field is another factor
to determine the snail mortality such as high
temperature, sunlight, soil absorption, approached
time, etc. (Finny, 1952)

Table 1 The Lethal concentration of 6 molluscicidal plants and niclosamide

Common name (Thai) Scientific name

Sub-lethal
concentration

Lethal
concentration

Median
concentration
(ppm) (ppm) (ppm)

Punchard Erythrophleum succirubrum

Rumploi Thevetia peruviana
Ruk Calotropis gigantea
Pakakong Lantana camara
Manglukka Hyptis suaveolens
Cha Camellia oleifera

Niclosamide

50 399.69 1000

200 334.39 600
10 148 500
100 391.13 800
500 888.31 1500
4 6.22 30

0.1 0.423 1.0
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Figure 3 The Median concentration (LCsy) of 6 molluscicidal plants and niclosamide.
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Figure 4 The Median concentration (L Cso) of Erythrophleum succirubrum (A), Thevetia peruviana (B), Calotropis gigantea (C), Lantana
camara (D), Hyptis suaveolens (E), Camellia oleifera (F) and Niclosamide (G).

Photo-degradation

The photo-degradation by sunlight
could be another method to be used as a
representative for measuring the residual of
molluscicidal substances. The mortality rate
of snails was reduced directly proportional to
the amount of time elapsing time (Wongsiri,

2002). C. oleifera at a concentration of 30
ppm and niclosamide at 1 ppm had a 50 %
reduction in molluscicidal efficiency after
44 and 4.2 days, respectively, and
completely degraded after 15 days (Figure 5).
Compatible with the experiment of
Chanyapes that used 3 molluscicidal plants
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and niclosamide to control golden apple snail
in the rice field. They found that the
efficiencies of molluscicides were directly
proportional to the time decrease and most
molluscicides were completely degraded in
20 days (Chanyapes et al., 2017). The results
are consistent with The Committee on plant
and animal pests reports that describe the
slow decomposition of DDT in water by
sunlight. As for the plant extracts, 90% of
organic matter is decomposed by sunlight
and 10 % is degraded by soil
microorganisms. The LCso and LCgo values
of various chemical substances could change
if it affected by physical factors such as
sunlight, ultraviolet rays, winds, and
temperature (Finny, 1952). Plant extractions
are commonly known to affect the
environment and nature. Finding information
and experiments about the efficiency of plant
molluscicides, the water extract of C. oleifera
showed the highest capability to control
Pomacea canaliculata. The concentration
that could completely eliminate snails was 10
ppm and the LCso is 6.21 ppm within 48
hours. This level of concentration has almost
no effect impacted on farmers’ health and
almost no residual in the rice field’s

environment. Therefore, if the researchers
promote their research or knowledge, it will
give the greatest benefit to farmers,
communities, and the country.

Consequently, conducting a photo-
degradation study is of utmost importance as
it can provide valuable insights into the half-
life of plant or chemical molluscicides, which
directly impact aquatic organisms, the
environment, and farmers. Based on this
dissertation, we hope that plant molluscicides
can be further developed into an instant form,
allowing farmers to use them as organic
pesticides for effective control of the golden
apple snail in the near future
Statistical analysis

The Probit analysis program was used
for statistical analysis to determine the
relative toxicity of substances and test
organisms to get the data. Then transforms
the data into the sigmoid curve and linear
curve by using the regression equation in the
excel program. The final step was to use the
dose and response testing reported as the
lethal concentration at each suspect level.

The results of the Probit analysis study
of C. oleifera and Niclosamide were

presented in Table 2.

Figure 5 The photo-degrading testing of Camellia oleifera (A) and niclosamide (B).

