Vol. 21 No. 2 / DECEMBER 2024

Online ISSN : 2773-9627

Print ISSN : 1685-8379 AGRICULTURAL JOURNAL

Faculty of Agricultural Technology, Rajabhat Maha Sarakham University, Thailand

T LN EIWISIIEN

7 21 audi 2 ﬁmm:’u 2567




S

€

Useaan

(o)
2D

f

ulguNgULaZ VO ULYA

a a L3
ATIANUN

JoAMRUALRNIZVD

19613

v
b91VBY

NUsnw

USSUISNI5UEAN

1.

MIEAIINYATNISIFU

PRAWARUN AGRICULTURAL JOURNAL
ISSN 1685-8379 (PRINT) ISSN 2773-9627 (ONLINE)

WIBLHEUNT AN NI9TIN1S0eANNRsY UnITe dndvinis wasaulaluanun
waluladnisinens Tuumine1ds Ine1de wazeIAnNINIINITNEATNINIATE
wazLONYY
Wunfiniaignnisii euanil@eualug uagIne1n1snIen IUAITINEATIE NG 19
UNMYINT AUTENDUNT UaHSOU 9

Y YU
A = v & ¢ = =~
Waduenarsmanmssudulszlesdnenisis sunsasuluavunalulagnisinuns

waznsimnaTnnuestiliinuasnsuaziaula

Wuunaudde (Research Article) unauuswasl (Review Article) #3aunainy
3971715 (Academic Article) MM19A1ULAYATANARS WA E@1VNNALULAT N1TLNYAST
Afades oun fiwmans dmmans Uszus Inermansgunmdnd Inermansnig
9IMITUAZRAAIMNTIUNYAT FININITNTAT AUATUNITNYAT ANTAUNANITNYAT
winnssunsinens waswinnssumaluladiniosdnsnanisinens Wudy

fasliinelasuinununeu Guatu wiedumnilediulaveswualtu) wazdualufos

lildegszninanssuiumsiansanasdifiuniluisaisvieddnuiaule
unanuasifanivynisedlasumnsnasumanmsineguseiiudase (Peer Reviewer)
FaduyprameuenNvanaean1tiueg e unANaEaY 3 vinu wuu Double blind

NOIVTINTBNTITANYATNILITO MaNUENSNITARARNLATIRENIB wanafiun
AMNALLLAENITNEAT UNTINEIRETIVAQUNIEITAY

2197158 ATLUATVUN JUNTEIN AUAAME INedans ey walulad
SNWITIVNITHNUBTNSURANNINYSE

FIVAYUMATAY

ATIANERTINTY AT.AUNITIM A1 Se9eBMTURNMNINeNdeswigumansay

HYIEans19158 A Tunild wallmy  AnuArazmAlulagnsinyns



S

ARIZNTIUNIINDIUITUIBNIT
1. NBIUTIUIBNITUAAANIEUBNUMINGITETIHAQUMANTANY N IneaesaUssing

1.1 Prof. Dr. Clemen Fuchs

1.2 Associate Professor Dr. J.T. Thomas
Schonewille

University of Applied Sciences, Neubrandenburg,
Germany

Faculty of Veterinary Medicine, Department of
Farm Animal Health, Utrecht University the
Netherlands

NBIVTIUTNTYARANIEUBNIMINGRETIVAuMaNTATM Naguvinendedululsenalne

2.1 999A1@NS19158 A5.2889 1WIIANT
22 S99ANERSI915E AT.ANYE VANTEANS
23 S99FNENTINSY AT.LNWN #5087104

24 999F1@NS19158 M58 ASlane
25  $99A1@NS19158 AT.1eNE TUWA

26 F0IAEANTINGG ATUUNING D136V
27 TOIANERTINTE UAN. A5, OAONT J9FNTTY
28  HYwmanI1asd asiafuna Weanand

29 HYwmans1ansed as.etiud ndase
210 H9wmans1ansed s adud Besaissu
211 §Ywmans1ansed aslnsida vina

212 HYwA1anI1ansed asuunud sunsiumg
213 §Ywmansnanse as.3udl winung

NeIUTIUIBNSYARANEIUNNT IS 1WA gumIaNTATY

31 EYemansiansd asynil Uaneied o ogsen
32 gYiemansiansd asdaien aulena

33 Yumansiansed avanisei wiudums

34 gYwmansiansd winsng leesny

35 919158 wedmunmng aslnsdng iy

36 HPeManInansy as.ens INANg

37 219138 ATt tunans
38 HYiAansIansed sz luensena

ANTLNEATANENS UIMINYITTUDULAU

A IEIFIERSLaTALULAE UNTINYIRYETIUAERS
AnznAlulagnisinens
anfuwmalulagnszasundnitnummsainnse Uy
ATLNEATANENS URINGINYVBULNY
ANEINEIAIERSLazmAlUlaggna NI Ty
UTIMEFEAVAIUATUNT TN NURETIY 5511
ANTUTELN UNINYITUNYATAENS
AMTENILNNYAERNT URTINYIRIUAEITAY
ANEINEANERSLazAaUyAEnS
WIERemAlUlagITLIAa INYUTIAUATINVELN
AzdmmansLarimalulagnisinens
WINYIRERAUINT INYUURTAUNANYTYT
AMEIAINTTUANENS UNTINYIRLUMIETA
AMTLNEATANENS UMINYITLVDULAY
AMTENILNNYFANERT URTINGINIUMNETA
#010UITYINYIAVIY UNTINYIRYUMATANY

ussansnMsuseunanuanalulagnisenns
UFTUIBNNTUTEUNANMUENVIVENIFAERNS
UITUBINITUTEIUNAMNANVIUTZUS
UFTUIBNTUTEIUNANUE VIV NYAERS
UFTUIBNMIUTEIIUNANNEV IV PNERSAUN NGRS
UITUIEN1TUSEIUNANNA Al Ulag 1T ULNA
ATNEAT
UTTNENTUTEIUNANNEVIUIMITTINUNYAT
UssasMsUsEunANUEIwInnssumalulag
wSesdnIna



4. AEINNITNUNTATNYATNTLITA
4.1 gemans1ansed s unild waliey
42 8191593509 luduiies

H3nN15915813 UJournal Manager)
HWadUsNys (Proofreader)

43 frhemanangd aswnsyd dula Hoanuwuuns il (Graphic Designer)

44 919199 AT.LTUEN TUNENT WSRYEYNINTas

45  wwanesyy gils HYIBMIYNI5ans

4.6 WIWEIIUVIA weila UsIUNEMIENENER (Production Editor)

4.7 UWENIVYINY NTINTUY UsIUNEMIENENER (Production Editor)
NAUALNLNT Uaz 2 atu

atufl 1 unseu - figuneu
atufl 2 nangrAx - SurnAu
LATAANTIN feemans19158 aswmsund aule
d1inanu AMNALLLAENITNEAT UNTINEIRETIVAQUNIENTAY

@Y7 80 AUUUATAITIA FIUANATN D1NBLLIDY FINTANMIANTAIN 44000
nsdnit/Insens 043 - 725439
dua prawarun.j@rmu.ac.th

Wuledansansinenswszagal  httpsy//liol.tci-thaijo.ore/index.php/pajrmu/index

SCAN ME

QR Code ATEIINYATNISIFU

v = a_ & v o
°U§Jﬂ'J']SJLLﬁZ‘U‘VIﬂ'J"ISJGLN'J'Iiﬁ'ﬁuLUUﬂ'J']NﬂﬂL‘VI‘IJ?IBQE‘\JIL‘U‘c’JUIﬂEJLﬂW'W

naIUssUSNTshifidrusuiaveauludiovuasdefniuiiug uasgnsla


https://li01.tci-thaijo.org/index.php/pajrmu/index

S

AU

MINaImMIIWIneImansuazsmalulaguossemelnglulagu dwaliAnanuinminiwiu
inwasmansiazmaluladnisnvasudsunlasegnnd MliAnesdanud mudde wazuinnssumg
Msinwns MAetesnnune Weidunsienenssdnimineimuinunsmans wazinaluladnisinuns
manzeluladnsinuas wninedesvdgumansany Jdddnvhnsmsivnsiiiemsunseadniug
waza1u3de Tugluuuunauide (Research Article) UnA1139IN15 (Academic Article) Wag unaIy
Ui (Review Article) Tnefivaulunnisiuiiaiunanudununsaian fuazarinalulagnisinunsi
Aeades Idun Ayenans dnamans Usens Inermandnguamdad Ingrmansnisermsuas
PRAMNTIUNYAT FININITNYAT AUATUNITNYAT ANTAUNANTNLAT WIANTIUNINLAT UaguTANTsy
wieluladiedosdnsnamainuns Wusu lnedvuaniseunslay 2 atu aduil 1 seviadouunsiau -
fiquiou uay atufl 2 sEriafeunsngiay - Sunau

Nsansnunsnszagalul we. 2567 foiludil 21 Tngnsansldfunanmsusuiiugunimansans
ogflugnudeya TC nguit 1 FudursansieglunaUssdununinilszoznaimssusesamnimnmsa snaus
Jufl 1 unsA w.e. 2565 lUaudls Sudt 31 Sueau w.a. 2567 lugrudeya Thai-Journal Citation Index:
TCl vosgudfaiinsensdansansing mufiqudsonanuszniald dedud 30 Squieu wea. 2565 Femane
aunmiduiiniseesiuuasiivsslevifordivimeinununsmansazeluladnisinums

d1m¥ua13ansIa 21 (Volume 21) atudl 2 (Number 2) §UsEneuds UNALATY (Research
Articles) $1U3U 30 UNAIIN 91NNAIANAIBA1VIT 1A 83T 09 T Amunnisieuns seninai ou
nSNGPY - SunAN WA, 2567 HUNTENSANURIUUIEINTaNT (SSN 1685-8379) uazineunseeulasuszuy
Thai Journal online (ThaiJO) (ISSN 2773-9627)

MenesusIIEMsInum ISz iadusgsdeinasdudenardumstsmeunsesdmnuilvsiva
sATomMsiumaluladnisinunsun aunanse 1n3de Ynivinns dnAnwnasgiaulalilssuteyaii

1Y)

Usglenilunisdesanasinuiazanidenifetesvensimunusewmaliinmiuasdadusely

ﬂEN‘USim’]gﬂ’]i’miﬁ’]iLﬂ‘l?WliWiS’JEﬂJ
28 §u21AU 2567



13613

LNYATNILIF
PRAWARUN AGRICULTURAL JOURNAL

Uit 21 atufl 2 nsngias - Fuew 2567
VOL. 21 NO. 2 July - December 2024
ISSN 1685-8379

GUEITY

UNA1U398 (Research Article)

o WinilmeinsdunassidisuamazSinamewd wivmaiiazaneldvesdoslrauinunisld
4A1ITASEARINNNSAIAT
Fyesmil Fauuan, uaaiou yuede, veiud andlne, eus1Issal ineTail uay nyosmeaad Jeeyalng
Photosynthetic parameters and total soluble solid of promising sugarcane clones under
drought stress condition
Theerarat Chinnasaen, Sangdaun Chanachai, Chayant Pakdeethai, Ammarawan Tippayawat
and Krongkan Pongpanchamit

o UssAvsnmwasimindanmiifinadenisisdyivlavesumiialuszuululevasn
VNINIA VPUNAING, 9035 QuITTAL, URyali AT5UTNA Uay vAAT T2
Effects of different bio-extract formulas on the growth performance of Nile tilapia
(Oreochromis niloticus) in biofloc system
Chuthamat Thaklaewphan, Autcharee Phoomawan, Bunyat Sirithanawong
and Chalida Changklaew

o MIWawmAASMYIWIEAIUTIAAINNgIUAINUTadIIndRnAld taTulUsAuAEnTEUIUNIS
ndngtu
g7 gnau
Development of gluten-free pasta product from brown rice flour in Southern fortified
protein by extrusion process
Supasit Chooklin

o wavaansldansindeuiniivilnalduazviinvasussaiusidonisiudounlas guawuazengnis
WiuSnuvaseuunfiauasiugATasiny
AT YA, Wi daouns, quis igysy uay 3579 Yan
Effects of edible coatings and packaging on the quality change and shelf life of ready
to eat fresh cut Sisaket shallot

Thananwan Musika, Panarat Sungin, Sumeth Piayura and Jirayu Musika

12

23

33



A SARAK
g ,
$S

S|

nswauwada LAMP wansaavitialada Tsa &l aiu Tula

Savems v, 9IWTIAL ©19A701, F3490 LaMARYS, NI @InTEna uay WSunT Usedvging
Development of LAMP assay for detection on lumpy skin disease virus in cattle
teerayoot chawut, Orapun Arjikumpa, Teerajet Laohasatian, Pawat Seritrakul

and Narin Preyavichyapugdee

navasszezUgnaan1sRsuiulauazHananvaiu Uz

sounsal navid, AAss Usewsy, Syilassal ulin, 9905 YYnT kay ST ASAAR

Effects of plant spacing on growth and yield of white yam (Dioscorea alata L.)
Ratanaporn Koolachart, Sasithorn Praprom, Ratchaneewan Chuchird, Apaporn Boonpa,
and Rapeeporn Srisathit
waluladFnmiiiedesaaenadsdntuirvesnensnsiuafinifioy sunoumsy Swmda
NWIZUATFATOYSEN

ANITIOL ASTNTRG ,GHATI ASFITIL Uay USRI aaIue)

Biotechnology to decomposes floating rice stubble of farmers in Pittapian Subdistrict,
Maharat District, Phra Nakhon Si Ayutthaya Province

Satawan Kongsomyjit, Supattra Srisuwan and Preeda Samngamya

WNaYaIN13LaTd linoleic acid albumin wag conjugated linoleic acid 1145’1&1’1LW’13L§9’EJ~1€1"3EJ'814
AiaN1sNAILgszes blastocyst

g 1oy, $159308 shoadgud, iuns wewssd uay 377 535U

Effect of supplementing culture medium with linoleic acid albumin and conjugated
linoleic on blastocyst embryo production rates

Phirawit Chuawongboon, Dumrongruk Rakwongrit, Thevin Vongpralub and Sujira Thummawung
nsafalalaguanawuientnuasnisussgndllunisugnwssaldithanulndy

35957 799, msaue shwmsimuel uaz algne s19ANUH

Extraction of chitosan from Pacific white shrimp (Litopenaeus vannamei) shell waste
and its application in the cultivation of aquatic plants (Bacopa caroliniana)

Wijittra Tungse, Sarun Rucksapram and Natthaphon Rachuphimon
nwauhendanaideldnudies esyinduaswaunmenuglifudiedlne

nsIvel dnuniimegm yapmiv, wnsmd anide, smius wedawlng, algianl duna uaz aus weTuyd
Development of native chicken semen diluent for Thai native chicken breeds
conservation and development

Thipsuda Boonmatan, Noppharat Phakachoed, Tanitpan Pongjongmit, Nathawat Tanpol
and Samorn Ponchunchoovong

HavasEnslaad dur ansid suwasnsnT iduln wasdnuaemed ugwinen vediwusvadn
Jarinteum

a0dgn FNATINGS

Effects of colchicine on growth and morphological characteristics of Oryza sativa L. cv. Khao
Jek in Chai Nat Province

Santhita Tungkajivangkoon

WisuLigun15en Handn wazANaNsalun1situayyadaszvasdugdaudinaenug
2777 11939 Udz algwa Juady

Comparison of Five Rice Cultivar Grass Germination Yield and Radical Scavenging Activity

Chomdao Khumjing and Nattapon Rungjaroen

43

53

63

69

I

83

93

102



A SARAK
g ,
$S

S|

nsisBsimiinganmanuiensemaluiduresssousnmndn wasamnmenvadlinudiognuaud
Fiand 957ddns, wigvun Sunsgailu uay g Usylnaed

Supplementation fermented bio-extracts from mangosteen’s peel in drinking water on
production performance and carcass traits of crossbred Thai native chickens

Wiwat Waramit, Hathaichanok Insoongnern and Tipwadee Prapaiwong
ran1sldmgRuumadusiumadenmaununindawdesunsdauluemnslily

gine singun, 5598 Sndns, SmssA Ussmidn, m3n ingin, Gas wAam, sulanl weuuas,
FseAng ey, Uing mdsassans, Tning Wasywsisuns, srfani S uas Sengny weddanmms
Effect of partial replacement of soybean meal with alternative protein sources in diets
laying hens

Suwit Thip-uten, Tharadol Jitjak, Jakkapat Prachachit, Tarika Thip-uten,

Niphaphon Wongsida, Thanawat Promsang, Jirasak Senanikhom, Boripat Luangpramol,
Kowit Patcharabudsarakumkul, Sayan Subepang and Chaiyapruek Hongladdaporn
mawawARS LU IR awegR s IR Tuilufiuasadin SunegEe Sminae
gn1a a9y, 33unses leius, vigealas Bunsasena uas algia nIneyUgyyna

The product development from dragon fruit according to the creative economy concept
in the area of Rong Chik Subdistrict, Phu Ruea District, Loei Province

Supawadee Sumran, Warintorn Tophan, Kwankanit Intaratrakul and Nattiya Supphunyakul
nsufiRvesnunsnsiiinadeusuatnwugd ululunsndnwdaiugd1a nus Tlusunaidias
YDUKAY JIMIAVULALY

Wsde Fus7d ua lvesse Wuging

Farmer practices affecting the quantity contamination of mixed rice varieties in the RD6 rice
seed production in Mueang Khon Kaen District, Khon Kaen Province

Phornjit Hinthaow and Chaiteera Panpakdee
SvswavasmstanlsuuunamEuReraNAnua i inadsR Tludarinae

nuaTing 899U, ariaie Sunseums, Usenys ey uax giing) ¥1993n3

Effect of integrated fertilizer management on the yield of maize in Loei Province

Kamontip Sungkaew, Lawan Chanamporn, Pariyaphat Thongman and Supatra Chawkongjuck
namsldudangirdniunluemsdeaussanmnswanvaadamanuniys

ATIY UIA3, N8 1M §I550A3, 39NT anandIsee, algial wmulanies, Devduy wianyvao
uay auf visiavay

Effect of Barnyardgrass seeds in rations on production performance of Kabinburi Muscovy
ducks

Kruan Buakeeree, Krahan Suwankeeree, Sachakorn Sakulwongviriya, Nattawut Hemkoknoiy,
Piyanan Nualhnuplong and Santi Madman
nsAnwuasiaLngauwimsinszuenuuuaavyulasldeniafeu weldlunszusunsuussy
waw§ﬂmamﬂnwmﬂszmwauuﬁa

sy Tus35, #2718 019878, ey udla way Jeenay Faita

Study and development of a rotating tray air-circulating drying cylindrical chamber for
application in the agricultural product drying process

Rakpong Khanthawithi, Swas Oagjsalee , Kantapong Khaeso and Piyapong Singbua

108

119

127

136

144

153

159



A SARAKy,
I ,
S,

HavBsIIEsEUTTideNvRss BT U SEA A T anmdenszurunsinisladauuudy
en 3] meinte , ussedad gy, dusmed wdla, e SunsAs, luade gege, ngug A LIy,
AN N uaz ARANIY 8991

Effect of the impeller speed on the melting of natural rubber scraps in biofuel
production via fast pyrolysis

Apiwit  Harnpichanchai, Bunyawat Sukhuna, Kantapong Khaeso, Chaiyan Junsiri,
Chokchai Suiuay, Kritsadang Senawong, Somporn Katekaew and Kittipong Laloon
NINAAKAZNTI Lﬂi’lzﬁﬁuvgu NaREULNLNSA BsUanzneulu Uit iy indedwsnd nsdlfinen:
vhdudangms Snetiune Imingassl

Aznsal lawedl uay ngwginsal Jedda

Production and analysis of cost, returns of white sea bass (Lates calcarifer) culture on the rock salt
field: a case study in Hong farm in Ban Dung District, Udon Thani Province

Siriporn Kotamee and Krisdakorn Wongwai

soumsaifusnaunsdestedmnaluserian g

algna Msegal, NTI%Y Y598 uax ouney yunselnn

The Situation of giant freshwater prawn (Macrobrachium rosenbergii de Man) entrepreneurs in
Kalasin Province

Nattapon Kanaroon, Keeravit Petjul and Anupong Tankrathok

msﬁ’mmwémﬁ’mﬁmﬁéﬂﬁqmﬁmwg IR UAVEBRNNIAVZIAB UMY

17575 B, Tawsril nanaenians. nsine anunusa uax s usen

Product development of Moo-Liang noodle soup powder supplemented with dried sea lettuce
(Ulva rigida)

Marasri Junsi, Sommarut Klamklomijit, Korawit Sakkaekaew and Nantida Dangkhaw
MsWaaRtasTvusURETEawnng e ulleunseuue

a91038d (50vivTuns, wirwn Sunls usy 35997 (58eioTuns

Product development of snack bar from dried lady finger banana

Uragporn Rueangwatcharin, Prawta Juntaro and Jirachart Rueangwatcharin
mawardafusidaliunrnualiTaeisnsiuiisousues

) ({aums uay 3m Ussiluenys

Development of fruit tapioca pearl using response surface methodology

Nantha Pengnet and Wipa Prapinaksorn

e adnvuzverswuweasaiamaati i adaguanddludnualdiiinadanuite
walavas{ldaulungavmaminuas

AT [9e13¢, gminsal (aAR3, Tavas) sUBETAY Ua 980T 9403

Analysis of characteristic of pesticide residue sensor cards for fruits and vegetables affectiving user
satisfaction in Bangkok

Narongchai Jai-a-ree, Supapom Lertsir, Chanchana Thanachayanont and Chalathon Choocharoen
svSwavesewaans Fadonananuazsunaasdusyyadassluaadniuglsdiveiuas
Viufiuguuw (nY 69)

A;/wuf/ﬁ lysdar, anue sHutidaw, w1 inluad wiugve uaz eegse paths

Effects of phosphorus fertilizer on yield and grain antioxidant in rice cv. Riceberry and
Tubtim Chumphae (RD69)

Mesnarid Yotasing, Khakhanang Ratananikom, Chanakan Prom-u-thai and Ayut Kongpun

168

176

187

197

209

218

228

239



A SARAKy,
I ,
S,

n1sAnwAnanvuzvaneasnIiuLuuludmiaussng

Usydny inmnal kax adggy shulvey

A study of the characteristics of the model farmers in Narathiwat Province

Prajak Thepkun and Apinya Ratanachai
aavaInuateviinvesUauazanuynyuvasaiisulfdae3sussusiudulugudiasns
ABUANN JINTAUATINUY

VUINT SHUNIE, 10195504 9 YT Ay 9355 Unua

Species diversity and abundance fluctuation of fish by local fishery in the lower
Songkhram River Basin, Nakhon Phanom Province

Chanaporn Rattanamalee, Nipawan Du Souich Du Souich and Wiwat Kaensa
AuautRvashunazaunmitdensdnfefunsuluteduludmianiwdug

a7307 SAunT, inva 1wy Ty, yyou vivauds, gls navay uay Mims nsiden

Effect of soil properties and water quality on production in giant freshwater prawn ponds
in Kalasin Province

Sawipa Ruttanakorn, Kasame Chetawan, Boonthom Tubsombat, Urai Koolboon

and Tikumporn Kunjiek

250

262

272



27381960 IWTEIF0d (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(2): 1 - 11

PRAWARUN

3 AJ § AGRICULTURAL JOURNAL
Uy o
~4Gmcu\.1""ﬁp'

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

a ¢ o ¢ v a 2 & a % v a
W']i"l&lLﬂaiﬂqsaﬂLﬂiqgﬂﬂ'}ﬂLLﬁﬂLLazﬂiﬁqu?laQLL?NVI\‘i‘VillﬂVIazaqﬂlﬂ%aﬂaaﬂiﬂaUWLﬂu

MelAFNIIZLATEAINNITVINUN

Fazdnnl Youuau” waahau vusde vdud Andlne dus1sI Ainedand waz nsaanigal Jeslyaling

queIveiTslsveuuny sruadan euneidles Yainveuuny Yssmelne 40000
dayaunaaiy

unAnge

Article history nsdunszinendaluunasvesaliduniduazndsnuionisiasyiiulauaznananvasia winis

varfudnvilsdesuddiidmansenuiemstuansidasuas dafu msideiifediinguszasdiiainunns
Wasuwasdmniimeinisduasnsidisudsiuiiinuveudsimuaiiazansld (Tss) desgmeldanio:
vaunauiuaznismeususmAInslfsuiiBnadivasdasTaaudisu Tassdunisvasss u qudidefials
Faunnu U w.a. 2566 21Maukun1sNaaaILUY Split plot design 31Uy 3 31 Usznaudae 2 Jade 1dud Jade
#&n (main plot) e (1) nslihnuaudasnisuesite waz (2) wnstithui 19 Su wazdadeses (sub
plot) Aa Wug/laausaadiau laun (1) KK07-599 (2) KK12(R)-085 (3) KK3/E09-1 (4) LK92-11 uaz (5) KK3
nmsAnwnudn nMsvathlddmnsinesnisdanssidasudswaddes Tdud Samnsduaszidasuas
8 (A) $asnisaedi () wazArdninsdaUauinly (gs) Hananas wianududuvasmsuaulasenles
Tulu (Ci) was Tss Hanfiudy WadivuiuSesiug/lnauferiuillésuih Tnslaau Kk3/E09-1 fiviathuny 14
Ju fid1 gs 1B 0.02 mmolm?s™ uasnudn A1 A E uae gs finnudunusiuagisgilumaiioau il ile
185unislidnadedasaunsatiuminfinesmsiuansidasuaddndifsusesilasuihmuunilasianis
Tudesfsiulaau KK07-599 uaz KK3/E09-1 Feenaanansatnanldusznaunisdmdaniugdosvidaidudunuy
MsANYIRIUETTINEINSHuATIEIReuasvasdasTulsamdlnedaly

FU: 8 g 2567

udle: 19 figuieu 2567
noUTUNSATIN: 25 Tguieu 2567
fiuioaulal: 18 nsngiau 2567

AdAny
Armhnside-Uetinlu
Vsiamewdaiimniiasarels
shsmrsmend
SnTImsFuURTILIRIEUIGNS

Ui Avaut1n1alus o839 ALY aNlEIAUNITHIATIZNAELES

MsduaseiasLandusnuienssuiun1sneassinen  @8aadasiu Inman-Bamber et al. (2010) 51897431 N155NWI

Widanuddyeeny 1 ssainidunisimdsusasun  anmnisduesgineuadudesiidudisiiunisazaninia

glasandlaaunihmaglasasviieduinaglasags

wWisuwlasnsveulasenladuazinlidundanuaiilugues
wneluivdunddudadeddgyidunuinsenis

asusznevduniduieansuszneuiiiaiveudussduszney 4 )
diensliusylonilutnguavasdeng q Wy naiesyidivla s daasievidaeuas Judwalianaveaiitunndauayli
ivluuvasazau (sink) Wudu nsdaasginisuaignaiunu 5LTSﬂmauLﬁ'aL‘ﬁﬁq'ﬂiwfiumiﬁﬁLﬂiﬂzﬁﬁ"’mLL?N eRHGRGRE
etadviivannuanefistadoneluiifodestudnenssune  ndouilvesansermsiiduitisddsddunszuiunis phloem

o sa & ) = Y o a . . ) ' - | &
VDINUTNYUU ) kartUaTuNBUBNNANINLINAON Bl YUz ANy loading kag phloem unloading @mmazaﬂum agnlsinu

wanuasyivlnduiaiimun wu ues gaumgll wezmnudy - MswzUgnitsdircszauliymnisuiauaauin lnsanizedng
Wusty dmsudoadloduundonssuumsduaseidiouagn  Bsmsugndeslulumendeinuuiiimimdssdonisuinuaaui
R i o = s I3 - . Ly o ¢
Faliduity Ca Afidnenmgdlunisnimsveulasenleddag  tWeon1siwizdgn Jaiphong et al. (2016) 5183 1U37 BoE1UY

VAad w97 mesophyll cell waz bundle sheath cell Tng  NiF8 Snsiflmesnisduasisiimonas liun snsinisdunsigi

nARAuIUINTTLAAD oxaloacetate NHANSUDU 4 B¥MBN 1N
= < o A o a 'y ' A
sxgnildsugdituiinaglaaaiiodndesgddiuning 9 vesiivruy
Mioandssens uaviivazauunaluwad parenchyma 209
aualunnawenhmaludesuanduingivdmsunisnn
wmalunagaamnssuludrdusall (Moore, 1995) Aty N3

"Corresponding author
E-mail address: nongtheerarat@gmail.com (T. Chinnasaen)

Fouasans adnminiada-Javinlu weedamnismethanas
ledosvmiunu 15 Yu Fumndedaiifoddydmeadatu
Fouildsuthmuuni aonadasifu Chinnasaen et al. (2023)
e desgnelianneiaioaainmsviathamisiimes
nsdanTeslgLaIvetdaslaaufnuLayiugIUSsuisuiian

Online print: 18 July 2024 Copyright © 2024. This is an open access article, production, and hosting by Faculty of Agricultural Technology, Rajabhat

Maha Sarakham University. https://doi.org/10.14456/paj.2024.31



T. Chinnasaen et al. / (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(2): 1 - 11 2

anasdlessuifisuiudesdilasuiinuund Tnelaau KK14-
030 annseiluAuAdnihnsda-Jauinlukaznismetlaiian
Indipaiudesildsuihmuuninendslasuihsneds aelu 1
Yu aauefiiaatu Vu & Allen Jr (2009) Tétauai1 wenain
nsAnweudiduresniveulaoonleduargamgi iduase
nsdauasERieudwesdosuda Anutuniothdudusnnils
HaduiiasAnwiiednlduszneunsindeniiugdosdadu
ﬁ"zj'ﬁ'ﬁmwﬁﬁﬁ’zgm'aQma'mmsmﬂgﬁmauazqmamﬂsiuL%@Lwéa
Yauzieiu Endres et al. (2010) N81731 AINTIVAUENNUS
sywineAdninisda-Uatinlu nsme wasnsdauasied
Feuasdinnuddydensdadoniugdosiadudnanimnisld
Yhvenisnumusienmnuuiuds vasd msduaseidieuas
Juuvdmenafiduniduasndanuiionsasyivlnuaznanan
209Ny N1TTUNTIVDIANUAURUSVOINITRLADIN1THUATIER
mguadludoslaaufiAunToNugeaen1NITAREANIIREIT S
Wuwwmaiilinsuienalnaeluiivsenandnilasudsens
uuwuimslugnisdnideniusdos saudafleiunisiuivie
L‘Wllsllallaﬂ’mmiﬁﬁLﬂi’]‘”Wﬂ’JEJLLﬁ\ﬂUWUSE)E]EJEUENIWEJ

oty mm%ummmﬂi asfiilednwinisiuasundas
ATNISITLADS NTAILATIEV A 1ULAILALANAUNUS VDI
Armsfimesmsdnaszidsnasiuliinawe i oimund
avaeld (159) ifloagmelfaniizanaunautiuas nsmevaus
ndansldYuindnassvesdeslaaufinud soyludunis
wWisuifeululsineasnsuserunisaaidenlulsinensnsves
AudIdeiivlsvounny Waduuumaszneunmsdadendae
ﬁuﬂuﬂﬁmwzamﬁamiwaﬂgﬂiumaﬁaﬁmumaﬂma

gunsaluazIsn1Ide
URUNTSIAAEY

MIUNUNITNABDILUY Split plot design 91U 3 Gl}éﬂ
Usznouse 2 Yade Teun Jadeuwan (main plot) A n1sdiAnIs
sl 2 sUuuu laun Thhmuaudesnisvesity (§198
AUNNSANWIVD Paisancharoen et al, 2012) wazsan1slHin
wu 19 Yu Teei3uendiony 297 - 316 Jundsugn (szezgnun)
wazdaduse (sub plot) fie Wus/lnaudesluandneiu 5 Wus/
Trau loun doulpaudau 3 laau As KKO7-599 KK12(R)-085
Az KK3/E09-1 waziiugileuiieu fe LK92-11 uag KK3 (g
Sovfifuugn) dmsunisliimueudesnisvesiiy (Sov)
WARIRIAUNITAIUAI (MIUITVDS Smith (1992) waz Doorenbos
& Kassam (1979)) Tnglthieszuuthveayn 4 7 fu

ETc = Kc x ETo
dle ETe = Yunamudiosnisivesit (mm/day)
Ke = dudsvavsmsldimesity
ETo = Ysinanslidhwesitudnads (mm/day)

B udumsnnae

Ugndos a wlameassAudidenvlsvounnu eune
Wos Janinveunnu U 2566 lursrsunIaldurugudnans
UM 80 cm g9 100 cm AudildugndAranudunsa-sins
Wiy 5.4 Annnstinlii windu 0.018 dS/m Usunaduviseing
Wiy 0.47 % wasUSinalulasiauionun Uinureanlesad
WDuvselond Usmnalnunaden uazunadeniiadaldden
WAiu 0. 024 % 69.25 mg/g 41.37 ppm ag 253.97 ppm
gy el Aulgndiaumeuduauy uagemumuuLy
Wiy 13.56 % wag 1.65 ¢/cm® mudau anfiun1sugndee
ftus/laauay 3 mirensnaaswion UniinAulgniadesie
wihenseaadiAIUsEIN 345 kg wagliiauaudeinis
vosdoendaugn (Inssnmanduinumsliivesiivéebs
safuidulszansnislidinesdesluusazeaseny) iedend
01y 297 Fu Tedanslihmuununismaaesiifmun dmsy
msladesuiunisTasutild 2 ads afsusnlandoudgn (15-15-
15 §931 50 ke/rai) afadl 2 landsanadausn 2 v 1o (gas
15-15-15 8m31 50 ke/rai) guasnwi AMdniviiy uazAmuAung
iivhansvaslsauazunasmasntianisinzugn lunsdidinuan
spwritaisnnislitldwanainaquastensuniniitedesiu
du antuiiony 317 Fu Fenduanlvhdesfisanslmingnads
lngsgnineaiiunisvaaesdesiieny 297-320 Tu (deseylu
spvanuniitedulszavsnisléiir winiu 0.83 (Paisancharoen
et al, 2012)) paumniigagaseiunazgaumgidignieiuegy
Tut29 28.0-30.5 WAz 15.5-24.5 °C muddy aududusing
mai’uuazmm??ué“mﬁwéﬁBﬁ’uLa?{&JasﬂuﬁN 60-77 uag 68.5
% Py et szwrinssansWiuiifiu 1 fu fe Yufl
18 wasnsennslii SUSnaniey windu 0.6 mm (Figure 1-
A) Adfeyansgnieningnvesgudideialsveuunu druadal
Sunoiilos TamTavouunu) vuedl mssanislidviliaud
AT uanaseesdaLlaan seduANENT 0-20, 20-50 uag
50-80 cm wipsanisliiunu 19 Su Aufinnutuiedsusyana
3.86 4.68 uay 3.82 % MuAU Vol AudildsuinuUnad
AT WU 7.62 7.25 wae 6.56 % AR (Figure 1-B, D)
(fMuans % Aud uAy AuT5ves Khonghintaisong et al,
2017) ¥4l Paisancharoen et al. (2012) l¥51847197 qmﬁ'm
vourdl arudududinng
i 19 Yu Tunsnaaesndsd derdasndn 4 % (sedu 0-20
uaz 50-80 cm) tietestuarudsme (Sosme) Teduannis

a15vRIRUYgNdREllAT Wiy 4.2 %

ugumslid waznduulihinadufiefnunisiiugaves
Soumevdinsldsuthdnads
msvuiindoya
sdunmstufinteyareunisavaunistiiuiiedesd
01y 297 fu ismuaunsliiuu 7 14 way 19 fu viedend
919 304 311 uay 316 Ju MUAAU wazndinslesuingnads
w3 Yy wiedeeflony 320 Ju laedoyaiiddunisdudin
Usznaume



T. Chinnasaen et al. / (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(2): 1 - 11

(1) @3 Anensdaunszdaleuas Taamndines n1g
FUATIYH A28k 181AS 89 LCpro T Advanced Portable
Photosynthesis System (ADC BioScientific Ltd., Hoddesdon, UK)
Tnegainandaetdludesiiauysalluluil 2 v3e 3 :nsendinng
il Tunan 08.00-10.00 1. uasBuTuiiuand favumeaandsl
el 143 winfu 1500 umol m?s? (Liu et al, 2020) duaanu
Widurestneasveulasenlaflunmeuasgamgioneduor
fuanmuwedesszwinnstiufindeyaluiudy 1 ledmnsfioos
fvuiin I6un Shsnsdanserisnenaiays (Net photosynthesis
rate; A) AU UT U9 9A1s Uoulaeanles luly (intemal CO,
concentration; C) $m51n5AEN (Transpiration rate; E) WagAwn
thnsia-Uaunnlu (Stomatal conductance; ¢s)

90 25

80

g 70 W_Wv “
g @ -
< 15 £
£ 50 £
= 3
. 40 s
g 0§
g 30
8  eececee= ———ee _ -
S 20 B T S T g 5
10
0 = 0
) 294 296 298 300 302 304 306 308 310 312 314 316 318 320
Date of planting
I Rainfall == e e-e-e T min T max —ess—RH
Soil depth: 20-50 cm
14
Well-watered Restrict-watered
12
= 10
[
€
g 8 T
[
26 1 I I
o T T
e =
—Z 4 L
(s}
A
2
0
(e 297 (0) 304 (-7) 311 (-14) 316 (-19) 320 (+3)

Day after planting

Soil moisture content (%)

Soil moisture content (%)

(D)

(2) Usunavesud sanunitavangld (Total soluble
solid, TSS) 7w ﬁ"mm?'m Hand-Held Refractometer (Master
refractometer, Japan) suaeidusar1usnd ("Brix) Inalduns
wmandansunauianzUdesdosfioguiuinaivesdidends
{Huudesdosileglusvesun (Qudsieh et al, 2001) uéldidy
nnUdeadeniianzlaing TSSmsTiaseitayaniiais

AATITRANUUANAVBILA Az Nz TN AN Tag
W3 BULTIBUAMUUANA N ANNLAUNITNARBIAI87D Duncan's
new multiple range test fisziuanandosiu 95 % delusunsy
d93U Wisuidisunislésuifiunnsneiuresusiaziug/aau
Tne pare T-test AaelUsunsy excel uaznsrvaeuduusyans
anduius (Coefficient of correlation) vasusazanwMy

Soil depth: 0-20 cm

Well-watered Restrict-watered

H——

8 T 1
L
6
I
-

4 L

2

0

®) 297 (0) 304 (-7) 311 (-14) 316 (-19) 320 (+3)

Day after planting
soil depth: 50-80 cm
14
Well-watered Restrict-watered

12
10

8

. L

T
4 = T T 1
1
2
0
297 (0) 304 (-7) 311 (-14) 316 (-19) 320 (+3)

Day after planting

Figure 1 Daily climate (A) and soil moisture content at various soil depths; 0-20 cm (B), 20-50 cm (C), 50-80 cm (D), (data are mean+SE) during conduct the

experiment at Khon Kaen Field Crops Research Center, Khon Kaen Province on 5 to 27 November, 2023, restrict-watered period is among 298-316 day after

planting.
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Figure 2 Net photosynthesis rate; A (left panel) and internal CO, concentration; Ci (right panel) of promising sugarcane clones (data are mean=+SE), restrict-
watered period is among 297-316 day after planting, - = day after restrict-water, + = day after rehydration. Mean followed by the same letter in each day are
not significantly different by T-test for various watered. *=Significant at p < 0.05, **=Significant at p < 0.01.
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Figure 2 (Cont.) Net photosynthesis rate; A (left panel) and internal CO, concentration; Ci (right panel) of promising sugarcane clones (data are mean=+SE),

restrict-watered period is among 297-316 day after planting, - = day after restrict-water, + = day after rehydration. Mean followed by the same letter in each day

are not significantly different by T-test for various watered. *=Significant at p < 0.05, **=Significant at p < 0.01.
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Figure 3 Transpiration rate; E (left panel) and stomatal conductance; gs (right panel) of promising sugarcane clones (data are mean+SE), restrict-watered period
is among 297-316 day after planting, - = day after restrict-water, + = day after rehydration. Mean followed by the same letter in each day are not significantly
different by T-test for various watered. *=Significant at p < 0.05, **=Significant at p < 0.01.
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Tumadeafuny E way gs (r=0.751* uay 0.782*) ua laf
ANNENNUSAUAT TSS dmsuan Ci lddanudusiusiuen E es

w0 TSS vquedi A E fanuduiusiuegeaslumadedtuiu
A1 gs (r=0.953**) uadmuduiusieslunisnseduiuan TSS
wazAn gs fanuduiusvoslumanseduiuen TS wadl
vdanat 19 Su lufuitauvdsldsuignads wui dr A
laifimuduiusiuan G uay TSS wanud danuduiusesns
gealumadedafuduan Euag gs (r=0.909* uag 0.922*)
WUy A1 E ﬁﬁmmé’mﬂ’uéaﬂwqﬂumqLﬁmﬁuﬁum s
(r=0.974**) (Table 1)
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Table 1 Correlation coefficients among photosynthetic parameters and TSS of promising sugarcane clones at date 19th of restrict-watered and at date 3rd of

re-watering (restrict-watered group)

Trait AL Ci E gs
At date 19™ of restrict-watered
Ci -0.553*%
E 0.751* -0.075ns
gs 0.782** -0.086ns 0.953**
TSS -0.016ns 0.018ns -0.287ns -0.221ns
At date 3" of re-watering
Ci 0.082ns
E 0.909** 0.221ns
gs 0.922%* 0.264ns 0.974**
TSS 0.001ns 0.149ns 0.135ns 0.122ns

“A=net photosynthesis rate, Ci=internal CO, concentration, E=transpiration rate, gs=stomatal conductance, and TSS=total soluble solid

ZxCorrelation is significant at the 0.05 level (2-tailed) **Correlation is significant at the 0.01 level (2-tailed) ns=not significant

A15v1u i eedin1sdaiasizi i ronasanas
dewnandlefvuindt nsmevavesusniiind uiiieannis
guydethfo nisaansmeiiensaninluiluananead
AN fusesiaanas (Gupta et al, 1989; Chaves et al, 2002)
iy A7 gs uay E vesdesdaiiinanamudiu uaviluuali
anaunndwudieszevnanuiatiiaty mndnvaednaniian
Tien A Sanuduiusiuan gs wagan E @anndsiunsAne1ved
Silva et al. (2013) 9189731 SosnuULaUg TCPO2-4587 iA1 A
FUWUS LUNIUA IR UAUAT gs hay E (r=0.96** Lay 0.93**
fNaIR ) kazdanudunus veslunisnsstuduan G
Leanasawat et al. (2021) 57891431 AMNITITLABSNITAUATIZN
fouas IHud i A E way gs vasdenfildumnuduiisziuanug
A uauudiangandndosdld Suauduad awinvesainug
T uauviedeeias aivlnlnsederey uay Gomathi
et al. (2011) 918911 Fouitlazuihiien A wdegenindosiinng
11 Wity 18.49 uay 12.21 umolCOM?s™ muaIAvu [uReIny
A1 E 1dsvasdosildiuiiidngenindosiiviaii winfu 178
waz 1.51 mmolm?s? mudu sy Ribeiro et al. (2013) 3¢
wuzi1in s Araudesfiannsoasdnenwmsduamesisionas
udfeg meldannzdifihandnazgnasleglundudesiinmiu
HOANHUT LAY LFEatU Gomathi et al. (2011) 51897137
oogluanizuds Sesnuudsiug Co99004 uaz Co99008
g deluiiaos Tusaefiisnsinsduanmeidasuas
wnnIMssgAule eg1alsinnu nnsinelundaiinun
nsuntiinaligesdanlngiien Ci Qaﬂdﬂﬁaaﬁiﬁ%’uﬁﬁmwﬂa
Fsonfawmindidnnsouiildinniswandvesiiidrade
Tlewda9u (ATP, NADPH) iiinainnisiadeuiivesdidnnseulu
syuuLas Il anaeinlel (1) ndnuiildsindaiveulnoenlasly
nszvIuNIR3IAsvaulneenlendininidemalioosliamwisa
3emsuenlnoanlenldnuund vie (2) Mandsndudunou
Regeneration 984nseuIuNsn3A1susulneanlenyitliil RuBP
Tligawadmiunsianivaulaanlendwilidasusulasenlys
q\‘iﬁﬁu (Kasemsap, 2006)

gty anzudadudadendndisitanisazay
‘1:1;’161’161‘145@8 (Venkataramana et al., 1986) ‘17?&5 Gomathi et al.
(2011) Wanfuayuin anneudsdnansenusetniaglasa Ty

hmaglasassdsunduiduhmaienlea haanglaauay
anansnina) shliiaaludosiaunmanawuarinanens
avauinnna lnslamzeguBaniaiedeudnethmennundssdng
wndvazen o esnninidiugaeind eudetnmaly phloem
loading TneileAfndueatinly sieve tube amaq siliiannyie
sudvaieealudaiing sieve tube udrvawddssimanio
ansownsgunasld (Kasemsap, 2006) faifu iiornatndeenaiu
anvpliihiluedidsaitiosas uasdwwalidmaszaing
phloem loading fmnudiudunniy deandesiumsanuilunds
fifinuin Sepfivnntmniug/leautian TS genddesilldzu
sunalagldlésuransenuandnsnsdaaseideuasianas
Jaiphong et al. (2016) 7 51891131 SoefivrariuIy 15 Yu &
glasaii ud unazuans1ansad A fudood Id Sunuund
YasLREIM Gomathi et al. (2011) Nd1771 anMzHaNIN o el
nsisgiiulnanasdsenaiduaivmlianiveudulngidildan
msfuangideuasgniivazanssddesluguvesimainnnd
g lUHluunadlddu sanndoeildsuimudniddsauns
Snnmsasaiuleld Teasueuiildannsdaaseisieuas
uenanazgnazasluddesud Signindeudneludumasldau
wu Tu Udes vde sen tiainguszasdsng 9 1 nszuIums
mele MsFuasenusiusazlwes Wudu (Bindon & Botha,
2002; Wang, 2017) uazaIndnwazsfinanuudit1eduisenn
dwalimnsfmesnmsduameideuadsiduiusiuen TS ey
anmpaiseldsuianads

wail edesiiumsmnislidhudlasuihanads wui
Amimeinisduaseidsuasdilndiisstusesiilasu
muund Tnedosannsofiugdneninnisduaszsidouasdae
nsiiuAdnthnsida-Jatinlu wasdiunseeiivhldinge
naeasuil meluduienauny (loth) ﬁqmlﬁﬂﬁl’lﬂﬂ’liﬂﬁﬂﬁ’]
Usznaufu Aufimnutuiudunmevdmisdisnada (Fieure 1)
Flitedndoniiiiniuty dufu Seefonaiiiivmedmsu
nsldfuselovdluszuuuas | (PSI) waziiensandesansomsii
Taannsdaasizimeuas InefansananaAensInsdunsgi
ﬁaauamm%ﬁﬁmﬁu uazA TSS flanas donndesiumsAnuves
Dinh et al. (2019) fis1e9muin Sosannsoiiuymsdanszsisie
waslduiindslasuingnads uay Medeiros et al. (2013) s1anu
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71 Sauiiug RB9I62962 fivratiuu 8 Fu ansaitudaliosis
sndluiufigemddlssuianads

msfnyiluadsd foudiniitug/lrauesisiunising
Lilfuansdnuvarnsimednisdanszidiouaiiv @ denis
numusioauutds widesmatulduanseenlneannis
audoihdismstaninlud adumsususvesindions nels
anmzath Yot anvanensAniinuwandliiiu
11 msitusadusnntdnua fianunsatanlditeusdinenmn
PuNTEIATIZIRIBLEe98 el (Aidar et al,, 2014; Wang et
al., 2022) T,ﬂsJLa‘wwamﬁﬂﬁuﬁ:@faaﬁ'umm'wﬁu%ﬁé’ﬂwmx
wisdwesfimesnsdunsedionasenisiuiafiuand ety
(Leanasawat et al, 2021) fafu Soslaaufiduiianusaiius
wmsfiwedmsduaseidouadnddsiudesilasuthaudni
AB KKO7-599 uag KK3/E09-1 iuldeniudaenug LK92-11 uay
KK3 il gs waz E lndidesiudosdildsuihaudnd Tnaans
g 1uBsdeniug KK3 AlFSunmIseuiumnvatnsnaaesiikiy
W mETENENsEULE LAY @nnsoiluialdednsindudle
VLvﬁ”%)U‘ljfﬂgﬂﬂizﬂ (Namwongsa et al., 2019; Buakom et al., 2020)
sl lutudl 19 veensmuaunisliinlunisdnmaded wuin
Amnsfinesmsdunseideudedosilsuimuunaiian
anawiselndifssiudaeii sty Wumsizdaanisin
Foyafindmeglurisnouasuiinuanislitn viliausimiuiu
anad (Figure 1) LagdINaRBNISAAATIZRAIBUAVDINTAIUAGU
(Chinnasaen et al., 2023)

d3UNan1339Y

nsvenisvEnasemsfmeinsdunszisuauar
Usinamesudatamaiiarangldunndniug/lrausesiiunnsng
fu warlinuufduiusseninenisdantsnsliiuasiug lrau
Sosfiumnsnstusar msdnesianan sgaslsinunuin e
Ynmnsfimesnsduasziiisuaiwesdos liun snsns
duasgimeuasand Sasnsmeth wagednihnisda-dadan
Tudiananas ImﬂﬁgﬂamwmﬁLma%ﬁmmﬁmﬁuéﬁ’uaﬂwqﬂum
Weniu vausd mnududuvesefueulaeenlesluluaz Ui
veudsimunfiazanglafidfiaty il deldsunisliianeds
Fonlaauiiau Idun KK07-599 wag KK3/E09-1 a1ansnil uy
wsinesnsdansizidisualdlndidsetudeedlasuth
auUnR Imaﬁaaiﬂauﬁm’uﬁmdnmigﬂﬁ’mﬁaﬂLﬁawﬂaaﬂu
Useiunsfinudu 9 wu anuduiusseninanisdunsieiday
wasiunisazauinnaneldid oulvveanisild suudasann
fiene (wu anmzuds gamnfige wae dwiads uf) vie
¥8eelraufiruisaadurienioushiuslutunoumsnauiugds
ol deeiuglmifdaulansuiunisusuimanis
é’amswzﬁé’amam’amiL'U5'auuﬂawaaaquﬁmmmfu 9
vauzkiieady guuvunisAneiluadsionmanmisatunldidu
funuudszneunsindenitusdesludumeunisuulssiusdes
Aty
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ABSTRACT

Keyword
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Total soluble solid
Transpiration rate

Net photosynthesis rate

Photosynthesis is the major source of organic carbon and energy for plant growth and biomass
production. However, drought is one of the crucial factors that affect photosynthesis. Hence, this
study aimed to evaluate the change in photosynthetic parameters and TSS (Total soluble solid)
under drought stress and the recovery after re-watering in promising sugarcane clones at Khon
Kaen Field Crops Research Center (KKFCRC) in 2023. The experimental design was a split plot
with 3 replications, main plots were (1) well-watered based on plant requirement, (2) restrict-
watered for 19 days, and subplots were the genotypes of sugarcane: (1) KK07-599, (2) KK12(R)-
085, (3) KK3/E09-1, (4) LK92-11, and (5) KK3. The results showed that drought reduced the
photosynthetic parameters as net photosynthesis (A), transpiration rate (E), and stomatal
conductance (gs) while internal CO2concentration (Ci) and TSS tended to be elevated when
compared with the homogenous genotype that was irrigated with well-watered, restricted irrigation
for 14 days in KK3/E09-1 presented the lowest gs as 0.02 mmolm?s?, and A, E, and gs presented
high positive correlation in each other. Moreover; photosynthetic parameters were recovered after
re-watering, especially in KK07-599 and KK3/E09-1 which could apply to selecting sugarcane
breeding or be the study model of sugarcane photosynthesis physiology in Thailand.
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Figure 1 A schematic of the process of biofloc system in Nile tilapia rearing tank.
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Table 1 Chemical composition on dry matter basis of biofloc in treatments

Chemical composition Treatment
(% dry matter basis) 1 3 4
Ash 2.86 3.49 2.74 11.17
Fiber 2.23 2.98 2.89 9.47
Fat 1.95 3.48 2.67 6.46
Total protein 13.61 23.44 18.54 18.19
Carbohydrates 79.35 66.61 73.15 54.72

Table 2 Growth performance of Nile tilapia fish in treatment tanks

Treatment Individual final Final length (g) Average daily growth FCR Survival rate (%)
weight (g) (g/d)

1 20.67+0.12° 11.35+0.91% 0.28+0.12° 0.84+0.03° 100

2 24.37+0.64° 14.12+0.64° 0.37+0.64° 0.78+0.01° 100

3 21.00+0.16° 12.11+0.85° 0.30+0.12° 0.88+0.03" 83.88

a 21.29+0.33° 15.06+0.33° 0.31+0.64° 0.87+0.03" 100

P-Value 0.008" 0.001" 0.014° 0.006" 0.095™
" Non significant difference at p = 0.05.
* Significant difference at p < 0.05.
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Figure 2 Chemical composition on dry matter basis of biofloc in treatments.
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Table 3 The values of water temperature, pH, alkalinity, nitrite, total ammonia nitrogen, dissolved oxygen concentrations and TSS in respective treatments

Treatment 2

Treatment 3 Treatment 4

Parameters Treatment 1

Temperature (°C) 28-30

pH 6.7-8.3

Alkalinity (mg/L CaCOs) 68-102
Nitrite (mg/L NO*-N) 0
Total ammonia nitrogen (mg/L NH5-N) 0-1
Dissolved oxygen (mg/L) 4

Total suspended solids (TSS) (mg/L) 100-200

28-30 28-30 28-30
7.4-8 6.7-8.3 7.4-8
85-119 68-119 68-102
0.5 0 0.5
0-2 0-0.5 0-2
4-5 4 4-5
200-500 200-300 200-300
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Figure 3 Levels of water tel
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treatments from week 1 to 6.
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ABSTRACT

This research aimed to investigate the growth and survival rates of Nile tilapia (Oreochromis
niloticus) using biofloc technology with various groups of microorganisms. The study employed
a completely randomized design comprising four sets of experiments, with each experiment
repeated three times. The four sets of experiments consisted of the following: In experiment set 1,
tilapias were raised under normal conditions (control group); experiment set 2 utilized biofloc
technology for tilapia cultivation with naturally fermented effective microorganisms (EM);
experiment set 3 utilized biofloc technology for tilapia cultivation with bacillus bacteria; and
experiment set 4 utilized biofloc technology for tilapia cultivation with photosynthetic bacteria
(PSB). The tilapia, with an average size of 7.68+0.48 g and 6.52+0.40 cm, were raised at a density
of 45 fish per square meter in 24x12x15 inch (54 L) tanks. Ready-made food was given to feed
them twice a day. Consecutive water quality monitoring was done in different raising forms for
a period of six weeks. The results at the end of the experiment showed that raising the tilapia with
naturally fermented EM in experiment set 2 yielded the best results. It affected the good growth
rate and had a high survival rate (100 %). Additionally, it resulted in a low feed conversion ratio
due to the microbial sludge, which comprised 23.43 % protein of dry unit weight. Temperature
ranged from 28 to 32 °C, pH from 6.7 to 8.3, alkalinity from 68 to 119 mg/L CaCOs, nitrite from
0to 0.5 mg/L NO,-N, ammonia from 0 to 0.2 mg/L NHs-N, dissolved oxygen concentrations from
4.0 to 5.0 mg/L, and total suspended solids concentrations from 100 to 500 mg/L, respectively,
with no significant differences between the mean values calculated for the control culture. Finally,
various kinds of zooplankton, e.g., Moina macrocopa and Brachionus sp., were found
in wastewater treatment systems, which can be used as supplementary food for the tilapia.
Furthermore, using photosynthetic bacteria (PSB) with naturally fermented EM affected ammonia
treatment and helped reduce the frequency of changing the water in the fish tank, thus reducing
Costs.
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wavUSinasdueaniauawiiy 0.53 (mg vitamin C/g DW) uag
0.03 (mg GAE/g DW) a1uid1éfu (Chooklin, 2023) wsngfithun
vhwanfasionsaunIw 1y 1n3esiu vusey PUVUIRE A
Hanugiwadn [Wudu
nanSmueiniadndundedusiomisi Susenuduy
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g msndnuualusavesriglsy wagluagumaiday
wanfausiinansUssmauilnaduemnsiiondn uazldfuau
feusislusouieifouazglsudnie Tnewiadiuihanainudae
Tudun (Semolina) FalaifaedsMiawarnulsandoingFu 1w
wauuiwaalidnfy wdhidielendimnes sonuudu
Ui fu aziiulddutimadussdusznovdlvgitlily
n1sudamasn vinlimasgensdiaaainiadaguinisaesudig
thor TneTagavililunisuan Ao uwtlenduarldln 1 wavens
Usziammadngndnlilunguenmsiifqaeainislaguinisen
\lesaniiuimamesnslulawnsngs fiusinuansomns uaxle
811561 (Limroongreungrat et al, 2017) wenaniiutlsana
wAn9NTNaaTedesind1ndsUszma lsdununssdn
getuludae dufumnannsaimuindasasiniadilidu
wAnSsiidamAmslasumafistu lnensidndesanld
nounuutsandlundndnsiniadn uenanazidunisiiunme
Tiunndndasiudrdadunisanduvunisndaniadiladndae
uenaniutsinnndosdifiosdusznavvesanssznauinafiuen
Fadlunumdrdalunisdivannnzinseadiinaineendindy
wazdauUAlunisiluansiueyyadassunnindinn waznis
a3 uanse M5 a9 (function ingredients) 17y 1dwule
InnfunasTusiu nsamslusiuaniiy (§2) uazdnd (e
oIt lunswawdn dausinadianazfiusylevise
guamvesiuslaald (Sriprapai et al., 2018)

uATed S ehnsudandasusiniadudsdnndes
aaldasulusiusieies saudndnginesanggiiiemaniie
wnganvesuleinndosmalduarialusiuivenzanlunis
HARNARS T NER

gunsaluazIsn19ITY
1. msmseauthginassnalauazunalysiu

Widrden (Guundanid ddvenings uazideie
62) lanTavi ey uguy I unueIAa 1@10AA B .9 9d 9
3.uAsASsIUY lUnsuzdendaens eesnseimnziuden
druvosunadusiuainity (fandesandrudluiui .
uAsATsTINTIY) kavdnd Revinthu anlaufagumulgndn
Uaonansity Savaaunens e.desveg 9.unsaisssusy wavle
Y1 dudnluituil 9.uAsA3s55U51Y) Y1dafinIunis
nsumeden fumdesuaziniathuinuadeAsetunasdn
AnTWIARIEAZILNTITBU (Mesh no. 60) wauiulugeesgiides
WoudUnatinfigamgil 4°C Aeuthluiinsesigniw
2. myunTIzvinanmuhdinaeninly

2.1 aun el b asdusznoumaall (Proximate
analysis) léun audy Wsitu lusu el 1 wazanslulawsn
71875 AOAC (2000) AANnTTuNITAUBYYAdaTEMINIT VRS
Brand-Williams et al. (1995) uazU3inailuednianunniuia
499 Singleton et al. (1999)

2.2 Aaunmmnanienn laun A1d (L%, a* waz b*) e
\3ae¥nd Hunter Lab thiegadumadniiléainnszuaunis

lendngiunazsunTUnfelATesun YnswesfioeefiliusTy
Tdlugunsalldsieeng waziadlneliiniesind Sufindrd L*, a*
uaz b* Tuszuu CIE Lab lagan L* Ao A1 m@ans (0 = den,
100 = @v12) A1 a* Ap ANAWAS-LT8Y (+ = AuAs, - = A1T87) LAz
f1 b* fie MdmdEesthidu (+ = Awdes, - = iy

3. meianngaswiananuthdrnaeininld

3.1 AnwuSnauteinandssneliivangaudildfoly
WG

tutldngesnald o 1) wildnaunuuteiagie
Frdnsasinad Tnewdsuinawteinndesnaldildmaun
wiadnd1 5 sesfu Ae Seway 0, 10, 20, 30 uay 40 lnetwtin
nenuteand wilsinndn uilatudiusnds inde tsuits 1d
dnsdiuiovaz 61 (Usuanmuutlidnndesioeay 10-40), 10,
20, 1, 3 uaz 5 awadu Tnendamnadnlagldinsesendngines
an3a (Twin screw extruder) s¥AulssusuLuy (Pilot plant)
UFugaunnil (Barrel temperature) 1-6 Uagang (Die) iy 40,
80, 90, 120, 80, 70 way 60°C aua1A U 8nsIN1sUouLay
AISITEUANINAU 6 Uz 100 rpm maddy thidumadni
Iguvilsiua Tnelddovansoud gamgd 60°C uu 4 hr
(rwdutiosninfesas 10) ussawiadlugawanadnlndiofidu
wazDendnliadniosensinnesinunmsioly

1) AMAIMNEIN19AY (Cooking quality) Lawn nandl
manzaslunsiumadlifgn (Cooking time) Usinavesudsdi
gAoseminan1sy (Cooking loss) waztimiindléudsnissu
(Cooking Yield) #1335 AOAC (2000)

2) AuamnInIenIn laud Ad (L%, a* uay b*) Tngld
A303IAd Hunter Lab aaidnunsidoduia neldindesiinse
\loduia Texture Analyzer Sorneuuiuiie (Firmness) waz
ANAILATUNIUABN13A9A (Tensile strength) YBIWIER A
\A309 Texture Analyzer # 1473 8 n 15 AACC Method (AACC,
2000) MeANIET 0.17 mm/sec 55889119 4.5 mm lagAia
wiwiledimiedu ndu wavaudunudentsiwe fmie
WHu dadu

3 ArunalsEaduda dnnadnfeSesldnveaey
AaANNIIUsTAaNFNdadIud nau saund 1 oduda uas
Augaulassan T9I5n1smadauAI NTaUA 1875 9-Point
Hedonic Scale l4gnageu 30 Au Tenswseusiegreaniadii
Tlunsnaaeuldinalumsdumad lignaunaniléainnis
NAADY

3.1 TNUNUNTNAGRALUY CRD (Completely Randomized
Design) ¥ms nnaes 3 S1uBeuiieuAaaelngs Duncan’s New
Multiple Range Test (DMRT) 71 sgsutfoddsy 0.05 d1msunis
Uzt uA NN 19UsEamMa Ul @ aUHLN1INAABILUY RCBD
(Randomized Complete Block Design) W3 autisua Wadelaeis
Duncan’s New Multiple Range Test (DMRT) fisgstutiadndey 0.05

3.2 Anwilevedlusiuiinzandldfulumadlnowus
ialusiy 3 viln Ae luvnne nedades uaznd wia Yovay 10
Taghmin vhwad g uientude 3.1 wnndesneldi
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Wingel) eJLﬂi’]zﬁfjmﬂ’]Wﬁ&ﬁ NMFIATIERAMNMVEINTAN AOAC
(2000) AElaeld i3 04Tnd Hunter Lab dnwaueilodudalasly
waiaTeiiilodua Texture Analyzer uazUsidlun NN
Uszamdudaldisnsmegeuninuveus 835 9-Point Hedonic
Scale fnsundonwiavedlusiui mnzaniliidalundadosi
wasinndesmelfiasalusiunnazuumnaroulnes g g

(a)

NaLazITalNan1sINY

1. wansseuuthenasninley
wan1sLiudaeget1andess 3 wila dugnluniald

loun dradafe 62 T1dadnenings ey 1aduundanni

thunsunswssuudetnaesniald ladaegreudet1ingeg

(Figure 1)

Figure 1 Brown rice flour in Southern (a) Med Fai 62 (b) Sung Yod Phatthalung (c) Leb Nok Pattani

a

97 Figure 1 mudn udedindeenalda 3 viln 3
dnwaizumngiiuansnaiu Tnoutldnndeasinihe 62 fdnuned
thawnady ulidnndedveniidnvasdimaunady du
uweimndeaduunianiifidvninasou

N151ATIERANNINNNIBA LA NLATITa T 917
ndeadinfihy 62 uansdia Table 1 wui udsdnndeadinihe 62
danuwuediiady vuIneun1n 250 um JA1ANUETI (L¥)
Arnnududung (a*) waganududindos (b*) windu 48.42,
4.56 Wag 0.67 AUARU dIUHANITIATIENAMAINNIUATIVDS
utlednndpadinine 62 uansfa Table 1 Wuin asAUsENBUNIG
wilvosuileimndeadathe 62 Usznausealusiu Tusfu Wele
wWnazaslulawmsawindusesay 10.59, 1.69, 8.00 , 0.97 uay
75.87 aua1au damsuan1TaueuyadarzuazuTuau
fiueantouaveaudlsnndsadafewirifu 1.02 me vitamin
C/g DW uay 0.83 mg GAE/g DW saiu d@onndediun1sAne,
484 Chooklin (2023) Anwwavesutadndedlsuas @audindhe
62 uagimisiven) uaznsdwviaronuaNTBNSNFNgIARTLL
R Wt Snwarusnguesdsinndeudededfiandu
ANANBULNINIENN (VWIABLNIA 250 pm Ten L, a* uag b*
Wiy 48.26, 4.91 Uag 0.87 AUE1RY) dIuAMENYENILAL
(USaaulusiu ledu wdule wWnazasiulamsavndusseas
7.25,2.55, 0.77, 1.73 wag 77.95 (w/w) #11a1au) dmsuainig
FruoendetunazSinafiuedniunveuddnndoadaiie
LN AU 6.94 mg vitamin C/g DW I 8 ¢ 0.74 mg GAE/g DW
PUEAU dmsunsaneluanuisesingn

NTIATIZRAUN AN NN A TNLALTNLAT VDTN B
Friveauanais Table 1 wudn 41ndedeiveniidnuardiina
Wi aneyn1A 250 pm fA1AuEdne (L) Areududung
(@) wazArpududindes (b%) Wi 63.32, 9.23 wag 13.53
ANEIRY drunaninsiaunnnuaiivewtaiiindesded
NYALERINT Table 1 WU BIAUTENOUMLATIUDIT1INADIF T
weaUsznausealusiu lutu dele 1 wasensTulawsawintu

Foay 10.28, 2.98, 9.30, 1.65 Uay 73.77 AIWa19u d1msuan
msfueyyadasruarUTinailuedniamanvesinndesdaiven
LN 1A’U 0.94 mg vitamin C/g DW wag 0.44 mg GAE/g DW
PIUARU  FOAAABITUNITANYIVBY Chooklin (2023) Anwina
vosutlsinndesliunsuasniistaronanwuendndvgianyus
YRYY WUt d1ndesdsdueadfvesdnuaeeu sumeynia
14.17
pudey Usunalusau ludu duly i wazmslulawsaminiu
Sowaz 8.81, 1.87, 4.45, 1.08 Uaz 73.72 (w/w) Muafiu d1miu
AnsetueendndusazSinaiiuedni smuaveutsdnndes
d9ineaindu  0.53 mg vitamin C/g DW waz 0.03 mg GAE/g
DW anudsiu

250 um U A1 LY a* way b 1nu 79.81,3.69 4 @ ¥

NFIATIFRANANNINIYANLAENINATVDIT1INT B
duuntaniiduanans Table 1 wuin 91ndeaduuntaniil
Tanuwuedvr1IATY YWINBUAIA 250 pm dA1AUNET1 (L¥)
AUl udnne (a*) wazanududindes (b*) windu 84.19,
1.43 uag 12.68 AMUAIRY dIURANTIATIERAUNNNINATYDS
drnaeaduuninmd uansda Table 1 wuii aeAUTENBUNG
wniiivestnndesduunilnnil Ussnouseaiusiu ludu dele
wkazeslulamsavinduseuay 10.22, 2.22, 1.45, 1.56 uay
75.45 ua1n U dmsueinisi ey adassuazyiuin
Huodniomavesdnndesduundamil wihiu 0.68 mg vitamin
C/g DW U@z 0.15 mg GAE/g DW fuafu

Fadfudnndeadinie 62 Sagnideniludnuideiiios
1N A1RINTIUAITA WYY ATATE (1.02 mg vitamin C/g DW)
LLazﬂ%mquaaﬂﬁy’wmgqqm (0.83 mg GAE/g DW)

2. sanaimgaswian 19 nutetindeninly

2.1 Binauthdnndesnaldiivaneaudildfalumasn

uwilidnndesiilinauwnuutistadiievndnSasinias
TneudsUSnautsinndesildmaunuutiand 5 sedu fio Sosas
0, 10, 20, 30 waw 40 Taetimiin fauansly Figure 2
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Table 1 Physical and chemical properties of brown rice in Southern

26

Types
Properties Med Fai 62 (MF) Sung Yod Leb Nok Pattani (LNP)
(SY)

Physical
- Color value

L* 48.42+0.21°

a* 4.56+0.03° 63.32+0.17° 84.19+0.04° 1.43+0.02°

b* 0.67+0.16° 9.23+0.02° 12.68+0.08"
- Particle size (um)™ 250 13.53+0.11% 250 250
Chemical
- Moisture (%) 10.87+0.51° 11.30£1.39% 10.53+0.31°
-Protein (%) 10.59+0.34° 10.28+0.05" 10.22+0.00°
- Fat (%) 1.69+0.30° 2.98+0.12° 2.22+0.60°
- Crude fiber (%) 8.00+9.65" 9.30£16.97° 1.45+0.61°
- Ash (%) 0.97+0.02° 1.65+0.01° 1.560.05"
- Carbohydrate (%) 75.87+1.0° 73.77+1.27° 75.45+0.82°
- Water activity (a,) 0.52+0.03° 0.64:0.02° 0.51+0.01°
- Antioxidant by DPPH 1.02+0.01° 0.940.00° 0.68+0.02°

(mg vitamin C/g DW)
- Total phenolic (mg GAE/g DW) 0.83+0.02° 0.44+0.01° 0.15+0.01°
Values are mean + SD of triplicate samples (n=3)
Different superscript letters in the same row indicate significant difference (p<0.05)
\
)
(a) (b) (o) (d) (e) () (9)

Figure 2 Extruded pasta fortified Med Fai (MF) 62 brown rice flour (a) commercial pasta (riceberry) (b) commercial pasta (wheat rice) (c) control (d) MF-10 % (e)

MF-20 % (f) MF-30 % (g) MF-40 %.

Andveadumnadiduanunmmil sifianuddgdsan
mMsAnwAmaudimnenmdunadi Landds Table 2 wuin @
L¥, a* way b* dA10g521IN9 19.04-23.67 1.42-4.09 W -1.72-0.26
mudy dmudurnaiiiiuuddinndeasingde 62 dumnad
mimsianuileimlsivesiaziian L* desnindlanFeuiisuy
Hegemunn maisEinauddnindeadaing 62 ludumwad
quflen L* desnidleiSeuiisuduiegsmuny Wudeniud
a* uayAn b* iunadtannsiundd nndeadaie 62 9l
Snvardrhady omnudsimndeadiaing 62 Tasdveaueuln
logg1iu N13@ nwIvae Chan et al. (2022) ANWINITHAANIEG
UsAnnngiauanuanaegladimduainenIn a1

Ta9unns lagUseamduna wuln A L* a* wag b* windu 4551,
7.75 U 2.28 muaau d@unnanddnvadudmannsiiunda
1PN Sriprapai et al. (2018) AnwnsiaLNHARS U WIEREADN
wsimndes wuin grsmunuuas gasidnslausinaud i
ndoefiszaunng q fanuuanaeiuey 198l Ted i yn1ead
(p<0.05) TnendlafimsiiuUsunaudl i mndeunntudsaliaduns
() i Tuvasdian Anuadng (L9 wazandwmdos (b%) anas
iesndmndesdisininguiaoulnlesiu Fadussaingilid
wnsiy ieshs fadunmstivsinaudmndamaunuusana
s sdsaldmadiinsileduuvaniAndusaiisdy Fs019
dmaviliAndwdesaraimuai1siAanas

Table 2 Physical properties of extruded Med Fai (MF)62 brown rice pasta with different percentages of MF

Color
Sample
L* a* b*

Commercial (riceberry) 30.22+1.28° 5.31+0.31° 10.62+2.07°
Commercial (wheat rice) 51.48+0.12° 12.62+0.41° 35.33+1.03°
Control 58.53+0.38° 4.98+0.16" 24.15+0.47°

MF-10 % 19.04+1.80° 1.42+0.31° -0.32+1.35"

MF-20 % 19.41+0.16° 1.59+0.09° -1.72+0.08"

MF-30 % 23.67+2.52° 3.20+0.61° 0.26+1.99°

MF-40 % 22.21+0.18° 4.09+0.07° -0.54+0.05"

Values are mean + SD of triplicate samples (n=3).

Different superscript letters in the same column indicate significant difference (p<0.05).
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1NNSANBIAMENTRNIALATLAENIINIEATNEUN AR
nnsdnwvsunasdsiindeudeaiie 62 uanads Table 3
wuh Aedureadensfkasadraudnde e
fhe Sidegisesay 2.71-6.55 mudiiu SenuduldiAusesas
10 vildaansaiusnwlauiu nsAnwwes Charoenthaikij et
al (2018) AnwpnandAAinIEn v sEAMAURAVINTAGN
Fnndesunannngeuaiulusiulion wuh Vinuewiy
Yeenand1InaeImInngmuilatag senineSevay 4.70-
6.20 Tnehwednien Sadulumunpsgiuniadivesosdnng
DIMTWATYIUNIE@NTFRLUTAT (United States Food and Drug
Administration, FDA)

AUsInadasyrmadien A ues naF a1
ndoadiniie fldegi 0.28-0.77 audidy Femnasazdasglu

27

nauoMNIWR Seuatlddndnsusinadisiomnldidssionis
deundeangaunddlaing uazliengnisifuinwuiy
AAnuntioremnaimanisauarmadnauuls
Trindoudinihe 62 fe1egil 2.50-15.20 fadu ArANFULSS
faresmaainianisaasinad wauudednanasadining 62
fiAneg 0.44-0.94 Tadu nsufinuSinaudsdnndeadiniely
dumagsilienanuuiuifouazamuduusiiaintude
WIBULEUAUEUNIAAIMI9NISAT N15ANWIVDY Srirajan et al.
(2021) Anwrnisiasualunadiasuudsd wndsamdalusiu
wlednulsuaznauenyiSoudioidndnidu wudn A1ns
ﬁﬁummmﬁwaqammm&’yuﬂasﬁnﬂqqqﬂ%Lﬁwﬁyuﬁumuau
YSinauradanniseuain 0.13-0.19 N

Table 3 Chemical properties and characteristic of extruded Med Fai (MF) 62 brown rice pasta with different percentages of MF

Chemical and physical properties

Sample Moisture content Wat tivity Firmness Tensile strength
ater activi
(%) (N) (N)
Commercial (riceberry) 5.12+0.29° 0.28+0.01° 3.42+0.39° 0.44+0.15°
Commercial (wheat rice) 2.71+0.06° 0.29+0.01¢ 2.54+0.00° 0.66+0.03“
Control 5.90+0.35% 0.67+0.09" 7.52+1.23° 0.86+0.06™
MF-10 % 3.29+0.05° 0.77+0.02° 11.44+1.16° 0.51+0.05%
MF-20 % 4.84+0.50° 0.64:+0.05" 12.50+1.83" 0.56+0.04%
MF-30 % 6.55+0.88" 0.58+0.02° 13.64+0.52% 0.75+0.12°
MF-40 % 5.60+1.18% 0.59+0.03 15.20+2.12° 0.94+0.04°

Values are mean + SD of triplicate samples (n=3).

Different superscript letters in the same column indicate significant difference (p<0.05).

HAN1334AT1EYANNINN15UTY (Cooking quality) 11U
wiadudednndedingng 62 uanads Table 4 wuin wianlu
n15U59gn (Cooking time) mamﬁmﬁmsﬁﬁgwmagimm 13.40-
30.60 min MatiinUuautidnndoudatine 62 snduriili
nalumsUpgnuondunadingsty WenSsuiieutunanfasi
M9N13A

n13gden15Use (Cooking loss) 1 udwivesniu
AUNUABNITUANAITENTNNITUTINERN QﬂﬂﬁMWI%LWE]UG%
UszdnSammsugsemslnesiuvesmiadi (esainnisuia
nawulumadudsdnndendadie 62 luanavesudaasd
AnuaansatunsaiuvEndderas dwalindnioueidniagy
n1sgeuden1suseemisgs nsgadenisussvesdndo
wavmnagluti 2.28-10.25 % dquthwiinnisUgsnewansus
ﬁawmaeﬂwﬁw 22.14-59.77 ¢ n13AN®IU849 Rungsardthong et
al. (2021) AnwiAaandAnianIenIneasn1sUTVoUdNINg
wnauanidEsduledonuraing wud anisugsan
YeaHAASuaiaglugIe 11.00-11.50 min wazn13gydenIsUse

voanAnduaieylugie 7.74-10.27 % Feeglurrfivausuves
Urniln19n1sa (< 12.50 % eetwnndan)

Table 5 L@PINATRINITNARBUNNUSEENAUREVDLEU
maduwdatnindeadning 62 WU SEAUATLULAIILYEUVBY
HARA T WA 1T I nNaT AuLAne 1A ueY 19l Yedn Ay
(p<0.05) Tngnsiiuusunaudedndsadaie 62 dawaln
ATLUUANNYBUAnaL S s U UNARA 9IN19nN15AN Taed

v Y a v v < v a
gosidumainauudsinindeadinde 62 Sevay 20 lazuuu
AnuianelanisUszamdudagega (7.90) wWisuiiguiuyn
MUY Aludsdenan1izananluaniunisfinwsely

2.2 Anwiavedlusiufivansauiiiddidluniadn

AIUNITAELUSTRALUSAY 3 A Ao NIFINTA [9D7

= 1 v g % 1 = U
widea wazlrunng Seear 10 Ineuiwidn wuldn malusAuanwras
Wskuwiazvtinlidnwaeusnguansinniu (Figure 3)
vl otralusiunnasulundnduaiiduniadud st
£z <@ i3 v @ 6 U o
naeudindneg 62 Sepay 20 AILNTTUIUNITENGNITU LARIAT
Figure 4



S. Chooklin / (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(2): 23 - 32 28

Table 4 Cooking quality of extruded Med Fai (MF) 62 brown rice pasta with different percentage of MF

Cooking quality

Sample L . Cooking loss Cooking weight
Cooking time (min)
(%) ()

Commercial (riceberry) 13.40+0.20" 5.53+0.37° 56.53+0.25"
Commercial (wheat flour) 18.30+0.20° 2.28+0.10 55.13+0.06°
Control 30.60+0.30° 10.25+0.09% 22.14+0.14"

MF-10 % 21.30+0.20° 9.87+0.09" 29.40+0.07°

MF-20 % 22.00+0.20° 5.72+0.05° 59.77+0.09°

MF-30 % 22.50+0.20° 6.84+0.02° 50.83+0.07°

MF-40 % 25.30+0.20" 8.362+0.03° 33.88+0.04°

Values are mean + SD of triplicate samples (n=3).

Different superscript letters in the same column indicate significant difference (p<0.05).

Table 5 Sensory properties extruded Med Fai 62 brown rice pasta with different % of MF

Sensory test

Sample —
Color Odor Flavor Texture Overall liking
Commercial ) R . . R
icebery) 8.03+0.83 7.90+0.66 7.93+0.58 8.330.60 8.40+0.49
rice erry
Commercial . R b b R
(whest rice) 8.00+0.98 7.96+0.96 7.6620.71 7.86+0.93 8.56+0.50
whneat rice
Control 7.60+1.06° 5.33+1.89° 6.46+1.67° 6.90+1.62° 6.73+1.11°
MF-10 % 5.90+1.47° 5.36+1.44° 5.73+1.76° 7.30+0.74" 7.00+0.74"
MF-20 % 5.86+1.45° 5.50+1.57° 5.96+1.51° 7.96+0.96" 7.90+0.80°
MF-30 % 5.86+1.45° 5.43+1.52° 5.90+1.47° 6.83+0.94° 6.73+0.94°
MF-40 % 5.86+1.45° 5.46+1.76° 5.93+1.50° 6.56+0.93" 6.43+1.13°

Values are mean + SD of triplicate samples (n=3).

Different superscript letters in the same column indicate significant difference (p<0.05).

(@]

Figure 3 Type of protein (a) cricket powder: CP (b) soybean powder: SBP (c) white egg powder: WEP.

(a)

(c)

Figure 4 Pasta fortified protein from extruded Med Fai 62 brown rice pasta at flour content 20 % (a) CP-10 % (b) SBP-10 % (c) WEP-10 %

luussanauantanislssamduda Arddunid sl

9 = a v oA = o oA
Audnvueszifiulddefian annsfnwinisinand (Table
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Table 6 Physical properties of extruded pasta 20 % Med Fai 62 brown rice flour fortified different protein source

Color
Sample
a* b*
Control 19.41+0.16° 1.59+0.09° -1.72+0.08°
CP-10 % 20.46+1.00° 1.76+0.23° 1.79+0.15°
SBP-10 % 25.77+1.54° 2.14+0.68" 1.63+1.38°
WEP-10 % 30.40+0.88° -0.44+0.55" -0.62+0.77°

Values are mean + SD of triplicate samples (n=3).

Different superscript letters in the same column indicate significant difference (p<0.05).

Table 7 Chemical and texture properties of extruded pasta 20 % Med Fai 62 brown rice flour fortified different protein source

Chemical properties

Sample
Moisture content (%) Water activity Firmness (N) Tensile strength (N)
Control 4.84+0.50° 0.64+0.05% 13.64+0.52° 0.61+0.05°
CP-10 % 5.75+0.06 0.70+0.02° 8.62+0.82° 0.52+0.05"
SBP-10 % 1.73+0.76° 0.59+0.04" 6.02+0.51° 0.42+0.05°
WEP-10 % 2.56+0.56° 0.53+0.03° 6.73+0.18° 0.41+0.03°

Values are mean + SD of triplicate samples (n=3).

Different superscript letters in the same column indicate significant difference (p<0.05).
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Table 8 Cooking quality of extruded pasta 20 % Med Fai 62 brown rice flour fortified different protein sources

Cooking Quality

Cooking time
Sample

Cooking loss Cooking weight

(min) (%) (9)
Control 22.40+0.20° 11.36+0.03° 29.77+0.09°
CP-10 % 19.00+0.00° 9.30+0.58" 22.76+2.89°
SBP-10 % 16.000.00° 8.86+0.57° 24.02+0.74°
WEP-10 % 17.00+0.00° 7.80+1.08° 24.32+0.46°

Values are mean + SD of triplicate samples (n=3).

Different superscript letters in the same column indicate significant difference (p<0.05).

Table 9 Sensory test of extruded pasta 20 % Med Fai 62 brown rice flour fortified different protein sources

Sensory test

Sample
Color Odor Flavor Texture Overall liking
Control 5.86+1.45" 5.50+1.57¢ 5.96+1.51° 7.96+0.96° 7.9020.80°
CP-10 % 7.93+0.45° 8.33+0.55° 8.70+0.53" 8.57+0.50° 8.6020.56”
SBP-10 % 8.57+0.50° 7.87+0.68" 8.50+0.51° 8.73+0.45° 8.37+0.49°
WEP-10 % 7.03+0.49° 6.67+0.55° 6.93+0.58" 6.93+0.52° 6.93+0.58°

Values are mean + SD of triplicate samples (n=3).

Different superscript letters in the same column indicate significant difference (p<0.05).
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This research developed a gluten-free pasta product from Southern brown rice flour (Med Fai 62
rice, Sung Yod rice and Leb Nok rice) fortified with protein through an extrusion process. It was
found that the physical, chemical, antioxidant and total phenolic properties of Southern brown rice
flour has significantly different values (p<0.05). Med Fai 62 brown rice had the highest antioxidant
activity (1.02 mg vitamin C/g DW) and total phenolic content (0.83 mg GAE/g DW). Development
of pasta from Southern brown rice using Med Fai 62 brown rice flour (0 %, 10 %, 20 %, 30 %,
and 40 % wi/w) to fortify wheat flour in pasta production with the extrusion process. It was found
that increasing the amount of Med Fai 62 brown rice flour in the pasta had lower L*, a* and b*
values compared to the control sample. However, the firmness strength values, tensile strength
value, cooking time and cooking loss of pasta are increased compared to commercial pasta. Based
on the amount of brown rice flour mixed with 20 % Med Fai 62 flour, it received the highest
sensory satisfaction scores. As for the development of Med Fai 62 brown rice pasta 62, fortified
with protein (cricket powder, soybean powder, and egg white powder) at 10 % (w/w), It was found
that the pasta recipe made from Med Fai 62 brown rice flour supplemented with 10 % cricket
powder and soybean powder had the highest sensory satisfaction score when compared with the
other protein amounts studied.
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gungiivies ot lUlfilumaindeuludunaudely
NSLATDURIMBULAIARKAILAENITUTIT

AaLdonyounaeius as azinwiai dvuradunu
Audnatalede 2+0.5 lwufwuns Jenidenuazildualy
ansazangludoulelunanlsAarnududu 200 ppm Wunan 2
Wi thesunsiaussluindoudeasindouuslaalafiniouls
Imammmmmaqmﬂ Geraldine et al. (2008) f\]ﬂuamﬂaaw
floaumgdl 25+2 ssrnwadea 1unan 10 wiil mnuuﬂamma
nsvvou wazddliuedigaumgiveadunan 30 undl Fauds
oonidu 10 gansvnaesdil asideunnnssideuden (okra),
asdsunnnIsisudeasufuansaianssiiiey (okra with
garlic) aﬁmﬁa‘ummim%&mL%iiwﬁuaﬁaﬁ’ﬂmmwmﬂ
(okra with ﬂngerroot) a1sindoudtdan1sA 8 e Eden
(commercial) thindu (control) viﬁmmemmamaaummmsa
Tupalnluiuseildunanadn (PVC) amay 100+5 n3u uagly
0,9 nylon-linear low density polyethylene (nylon-LLDPE)
U3ITIANIEAYYINIA 938 100+5 N3y nduivineilug
uhduiiguvndl 12 esmiwaldea szozinan 16 Ju faudasann
Thivya (2022) waz Obklin et al. (2019) UNROULAIAALAIN
Ainsrgvigauam luiufl 0 4 8 12 uaz 16 3u
NMTUATIZIAN N

1) % maqzyﬁmfmﬂ’n (% weight loss) fimLUagaN
Waghmare & Annapure (2015) Fetmiinvonunsiaws e ud
ussqudminEudu (A) dindnlutud 0 4 8 12 uasi6 fu
(A1) seia3 st amadon 4 sumis thanAiuianisgade
Yringisennsd 1

% weight loss = (A¢-A1)/Ag x100 (1

2) fin@ 53UU CIE Lab %8 Hunter Lab §1 Mini Scan
EZ 4500 (Gat & Ananthanarayan, 2016)uaznIsiUasuulasen
3 (hue angle) AuIaNANNST 2
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hue angle = arctangent (b*/a*) 2

3) Sarnnuntuile faulatan Thivya (2022) Tneld
Texture analyzer lagldvtansvuraidun1ugugnans 6
fiaduns 1ndeufifednsnd 20 faduns/Auni

4) sgfuanuenn wuadu 3 sedu fe sedud 1
mueMTNtosnI 3 fadung seduil 2 A
12310 4-6 Hadluns wag seAUT 3 ANBIsINYeEdn 7
Taduns) (Obklin et al,, 2019)

5) ArAudunsa-ae (pH) dvesmaadildannistu
woniuenmnlalutninesaua 50 fadans
uddlduaeveawiedn pH meter JuasluvasnaifingIsoau
Adildnsfinazeueiild (Page et al, 2016)

6) STz USuaiLuATIS avianun (Total variable
counts) MA3BVEI AOAC (2000) wazU3unadaduazsn (Yeast
and mold counts) 135989 AOAC (2000)
AI5INUBIUNITNARDIN NAHH

TNUKHUNITNAABILUUE unaen (Completely
Randomized Design, CRD) usiagn3nausil 5 41 thdayadild
1NNTIATIENVRYANINIEAIN 1ATT UaERAUNTE AN
AMUKUTUTIUYDITDYA Analysis of variance (ANOVA) Uans
Toyaieiads daudsavunnigiu uasiuFouiiisuany
winenavesradelngd3 Duncan’s New Multiple Range Test
fszdtutiodndny 95 % Taelilusunsudiagy sPss

HAKAZIATAINANITIY
% migzyzﬁmfymﬁ’n (% weight loss)

Nan15IATIE9 % N1sgadsumin wudnsldas
wasuRIeLLAAALATac1Y wazusTRluganatainyile
nylon-LLDPE Uiiﬂuaquzgiyﬂmmfu lanunisgade
dwiiluszrnanafvinwnsonssezaa 16 fu WANISUIIY
Tunelviufushefidamanadin (PVO) iansgadethuinifiniu

atefidaddnymneadia (p<0.05) Tusewinedud 12 - 16 109013
Husnw §eveuunsdauseiliadeuianasdingu (control)
wumsqmﬁaﬁmﬁamnﬁqmwhh“'u 4.17+2.41 % 8989U1AB
nsindeufiasansatanszisudes arsatanszidoulden
Sawsvasatansuiiey arsatansyd suideasaufuansade
NILVIUVI UWATAITARDURITINITANEAWYINAU 3.00+0.78 %
2.35+0.78 % 2.13+0.80 % waz1.41+0.00 % m1ua1%u (Table
1) %Lﬁuléﬁ'1miqzyLﬁaﬁ;mﬂ’ﬂsuawauLl,mé’fmt,wiaﬁ?ulﬂumam
nvidaveussydusiuazan1en1sussg 99n15us59luy
genanainelin nylon-LLDPE ansavilliiinan1izagainie
Feawannisgaydedminiiosniinisussyluaalnusiudae
fdunarasin (PVO) winwaanr1un1swlszy 1wy Jenidden
#a uazun a0 Wunsgydsdudesannisudnienay
Afanssuveh a, uazituiiireomieusuas lusswinens
usnvimsgadeiminue swannadnasfistunudnyuzns
melanaznisanenn (Singh, 2010) @0AARBINUITUITEVDY
Obklin et al. (2019) find131N15IAGBUAMEILATALASFIY
FUm9aTEl ANUDNTY 50 % UTITIURIENYINIAIEYILEN
mifiiytﬁmfwﬁﬂlﬁ Boonyakiat & Chuamuangphan (2011)
UINNAAWAINTDUUTIUTT UG YYINIAILAUITAAANT
andedminvesinld osnanussyfasiuuunaainyin
nylon-LLDPE ﬁﬂmauﬁamimwﬁgu (barrier properties) ¥4lo
druazfesng o Adndfidumanadin (PVO) Ssannsatiednu
sefuAud uneluusstast dwalindanadinisgyided
anaslusgninenisifiusnen (Mangaraj & Goswami, 2009)
uanaINi Suphamityotin (2013) nanindefwfiuifesuuda
Sapsfinszuaunamelauarldeandiauduingiv fadumnan
Usuueandiauas azieansnsn1sngla ian1sasiaeiiau
LaENTTUINNITaNTIAT U Y 1 Favi8vzaenTEUINNITNI
Fuadisng qlunandn vionsldasideuinvienalsl iewiiuds
Anvuavannisaetlinananls

Table 1 Effects of edible coating types and packaging on % weight loss of fresh cut shallot during

storage at 12°C for 16 days

Treatment

% weight loss

0 Days ™ 4 Days ™ 8 Days ™ 12 Days 16 Days
A 0.00+0.00° 0.00+0.00° 0.00+0.00° 2.47+0.81% 3.00+0.78"
B 0.00+0.00° 0.00+0.00° 0.00+0.00° 1.43+0.67™ 2.35+0.78"
C 0.00+0.00° 0.00+0.00° 0.00+0.00° 1.52+0.80% 2.31+0.80"
D 0.00+0.00° 0.00+0.00° 0.00+0.00° 2.74+1.37% 4.17+2.41"
E 0.00+0.00° 0.00+0.00° 0.00+0.00° 1.06+0.25% 1.41+0.00™
F 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
G 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
H 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
[ 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
J 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00

“ Different letters in the same column are significantly different (p<0.05).
P Different letters in the same row are significantly different (p<0.05).
" Nonsignificant in the same column and row (p>0.05).