Table 2 The lethal concentration in each expected value of Camellia oleifera and niclosamide

Molluscicide Sub-lethal LCuwo LCx LCw Lethal
Concentration Concentration
41 Camellia oleifera 4 475 6.21 8.11 10
42 Niclosamide 0.1 0.17 042 0.82 10
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Conclusion

The study aimed to evaluate the
effectiveness of crude water extracts from
plant molluscicides in controlling the golden
apple snail using static aquatic toxicology
within a 48-hour period. The results indicated

that all six plant extracts exhibited
molluscicidal effects against Pomacea
canaliculata using the aforementioned

technique. Among them, the crude water
extract of C. oleifera demonstrated the
highest efficacy as a plant molluscicide. The
sub-lethal concentration was determined to
be 4 ppm, the median-lethal concentration
was 6.21 ppm, and the absolute-lethal
concentration was 10 ppm. Niclosamide was
used as the chemical molluscicide for the
positive control. The acute toxicity test at 48
hours revealed a sub-lethal concentration of
0.10 ppm, a median-lethal concentration of
042 ppm, and an absolute-lethal
concentration of 1.0 ppm. When assessing
the combination of C. oleifera plant extract
and niclosamide, their molluscicidal
efficiency decreased by 50% after a period of
4 days and completely degraded within 15
days.
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ABSTRACT
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Snail control

Six representative molluscicidal plants have undergone experimentation and study as potential
means of controlling golden apple snail populations. The technique employed in this study involved
static aquatic toxicology conducted over a 48-hour period. Throughout the process, the snails were
exposed to molluscicidal plants, and their mortality rates were recorded and calculated to determine
the median concentration (LC50). The plant exhibiting the lowest LC50 value was regarded as the
most efficient in terms of molluscicidal effect. The LC50 values (measured in parts per million,
ppm) for the crude water extracts of molluscicidal plants are as follows: Thevetia peruviana
(334.39), Calotropis gigantea (148.0), Lantana camara (391.13), Camellia oleifera (6.21), Hyptis
suaveolens (888.31), and Erythrophleum succirubrum (399.69). The Department of Agriculture of
Thailand (DAT) has traditionally recommended the use of niclosamide as a chemical molluscicide.
However, when considering the potential benefits, a natural product like plant-based molluscicide
emerges as a superior option. Using a natural plant molluscicide is not only safer and more cost-
effective but also carries a lower environmental impact compared to chemical alternatives.
niclosamide was employed as the positive control in our study, demonstrating an LC50 value of
0.42 ppm. Consequently, the Tea oil plant (C. oleifera) exhibited the highest molluscicidal effect,
as evidenced by its LC50 value. In practical application scenarios, it is noteworthy that the
combined molluscicidal efficiency of C. oleifera and niclosamide decreased by 50% after 4.4 days
and 4.2 days, respectively. Furthermore, both compounds underwent complete decomposition
within a mere 15-day period. This underscores the potential of C. oleifera as a viable and
environmentally friendly alternative for golden apple snail control.
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Introduction

A biofilm is a group of bacteria that
adheres to the canine tooth surface, known as
plague, and can lead to canine gingivitis and
periodontal disease. The biofilm produces
extracellular polymeric substances (EPS),
creating a sticky mucus and highly complex
structures that protect against antibiotic
diffusion within the bacterial group
(Papenfort & Bassler, 2016). The bacteria
within the biofilm communicate with each
other through a quorum-sensing system
(Watson et al., 2002). The biofilm structure
exhibits strong antibiotic resistance, which
hinders the penetration of antibiotics into the
biofilm layer. Biofilms can lead to recurrent
infections and chronic contagious diseases,
making treatment challenging. Bacterial

"Corresponding author
E-mail address: thanidasrihawong@gmail.com (T. Srihawong)

biofilms have had detrimental effects on both
the animal and economic industries, causing
issues such as clinical mastitis in cows,
canine dermatitis, canine gingivitis, and
periodontal disease.