A = okra and foam tray wrapped with PVC plastic film

B = okra with garlic and foam tray wrapped with PVC plastic film
C = okra with fingerroot and foam tray wrapped with PVC plastic film

D = control and foam tray wrapped with PVC plastic film

E = commercial and foam tray wrapped with PVC plastic film

F = okra with vacuum bag

G = okra with garlic and vacuum bag

H = okra with fingerroot and vacuum bag
| = control and vacuum bag

J = commercial and vacuum bag
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AIa (L* a* b*) UazA? hue angle

HANTIATIENAE L* wanafianuainavandngd ey
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TiAnnswasuudasdidntos den 1* oglugaa 55.00 - 6292
Fauansnatunisussalunaliaiudaenanadin (PVC) ognadl
Toddyn9ad @ (p>0.05) A1 a* wansdar1Aududunsves
wAnS ot TneAvouunsiu sedidnuueddsenmuy 1nHanis
meaemUd WossernansAuinwiiudy mamnududunses
vieuusiauR sl douRassansdeuianuilnald nvivuiug

=g
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s | o

a) Day of storage

c)

Day of storage

fuwluanaausllunnsnann ninendsuegafidudidyma
40 (0>0.05) Tnenavneluiudl 12 - 16 veamsifiusnw wenani
Fanuin1siad oUR LA AL IR dwEn At ANszis suLT 8
sudvasatansufisnussyluannegaainia Tnavdsuas
Amnududuas (a* = 3.66:0.50) tlesiign dmiud b* uansdis
AUt osvewandue wansd Figure 1(c) 91NNSVAEBY
WUIINTAR OURIVOULAIA ALGIAWAITAROUTRARY 9 dN1E
msmiﬁlLtazﬂjﬁmii@ﬁ’msﬁﬁLmﬂﬁhaﬁ’uﬂy’u danasion b* Tuyan
s laefuunlduiud ueg e dod A ynneada (p<0.05)
loszevnalumafiusnvuutu Savuitluiuil 16 vesnsifu
Srvmeuuadaussfiussylumalruiusaefidumanain (PVC)
ndeuieansatansyieuden asafnnsuleudensauiuans
afansiioy a7 b* gefianfe 12.13+0.89 uar11.930.29
MU denAgeiuleyar1A NI (L) Figure 1 a)

b) Day of storage

d) Day of storage

Figure 1 L* value a) a* value b* value c) and hue angle d) of and hue angle of fresh cut shallot during storage at 12 °C for 16 days.

A = okra and foam tray wrapped with PVC plastic film

F = okra with vacuum bag

B = okra with garlic and foam tray wrapped with PVC plastic film G = okra with garlic and vacuum bag

C = okra with fingerroot and foam tray wrapped with PVC plastic film

D = control and foam tray wrapped with PVC plastic film

E = commercial and foam tray wrapped with PVC plastic film

A3MAaeillda hue angle Wunasilunisivun
AN NKHANNTNARBINUIMIDENMDUUAIARUFAUATEUHT 10
wiheveass ergmaivinwduie 16 u ludesryuved
(hue angle) Simasmuaasdayluzis 0.56 - 1.38 Faslrraamyy
499819 0 - 45 9ar1 wanspud uduaunsisdduung
(McGuire, 1992) Tudiagnavauung Tnemuinvdnansindeuiama
10 ¥fla uazszazaMsiuinw 16 Tu denuuansneiuoeadl
Jed1Aty (p<0.05) deszevinamafvinvii ududiegns
veuunsdausTiadeuiin Suwnliunisdsulaidandiiaung

H = okra with fingerroot and vacuum bag
| = control and vacuum bag

J = commercial and vacuum bag

\Hudduuns Weiansanvdaussydnet Ao armlvuusiae
wanafin (PVC) wazgaeyeineviia nylon - LLDPE Wuinnisiy
fnwlneltneaaginia fimsdsundamesdluiietavouins
fidfesnitnisussaluanaliuiunanadn (PVO) etnsdivaddey
(p<0.05) maiusnwilugeagygmaaunsadesiunisdudadu
ornalddndussyluaaliuviesiunatain (PVO) 4913
WasuuasdlufninnndfasemaedimaiiAeadosty
woulead (enzymatic browning reaction) Iaglan1zus iRt
yosinikunsinuss il a1siviiufAzen (substrate)
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waroang it andudaiuans monophenol (Lifd) azgn
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o-quinone maum"dgﬂi&nmamummmﬂumaiﬂsmulmLﬂumsa
thina wasassiiudunediesifluanalve) wasdddnna
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wilnussyAnsinazan1Iznsusseild snflaumnzanfoz
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autwremansasadulladunuamitddyiiiedes
fulassadnaieadaed uog funs pretreatment ¥iAv09us9

FaeivIoan11zn15UITA LA uLazan NS UT AW
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SnvarnsmelauarnsmenveHananan Havesns 91N
Anmwiienuwiuiienuin viavesasideuiialdiinasion
AL UL DUDINA AT AT ORI wiin13Ussalugs
nylon-LLDPE “Luamazqayggwmmzszhmzaami@lﬁamm%u
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afnnsuid sudensaufuansatansuiiien wavansatnnszisou
WensauivansainnagnIsy1ev1Iussgns nylon-LLDPE Tuanmy
sy ﬁmnﬂﬁauuﬂmﬁwmmLLﬂuLﬁaﬁaaﬁqmmmmei'm
Aued 1l ded1Aynead @ Fadfrarund i owinfu
2169.33+0.15 ¢ uaz 1889.87+0.09 ¢ AU (Figure 2) aen
mmLmiul,ﬁa%?Tuﬁuﬁ’ﬁumigiylﬁaﬁmﬁﬂLﬁaiwmmmilﬁu
Shwniindy Wesmnldiiduileafusasnsduifatuifodenely
fdmalfusaduiliatuneluweduaraunsevvosnalian
anad (Thivya, 2022) WinldanAreuuiuieveseuLn A
figuluthndu indeudsanadevitansatnnnssisuden
ussglunaliuiudaeidunanain PVC Samnuuiuiioanas
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»
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Figure 2 Effects of edible coating types and packaging on firmness (g) of fresh cut shallot during storage at 12 °C for 16 days.

A = okra and foam tray wrapped with PVC plastic film

B = okra with garlic and foam tray wrapped with PVC plastic film
C = okra with fingerroot and foam tray wrapped with PVC plastic film

D = control and foam tray wrapped with PVC plastic film
E = commercial and foam tray wrapped with PVC plastic film

YAUAIINYTITIN
NANTTILATITATEAUAILEIITINYBINBULAIF AU T
H1UNSAARURINIEaNTARauTilang 9 YlinusTyamel way
AAMENTUUTIYTIUANGNITL NUTmeNLAsaLRsAReUR AL
vssgluaaliudifudefidumanadin (PVO) nminutusdu
dosvezalunafvinvuuiu dwalifiszifuauanuen
iwnLﬁwfuaa'wﬁﬁsﬁﬁzgmqaﬁﬁ (p<0.05) INHANITNAAD
wuiluduil 8 - 16 vesnsfivinvivenuasiindeuiiasgy
nsndsudeanazussglunialiuiudiowatain PVC fsgdy
AMNENTINGTidn TeszdununInedvegisedu 3
viouuAsausTAdoURILArUTIIUGY nylon-LLDPE Tuants
qzy,zgwmﬂﬁisﬁummm’ﬁmm?{aaaﬁisﬁu 1 Fasinninseiu
AuEMITIMeLANinLAiusslun el dunanadn

F = okra with vacuum bag

G = okra with garlic and vacuum bag

H = okra with fingerroot and vacuum bag
| = control and vacuum bag

J = commercial and vacuum bag

(PVO) (Flgure 3) N15UssreULARALAsluaIAl L NAI8 AL
¥iin PVC Hu omakazaTutuasnsadusilfdssalivouung
FAausadl % n1stAnsngs Tasazmwuinflensinedsegiiszdu 3
Tuduil 8 vesnisifiuinuluvenunsiaussiiiiunisiadeuiia
wazussylunialuly win15ussglugs nylon-LLDPE luaniie
aggniaty ldwuninfasnaasnszezinaininfuiny
16 Ju @eaAdeaiuLIT Obklin et al. (2019) A51891u3
vewuasAnussiusslugsaanaedielus (polyamide, PA)
fiszfumnuensnadsegiisydu 1 deussyinsisinadenisiin
510 Tneveuunsdausafi ussalunagyginiminsindind
veuLAsRauAsiUsIslunalrlssfuseflduanadin (PVO) f5e
NATENUINUTIA U AYINA (vacuum packaging) HiAu
wanzauiundnnad feandlaududadonsedulianns
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Wiguulaswesitemaniivazall Feenvdwalvinunn
Ypinannaanas (Denoya et al, 2015) Tuan12gy USu1a
pangluneluussydusigyayinialiegegeintn Inalisnsn

nsmelavewmdnraanainulumeaiusaveasnisidenann
wazdedneignisiivinwvewdanaliuiuduld (Ozkaya et
al., 2016)

Type of edible coatings

foam tray

wrapped with
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C D E

Type of edible coatings

vacuum bag

Figure 3 Effects of edible coating types and packaging on root sprouting of fresh cut shallot during storage at 12 °C for 16 days.

A = okra and foam tray wrapped with PVC plastic film

B = okra with garlic and foam tray wrapped with PVC plastic film
C = okra with fingerroot and foam tray wrapped with PVC plastic film

D = control and foam tray wrapped with PVC plastic film
E = commercial and foam tray wrapped with PVC plastic film

AR UTUNTA-929 (PH)

HaNTIATIEYAIAITUNIA-A1S (pH) YBavBLLASHA
ustlARBURIEANTARRURIYARY 9 ussRlunaliuiume
W PVC uazus39luge nylon-LLDPE Tuanizgeysyniaviia
wud AAnulunsa-ang (pH) vesveuuasinwsieglutg 5.92
- 6.61 (Figure 4) wariluualduiiuduegaidoddyniann
(p<0.05) luszminamsiiudnwigumnd 12 ssaiwaldea 1y
v 16 Tu ileananlussrinnmsfivsnviiuneuunsiauss

F = okra with vacuum bag

G = okra with garlic and vacuum bag

H = okra with fingerroot and vacuum bag
| = control and vacuum bag

J = commercial and vacuum bag

Failnsnszuaunismelaind udwmavihliusnansnanas
ADARADINUIIBITUYDY Abbasi et al. (2009) leadureinAiAIm
Junsa-srauineinnisid sunlasenududuveslelasiau
Loveulundanadazduiusiutunnuun-deu sasnsmele
warnszurunswnvedsulundanadiendnnaiidnsnismela
qwzLﬁﬂmilﬁlamLﬁ'EJ‘?JENwﬁmafuvi’ﬂﬁﬂ?mmmmaam
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Figure 4 Effects of edible coating types and packaging on pH of fresh cut shallot during storage at 12 °C for 16 days.

A = okra and foam tray wrapped with PVC plastic film

B = okra with garlic and foam tray wrapped with PVC plastic film
C = okra with fingerroot and foam tray wrapped with PVC plastic film

D = control and foam tray wrapped with PVC plastic film

E = commercial and foam tray wrapped with PVC plastic film

F = okra with vacuum bag

G = okra with garlic and vacuum bag

H = okra with fingerroot and vacuum bag
| = control and vacuum bag

J = commercial and vacuum bag
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nan1seTeiUsauuafi s imuauandlfiiug
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Taladl/nsu (Table 2) Usunadaduazsitiesnin 200 laladl/nsu
(Table 3) NSLARDUNDULAIFALFAIAILAITLARDURNIYTAR 9)
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Talifu 1x10° Taladl/nsu Srurudaddesndn 1,000 lalad/nsu
TIUIUT W8N 500 Lalail/nTu (Department of Medical
Sciences, 2017) flosanludumeunisiniouneuunsdiuneu
nsvianuazonmeasazatslufeulaluaaslsaanuitudu

200 ppm a‘quﬁ'aaé'uef&msm%zytﬁuimamﬁw%é Rico et al.
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Tansazasaaeiulunisdrsinauazenauazannisuuidou
v0393un3e nslanzlufenlsluaaslsd JeansUssnounaeiu
Fdeuldiseiuanududu 50 - 200 ppm svezatliiiu 5
ui uenandlarsiadoufind Waund uiinisidvansadaain
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nszerians geraniol fignilunisirunisiaiyiivinves
AUNTY @onAR 03I UTIBUVBY Klangmuang & Sothornvit
(2012) Wannlduiadaufaugaiag Tasyiduneusemeain
auulnslvewnavyin wu 39 lna wagnszvie uadluildy
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dns ansavranIsasaulnveRAuYEdld dmsuaniiznis
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Table 2 Total variable counts of fresh cut shallot during storage at 12 °C for 16 days

Total variable counts (CFU/g)

Treatment

0 Days 4 Days 8 Days 12 Days 16 Days
A Not detected Not detected Not detected 2x10° 3.1x10°
B Not detected Not detected Not detected 1.22x10° 2.8x10°
C Not detected Not detected Not detected 2.5x10° 3x10°
D Not detected Not detected Not detected 3.3x10° 6.75x10°
E Not detected Not detected Not detected 1.30%10° 2.15x10°
F Not detected Not detected Not detected Not detected Not detected
G Not detected Not detected Not detected Not detected Not detected
H Not detected Not detected Not detected Not detected Not detected
| Not detected Not detected Not detected Not detected Not detected
J Not detected Not detected Not detected Not detected Not detected

Table 3 Yeast and mold counts of fresh cut shallot during storage at 12 °C for 16 days

Yeast and Mold counts (CFU/g)

Treatment
0 Days 4 Days 8 Days 12 Days 16 Days
A Not detected Not detected Not detected <200 <200
B Not detected Not detected Not detected <200 <200
@ Not detected Not detected Not detected <200 <200
D Not detected Not detected <200 <200 <200
E Not detected Not detected Not detected <200 <200
F Not detected Not detected Not detected Not detected Not detected
G Not detected Not detected Not detected Not detected Not detected
H Not detected Not detected Not detected Not detected Not detected
| Not detected Not detected Not detected Not detected Not detected
J Not detected Not detected Not detected Not detected Not detected
A = okra and foam tray wrapped with PVC plastic film F = okra with vacuum bag
B = okra with garlic and foam tray wrapped with PVC plastic film G = okra with garlic and vacuum bag
C = okra with fingerroot and foam tray wrapped with PVC plastic film H = okra with fingerroot and vacuum bag
D = control and foam tray wrapped with PVC plastic film | = control and vacuum bag
E = commercial and foam tray wrapped with PVC plastic film J = commercial and vacuum bag
A3UNaN1339Y Y17 U5IInaIaAnuiin nylon-LLDPE Tuanizaqyayinia uas
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Packaging vacuum conditions. The samples were stored at 12 °C for 16 days. The results showed that
Quality change the optimum condition was coating fresh-cut shallots with Okra extract and Fingerroot extract
Storage life and packaging them in Nylon-LLDPE bags under vacuum conditions. Coating with edible coating
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Figure 1 Clinical signs of lumpy skin disease in cattle in the study area.
Generalized indigenous Ulceratic Nodular skin lesion

covering whole body.
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amplification (LAMP)

idueiataldanided ofamlnduusunadu
dmsuitededelada LSOV drewmaila LAMP Tngaonuuulns
weslidanusiwizdeduiisunizaeld olada LSOV 910
TUswnsu PrimerExplorer (Tomita et al.,, 2008) w384 LAMP
reaction mixture 25 lulasans Usnause 12.5 lulasans ves
DNA master mix (LavaLAMP kit), target-specific primer mix
Usznaulume 0.5 lulasans vee F3 way B3, 2.0 laulasans wes
FIP way BIP, 1.0 lulasans ¥ad FLP wag BLP, 1.0 lulasans ves
green fluorescent dye, 1.0 lulasans v89 template DNA uag
3.5 l0TASARS vo9 Nuclease free water ndsannduldnasn
vnaasasluias 89 Real-time fluorescent detector (Analytik
Jena instruments) LLasﬁdqquﬁm’%'aamuqmqmmﬁ Tnoisuil
n13 amplification 7 70 ssAgaldea 60 Uil uarAsTnw
gamilif 4 ssmwaioa Tng LAMP product @1sn3ai1an

ruNalavainuaneds lagauisaeulaainAinisisoaunasrasd
&faul Green fluorescent dye Tutiosuas FAM channel anni3eq
Real-time fluorescent detector Lag@u1sn81UMEAUA1A
ANUYUVDINENBU Magnesium pyrophosphate duaiiinen
N3YUA3eN waganIasuNalaaInnIsseIuas Fluorescent
N1umaen UV daenilan uenaini LAMP product @11150
ThanBudunany Gel fiauaz 2 e Agarose gel electrophoresis

AnwiAudnIg (Specificity) vaunatln LAMP

11 DNA v0aideviindu ldunide E.coli, Staphylococcus
aureus, Bacillus cereus waz Salmonella spp. 1 lalun159
LAMP reaction titevanusiimg Tagldfuaueynszsiide
Uiy annguauiesUjifnisgadainet ansdnimaniuay
wialuladnsinuns unnineaedaling

Al (Sensitivity) vesmnatia PCR wazimailn LAMP

dnwinnulalunisidadedelida Lsov veunaia
LAMP waz PCR Tnenisthiiduedianaliluwsasfegaunie
asliflauduturesiiueiianaduusaznasannass lnedu
GPCR avilszauanududuvosiiduiewonun  44.5, 4.45,
0.44, 0.04, 0.004, 0.0004, 0.00004 wag 0.000004 ng/pl
auasiv uavldfdueluudazsedunisidoanaundu Template
Tunsidedesiowaia LAMP waz PCR wlaldnanisvaaeu
aulvesazinefiaud thraulessikasiUioudisuiie
ihluldnsialunpauule

myeTgilazmauindlelng

Anwmauiiindlelndvesdu GPCR lngiayaves
anuiiedlelnaunieseiiussuiisunnumilsunasaneiuy
(Nucleotide alignment) fudayadfuiinnalelnsfisisionuly
GenBank suvukaziUTsuisuivatawug LSDV Laald
Geneious Prime (Kearse et al,, 2012) way 1Uskn5y BioEdit
(Hall, 1999)

nsleseivesaetugidelita LSDV

AWAs1eslagldlusunsy MEGA X (Kumar et al., 2021)
TWdmsuiameiitannaetugidola$a LSOV vesdu GPCR Tu
Uszineafifinisszuinveslsndud afu wWisudlsutiudduiing
Telnsveadolasa LSDV, SPPT war GTPV 81 9 lu GenBank
(Benson et al., 2013)
MITUATIEINNTIH

nsieseiteyalagldadifi@anssaun (Descriptive
statistics) {uANsuuiy Sosay Anade wazuanIdnvaEnN
W”uqnﬁwuau%yah%’a LSDV 1u Phylogenetic tree laglu
nsfnwadativhnsieseiteyafelsun
lalasweni 1ndwa waglusunsy R (Table 1)

NaWALITUINANITIVY
n19313a8EnTalasa LSDV aaenailn LAMP
o a & o ' Aa aa o v a <
Ao uef g 19N NNan1s IR ewAla PCR 10U
yIn LiNUSuududmsuinadedelisa LSOV atawmaiia
LAMP Tag/ldiaSa9 Real-time fluorescent detector 21NY9LaS
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FAM niudnfinisiiuduresnsmannvaeannass (Figure 2) uaz
othanguwaaneuuresnsiufiselunaoavaassine
AUA1 WAEEUNAINNIITBLES Fluorescent Mglivaen UV
wuAuy luidasasanaassiiaruuandsiuiiosdndes
iy Tnevaeniifinisfiuturesnsmainnissunaiivosuas
FAM #281A3 04 Real-time fluorescent detector i A211%u
uazileyianinA1ganduuas (Optical density, OD) fiA1aaT
AAY 600 Nm FBLATeq Spectrophotometer WUIMMADANAADI
Positive control uaz PCR+ lAn OD figaninvasaviaassaiuns
(no-Template control) uagvasaiilvina PCR {luau srunalng
Sowaz 2 ¥93 Agarose gel electrophoresis (Figure 3)

100

75

dRn

50

25

Control

5 10 15 20 25 30 35 40 45 50
Cycle
Figure 2 Analysis of LAMP technique by fluorescent assay in real- time
fluorescent detector in the FAM channel.

~a 1 '™

il

Lanel: Negative

Lane3: Negative
Lane?: Positive Lane4: Negative
Lane8: Positive Lane5: Negative

Figure 3 Analysis of the LAMP technique by running on a 2 % agarose gel

Lane2: Posiﬁv’e
Laneé: Positive

electrophoresis showing the amplification products Lane 1: negative, lane 2:
positive, lane 3: negative, lane 4: negative, lane 5: negative, lane 6: positive,
lane 7: positive, lane 8: positive.

msenwsuilnalensveadelasa LDV
Arngsasuiiindlolnauesdu GPCR 9nfegelagld

33nsimsividduilaadlelnduuy BTseq waziiothluh

Sequence alignment 1 o9 ANV BuUazFA1TUYEIEUT

alelnd waziudese il iuuinisvesdu GPCR vaq
o LSDV, SPPV uag GTPV 9 ngnudayalu GenBank nuindu
GPCR woi e sildiuindlelnd il eurfuide LSDVMWAS5944/
China/2020 (Luetal, 2021), LSDV/MWT732649/Hong Kong/2020
(Flannery et al, 2022), LSDV/MN598005/Xinjiang/2019 (Zan et al,
2022) wag LSDV/MZ577073/Nietnam/2021 (Trinh et al., 2022)
wnign Tnefiarundeuduvesdiuiaedlelvdfosas 100
Aswileuiuiuaeuge98 AF325528/Africa/Neethling/2490
(Chibssa et al,, 2021) ag¥ovag 99.40 wazlevlunSsudisuiv
oftogluidamieartu 1iun KF661977/SPPV/China/2013 (Ma
et al,, 2022) wag JN596275/GTPV/China/2012 (Su et al., 2015)
wudilanumiloutusyisesas 98 lnedaumilouiuves
aduiiandlelndsesay 100 wazdaumiauvesduilaeg
Inaiu LSDV/MN508357/China/2019 (Wang et al., 2022) uag
LSDV/MN598006/Xinjiang/2019 (Zan et al,, 2022) ogjii3ouaz
99.90 Uzl AU DUAUA VAW UT 81989 LSDV/AF325528/
Africa/Neethling/2490 (Chibssa et al., 2021) aq’ Sa8ay 99.20
venaniidevnluiisuisutudefiogluidaietu ldun
SPPV/KF661979/China/2013 (Yang et al., 2017) wag GTPV/
KF495252/ India/2015 (Kumar et al, 2021) #Wu319A314
willouruvesdduianalolndsesas 95.60 uazieuaz 96.40
puaay (Figure 4)

® Photchubur/NPR4/2022

® Photchaburi/KIK01/2022

& Photchaburi/BLO3/2022

® FhotchabunmE17/2022

® Photohaburi/NP19/2022

® Photchubur/BLI4/2022
PP145891: LEDV/Malaysia/2021
OR567413: LSDV/China/2022
ORZ32414: LSDWIn
ORzaza13; LSOV
OQEE5660: LSDW/C

©Q349695: LEDW/Thailand/2021
OFP22506; LSDV/CHinar2021
OFEDB34S: LSDW/ChINa/301 D
OM152411; LEDW/Thallanc/2021
©OM793803: LEDV/Raanla/2020
OM783602: LSDV/Rassia/2020
OL752713: LSDV/Talwan/2020

L
MW732649; LEDV/HoNgKoNg/2020
® Phetchabuii/DL10/2022

| KX764845: LSDV/ Neathiing-LSD vaceina-CBP

L
] KX7G4640: LSOV/SIS-LUMPYVEX VACeIns

Figure 4 The neighbor-joining phylogenetic analyses of GPCR gene in cattle
tissue sample with the GPCR gene sequences of LSDV, GTPV, and SPPV
available in the GenBank.

n1snsa9idesemsindelasalseaud sy (LSDV) Tuladay
matia Loop Mediated Isothermal Amplification (LAMP)
nsAnwIAUTIWIE (Specificity) voumaia LAMP Tu
nsasa9iiadidelada LsDvannnisnsaanusinnzlunsae
Wolada LSDV maewmada LAMP wuinaunsansiatdelasa
LSDV lémndegnsiinaaeulaglaiiaufasenduiuide £col,

Staphylococcus aureus wag Bacillus cereus (Figure 5)
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Figure 5 Specificity of LAMP assay to goat lumpy skin disease virus (LSDV),
E.coli, Staphylococcus aureus and Bacillus cereus. Lane M: 100 bp DNA ladder,
lanes 1-4: positive, lane 5: E.coli, lane 6: Staphylococcus aureus and lane 7:
Bacillus cereus.

wWiguiguawula (Sensitivity) vosunada PCR kag LAMP Ty
msnsaiitestialass LSOV

Wsegwedlaiiuanternisvestse LSD wadaméu
10 uazinUSunaesiduesie Nanodrop spectrophotometer
(Eppendorf BioSpectrometer® basic, Germany) faufiaziily
weaulilunisnsinididevesunazmeia nefduediads
IiiuSina 44.5 ng/ul wdmmiuhimduefiatalsunioasdu
GPCR A%saz 10 wh (Ten-fold dilution series) Tneilszuaany
Wuduvesiiduermunlunsazvaen i 44.50, 4.45, 0.44, 0.04,
0.004, 0.0004 W&z 0.00004 ng/pl MUY wazthduieiiards
Ihuasiidueiidenudrlunsdarseaulunaaouanalilunis
n52937981d 8% LSDV semaila PCR uazimailn LAMP
wuindethunesaidededemada PCR waziuneunade
Joway 2 V09 Agarose gel electrophoresis 48751N15MTIANUR
WSulevesdu GPCR Afanuituduasiigndl 0.04 ng/ul (10°
dilution) (Figure 6) Wevunasiaifadudewmaia LAMP wui
f8msnsnanuidueiimuduturesfidueiiteniigai
annsansIanuldag @ 0.004 ng/ul (10° dilution) & agandn
wiplla PCR (Figure 7)

M-1.-2 .3 4 5 6 7
— 107! 102 10> 102 102 10°
1,200 bp - - -

6

Figure 6 Sensitivity test of PCR assay in GPCR gene on 2 % agarose gel
electrophoresis.  Lane M: 100 bp DNA ladder, Lane 1: original DNA
concentration 44.50 ng/pl, Lanes 2-6: ten-fold serially-diluted DNA at 4.45,
0.44, 0.04, 0.004, 0.0004 and 0.00004 ng/ul.

Figure 7 Sensitivity test of LAMP assay on 2 % agarose gel electrophoresis.
Lane M: 100 bp DNA ladder, Lane 1: original DNA concentration 44.50 ng/ul,
Lanes 2-6: ten-fold serially-diluted DNA at 4.45, 0.44, 0.04, 0.004, 0.0004 and
0.00004 ng/pl.

mssyuiguIsnIsnsaidedelsn LSD lusiegnginaie
PCR A wpidn LAMP luituiidng

nan13n193 1950 alasa LSDV annsaegniden
(§1u2u 100 §10819) waziaeg 1wl o1 oamla (S1uau 86
f9819) Mewaila LAMP Lagwaila PCR 8 1unalayiasay 2
209 Agarose gel electrophoresis wuiwaiia PCR 2710818619
doaldnauan 26 ed1e Amdudesay 26 dregraileiie
Ranidslvinauan 80 fege Andudesas 93 Wethidueain
Frog1aene q uiinuSnabuiematia LAMP uwagians e
f18598ag 2 U89 Agarose gel electrophoresis WU31629819
Foaldnauan 36 fed1e Amdudesay 36 fregruilaiie
Raunidalinauan 83 dege Aanludovay 96.51 wanslliuin
wadia LAMP a1ansnnsinidadonidolafa LDV Idgandn
wella PCR (Table 2)

Tsa LD Julsaindeliafinelhiiamudemenis
wsnghaludrunisidesadad uaznisszumiliiinainu
gayldemaasugnaegranndmivuadnivazgnaivnssunis
uanlaialan (Bamouh et al, 2021) dn1sunsszuinveslsn
9819590152153 19 dn T unuasi I un LYy ga (Culex
mirficens wag Aedes natrionus) Wi (Riphicephalus appendiculatus
waz Amblyomma hebraeum) Waghiasiunn (Stomoxys calcitrans
wax Bomyia fasciata) Wonannil 1sa LSD @nansaunsideldnia
Yo uu wavsnluwilaiifnide (Tuppurainen et al, 2005)
ogslsfimunisdudalasasdlulroraduaumguoanisunsite
LSD wieaiantey (Elhaig et al., 2017) FathAsnsns1adedei
s narudud i adudnuneddglunisdesiunis
wnsnsza189es 1sa LSD Tulaqdulditnisnnaitadeuasdudu
nasemada PCR aghslsinunisidedelsamemaindayld
nafAeud19uIu uazdosdaRieg 1l e U UANTT &
iwdosiionazynansifimuideivg dwaliiAnmsaidiluns
tadelsanarenanelfifinnisgaydefinnduld aeandasiy
nan15398 MsilSeuifisuaulveanada LAMP wuinuinnin
waila PCR og 10 VN Wewsuduszeziiainiseruranuid
wiadla LAMP Tssazinanyszanas 30-45 unit Sawada PCR 14
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srozaszana 3-5 §2las wazdedliisnsigsennluniseu
WA Jauansnaainmadia LAMP ldnserunaainamnuguvients
Wasudvesujiseluvaeavaaes sliausuduiegdosd
mswaumailan1snsaidedelsa LSD Aivimdiuazusiug 3
zausadavanszuzallunIsidadunardianisaannig
adeldsnde msifadeidelita LSDV deweiia PCR Tuns
n579M18U GPCR 91nf19813 Tnanudndu GPCR 1 uduil
\eadesnsmsnseduliAnmsiiudnueadluuiinuseslse
waznagiiduiuvedleadlishadusagiaide (ELTholoth & EL-
Kenawy, 2016) Tuffaqduiududud dosnihunldlunisiia
USunamidwoui o3 daden i olada LSDV (ELKholy et al,,
2008)

Haqvuilfu GPCR fouthaldfuogrsunsnanslunis
asamseduluanavesvendelida Lsov lulauagnssde
(Cétre-Sossah et al, 2017) fogafithunnsiafiseaunuing
Sarmansranudelasa LDV ajﬂuﬁuasimﬁaﬁaﬁwﬂﬁﬁwu
sealsA (Awad et al, 2010) Fsgenindregaannidenasnndos
funemisefifinsinuumuiiiodeimfiinululafiuans
omsthevedisa LSD elafaaunsniiddineglduiuis 35 fu
waznsnsranuiiBuievestelianulduuds 3 o viltagy
Iginsifiuieghaiiensideseid olada LSOV anfeea
demundoufulussornmsinidelunsyuadealasUniudad
sreTIAdU 9 Uszanad 4-11 Ju wdamsiaigelada LDV ay
Wavsinameadslasaiiiled el (Tuppurainen et al.,
2005) fefuiedeusnaRmidalusheduiindmiunisnse
Fhademidolata LSOV unnnddhegnsanniden

Tunsdnnauirdlolndvendelada LSOV 91ndu
GPCR nuiilduiamdlelndimieusuiuidelada LSOV finy
Tulsvimadu Ussimaioauy wazdesns lngoraidululainng
svuluUszmalneinannisiidleafiaad sunannussine
Fanarsedaanmsidlednidelida LSDV mannumadiun
Wenfulssnadenans Sedmaldidolda Lsov inuludenin
wasyivugnssniloutuidelata Lsov Anvlulsenedu
UsswmAieauny uavgesns uenaniludiuiandlelndveaie
1% Lsbv ﬁﬁﬂmé’aﬁmmmem'wﬁuﬁuawﬁuﬁ:é’wﬁwm
Uszineiwan3ny (Neethling strain) iéntios Saduussmaiilad
msisusyunvettsa LD lutnausnlu Ja.e. 1929-1988 Amin
Wnnlunisszuinvedlsa LSD dufinsunsnszarsesnluly
nangUszmeduszsoziiaiuiu %wmﬁmmiﬂmaﬁuﬁ:ﬁuauﬁa
12%a LSDV anlnemannszevtiain1ssyuin aunsesiadieding
Wnszueluivedesuisamalnedwilndelhda Lsov
AnuludmiamasyTuazuszaruAsdusinisnateiug aud
WugnIsuTiuangsInde LSDV aewussadauazaiainide
1a%a Lsov AiszuinludanimmesySuazuszauaiduslilaifn
nnsindeantadudesiulsa LsD Aduiaiulssianide
\Jugougy? (Live attenuated virus vaccine) tiosinTadudily
TudmiamasySuazdaminuszaauAstusiduinfuaneiug
Neethling-type (MSD Animal Health) #1nn155zU R lUT 4170

ad o

wysySuazdminuszaiuAidusiinanTad uiildiugnssuves
Welada LSDV msasmileurdiuy
wan3NWINan

o

U Neethling strain a1nUsgine

MsIMANITIIEYBINSAsIaEeladE LSDV femaila
LAMP lusuddeas el wudrdanusunizgad osannlyl
\AnUfAgendnu (Cross reaction) Auldoriadu « fil¥nnasy
(Chu et al,, 2011) msiUssuisuaulilunisnsiaidadeves
wiadla PCR waznaila LAMP wulumaila LAMP fiaanulalunis
asINtedegeandunaia PCR faflennazdutunseanuuulng
woslumatia LAMP Wiflanudimneiigeteduiiiudming 3s
vnlfansaidasedohialdlusogeiifivsunawosiiswe
ou 1ileannuanisnegeuanulilunisnsaidedeusuenin
wada LAMP fanailags Sedsualsianunsaimumaia LAMP
ieflaziluitadelsadud afu Tunmauuld nserumasin
ANNYUYRINIINUATelunaennaasstenlavesnalin
LAMP nudluynvassmaasssinnuguilndidsiuusideriun
nr1ganduuas (Optical density, OD) fiA1819AAL 600 nm
ﬁaam%‘laq Spectrophotometer WU’imaamﬁﬁmiLﬁwfumad
n5M910N158 1UKaT Y 0auds FAM A281A3 89 Real-time
fluorescent detector azilA1 OD Agendinasnd lafin1s
Wiuduvaansl Fanan1381uA1ANYUINAINITYANE DU
Laefin1ue1IAAY 600 nm dAAdeIfuNITEUNATINATIN
#81A3 09 Real-time fluorescent detector Liiouu8una
IneSouay 2 ¥a4 Agarose gel electrophoresis WUIIAILITA
wennanisnaaeulddaiau aenndestuindfeidsieanuls
wusmada LAMP fa11ulafisedu 107 ng/pl uazlavin
Uﬁﬁ%mﬁ’m%@sﬂﬁﬂﬁu 9 (Mwanandota et al., 2018)

nsAnwegeiiinssruinvedsadud anu ludlui
fnwn iiessuiieudsyavsnmuarudunisinidelada LSOV
frowmaida PCR wazinailn LAMP lngldiogrsainideide
Ranfauassnegrndeniivluladeiiuanseinistaelse LD
wunssasaemaia LAMP Tinauinialudiogadenuas
feguanidieidefiviligeniunaiia PCR aenrdasiuseay
fifinsranululszimasade (Sprygin et al, 2018) wazUszine
anwgasluaiu (Zeynalova et al, 2016) Fadaunadi ba21n
nsdnuluadeinuinnisasiadedradenlinauinsinga
fegrailed eimdannidlensaadaetamaida LAMP waz
wmpila PCR denndasiusenuiseiiinsdnvumuindede
Ramfafinululafiuanionnistaelse LD WWelhdaaunsaiidin
ogldunils 35 Ju warasnsarmanuiiBueveatolifalduiy
fla 3 \dou dilstaguldinmsifuiediafionisitadeidolita
LSDV andnethadentuasdeaiulussesmsindelunseiden
TneUnfudanediszovinmdu q Ussana 4-11 Sy ndimsinie
12%4 LSV ndenniulsinameadehimndudinaiiiede
{1139 (Tuppurainen et al., 2005) Fouidedousamomied
Aaanseslsasafushegnsdindmsunisnsioitedonidelda
LSDV sewalia LAMP 11nn11@19819a1niden
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dyUnanside

nswmmALlA Loop-mediated isothermal amplification
(LAMP) dmsunsaifiasadolada LsDV Ainelsadul afulula
nwan1svaaesasUlainaunsatmaiin LAMP 11n5193iiade
Walada LsDv Idlaeimaiia LAMP farusimizgelaglash
UfRsenduiudedu 1 deseudisuamulilumsnnaitede
gandnvadla PCR 8nadg n1smunaila LAMP wieldlunis
as19idadelsa LD suuilezdosmilidadosnsuuidfewdu
ag19u7n 1l esanmadla LAMP daa1usinizuazaanulaf
ABuv19gs 01anelviianaulInUaeu (False positive) ld
wenanil fadesmisdaniseenuuulnsiues 4-6 are 143
anudumgseduliving Fannisuuiiseudlnswesing
Judues (Primer dimer) AagdanaliiianauinUasulaiauiu
Widnswaumaia LAMP lunsideselsaannaideilidu
desdunvuingy lunisihluldasdunrauinardeiinng

Table 1 Target genes for primers and their sequences

49

WA ANl uAUY0INITANALN UVBIYANTIT UAZNITLTY
auazAINuarsInTIlumAdadelsadndie

AnAnsIuUsENA
Tasan53d1309 mafaumaia LAMP ilensiam
Folafa Tan &ud afu Tula veveunm dninddeuasiamuins
9w dtinauauenssinsMIeTafne aduayununis
Fosuanermansd Iouazuianssn vililasinisideluaded
dufeqamuingUisasduarlilonaldiFousdsing 4 uwamis
Tumsudladameng q sadddiemnudetulunisiay sl
annsosfunuideluldegnesiu
veuauAM AMdRIAIanswazinalulagnisinens
UNINYIFeAaUINT INGUVAFITAWNANYTUT dUSUNIT
oA Rns Tanuargunsaidmiunuideluadel

Target gene Primer Length Sequence (5’-3)

LAMP FIP 44 ACAAAGAGCATTACATAATCCAGAATAGAAAAATCAGGAGGTGT
BIP 47 ACAAAAGAGGCAAAAAGTTCTATTGCAGAATTTTTATATCCGCATCG
F3 22 AAGTTACTTATATGCGAAAAGG
B3 23 GTGTTATCATCTTCTATAACAAC
FLP 14 CTGTAAAA CA
BLP 15 AACACTTTAGTTTAT

GPCR Forward 25 CCAATGCTAATACTACCAGCACTAC

Reverse 22 CTTAGTACAGTTAGTAGCAACC

Table 2 The results of LAMP and PCR assays for LSDV for samples from study area

Tissue detected positive

Blood detected positive

Sites Tissue Blood PCR  LAMP PCR % LAMP % PCR LAMP PCR % LAMP %
Ban Lat 38 38 35 36 92.10 94.73 11 15 28.94 39.47
Tha Yang 18 22 16 17 88.88 94.44 5 7 22.72 31.81
Kaeng Krachan 15 20 14 15 93.33 100.00 4 6 25.00 30.00
Nong Ya Pong 15 20 15 15 100.00 100.00 6 8 30.00 40.00
Total 86 100 80 86 93.00 96.51 26 36 26.00 36.00
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Lumpy skin disease (LSD), caused by a virus of the genus Capripoxvirus (CaPVs),
represents a significant economic concern in cattle livestock management. LSD has the
potential for rapid transmission, facilitated by blood-sucking insects that serve as
vectors for the virus (LSDV). Additionally, transmission can occur through direct
contact with infected animals, via the semen of an infected breeder, or transplacentally.
The disease is characterized by fever, enlarged lymph nodes, firm and circumscribed
nodules on the skin, and ulcerative lesions, particularly on the mucous membranes of
the mouth. A key to preventing the spread of LSDV in cattle is rapid and accurate
detection. Loop-mediated isothermal amplification (LAMP) assay is a novel technique
that works by amplifying the specific target nucleic acid at a constant temperature,
which is simple, fast, and easy to use in the field. The objective of this study was to
develop a prototype LAMP assay to detect LSDV from various cattle samples and
compare it to the conventional PCR assay. The results indicated that, of the 186 samples
collected (comprising 100 EDTA blood samples and 86 skin scab samples) from cattle
exhibiting clinical signs of lumpy skin disease (LSD), 56.98 % (106/186) tested positive
for LSDV using the PCR assay. In contrast, 63.97 % (119/186) tested positive for LSDV
using the LAMP assay, suggesting that the LAMP assay demonstrates higher sensitivity
compared to the conventional PCR assay. Moreover, sensitivity analysis showed a
detection limit of 10 ng/uL. The specificity analysis test showed no cross-detection
with other infectious agents. Additionally, the nucleotide alignment was 100 % identical
to the LSDV strains from China, Hong Kong, and Vietnam. The LAMP assay detailed
in this report is simple, cost-effective, highly sensitive, and particularly well-suited for
the diagnosis of LSDV in laboratories with limited equipment and in resource-
constrained rural settings.
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Figure 2 Growth of white yam grown at low plant density (100x100 cm) at 30
(a1), 60 (a2) and 90 (a3) days after transplanting (DAT) and high plant density
(50x50 cm) at 30 (b1), 60 (b2) and 90 (b3) DAT.
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Table 1 Soil properties at the experimental site
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pH Organic Matter Available Phosphorus (Avail.P, Exchangeable Potassium Soil Texture
(OM, %) mg/kg) (Exch.K, mg/kg)
5.46 0.44 54 66 Sandy loam

Table 2 Means for vine length and number of nodes of vine of white yam at 30, 60 and 90 days after transplanting (DAT)

Spacing Vine Length (cm) Number of Nodes of Vine
30 DAT 60 DAT 90 DAT 30 DAT 60 DAT 90 DAT
100x100 cm 72° 135 157 7.65° 1491 16.79
100x80 cm 68° 157 164 8.45> 16.62 16.56
80x80 cm 78 140 158 9.95% 14.82 17.31
80x50 cm 89° 131 157 10.90° 14.77 17.99
50x50 cm 105° 145 166 11.35% 15.65 19.25
Average 82 142 161 9.66 15.35 17.58
F-test ** ns ns * ns ns
CV (%) 9.88 10.52 12.40 14.16 12.80 11.61

ns, ¥, ** = non-significantly different at P<0.05, significantly different at P<0.05 and 0.01, respectively.

Mean values with different letters in each column are significantly different at P<0.05 by LSD.
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Table 3 Means for vine number and number of vine shoots of white yam at 30, 60 and 90 days after transplanting (DAT)

Spacing Vine Number Number of Vine Shoots
30 DAT 60 DAT 90 DAT 30 DAT 60 DAT 90 DAT
100x100 cm 1.45 2.75 3.59 2.45 3.09 3.49
100x80 cm 1.35 2.33 3.38 2.15 3.47 3.64
80x80 cm 1.25 2.53 371 2.25 3.48 343
80x50 cm 1.30 2.58 2.98 2.95 2.99 3.35
50x50 cm 1.50 271 3.26 2.55 3.60 3.78
Average 1.37 2.58 3.38 247 3.33 3.54
F-test ns ns ns ns ns ns
CV (%) 22.02 11.33 21.05 18.41 17.85 7.36

ns = non-significantly different at P<0.05.

Table 4 Means for leaf number and leaf length of white yam at 30, 60 and 90 days after transplanting (DAT)

Spacing Leaf Number Leaf Length (cm)
30 DAT 60 DAT 90 DAT 30 DAT 60 DAT 90 DAT
100x100 cm 8.90 21.33° 34.28 12.25¢ 12.38 13.42
100x80 cm 9.90 29.40° 33.50 11.73° 12.38 13.47
80x80 cm 10.55 28.04° 34.08 12.36™ 12.84 13.45
80x50 cm 11.10 26.04%° 37.58 13.01%° 13.16 13.90
50x50 cm 13.10 29.11° 37.88 13.39% 13.45 13.96
Average 10.71 26.78 35.46 12.55 12.84 13.64
F-test ns * ns * ns ns
CV (%) 16.87 12.74 14.99 4.84 5.95 5.94

ns, * = non-significantly different at P<0.05, significantly different at P<0.05.
Mean values with different letters in each column are significantly different at P<0.05 by LSD.

Table 5 Means for leaf width and leaf petiole length of white yam at 30, 60 and 90 days after transplanting (DAT)

Spacing Leaf Width (cm) Leaf Petiole Length (cm)
30 DAT 60 DAT 90 DAT 30 DAT 60 DAT 90 DAT

100x100 cm 7.84 7.96 8.21 6.37%" 6.44 7.12
100x80 cm 7.34 7.35 7.7 5.81° 6.19 7.07
80x80 cm 7.57 7.89 8.00 593" 598 6.92
80x50 cm 7.96 8.02 8.38 6.49° 6.61 7.08
50x50 cm 7.55 7.62 7.73 6.55° 6.65 6.86

Average 7.65 777 8.01 6.23 6.37 7.01

F-test ns ns ns * ns ns

CV (%) 12.27 6.11 4.84 5.11 8.96 8.92

ns, * = non-significantly different at P<0.05, significantly different at P<0.05.
Mean values with different letters in each column are significantly different at £<0.05 by LSD.

Table 6 Means for tuber yield, tuber weight/plant, tuber weight/tuber, tuber number/plant, tuber number/rai, tuber width and tuber length of white yam at 8
months after planting

Spacing Tuber Yield Tuber Tuber Weight Tuber Number Tuber Number Tuber Width Tuber
(kg/rai) Weight (g/tuber) (tubers/plant) (tubers/rai) (cm) Length (cm)
(g/plant)
100x100 cm 1208° 755° 99% 7.75a° 9690 7.75 9.00
100x80 cm 1418 739° 90* 8.25° 13840° 8.00 10.25
80x80 cm 1652° 688" 102° 6.75" 14840 9.00 10.50
80x50 cm 1497° 368" 85° 4.75° 16920° 8.25 10.50
50x50 cm 2164° 339° 68° 5.00° 30238° 8.50 9.75
Average 1588 578 89 6.50 17106 8.30 10.00
Fotest o . o . o ns ns

CV (%) 11.00 23.96 10.75 11.58 10.05 10.94 1235

ns, ** = non-significantly different at P<0.05, significantly different at P<0.01.
Mean values with different letters in each column are significantly different at P<0.05 by LSD.
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Table 7 Correlation coefficients between growth parameters evaluated at 30 DAT and yield traits evaluated at harvest
Traits Vine Length Node Number Leaf Number Leaf Length Tuber Yield
Node Number 0.886
Leaf Number 0.939* 0.919*
Leaf Length 0.967 0.853 0.834
Tuber Yield 0.864 0813 0.957* 0.725
Tuber Number 0.924% 0.815 0.977* 0.797 0.963**
*, ** = Significantly different at P<0.05 and 0.01, respectively.
Table 8 Economic benefits of white yam production
Spacing Cost (Baht/rai) Income" (Baht/rai) Net income (Baht/rai) BCR
100x100 cm 17,690 42,280 24,590 2.39
100x80 cm 18,165 49,630 31,465 2.73
80x80 cm 18,759 57,820 39,061 3.08
80x50 cm 20,540 52,395 31,855 2.55
50x50 cm 23,390 75,740 52,350 3.24
Average 19,709 55,573 35,864 2.82

Y Income was calculated from the yield multiplied by the price of yam at 35 B
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ABSTRACT

The cultivation of white yam (Dioscorea alata L.) at appropriate planting spacing can
reduce production costs for farmers and increase crop productivity, income and
economic value in the region. The purpose of this experiment was to study the
appropriate plant spacing for white yam production. The experiment was designed in a
randomized complete block design with five spacings and four replicates. The spacings
were 100x100 cm, 100x80 cm, 80x80 cm, 80x50 cm and 50x50 cm. The experiment
was conducted under field conditions at Chaiyaphum Agricultural Research and
Development Center, Na Fai Subdistrict, Mueang District, Chaiyaphum Province, from
April to December 2023. Data on growth parameters, tuber yield, production costs,
income and the benefit-cost ratio (BCR) were recorded. White yam plant spacing
significantly affected vine length, leaf width, leaf length, and leaf number. For white
yam, a plant spacing of 50x50 cm resulted in the highest values for vine length, leaf
width, leaf length and leaf number, and this spacing was also high for other growth
parameters. The plant spacings were also differed significantly in the tuber yield of
white yam. Planting white yam at 50x50 cm spacing gave the highest tuber yield and
was the most rewarding investment. Planting white yam at 50x50 cm spacing was most
suitable for white yam production, both in terms of yield and investment value.
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Table 1 The farmer’s knowledge levels on biotechnology to decomposes floating rice stubble.

Knowledge levels on biotechnology to decompose floating rice stubble Frequency Percentage

Moderate knowledge level (5 - 8 scores) ar 37.0

High knowledge level (9 - 12 scores) 80 63.0
Total 127 100.0

Mean = 8.06, Max = 12, Min = 5.

Table 2 The farmer’s opinion on biotechnology to decomposes floating rice stubble.

The opinion of biotechnology to decompose

Mean' Standard Deviation Opinion levels?
floating rice stubble
Features 4.10 0.798 High
Processes 4.05 0.889 High
Benefits 4.05 0.775 High
Total 4.07 0.821 High

! The average was calculated from the level of opinions as follows, 5 = Mostly agree, 4 = Strongly agree, 3 = Moderately agree, 2 = Slightly agree, 1 = Least agree.

2 The opinion levels was as follows, the average: 3.67 - 5.00 means high agree, 2.34 - 3.66 means moderately agree, 0.00 - 2.33 means little agreement.
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Table 3 Comparing averages the opinion of biotechnology to decomposes floating rice stubble by basic personal characteristics

The opinion of biotechnology to decompose floating rice stubble

Basic personal

Features Processes Benefits Total
characteristics
t/F-test p-value t/F-test p-value t/F-test p-value t/F-test p-value
Gender -0.700™ 0.485 -1.305™ 0.194 0.007™ 0.994 -0.785™ 0.434
Ages 1.655™ 0.195 0.480™ 0.620 2.718™ 0.070 2.195™ 0.116
Education level 0.616™ 0.542 0.608™ 0.546 1.487™ 0.230 1.297™ 0.277
Number of household 0.672" 0.512 0.974™ 0.380 1.473™ 0.233 0.540™ 0.584
members
" Means not statistically significant at the 0.05 level.
Gender = t-test / Ages, Education level, Number of household members = F-test.
Table 4 Comparing averages the overall opinion of biotechnology to decomposes floating rice stubbleby economics characteristics
The opinion of biotechnology to decompose floating rice stubble
Economics characteristics Features Processes Benefits Total
F-test p-value F-test p-value F-test p-value F-test p-value
Floating rice planting area 2.198™ 0.115 0.732"™ 0.483 1.068"™ 0.347 1.899™ 0.154
Land tenure 1.036™ 0.358 2.547™ 0.082 2.842™ 0.062 0.331™ 0.719
Floating rice planting 3.637 0.029 0.701™ 0.498 3.256 0.042 3528 0.032
experiences
Income from Floating rice 2.618™ 0.077 0.583™ 0.560 0.513™ 0.600 1.658™ 0.195
planting
Expenses from Floating rice 2.809™ 0.064 0.277™ 0.759 3.303" 0.040 2.876™ 0.060

planting

" Means not statistically significant at the 0.05 level.
* Means statistically significant at the 0.05 level.
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Table 5 Analysis of the correlation between knowledge and opinions on biotechnology to decomposing floating rice stubble

Knowledge of biotechnology to decompose

Farmer’s opinions r p-value The result
floating rice stubble
Features -0.045"™ 0.619 No correlate
Processes -0.237" 0.007 correlate
Benefits -0.077™ 0.390 No correlate

" Means not statistically significant at the 0.05 level.
** Means statistically significant at the 0.01 level.
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ABSTRACT
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The objectives of this study were to study 1) basic personal and economic
characteristics,2) the knowledge about biotechnology to decompose floating rice stubble,
3) the opinion on biotechnology to decompose floating rice stubble, 4) compare the difference
between study personal and economic characteristics of farmer’s opinion and 5) the relationship
between knowledge and opinions of farmers regarding biotechnology to decomposing floating rice
stubble. The sample group consisted of 127 farmers who grew floating rice in Pitapian Subdistrict.
Data were collected using an interview form. Statistics used in data analysis include percentage,
mean, standard deviation, t-test, F-test, Least Significant Difference (LSD), and Pearson’s
Correlation Coefficient. The results revealed that most of the farmers were female 52.80 % had
an average age of 56.93 years, graduated from elementary level 52.80 %, had an average household
member of 2.94 persons, had an average floating rice field area of 27.32 rai and the most of hold
the land by lease 42.50 %, had an average experience of floating rice planting 21.02 years. Farmers'
overall knowledge about biotechnology to decompose floating rice stubble was at a high level of
80 %. Farmers' opinions on biotechnology to decompose floating rice stubble were generally high,
with an average of 4.07. The results of comparing opinions revealed that farmers with different
experiences in growing floating rice stubble had different opinions regarding biotechnology to
decomposing floating rice stubble overall with statistically significant at the 0.05 level.
The knowledge and opinions of farmers regarding biotechnology for decomposing floating rice
stubble were related in terms of the production process statistical significance level of 0.01.
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AnLianaleiEnsinzganieadiAadunidudnany 2-6 ml
wazyiN1TUsEuANA YRS cocyte Nelindasqanssmiuuy
tanasle lnedauwuansanudnuiutuvesfydasad (cumulus
cell: CCs) oocyte t1nsa A &l CCs wnn11 4 FU LATa B 3 CCs
3-4 4 1n3a C & CCs 1-2 Funsa D 14l CCs wazinsm E & CCs
N3¥1UFILAITOUABN oocyte (Merton et al., 2003)

Tunisveassfiidenld oocyte 1N A wag B laeia
oocyte MR 19AEUIET TCM-199 1UIU 4 AS9 UDNIINUULN

oocyte 91U 20-25 Tu wuwziasslu drop v89ue1 TCM-

199 ﬁIL?ﬁ‘u FSC 10 %, penicillin-streptomycin 1 % (v/v), LH
10 yg/mL, FSH 1 pg/ml way estradiol 1 pg/mL laguuenis
naassoenifu 4 ngu n&saniullaviudae mineral oil (sigma,
M-8410) Yanduaan 22-24 $lue luduanfigamgd 38.5 °u
arsveulneanlasd i seau 5% Aud ui svAu 95%
(Shamsuddin & Rodriguez-Martinez, 1994)

2) Msufausuenieanig

vvaentnd eutuds (fozen semen) uviavanely
hguiigumgf 37 % Wunan 30 Judl davasaudatiluvh
nsAndeneddnuduseiemaia TeTuduuy (swim up)

9

ednFenegInnIeuUaus lneUanUassunyeusiiuneou

nagAnaNg@AnUasnlievuin 5 mL naenag 150 uL Ada1s

azang Tyrode’s albumin lactate pyruvate (TALP) 8gUSuns

'
a

2 mL 913 3 naearengunaaet iluvuliioamal 38.5 %
asvaulaoenledseiy 5% aruduiisedu 95 % wiu
45 w1 gaduUIuIng 1.5 mL veudazvasnldlunaiadn
yua 15 mL Ui umisasoind ostumise (Fu LMC 3000,
Biosan, Latvia) 71 1700 seusewit \wany 5 wiit sty
gaduvuiiidnuaslaoon uaz thdwmesmznoussd Usuns
1000 L 1 Feansluthen TALP Usinas 2 mL wdsannturily
JumTesdnadedl 1700 sesdourd (unan 2 uift udage
dauuudia uarduanuitudueadifevumnududuresesd
gaviefe 1x10° #2/mL luven L unen TALP-IVF Tasiasu
EFAF-BSA 5 mg/ml (Sigma, A6003) LaglaU13 uauigudu
10 pL/mL (Leo, Denmark) w&sINtu oocyte 3MUU 20-25
Tusndusauuegdluthen TALP-IVF U5uns 100 pl Jasfudae
mineral oil wd1Uslud Ao uund 38.5 % W sefuauTy
95 % wavAsueulaeenluriisedu 5 % Wunaiu 18 4alus
(Shamsuddin & Rodriguez-Martinez, 1994)

3) MsnsashdeuLensIseY

e oudiiunisufausiva (presumptive zygote)
vnsuendydawadiidensevoanlagldliunuiy uazdnslu
1181 CR 1aa (Rosenkrans et al., 1993) 9717y 4 afa antfu
818 oocyte vouziindnlalng (presumptive Zygote) 914U
20-25 Tu asluthen CR 1 aa USuns 50 pl a5y BSA 3
mg/ml Yaviu mineral oil UuLgaﬂiuﬁﬂu tri gas Co, (Model,
3131 Thermo scientific, USA) flgaumail 38.5 % fisvduanutu
95 % Arsuoulaeanlad 5 %, lulnsiau 90 % wazeondLau
5 9% ndsanufaus 72 $2lus innsussidunisufausainnis
WUIAIUBIA 80U (cleavage rate) wdnduinsuuile
fudagadetrados 4 wwad deaslutiien CR 1 aa Usuims

50 pL ita5u BSA 3 me/ml Jasiu mineral oil Wdealug Uy
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tri gas Co, ﬁqmmﬁ 38.5 %y prsuaulaeenled 5 % lulnsiau
90 % wATENTIAY 5 % FudeTudl 8 Tuiinnaiduuilessey
Blastocysts (Shamsuddin & Rodrigurez-Marting, 1994)
anuiinIsnaae

Mol URnamalulagdinmmiedn madndaimans
AMTINUASANEANS URINYITLVDULAY LazAMTENIAERS LAY
malulagnisinens aninetaedaling
nmaAvdeya

Asnzidsaiaseulauens el Tuiingnsnnis
Uaus wazdniniswauivesdlisaulussey Zygotes hay
Fagousses blastocyst lutuil 8 Sasinsndusniamnnends
nsududauasrnazans wazthnduindeduhendeseeu
BAUNITANTUNITNAREN

n15338Usznaulualy naswasu Linoleic acid albumin
(LAA) uag conjugated linoleic acid (CLA) Tuhenuwzideah
goulroigiaust 2-0 wad sednsWaLgszes blastocyst

1) Msiasy LAA1u1§781L§8ﬂﬁuéauﬁaﬂ15ﬁmu1§izEJz
Blastocyst 1¥ununisnaasuuy CRD thislalafuileswnians
\iU oocyte AifiamAINTZAY 1 uar 2 tanidsslutien vm
nsufausiveadlafiuies auAinsildnannunudadisi
Aenaenisuausii Zygote wd saluthen Ve iduaan
48 Falus Mnduhisseustes 2 wadtullundsduhendes
f80u In vitro culture (IVC) 7 fd1uNauv09 LAA (Sigma, L
9530) 0, 1, 2 waz 3 mg/ml L?ﬁyaﬂuﬁj’l,ﬁyawﬁ’aa'aul,t,uu Tri-gas
Wasuthen IVC 50 % n 2 Yu iiudeyanisiaeuissses
blastocyst nendinsufauslu 8 Tu

2) sy CLA Tuthendesfgausenisiaungszes
Blastocyst T4ununisvaassuuy CRD thidlalaituilownians
\fiu oocyte AifinanIngzdiu 1 uay 2 thanidedluie VM ¥

a

nsuausiuegdlanwiios A1uITN15ANE1INILA U190

n1enaIn1suaus 1 Zygote unasslutien Ve iuan
48 wu. Mntufseusyes 2 wads uldunasduieniil
duranYod CLA (Sigma, L05507) 526U 0, 0.1, 0.2 thag 0.3 un/
1a. 1501902818 Lazld9919A T UNITAINAILUZUIVD
U%ﬁwﬁmamgmﬁ {BB9BoULUY tri-gas; 90 % N, 5 % O, uay
5 % CO, gungd 38.5 %% ANTU 99 % LWasuLhe 50 % N
2 u iiudeyadiuiumiseuiiiannissyey blastocyst ieeny
8 Yu tuniuivhnsufaus

MTUATILINNEDH

HaNIvARBIlardeyasmuAzgnINIAIATIERAIIY
wUsUs2U (Analysis of Variance: Anova) n1elin1snnaes
LUU Randomize completed block design (RCBD) UM
Fostu 95 % waziUSeuiieuanuuansiwesanady Tagld3s
Duncan’s new multiple rang test (DMRT) TaaldTusunsu
d1593U SAS (1998)

NaLazATaINANITINY

WavedInI15tasy linoleic acid albumin (LAA) Uag
conjugated linoleic acid (CLA) Zuifw%W754§”EN¢7°’1JE/E)1JZ%7§J
sl 2-4 wwad AadhsmIsHAgszey blastocyst Yeeiagou
Initudlos

1) waveen1sta@sy linoleic acid albumin Tuu™en
waLgaﬁﬁaéaﬂﬂﬁiaé’mwﬂﬁﬁmmﬁixw blastocyst U846

gaulan uidod nuIIN15L@5 Y linoleic acid albumin (LAA)

a

A52AU 01 2 way 3 Un/4a. Luu181LE 898 0ulAN WLl B4

dy = 6 g U = (:%’ =
wazgnuaufiuesusidudsusdszey 2 i 4 wadduldauda
szoy blastocyst 4u n1sasuluszav 2 way 3 me/ml Tinann

NINGUATUANKAZNENTETY 1 mg/ml Aauanslu Table 1

Table 1 Effect of supplementation in embryos culture medium with linoleic acid albumin (LAA) on blastocyst embryo production rates (15 replications)

Treatment No. of 2-4 cells embryos % of oocytes developed to 8 days
blastocyst (x  SD)
Control (0 mg/ml) 215 311+ 1.6
LAA (1 mg/ml) 220 313 +4.1°
LAA (2 mg/ml) 225 26.4 + 3.5°
LAA (3 mg/ml) 209 25.6 + 3.4°
P-value 0.0081

2b Means within a column with different superscripts are statistically different (P<0.05).

1 mg LAA /ml was about 940 pM.
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2) #AYDINITL@S Y conjugated linoleic acid Tuue
WnzldesigaulasresAte 2-4 wad sednsnsiangseey
blastocyst vesfa0auUlAN UL DY WUIINI5LETY conjugated

linoleic acids (CLA) 56U 0.1, 0.2 uag 0.3 me/ml luhen

T ¥ ‘o -
Weadgaulanuilos uaggnrauiuiloqusviiu Msiasu CLA
Tuszav 0.2 waz 0.3 mg/ml THERTINITNAIUIVDIAIEBUIDS
s8¢ blastocyst i 8 Tun1enden1sufaus daninisiasun

5AU 0.1 mg/ml uagnguaiun Aauandly Table 2

Table 2 Effect of supplementation in embryos culture medium with conjugated linoleic acid (CLA) on blastocyst embryo production rates (15 replications)

No. of = 2 cells embryos

blastocyst Embryo (%)

Group
Control 0 mg CLA /ml
0.1 mg CLA/ml
0.2 mg CLA/ml
0.3 mg CLA/ml
P-value

221 321+ 48
227 330+ 3.3°
229 28.1 +3.9°
228 241 + 3.8°
0.007

2% Mean in the same column with different superscripts are statistically different (P< 0.05).

0.1 mg CLA/mlwas about 357 pM.

msndadsaulaneliviesuiinistunumainntuluns

Wuuvdsigouailuiinussanslaiugisely Tnsdalng)
thlugerndusiasuluguuuuisouan sisiiilesandgoud
nann1eld el uanisdanuliseninudenieainnis
wiuds e suiisuiuiigeniiinanualalaenss e
nsvunumsweneRuslnemalulad superovulation fistifiasani
soufiiunssdnmeldviesufoinsiivanm lipid meluswadgs
devhnsududauagyhazaneds eudalarudemeninnd i@
gouanuila JsladnsAnwtisnisan lipid droplet Tuld (oocyte)
LAazE 19 AULAYNITNTS M9 9 SAUAINITLAT UAS
Tuthendesdsanlmgidunsinululansegaglsd Tumsing
ﬂ%ﬂﬁyﬂmzﬂg’j5’81(5(57L‘Ij“IJﬂﬁﬁﬂEWI@EJI‘ZTI‘U'R]’lﬂIﬂﬁyuLﬁENLLEW
QNNALIUTMA fuituitedasimsufeuslufesufoinisiediie
Taftuidles

navaan sty LAA luhendssiiseudaud 48 Falu
Mendin1sufaus (ssevdssann 24 wad) Tusedu 0, 1, 2, uae 3
me/ml (1310, Uszanas 940 pM LAA) audefudi 8 anendanis
Ufjaus (5ze¥ blastocyst) Fswuinnguaiuay uaznguiiiaia LAA
fgansiimungszey blastocyst ganinnguiaialuseiu 2 uay
3 me/ml wamsliuinnsiey LAA luseduigadvlulifunad
fenswamLigeu denrdatiusenuuas Hochi et al. (1999) %
WU LAA '17|"isé’uquﬁmalﬁwiamiﬁwmﬁum blastocyst A1AIINE
audanayagdanysan lipid peroxide Fa191n linoleic acid
fnanszviuronskuawas laeilsnea1uin polyunsaturated fatty
acid (T34 LAA) TA978M1ShULTaaTEey 1 9528Y 2 1Wadued
g eunydadlefinaaiuasiueyyadastluiendsaioou
wuinaansaant el le (Nonogaki et al. 1994) @enndoaiiu
Hendrikx (2016) & 1518913111818 asiasouildl inoleic acid

limsnanvesiiseuludssyey blastocyst anas

nmsiesy CLA Tuihendosgoutessey 2-¢ wad
(naansUfaus 48 wu.) Aen1siau1audeseey blastocyst
Tnevhnisiasufisedu 0, 0.1, 0.2 way 0.3 mg/ml (0.1 me/ml
Uszunad 357 pM) wuinn1siasy CLA 536U 0 wag 0.1 me/ml
Tdnsueanmsianngsyer blastocyst 7 8 Ju ndsnnsufaus
497 528 0.2 wag 0.3 mg/ml wN91nil Absolon-Medina
et al. (2014) 518971U31A15L @50 CLA ¥ilni o Tuil 7 ey
100 uM LU Nan e MIINITHAUIVDIA D B UIUNITLEY
blastocyst wazdldsenuinnisasy CLA ludhendssgey
2AU 20-200 uM Wuszeznateuuinadenonuniniisou
Tunsfinwilviinisiasy CLA Iuﬁwml,gmﬁaéauiwdwmq 2-8
JuBarpudrseunidenvdmadosonsiaundisould wans
@31 LAA uay CLA luthendsssgeumusziuaududy
syduivihnnsAnuni 3elilalinanan blastocyst umneaan
ngumuauuaziinadoilioldaududuiigs uivnadu LAA

gfl9 0.3 % Ailuase lipid bilayer IneviliBaiuigadiniig

Y

¥
I~ ' =

Bavejugaty unisusulssesdusznouvendeefueadls
(Hochi et al., 1999) wona i Leao et al. (2015) 57897197
M9Lasu CLA Sefldrumansendng trans9, 11 uag 10, 12-CLA
isomer Waluszey IVM sﬁﬂL“f]u"d’mﬂﬁﬁmuwuamgiaﬁmaqvlﬂi
Aoufi sz luufaus wazszey VM + IVC (szpgiiuly-nds
Ufaus-fusseu auils blastocystc uenand uandliidiuiy
nstasy CLA Tufinaanu3una lipid Tu wadlduazdisau
(Pereira et al, 2007) Snvsluidpuulaasdusynovvedlausiud
Lﬁaﬁ:uL%aé (Leao et al,, 2015) wardnusznsuila fis1eeuin
ldvedlansenaduifieiiusunn lipid droplet geninlansznaglsy
(Ballard et al., 2006 ; Pereira et al., 2016; Lopez-Damian et
al,, 2018) maamu‘lmﬁmﬁmLLazQﬂwamiﬂﬁﬁuﬁuLﬁm Fadu

wnasvaslinvhnsfnwtudadunquidiludululy (cocyte) g
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Nan1sAn i nuinensinissenvesiasouliiaay
unnsneiulumeada FannsAnwvesinddeviudutu Hochi et
al. (1999) T&51891u31A151E5 8 sericin Aaumsyey zygote
finasiofeouszyy Morula

1151891UN15A nwnanslfiul snavesn1siasy
tran -10, cis-12 CLA Tutfien VM danadvenmuninla nnevds
n1sufaus (Matos et al., 2015; Collade et al., 2015) 53ud4
narvosnsiesyluodssfisoususszes zygote (Perera et

al., 2007) WA N15A N¥1Y8 9 Absolon-Medina et al., (2014)

=

FANBINAVDINITLATN CLA 98ln cis-9, tran -11uag tran -10,
Cis-12 MaTEAULAYTIITEELIAWIT 9 VOINSHALIA WA 5202
oocyte AUfl1588E blastocyst AoAMAINAIB B UlAYTE YT
Cis-9, tran-11 i1y wars1ea1ud 9 1Hiusn n1sias
cis-9, tran-11 Tusgeznawmliasldanududuamusmniesa
Tuspey 36 Falusgarismsasilussduanududuiigaduna
nsfnwaiiigsuanAainsseuduoraidewnainseiunis
wesuansfidstulasgrawandendu q dafu ddildndraan
196U

wona1nd 91nn15Anwa fatty acid 43U oleic acid
(Adema et al., 2011; Karasahin, 2019) 51891471 NaR 6 DAY
gauunna linoleic acid warfisneauinivifedlnensaiu
cryotolerance (Absalon — Medina et al., 2014) wa ﬂuu%']m
VM Pa51a3u FBS szduusyanas 5 % iesan #5u fuasenis

dzauU3unan lipid Tudseou

d3UNan13IY
nsfnwdansuuussnmstauesiiseulafiuides
warussisugnuaniuiiosnydn navesnisiadu Linoleic acid
alburmin (LAA) lutheidessasousaus 48 $alus nendenis
Ufaud (seegUszann 2-4 wad) Tusedu 0 1 2 uag 3 mg/ml
(1 10, Uszanns 940 uM LAA) qufieiuil 8 mevdsnisufaus
(5¢8% blastocyst) T9NUIINGUAIUAN UALNANT LATY LAA
fidasniswamngseey blastocyst ganiinguiliadulusediy
2 uar 3 mg/ml LAonIINIT5enT0IR 0 aullLANA UTENIN
Jass dauniaiaiy CLA luthend sedageu szoy 2-8 fu
mendansufaus lidwasonsiindasinsfauvesiasou
Je8¥ blastocyst
uananiannisinwadsiiidumsfinunidansuiuuss
naauvesiseulaiudisuazrusritugnuasiiuiios Tag
$ilaiitandnuldanlsehdniviesiu Fulafigmiundiglss

sdninu dwlvglumnifiergunuasiduwilafigndniianin
5 =

Yymnnenisduiug Jsoraduanvgiugiuinililafinuam

3

wUsUsau wiagiinsdadennouiunldludunou vm udaf
1 Tun1sfinuniddldsedu LAA uay CLA filndiAbsfuuns
N15ANWILAZINIIWeTIBuYeainIFedu uAuvasiinnves
oocyte fianuuansnsiulagsienuieunmuadunsanuly
Fosduiiinniesla Bos taurus Fsldveslangudenanaiilutu
sn livesnau Bos indicus Fslatuiilasinedumeiusden
luna'y Bos indicus Tae1atduanngni aft virlsinad lalu
nsAnwEdnauanstunmsAnudy anaeiusdniifanm
uansnsiufunisinundu dafumndgaulafiaudszasdas
ynsAnvideuugsnuamiagseuneddangulaiuiioalns

wiognuauiuiiosing

AnAnTIuUIENA
n3deasalasunsatuauLaINUEAnyLlATIN1TIdY
i Ingdeveuliy LarveveunuuvnIneIdefaling

Preaiuayumsidulidsagarei
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Figure 1 Measuring the growth of aquatic plants (Bacopa caroliniana).
A = Measuring of leaf width, B = Measuring of leaf length and C = Measuring of stalk
heights.
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Figure 2 Chitin (A) and Chitosan characteristics (B).



W. Tungse et al. / (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(2): 77 - 82 79

Ussansnmueslalaeuiiasnlageninasyiulaveanssalsi
anlnau
Tuuseedamivosmamzdssulithanniuluudazyn
mIneaed wuIrdmauly Avmelu enanddly uaeAmgaves
St SRt wios q uarlugensvacesd 2, 3 way 4 3
wltiugenitgeeuny deAuamnsmeremdamzdsaduam 8
duamt wudduaulndusiar N sveaesisiuItly 29.29+8.79,
38.83+9.83, 33.33+6.16 way 36.80+9.45 lusiadu mudsu Fslal
fienuuananatunead A szdueudesiu 95 % usAadeves
Sruuluanmsldlelneuts 3 yanmmaaesduuildudmwali
ﬁ‘]’wmu"[,mﬁm%ul,ﬁal,ﬁsmﬁ’umjumuau (Table 2 wag Figure 3) e
Armanauemilulusasdunvidanuemludfituanaseduiy
1 (Figure 4) dledugansmanes nuiemusmluresualndy
1.24+0.14, 1.44+0.13, 1.42+0.15 wag 1.60+0.22
WuAns muddu Tawudn gamsveaesd 1 fanuuaneneein

AU

YaNsvRaesil 2, 3 uay ¢ Feflenmupnenatunsadafisesuen
\Fosiu 95 % wiluyansnaaesit 2 uay 3 lifleuuansnetuma
and (Table 3) Tuawvesrnundndly nudrdualnduusiazyn
A15NNae9H AveanunT1sluw iy 0.90+0.09, 1.02+0.10,
1.02+0.10 uaz 1.06+0.17 wufiwns suaau lidlanuansg
fuvnsadAfisssuamudediu 95 % (Table 4) Tnenuindladssly
1 & eaniluanas vdsandudieuniidugdu Seyans
vaaest 3 Seuntdlugeiiaaludamiil 5 vdswnduiianunis
Tuanas fauansly Figure 5 Faorainannsawediulvie) wazdinis
sontulvaliturmeuny Flsfmunirweduanadidluueduam
uazislofiansaneugeesdduluuasdunm nuinduaulndu
WA AEY ANITNARBIN ANYBIAIINE A Uy 7.10£1.61,
9.03+1.59, 8.61+0.86 Uz 10.302.28 LwuFLINT MM AU 10y
WUImANISVIARENT 1 uanFnsaNYANISYIAGEIT 2, 3 way 4 wilu
ganvaaedd 2 way 3 liflenuuandnaiuniseddi seduan
Weru 95 % (Table 5) AnoAsanuguesdwuluyanmaaesd 2,
3 uag 4 sdinsldlelpmlumsugnduaulnduiivun g
g e sdRugeninnguaIuAy fauandly Figure 6 Jaranis
vmemmmiimesvesdunmid 8 agusulilu Table 6 iliiiu
Iadrinnslalalaeudsaliduaulnduasgivlalan
wan1snaaesluns o dennd eeiun1sdnwives
Wattanakorn & Rungcharoenthong (2016) Fednwnavadleln
susenanand 1 wenda 2 gena nuinsldlalamudissiv
ANUANTU 0, 2, 4, 8, 10 Ay 16 Naaansneans Anavhiianue?
suanduegeiived iy Tnefiaruenisinaie 23.19, 23.90,
24.17, 24.70, 24.98 Uy 24.68 WURIAT MUEAU LATERARBINY
N157AaB9Y89 Pattamapusit & Rungcharoenthong (2016) EF
Anwnavedlalagunenisias A uln wande LazUSinaunsnead
§ﬂ1uw%‘ﬂ°ﬁywj nuinsldlalagiuainisadaaiudnsinig
RN LN PR HEN! Srnusaiovun dmiineardaresu Ui
5an¥ng uaznsaenadangsninamunu Tnonislilalagud

U305 520 fiadansredns annsafiudamnsaiaiuln wawde
warBinaunsneadantunintonyld Barka et al. (2004) ey
lelaaa (Chitogel) Fadiusyiusvedlalpmmumioiiinnsiauivln
vositld Tnemaaeuiadsllalnag 1.75 % luemnsidsad evodu
gouadu wuiinsudneendaud ud u 211 Lagn1Ing
suaulaponledifisd uiies 1.5 wh uandvidiuilalnaaiinad
FONITEUATIEW LAY WAYWU 1ANL Ut uvee N-acetyl
chitosaccharides wsiilusanansnsasaydiuln duegiudnuas
maaduaznisnenm daduaiglisndmaaiapdulnd
(Katiyar et al, 2015) sl un1sldlalngnud snaldwadnas
\WSeyRulaTils

50.00
(%]
¢
g w00 /
- @

30.00 ——T]
5 % ) =
g O 2000 // — T2
Qo < o,
g 10.00 & -
P4

0.00

T4

Week

Figure 3 Growth of the aquatic plant (Bacopa caroliniana) by studying the
number of leaves (leaves).
T1 = Treatment 1, T2 = Treatment 2, T3 = Treatment 3 and T4 = Treatment 4.
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Figure 4 Growth of the aquatic plant (Bacopa caroliniana) by studying the leaf
length (centimeters).
T1 = Treatment 1, T2 = Treatment 2, T3 = Treatment 3 and T4 = Treatment 4.
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Figure 5 Growth of the aquatic plant (Bacopa caroliniana) by studying the leaf
width (centimeters).
T1 = Treatment 1,
T4 = Treatment 4.
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Figure 6 Growth of the aquatic plant (Bacopa caroliniana) by studying the

stalk heights (centimeters).

T1 = Treatment 1, T2 = Treatment 2, T3 = Treatment 3 and T4 = Treatment 4.
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Table 1 Quantity of chitin and chitosan extracted from Pacific white shrimp (Litopenaeus vannamei) shells

Shrimp shell

Chitin quantity

Chitosan quantity

Replications K Weight % weight from Weight % weight from % weight from
quantity (g)
(9) shrimp shells () chitin shrimp shells
1 50.00 17.32 34.64 16.49 95.21 32.98
2 50.00 17.79 35.58 17.18 96.57 34.36
3 50.00 1591 31.82 15.37 96.57 32.69
Average 50.00+0 17.01+0.98 34.01+1.96 16.35+0.91 95.89+0.96 32.69+1.83

Table 2 Growth of the aquatic plant (Bacopa caroliniana) based on the study of number of leaves (leaves)

Week
Treatment
0 1 2 3 4 5 6 7 8
1 10.60+1.24° 11.80+1.62° 9.67+3.78" 15.13+4.33%° 17.67+5.62° 22.23+6.31° 25.53+6.63° 27.13+6.67° 29.29+8.79°
2 10.63+0.95° 11.20+2.16° 14.43+3.77° 18.93+4.05°° 22.60+5.39° 27.87+5.56° 30.33+5.93° 33.13+6.48° 38.83+9.83°
3 10.80+0.97° 11.57+1.12° 14.37+2.02° 19.37+4.03° 22.33+4.45° 25.40+4.47%°  27.67+5.11° 30.93+5.00° 33.33+6.16°
4 10.53+0.83° 9.57+1.93" 10.13+2.86° 14.50+3.73° 19.63+5.16™  23.93+6.54°  25.77+6.95° 28.53+6.64° 36.80+9.45°

The statistical analysis of each column using letters a-b shows the statistical differences of the parameter for each week (p<0.05).

Table 3 Growth of the aquatic plant (Bacopa caroliniana) based on the study of leaf length (centimeters)

Week
Treatment
0 1 2 3 4 5 6 7 8
1 1.52+0.08° 1.59+0.39° 1.35+0.35° 1.39+0.44° 1.42+0.36% 1.39+0.31° 1.45+0.29° 1.33+0.21° 1.24+0.14°
2 1.55+0.13° 1.30+0.17%° 1.38+0.25° 1.57+0.30° 1.46+0.24%° 1.55+0.24° 1.62+0.17° 1.52+0.15° 1.44+0.13°
3 1.52+0.11° 1.35£0.18% 1.44+0.22° 1.55+0.26° 1.57+0.27° 1.48+0.21° 1.44+0.16" 1.46+0.14° 1.42+0.15°
q 1.53+0.12° 1.28+0.18° 1.3340.14° 1.26+0.29° 1.34+0.28° 1.46+0.24° 1.54+0.25% 1.54+0.21° 1.60+0.22°

The statistical analysis of each column using letters a-b shows the statistical differences of the parameter for each week (p<0.05).

Table 4 Growth of the aquatic plant (Bacopa caroliniana) based on the study of leaf width (centimeters)

Week
Treatment
0 1 2 3 a4 5 6 7 8
1 1.12+0.12° 1.08+0.10° 0.93+0.25° 1.00+0.31%° 1.04+0.27%° 1.05+0.26° 1.00£0.27° 1.00+0.20° 0.90+0.09"
2 1.10+0.16° 0.89+0.17° 0.98+0.22° 1.07+0.17% 1.08+0.17%° 1.13+0.23° 1.15+0.16° 1.14+0.13° 1.02+0.10%
3 1.14+0.08 0.91+0.15° 1.03+0.19° 1.12+0.20° 1.14+0.20° 1.30+0.78° 1.40+1.09° 1.09+0.11° 1.02+0.10
4 1.21+0.13° 0.83+0.15° 0.99+0.17° 0.92+0.20° 0.98+0.15" 0.99+0.14° 1.02+0.14° 1.05+0.17° 1.06+0.17°

The statistical analysis of each column using letters a-b shows the statistical differences of the parameter for each week (p<0.05).

Table 5 Growth of the aquatic plant (Bacopa caroliniana) based on the study of stalk heights (centimeters)

Week
Treatment
0 1 2 3 a4 5 6 7 8
1 4.00+0.00 4.27+0.19% 4.50+0.64° 4.92+0.88° 5.32+1.00° 5.82+1.25" 6.37+1.36° 6.51+1.38" 7.10+1.61°
2 4.00+0.00 4.24+0.24° 4.86+0.54° 5.70+0.98" 6.13+1.03° 6.69+1.21°  7.51+1.11° 7.73+1.24°° 9.03+1.59%°
3 4.00+0.00 4.38+0.18" 4.94+0.31° 5.70+0.50° 6.07+0.55° 6.67+0.65"  7.41+0.64° 7.77+0.64°" 8.61+0.86"
q 4.00+0.00 4.2120.20° 4.63+0.40° 5.40+0.87" 6.40+1.45° 7.01+1.48° 7.94+1.59° 8.49+1.75° 10.30+2.28

The statistical analysis of each column using letters a-b shows the statistical differences of the parameter for each week (p<0.05).
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Table 6 Growth of the aquatic plant (Bacopa caroliniana) based on the study of number of leaves, leaf length, leaf width and stalk heights in the 8" week

Treatment Number of leaves (leaves) Leaf length (centimeters) Leaf width (centimeters) Stalk heights
(centimeters)

1 29.29+8.79° 1.24+0.14° 0.9020.09" 7.10+1.61°

2 38.83+9.83° 1.44+0.13° 1.02+0.10® 9.03+1.59%

3 33.3316.16° 1.42+0.15° 1.02+0.10® 8.6120.86"

il 36.80+9.45° 1.60+0.22° 1.06+0.17° 10.30+2.28°

The statistical analysis of each column using letters a-b shows the statistical differences of the parameters (p<0.05).
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This research aims to extract chitosan from white shrimp shell waste using a chemical
method. The extracted chitosan was then used to enhance growth in Bacopa caroliniana
cultures. The extraction process yielded 34.01 % chitin from the white shrimp shell
waste. The chitosan yield was 95.89 % from the chitin and 32.69 % from the shrimp
shells by weight. Subsequently, the chitosan extract was used to study the growth of B.
caroliniana. The experiment followed a completely randomized design with 3
replications and 4 treatments: 1) planted in soil without chitosan + water without
chitosan (control group), 2) planted in soil mixed with 80 ml of chitosan/500 g of soil +
water without chitosan, 3) planted in soil without chitosan + water without chitosan +
sprayed with 500 ppm chitosan solution every 7 days, and 4) planted in soil without
chitosan + water mixed with 875 ml of chitosan/35 L of water. The cultivation period
lasted 8 weeks. At the end of the experiment, the results showed that B. caroliniana had
leaf counts of 29.29, 38.83, 33.33, and 36.80 leaves, respectively (p>0.05); leaf lengths
of 1.24, 1.44, 1.42, and 1.60 centimeters, respectively (p<0.05); leaf widths of 1.00,
1.02, 1.02, and 1.06 centimeters, respectively (p<0.05); and stalk heights of 7.10, 9.03,
8.61, and 10.30 centimeters, respectively (p<0.05). Therefore, the use of chitosan extract
from white shrimp shell waste can promote the growth of B. caroliniana. Chitosan can
be employed in various forms, including mixing it into planting soil, dissolving it in
planting water, or applying it as a spray.
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Table 1 The composition of sperm diluents

Composition

Diluents (g/25 ml)

Control KSU diluent BPSE Lake’s diluent
Sodium chloride 0.2250 - - -
Magnesium acetate - 0.0600 0.0085 0.0292
Sodium acetate - - 0.1075 -
Potassium citrate - 0.0500 0.0170 -
Sodium glutamate - 0.6000 0.2442 0.5311
Dipotassium hydrogen phosphate - - 0.4160 -
Potassium dihydrogen phosphate - - 0.0163 -
Fructose - - - 0.2000
TES* - - 0.0488 -
Potassium acetate - - - 0.1480
Polyvinylpyrrolidone (PVP) - 0.1000 - 0.0750
Glucose - 0.3000 0.1250 -
pH 6.04+0.03 7.13+0.01 9.03+0.01 7.36+0.01
Osmolarity (mOsm/kg) 285+1.67 351+2.83 459+4.92 378+3.67

* N-[Tris(hydroxymethylmethyl]-2-aminoethanesulfonic acid.