In particular, contact with pets,
involving touching and nasal ingestion, can
lead to diseases (Goldstein et al., 1978;
Meyers et al., 2008). The canine's oral cavity
often accumulates plaque on the teeth and
gums, forming a community of various
bacterial strains that play a crucial role in
infectious diseases between animals and

humans (Offenbacher et al.,, 1996).
Bacterial biofilm has been isolated in
canines, including P. aeruginosa

(Charlotte et al.,, 2013), S. intermedius,
S. epidermis, S. canis (Elizabeth et al., 2014),
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S. mutans (Bai et al, 2016), and
S. pseudointermedius (Osland et al., 2012;
Han et al., 2015). A specific method for
isolating biofilm from dog teeth allows for
the rapid identification of infections and
disease prevention in pet owners.

There are several basic biofilm
identification methods, including bacterial
culture on Congo Red Agar (CRA), in vitro
culture in the test tube (Tube Method TM)
(Mohamed et al., 2016), the 96 well tissue
culture plate (TCP) (Triveda and Gomathi,
2016). TCP has been used as the gold standard
for biofilm detection (Dhanalakshmi et al.,
2018). However, the majority of biofilm
identification methods have been developed
and studied in humans, with limited application
in canine. Therefore, this study aims to detect
biofilm-producing bacteria in canine teeth and
to evaluate three methods CRA, TM, and TCP
for their suitability in a screening test for biofilm
isolation in veterinary diagnostic laboratories.

Materials and methods
Bacterial preparation

In this study, bacteria samples were
collected from canine teeth of dogs without
limitation on age, gender, and species by
cotton swab method at talat sub-district,
mueng district, and Maha Sarakham province,
Thailand. On blood agar (BA) (Himedia,
India), the swabs are incubated and
maintained at 37°C for 18-24 hours. The single

colonies were cultured on trypticase soy agar
(TSA) (Difco, USA) and then incubated at
37 °C for 18-24 hours. One hundred eighteen

isolates were separated from this study.
S. intermedius (TISTR 668) was used as
positive control. The isolates were stored in
20 % glycerol at -20 ° C, pending further CRA,

TM, and TCP screening of biofilm-producing
bacteria.
Biofilm production analysis

Biofilm production by isolated canine
teeth was detected using three phenotypic
methods, including TCP, TM, and CRA.
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Biofilm production was categorized into four
grades: strong, moderate, weak, and
non-biofilm. Strong and moderate results were
interpreted as indicative of biofilm production,
while weak and non-biofilm production were
categorized as non-biofilm.

Congo Red Agar (CRA) method

The preparation of the CRA medium
was adjusted according to Freeman et al.
(1989) who included 37 g/L of brain heart
infusion (BHI) agar (Himedia, India), 30 g/L
of Sucrose (Ajax, Australia), 12.5 g per liter of
agar no.l (Himedia, India), and 8 grams
per liter of congo red indicator (Sigma, India).
The Congo red indicator solution was
prepared separately and sterilized at 121°C for
15 minutes, then added to the BHI and sucrose
solution at 55°C. A total of 118 purified
colonies were streaked on the CRA-specific
biofilm media and maintained at 37°C for
24-48 hours. The colonies appearing black on
the CRA medium were indicative of
biofilm-producing  bacteria,  sometimes
accompanied by the presence of sticky mucus.
Non-biofilm bacteria were characterized by
red colonies (Freeman et al., 1989). The CRA
culture was conducted three times in triplicate.
Tube Method (TM)

The biofilm screening technique in this
assay was adapted from Christensen et al.
(1985). An entire loop of each of the 118
isolates was transferred to 10 mL of trypticase
soy broth (TSB) (Himedia, India) mixed with
1 % glucose (Univar, Australia), and then
incubated at 37°C for 24-48 hours.
The incubated tubes were poured, and
the suspension was gently washed with
phosphate-buffered saline (pH 7.2) three times.
The tested tubes were stained with 0.10 %
crystal violet for 30 minutes and rinsed to
remove excess color with deionized water,
followed by air-drying. The intensity
characteristics of the crystal violet coating on
the test tube's rim were recorded. The scoring
was as follows: a score of 0 indicated no crystal
violet coloration, defining non-biofilm-
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producing bacteria (none). A score of
1 indicated light attachment, signifying low
biofilm-producing bacteria (weak). A score of
2 indicated medium-dark coloration, defining
moderate  biofilm-producing bacteria, and
a score of 3 indicated dark-colored crystal
violet, signifying potent biofilm-producing
bacteria.  (Mohamed et al., 2016).
The procedure was repeated three times in
triplicate.