UEUNITNAGDY
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MSUATIZIYTYaNNaDH
AL ANULUTUSIUTENINNI AU (ANOVA) Al

' v
= o o

WHUNTVIRBLLUUENaNyYSal (CRD) Min133d1 JiATeiadnu
LANMI9AILREA 8A 2875 Duncan’s new multiple rang test
PsTAUANULTRNY 95 % LarIATIZTANNLANA1LEBIRNNEN

¢ orthogonal polynomials Tngldlusinsu SPSS version 27

NALAZITINANITITY
AN TeaRvelnudloaiuginasan 9y
1NNsUsEUAMAMIRanvelitullaaiugmEes

11199717 NUIAUSUIASUNY AU 0.39+0.04 1a./63 AINY

Table 2 Fresh semen quality of native chicken “Leung Hang Kao”

86

dudurenindowiiu 2.28:0.13 x 10° a/ua. fin pH ity
7.38+0.02 Areadluandanyinfy 324+2.65 mOsm/kg 87M31N13
A8 DU WA 91.67+14.43 % warensIN15TT T AV
96.00+1.00 % wandlu Table 2 FedonndosiunIsTEIULTD
Boonmatan (2013) wuiniideanuaslifiudesiusivieamis
¥128USuAsWARY 0.39£0.17 1a./f Anududuveinie

a1

ENIgl

@
b9

WU 3.03+0.37x10° f/u@. A1 pH WU 7.23+0.06 WA

%
=

p9alua1d @ v 10U 306+£0.56 MOsm/kg U NN
Chotesangasa (2001) lavinn1sAnsamnindneanvesliii
dlotlnefony 35-52 dUawi wuniivSuesuwewiiv 0.4 wa.

LAYAUINIUYVBIUWIBWINAY 7.03-8.00x10° fa/ua.

Parameter N Meanz S.D.
Volume (ml/head) 30 0.39+0.04
Concentration (x10° sperm/ml) 30 2.28+0.13
Motility (%) 30 91.67+14.43
Viability (%) 30 96.00+1.00
pH 3 7.38+0.02
Osmolarity (mOsm/kg) 3 324+2.65

HAY8918T099MB8RTINITIAAE T BRTINITIAdaunisyylY
TN uazanuvaznITAaoUkUUA NG (VAP VCL 4ag VSL)
S Ay s a4 AL o | & = o
vosndelniudesiinusnwiuvuundu (Tusveziiar 1-4 Ju
INNITANYINAVIUI81L 8979 KSU diluent BPSE
Lake’s diluent wagng ualuay (NaCl 0.90 %) A@dn351N1T
a ai ¥ & A de o 2 A a °
wndeunives@elifiuflesiiushviwuuwiidunagumgll 5 °C
Wusreznan 1-4 Yu wuinnsldiiendeasna KSU diluent BPSE
Lake’s diluent waznguAIuAx dnavilvignsinsadounanas
Wesreriansiiusneuiindu (P < 0.05) lngtignieans KSU
diluent finavilidnsinisdeuianas Weoiusnwiigeidu
S¥8zLIaT 3 T4 @11SUU181L30919 Lake’ s diluent BPSE way

nquauan inasnsnisiadeuianaufieifiusnuinieiduy

srez1981 2 YU (P < 0.05) wieg19lsfnudievinisiiusne
didefiszezian 1 Yu wuindhendeans Lake’s diluent 1iina
Fngin9iad oudi geluunnsatuuienioans KU diluent
(P > 0.05) Wiovmsiiudnwdndeiiszesnan 2 Yu nuiwa
yasdhsmsndouiiliuanaiudieldihenieas KsU diluent
BPSE uaz Lake’s diluent (P > 0.05) 1l o1 usnwruLd o
szezan 3 Ju Wuinthedeans KSU diluent Tinadnsanis
A auAIn31Ue1150919 BPSE way Lake’s diluent agnadl
Fodfayn1eaia (P < 0.05) wavtieseans BPSE Tuasnsn
n1sind eutigafiqa i oifusnuidud edissesiaan 4 fu
(P < 0.05) Tnsnquauaulvnasnsin1siad euiin1igann

sygzafvinnsiiusnw (P < 0.05) uandlu Table 3

Table 3 The effect of diluents on motility rate of native chicken sperm in cool storage at 1-4 day

Motility (%)

Diluents
1 day 2 day 3 day 4 day
Control 56.63+6.51%° 12.83+2.385° 9.37+1.00%% 5.00+1.44%¢
KSU diluent 80.43+5.44%2 76.27+2.87"° 40.17+4.20%° 25.87+4.555¢
BPSE 76.47+5.50%2 70.30+7.33%° 52.90+2.61°¢ 47.93+5.44"°
Lake’s diluent 88.20+5.68"° 74.57+2.344° 54.30+7.03%¢ 23.83+2.1184

A8 C within the same column indicated difference between diluents (P < 0.05).

25.¢ within the same row indicated difference between time (P < 0.05).
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21NN1SANYINAVBIUI81LE 8319 KSU diluent BPSE

a

Lake’s diluent wazngumugx (NaCl 0.90 9%) Fiednsinnsindey
wuuludmiwonivdelifudesiifuinuuuuuiduiigumgd
5 °C Busogiaan 1-4 Fu nudniiendeans KsU diluent BPSE
Lake’s diluent uagnguauau finavhlisasmsindeuiuuyly
Framihanas Woszsznamafuinwufisdu (P < 0.05) lasnis
#9919 KSU diluent Siuavinlisnsinisiad sufiuuuly
Framihanaudafivinumiteodusseznm 3 u dwiuien

138974 Lake’ s diluent BPSE waznguAIuAs IWHAgAIINAT

a a v v Y] I o
wasuAkuUlUT et anaadiainushwdussagian 2 3 (P <
] < A o % o Y & A )

0.05) wivgelsnaudavhnsiiusnwd e nsserian 1 Ju
nU3INNe T 0919 Lake’s diluent Winasnsinsiadeunwuuly
v 1% a A o < o ¥ & 4

antganan (P < 0.05) Wevhmaiusnwunienszesiiad
2 Ju wuineiieana Lake’s diluent ikadnsinsimaauiiuuy
lutremigelaiunnsineannnisldunenideaans BPSE wag KSU
diluent (P > 0.05) waziilavnisiusnwindefissezna 3 way
4 Fu ®u31e39919 BPSE Iikadnsin1siad audi wuuly

Hramhgedian (P < 0.05) uanslu Table 4

Table 4 The effect of diluents on progressive rate of native chicken sperm in cool storage at 1-4 day

Progressive (%)

Diluents
1 day 2 day 3 day 4 day
Control 11.16+2.57°2 0.90+1.21%° 0.33+0.23°° 0.13+0.235°
KSU diluent 20.90+3.15% 16.50+3.77482 1.60+0.57%° 0.60+0.36%°
BPSE 28.87+3.025° 21.27+10.78%% 15.33+3.09"¢ 6.47+2.27¢
Lake’s diluent 45.33+6.30*° 23.90+11.96"° 5.27+1.595¢ 0.60+0.355¢

A 8.CD within the same column indicated difference between diluents (P < 0.05).

#5.¢ within the same row indicated difference between time (P < 0.05).

NNIFNwINATa L8 NT 9919 KSU diluent BPSE
Lake’s diluent uagnguaunu (NaCl 0.90 %) slaAsi3alunis
\wdoufliade (VAP) vastidelifiudesiiusnunuuutifui
gamndl 5 °C1fuszorinan 1-6 Ju nuindeszezinaniaiu
fnwufindu Suavhlianudlunmsiedeufindeanaslunnngs
naaesiinsAn (P < 0.05) sniiunduaiuny Tasnislddnen
139919 KSU diluent uag BPSE fxaviiliimnuilunisiadeud
wavanasdlafiuinuinideduszerina 3 Yu dmfuihende

919 Lake’s diluent Tuaviilianusrlunisiadsuiiedvanas

dafusnuidedusvovian 2 5u wiegdlsfaudiovinis
Hudnwudefissoznan 15y nudnuieieans Lake’s
diluent Wiwanu§alunsind oufitadegeiian (P < 0.05)
dlevnisfiusnsindefiszezinan 2 Yu nudndhenioans
Lake’s diluent 1ﬁwammﬁ’ﬂumiLﬂﬁauﬁtaﬁﬂgﬂmmﬂ@mmﬂ
nsldhenFoa1a BPSE wag KSU diluent (P > 0.05) waziiiov
nsifiusneideiisseziaan 3 uay 4 Ju wuinthendeans
BPSE Trinamnuilunisiadeuiiadogedign (P < 0.05) wansly
Table 5

Table 5 The effect of diluents on average path velocity (VAP) of native chicken sperm in cool storage at 1-4 day

VAP (um/sec)

Diluents
1 day 2 day 3 day 4 day
Control 21.50+2.80°2 15.47+11.1182 11.54+0.78° 10.28+2.26%2
KSU diluent 31.80+2.69° 27.24+4.36"82 13.51+1.54%° 12.90+2.248°
BPSE 37.43+0.715%2 36.96+3.12%° 31.32+£0.94%° 21.18+4.90%¢

Lake’s diluent 51.04+4.43%2

37.82+10.22%°

17.99+1.20%¢

12.31+2.58%¢

A8.CD within the same column indicated difference between diluents (P < 0.05).

5.¢ within the same row indicated difference between time (P < 0.05).

PNASANYINAVDIU BT B19 KSU diluent BPSE Lake’s

a

diluent uazngumuAy (NaCl 0.90 %) Aernusalunsdoudiia
A3 (vaL) vesdelanudesiiiusnuuuuididuiionnall 5°C
<, Y oA % o A X a °
Wuszeznan 14 Yu nuindlesseznansiusnwiinady dnavi
Tanusilunswdsuniflaenaadeldiingdaans KSU diluent

BPSE Waw Lake’s diluent (P < 0.05) sniiungumuay dswuingle

sveznmnsAusniistu lifinadermnuslumsiedeuiiiald
(P > 0.05) ustegslsimy devhmsiusnvindedussevim 1
waE 2 §u nuinendeans Lake’s diuent Iinamnngalunis
\nd ol 3A1A g efian (P < 0.05) waziilevihnsifusnumind of
sveznm 3 uas 4 Yu wuinhendesns BPSE Tnanungslunis

wAouiIflAgaiign (P < 0.05) uandlu Table 6
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Table 6 The effect of diluents on curvilinear velocity (VCL) of native chicken sperm in cool storage at 1-4 day

88

VCL (um/sec)

Diluents
1 day 2 day 3 day 4 day
Control 40.28+4.30% 36.01£23.75%° 29.95+4.16% 25.68+3.04%2
KSU diluent 68.49+2.78%2 64.17+7.41A%° 34.67+3.64° 34.06+2.425¢
BPSE 76.45+1.49%° 72.62+1.96A% 71.52+5.48"2 55.57+12.38"°
Lake’s diluent 101.61+7.12%° 88.87+27.96*° 42.82+2.71%° 31.07+4.38%°

A B C within the same column indicated difference between diluents (P < 0.05).

5.¢ within the same row indicated difference between time (P < 0.05).

PNASANYINAUBIUIB I BN KSU diluent BPSE Lake’s

a

diluent uagngumuAs (NaCl 090 %) slemnuiilumsiadoudiia
733 (VSL) Suamfw“uyaiﬁﬁmﬁaqﬁLﬁui"ﬂmmmmﬂﬁuﬁqmmﬁ 5°C
Huszezam 14 Ju wuidlessernaniafuinuvifisduiinah
Tenudalunsiedeuiifnssanadluynngameaesivhnmsfing
(P < 0.05) Tasnsldu 18113 8979 KSU diluent BPSE wae Lake’s
diluent stavilsteudlunsiedouindnsanaduiuil 3 veams
s dwiunguaunudsavhlieniuddunsied ewititms

anadluiud 2 vasnsiusne wiegslsAmudernisiusnwm

v oft szozian 15U wuiniheisoa1e Lake’s diluent 1ua
anu§lunsied oufi3dnssgeliiumndsannislddendeans
BPSE (P > 0.05) iaiusnvihdefissevnm 2 Ju wuimhende
914 BPSE Tiinarmudslunisidouiidfassgsliiuandnsainnisld
YreniFonns Lake’s diluent (P > 0.05) Tnenheideans KsU diluent
TnaruiElunsiedeuiidansdiunnsnsnnisidieni oans
Lake’s diluent waznguaauAs (P > 005) et usnuudsly
sTEvnELTY 3 ua 4 Tu wuimiendeans BPSE Winamnudn

Tumsindieuinitinsigaiign (P < 0.05) uaadlu Table 7

Table 7 The effect of diluents on straight line velocity (VSL) of native chicken sperm in cool storage at 1-4 day

VCL (um/sec)

Diluents
1 day 2 day 3 day 4 day
Control 16.48+2.5452 8.09+5.85° 6.66+0.73%° 4.14+0.695°
KSU diluent 18.64+3.125° 15.30+2.77%2 6.31:£0.50°° 4.78+0.80°°
BPSE 30.17+4.68"° 27.81+5.05%° 20.27+1.794° 11.53+2.877¢
Lake’s diluent 34.35+4.40"° 23.74+9.16%%2 9.21+1.328° 6.25+2.06°°

A 8C within the same column indicated difference between diluents (P < 0.05).

5.¢ within the same row indicated difference between time (P < 0.05).

NAYDII8 TR NADERTINITTTInVeI NT o lnWidaeiliiy
o 1@ [=1 o
Shwmvunndy ituszezina) 1-4 Ju
INNITANWINAVIUI81LT 8919 KSU diluent BPSE
Lake’s diluent uagnguaiunu (NaCl 0.90 %) #odnsIn1sidin
3 & & A A e o 2 A - ° <
v ndelniudiesiiiuinwiuuuudiduiigungll 5 °C 10y
syeziian 1-4 Ju nudndleszezainisiudnwiindy n1sld
1181783919 KSU diluent BPSE Lake’s diluent uazngumiua

navilvidnsnsidinanas (P < 0.05) lngnnngunaasi

nsanulinasnsnsidinanaduiud 2 veanisfuinm
(P < 0.05) uwisgnalsfinuilofusnunideiissesia 1 uay 2
Fu wur1eTo919 KSU diluent TkadnInnisdd3nga
Tiunnssainnisldthendeans Lake’s diluent (P > 0.05) il
svprnamsfivinvindeiutudu 3 way 4 fu nuinhen
\39919 KSU diluent BPSE way Lake’s diluent Tvinadnsinsil
FInldunnsnsiuwazrainiingualvauegeliedAgynieads

(P < 0.05) wa@ndlu Table 8

Table 8 The effect of diluents on viability rate of native chicken sperm in cool storage at 1-4 day

Viability (%)

Diluents
1 day 2 day 3 day 4 day
Control 65.00+3.00 49.00+3.60° 7.33+4.04¢ 3.33+4.165¢
KSU diluent 89.00+1.00%? 84.33+2.53"° 70.67+5.514¢ 62.67+3.05¢
BPSE 84.00+1.00%2 78.33+2.5182° 75.33+0.58%5° 70.67+7.64%¢
Lake’s diluent 88.67+1.15" 84.00+3.00"° 71.67+5.13%¢ 65.67+0.04"°

A B C within the same column indicated difference between diluents (P < 0.05).

a,b,cd

within the same row indicated difference between time (P < 0.05).
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KA1 TOVNADENTINITHANAAUALENTINITHAVEIU I TD
Inwudesmsusnwmvusaiéu iuseeziial 1-4 3u
INNITANYINAVDIUI81LT 8919 KSU diluent BPSE

Lake’s diluent uaznguAIuAL (NaCl 0.90 %) ABORTINTWEL

Anvesidelifudesiiivsnvuvundiduiigamgd 5 °C iy
svpza 14 Yu nuinfoszornamninfuinuiiuty duavh
Tgasmswauinanasluynndumaassiiviniséinu (P < 0.05)
Tasnnsldunenioans KU diluent BPSE waz Lake’s diluent

Tnadnsn1snaninanasluiud 2 vaen15iiusne Fetenide

919 KSU diluent §sasliuasasinisnaningsnin 50 % e
mafusnuidefisdudusveziog 3 Tu usegslsfimums
Ausnwihiderissezna 1 waw 2 Fu wudh thenfesns Ksu
diluent T¥nadnsnssanngslaiunndrsannislienions
BPSE Wwaw Lake’s diluent (P > 0.05) uaziilemaifiudnuninde
disduussezion 3 uar 4 u nudndhendenns KsU diluent
Tinadnsnsuaudngsiian (P < 0.05) dmiunguaiuau wui
Lildnadasmsnaudelunniasnaifviinisfuinw waasly
Table 9

Table 9 The effect of diluents on fertility rate of native chicken sperm in cool storage at 1-4 day

Fertility (%)

Diluents
1 day 2 day 3 day 4 day
Control 0.00+0.00%2 0.00+0.00%2 0.00+0.00%° 0.00+0.00%2
KSU diluent 77.02+6.82%° 59.68+5.15° 57.51+11.54*° 47.62+5.64%°
BPSE 82.78+15.16"° 53.66+3.57"° 28.33+5.135¢ 15.02+0.63%¢
Lake’s diluent 80.22+10.82"2 52.78+4.81"° 26.74+3.175¢ 17.95+4.455¢

A B C within the same column indicated difference between diluents (P < 0.05).

5 < within the same row indicated difference between diluents (P < 0.05).

INN15ANWINAYDIU181L ©319 KSU diluent BPSE

Lake’s diluent uagnaumIuAu (NaCl 0.90 %) fiodn3In1Tiin
5 & A oA A g o 2 a ° <,

veswelnullesiiusnwwuundiduiigaumgd 5 °C 1y

syeran 1-4 U wuindlesreziiainisiusnuiiudu Juavi

Tignanisitnanadlunnnguveaesiiviin1sfine (P < 0.05) lng

1181139979 KSU diluent BPSE waz Lake’s diluent 13uasn

msilnanadluiud 4 vesmsifiusnw wregrslsfinandouiu
Shvindefiszozinan 1-4 Yu nudnnisldvheniesns ksu
diluent BPSE way Lake’s diluent Tsinasnsinisinliuanaig
funneadia (P > 0.05) dwsunquatuan wuitladlvinadnsinis

finluyndraafivhmsiusne wandlu Table 10

Table 10 The effect of diluents on hatchability rate of native chicken sperm in cool storage at 1-4 day

Hatchability (%)

Diluents
1 day 2 day 3 day 4 day
Control 0.000.00%2 0.00+0.00%2 0.00+0.00%2 0.00+0.00%2
KSU diluent 76.53+6.014° 68.45+5.16"° 65.74+9.75%2° 57.14+12.37°
BPSE 70.48+0.83"2 68.45+5.16" 63.89+12.73"%® 50.00+0.00"°
Lake’s diluent 72.22+6.94%2 69.84+2.75%2 55.57+9.624%° 44.44+9.62*°

A8 within the same column indicated difference between diluents (P < 0.05).

5 within the same row indicated difference between diluents (P < 0.05).

2100158 N®IN15LT W848 8919 KSU diluent BPSE

Lake’s diluent iusnwnidelniudiosiugindemavniuuy

a

wifufiszaznanIsiusne 1-4 Ju wuidlessegainisiiu

Snwnafindu dxavinlisnsinisedeuil snsin1smaaun

<

wuulug1audn arnusqlunisiedsuiieds aausalunns

o Aaa o

wWaUMIALAY AU luntseaauiiinnse dns1n1sidie dnsn

v v
'

ASHENRA LardnsIn15iin vasiielniiuiissanas @enndas
funsAneuea Boonmatan (2013) ladnwinsldineiaans

modified extender fiflANeoaluatannszdiu 300 350 wag 400

mOsm/kg ‘1}’18%5@%1& BPSE Lake’s diluent IGGKP wkag EK
Ausnwidelifiudlosiugmiomnsuniiiseriaa 1-7 u
nuindleszeranaifuinvuistufiuualduriiliguaimn
Yndeanas wardidenndeaiun1sdnuwives Siudzinska &
Lukaszewicz (2008) WUiWLﬁ@SL‘fﬁf’]mﬁaﬂ’N Lake’s diluent EK
waz Tselutin lunsifuinuideldlusyernafiiivduiinah
Iﬁﬂmmwﬁﬂﬁaamamﬁuﬁu Fadunauranniswdnnsauans

Nv94f18d331NNTTVIUNSIIUNUATud wavi liegiey Ty

an1eiide pH g9y waziinavinlvinsindeunvesiegianas
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v
a o

Snvieluszoznainmafiusnwiiiiud uieaddnnsldunds
WA (ﬁwmaﬂgiﬂa ﬁwma‘vxﬁﬂiwa waz inositol) Wity
Fedsnarlidnsn1idinvesdiegianas (Donoghue &
Wishart, 2000) a1nn1sAnendanuintienieans KsU diluent
Tinasnsnnadowd snsnisedeufivuuludramni anusa
Tunsdeuiiieds Anudilunsedeuiidalse wasanusalu
Msiedeuiianss anadluiudl 3 vesnsAnw Faanasiiniinig
Thi1e 130919 BPSE uay Lake’s diluent Tunisifiushwninge
Dusvezian 1 Yy warnmsfivinvindedisvesinan 1 waz 2
Fu wuinde1ie979 KU diluent Iuadasinisuanfing sl
wansnaannnsldinenieans BPSE wa Lake’s diluent 84ly
nindunnslithenienns KU diluent Senslinadnsnisuauin
geitan wazdsndlinadnsmsnaufnunnndt 50 % weiiuinw
ﬁﬂL%aﬁiwmm 37 mmﬁaammmﬁwmﬁamq KSU diluent
A uflseiuvesdn pH (7.13:0.01) wazAeealuaids
(351+2.83 mOsm/kg) agTuseduf munzanfunisiiuinu
YdovosdnsUn Fean pH Fzaufunmsiiusnwnidodn
Ynareglurag 7.0-7.4 uazareealuadnfimngaudmiuns
usnwthidedniUneglutag 250-450 mOsm/kg (Siudzinska
& Lukaszewic, 2008) wnoadegluannzfifian pH uazen

o 4

20aluandn lnuzauaziinayinlionsIn15.Aa aUN wazdnsn

n1siTnanas egdilesgluannignien pH aaufuly sxdinavi

%
=~

TAansuunuedduresiteadgeiu wazlunimsatudiumin

aaRegluan1iedilan pH afulasiliiAansauaninainnig

v
= =

Idoondauiutu dualidnsinisndeuiivesdlegianas

dwsuannighiiaeealuardngaiuly avvilvieadgadetiau

LI AL

a

WWeanMzwealiien wavluanneiiiaeealuatdnniuliazyin
Tia9d3 U3 (Siudzinska & Lukaszewic, 2008) karuanaNil
1181139919 KSU diluent fiosAusgnauvesasiadl magnesium
acetate potassium citrate sodium glutamate glucose LLag
Polyvinylpyrrolidone fAflmudrdysanisiiusnednd ol
"’ ) gy ' a zi
wuuudu uasddmusznevvesansiadaenanlulsuinias
N71U8 39919 BPSE waz Lake’s diluent lagingniaaeif
¥ a1 a4 Y a 2 1 .
vgfosfidulsznevresasiadlnaifssiuaileooulu seminal
plasma warluu ¥ evesdnd lag Moreno & Blesbois (2020)
57897137l seminal plasma vesdniUnaziilossu Nat K' Cl”
Ca2" uay Mg™ lawazdl Na'ogluszauge A un1sa i
#7uUs¥NOUYDIATT magnesium acetate WA potassium
. ¥ A | Y %’ & vl |
citrate Tuwhedoans Wunsiaunhenieansliddulseneu
vpAlopoulnalAssiyu seminal plasma wazuniolafitiun
finw1 wonanilludiuusynoureaudnedeans KSU diluent i

asiadl sodium glutamate WHuduuseneunanlutneiieaia

Faduduuszneundnlu seminal plasma veslafidunuimly
nMssnwsERuTessusealufnveside (Sexton & Fewlass,
1978) ﬁ'm%"uLma'awé’amuﬁuaaﬁaaqﬁiﬂ'jwzL“ﬁu‘ﬁwma glucose
wazina fructose fanumnzaslunsinwsnsnisidin
WAL INYIANUANAAVBILTIAY ooalufinvasinde (Khaeruddin
et al, 2023) § sluninfulurhe1id 9919 KSU diluent &l
d2ulsznauvesasiall Polyvinylpyrrolidone ﬁ‘f&ﬁﬂmauﬂ’a
Hesiusunselirumegiluanmzgaumais wazannisfinw
wudinguauau (NaCl 0.90 %) lalvinagninniswauinuay
ShsnsilndausTudl 1-4 veansiiusnviinde deannns
Uszifiunavesdnsnisindoud sasnsiedeufivuuludren
LagdnIINsiTIadaAsun Sse1edmaliidieqdliaisn

wanuiludsganaule

#3UNaN1339Y
Mnmsnwauamindoanveslafiuiiomtusindes
19917 WUISTUSIIRSUE By 0.39+0.08 1a./fa AL
Wuduvesdudewindu 2.2840.13x10° §a/ua. A1 pH iy
7.38+0.02 Anoedluanafviniu 324+2.65 mOsm/ke 805173
\AE BUT AWINTU 91.67+14.43 % uazsnsn15TFIavafy
96.00+1.00 % & 3UN1TH MUIU 8145 0919 KSU diluent
fivanntufinuamlndiAsstutienieats BPSE uay Lake’s
dituent Tagannsaaidlunsfiuinedndelifudewuy
wiiufigungd 5 °C Ifiduszoziaa 3 Ju Fsanmsahluld

Usglemiluniseysnduasiannaeiugliniudisdlvelinely

AnRN5sUUTENA

o o ' o

AMzEITB VYR UANNDIUduATIINEIMmEans 138 way
winnssy Ysedrleudssanas wa. 2566 U Inenaeniudug
Alvnuatvayulunisdnidunuide uasveveunmav1In
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ndug Mliaiueyaszdaniuiiad sadainaaes oz
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ABSTRACT

Keyword
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The objective of this study was to investigate the effect of KSU diluent (developed
diluent), BPSE, Lake’s diluent and control (0.90 % NaCl) on the quality of native chicken sperm
during cool storage from day 1 to day 4. The result for fresh semen of native chicken “Leung Hang
Kao” showed sperm volume, sperm concentration, pH, osmolality, motility rate and viability rate
were 0.39£0.04 ml/head, 2.28+0.13 x 10° sperm/ml, 7.38+0.02, 324+2.65 mOsm/Kkg, 91.67+14.43
% and 96.00+1.00 % respectively. The effect of KSU diluent, BPSE, Lake’s diluent and control on
the diluted sperm quality of native chickens indicated that motility rate, progressive rate, average
path velocity (VAP), curvilinear velocity (VCL), straight line velocity (VSL), viability rate, fertility
rate and hatchability rate decreased with increasing storage time (P < 0.05). Sperm diluted with
KSU diluent showed decreased motility rate, progressive rate, VAP, VCL and VSL by day 3 of
storage (P < 0.05). However, sperm diluted with KSU diluent on days 1 and 2 higher fertility rates
compared to BPSE and Lake’s diluent, though not significantly (P > 0.05). KSU diluent yielded
the highest fertility rate (57.51+11.54 %) by day 3 of the storage (P < 0.05). Additionally, sperm
diluted with KSU diluent, BPSE and Lake’s diluent did not significantly affect hatchability rates
during storage (P > 0.05). Therefore, KSU diluent can be used to preserve native chicken semen
for up to 3 days.

“Corresponding author

E-mail address: Thipsuda_Boonmatan@hotmail.com (T. Boonmatan)
Online print: 30 September 2024 Copyright © 2024. This is an open access article, production, and hosting by Faculty of Agricultural Technology,
Rajabhat Maha Sarakham University. https://doi.org/10.14456/paj.2024.40



38719NYAINTZIFAd (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(2): 93 - 101

& v
3 A' X
7, &
£3 &

Ty
W
¥ AcricurTo?

PRAWARUN

AGRICULTURAL JOURNAL

https://li01.tci-thaijo.org/index.php/pajrmu/index

UNANNIY

NavasEslAadIuian1siUaEuLUaINISRSYRUL wasdnwazedugIuImMeD

vasd1InuguIRin Feandndeumn
d0ugmn fsAdnens

VANgAIINYAIAIANT AMNYATUALTININ UM ININETIVIYTUNTINYY LYNINTNT NFUVNUMIUAT Uszinalneg 10900

dayaunaany unfdinga

Article history

Fu: 10 nINYIAN 2567

unle: 9 Augneu 2567
PaUSUNSATLW: 10 Uy 2567
ffurioaulail: 5 nanAu 2567

n533uiliingusvasdiiloAnwinavesansaraslradfusiosmsnissendn nsiesaiivln nsEsuwaR W
Tnsluley vumvegadinlu wazdnvasmsdngiivewesiiuguadn Wngliiununusedsudadnaiuguadnan
Sunarum Srfadoum washwdeftenudrunudluasazarelnadduiiiinrundudusiig fle 00.01 0.05 0.10 uay 0.50 %
Wusvznm 1 2 waw 3 Tu muddu wamsidewuh Sanmsseatinedsvesimdminudlumsazarelaadduiung 60
Ju anaseeditdAgnsada (P<0.05) idormundiduresensiintunarsrevnatlumsugenauuty venani aendeen

Adfiny msudansazanslaaddufunan 120 Tu wuh mmqqLa?znladﬁu‘ﬁnﬁuuﬂﬁuamauﬁammLﬂil'm%umaqmil,l,axiwznaw‘lums

F19)paddu wiviutu detunaseaeulaslilen aunsafmiendunnsmases 16w 2 fu Faildnaulastuleu 2n = ax = 48 flo 7

Y799 SERUANMIITIAY 0.10 %, 1 Yu uasfiszdunnududy 0.50 %, 1 u wummLmﬂ@hﬂmmﬁﬁaﬂwﬁﬁﬂﬁwﬁ@a (P<0.01) Tudu

Fugrmne) Ya3uEIkazALn S wenad Unlussrinsifinassduaziansinaoes Ul dinanmasesddnvaene
Fuginenidsunasly uenanimuenvessidm nufwvuenueranuuvesudadlufusswassdddien
WnNnIEUANaRsRatRTALIY

unin prdniduiidiund faduintuiomeiugivesdmia

o A v A

41 ferdusyiiundniiddgyuesyed Jagtuduslaald

11
= a =

Fan1nfiansanfaesdusznauniaadanig
aelutny wuindvsenaudle Wiy a1slulawmse ludu
Woly Imdu usse arsaueyyadasend1Any wazilaisesn

laguanandu

gnsn19daaw Jaguudnisusuugeiaunaesiug 12l
Snvaugangg Aty Taensgniludssmelnedunisugning
wuuldiey Tusuiimananafeunndaindszaudgminig
yauAauiog19guLss osnaniunisalfouds Tasiany
FtnanssanFuasdmiadoumldiunansenuogianiin 41
Ugnluituiimenanaduimiifnamendngs fnanm wasdui
Fosmsvewfuslng ey msfimsiannaeiugdnisaneiug
\swganaztnaetus s uliiidnuaiziay faunmd mumu
Hormuiauds uasfioadUsznaunananiqedu il oneuaues
ANADINISluRANAeY 1T UTEAVEAW (Yuenyen et al., 2023)
P1v1dn Wutdiilhsetiuas egiun luAe
wandnlutiaieungainey Auiiviiuvesdmiadeun seuu
thwaussmudaudnlaifa Sstessoundeuionuimaninuluns
wzugn viliinumsnsluiufivgndiugitasads drug

"Corresponding author
E-mail address: Santhita.t@chandra.ac.th (S. Tungkajiwangkoon)

Foum Agudifedndeum nedideuasimuidn nsun1stnm
Ioandunulufanssunssivsw uagladndeniugly 41
dyd v a a ] = |3 a I3

flndnuaeAnatsUsen1s 017wy daun1mudnd LwWan
AUT19817 Ingjuazeau dnduneussus luund1iveunsd
Wovaanuad savfeses aeutuiaed saalasuanuidey
nnwAIns waziuilnadusgieuin (Office of Agricultural
Economics, 2018) 4musiisinandnliifisswananiudasenis

3
'

vowan esnnludniifiszeziuiemandn 120 Ju inwnsns
fgnimishilugninitugaug fiffergniafuiedy dmsy
Fraeius i uilosiy iudnd fdnvusdu fo 1Anan
msmnztuguasAndoniugiimuanminadeusngg 1y nuse
wanuazdy wanzauiuan Ao maludesdutiug d9d
fudlosernduiugiudu viaiinannisnaneiuguestem
sysumAAld Jagtufimsnurudntudemansaeiug udin
lil#sunsdaasaliugnunnin luefnnisugndnafusiudes
\dunisugnimuuuund THuTmansdadnlsiun Funnsins
9ndlagiuiiyaunsugnuuunisi damilunisugninues

nwasnslawnunandadenanenin wu Jymsiouds Jaym

Online print: 5 October 2024 Copyright © 2024. This is an open access article, production, and hosting by Faculty of Agricultural Technology,

Rajabhat Maha Sarakham University. https://doi.org/10.14456/paj.2024.41



S. Tungkajiwangkoon / (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(2): 93 - 101 94

v

thvhaituil Wudy wesdedeomatanin wu Jymlsauasuuas
Angieinas vilinandninianas (Samleekaew et al., 2017)

nmsusuusstugdrudunsiiadnenmussnandndu
nsUSUUss Wasuudasdnwaznstugnssulifinandngs 3
A wazduiideanisvesman Insvuinveandndniianu
naINTAEANANNABIN1TVBI USINALAziinSdeeanluvay
Usene 1w Usemalunauiods wensnunile arfueiusng uay
pzueannany deinsdseandniifiawinwdauiunaidlade 3
arusun ol (Junbuathong et al,, 2021) n1sTnu 1w LAn
polyploid tHusnmadenvisiidentunllunisuiuusaius
iy GaReiidu polyploidy avddnvazflulndunnsisain
Fufnased Wy AIUEs YUIRvEsE Y wazwdndvunalngind
fusnaess (udu Tnadduduarsidenldlunsiiusiuiu
Taslulew lnsvzdwmasosuaulasiulsuiliududuaoavinly
nsulaeas dnsfudimsairadulealuia slilasinfnves
Taslulanldusneanaindulusyesueuuna Jevililasiuley
Wintufudeain Tneitslnanasesiniaualvanin (Hailu et
al, 2021) aslaadduduasidouhurldlumstnilminlng
wased Tnvanslradduazdudinsudeadlusserusnuosumm
wa ilildanunsoasradulelunini sndudwsunisuen
Tastulan sewinansuvagaduuulundals 3evililasiulew
wisdufudeasi (Haring, et al, 2023) uasUszaumudSaly
Nyvianewida 1y 18 (Maru et al,, 2021) n1uil (Venial et al,,
2020) uazneaudns (Auuaa) (Tungkajiwangkoon et al.,
2016) Wudu Fsnsvililasllsudududuaensi dawalite
fignvariingu wu lunntu Sduudusanniy aenlwgiu
wavannsautauduniuld Wudy 330 0unsuudgaiug
WieadsmnuvaInanenesIsHIR wiegrslsfaumsidsie
auseinsey T desnuansnousiss

ﬁqﬁ?ummmmaﬁmén Qﬁ%’s?jqﬁmmﬁﬂﬁ%mLmeq
Tunnsusudsefugdmeandn ieadsesdanuglni iy
Audnvazidvesiiugiudios weslumadenliinunns
Ugniniugilinandnsielsgsniniy laeinguszasdvesnis
398 Wi aAnwsesuaududuresasavarslnaddu wax
szaznatlunisudarsavaielaaddu M inanednwaznig
duguingl wavdnvaeaunIne1ee Tun1susuugeiugdnn
Wugudn

aunIaluazisn1side
msivsavsmegiaudadaiugunidnandine
e Ssindeum WFiRussideuiieuenssunsivueily
nsgsvlygiduasosiugiy w.a. 2542 lnedladingUssasd
iloUszlovimensdn shnsdaideniudaiug Tasfiansanain
yuain Anvanysel waznshifilsaviounansy ndsann
fumziuda 5 fu Aadendudeuiivendmiumsudaisazans
Tra3du Tnefinnsandnidenduseufiasqiavlng daiug
Usgana 3 - 5 wudluns iiedllustsesnan 1 - 2 lu dauanady
fugauiinnuudwsainedmiunisnindivaisavarslaadyu

mﬁwmamﬁawuwumwmaaqLLUU 5x3 Factorial experiments
in CRD Tngldasazatelmad@uszauainududu 0 0.01 0.05
0.10 wag 0.50 % szEzAINIsWYansazanslAaTdu fie 1 2 uay
3 Yu udIRU udazyanITaeiuNITRaes Tagimiziidn
Frv1dn ndndudewdaduen shnsdaidenduiisen
AW i 1w 20 91 ste 1 visnsTug ey 1 fu 3w 300 Fu
vrdugeui i3 uen (81g 5 Fu) wazilduyluaisazane
1Aa%du Anududuas 20 Au La1lun1sud Ae 1 2 uag 3 T
n¥rntuthiuseuluugnlutanuaniifidnmaiunseuazeiu
wnautdudiunan ludnsndu 1:1 Wedueny 2 dani e
Ugnaslunszniswuin 4 § Selifanugn Ae Ausumiler vie
funse Tagszoziainisnnaedsisd u 120 Tu Tufinng
WabuuasiAnty doFeuiiisuiuyamunu ndanuy
asavanelaadduduszozia 120 Yu dadonduiianeitaziin
nsiiudulasluleuluyiniseseaeulaslulaudendea
3a133¢1 compound microscope
ANYINAYOIANTUTULAL 528219817 TIUUYa 150z A 18 PaTTY
damssentin iuszeziaa) 60 Ju

MsAnwdnsIMssendin (%) Tufinnswdsuudamn
dUavi amendanisudiudatiuguraindeasaratslaaidu
60 Ju wazthasugn nudnsiNssenTinEuas lunsinwins
F9ATIRVRIRUNa1TT THinaain1siiatsan Ae dundifiedisen
Faddefinssydvlaraiio Tudean wavdduuduss dw
Fundiiluwiadien ardui violinigdvlnesieinmnie

N3UUANNATNIINTIONTIN (%) VBIT1INRUS V1NN
Mendinsmsudwdadiudanadnieasazanslnaddunes
Wasdgn 60 Tu lagAuinngns

BRIINN550ATIN (%) = 1WIUAWNTEATIA x 100

FIUIUAUNINUA

N15ANYINITIATAAUINAIUAIINGIVEIVEIA LTI UTYIUTN
loarg 120 Ju

ReINuYansararelnaTunazugndnasu 120 Ju du
Fregndmiiuiseasaranelaadduiisesu anududu 0 0.01
0.05 0.10 Wag 0.50 % syeghaNshaasaraslaadadu fAe 1
2 uag 3 U mNaRU WdIegNas 5 Au 1Y sialazdudin
AnfiomAnedsniugs (eudung) Tnsannnugaainleausiu
(U3nafiduineniuaniu) wuineganvessim iesen
YOIAUTN
ANYINAYEIAUTUTULAY Tro2L I8N TJUUTAI5az a8 lPaTTY
gomsiFeuntassiuaulasiuley Lffamg 120 7u

1510w enls lavofndsin arsiad i 14
Ao a15aratem1s use (Camoy’s solution) ¥ a3 Buan 3
absolute ethanol : 1 glacial acetic acid LLSlfiﬂﬂ‘ﬁyﬁHﬁqmwQﬁ
#ifu Ao Uszanas 10°C 1Wurian 24 Falug

2. vl luseanssedundnddvazein Taenis
lelnsladarensandedudu 1 uesda (1 N HCL) wievhane



S. Tungkajiwangkoon / (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(2): 93 - 101 95

wifaiwad (middle lamella) Tngvhnsgulvifeudigamail 60 °C
WY 4 Wil

3. wdanlalasladauds tmnndreiaedngu 2-3
ps dudenseauiivg nntuiundoudse Carbol fuchsin uy
Uszann 2 9l davatesinianizdiud Andsiauag g
Uszneuseideiderssyansualad nead Carbol fuchsin 1 - 2
wen Ynmewiuuiilaalad wanazUatesinaelatevosiay
Theadnsvaeindiniuldineda squash daduisiugiu
Tnsnislémusfienaiuuudladii olilaslulouegluszuiu
Weniu dudrulastuleusmendeqanssaiuulduas Ingld
wudlnangindaeny 100 il
N19FIIUAINTVOISUEATINADE ( Tetraploid Frequency)
luvszrnsg

ansovhldlngldansunn feil

ANUDVBIRUANTINGDYR =  NUIUAUAASINAREANTIMIA %100
FruufuimualuUszIns

n15AnwdnYazuarTuImTasU N luRavess Ut IvINsn (e
97¢ 120 3u
Aulud 3 9ngeavesfuiiiuguudnluyaniunm
Wisuisufuduiiinswasunasuaulesluley thanaenin
Tugruans Tngvnisueatindu 1 ven uazdadienszanda
dlad AnwidnwazkazunveugaduInluslendeIganssad
f§awene 40 Wh $1uau 5 91 tiemAneay
N19ANYIAIIEIIVONTNTI, ATINNTN AFINETT UAZAIINNU)
yoaudnt 1ileary 120 Ju
AINETIVITUT dUA8E1952901900UluYe

muaufuFueaTmassduiaSeuifieu Ssinannlausisiian
Fuluaudslaness Tneldldnduiunsidainuaziden 0.10
Uaalung

AIUNTIE AIIUEIY KATAIUNUITOUUE AT du
fg1amand 1IN IAANNTE ANNENT LAYANNNLIYDNLIER
$12 Ingldesidesasauesiinnista 3 91 9 av 10 wén
Guiinuaiduniedaduns lneanuenveuudatnn de¥aain
guagavendunendseniudn Ingliinedideeniauiedid
AUAYLBEn 0.01 Tadluns AN 19veRNdat1l Tadqu
Aananavenudn tneldnedidesasadvlesiifiauaziden 0.01
fiadluns AuvuveLudnta Sainaruiinarsvesudndan
szt fudiivnfigauaranansaliefudugiigaide
Wisuisufiuddy q veaudadn
NITAATIEAAIN AT

WS UL BUAINULANA 199837 1128 8728
18 Duncan’s new multiple range test (DMRT) 7 58aU
A esiu 95 % w3o 99 % (uiiteiiuanua) Ingld
TUsunsu SPSS 17.0

NaLAZITAINANTSIVY
ANYINAYOIAINTUTULAL 5282198171 TIUUTa 1A% A 18} PaTTY
Aonssentin (uszeziing 60 3u

wdrnyhmsiadenudaidvungii 9 fu $1usu 300
win wvinsuwdeasazatslnaddudissduanuidudu o
0.01 0.05 0.10 uaz 0.50 % LI@AtUNITUY Ao 1 2 waz 3 Ju
AINEIRU NIBUSINITUTA8aITaza8lAatIu 60 Tu wud
fisgfumnuidudu 050 % Fadurnududugean shsinnssen
Fimademiigaogi 8.76 % Sl hanuduturedaaituiis
1 Wenuiuszznansutasiienau wilvinsaseyiuls
vaduiyTzaemieg1unnvisengnvedn dwalisuiglianing
son®Aald Tumenduiufiannadudu 0 % Felifinislélaaddu
lae dufividnmssendingsdign agil 84.80 % wandlyiidiuin
msldfiasazarelratudiglisuisanunsansyivlnlaogng
Wi Tnewudnseduanududuvesarsavarelaaddu way
32821181N13YA1ABNSNATINAUDENTALIUR DTN INITTON
Finvosiuiiy wardinnuuandsesdited fayn1eada fseiu
anuidosiu 95 % lnsanudaduiigauasmsudansidunauny
ylsinanszmuguLsntu dealvisnanissendinanasesis
110 (Table 1) @9AAA I UNIINAADIVOY Kerdsuwan & Te-
chato (2012) fifnwravesasazatslnadfusosnin n135en
Tin Snvagnduguine) @353 uazwadivie1veendaell
F19ums WUt Ssnssendinazananilessiunnudutugaty
LAEIZEYIANTWTUILTY UAYNNINAADITES Choopeng et al.
(2019) fidnwinaveslnaddusodsnsinissendiauas sedulng
waoed lundieldgnuausenine Dendrobium santana x D.
friedericksianum Wu31 SR UALTUTUTART T U 9T
srezainisutuiud u dwalwensinissendinsias
Faduduguin enaduduvesarsazarslnadduiinnuiuiy
Aawadiy dwalinszuiunisnelugadiinmiuliaunauas
danalvifioneluiign
N15ANYINITIATAAUINAIUAIINGIVEIVEIA LTI UTYIUTN
loarg 120 Ju

lovgnininsu 120 Fu dusegrsdinilusseansazans
Tnaddufiseduanududu 0 0.01 0.05 0.10 uay 0.50 %
srEzIaINILYAaITara1ulAaTTIuU Ao 1 2 uaz 31U ANAIAU
wndeeay 5 fu uvhmsiauasduiindilemandsniigs
(audwng) InginAnnugeanlauu (UShafiduinsentuan
fiu) hIYAgeanveITINd 3eLenYeIRUT1I NUIT NSHa
FIUFENINANUTUTUVDILAATTULAE T3 82LIAINTUTATAZAE
danaegaiitudddenisinsyiiulavesiiv Tneannududud
qﬁfuuazmsLLﬂj'aﬁuﬂuS?TuvT”nWﬂﬁm%‘zyw?uim%aaﬁ’m%a
wyavein fregratu Aanududu 050 % lufuusn fuilena
gaiadngedia 109 wufilums uin1ugIanAIREsNALAT UG
medlenalunsudinniu waziauuanaged9ldsd1Agy
n9adf AiszRuaudodiu 95 % (Table 2) aenndosiunis
NARBIUeY Tiwari & Mishra (2012) fifnwravesmsavaelaaidy
Tulsfmenduan Phlox drummondii Wui1 ansazatelnaddudiil



S. Tungkajiwangkoon / (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(2): 93 - 101 96

AN tugaLagsragalunIsUYUY ﬁﬂﬁﬁmﬁmmqqﬁwm
Ainannisdarrenisiienedwelsituvetlulasyyaluniswus
wagkuuluinda vlvduiulasiulvaduasayin wazainnng
FudannsadraduloaduialdlfiAanisusniavadasiuley
svriliianisrasnisias i vle venannd dadsneeu
maﬂﬁwumﬂmiﬂmaﬁuﬁfﬁu q TamaiasunUandaiina
@1MTUNYR199 919118 U Maneerattanarungroj et al. (2016)
IaAnwnavesasararslAadTunednIIN1TTenTIn SNWILNIN
Fugiuinen wazdnwauznianieinialutiaveuda wuin
wdnmsrlensndedeansazarsluieulsluaaslsyi (Clorox)
wavuluansazarelaaddudisysuanududu 0 0.01 0.02 0.03
waw 0.04 % luiiia 1Juszeziian 20 uaz 48 Talus way
LW’]%L?:ENU‘HE)’]W]SQG]S MS Wuszaziaan 6 §Uav d1veudad
wiansavarelaaddu 24 Falus Asyauaududu 0.01 uay
0.02 % {8M5IN1550ATINGIFAWINNY NUSNBUENIaTugIY
Sne1vesdud wrarsazatelaadau M sesunnudutuly
Wasuulas ussaulu anundielu anuenilu wazvunves
wadUnlusnniwulugaaiuay uarasazarslaaddudag
Tudesnsadialndnasssludna Parera & Dahanayake (2016)
I§Fnvnavesansazaslnaddufisyiuarudududiigg dons
Fnurliiinlndnaosnluiaadavest1inug Suwadel uag
Sulaai Wi BLNAIUNUVNUR DAL ILE IWaZAIILAYN WU
wpadaflesuanstaadduluaudiudu 30, 60, 90 way 120 un./
ams Tuan 12 way 24 Flusawisasendials uwiauanuse
Tunisadseonvesuaadaanas i onnududuresasuas
syazaNIsuIi LT Y uandiidiudn a1slradduiinasenis
WALAEAIMUNLYIT1? Fedeadinisaiuauaadudy
uagszeslIaneg iz aNieasinUssdnsnn
ANYINAYOIA I UTULAL T2 98IN T UUY T 582818 lAa T T e
MSSEUAsA RIS g e
MEndINMIWT St nieasazanelraidu fissduniny
g 0 0.01 0.05 0.10 Wag 0.50 % LaTlunsue Ao 1 2 uay 3 Tu
gy Wunan 120 Tu levihmsfinnmsasuawesdnuas
msdasuivewesuinuidn Iihnsdadenduilldumaus
seansaranelratiuiissiumududiusine Tnenuinfissduanu
Wt 050 % 15 fidnwawdtu wu lulldnvarmnueyiididen
W i usd (Figure 1) WS suifsududulugariugu wui
AalErLEIveTT YT ARdsnueveEat 1 warAREe
ANULNTBILAAT WA LARS INERERLABNNINAUANARER Loy
uwnnsnansadfegafiteddnds lneduinasedaAndsauem
53981 Ao 13.96 + 0.79 FumnTmasssilAedsaue1599T
A9 2315 + 1.49 fiadiuns FuRnaossiA1e sALELEATT
f9 1075 + 0.62 FumnsIMasER I Aed sALEILE AT 1 fie
11.86 + 0.67 fufnaeeniAady ruviuvesldet Ao 2.24 +
0.11 FUARATINARUAT ARA BAUMUUBILEAT 1) fie 3.37 + 0.09
Fata 3 %agaﬁﬁmawuLmﬂﬁiNmnaﬁaaamﬁﬁaﬁﬁ@q fiszsuana
Wortu 99 % agrslsimudted sruniawesud et ldfiay
uwansneneedi e sufisuduinaossuasiumnsnases 7

seiurdosiu 99 % (Table 4) Fadenndasiunavnaesves Eng
et al. (2021) 71 @ nwmaveslAaddus od nuagynadagiuinelu
nswviy (Neolamarckia cadamba) wuin luifidutiu dduiivue
Tty Feoneduiusiunaslananadmelusadifiuannty ua
awvnveslu dlilufiddutu Tneshuaunaelsnanas aunse
Anwvnaneinavesinly

YL
]

%

“agnil 2w
3

s 0

0%, 1d 0.01%, 2d 0.05%, 2d 0.5%, 1d

Figure 1 Comparison of leaf sizes resulting from treatment with colchicine
solution at different concentrations and durations (0 %, 1 day, 0.01 %, 2
days, 0.05 %, 2 days, and 0.50 %, 1 day for 120 days).
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Figure 2 Metaphase chromosomes of mitosis in root tips (A) diploid control;
(B) obtained tetraploid (100X).
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Figure 3 Comparison of the size of the panicles between the diploid and

tetraploid plants after treat colchicine 120 days. panicles of the diploid (left),
panicles of the tetraploid (right).
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Figure 4 Comparison of the size of seed between the diploid and tetraploid

plants after treat colchicine 120 days.
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Figure 5 Comparison of the stomata size of diploid (2n=2x=24) (A). tetraploid
(2n=0x=48) (B). Bar=50 um.
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Table 1 Effect of colchicine concentration and duration time on the survival rate of Oryza sativa L. cv. Khao Jek after treat colchince solution at 60 days

Concentration of colchicine

Survival rate (%)

Average of survival rate (%)

(%)

Duration period (days)

1 2 3
0 91.90° 83.75° 78.75° 84.80°
0.01 63.15° 59.40° 43.13° 55.23°
0.05 54.38° 13.75° 12.50° 26.88°
0.10 27.50° 11.25° 2.50° 13.75¢
0.50 5.63° 1.875¢ 1.25¢ 8.76"
Average (%) 48.51°% 34.01° 27.63°

F-test Concentration Level
Soaking duration
Concentration Level X Soaking duration

CV. (%) 391

VDifferent letters within the same columns indicate statistically significance difference using DMRT test at 95 % (p<0.05).

“ Different letters within the same row indicate statistically significance difference using DMRT test at 95 % (p<0.05).

*=There were statistically significant difference at 95 %; ns= not significant difference.

Tables 2 Effect of colchicine concentration and duration time on the average height of Oryza sativa L. cv. Khao Jek at 120 days

Concentration

Average height (cm)

Total average

of Duration period (days) (cm)
colchicine (%) 1 2 3

0 67.44 + 4.39° 68.06 + 4.06° 66.42 + 4.13° 67.31°Y
0.01 87.91 + 3.96° 60.82 + 357" 7213 £ 2.23° 74.95°
0.05 68.06 + 4.06" 68.00 + 1.41° 72.00 + 1.41° 69.35"
0.10 68.80 + 3.11° 72.50 £ 2.12° - 47.10°
0.50 109.00% - - 36.33°

Average (%) 80.24°” 54.68° 42.11°

F-test Concentration Level *

*

Soaking duration
Concentration LevelX *
Soaking duration

CV. (%) 14.79

VDifferent letters within the same columns indicate statistically significance difference using DMRT test at 95 % (p<0.05).

? Different letters within the same row indicate statistically significance difference using DMRT test at 95 % (p<0.05).

*=There were statistically significant difference at 95 %; ns= not significant difference.



S. Tungkajiwangkoon / (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(2): 93 - 101

99

Table 3 Frequency of polyploidization of Oryza sativa L. cv. Khao Jek for 120 days after colchicine treatment

Concentration of Duration period (days) Total number of Number of Frequency of tetraploid
colchicine (%) plants tetraploid (%)

0 1 20 0 0

2 20 0 0

3 20 0 0

0.01 1 20 0 0

2 20 0 0

3 20 0 0

0.05 1 20 0 0

2 20 0 0

3 20 0 0

0.10 1 20 1 5

2 20 0 0

3 20 0 0

0.50 1 20 1 5

2 20 0 0

3 20 0 0

Table 4 Comparison between diploid and tetraploid plants of panicle length, length width and thickness of a grain of rice at 120 days

Plants Panicle length Length of a grain of rice Width of a grain of rice Thickness of a
(mm) (mm) (mm) grain of rice (mm)
Diploid 13.96 + 0.79V"¥ 10.75 + 0.62° 2.28 +0.28 224 +0.11°
Tetraploid 23.15 + 1.49° 11.86 + 0.67° 222 +0.14 3.37+ 0.09°
t-test x> o ns o

** There is a statistical difference at the 99 % confidence level.
ns= not significant difference.

1/Average + Standard Deviation.

Different letters within the same columns indicate statistically significance difference.
Comparing the means of two samples by t-test method.

Table 5 Effect of colchicine concentration and duration period on stomata size

Plants Mean stomata Length Mean stomata Width
+ SD (um) + SD (um)
Diploid 21.10 = 0.97 V%% 15.20 + 0.74°
Tetraploid 2253 + 1.42° 17.25 + 1.24°
t-test x> **

** There is a statistical difference at the 99 % confidence level.
Ypverage + Standard Deviation.

“Different letters within the same columns indicate statistically significance difference.

Comparing the means of two samples by t-test method.
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ABSTRACT

The study aimed to investigate the effects of colchicine on survival rate, growth,
chromosome number variation, stomatal cell size, and morphological characteristics of
Oryza sativa L. cv. Khao Jek. Samples were collected from Hankha District in Chai Nat
Province. Germinated seeds of Oryza sativa L. cv. Khao Jek were immersed in different
concentrations of colchicine solution (0, 0.01, 0.05, 0.10, and 0.50 %) for 1, 2, and 3
days, respectively. The average survival rate of the rice after 60 days of colchicine
treatment significantly decreased (P<0.05) as the concentration and duration of
treatment increased. After 120 days of treatment, plant height was found to decrease as
both the concentration of colchicine and the duration of treatment increased.
Chromosome counting confirmed the presence of two tetraploid plants, both with
chromosome numbers of 2n = 4x = 48, at 0.10 % and 0.50 % colchicine concentrations
for 1 day. Highly significant differences (P<0.01) in stomatal length and width between
diploid and tetraploid plants were observed, indicating that tetraploid plants exhibit
altered morphological characteristics. The panicle length, as well as the length and
thickness of the seeds in tetraploid plants, were greater compared to those in diploid
plants.
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Table 1 The germination rate, % of germination, germination speed index and seedling height of five rice varieties grass

Germination
Rice Varieties

Germination

Germination Seedling height

rate (days) (%) speed index (cm)

Wheat grass 3.00° 93.337 14.85% 9.64°
Rice berry 5.00° 80.00° 8.14° 10.20°
RD79 5.33° 74.66° 7.44° 9.36°
RD85 6.00° 22.66° 1.90° 11.40°
RD95 5.00° 27.33° 2.61° 12.24°

Fotest . . . P
CV (%) 5.31 7.98 9.58 21.79

** = highly significantly different at P<0.01.

¢ different letters in a column are highly significantly different level (p<0.01) according to Duncan’s multiple range test.
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Table 2 The leaf greenness, fresh yields, juice extract and total soluble solid of five rice varieties grass

Rice Leaf Fresh yields Juice extract Total soluble
greenness (SPAD
Varieties UNIT) (g/seed weight 200 g) (mUseed weight 200 g) solid (°Brix)
Wheat grass 33.65% 177.93° 84.00° 7.66%
Rice berry 6.06° 109.63" 45.33 6.26°
RD79 5.89° 14243 50.66° 5.46°
RD85 4.75> 51.43¢ 17.33¢ 7.73°
RD95 3.76° 78.53¢ 26.33 6.46°
F-test *x *x *x "%
CV (%) 4594 67.53 88.08 27.41
** = highly significantly different at P<0.01
abed different letters in a column are highly significantly different level (p<0.01) according to Duncan’s multiple range test
Table 3 The radical scavenging activity of five rice cultivar grass
Rice Cultivar Radical scavenging activity (mgTE/gFW)
Wheat grass 0.48+0.06"
Rice berry 0.81+0.12
RD79 0.89+0.07
RD85 0.76+0.08
RD95 1.27+0.23
Mean + standard deviation.
YAnalysis data by Central Laboratory and Greenhouse Complex of Kasetsart University Kamphaeng Saen Campus (2023).
aéﬂwamﬁﬁ'a Thai-rice leaves and product development.
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wudUsame s Ay hmindadiiudy JseAnsaimnns
Wasues uazAuenliuAnNAUSEdA (P > 0.05) way
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Fninnans Sufinmsidsunlanhminfifistuvesdninaass
nﬂﬁﬂmﬁgﬁaﬁwmmé’mwmaw%zylﬁﬂm (average daily gain,
ADG) warsnsn1sia suemsidudhmin (feed conversion
ratio, FCR) U nUS 1 a0 %1597 b hazve 9137 snie
WemwiamusinaensiinuldsreTu (feed intake, FI) Tuiin
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\Fessen \olinaaesengasu 120 Yu duliveaesmeay 1 6

NG nstavTiniiTinneusin wagtanene msusiln
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a °
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Awdazormduian 12-16 Falug wasaniusinisdedining
FI91899110A8111S waIAsAlaeRALUaINNI SV
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AUNINYINANLLUVAING tAKA AzhuNIagIn Ymtnddds
dandnidean Winidnudawazin wininetelznnelu wag
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Wodidus
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AUEU1Y99 Chaiyanukulkitti et al. (1991) Panja (1999) wag
Polsiri (2001) (Table 1)
wavesmsinganmanwdensnalushiuseaussausniswan
Infhuilosgnaau
nsfinwinavesmiindanandendsealutfuste
aussournsndaliiuiiosgnaay fuwansly Table 2 wuin
Usinamsiuldvedinuiiosgnuaneny 2242 Fu Tunguillésu
hwindhnmannivdentsaaluiifiufisedu 0 uay 30 Sadans/

A5 AU 39.86 NSUATUL WAy 39.91 ASuRaTY AUaIsU
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A1gandnguilasuuinin@ininainidendenaluuiaud

pmd)}

50U 10 waz 50 Jaddns/ans (P < 0.01) Usunanisiulavedln
fludlosgnuaneny 43-120 Ju lunguitldsurmnganiwann
Waentaaaluthiludisedu 0 uay 50 fadans/ans davify
60.49 n3usiatu uar 61.01 n3usio¥u mudiy dergeniingu
¥sudmdndinmandentaaluduiiszdu 10 wes 30
fiaddns/am3 (P < 0.01) a8slsfny Usmmnisiuldlaeiade
naeanTIAaesaInauTldTu NI nUdenstanely
dhiufiszsu 50 faddns/ans deuvindu 57.31 nsurefu
fusuanisiuldganiimaniynuud (P < 0.01) Faladesing q
fidsnalisinunsiuldlunguildsuindnanmaniden
ﬁmmsl,mfﬁmﬁﬁhqqﬂdﬁﬂ%@ﬁ?ﬂﬂiﬁﬂ&jummmwLﬁaqmﬂiaﬁma
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(Merennungba et al, 2024) Taevi2luaauda9n1501%157
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Table 1 Ingredients and nutrients composition of diets

Ingredients of diets

Ingredients (kg)

14-21d 22-42d 43-120d

Maize 44 40 40.5

broken-milled rice 15.5 16 17.5
Rice bran 9 8.75 9
cassava chip 0 12.25 12
Soybean oil 1 0.5 0
Soybean meal 16.5 11.5 8.5
Fish meal (55 % CP) 8.5 75 6.5
Oyster shell 2 1 25
Di-calcium phosphate 0.5 0.5 1.5
L-lysine 2 1 1

Salt 0.5 0.5 0.5

Premix 0.5 0.5 0.5

Total 100 100 100

Crude protein (%) 20.11 16.35 14.29

ME (Kcal/kg) 3,063.95 3,141.23 3,066.57

Sannavdsuemsidudminuedldfudesgauan
91933919 43-120 Tu wavengsewing 14-120 Fu Tunguitlésu
dhafndnmandendsaluidufiszdu 50 faddns/ans
Wiy 2.66 uaz 2.67 ferdndnguildsudiminganinein
Lﬂﬁ@ﬂﬁﬂ@@iuﬂfwﬁuﬁixﬁu 0 10 uay 30 dadans/ans (P < 0.01)
(Table 2) QAunISTUsEAVBAMA AN ULUATIS LN T3IN
(Department of Agriculture, 2003) leiwn nau Lactobacillus
waz Bacillus § 99 8un3e Lactobacillus 1 arunsaduds
Woqaunidnelsangu Salmonella £ coli uag Clostridium
botulinum el usgsfuazdnaiunisldusslovivesomis
nszgunsasgiiauiulsaludld uwag Bacillus a1unsoasne
ulydgisgoslusiunazits 1Wu amylase protease hemi-
cellulase ﬁﬂﬁmmitﬂm%mlﬂi%ﬂsziwuﬂlﬁqqsﬁyu (Kaewmanee,
2010) Insunumvesdunidnaud azitinie funtsszuy
mafuems WedestunuaiiFeidulnwduneadssyuy
maduems Milinisgeswarnisgaduemsiluunfiuasdl

N e @

FgiindwIreRiunsemduselenidesninieled (Mitchell

v
A

& Kenworthy 1976) faifuiil e

o

fa % Ao
AninuUUINda1udIENauTa9

1%
] a

a ¢ 3 o g ¥ a N sl o '
auV]?EJL‘Wﬁ'TUﬂf\]g‘WﬂWLWN"Qau‘WiﬁJWNU?%IB“UNIU?”NFWEJLLag

-2

K4

aursdwandlugislunszuiunistosuazn1sgaTuem ATy
Fedanalisanevesdniaunsailavug lUlduselomilaogng
& o ' Y a a v a 4 Y] a

Winuardemaliusunanisiuliiingadu wagdnsnisiasu
st uw i nad u s sldendinausznoud e
a1sUsznoufiuedea 1w arsuoani-uuslnafu Wuaislungu
wwulnu (xanthone) fiUSuauvindu 11-18 Wesidud asngu
woulsloenilu wazanswnudu JUSunu 7-14 Wosidud Faans

a1t a1unsaeengnd nedanmnaziunuimaidglunis

a £

USuugarandnuadnd (Bramardipa et al,, 2019) lngangloms
f1ueuyadasy (antioxidant) wazaiu1sansedugilauiuly
$ramevesdng (Nufez-Sellés et al, 2007) Wos1enevesdnidl
gidutudindu dsaldnifqunmuarienisudusuasiu
onslduniu wavansusznouneulnuludonianadiunum
ddalunmsgonnalasiainddala (il ludlduavannsaduds
nsiesyidulavesuuaiiofinelsaludld dawalinisgady
msonsdghenediugedu wazdmiindfissnnty (Adriani
et al, 2018) Tngvhlunuiansusznousengudnadinimiing
Tufivayulwsanansonszdunnuesinemsuagifis3inmunis
Aulduaziiinnisndaeuluilunisgeseims nszdugiduiy
Wuansdueyyadase uavarsdugdunid (Toghyani et al,
2010)

Wesidwinsidessenvesliiudesgnuaeny 14-21 Ju

v
° o a

Tunguitldsuiminganmannudendegaluihdudisedu 0 10
way 50 Tadans/ans dA iy 98.75 98.80 uay 98.80
Wosidud mudrdu (P < 0.01) wazlifiuilosgnuaneny 22-42
u uazeny 14-120 Ju flFsuthudndanmanniudendneluih
fufisziv 10 uaw 50 faddns/Ans Sefifudniaidesen

WU 98.75 way 98.75 wasidud audisiu (P < 0.01) (Table

v

2) Mellonaiflesnniudendennignidiusyyadase Aunis
SniauuazAUTaLUATISY uazansanseAuszuugiAuiuly

Inflelaewiivsnuiuwadidiadonviviadulnleduazsdaiem

o '

wielsila Wesvuugfiduinvessianeliiindy awwnsadesdiu

q

a ! Y @ 6 a a <
nsialsauazdalidaidguainiuazudauss (Ele et al,

a ¢a =

2018) 53U aunTg N dUsednsana nuluumdnginin

drunneglungu Lactobacillus wag Bacillus lagyaunidngy



W. Waramit et al. / (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(2): 108 — 118

Lactobacilli mmsa&TUEj”uwa%Wﬂ'aIiﬂ U Salmonella spp.

uag E. coli la (Boguslawska-Tryk et al., 2012) Iﬂaﬁgauwgéﬂﬁjm

Lactobacillus @sNIONAANIADUVIFE LU NIALAARNLAZNTA
as@in WuAy wavaninsandn Bacteriocin Bacteriostatics

wae Bacteriocides Favinntndilunisdudadanalsaluvianiafiu

112

819113 b8 Salmonella Campylobacter wag E. coli Wudu
(Nabizadeh, 2012; De Maesschalck et al., 2015) a9t uLdialn
naaeslasuuningdaninainildendenaluuia udeinla

Wasifuinisidesseninunniy

Table 2 Supplementation fermented bio-extracts from mangosteen’s peel in drinking water on production performance in crossbred Thai native chickens

Fermented bio-extracts

from mangosteen’s peel level (ml.) P-value
Items SEM
in water 1,000 ml
0 10 30 50 Sex Treatment

Initial weight (g) 34.43 34.21 35.19 35.03
Final weight (g) 1,695.43 1,687.46 1,705.32 1,673.20
Weight gain (g/h/d)

14to21d 12.68 13.01 13.84 14.10 1.01 0.56 0.08

22to42d 14.37 14.04 14.68 14.78 0.70 0.98 0.43

43 to0 120 d 14.98 14.82 15.38 15.06 0.26 0.98 0.32
Average 14 to 120 d 16.93 16.88 17.03 16.83 0.18 0.24 0.87
Feed intake (g/h/d)

14to21d 28.38 27.68 27.40 26.88 0.86 0.49 0.07

22to42d 39.86" 37.94° 39914 37.46° 0.21 <0.01 <0.01

43 to 120 d 60.49" 59.89° 58.92° 61.01" 0.22 <0.01 <0.01
Average 14 to 120 d 54.56° 56.04 56.69° 57314 0.19 <0.01 <0.01
Feed conversion ratio

14to21d 2.56 2.51 2.64 263 0.07 0.37 0.82

22to42d 2.77 2.78 2.79 2.68 0.01 0.65 0.32

4310 120 d 2.88" 2.84"8 2.76° 2.66° 0.00 0.95 <0.01
Average 14 to 120 d 287 289" 2.80° 267 0.00 0.57 <0.01
Survival rate (%)

14to 21d 98.75" 98.80" 97.50° 98.80" 0.31 0.91 <0.01

22to42d 97.50° 98.75" 97.50° 97.50° 0.18 0.39 <0.01

43 to0 120 d 98.75 98.75 98.80 98.80 0.17 0.46 0.99
Average 14 to 120 d 97.50° 97.50° 97.50° 98.75" 0.04 0.84 <0.01
Cost of production (baht/kg of weight gain)

14 to 21 d 34.57° 35.27¢ 37.29° 38.12" 0.18 0.39 <0.01

22to42d 32.67° 33.55¢ 36.47° 37.08" 0.21 0.67 <0.01

43 t0 120 d 32.90° 33.15° 37.814 38.03" 0.34 0.92 <0.01
Average 14 to 120 d 34,72 35.90° 36.28" 36.90* 0.23 0.50 <0.01

A BCD

2813lsAnnu Hafez et al. (2022) S189UNANUNLILLLY
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yonanfienadianuduiusivaninuindo aquﬁmmmﬁ
(8 o8 U 91T AUNIN LATLUINIINITLA 897 Lna Nz a
(Merennungba et al., 2024) éfuvlummmwfamil,ﬁ'mﬁwfiﬂ

1 Alansy MaenY9UBINITNARBY FANULANF 19N UDE 193]

(3

vdAyn1eada (P < 0.01) lnenudnguitlasuimdndinim

in the same row with different superscripts are significantly different (P < 0.01).

ndensieanlutnfaufisedu 10 30 uwag 50 daddns/ans
finadsvesiunuameimsdonIsiiniinin 1 Alansu wiriy
35.90 36.28 LA 36.90 UMM MINAIRU AA1GINIINGUAIUAL
(P < 0.01) (Table 2) vl sa1ndmsIN11asgLAvlnvesla
& oA A ve ¥ o A o P
fudegnuauilasuindndinnanidendegaluifveny
14-120 Fu faliunnsnsainnguaruauuasUssdnsainnislyd
91MNIHANgINIINGUAIUAY

4 o a = % T I
wavenminFanmainaendanaluiusessrusynouyin
voslniudesgneau

nsAnwmaveslmindinmanideniinalutfuse
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asrUsznaurnvedlinuilewgnuas wandlu Table 3 wudndwtn

Tavedniudlogmuaunlasulmindinmanidensisralu
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fuflanuunnenses el Toddymeaif aonguitld vt
Fanmanidonitsnaludadisedu 50 fadans/Ans Suwind
Fingean (P < 0.01) Wesiuidudnsautsuasesifuiimindy
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ArusnshseteiiifudAeymneadn Tenduillisidwindanman
waenslamelutihiuisysu 30 Sadans/Ans fanganinguillisu
vindanmannidensinelutfsiszdy 0 10 uas 50 Sadans/Ans
(P < 0.01) (Table 3) Fsszivvaadeleluennsinfiuadensinnnves
A1 (Edmew et al, 2024) @onadasiiu Olajide (2017) Sieamu3A il
dwindssnntudueenmevsimesioniifidelogduomaes
Inioswerinfadl usidminfuszannviedeseaiarndmingn
vedlriielnenss dwsulesiduiiminduredniugiosgnueai
Fsudmindanmanidenseeluiifuiissdy 10 fadans/Ans
fidngean (P < 001) uasosiduimnuoanguitld s msindanm
Mnidentenaluthiniisedu 10 way 50 Faddns/Ans egean
(P < 001) (Table 3) Fanandnmnnlsisudvnaluvenstade wu fius

2MMNIERT NsTIwNareIn Wanind 3 e wazinaveslnile

(Havenstein et al,, 2003; KieroNczyk et al,, 2017)
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nInguilasudmdndanmanniudendanalutnfui seau
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Fanmanildendenaluiinuiinuwandseg1aiided Ay

adf lnewosiduiiminussvesnquitldsutmindanimain
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Table 3 Supplementation fermented bio-extracts from mangosteen’s peel in drinking water on carcass composition of crossbred Thai native chickens

Fermented bio-extracts

from mangosteen’s peel level (ml.) P-value
ftems in water 1,000 ml SEM
0 10 30 50 Sex Treatment
Live weight (g) 1,627.56° 1,713.04° 1,663.18° 1,766.46" 188.09 0.95 <0.01
Carcass (%) 64.64° 66.63" 65.21° 66.04" 0.24 0.64 <0.01
Carcass grade score 4.42 4.38 4.37 4.47 0.16 0.57 0.96
Dressing yield (%) 73.43¢ 74.00° 75.21* 74.08° 0.20 0.77 <0.01
Breast meat weight (%) 19.82¢ 21.56" 22.19" 20.84° 0.32 0.45 <0.01
Wing weight (%) 6.68° 6.59° 7.25°% 6.75° 0.13 0.62 <0.05
Thigh weight (%) 14.25 14.73 14.19 14.92 0.27 0.66 0.07
Drumstick weight (%) 17.62" 16.75° 17.96* 16.96° 0.18 0.74 <0.01
Head and neck weight (%) 12.85° 12.31% 11.86° 12.26%° 0.24 0.27 <0.05
Feet weight (%) 8.47 8.80 8.75 8.94 0.15 0.99 0.26
Liver weight (%) 2.58° 2.85" 2548 2.63° 0.02 0.69 <0.01
Heart weight (%) 0.67 0.68 0.66 0.66 0.00 0.36 0.95
Gizzard weight (%) 3.77¢ 4.40° 4.94" 4.62° 0.06 0.35 <0.01
Abdominal fat (%) 178" 1.42° 1338 1.40° 0.03 0.96 <0.01
A B CDin the same row with different superscripts are significantly different (P < 0.01).
b din the same row with different superscripts are significantly different (P < 0.05).
mﬂNamsﬁﬂmaaﬁﬂszﬂau%’mmaﬂﬂ'ﬁmﬁmqﬂwau ﬁémﬁ'ﬂﬁmazﬂa (P <0.05) L‘ﬁ'aﬂmﬂqﬁum% “ﬁlﬁﬂisﬁm%mﬂu

aaa

nwuihdmdnFinnanniudendeasaluinfudeasouintnidin
s 2 < - Y ' s 2 ¢% o &

wWasuden wWeiuddudiudauds wWedigudumiinidesn
s & ¢8 o s f8 o o s ¢8 o &

wWasiudumtinues WesiWudiwindu wWesiguiumidniuy

lvsfuludasios (P < 0.01) Wesidudinnindn wavilosidud

UmdndinmdruninidusuaiiSeongy Lactobacillus waz
Bacillus 3338un3¢ Lactobacillus Hanansaduguieqduvidne
1san Zj U Salmonella, Escherichia coli wa ¥ Clostridium

botulinum edusened warduasunisiduselevivesainns
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o

nszfunisadgiiauiulsaludld wag Bacillus aunsaasne

q

wulydgisgoslusiunazits 1Wu amylase protease hemi-
cellulase ﬁﬂﬁmmﬁaﬂ%ﬂ’dwﬂsﬂwﬁlﬁq&%u (Kaewmanee,
2010) iamﬁgaLﬂﬁaﬂﬁmﬂﬁqwéﬁma%a@aiz waZENINIINTEAU
giduiulusenevesdnd (Nunez-Sellés et al, 2007) fefuidle
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¢ a1 <
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Aaa s
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H o s 2 &9 v W s & &0 o & o '
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) s & &% v o A v o oS X
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¢ (Table 3)

'
A
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538U 10 30 uay 50 fiaddns/Ans fedidudiminluguros
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ihidufifignidueuyadasy (Glinubon et al, 2021) Aenndos
U Park et al. (1997) iwmudwmiﬁmawﬂaSaimmiagugq
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| o
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ABSTRACT
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In this study, the effects of supplementation with fermented bio-extracts from
mangosteen peel in drinking water on the production performance and carcass composition of
crossbred Thai native chickens (Pradu-Hangdum x Leuang Hang Kao) were investigated. A total
of 120 broilers were assigned to four groups, each supplemented with fermented bio-extracts from
mangosteen peel in drinking water at levels of 0, 10, 30, and 50 ml/I. A randomized complete block
design (RCBD) was used, and the results indicated that the group supplemented with
50 ml/l of fermented bio-extracts from mangosteen peel had a higher average feed intake
throughout the experiment compared to the other treatments (P < 0.01). Native hybrid chickens
aged 43-120 days and 14-120 days that received 50 ml/l of fermented bio-extracts in drinking
water had the lowest feed conversion ratio (P < 0.01). The groups that received 10 and 50 ml/I of
fermented bio-extracts in drinking water had the highest average survival rates throughout the
experiment (P < 0.01). However, the groups supplemented with fermented bio-extracts from
mangosteen peel had higher production costs (baht/kg of weight gain) than the control group
(P < 0.01). Moreover, supplementation with fermented bio-extracts from mangosteen peel in
drinking water significantly affected live weight, % carcass, % dressing yield, % breast meat
weight, % drumstick weight, % Liver weight, % gizzard weight, % abdominal fat (p < 0.01), %
wing weight, and % head and neck weight (p < 0.05). Specifically, the groups supplemented with
fermented bio-extracts from mangosteen peel had a lower % of abdominal fat compared to the
control group (P < 0.01). Therefore, supplementation with bio-extracts from mangosteen peel in
drinking water positively influences the production performance and carcass quality of hybrid
native chickens.
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Table 1 Chemical composition of leucaena leaves, mulberry leaves, soybean meal and fish waste silage (% of DM)

Items Leucaena leaves Mulberry leaves Soybean meal Fish waste silage

Dry mater 91.60° 89.25" 88.50° 18.127

Ash 10.70 11.81* 5.70° 0.16'

Crude protein 23.50" 24.36° 41.60° 14.09'

Ether extract or crude fat 7.00! 8.02° 1.10° 50.31"
Nitrogen free extract 50.10° 56.42° 35.40° -
Crude fiber 10.61* 13.11° 4.70° -
Neutral detergent fiber 23.90' 35.77* 12.90° -
Acid detergent fiber 27.94! 28.00° 7.90° -
Acid detergent lignin 5.70° 0.74° 2.60° -
Hemicellulose 19.10° 18.99° - -
Cellulose 19.92! 12.84° - -
Tannin 2.70 1.20° - -
Mimosine 3.10" - - -

YIslam et al. (1995) 2WTSR (2010) *Zapata-Campos et al. (2020) “Al-Kirshi et al. (2013) *Batiha et al. (2023) *WTSR (2010) “Thip-uten et al. (unpublish)

Table 2 Partial of essential amino acids for laying hen requirement in leucaena leaves, mulberry leaves, soybean meal and fish waste silage

Leucaena leaves

Mulberry leaves

Soybean meal (mg/g N) Fish waste silage

Items
(mg/g DM) (mg/g)

Lysine 339! 14.33? 388! 3.20°
Methionine 98! 2.99? 88! 1.50°
Threonine 266 10.522 2441 1.40°
Tryptophan - 7.40° 6.10° 0.72°
Arginine 277 12.96° 463 5.30°
Isoleucine 244! 10.04? 294! 1.50°
Valine 311! 12.83% 300" 1.07%

Ter Meulen et al. (1979) *Machii & Katagiri (1991) *Espinosa et al. (2021) “Gauthankar et al. (2021)

Abou-Elezz et al. (2011) lannasaasulunsydudulu
mvmilﬂ'lsu'ﬁ’uﬁfi'%”ﬂlaﬁ'LLauﬁLiﬂﬁ'izﬁ’u 0,5, 10 wag 15
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wWasuewnaduldiduuuulfsds (Quadratic) wazduveslduns
%ﬁﬁLﬁl]”mLﬂ'mﬁummzﬁwaﬂumsﬁuﬂuiuqmmmi uay
vauawugItiasldlunseduduluagasemsinlyifu
10 Wosidud Tuvaueii Alkirsh et al. (2013) naasasulumion
Yuluemnslalianewuge1us101 (Isa-Brown) fiszsiu 0, 10,
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wingausonsinandnliwazannmvedly
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31nNTEUIUNISKUTIUUa i nud 1 maneudednd
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nlsanuensululseimauasig dundnalensanesin

s
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dvadluuns w3e AunwinuUsTavdNdE vaue?l Ramirez et al.
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Wisusunislduselovdlavesunasvaslusduniadon
wWeriugudeyalusumsuszondliingavermsdailidiumnn
u adunisinuiTeiiingussasdiiiofnwnanisling fu

wraslusiunadannawnunindundssunsaiuluemsinly

gunsaluazIsn1ide
1. NITINUAUNITNAGDY SHINAFDY UazeIMITVAae
TNUNUNITNABDIRUUA wauy sl (Completely
randomized design, CRD) 1dlAlauiug Hy-Line Brown niouly
01y 23 A S1uan 120 1 wislroanidu 4 ngu q aw 3 4
7 a¢ 10 ¢ ntudulAlildsuemsfifunastusfunaununin
Fundossdnlugnsonsensdu 4 via (treatment, T) feil
T1 = Tsfuamnnindamdes (Control)
T2 = Wsfuannindudgndasindretmsiniawlan
(Cassava pulp fermented with liquid fish waste silage)
(hwiiuatan wisslFnmsthe Tegnglunasdau
Wmesaimdeisninnsihdanduvesnguiamiaandu
YUYUVINUDATAIATIN FJINTAUATNUL thanmindaeniniima

F1u7U 15 Alnasy satawuaninudn 100 Alanuan wdniald

Table 3 Ingredients and chemical composition of experimental diet

w14 %u luanmdndagldimsineedan antutdmsine
Uanildnaufuninsfudrsndausts lusasido 1 - 1 Aeldih
ninAwlal 1 Alandu senindudiUsnasuiis 1 Alandu
aanLad i fuluseins sswauemisuuauoudunm
30 Wil waussldludmdnwanafinuuin 200 dns dadanun
Tiudutadladnminluanwlsennimduszevinan 21 Ju
andutheenuninuanliuis 2-3 Yu udlibudunailugns
013N1a)
T3 = WsAuanlundeu (Mulberry leaves)
(dlunouaneiuganauas-85 engiiuiien 2 1ieu
vutenanzaiuluananndudundulvisuinlsyuia 2
uRWAs ananliuiiu 3 Sy uaselfiedesunemsdn’
TiflvuaUseana 1 fadwns dwsuiludiunanluemisinla)
T4 = WsAuanlunsziiu (Leucaena leaves)
(unsyiuanfiuanindilsuneasns thanmnuanuiy
3 5u Tlushe anduhlulduadioedesualiisuausyana
1 faduuns dwsududiunanluownslily)
dnadlugnsenmsvnasauanslilu Table 3 lngldnin
Fundes iwlaminnndudivznds Tumiou Tunsedu Yailu
nsmoziludaunsisiiduunaddusiu [94lne $19 waztisiu
Uraufunmaamdsnu indouns Auduun lauaa@eumlosayn
wagdnfuwssmdniagudmsulnluluunamssiguazinidu
nsuanemsIudnduusargasilasemsnsminam
feen1svesinly lnglvdseaulusiunasndsnuwindunnans
Ao TUsiu 18 Wesidud wasndsnuildusylevdilgimiafu 2,900

Alawmasdsanlansuannis muAwLzinves NRC (1994)

Feed ingredients (%) T1 T2 T3 T4

Soybean meal (45 % CP) 30.00 26.63 25.00 26.63
Cassava pulp fermented with liquid fish waste silage (12.48 % CP) - 10.00 - -
Mulberry leaves meal (18.15 % CP) - - 10.00 -

Leucaena leaves meal (18.52 % CP) - - - 10.00

Fish meal (55 % CP) 2.00 2.00 2.00 2.00

Rice bran 3.63 2.00 2.00 2.00

Ground corn 52.00 47.00 48.63 47.00

Palm oil 0.50 0.50 0.50 0.50

Dicalcium phosphate 2.02 2.02 2.02 2.02

Mill limestone 9.00 9.00 9.00 9.00

Salt 0.25 0.25 0.25 0.25

DL-Methionine 0.30 0.30 0.30 0.30

Ypremix for laying hen 0.30 0.30 0.30 0.30

Total 100 100 100 100
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Table 3 Ingredients and chemical composition of experimental diet (Continue)
Feed ingredients (%) T1 T2 T3 T4
Calculated chemical composition
Dry matter (%) 89.90 89.84 90.44 90.09
Crude protein (%) 18.00 18.00 18.00 18.00
Crude fat (%) 3.54 4.54 3.29 3.48
Crude fiber (%) 3.16 3.24 3.32 3.47
Calcium (%) 3.70 3.69 3.94 3.85
Available phosphorous (%) 0.59 0.57 0.63 0.59
Sodium chloride (%) 0.10 0.10 0.10 0.10
Lysine (%) 0.94 0.84 0.79 0.86
Methionine (%) 0.54 0.51 0.53 0.51
Methionine + cysteine (%) 0.68 0.74 0.72 0.68
Metabolizable energy (kcal/kg) 2,900 2,900 2,900 2,900
Cost of experimental diet (baht/kg) 15.31 14.16 13.81 13.69

T1 = Control (soybean meal), T2 = Cassava pulp fermented with liquid fish waste silage, T3 = Mulberry leaves meal, T4 = Leucaena leaves meal. “Premix (mineral

and vitamins) provided the following per kilogram of diets; manganese 86.28 mg; iron 108.11 mg; copper 62.74 mg; selenium 32.75 mg; zinc 136.99 mg; iodine 1.64 mg;

vitamin A 1650 IU; cholecalciferol 330 IU; vitamin E 100 mg; vitamin K 4.31 mg; vitamin B1 2.53 mg; vitamin B2 8.02 mg; nicotinic acid 53.96 mg; vitamin B6 2.53 mg; vitamin

B12 1.54 mg; pantothenic acid 13.23 mg; folic acid 1.38 mg; biotin 5.50 mg; and chorine 2583.33 mg.

2. MsuTIvTIdoya
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uAIAENAalsa (Roche yolk colour fan) fiAnAguLaIN 1-15

' v
a v

o 0 A s X = av |
FaA9LANT LU IUanDadlunad (Yolk colour) ATy Un1uAn

Az (5) dnldenlusundaivdenlinnlingumgiiviesuiu
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weight, ) (6) furmdaminla w1 (Albumen weight, g)

= hwitnlaiviarles — dhuinlauns — dwtndentd)

3. MIURTIYTOYaN NI
FoyatamunindrTiaseiauulsusuauunung

naae UL NANYsel 1WisuifisumNuuAndIvesARAYn

LWURAAI875 Duncan’ new multiple range test isesuay

ity 95 Wesidud seTusunsudniagu SAS 6.12 (SAS, 1996)

NanazIsalNan1sIdY

dminlaldneaeeds Ysunaemsiiauld §asinis
Wasuemslunandnly nandnly wazaunmvedlyla uandy
Table 4 wuintuinlalinnasads aruvuivesddonls
anuaslvlvesld tvdnlauas wazthminldun daliunnsng
Auneadd (P > 0.05) lngdA10g5enIne 1.56 - 1.71 Alan3u
0.22 - 0.23 fiadluns 85.74 — 90.46 Wosidud 13.46 — 14.04
% way 33.42 - 34.22 n§u sy Turaeivsinaemsi
Auld swsansasuermsiiunandadiminly 1 Alandu
Wodudnandnly vininly diminveavdentd uazdvesly

uad dauenaneiueeg9dtsdfgnisada (P < 0.05)



S. Thip-uten et al. / (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(2): 119 - 126 123

Table 4 Effect of protein sources on feed intake, egg production, and egg quality

Parameter T1 T2 T3 T4 SEM P-value
Average body weight of laying hen (kg) 1.61 1.56 1.48 1.71 0.04 0.122
Feed intake (g/hen/day) 118.89° 114.42° 119.75° 104.74° 4.58 0.002
Feed conversion for 1 kg of egg (kg feed/kg egg) 297° 3.57° 3.47° 3.47° 0.09 0.001
Egg production (%) 70.00° 53.36° 57.20° 57.30° 1.95 0.001
Egg weight (g/egg) 59.07° 56.64° 56.63° 58.63° 1.46 0.002
Shell weight (g/egg) 5.83° 5.50° 5.95° 5.57° 0.21 0.004
Shell thickness (mm) 0.23 0.22 0.22 0.23 0.01 0.410
Haugh unit 88.11 85.74 89.06 90.46 7.81 0.770
Yolk weight (g) 14.04 13.85 13.46 13.83 0.41 0.060
Albumen weight (g) 33.46 33.42 33.97 34.22 1.27 0.620
Yolk color index (1-15 scores) 4.61° 4.79° 6.63° 7.05° 0.49 0.001

T1 = Control (soybean meal), T2 = Cassava pulp fermented with liquid fish waste silage, T3 = Mulberry leaves meal, T4 = Leucaena leaves meal. *“Means in

the same row with different superscript were significant different (P < 0.05), SEM = standard error of the mean.
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Cz?ssava pulp g laying hens aged 23 weeks. The hens were divided into four treatment groups, with three replicates

Leucaena leaves of 10 hens per group. The experimental diets included four different protein sources: soybean meal
Mulberry leaf (control, T1) fermented fish residue with cassava pulp (T2), mulberry leaves (T3), and Leucaena
Egg quality leaves (T4), respectively. Feed and water were provided ad libitum for 60 days. The results

indicated that protein sources had a statistically significant effect (P < 0.05) on feed intake, feed
conversion ratio (FCR) per kilogram of egg, egg production, egg weight, eggshell weight, and yolk
color score. T1 had the highest feed intake (118.89 g/hen/day), while T4 had the lowest feed intake
(104.74 g/hen/day). FCR was the lowest in T1 (2.97), while T2 was the highest (3.57). The highest
egg production occurred in T1 (70 %), while T2 had the least egg production (53.36 %). T1 and
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However, non-significant differences (P > 0.05) were observed in eggshell thickness, Haugh unit,
yolk weight, or albumen weight. In conclusion, alternative protein sources from leucaena leaves
(T4) can be used to partially replace soybean meal in laying hen feed formula, which can help
improve egg weight and enhance the color of darker yolks. Still, they may affect feed intake, egg
weight, FCR, and egg production.
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Figure 4 Value Proposition Canvas of Dragon fruit breadsticks.
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Figure 5 Dragon fruit Kimchi products.
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Figure 6 The process of drying, grinding dragon fruit peels and mixing into
breadsticks.
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Figure 7 raining workshop on practical application to transfer Dragon fruit
Kimchi processing technology.
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Figure 8 Practical training on technology transfer at GMP Codex-certified
production facilities for Dragon fruit breadsticks.
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Figure 9 Lesson Learns for product development and packaging design

Including labels.