Tissue Culture Plate Method (TCP)

The biofilm screening technique in the
TCP method was adapted from Christensen et
al. (1985). All 118 isolates were cultured in
trypticase soy broth (TSB) (Himedia, India)
mixed with 1 % glucose (Univar, Australia).
The bacterial concentration was adjusted to
match that of McFarland standard no. 2. Two
hundred microliters of isolated bacteria were
transferred into each well of a 96-well tissue
culture plate. In the negative control group, the
wells were left unfilled. The plates were
incubated at 37°C for two days. After
incubation, the  bacterial  suspension

179

was rinsed and washed thrice in phosphate-
buffered saline (PBS) with a pH of 7.2
The plate was then stained with 0.10 %
crystal violet, rinsed to remove excess dye,
and washed with deionized water before being
left to air dry. Next, 200 microliters of 1 %
citric acid were added to each well and gently
mixed. The 96-well plates were used to
measure the absorbance with a microplate
reader (UVM340, microplate reader, ASYS,
Biocompare, USA) at a wavelength of 620
nm. Biofilm formation was classified into four
categories following Stepanovic et al. (2000):
non-biofilm (OD < ODc), weak biofilm
(ODc < OD < 2x ODc), moderate biofilm
(2x ODc < OD < 4x ODc), and strong biofilm
(OD > 4x ODc). The value ODc was
calculated and analyzed using ODc = average
OD of the negative control + 3 standard
deviations of the negative control (Mohamed
et al., 2016). The procedure was carried out
three times in triplicate. Grading of biofilm
formation by tissue culture plate method was
shown in Table 1.

Table 1 Grading of biofilm formation by tissue culture plate method

Optical Adherences Biofilm formation
densities values
<0.120 Non Non/weak
0.120-0.240 Moderate Moderate
> 0.240 Strong Strong

Statistical analysis

In the present study, TCP was considered
the gold standard method for biofilm detection
and was compared with data from TM and
CRA. Accordingly, the data from TCP were
compared with that from TM and CRA. The
data were presented as numbers and %.
Parameters such as sensitivity, specificity,
positive predictive value (PPV), and negative
predictive value (NPV) were calculated for
each test using a conventional two-by-two
(2X2) table (Parikh et al., 2008). True positives
were identified as biofilm production detected
by the TCP, TM, and CRA methods. False
positives were instances of biofilm production
detected by the TM and CRA methods but not

by the TCP method. False negatives were
isolates that did not produce biofilm according
to the TM and CRA methods but did when
assessed with the TCP method. True negatives
were cases where no biofilm was produced
according to all three methods. Apparent and
true prevalence were analyzed according
to Habibzadeh et al. (2022).

Results and Discussion

Gingivitis disease, periodontal diseases,
and dental caries are oral conditions caused by
microorganisms that can affect every dog at
some point during its lifetime. The primary
approach for treating and preventing these
diseases is the mechanical removal of bacteria.
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Antimicrobial treatment alone may not be
effective for many other bacterially influenced
disorders due to two main reasons: First, oral
bacterial diseases involve multiple types of
bacteria (no single microorganism is the sole
cause), and second, reinfection is inevitable
because the pathogens are part of the natural oral
microflora (Lamont et al., 2019; Lasserre et al.,
2018).