LML - P 7 -

Figure 10 Label, packaging, LSF standard symbol, and food additive code

number on product packaging.
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Table 1 Survey results of target groups and consumers on the product development approach using dragon fruit raw materials

Suggestion S.D. explanation
1. Food Products Development 4.19 0.10 High level
2. cosmetic products Development 0.81 0.95 Low level

3. other products Development

Table 2 Nutritional value analysis results of dragon fruit grown in Rong Chik Subdistrict, Phu Ruea District, Loei Province

Ingredients Energy Carbohydrate (g) Solids Fiber Protein
(Kcal) (9) (9) ()
Dragon Fruit 67.70 21 14 5 2.2
Table 3 Nutritional value of Dragon fruit Kimchi
Energy (Kcal) Fat (%) Carbohydrate (g) Solids Protein (g) Sodium (mg) Potassium (mg) pH
(9)
71 0.1 16.4 0.7 2.2 197 872 4.8
Table 4 The sensory test of Dragon fruit Kimchi
Product Aroma Taste Texture Overall Preference
Dragon Fruit Kimchi 4.13+0.89 4.10+0.71 4.20+0.88 4.86+0.81
Table 5 Nutritional value of Dragon fruit breadsticks.
Energy Fat Carbohydrate (g) Fiber (g) Protein (g) Vitamin C(mg) Phosphorus Calcium Moisture (%)
(Kcal) (%) (mg) (mg)
132+0.16 0.2+0.31 41+0.11 0.2+0.02 2.2+0.51 34+0.12 52+0.21 45+0.49 2.11+0.11

The experiment was conducted with 3 replications at a confidence level of 95 %.

Table 6 Sensory test of Dragon fruit breadstick product.

Product Appearance

Smell/Taste

Texture (Crispiness) Overall preference

Dragon Fruit Breadsticks 4.34+0.21

4.86+0.10

4.60+0.01 4.88+0.21

The experiment was conducted with 3 replications at a confidence level of 95 %.
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Standards from Loei Province (LSF) and the Food and Drug Administration (FDA).
This has led to plans for expanding distribution channels through agreements in Loei
Province and boosting awareness and sales through digital marketing communication.
Consequently, the large-scale dragon fruit agricultural enterprise group has increased its
net income, leading to effective and sustainable group management.
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Table 1 Details of the dependent and independent variables used in the multiple regression equation

Variables

Detail

Off-type rice varieties (Y)

Soil preparation (X;)

How to grow rice seed production (X,)
Caring for cross-breeding inspection (X5)
Source of rice seeds (X,)

The harvest rice seed (Xs)

Post-harvest management (X,)

number of off-type rice varieties
Number

1 = Transplanting, 0 = Sow seeds
1=yes, 0=no

1 = government, 0 = not government
1 = machine, 0 = not machine

1 = owner, 0 = hire

Yay awAnuiiu wazdaiauewuzifeaiunisuzyuves
ugdululunsrdnudniugdng nue Tuiudens veununsns

Y aa a v '

|1 o a v
Wumanularalaldadfdanssauinignisosay

o
awv o

e uITellarunsTusensessIunsidely
UUWHIIINAULNTTUNITITETITUNTITe TN B auLad

1A$9N15 HE673051

NALAZITAINANITIVY

1. ﬁayaﬁugvwwﬂ“mmmsz'zyjﬁ@wamwmms
HansAnwINUI tnwasnsaulugiduinandgs Andu

Soway 52.20 fimdadgdenuggeony lasflongiade 52.30 ¥

florgesiian fie 32  wagorguiniign de 67 T dulugjau

MsENESEAIUUTEONANY Sa8ay 65.20 DIINASNVINAISINYAS

welasunistlinausuAeafun1sdnviwlatndaudanus a1

9

Andudesay 82.60 T91UIULTINUAIANISINYASIUASILS DU

a

Wiy 2 AU lnedussnulosfian 1 AN WATTIUILLTIIUNIN

a

fgn @e 5 Au s1eldanmsinsinunsialiade 63,754 U
srlduiniian 209,000 v srelddeeiian 10,800 v
wnensnsauluafividu Andusesay 55.40 dnvauziBuni
vangiou lngfanan1dunsiuvessziavan 1wy su1nsiive
NISINYASHAZANNTAINIINYAT aNNTINISNYRT d01TuNI9RY
' ad A A sa g %
guyueng q Inuiinstiensesiduduresnues Sesaz 90.20
s £ L& Sa ' = &
wonansdnddrulvgilulausiifu inwnsnsdmlugiunuimdu
! = £ 4 a
ANIZNITUNMINGUVSOANITUNEATNT SoEaz 95.60 LNuATNTH
Uszaunsallunswdamdanuddraade 15U duszaunisal

]

Weedian 2 U uasUszaunsalunniian 30 U 9 Table 2



P. Hinthaow and C. Panpakdee / (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(2): 136 — 143 139

Table 2 Socio-Economic background of farmers (n=92)

Personal and socio-economic background Number %
Gender
Male aaq 478
Female 48 52.2
Age (years)
<40 7 7.6
41-50 27 294
51-60 a7 51.1
> 60 11 11.9
Mean = 52.3 S.D. = 7.49 Min = 32 Max = 67
Education level
Primary school 60 65.2
Lower secondary school 16 17.4
Upper secondary school 11 11.9
Diploma 1 1.1
Training/Seminar on Rice Seed Production Plot Development Course
Never received training 16 17.4
Ever received training 76 82.6
Land ownership
Own 83 90.2
Own and rent 9 9.8

Experience in rice seed production average 15 years.

2. Jagan 133anIsnISHAMUANNUTTIIveUN YA TNT

NUNINITVUAN UN LA AE AT US T 1A e 12 19 2 91U

q

Yo

Feoglunasinaudwdeiugdrveuunuldfmualiin inwmsnsi
sudsmduandngudrdnudaiugdn asfiiuiidisudar
wlawdmdamiugdlusiazselidesndn 5 lsaeve uaznuin

[ |

o v 3 a v =
LﬂﬂﬂmiﬂﬁﬂE]miqﬂ’ﬁs[fm,uaﬁwuﬁl)aaEJ 9.2 ﬂiaﬂilﬂﬂﬁﬂﬁ YINWRINT

gl

Sovay 96.70 dmsliudemiugiiauds Jamilundaiugizenn

' S o ' S i aa @ v
VBNUTINS InwesnsAdnsvihumnnd 1 aswiel Anduies
ar 35.90 inwnsnsdiulvgideuldisnsugnin 238 nmsvihuem
Diisnfevasan Anduiesas 8260 msvanimidnuuunifien e

° a & v | ad < A o ] 1
nmsvhumegen Aadusesay 17.40 dwdsmaiuierdndlng

THwsaanenne Andusauay 97.80

Aanssu 5 A lumsufudRmununaunmudaiugd1alu

a 2 o s Yad o 1 N i v ~ = o
wlasmdnudniug i 1938 tha e sluwiazamudTsuiieuiu
nauiszAunsUfUR wudn ineesnslunguiinuwdaiugaudulu

wiaiugdn nue Juiugueny dunmsldudaiug dnsujife

TusgAusnn ( X= 241) AuMswSeuiu sunMIguansIafaiug
Uu Funmsifuifen wassumsdamsvdamsiiuien Tnsufod
ayluszAuliunas (X= 227 X= 230 X= 229 X=2.32) d 3y
wwmanslunguiiimusdeiugduuluadaiugdn nue fuiug
wene N URAunslY waaiug dumsguansiadaiuglu
sunmsifufes waedumsdansvdsnisiiuifen fimsugiReylu
SYAUNN ( X= 297 X= 264 X= 2.60 X= 2.80) Anumsinsoain
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Table 3 Average,Standard deviation and practice level in rice seed production 5 phase

Practices for control quality Have of type rice varieties Practice Don’t have of type rice Practice
rice seed in field (n=29) level varieties (n=63) level
X S.D. X S.D.
1. Using seeds 241 0.254 High 297 0.179 High
2. Soil preparation 227 0.512 Medium 2.33 0.369 Medium
3. Caring for cross-breeding inspection 2.30 0.298 Medium 2.64 0.168 High
4. The harvest 2.29 0.214 Medium 2.60 0.147 High
5. Post-harvest management 2.32 0.422 Medium 2.80 0.343 High
Total average 2.32 0.340 Medium 2.67 0.241 High

Practice level 1.00 - 1.66 Low.
Practice level 1.67 -2.33 Medium.
Practice level 2.34 - 3.00 High.
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Table 4 Regression coefficient of factors for management rice seed production and number off- type rice varieties in the RD6 rice seed production

Variables Coefficient (b) t P-value
Constant 4.255 6.580 0.014
1. Soil preparation 0.058 6.604 0.012*
2. How to grow rice seed production 0.033 3.100 0.082
3. Caring for cross-breeding inspection 0.089 9.861 0.002**
4. Source of rice seeds -0.011 0.005 0.946
5. The harvest rice seed 0.120 3.460 <0.001%**
6. Post-harvest management 0.293 3.773 <0.001***
R=0.625 R? = 0.391 SEE = 4.118 F =9.065 Sig. of = 0.000

* Significant different (P< 0.05), ** Significant different (P< 0.01), *** Significant different (P<0.001).
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Farmer practices affecting the quantity contamination of mixed rice
varieties in the RD6 rice seed production in Mueang Khon Kaen
District, Khon Kaen Province
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Received: 19 August 2024 This study aimed to study farmer practices that affect the contamination of mixed rice
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Acc_epted. 1_Nov§mber 2024 rice seed productions group registered with the Rice Department in 2023 in Mueang Khon Kaen

Online published: 7 November 2024 S : - . . .

Keyword DISFI'I(_:I, Khon KaerT Province. An mte_rwew'was used as the_: data coIIectl_on tool. Descrlpt_lve
statistics were applied to explain basic social and economic data and rice seed production
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Rice seed production management practices. The study found that most respondents were female (52.20 %) and had an

RD6 rice average of 15 years of experience in rice seed production. On average, respondents managed a rice
Mueang Khon Kaen District and Khon Kaen seed production area of 2 hectares, with most (97.80 %) harvesting rice using combined harvesters.
Province As for studying the relationship between rice seed production management factors and the amount

of mixed other rice varieties, a multiple regression was used with the normal method. It was found
that identified 4 key factors that contributed to the presence of mixed rice varieties: soil preparation,
inspection and removal of mixed varieties, harvesting, and post-harvest management. From the
study, it was found that this factor comes from the fact that farmers frequently change rice varieties.
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to detect and cut mixed varieties in rice seed production fields. In order to get the highest quality
rice seeds.
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¥ 1 a %

weaneSailuusslevifidregsewing 6-67 fadnTuseflany

a a o

warlnunadeuinaniuaeulaiiregsening 36-185 fadnsusie

Alansu (Table 1)

Table 1 Soil properties and fertilizer requirements tailored by specific soil analysis in Loei Province during 2022-2023.

Crop Farmer no. Soil properties Fertilizer grade of
Year pH omY Avail. P¥ Exch.K¥ Texture N-P,OsK,0" (kg/rai)
(%) (mg/kg) (mg/kg)

2022 1 5.20 2.02 9 120 Silty clay loam 10-10-10
2 5.79 1.93 16 51 Silty clay loam 10-2.5-15
3 5.46 1.57 9 177 Silty clay loam 10-10-5
4 5.84 1.13 7 55 Silty clay 10-10-15
5 6.09 1.63 10 90 Loamy sand 10-5-10
6 6.09 1.22 8 91 Silty clay loam 10-10-10
7 6.14 1.14 6 36 Silty clay loam 10-10-15
8 6.30 1.72 6 70 Silty clay loam 10-10-10
9 5.82 1.01 11 49 Loamy sand 10-5-15
10 559 1.31 10 136 Loamy sand 10-5-5

2023 1 6.43 1.41 8 115 Sandy clay 10-10-5
2 5.69 1.62 7 127 Silty clay loam 10-10-5
3 5.82 1.66 8 123 Silty clay loam 10-10-5
4 5.68 1.59 11 105 Silty clay loam 10-5-5
5 5.63 1.69 8 149 Silty clay loam 10-10-5
6 5.61 2.07 13 185 Sandy clay loam 10-5-5
7 571 1.14 12 72 Loamy sand 10-5-10
8 6.03 281 67 128 Sandy clay loam 5-2.5-5
9 6.00 2.09 23 163 Silty clay loam 10-2.5-5
10 6.28 4.34 28 136 Silty clay 5-2.5-5

' OM = Organic matter, ?Avail. P = Available phosphorus, * Exch. K = Exchangeable potassium., * Recommended fertilizer rates based on soil analysis.

FeseduingAves pH Iuquﬂﬁﬁniwmﬁymﬁmi
Ao #1n71 5.50 wargendn 7.30 USumdunieingfevay
1 Usmnameanefafiiduuszlond 10 Sadndusiedlansy uas
UFinalnunai@eui uaniud suld 60 dadnsusedlaniy
(Department of Agriculture, 2021a) YINaILATITRNI9LATIVE
fuldlumuiinauanudesnisyevesdiinadssdntanm
Auugthnslidenudiieseiaudmivilsinsugiavensy

Frnsinees taglddeiainiusnsiduuziinislddeniuen

' o

Aaszinudmsuiialirsegiavensuivinsnens sauiuns
13 4 dy 2 & 1 ¥ a aaa & @
Aanaat1lnadssdnineulgnatededinmiidnens-iu
Wisuileuiuiinunsnsnldlawniiniuviewatn Inedivsuin
lulasiau 11-26.20 AlansuNmals duSurauveanesa 1.5-6
AlansuP,0, nols uazUSmalnunaon 0-36 AlansuK,Onels
(Table 2) 3oy an1sldJ et milwad sadniveisinunsns e
dunifisuiuamudeanssnemnmuaRiesziay asiulai

hisenndesivtinasmemnsluiu uaeaudeamssnemsves
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diasenaaaydiulvesn eddlsAnilusseriidrinneenaen
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Friluvsamlnelnsaluilwuvadongs Suinlinutagmsienis
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Table 2 Fertilizer application rate of the test method and the farmers’ conventional method in farmer fields at Loei Province during 2022-2023

Crop Year Farmer no. Rate of N-P,O:-K,O (kg/rai) Bio-fertilizer
Test Farmer Test Farmer
2022 1 10-10-10 15.5-5-0 PGPR-1 0
2 10-25-15 15.5-5-0 PGPR-1 0
3 10-10-5 18.6-6-0 PGPR-1 0
a 10-10-15 15.5-5-0 PGPR-1 0
5 10-5-10 15.5-5-0 PGPR-1 0
6 10-10-10 15.5-5-0 PGPR-1 0
7 10-10-15 18.6-6-0 PGPR-1 0
8 10-10-10 18.6-6-0 PGPR-1 0
9 10-5-15 15.5-5-0 PGPR-1 0
10 10-5-5 18.6-6-0 PGPR-1 0
2023 1 10-10-5 11-4-0 PGPR-1 0
2 10-10-5 15.5-5-0 PGPR-1 0
3 10-10-5 15.5-5-0 PGPR-1 0
a 10-5-5 14.7-4-0 PGPR-1 0
5 10-10-5 14.7-4-0 PGPR-1 0
6 10-5-5 14.7-4-0 PGPR-1 0
7 10-5-10 14.7-4-0 PGPR-1 0
8 5255 10.2-1.5-3.6 PGPR-1 0
9 10-25-5 26.2-4-0 PGPR-1 0
10 5255 21.6-4-0 PGPR-1 0

Table 3 Plant height yield and yield components of maize in Loei Province during 2022-2023

Crop Farmer Plant population Plant height Ear weight Shelling Grain weight!
Year no. (plant/rai) (cm) (kg/rai) (%) (kg/rai)
Test Farmer Test Farmer Test Farmer Test Farmer Test Farmer
2022 1 11,644 12,711 185 172 1,124 1,052 82.50 83.60 836 789
2 11,378 11,378 192 185 1,451 1,024 87 81.50 1,158 758
3 12,800 12,800 221 173 1,312 1,109 83.70 85 989 847
4 11,200 11,556 233 230 1,707 1,365 81.90 81 1,220 961
5 10,667 10,667 239 249 1,287 1,195 87.10 88.30 997 932
6 10,667 11,911 196 197 1,294 725 91.90 91.50 1,131 639
7 10,844 11,556 197 231 1,593 1,536 80 81.30 1,115 1,081
8 14,222 13,333 195 202 1,707 1,564 81.80 86.70 1,222 1,189
9 11,022 11,022 200 231 1,451 1,323 80 80 984 912
10 13,333 14,222 176 208 1,223 1,166 86.50 83.10 986 909
Average 11,778 12,116 203 208 1,415 1,206 84.20 84.20 1,064 902

t-test Ns ns

*% ns *%
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Table 3 Plant height yield and yield components of maize in Loei Province during 2022-2023 (Continue)

Crop Farmer Plant population Plant height Ear weight Shelling Grain weight"
Year no. (plant/rai) (cm) (kg/rai) (%) (kg/rai)
Test Farmer Test Farmer Test Farmer Test Farmer Test Farmer

2023 1 10,533 9,867 214 186 1,340 1,173 83.90 83.70 1,017 880
2 10,400 8,667 205 194 1,343 980 81.70 80.80 958 699
3 10,133 8,800 215 208 1,289 893 83 84.40 960 688
4 8,667 8,933 185 183 1,347 1,147 80.50 81.50 953 834
5 8,400 9,600 206 217 1,393 1,380 81.80 82.30 1,010 1,006
6 8,400 8,133 198 201 1,244 1,220 81.60 81.70 900 884
7 8,400 8,800 205 195 1,213 1,113 83.20 83.70 904 824
8 8,133 9,467 224 196 1,340 920 81.80 84.70 939 724
9 8,133 8,400 222 197 1,413 1,283 80.60 81.20 1,012 916
10 8,400 7,333 214 160 1,277 1,197 81.10 80 912 847

Average 8,960 8,800 209 194 1,320 1,131 81.9 824 957 830
t-test Ns * ** ns **

msiosyiulnvestralnabedns
maaiitlameiuaugaosiinadsdnifiszes
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q
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AATwIAU (Department of Agriculture, 2021b)
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Figure 1 Yield of maize of the test method compare with the farmers' conventional method in Loei Province in 2023.

Aosdntlun.e. 2566 Wi nssuiinaaeuidunuiaie 3,874
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Table 4 Effects of fertilizer management technology on economic benefits in maize production at Loei Province during 2022-2023.

Crop Farmer Income Total cost? Cost per unit Net income BCR
Year no. (baht/rai) (baht/rai) (baht/kg) (baht/rai) (income/ cost)
Test Farmer Test Farmer Test Farmer Test Farmer Test Farmer
2022 1 10,032 9,468 4,297 3,894 5.14 494 5,735 5,574 2.33 243
2 13,896 9,096 4,255 3,884 3.67 5.12 9,641 5,212 3.27 2.34
3 11,868 10,164 4,083 4,203 4.13 4.96 7,785 5,961 291 242
4 14,640 11,532 4,745 4,341 3.89 4.52 9,895 7,191 3.09 2.66
5 11,964 11,184 4,107 4,283 4.12 4.60 7,857 6,901 291 261
6 13,572 7,668 4,326 3,782 3.82 592 9,246 3,886 3.14 2.03
7 13,380 12,972 4,706 4,350 4.22 4.02 8,674 8,622 2.84 2.98
8 14,664 14,268 4,497 4,359 3.68 3.67 10,167 9,909 3.26 3.27
9 11,808 10,944 4,411 3,987 4.48 4.37 7,397 6,957 2.68 274
10 11,832 10,908 3,806 4,223 3.86 4.65 8,026 6,685 3.11 2.58
Average 12766 10820 4323 4131 4.10 4.68 8442 6690 295 2.60

t-test ** *
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Table 4 Effects of fertilizer management technology on economic benefits in maize production at Loei Province during 2022-2023. (Continue)

Crop Farmer Income" Total cost?” Cost per unit Net income BCR
Year no. (baht/rai) (baht/rai) (baht/kg) (baht/rai) (income/ cost)
Test Farmer Test Farmer Test Farmer Test Farmer Test Farmer
2023 1 10,170 8,800 4,116 3,332 4.05 3.79 6,054 5,468 2.47 2.64
2 9,580 6,990 3,901 3,519 4.07 5.03 5,679 3,471 2.46 1.99
3 9,600 6,380 3,930 3,536 4.09 5.14 5,670 3,344 244 1.95
[ 9,530 8,340 3,543 3,489 372 4.18 5,987 4,851 2.69 2.39
5 10,100 10,060 4,146 3,737 4.1 3.71 5,954 6,323 244 2.69
6 9,000 8,840 3,915 4,172 4.35 4.72 5,085 4,668 23 2.12
7 9,040 8,240 4,172 3,760 4.62 4.56 4,868 4,480 217 2.19
8 9,390 7,240 3,398 3,359 3.62 4.64 5,992 3,881 2.76 2.16
9 10,120 9,160 3,806 4,153 3.76 453 6,314 5,007 2.66 2.21
10 9,120 8,470 3,815 4,100 4.18 4.84 5,305 4,370 2.39 2.07
Average 9,565 8,302 3,874 3,716 4.06 4.51 5,691 4,586 2.48 2.24
t-test ** ns * ** *

ns: non significant, *: significant different at P < 0.05, **: significant different at P < 0.01.

! iIncome was calculated from the yield multiplied with the price of maize per kilogram 12 baht (price at December, 2022) and 10 baht (price at December,

2023).

2 price of chemical fertilizers, chemicals and biological fertilizers in 20222/2023; formula 46-0-0 = 31/17 baht/kg, formula 18-46-0 = 40/23 baht/kg, formula 0-0-
60 = 36/20 baht/kg, formula 16-20-0 = 27/18 baht/kg, formula 14-9-21 = 27 baht/kg, emamectin benzoate = 380 baht/kg and PGPR-1 = 60 baht/bag (1 bag/rai).

Total cost is calculated from cost plot preparation and planting 1,100 baht/rai, seeds cost = 1,950/1,850 baht/10 kg (3.5 kg/rai), labor cost for chemical fertilizer

application 100 bath/50 kg, weed control cost 350 U1/200 liter and harvesting cost 12 baht/sack (35kg/sack).
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Table 1 Feed ingredients and compositions of experimental diets

155

Ingredients (kg) Treatment 1

Treatment 2 Treatment 3 Treatment 4

Corn 52.00 51.00 50.00 50.00

Rice bran 24.50 20.00 17.00 12.50
Barnyardgrass seeds 0.00 5.00 9.00 13.00
Soybean meal (44 %) 14.50 15.00 15.00 15.50
Fish meal (55 %) 5.00 5.00 5.00 5.00
Dicalcium phosphate 2.00 2.00 2.00 2.00
Salt 1.00 1.00 1.00 1.00
Premix"’ 1.00 1.00 1.00 1.00

Total 100.00 100.00 100.00 100.00

Calculated chemical composition analysis

Crude protein (%) 16.23 16.28 16.26 16.24
Crude fat (%) 551 5.07 4.79 4.37

ME (kcal/kg) 2,927.00 2,938.00 2,948.00 2,963.00
Ca (%) 0.88 0.88 0.88 0.89
P (%) 0.69 0.68 0.68 0.67
Crude fiber (%) 5.30 5.77 6.19 6.47
Price (baht/kg) % 18.02 17.42 16.91 16.43

Treatment 1 = feed-mixed Barnyardgrass seeds 0 %, Treatment 2 = feed-mixed Barnyardgrass seeds 5 %, Treatment 3 = feed-mixed Barnyardgrass seeds 9 %,

Treatment 4 = feed-mixed Barnyardgrass seeds 13 %, “Premix (/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; Mg108 mg; Zn 62 mg; Fe 42 mg; Ca 11 mg; Na 390 mg; Cl 671 mg; K 78 mg; Met 45 mg. and #The price of

Barnyardgrass seeds (2 baht/ kilogram).

Figure 1 Barnyardgrass seeds.
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Table 2 Effect of Barnyardgrass seeds in rations on production performance of Kabinburi Muscovy ducks during 6-12 weeks

Trait Treatment 1 Treatment 2 Treatment 3 Treatment 4 P-value
Average body weights (g/b)
6 weeks 1,133.33 1,145.45 1,145.45 1,145.45 0.0519
7 weeks 1,539.39 1,484.84 1,484.84 1,515.15 0.3556
8 weeks 1,939.39 1,903.03 1,860.60 1,890.90 0.7351
9 weeks 2,212.12 2,157.57 2,109.09 2,187.87 0.7431
10 weeks 2,454.54 2,400.00 2,387.88 2,490.90 0.6569
11 weeks 2,624.20 2,624.20 2,545.40 2,690.90 0.6155
12 weeks 2,793.90 2,781.80 2,781.50 2,878.80 0.6801
Average body weight gain (g/b)
6-7 weeks 406.06 339.39 339.39 369.70 0.2105
7-8 weeks 400.00 418.19 375.76 375.76 0.9204
8-9 weeks 272.73 254.54 248.48 296.97 0.8894
9-10 weeks 242.42 242.43 278.79 303.03 0.7902
10-11 weeks 169.70 224.24 190.90 200.00 0.7658
11-12 weeks 169.69 157.58 202.73 187.88 0.4331
6-12 weekss 1,660.59 1,636.36 1,569.69 1,733.33 0.7967
Average daily gain (g/b/d)
6-7 weeks 58.01 48.48 48.48 52.81 0.2104
7-8 weeks 57.15 59.74 53.68 53.68 0.9203
8-9 weeks 38.96 36.37 35.50 42.42 0.8817
9-10 weeks 34.63 34.63 39.83 43.29 0.7901
10-11 weeks 24.24 32.03 27.27 28.57 0.7656
11-12 weeks 24.23 22.51 28.96 26.84 0.4332
6-12 weekss 39.54 38.96 38.87 41.27 0.7969
Average daily feed intake (g/b/d)
6-7 weeks 130.73 122.94 132.46 137.66 0.4504
7-8 weeks 162.76 144.58 163.63 167.96 0.1296
8-9 weeks 154.10 161.9 147.18 160.17 0.4372
9-10 weeks 155.84 154.11 152.38 168.78 0.5877
10-11 weeks 133.33 143.72 150.65 138.35 0.5173
11-12 weeks 142.85 159.30 146.32 157.87 0.5647
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Table 2 Effect of Barnyardgrass seeds in rations on production performance of Kabinburi Muscovy ducks during 6-12 weeks (Continue)
Trait Treatment 1 Treatment 2 Treatment 3 Treatment 4 P-value
Feed conversion ratio
6-7 weeks 2.27 2.54 2.76 2.64 0.4030
7-8 weeks 2.86 244 3.24 3.39 0.5217
8-9 weeks 421 454 4.22 412 0.9590
9-10 weeks 5.78 4.53 4.15 3.94 0.7258
10-11 weeks 6.19 481 5.75 4.96 0.7031
11-12 weeks 5.99 7.57 5.10 5.96 0.2907
6-12 weekss 372 3.80 3.83 3.79 0.9710
Feed cost per gain (baht)
6-12 weeks 66.98 66.20 64.76 62.33 0.6995

Treatment 1 = feed-mixed Barnyardgrass seeds 0 %, Treatment 2 = feed-mixed Barnyardgrass seeds 5 %, Treatment 3 = feed-mixed Barnyardgrass seeds 9 %,

Treatment 4 = feed-mixed Barnyardgrass seeds 13 %, ®® mean with different superscripts within the same row are different (P < 0.05).
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Revised: 3 October 2024 in rations on the production performance of Kabinburi Muscovy ducks. One hundred and
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Barnyardgrass seeds Barnyardgrass seeds at four different levels as follows: the control group (no Barnyardgrass seeds),

Production performances Group Il (5 % Barnyardgrass seeds_), Group 111 _(9 % Barnyardgrass seeds), and Group 1V (13 %

Kabinburi Muscovy duck Barnyardgrass seeds). The experimental period lasted 42 days. The results showed that
at 6-12 weeks, the average body weight, body weight gain, average daily gain, feed conversion
ratio, and feed cost per gain of Kabinburi Muscovy ducks in groups receiving feed mixed with
Barnyardgrass seeds were not significantly different from those of the control group (P > 0.05).
However, the average daily feed intake of Group IV was significantly higher than that of Group II,
Group 111, and the control group (P < 0.05). Additionally, the feed cost per gain for groups receiving
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From this study, it can be concluded that a 13% inclusion of Barnyardgrass seeds did not affect the
market weight of Kabinburi Muscovy ducks.
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Figure 1 Rotating tray air-circulating drying.

1 = Cylindrical drying chamber, 2 = Air inlet pipe, 3 = Air intake fan, 4 = Control panel, 5 = Drying chamber door,

6 = Tray rack rotation motor, 7 = Air outlet pipe, 8 = Tray rack, 9 = Storage tray, 10 = Hot air outlet inside the drying chamber, 11 = Heater, 12 =Wheels.
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Figure 2 Arrangement of raw material.
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Figure 3 Relationship between moisture content, specific energy, and drying time at different drying temperatures, when MC is moisture content, and EC is

Energy consumption.
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Table 1 Moisture and energy data used in Drying fried bananas

Temperature (°C) Time (minutes)

Wet Basis Moisture Content (%)

Energy Consumption (kWh)

0 5.00+0.21* -

5 4.00+0.18® 0.38+0.02
70 10 3.87+0.17 % 0.78+0.05

15 3.76+0.18 ¢ 1.08+0.03

20 3.35+0.15 1.48+0.02

0 5.05+0.19* -

5 3.55+0.13° 0.42+0.02
80 10 3.45+0.13 % 0.87+0.10

15 3.35+0.12% 1.22+0.01

20 2.86+0.11 " 1.62+0.06

0 4.99+0.16 * -

5 3.25+0.23 F° 0.48+0.09
90 10 3.18+0.23 © 0.90+0.08

15 3.14+0.22 © 1.31+0.03

20 2.81+0.20 " 1.65+0.04

The ANOVA results indicate significant effects of both temperature (F = 120.41, P < 0.001) and time (F = 604.19, P < 0.001) on moisture content, along with a

significant interaction between temperature and time (F = 8.50, P < 0.001). This suggests that both factors and their interaction are crucial in influencing moisture

levels after drying. The Coefficient of Variation (CV) of 4.36 % reflects high reliability in the experimental data, with a Grand Mean moisture content of 3.7073 %.

Alpha 0.05, Standard Error for Comparison 0.0762, Critical T Value 1.981, Critical Value for Comparison 0.1511. There are 8 groups (A, B, etc.) in which the means

are not significantly different from one another.

9101579 Figure 3 AuananisiUasunlaswesniuduy
aug1ulen (Wet Basis Moisture Content) wagn 13ty wasanu
Tunszuruniseundievenfigamaiisng « (70, 80, waz 90°C)
isusunauandstu suherturesniisanasegnsiaay
dionaniuly Tnsewiglugiananiudu nsananud ui
wnliindfigalugamai 90°C nywuansliiuinfiguvniias
N1 (80 war 90°C) mmduanassaniFIndrguugdl 70°C ognadl
o iy wenaind nsldndsnududaduniunan lae
lugaumgiiganinvgdedldndsuunninguiediu uazain
Table 1 Fauansfayanutunarndsnuililunseundaevon
wuingumgiiuaznaninaegudaauronuduresndlsuar
nsldndsan msoufigumnd 70°C fuulduanauduain
5 % finarquiuniidu 3.35 % a1 20 wai weudunns
Wisduresnisléwdseuain 0.38 kwh fiaan 5 unit i 1.48
kwh a1 20 wiit nisiAsunUasiluansidiudsanuduniug
sEwinnaInseunasndanuild Tnslangiilenanseuuy
fu msldndsnufiisdunilude lunsdvesniseuiigaumgd
80°C mm%yuﬁ'mm”uaq'ﬁ 5.05 % wavanasog 19l iRy
2.86 % n1elu 20 w7t nslE AR uT e ar o 0g
970 0.42 kWh fit3a1 5 uaiiluauds 1.62 kwh #1aan 20 undl
Fauamsliiuinguugigetudssalinisanarmtudtu usld
WEsuAn Y levhnseufigamgiigegei 90°C WUy
Fududl 4.99 % anaadu 2.81 % Aan 20 it FdlndiAssiy

mseufigangil 80°C sgnslsiniu nisldndsnuiigaumgll 90°C

frnuuandnafudnidos Tasfinan 20 unit nslindaauey
1.65 kWh Gaganinniseuiigamadl 80°C idntios 91nn1smnaes
iR amnuddyresnsdengumgiuaz ez asly
nseundrenenifioananutuegisdivssaniamilagldng sy
Tillenitgn dmsumseuiigungiiguerhlinutuanaass us
Fodldndnumnu dufudstesinsfiansantadomaiiiten
AunATENINANLUTENS NS s LA AN YD IHAR Fust Fad]
ANUUTVOINANNUTVSIWIUNTLUIUNTOU Aanandlu Figure 4
31NNTAATUNBIAUTENBUAIBUDN W3 0A1FVDINETY
wdseulnenguiansthuaudumd il 222 vyl 2 fuavues
avun dunadies Jmiauessvdunidudiansan Jsaansoagy
Hadeivanzandmsunguuszneuns Aedeesiisiunsoud
80°C 1uszeziaan 20 unil iesanliidnwazvesdmuiingy
Foenns ilesndnunzresdifindesiiduiuedieinian Tnyd
Buidsullulnudugeu wansisiuinnisoufigumgddvinli
ndregadsanudulduindu vilavesndredsulledn
Farau usdmiud 70°C fansnrmndnendsiudveandioan ua
80°C fidmdsadnauiovaz duddn %ﬂLLﬁﬂﬁWﬁ@LﬁﬂﬁWm
flananisauszdugnmnd Avesndefanutunasgnazsng
i1 Tngansaduwanduiidnisudawindu 4.55 Alansusie
Falug v3edmdu 36.38 Alansusiatu wazanansaduinsiunu
nssdRsombe Ul ldedil 6.47 vmsedalus vie
Aoidu 51.74 vinsetu othdegwiiiuniseuiitaded

Wingay Avilanwasuenaniusinle fauandlu Figure 5



R. Khanthawithi et al. / (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(2): 159 - 167

Before

164
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Figure 4 Color samples of bananas after drying for 20 minutes at different temperatures.

Figure 5 Banana drying products.
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Research Tools Test Results References
Study and development of a rotating Rotating Tray Air-Circulating ® 30°C This study
tray air-circulating drying cylindrical Drying ® 20 mins
chamber for application in the The initial moisture content is 5.05 %
agricultural product drying process (w.b.) and reduced to 2.85 % (w.b.).
Design and Testing of a Passive Solar Solar Dryer e 55C Keawsuntia (2021)
Dryer for Banana Drying ® 36hrs

®  The initial moisture content is

80 9% (w.b.) and reduced to 10 % (w.b.).
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Table 2 Comparison of research (Continue)

165

Research Tools

Test Results References

Study of Drying Raw Banana by Vacuum Cooperate with

Vacuum Cooperate with Superheated Superheated Steam

Steam Technique

® 170°C Inprasit et al. (2021)
® 50-80 mins (vacuum drying)

® The initial moisture content is

68 9% (w.b.) and reduced to 15 % (w.b.).

An experimental evaluation of drying Indirect solar dryer
banana slices using a novel indirect

solar dryer under variable conditions

® 30°C Mawire et al. (2024)
® 16 hrs

® The final moisture ratios are 0.20

Bananas Drying Performance with a Hot Air Dryer
Developed Hot Air Dryer Using Waste
Heat from Charcoal Production

Process

e 70°C Chunkaew et al. (2018)
® 17.75 hrs

® The final moisture content is

34.21 % (w.b.)

Air-drying of banana: Influence of Air-drying of banana
experimental parameters, slab
thickness, banana maturity and

harvesting season

Drying times to reach 70 % mass loss for

Nguyen & Price (2007)

drying 1 cm banana slabs:
® 30°C: 100 hrs
® 40°C: 42 hrs
® 50°C: 31 hrs
® 60°C: 22 hrs

® 70°C: 11 hrs
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Onlini published: 25 November 2024 to determine_the o_ptimal drying factors, Whi_ch included three temperature levels (70, 80, and 90_°C)
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Dehydrated of 80°C for 20 minutes, the moisture content of fried bananas was reduced from 5.05 % to 2.85
Processed products %, achieving the desired color of the product with an energy consumption of 1.62 kWh. The study

also found that higher temperatures resulted in faster moisture reduction but increased energy
usage. Compared to conventional rectangular hot-air dryers, the developed cylindrical rotating tray
dryer provided more uniform hot air flow and enhanced moisture removal efficiency from the
product. This study suggests that the cylindrical rotating tray dryer is a promising option
for improving the drying efficiency of agricultural products and reducing energy costs in the drying
process, with the potential for further adaptation for commercial production.
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Figure 1 Components of a prototype machine for melting rubber scraps.

1= Impeller motor, 2= Steel grating, 3= Melting pot, 4= Electric heater, 5= Screw conveyor motor, 6= Conveyor pipe,

7=Screw conveyor, 8= Pyrolysis reactor and 9= Oil condensing unit.
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Figure 2 Natural rubber scraps and TGA curve.
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Figure 3 Experiment test.

Table 1 Some properties of Rubber scraps

Proximate analysis (% wt); Methods/tools used for testing
Moisture 18.1
Thermogravimetric Analyser, brand LECO, model TGA-701
Volatile matter 724
Fixed carbon* 7.1
Ash 2.4

Ultimate analysis (% wt);

C 86.291 LECO Method/CHN628, 6285
H 9.157

N 04

S 0.137

o* 4.015

* Calculated by difference.
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Figure 4 Prototype Natural Rubber scraps melting machine.
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Figure 6 Relationship between time and weight loss of the sample for melting concerning the different impeller speed.

Figure 7 Melted Natural Rubber Scraps.
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Effect of the impeller speed on the melting of natural rubber scraps in
biofuel production via fast pyrolysis
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ABSTRACT

This article aims to study and develop the pyrolysis process for converting rubber waste
into biofuel through the design of a continuous liquefaction process. A prototype liquefaction
machine was designed and constructed to test optimal conditions, focusing on impeller speeds of
0, 22, and 44 rpm, with a controlled liquefaction temperature of 300°C. Key performance indicators
included the melting rate and specific energy consumption. The results indicate that an impeller
speed of 44 rpm provided the best liquefaction efficiency, achieving a melting rate of 1.598 + 0.045
kg/hr and a specific energy consumption of 1269.914 + 17.510 Wh/kg, translating to a melting cost
of 5.59 + 0.09 THB/hr. The total time required to liquefy the rubber waste was 104 + 5 minutes.
This study concludes that liquefying rubber waste can reduce both the reaction time and heating
time in the pyrolysis reactor. The findings can be applied to continuous pyrolysis processes for
biofuel production, contributing to the conversion of agricultural waste into alternative bioenergy.
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Raising white sea bass in the saltwater area, Ban Dung District, Udon Thani Province ]
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Figure 1 Conceptual Framework.
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Table 1 Cost of sea bass culture in salt field (Unit: per rai)
Cash Non- Cash Total %
Cost
(Baht) (Baht)

1. Fixed cost 5,890.21 5,890.21 17.79
Pond depreciation 600.00 600.00 1.81
Instrument depreciation 443.33 443.33 1.34
Opportunity fix cost (rate 0.75 %) 4,846.88 4,846.88 14.64

2. Variable cost 25,038.75 2,178.13 27,216.88 82.21
Fish breedings (sea bass) 4,000.00 4,000.00 12.08
Fish breedings ( Adult Nile thilapia) 3,750.00 3,750.00 11.33
Instant food 14,950.00 14,950.00 45.16
Electicity cost 312.50 312.50 0.94
Engine oil 400.00 400.00 1.21
Wage of labor 1,406.25 1,406.25 4.25
Dolomite 220.00 220.00 0.66
Household labor 562.50 562.50 1.70
Opportunity variable cost
(rate 0.25 %) 1,615.63 1,615.63 4.88

3. Total Cost 25,038.75 2,178.13 33,107.09 100.00
Total income (baht/rai) 23,783,.12
Net profit (baht/rai) 17,892.91
Net profit per kilograms (baht/kilograms) 70.17
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Production and analysis of cost, returns of white sea bass
(Lates calcarifer) culture on the rock salt field: a case study in Hong
farm in Ban Dung District, Udon Thani Province
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This study aims to analyze the cost and benefits of raising giant sea bass
(Lates calcarifer) in the rock salt fields of Ban Dung district, Udon Thani province. The data was
collected through in-depth interviews and analyzed using descriptive statistics and quantitative
analysis. The results found that the cost of raising giant sea bass using a semi-natural method in
earthen ponds with tilapia, at a ratio of 2:1 (sea bass to tilapia), involves releasing tilapia weighing

Cost and return 150 grams one month earlier to allow them to give birth, providing food for the sea bass. Then,
Net profit 1,000 2-inch sea bass per rai are released and fed 40 % protein pellets once a day to meet their
Rock salt dietary needs. It took 8-12 months to raise and produce 255 kilograms of sea bass per rai. The total

raising costs were 33,107.09 baht per rai, with an average variable cost of 27,216.88 baht per rai,
accounting for 82.21 %, and a fixed cost of 5,890.21 baht per rai, accounting for 17.79 %. Sea bass
products are sold at 200 baht per kilogram, yielding a total income of 23,783.12 baht per rai. The
model yields a net income of 17,892.91 baht per rai per crop and a net profit of 70.17 baht per
kilogram.