This study involved the detection of the
biofilm-forming abilities of bacterial isolates
from the canine teeth of 39 dogs, resulting in the
purification and identification of 118 bacterial
strains.  Furthermore, we compared the
efficiency of the TCP-based biofilm screening
method with other methods such as CRA and
TM. Congo Red Agar (CRA) medium was used
to culture 118 isolates, which were then
incubated for 24-48 hours at 37°C.
The phenotypic colony characteristics of
biofilm on CRA were presented as Figure
1A-D. Among the biofilm-producing bacteria,
19 out of the 118 isolates (16.10 %) were
categorized as strong, 62 out of 118 isolates
(52.54 %) as weak, and 37 out of 118 isolates
(31.35 %) as non-biofilm producers (Table 2).
Out of the 118 isolates tested with CRA culture
media, 19 isolates (16.10 %) were classified as
biofilm-production, while 99 isolates (83.90 %)
were identified as non-biofilm-producing
bacteria (Table 3). Using the TM method, it was
determined that 2 out of 118 isolates (1.69 %)
exhibited  high-level biofilm  production.
Medium-level biofilm production characteristics
were observed in 30 isolates, accounting for
25.42 %, and were categorized as moderate
biofilm producers. A total of 50 isolates
(42.37 %) displayed faint color, indicating weak
biofilm formation, while 36 isolates (30.50 %)
showed no biofilm formation, and they were
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classified as non-biofilm producers (Table 2).
Out of the 118 isolates tested with TM,
32 isolates (27.12 %) were classified as biofilm-
production, while 86 isolates (72.88 %) were
identified as non-biofilm-producing bacteria
(Table 3). The coloring phenotypic of biofilm
on TM method are illustrated in Figure 2.
The bacterial culture was introduced into a 96-
well tissue culture plate (TCP), and positive
biofilm formation was observed around
the well. Adherent bacteria were stained with
crystal violet and examined using a microplate
reader at 620 nm. The results indicated
the impact of strong, moderate, weak, and non-
biofilm formation, with 21 out of 118 isolates
(17.79 %), 25 out of 118 isolates (21.19 %),
30 out of 118 isolates (25.42 %), and 42 out of
118 isolates (35.59 %), respectively (Table 2).
Out of the 118 isolates tested with TCP,
46 isolates (38.98 %) were classified as biofilm-
production, while 72 isolates (61.02 %) were
identified as non-biofilm-producing bacteria
(Table 3). The color grading phenotypic of
biofilm on the TCP method is depicted
in Figure 3.

When compared with TCP, CRA truly
detected 19 biofilm producers and 72
non-biofilm producers, while TM truly identified
32 biofilm producers and 72 non-biofilm
producers (Table 3). In this study, TCP was used
as the gold standard for biofilm detection
(Dhanalakshmi et al., 2018). The performance
characteristics of CRA and TM when compared
with TCP are presented in Table 4 and 5. CRA
exhibited a sensitivity of 41 %, specificity of 100
%, PPV of 100 %, NPV of 72 %, AP of 0.16 and
TP of 0.39, while TM showed a sensitivity of
69 %, specificity of 100 %, PPV of 100 %, NPV
of 83 %, AP of 0.12 and TP of 0.39 (Table 6).
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A Non-biofilm B Weak- biofilm

C Strongly-biofilm D Positive control

Figure 1 Colony Characteristics of biofilm on CRA.

Figure 2 Coloring phenotypic of Biofilm on Tube method.
NC=Negative control, N=Non biofilm, W=Weak biofilm, M=Moderate biofilm, S=Strong biofilm.
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Figure 3 Color grading phenotypic of Biofilm on TCP method.
N=Non biofilm, W=Weak biofilm, M=Moderate biofilm, S=Strong biofilm.

Table 2 Grading of biofilm formation by different methods

Biofilm formation TCP ™ CRA
Strong 21 (17.79 %) 2 (1.69 %) 19 (16.10 %)
Moderate 25 (21.19 %) 30 (25.42 %) -
Weak 30 (25.42 %) 50 (42.37 %) 62 (52.54 %)
Non-biofilm 42 (35.59 %) 36 (30.50 %) 37 (31.35 %)
118

Total 118 118

Table 3 Detection of biofilm, production among canine teeth by different method

Biofilm production

Non biofilm production

Method Total isolates
TCP 118 46 (38.98 %) 72 (61.02 %)
™ 118 32 (27.12 %) 86 (72.88 %)
CRA 118 19 (16.10 %) 99 (83.90 %)
TCP= Tissue culture plate, TM=Tube method, CRA=Congo red agar
Table 4 Comparison of CRA with TCP for biofilm detection
CRA TCP Total
Positive Negative
Positive 19 0 19
(TP) (FP)
Negative 27 72 99
(FN) (TN)
Total 46 72 118

TP - True positive. FP - False positive. FN - False negative. TN - True negative. N=TP +FP +FN + TN =118. TPR

=TP/N =0.16. FPR = FP/N = 0. FNR = FN/N = 0.23. Apparent prevalence = TPR + FPR = 0.16 + 0 = 0.16. True

prevalence = TPR + FNR =0.16 + 0.23 = 0.39

Table 5 Comparison of TM with TCP for biofilm detection
™ TCP Total
Positive Negative
Positive 32 0 32
(TP) (FP)
Negative 14 72 86
(FN) (TN)
Total 46 72 118

TP - True positive. FP - False positive. FN - False negative. TN - True negative. N=TP + FP + FN + TN = 118. TPR
=TP/N=0.27. FPFR = FP/N = 0. FNR = FN/N = 0.12. Apparent prevalence = TPR + FPR = 0.27 + 0 = 0.27. True

prevalence = TPR + FNR =0.27 + 0.12 = 0.39
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Table 6 Performance characteristics of TM and CRA for biofilm detection when compared with TCP

Method  Sensitivity  Specificity Positive Negative Apparent True
predictive predictive value prevalence prevalence
value (PPV) (NPV) (AP) (TP)
CRA 41 % 100 % 100 % 72% 0.16 0.39
™ 69 % 100 % 100 % 83 % 0.27 0.39
Bacteria collected from dog teeth aureus, Staphylococcus epidermidis,
underwent comparison using three biofilm  Streptococcus pyogenes group A,

screening techniques. The results revealed that
the TCP method surpassed the TM and CRA
methods, consistent with the findings of
Mohamed et al. (2016). TCP is recognized as
a standardized test for detecting biofilm
formation, aiding in classification, as noted by
Triveda & Gomathi (2016). In the present
study, 118 isolates were assessed for biofilm
production using CRA, TM, and TCP. These
phenotypic methods were easily and swiftly
performed in most laboratory settings. CRA
detected biofilm production in 19 isolates
(16.10 %), TM in 32 isolates (27.12 %), while
TCP demonstrated the highest biofilm
production detection in 46 isolates (38.98 %).
CRA and TM exhibited 100 % specificity,
with TM (69 %) demonstrating higher
sensitivity than CRA (41 %) compared to the
TCP method. The TCP method is renowned
for its effectiveness in detecting the most
biofilms, making it the preferred choice due to
its reliable sensitivity and specificity when
contrasted with TM and CRA. The lower
performance of the TM method compared to
the TCP method may be attributed to observer
variability in result interpretation or the use of
plastic test tubes instead of glass, favoring the
TCP method, as suggested by Saha et al.
(2004). In contrast, the CRA method is known
for its speed and easy of use. However, Rania
et al. (2018) reported very low sensitivity
(0.90 %) but a specificity of 97.40 %
for  biofilm  detection,  contradicting
the findings of Oliveira and Oliveira & Cunha
(2010) who reported over 89 % sensitivity and
100 % specificity.

The types of canine oral bacterial
isolates have been reported, including both
gram-positive bacteria such as Staphylococcus

Corynebacterium spp., and Lactobacillus spp., as
well as gram-negative bacteria such as Shigella
sonnei, Proteus penneri, Serratia liquefaciens,
Klebsiella pneumonia, Achromobacter spp.,
Actinobacillus  actinomycetemcomitans, and
Pseudomonas spp. The study results also
revealed a higher % of infection in dogs with
symptoms of gingivitis compared to dogs with a
normal oral cavity (Phuket et al, 2016).
Actinobacillus  actinomycetemcomitans  is
identified as a significant factor in causing
periodontitis, with diagnoses of aggressive
periodontitis and chronic periodontitis supported
by previous research (Dogan et al., 2003;
Imbronito et al., 2008). However, in this study,
the 118 isolates underwent detection of bacterial
biofilm production using three different methods.
While these methods are effective for detecting
biofilm, the classification of bacterial biofilm
requires confirmation through characterization
methods, including biochemical tests and
polymerase chain reaction (PCR) tests, in future
studies.

This study summarized that the CRA
test offers the advantages of being easier and
faster to perform than other phenotypic tests
for biofilm detection, with the added benefit
of yielding viable colonies suitable for further
studies. In contrast to the CRA, it can likely
classify only strong biofilm formation
(Sharvari & Chitra, 2012). It has also been
reported that congo red directly interacts with
the presented polysaccharide, forming
colored complexes (Hassan et al., 2011).
However, it exhibits a slight imprecision in
identifying positive isolates when compared
to TM analysis, showing lower sensitivity
results than TM. In contrast, TCP continues
to be the gold standard phenotypic method for
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detecting biofilm production, proving to be
the most specific in this study. Upon
comparing CRA and TM, it becomes evident
that TCP provides a more accurate and
quantitative approach to bacterial biofilm
production. Therefore, TCP remains a viable
screening technique for identifying biofilms
in veterinary laboratories.

Conclusion

Bacterial  biofilm  production is a
significant etiological factor in canine dental
issues. Biofilm infections can result in chronic
gingivitis and periodontal diseases with
potentially ~ severe outcomes. Therefore,
detecting biofilm formation is crucial, as it
allows for more informed antimicrobial choices
by treating veterinarians. In this study, TM
outperformed CRA in biofilm analysis,
demonstrating superior  sensitivity results.
Among the three investigated phenotypic
biofilm detection methods, the TCP method
yielded the most effective results in isolating
biofilms from canine teeth samples. These
findings suggest that TCP can be employed to
isolate biofilm-producing bacteria from canine
teeth for laboratory purposes and may be
adopted as a standard technique in animal health
laboratories for separating microorganisms that
produce biofilms. TCP proves to be a specific,
sensitive and reproducible method for biofilm
screening, potentially paving the way for the
development of preventative and therapeutic
products for biofilm-related diseases. In
resource-constrained conditions, the CRA
method and TM can be considered for biofilm
detection, taking into account both rapidity and
cost-effectiveness.
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ABSTRACT
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A biofilm is a bacterial group that adheres to the canine tooth surface, known as plaque, which can
cause canine gingivitis and periodontal disease. Contact with dogs or their saliva can transmit the
biofilm to the dog's owner and other animals. This study aims to detect biofilm-producing bacteria
and evaluate the suitability of three methods: Congo red agar (CRA), Tube method (TM), and
Tissue culture plate (TCP) in a screening test for isolating biofilms from canine teeth. A total of
46 (38.98 %) isolated canine teeth showed positive biofilm production by TCP, which was
considered the gold standard for biofilm detection. When compared to TCP, CRA detected
19 biofilm producers (16.10 %) and 99 non-biofilm producers (83.90 %), with sensitivity and
specificity of 41 % and 100 %, respectively. TM correctly identified 32 biofilm producers
(27.12 %) and 86 non-biofilm producers (72.88 %), with sensitivity and specificity of 69 % and
100 %, respectively. Compared to the TM and CRA approaches, the TM was superior to CRA
in biofilm detection and demonstrated better sensitivity results. Among the three investigated
phenotypic biofilm detection methods, TCP was the most focused, trustworthy, and simple method
for identifying biofilms. It may be employed routinely as a standard screening technique
for discovering bacteria that produce biofilms in an animal diagnostic laboratory.
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