“Corresponding author

E-mail address: Krisdakorn.wo@udru.ac.th (K. Wongwai)

Online print: 27 November 2024 Copyright © 2024. This is an open access article, production, and hosting by Faculty of Agricultural Technology,
Rajabhat Maha Sarakham University. https://doi.org/10.14456/paj.2024.51



2158196 YATWIEIgA (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(2): 187 - 196

4 ' v

s A &
7, &

4 &

,
L L4
Y >
N »
AcricuLTo®

PRAWARUN

AGRICULTURAL JOURNAL

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

UNANIFY

L. dy 14 o/ [ a
amumiwuwiznaumﬂamqemuns'\ﬂummﬂmwauﬁ

4

9

algwa n1saal’ aywsd nunszlnn? uag As3ve) LNysaal

g inaninenanws aaznaluladnisinuss uninerden i euneidles Sarianiwaug 46000 Ussvalne

ZmnTvunaluladvanm auzmeluladnisinygs uvinetden waug ounewles Saianmmaug 46000Uszmealne

dayaunnainu UNAnga

T
S

Article history
Su: 21 @wnAw 2567
udly: 3 ganau 2567

Tudawnianwdus uidediingUssasdiiofAnwianiunisalguseneunisidsetadunsiuludminnwdus
3 Ll u 9

a

v o o @ v P P v o S N 4
f]‘\'lﬂqllﬂirllmﬂLUuﬂﬂu'ﬁ]ﬂﬂllﬂu']ﬂ‘l%mwwa;ﬂwuiﬂw’]lﬂiu%ﬁaﬂu']m'mﬁsiiﬁﬂ'“ﬂLLagUaLaBQﬂ@QLﬂﬁﬂmsﬂi

s

3

PRUTUNISANLN: 12 werdnieu 2567

Fnviosulatl: 2 Suamu 2567

o

o o

ey
aunsu
InwmINIFLAEIN

075981 TIY

F1uau 7 Sune fall ereman Wiessnwdug wewdn usenes nuailas A waziwne Inslduuuaounuuas
o ¢ - S o v vy = '
Funwalineasnsfiaesdainunsudiuiu 430 518 andseansiidesisiiunsin 1,141 518 wan15fnw) wudn

inwasnsalngidumae Segay 50.24 91gunndn 50 Y AulU aunisAnerseaulszaudnu Sevas 52.79

P

erdmdssdsiunsiumnndt 10 9 ffufinsdes 1-10 liderndn invnsnsaulvgigniafunsiusnan
JuinasBans Sevaz 61.39 Jwmingnssays Anduiosas 24.41 uasdminmysys Sevay 14.18 Tus1A1 0.30
uwtest $evar 96,97 ilasngnisnituiifenaniianuuusuassnnnisseamegs daunsidesdulgdu
nadssuuiteifaun $osas 57.67 Sas1uden 10,000-20,000 faslels Savay 45.58 amnsilléidssmeluriudu

o v v % v , = o , a =
E]']V']iﬁ?lﬁﬁlzﬂwﬂi'lﬂ segaz 100 JUU19NAaRIraUITENIU TR8aE 72.79 d1UNITRAINNTONITIINUIUNANANALI

a

WaAAuNa1NLsUTefisusIan 200-250 Unseilansy awinvesdai unsuidusviig 21-25 dseilansy

P
s v

Sovay 5534 1058812008 89uUU 4-5 Lhou tnwasnsdlulug iUguiluld esniseinueauu Sevay

52.32 lngamzgauawisengnialnii dnaviliinunsnaifianisviauaauiilunsiiessenisiasudeuiliunis

Wesieinunsy

Ui

v v

nINIUNTIY Foan f'qy Giant freshwater prawn
Fedvenenans Macrobrachium rosenbergii de Man ﬁ’mﬂuﬁ:ﬂﬁﬁm
fisunalvgfiganuldialvluuvaainasssuniuasUeismes
inwmsns anansadssiineyldiduinsesuazinda f9eFend
sauoenty wu Aum Adluy A Amen uaedatanndss
Aatnsuiiauiudnegluedeld lun Sude dwraume Tuauds
wWuaviveenideddd laun Ine nain Feauu s vuade
dulafiide WAL sremaumamilovemyimelaeiiouagnia

a v o

azTuanvavy inzuddin ualudadulagninluidssesns

U

a 4

wnsvaglugiinedunilgienawuuanseu wWu Arwilowasls
Y830iIT N1 Bus A uYl 81118 vyin1eanda dauadlade

wazulinszielafuaus (Nandlal & Pickering, 2005)

“Corresponding author
E-mail address: nattapon11042541@gmail.com (N. Kanaroon)

Ffonidnug feegvnanany Tusenideamiiovessena
vy wismsunasesdugiinmeeendu 18 dune Tdnuuszeins
Ay 983,418 Au Tiituitnavan 4,301,716 13 Teflilefinensaailo
Mstnums smady 2,832,890 15 Andufosay 65.25 vouil ui
aviain Ua¥aNTIBNLEY Kalasin Provincial Fisheries Office (2023)
fisuauUssnounaid sed st wnswiid unsideu S1umuisdu
1,139 71 Siuiflumadesdsfnunaa s 7,616 19 Ssdndngy
Thhandeudumnlunsdestsimnu mewuguosistansi
wululadssmaanumsnsluiuiidortanidus asddnunmduds
ANUNTIUAUND ﬁ:qﬁ'wmimﬁ’mﬁwLLﬁsﬁﬂf’f’]mmm%ﬂIﬁ (Petjul &
Sirisawat, 2016) Tusfnfisiusnag snasysalvesdsimnsaily
wiasisssuATUSnaanans e 9 Lﬁaamﬂmmqsm 9 1y

Teyvminde msvenedvesdssnnsgusinamiudy Masnswaaly

Online print: 2 December 2024 Copyright © 2024. This is an open access article, production, and hosting by Faculty of Agricultural Technology,

Rajabhat Maha Sarakham University. https://doi.org/10.14456/paj.2024.52



N. Kanaroon et al. / (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(2): 187 — 196

ssamRanas Usnansduinniuliuaenisinussasiinisuasnis
Ailsaszuin dagiiuddlddssnagussnaunisdsstadunsuiia
wnnfufenaumSinudaiunsansssifikanasantionas
Hapmitsusinasnsgussnauniadssd st unsulului dte
mwﬁuﬁjﬂiza‘uﬂzymmieiafwr;huﬂaawaﬂizmulﬂsial,ﬁaq Uaidns

v v

A unsveLnEnInTdulvg AUt SR UUTTLM 80 LWURLUAS

q
v

wiadan1smnyenazasniaui ulaldmanean nsudesgnia

q
'

Anunsmidedugnsvuwiu hifinsiieseduanldlumeiy
USuueendaunazlidyeawnun (Kalasin Provincial Fisheries
Office, 2023) inwWnINTH A B NI NMsthuinnssugduisd
WsluleAndnuenlaniuaululdlunsides]runssienss
nsgeslUsiu anszeznallunsgos WMusnNIsRsgAule was
amnsadissardansdesieaiunls nsenues Petjul et al
(2018) WWinamitlunsvhgshavesjussneuntsiidesieinunsiudl
o ' I3 4 = A day o v '
nMsve1edleg19TINE e Wewniluemnsiusiundluiulosnda
d’j 4 L3 . v Y oA v v =&
Wodnd (Popnaja, nd) Arwdein1svewr Uslaa feiiunsudad
° PR § & v & '
Funuinty Wuiideinisvesnaar dukaza19Usewma @1unsn
nUsgnevenslivanvaneila Juihlidaulausenavendin
g v oa o ' ' = = ~ o v v
e wiladiuegunsvans unaneiduendnnilaiaseeld

Tinunwmsnsegannune

Kalasin Province

Figure 1 The survey area collected data of prawn farmers in Kalasin Province.

Source: Regional Office of Agricultural Economics (n.d.).
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Table 1 Area and number of businesses of prawn farmers in Kalasin Province
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Number of farmers

Number of ponds Farming area

District (person) (Ponds) (rai)
Yangtalad 832 3,339 5,349
Huai Mek 137 710 1,109

Mueang Kalasin 128 614 839
Nong Kung Sri 36 204 283
Kamalasai 4 16 22
Kham Muang 2 15 15
Khao Wong 2 10 13
Total 1,141 4,908 7,630
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Table 2 General information for prawn farmers in Kalasin Province

Number of farmers %
Characteristics (person)
Gender
- male 216 50.24
- female 214 49.76
Age
- <30 years 8 1.86
- 31-40 years 25 5.81
- 41-50 years 127 29.54
-2 51 years 270 62.79
Education
- primary school 2271 52.79
- secondary school 191 44.41
- bachelor's degree 12 2.79
Experience
- 1-2 years 11 255
- 3-5 years a7 10.93
- 6-10 years 71 16.51
-> 11 years 301 70.00
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Table 3 Reasons for raising and land ownership for prawn farmers in Kalasin Province

Number of farmers %
Characteristics (person)
Reasons for farming
- by yourself 234 54.41
- according for neighbors 171 39.76
- Family occupation 24 5.58
- good income 1 0.23
Land ownership
- owner 422 98.13
- rent 8 1.86
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Table 4 Size and water sources for prawn farmers in Kalasin Province

Number of farmers %
Characteristics (person)
Size of farm
- 1-10rai 366 85.11
- 11 - 20 rai 59 13.72
-21-30rai 5 1.16
Water sources
- river 1 0.23
- dam 112 26.04
- reservoir 4 0.93
- Irrigation 313 72.79
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Table 5 Raising and managing for prawn farmers in Kalasin Province
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Number of farmers %
Characteristics (person)
Prawn farming model
- traditional 179 41.62
- semi-intensive 248 57.67
- intensive 3 0.69
Releasing rate (prawn/rai)
- 5,000 - 10,000 172 40.00
- 10,000 - 20,000 196 45.58
- 20,000 - 30,000 62 14.41
Source of baby prawns
- Suphanburi 105 24.41
- Chachoengsao 264 61.39
- Phetchaburi 61 14.18
Price of baby prawns (bath/prawn)
- 0.30 417 96.97
->0.30 13 3.03
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Table 6 Water measurement and supplements food for prawn farmers in Kalasin Province

Number of farmers %
Characteristics (person)

Water quality measurement

- no 198 46.04

- yes 232 53.95
Artificial feed

- no 0 0

- yes 430 100
Water storage pond

- no 364 84.65

- yes 66 13.34
Use nutritional supplements

- no 97 2255

- yes 333 77.44
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Table 7 Marketing of prawn production in Kalasin Province

v
o Y o

savieazalntuniseudsdusimingldfuanaaludaminuay

U
¥

inedanin Tnewedaunansazidnansudeiiuinveveainuasns
Tuil ufl denrdestusuiseves NaNakom & Jintasataporn
(2012) lavinsAnwrantusdagdunazuwildunisimisuns
AuNIU (Macrobrachium rosenbergii de Man) Tuusgindlng
Fminelsiduduilnaluiesd uliledseandiaszina uay
dennd p9AUIIUTTHUBY Raneklin et al. (2022) 7 wuin
nssmedsunsdiemnuduiusdonnasssuinedideuar
WoAAUNATY %ndaﬂwg'%Lﬁué’ﬁyzgwﬁtﬁmﬁﬁumnmim@Uﬁi@iﬁ

ﬂ’]i%ﬁﬂﬂﬁu%’]ﬂﬂg%ﬂﬂ&l@ﬂ?ﬂL“ﬂu%’]\iﬂ’ﬁ

Number of farmers

Characteristics (person) %

Prawn production (prawns /kg)

-11-15 8 1.86

- 16-20 148 34.41

-21-25 238 55.34

- 26-30 36 8.37
Price (baht/kg)

- 200-250 427 99.00

- 251-300 3 0.69
Marketing channels

- by middlemen 342 79.53

- by themselves 9 2.09

- both middlemen and themselves 79 18.37
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Table 8 The problems for prawn farmers in Kalasin Province
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Number of farmers %
Characteristics (person)

Disease

-no 158 36.74

- yes 272 63.25
Marketing

-no 395 91.86

- yes 35 8.13
Feed prices

- yes 430 100
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Table 9 The water quality and water shortage of prawn production in Kalasin Province

Number of farmers %
Characteristics (person)
Water quality
- no 142 33.02
- yes 288 66.97
Water shortage
- no 205 47.67
-yes 225 52.32
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ABSTRACT

Keyword

giant freshwater prawn
prawn farming farmers
prawn marketing

Giant freshwater prawns (Macrobrachium rosenbergii de Man) are the largest
freshwater prawns and are commonly found in natural water sources and farmers' ponds, including
those in Kalasin Province, Thailand. This study aimed to assess the status of prawn farming
operations in seven districts of Kalasin Province: Yang Talat, Mueang Kalasin, Huai Mek, Nong
Kung Si, Kamalasai, Kham Muang, and Khao Wong. Data were collected through questionnaires
and interviews with 430 farmers, sampled from a population of 1,141 farmers. The results showed
that most farmers were male (50.24 %) and over 50 years old (62.79 %). Most had completed
primary education (52.79 %), had over 10 years of farming experience (70 %), and managed
farming areas of 1-10 rai per farm (85.11 %). Most farmers sourced juvenile prawns from
Chachoengsao Province (61.39 %), Suphanburi Province (24.41 %), and Phetchaburi Province
(14.18 %) at a cost of 0.30 baht per prawn (96.97 %). Farmers reported purchasing juvenile prawns
from these provinces because of their strength and high survival rates. Most prawn farms used
semi-intensive farming methods (57.67 %) with a stocking density of 10,000-20,000 prawns per
rai (45.58 %). All farmers used artificial feed (100 %) and relied on irrigation canals for water
(72.79 %). For marketing, middlemen typically purchased prawns at the farm at prices ranging
from 200 to 250 baht per kilogram (99 %). The prawns sold were primarily sized at 21-25 prawns
per kilogram (55.34 %), and the farming cycle lasted 4-5 months. Water shortages were a
significant issue for most farmers (52.32 %), particularly during the dry season or when irrigation
canals were closed. These shortages affected the farmers’ ability to maintain water levels and
conduct water changes, posing challenges to prawn farming operations.
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Table 1 Standard Moo-Liang noodle soup formulas

199

Formulas
Ingredients (g)
SF1 SF2 SF3
Water 10,000 10,000 10,000
Pork backbone 2,000 2,000 2,000
Garlic 60 60 60
Shallot 60 60 60
Galangal 180 180 180
Lemongrass 180 180 180
Reu-hom powder 5 5 5
Star anise 10 10 10
Cinnamon 20 20 20
White cardamom seed 5 5 5
Coriander seed 5 5 5
Black pepper 10 10 10
Dried goji 10 10 10
Dried Shiitake mushrooms 25 25 25
White radish 600 600 600
Peeled pineapple 500 500 500
Salt 60 60 60
White sugar 40 80 120
Rock sugar 40 40 40
Soy sauce 120 120 120
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AMULTLTU 1 Tuans Usues 250 lulasans wanlmdndusenu
#BLA38Y vortex mixer awnﬁuﬁwlﬂimﬁwmitﬂmﬂﬁuumﬁmm
g19aa U 510 unluwns wanf e luunuailuaunisvesnsiu
1AIFILTBIANNTY FruauaUSiasatTuesdiionualy
fregne Menunaluniglulasluaauyavesaundunes 100
NSUYDIFIDLULIN (umol catechin equivalent (CE)/ 100 g dry
sample)

AATANINTIUNITAUBULABATEAETT 2, 2-diphenyl-
1-picrylhydrazyl (DPPH) radical scavenging activity (Anuuas
9IN35U04 Xie et al,, 2008) InsUiUnarsararosiiogaUsuIng
0.1 fiadans aslurasannad LANasazans DPPH AUty
0.10 fiadluans Ysuns 0.90 Aadans wavlidniusiensos
vortex mixture #a7is13luiifindigumgineadunan 30 ud
mmfuﬁw"l,ﬂi’mmmmmﬂﬁuumﬁmmmm?{u 517 wlutunas
handileluunuainsgandunasluaunisveansnluinggiu
AIUAIANEINNTALUNSAIUOUYABATE DPPH 5189 Ul
niglulasluaauyavesnsaunadnede 100 NTUVDIAIREIUIAS
(umol gallic acid equivalent (GAE)/100 g dry sample)

AATIERAINTIUNTATUBULABATEAI8TT FRAP assay
(AAuUasa1nI5vee Tan & Chan., 2014) La38u FRAP reagent
Tneilisnssadl wisuansans TPTZ Anududu 10 fadluans
USu1mg 2.50 Jadans Tu HCLiwudu 40 dadluans waunu
d1588a18 FeCl, mnatdudu 20 dadluans Y3uins 2.50
1a88m3 waaLfy acetate buffer pH 3.60 AMULTUTY 300 Tad
Twand Usuns 20 fiaddns fwseuliaclunauldadu Twa
arsavangmingnUiung 50 lulasans asdluaeavnass @y
FRAP reagent 950 lulasans nauliidiudaeins oq vortex
mixture fafialiludifinfigumgineadunan 30 wiit a1ndu
ﬁﬁlﬂi’ﬁﬁhmi@mﬂﬁuumﬁmmmm?{u 593 uluLAT AU
ANANLANNIAlUNTAUBYYadasE FRAP Wsuiuiuaung
104nT11U1M53U eunatumiglulasluaauyaveansauna
dnsio 100 NSUVBIRI08 19U (umol gallic acid equivalent
(GAE)/100 g dry sample)

a v aa

AATIERAINTIUNIAUOYLATATEAITT ABTS assay

U

(AL UaI91nI5v09 Re et al,, 1999) tw3au ABTS reagent 1ay
ATMsENAITazaNY ABTS Anududy 7 fadluans Usuims 10

fa88ns naudvansazas K,S,04 ANLUNTY 2.45 Hadluais

a

USuns 10 1addns varswauilaliluiiinfeamgineady

gl y

1281 12-16 T2139 1393 19ANTALAERALT LA PILLENIUDAAINY
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\adufesay 80 uiarnsgandunasil 73¢ wilumslaviniy
0.70+0.02 Mg Uimansazareiieg1eU3uns 100 lulasdns
aslurannAass WAL ABTS reagent Usums 900 lulasans
walfAudeiAos vortex mixture daialifigaumgdvesiiu
a1 6 uit wdnhluTadimsganduuasi 734 wiluwes
AUIUAIANNENNNTIUNNSA U AB ATy ABTS gy
aun139eenTMNInIgIU Menualunilglulasiuaauyaves
nTALNAAaNA® 100 NTUVDIRDE 19U (pmol gallic acid
equivalent (GAE)/100 ¢ dry sample)
n153insIeiAaInINNRA U ST veanaasasiuai e any
1ae9

ANYIAUANNINYAUNTIAULIATIIUNEA T UNYUYUR
U599891%15 (Thai Community Product Standards, 2014)
1dur SruruaBunisiavunaiisnisues US. Food and Drug
Administration (2001a) lndvlesulae3Bidutidunuisnisves
U.S. Food and Drug Administration (2020) § @ufAuags1m1u
28115989 U.S. Food and Drug Administration (2001b)
NMsUATILIYTOYaNNaDH

AnsznarUssiiunatoyamsduadfveuadaede
TUsWnsy SPSS Audmead o xd1ud sauunInsgIu way
TAs1granuLlIUsINvesteayan1aian 1835 Analysis of
Variance (ANOVA) TagiUSsuifisudindeseds Duncan’s New

Multiple Range Test (DMRT)

Table 2 Sensory evaluation of standard Moo-Liang noodle soup formulas

HaKAIATAINANIIVY
ﬂlﬂﬁ7SUixéﬂiJ@ﬁJﬁll‘lﬁ?f‘l/lNUisﬁ?%ﬁji/ﬁlﬁ?/m‘l%ﬂ'?ﬂéﬁfn7/1%/4581\7
gAY
wamsUszfiumssoniumMsUsramdndavesiuslnaiii
evnrieimydsagaatedu mnuvounsiudnuauy
Using & nau avwddanluuin mnuddnudsndu sevanu savnd
Tng573 wazAuaulaeTIN Waneds Table 2 guslaalvinziuu
arauiidineteiiemydssgaadowiuia 3 gns dazuun
ANuveUsudnwarUIINg & ndu muidnluuin mwsdn
VRINGU 711U SaUAlae TN wazauveulaesin aglutis
6.40+£1.10-6.90+1,  6.70+1.10-7.10+1.20,
5.70£1.10-7.20+1, 5.90+1-6.60+1, 5.80+£1.10-6.70+1, 6.10+1-

6.60+1.10-7+1,

7+1.10 UAY 621.10-6.80+1.10 MuFIAU & amunsfiannuvey
vouvageveglussiureuldndosfivouliunans Tneasuun
anuveulunnaudnvur eniiuaudnvaenaudiinay
WANANAUBE N TBANAYNI9aaH (p<0.05) WAZANKAAL LY
1nMsUsELliunudneaeanand wuignegsvdiulug i
AzuLUANYEUlAETINYBIT LA BIMYLEIgRs SF3 unilgn
ot 1efifuddyn19adf (p<0.05) denreifsmdagns
Fandnfidnsdunanvosiinianseenundaga 910013
aounmivagounandus nuihieifeamydesgas SF3 3
savAidudulseneuiunaunenvesayulnsiifloglunansasi
FuhlitianusiuvessanfnasanuveulassIuiisuniignsdu
Tuwneiviaeid sy fosgns SF1 dedunaureaiinig
ns1wynvesiian dwmaliazuuuniugeuiuseduslaalunn
Audnue (onuiurnd) Sazuuutesfigaduiu fufuanuanis
UssifiunseusunisUssamdudadanann Jelddadenth

Medismyidesgns SF3 lunwinmsiuiuuulnuuameield

Sensory evaluation

Formulas
Appearance Color Odor Mouthfeel Aftertaste Sweetness Flavor Overall linking
SF1 6.40+1.10° 6.70+1.10°  6.60+1.10° 5.70+1.10° 5.90+1° 5.80+1.10° 6.10+1° 6+1.10°
SF2 6.90+1° 7.10+1.20° 7+1° 7.20+1° 6.60+1° 6.40+1° 6.40+1.10° 6.50+1°
SF3 6.90+1.10% 6.90+1° 6.90+1.10%° 6.90+1° 6.50+1.10% 6.70+1° 7+1.10° 6.80+1.10%

SF1 means 2 % sugar; SF2 means 4 % sugar; SF3 means 6 % sugar. Within a column, the average values with different letters are significantly different (p<0.05).

The values are expressed as mean+standard deviation (n=50).

wamsAmswimiwiuvulnssmveshiaeiemydeagns

ugruiishunsfaden
Han1sAnwInsui v iauamesiniei sy

Bosgrsfiugiufiiiunisdadon lnesAdeildlivnduasie

uluvuuiuanssiunagldaisvendiufiaigag laa

(Carboxymethyl cellulose: CMC) tHuansifinaanuaaiize sl
Saway 1 lngdhwin ddeilidenldlivn Wesnlusiuainly
I | Ao A °
ruduasnelnufdeunazgninldlugnainnssuemisun
ag19817u7u (Li et al,, 2020) Tuvazh CMC Hauanunsasig

AAUTIFIRY uAuriinvedluLaShwAuAIRIvBsveTva
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Tuszuvlunisviusdswuulduamlad (Yu et al, 2013) 91Awa
MTlATIERMAINYBIENvAIEIINMEAmYestriudssnauly
f8 ALY ANATILaENISTENER TRl ILan sy
Table 3 wuitAraunwiuestiuanas Turasiidininuas

o

fragnsveeiveduiiduiloiuusunuaesluiuanmng

o a

fuetaifoddyn19ada (p<0.05) Ineialunisiialnuiiuin
flyuelvajuasdanunsiigaazdmalinatuazgumniflily
nsviuisanas nsiiuanaduduvedldvnasdemaliniy
wilavosszuuifiniu Inelusfudayiululdunagyimdnidu
amphoteric emulsifier W endsvaruszndnaaduazia
omaddetudmaliinuiarunsinesiiauamunng uluy
N157WAe (Buljat et al., 2019) PANaNsANATId NI
Wuvsinaldeniisesar 6 vesivin danunsiauaznis
yeneivediuwanssesslififoddey (020.5) dowseuiisy
funsldvsnaldvifosas 8 vesimin Sedmidennisldle
ammududuiidesay 6 vesimin TUldlunssuaunisruis
LL‘U‘UIW@JLLiJ‘WﬂJEN‘lfﬂfhEJLg{EJ?MiﬂLﬁENﬁIizﬁ'UQmwgﬁﬁﬂLLﬁﬂﬁ
uaneeiu ssiidesannisldldemanuituduiiginirdema
nsgnusssununsEdawaen1sthluldlussdudandyddaly
KAl TianautEnaaiimenimremainieiie

ALY (CMC Fowae 1 wazlivndesas 6 lagumin) Nszdu

gaungll 60, 70 uaw 80 ssriwaldua \uiian 480 Wil uana
Table 4 wulAdvesnsAeAgImyLdee daA1Anuadng (L*)
Wandunararanududuns (0¥ anaudegangilunisviusi

o @ a

Wit ueehailTedndymaada (0<0.05) deralirnauduvesd
¥1ma Browning index, B) anas TurusfiAemosueniis
(A,) wazAnATueglun s gIuHER STy TRIUTe5a
81119 (Thai Community Product Standards, 2014) ﬁﬁmwﬂ,ﬁ'
Amomesueniiiadosldiiu 0.65 warrAnuTudedliiudos

az 13 agividn Taean Aw tun1swansuSunavesindassly

' P
a =

v3nitufivesndninsiowns Turasiimautuag insina
ihiifiogaieiomn fadumniisaesaiifininudsuudamiod
USinnugeazdamadanaandivionanenimuazmaed suds
nsasivlavesydunsdluniniugions (Teoh et al,
2016) uenaniinuin ArdwinsavasiuasAdainisgah
nduiiistudofiugangilunsyiuiafisdu lneawisaoaiien
wnfigaigangfinisviuied 80 esmneaidoa fauainnis
fimsananaudivesdmaeiinenmdesiu Jsdndenans
fmunzaui aadmiunisyiwiauuuluuamld A aniae
msviuisiigamad 80 ssmwadea ieldlunisaasinis

UszilluguaudfiniUszandudadaly

Table 3 Foam physical properties of Moo-Liang noodle soup at different egg white levels

Physical qualities

Egg white (%)

2 4 6 8
Foam density (g/cm?) 0.52:+0.00° 0.46 +0.01° 0.35 + 0.00° 0.33 + 0.00°

Foam stability (%) 9333+ 0.57° 98.67+0.57° 100.00+0.00° 100.00£0.00
Foam expansion (%) 92.93+1.08° 118.56+1.40° 191.82+1.19% 193.83+1.15%

Within a row, the average values with different letters are significantly different (p<0.05). The values are expressed as meanz+standard deviation (n=3).

Table 4 Physicochemical properties of dried Moo-Liang noodle soup powder at different temperatures

Physicochemical properties

Drying temperature (°C)

60 70 80
Yield (%) 16.69 16.84 17.09
Density (g/cm?) 0.31:0.00° 0.28+0.00° 0.24+0.00°
Color value
L* 65.89+0.93° 70.58+0.26° 70.69+0.12°
a* 5.49+0.13° 4.69+0.04° 4.72+0.08°
b* 20.86+0.49° 20.76+0.23° 21.8+1.13°
Browning index (BI) 0.33+0.00° 0.32:+0.00° 0.32:+0.00°
Water activity (A,) 0.259+0.001° 0.238+0.002° 0.214+0.002¢
Moisture content (%) 5.38+0.12° 4.29+0.05° 2.95+0.14°
pH 6.20+0.05 6.21+0.06° 6.22+0.06
Water solubility index (%) 33.25+3.35° 33.01+4.94° 48.95+2.64°
Water reabsorption index (%) 3.65+0.38° 4.32+0.27° 5.26+0.40°

Within a row, the average values with different letters are significantly different (p<0.05). The values are expressed as meanzstandard deviation (n=3).
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Table 5 Sensory evaluation of Moo-Liang noodle soup powder product mixed with dried sea lettuce

Sensory evaluation

Formulas
Appearance Color Odor Mouthfeel Aftertaste Sweetness Flavor Overall linking
Control 7+1.10%¢ 6.90£1.10°  7.20+1.10° 7+1.10° 6.80+1.10° 6.90+1° 7+12 6.90+1.10°
M1 6.60+1° 6.80+1.10° 6.60+1° 6.20+1° 6.20+1.10° 6.40+1.10° 6.30+0.90° 6+1°
M2 7.40+0.80° 7.40+0.90°  6.90+0.80% 6.60+0.90%° 6.60+1% 6.60+0.90° 6.70+0.90%° 6.70+0.90°°
M3 7.10+0.90%° 7+1° 6.50+0.90° 6.40+1.10° 6.30+1.10° 6.60+1° 6.30+1° 6.30+1°°
M4 6.80+1°° 6.80+1° 6.60+0.90" 6.30+1° 6.30+1.10° 6.60+1.10° 6.50+1.20° 6.30+1.20

Control means Moo-Liang noodle soup; M1 means Moo-Liang noodle soup powder mixed with 0 % dried sea lettuce; M2 means Moo-Liang noodle soup powder

mixed with 1 % dried sea lettuce; M3 means Moo-Liang noodle soup powder mixed with 2 % dried sea lettuce and M4 means Moo-Liang noodle soup powder

mixed with 4 % dried sea lettuce. Within a column, the average values with different letters are significantly different (p<0.05). The values are expressed as

mean+standard deviation (n=50).
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\eefie 5,457.99+231.37 lulasluaauyavesnsaunadnsie 100
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wWhidsvesemnsle (Poljsak et al, 2021) fatiuanwanisideil
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FeaglunaminuuasgrundndusiyuuunsUgssaeimis (Thai
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Table 6 TPC, TFC, and antioxidant activities of Moo-Liang noodle soup powder product and sea lettuce extracts

Sample extracts

Activities
Moo-Liang noodle soup powder sea lettuce
TPC (umol GAE/100g dry sample) 5,457.99+231.37° 60.39+3.47°
TFC (umol CE/ 100g dry sample) 114.65+20.18% 11.85+0.87°
DPPH (umol GAE/100g dry sample) 598.39+33.42° 12.67+0.99°
ABTS (umol GAE/ 100g dry sample) 75.36+1.11° 5.70+0.15°
FRAP (umol GAE/ 100g dry sample) 5,854.84+106.42° 222.64+3.48°

TPC stands for total extractable phenolic content, TFC stands for total extractable flavonoid content, GAE represents gallic acid equivalent, and CE represents

catechin equivalent. Within a row, the average values with different letters are significantly different (p<0.05). The values are expressed as meanzstandard

deviation (n=3).

Table 7 Microbiological qualities of Moo-Liang noodle soup powder product

Parameters

Moo-Liang noodle soup powder

Total viable count (CFU/g)
Yeast and Mold count (CFU/g)
Coliform bacteria (MPN/g)

<25
Not found
Not found
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ABSTRACT

Keyword

Moo-Liang noodle soup powder
sea lettuce

foam-mat drying

antioxidant activity

Moo-Liang noodle soup, a blend of spices and herbs, offers various health benefits
to consumers. This research aimed to (1) develop a Moo-Liang noodle soup powder using the foam-
mat drying method and (2) evaluate the effects of dried sea lettuce supplementation on the product's
properties. Sensory evaluation of the basic noodle soup formula, conducted using a 9-point Hedonic
scale, revealed that the SF3 formula achieved the highest scores across all attributes (p<0.05).
Consequently, the SF3 formula was selected for development into a powdered form using the foam-
mat drying method. The optimal drying conditions were identified as using egg white as a foaming
agent at 6 % weight by weight (w/w), carboxymethyl cellulose (CMC) as a foam stabilizer at
1 % w/w and drying at 80 °C for 480 minutes (p<0.05), based on physicochemical analysis results.
The sensory evaluation of the mixture ratio of dried sea lettuce and noodle soup powder indicated
that supplementation with 1 % w/w dried sea lettuce was the most preferred by consumers (p<0.05).
The product, including the dried sea lettuce, was analyzed for total extractable phenolic content
(TPC), total extractable flavonoid content (TFC), and antioxidant activity using the DPPH, ABTS,
and FRAP assays. Additionally, the product's microbial quality complied with the standards for
Thai community products. In conclusion, the developed Moo-Liang noodle soup powder
supplemented with dried sea lettuce demonstrated excellent sensory properties, strong antioxidant
activity, and microbiological safety, highlighting its potential for further commercial development.
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Table 1 The formula of snack bar from dried Lady Finger banana
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Fonfiwe Iniud 1 3mifiud 2 fewedes Hish Performance Liquid
Chromatography (HPLC)
NITIATISIRAN TNV NGIR
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AULANANIALTEIS Duncan’s Multiple Range Test (DMRT) gl

Wsunsudnusagy SPSS (version 26)

Ingredients (g) Formula 1 Formula 2 Formula 3 Formula 4
Black sesame 2 2 2 2
White sesame 2 2 2 2
Water 12 12 12 12
Vanilla flavor 15 15 15 15
Honey 16 16 16 16
Xanthan gum 0.3 0.3 0.3 0.3
Pumpkin seeds 30 30 30 30
Cashew nuts 30 30 30 30
Peanut butter 90 90 90 90
Puffed rice 100 100 100 100
Dried date palm 100 - - -
Dried Lady Finger bananas - 100 150 200

NALAINIAINANTIIVY
HAMTUATIZYABNIN

1. A

A (L, a* uae b¥) vesuuuiA e iiausia uanasa Table
2 WU31 AAMUUANANAIUAIALEIN (L*) uazAdmand (b%)
Usinundaeiduileuneuuisenaiinareddvesunruid e
wis fauidngmsiila néreduilounseuuisyngnsiAmnuadng
(1) uazAndwdes (b laiunnsinatumsadia (p>0.05) Fugmsiild
Bunnda (gnsrunm) uigmshl 2 fanuuansinemadfanngnsd
4 (p<0.05) luvaigdi Aduns () lfanuuanseiuniead @
(p>0.05) e dieUsnaundreduilowsouur aftut uilwu s

WunvuRgwiawididaa iy enafieanuiiseuemsavarey

Table 2 Color quality of snack bars from dried Lady Finger banana

vanuAssiawianndeduieueuurisomili fadu
UiAsemaindtmaeded i sdestueulnilaeianuiou
Wuduswfazen uazenafimsiwdsuasdidessnmsldaamnd
gdlumseu shlWARUAATeNIFA msidsundasanddusiusiuns
AnUfAseAdena deamnuainwanas Usuoninwdndasifims
ARftImaIn u (Rocha & Morais, 2003; Tabtiang et al., 2012)
neATer09 Mulla et al. (2016) MesuirUiananimaliena
A elundaeiduansit yhlsiid sud udvmnalundaseuuis
dovinahmaluanafent uazsdimafedimauniu
maluig uiogslsfnunisiud sulasdvemand auifd ui
venfuresuilnadnudnunzunngfissduazuuuoutiunania

PaUNN (7-8)

formula L* a*"s b*
1 37.89 + 0.61%° 5.82 +1.01 13.06 + 0.71%
2 40.81 + 0.64° 531 +0.23 14.07 + 0.59°
3 39.21 + 1.90% 5.66 + 0.51 13.65 + 0.19°
4 36.64 + 0.69° 4.65 + 0.20 11.91 + 0.25°

Values with different superscripts with in the same column are significantly difference (p<0.05).

" Values in the same column are not significantly different (p>0.05).
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2. anwegLlodula
ANWULIHOFUNAVDIVUNIULALITTALIS 31NNTINAT
< [ 1 a v @ A 4
ALY LERIAa Table 3 WU USUaunalgduliauisaunig
Wi nd udanaliataiuudsvesvunvuiA g dawnadnul iy
- & ' Aov o W aa v '
Wl ueg1eildudAyneada (p<0.05) wansliiAuInI ey
narduiiounsludsunanunduas v linanSusivuuuiae?
iauvaiulauuwd Ny 118991NNA78La Ul o U ID UL

feArAuud sunnInnsledunnidy uenantuanudoulunis

Table 3 Textural properties of snack bars from dried Lady Finger banana
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suu e liiAan15.UE sunUasnaiud unazd analifn
anunToaluian Sedwmalindroidufeunaiiordunasd
Usumsanas denaliiandeduiaud iy (Musikachai, 2018)
ilasnemsenafivhissmely fnmswasuudasiiuldedng
Farausewinesnisauwsie liun nsvevesduemsdaingn
nssmeieanty mslindeiduiiouseuuiaduiagivdma
I¥vunvuiA savidauseilAnnanuud snndu (Hatamipour &

Mowla, 2003; Kunwisawa et al., 2007)

Formula Hardness (N)
1 336.38 + 14.46°
2 406.26 + 24.65"
3 503.25 + 56.88°
a4 554.29 + 47.56°

Values with different superscripts with in the same column are significantly difference (p<0.05).

" Values in the same column are not significantly different (p>0.05).

3. YSuasanudusazdsunaindasy

YUUVULAYINNAELEUT B UN9D VLIS TA1AINUTUDY

]

Tu39 9.15-10.43 gnsh 4 anuuanenaiugnsi 2 wavansn 1

aa

niegnsAtuAueg NI Ted1Ayn1eaia (p<0.05) A1 aw
voaNdndueiagluyae 0.54-0.57 denaw geninvuuvuiAeIiin
wisanuedidatdntes (0.44-0.48) (Sun-Waterhouse et al.,

2010) Tuvaugiivsunundluduiisurseuwiaiuiy ludiass

A1 aw o8N Ud1AYN19ad @ (p>0.05) Langsa Table 4

Table 4 Moisture content and a,, of snack bars from dried Lady Finger banana

A1 aw nuedeUs unasasslueinisi duus funis
WasuwUasmeiuaiinagdund uagnsiuasuutadn
AEATM WU AIUNTOUTBIDIMNT KAZANISIVINEBIENTSLAY
TNYIVOINA AU LA (Panyoyai & Suwannalert., 2023)
wAnSusiuLrULA 8291 e uileuseuniedney Tundu
8MNIURT NS AN aw vesrdnSaaiARnIT 0.6 ATy
fanindesar 15 WHuomnsiiunwlduuusenanunisiden

\@eandanuazs1ueiale (Pornchaloempong, 2024)

Formula Moisture a,™
1 9.15+0.71° 0.55 = 0.02
2 9.20 + 0.58° 0.54 + 0.02
3 9.79 + 0.29%° 0.56 + 0.02
4 10.43 + 0.45% 0.57 £ 0.02

Values with different superscripts with in the same column are significantly difference (p<0.05).

" Values in the same column are not significantly different (p>0.05).

4. MINAABUNNUTTE AU

nsUspifiugunmdudnuasUsing nausa iedura
sawR uazauveUlaesIN Y8 NARSUTvULTUALITaL
WanInd Table 5 lagldignaaeunlanisiiAzuuAIINTDU
9 38U NFNAFBUTUTINIU 50 AU WU AudnyEUIINg
nausa oduda savfuazauveulnesiuiianuunnsieiy
M9adR (p<0.05) InganwazUsINYUATILULAIINYOU 6.29-7.40
fisziuazuuurouEnoefsouliunas nausd dasuuy
AIUYOU 6.98-7.60 Tisziunzuuuraudniesdsvoutiunas

Jav1R JATUUUANUTOU 6.82-7.38 NSEAUATLUUYRULENTDE

fevauUunans Weduda Jazuuu 6.80-7.32 NiseAUATLULYEY
Wdntesdsvauliunaa anuveulaesiy daguuy 7.12-7.72
a o )
AsrAUALLULTDUUIUNGNY LEAIAA Table 5 ALLULAINYEY
AUiNYNEUTINUAAUTANIRVDIVUNYULAIYIALTIsgnsNLd
v & A a a ' Ny 1a 1)
NAILLaUTawN gashl 2 uar 3 lAvLuUEININEnsTldunmIdy
~ &
iegnIAIUAL (p<0.05) UBNINNY UALLUNAIINYDY
aulleduiauaranureulneTINVRUNTUAEITTALIAENTT
Tandreduiiouns gnsf 3 Tazwuuainingasiladunniduvse
gn3AIuUAN (p<0.05) @aAAd 83U Panekwong et al. (2014)

Ifmunsgyiivdawisandindewenuasuinndsenduilon
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Tinzuuumuweulaesiadseglusyaureuidntiosfisvouuiu
naNg (6-7) UaNaINUUSIITI891UITBVDY Lertnimitmongkol &
Mongkontanawat (2020) lavAaoUNENS 9191790 1LI WEY

nasmdaurianaunalglinen wuin guilaalvinzuuuniuyey

Table 5 Sensory evaluation of snack bar from dried Lady Finger banana
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fisgfurautiunans (7.11) Amdengmsi 3 1Jugnsitlésunis
gausuAINA U InALAE AL ULNAIINYBUFIARtUYNAMAN WY
iethlUiinsgdnaunmdudunidluseninaniniuinm
soly

Formula
1 2 3 4
Appearance 6.29 + 0.90° 7.40 + 0.97° 7.36 + 0.75° 7.10  0.95%
Flavor 7.60 + 0.78° 7.34 + 0.96% 752+ 123 6.98 + 1.25°
Texture 6.80 + 1.32° 7.28 = 0.97% 7.32 + 1.24° 6.88 + 1.17%°
Taste 6.82 + 1.27° 736 +1.18° 7.38 +0.98° 7.04 + 1.35%
Overall liking 7.12 £ 0.91° 7.60 + 0.93% 7.72 £ 0.81° 7.22 + 1.22°

Values with different superscripts with in the same row are significantly difference (p<0.05).

" Values in the same row are not significantly different (p>0.05).

5. Bsnapawidlussminmsfiuinm

MU Auv3Siimun SaiuarresuaIuIA e
wilauaanndreiduilounseuusia Tnewfuil gaumgivies 30°C
WWuszeziaan 8 AUawi (Table 6) wuin luussg S saesuile
leiun wanadinla (OPP) waznsegdileunesd lunudaduaz
1 aeANSAUTNY 8 Uai BT B vt nis
Wiusnw 2 dUani wuesndn 25 lelail/ndu ustiseeelsu3una
awBgliRunusinasIUNEAT e YaYY 902/2016 HARS M9

gurs orin walll uasSyiadauris Nimusligaduassnsosld

fin 100 Telatlsie e 1 nFU MaiuTuveuaaurE g vLm

wazd o AnuFNRUS AuAl aw warUSunaenudu lnesialy

%
N a a a

\Woqdwvisd anesaudAvladloamsiien aw eglurag 0.60-0.90
Fordunidussansnagliind givlad sewnsiian aw 0.62
w?aml"ﬂm'w (Rawat & Darappa, 2014; Pratiwi et al., 2019)
naruRsmiauinndedulieueuui fnmndueglutag
9.15-10.43 uazilein aw og/lutae 0.54-0.57 Jeglungue1msiia
asnsaifuinwanfsiluannefivanzalfodalion 8 dUami

o

Hansawitinan sz Uaendudmsunisuiing

Table 6 Microbiological properties of snack bar from dried Lady Finger banana at 30°C

Weeks Total bacteria count Total yeast and mold count
CFU/g CFU/g

OPP bags 0 ND ND
2 <25 ND

4 <25 ND

6 <25 ND

8 <25 ND

Aluminium foil bags 0 ND ND
2 <25 ND

4 <25 ND

6 <25 ND

8 <25 ND

*ND = Not detected.

ARl TUINIT

AMSMUS U QAN 591N SV INA NS T VLN TULA 89971
ndreiduiiouns uamsquAmslasuinissendanieuilan
(40 n$a) (Figure 1) Tnglkwdssusionun 190 Alaunaos
Tosfu 10 nfu ludu Sua 2 n3u ldnulaaawnesea TUshu
4 nsu mslulamse 21 nsu TwdAen 40 Sadnsu ldnuindule

wagdmiud 2 Iendiud 1 1.66 Tadnsy (Sevay 44 Thai RDI)

wAaLTey 40.51 Jadnsu (Se8ay 2 Thai RDI) wavindn 1.65
fiadn3u ($osaz 4 Thai RDI) Wethinduausinasenduie
uFlaa (40 NTU) MIULNUT UTENIANTENTINEISITUGY
(aYufl 182) n.A. 2541 wul1 wAnA e ladsmdud 1
Tuvsunaderas a4 wagloemslulsunasovas 36 vesUsuw
Auunhdotu ndafusivuiuuiAsviauisanndoduiews

¢ A A

auwindundndua 7 37010ud 1 qeuazdlesinisgs
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WATAINITANE1IE 19T V9915971915 (nutrient function
claims) MU UTENIANTENTINEITITUAY (aduil 447)
w.A. 2566 loomnaiiuninluszuumafuevnstionsedunis
Junie Amdud 1 ddrudaslunisyimauniudnfvesssuu
Uszamuazndnuile a1nnauiseves Kunna et al (2021)

lawauindnadualsyivd aunav Tleenisasain

Y oA

J1Indpsduwian WU KansugSuivdawnaARaLle (40 NSy

<

' = 1Y ¢

1 a v & a Aoy o
W@Wuﬂ'ﬂuﬁﬂUﬁIﬂﬂ) ﬁ]mﬂumamﬂm%wmaﬂammi (Sovay

a o s

4.88) HanSustvunvuAennnnalivsesyivluviavinmani

o
= o ' Y

a o ' e o A Y o ]
umumaﬂugﬂLLUUﬁtywsuwaumalu SEYNYLLUUAR ﬁ”‘!‘lﬂ,‘VIQJ}ISIJE}

o

na2819 wiu leenmsge Winatles (Judu

(Nutrition information)
Serving size : 7 pieces (40 g)
2 Serving(s) per box : about 2
Amount per serving
Total energy 190 kcal (Energy from fat 90 kcal)
(% Thai RDI)
Total fat 10 ¢ 15 %
Saturated fat 2g 10 %
Cholesterol 0¢ 0%
Protein 4g
Total carbohydrate 21g 7%
Dietary fiber 9¢ 36 %
Sugars T7g
Sodium 40 mg 2%
9% Daily Value *(Percent Thai RDI)
Vitamin A 0% Vitamin B1 44 %
Vitamin B2 0 % Calcium 2%
Iron 4%
*Percent Thai Recommended Daily intakes for population over 6 years age are based on a 2,000 kcal diet)

Figure 1 Nutrition facts of snack bar from dried Lady Finger banana per 1 serving size.

Figure 2 Snack bar from dried Lady Finger banana per 1 serving size.

d3UNan13IY
gasnmnzanlunisndnvunvuiAgIvidauriaainnaly
< A a & A Yo o Y a o
dulouns Aeans 3 Wugesilasuniseausuanduilnalusedy
¥auUIunNanIdavauNIn dd7ulsenau Ao nalulduilauns
DUWISREaY 35 91Inesseray 23 wediTeuay 20.50 Luan

Wnnessesay 7 Wiauziiuniudsavay 7 Yl eTouas

3.40 ndwrllaniesar 3 91enTesay 0.50 919717 Yegar 0.50
v v a a al e ! =3
wazwruunuiuTesaz 0.10 Usunagdunidluseninanisiiy
Snwmdnduel 8 dUai lugananadinla OPP uazgeegilifley
Wesdardiun sungdnisidusnud 30°C lunudad

v
¢ o

wagzs1 aunIgnaualdiiunaeininsgundadusigusudn

v Ao v &
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ABSTRACT

Keyword

Snack bar

Dried Lady Finger banana
Nutritional value

The objective of this research was to develop a snack product from dried Lady Finger
bananas. The qualities and nutritional value were studied. The suitable formula for producing
snacks from dried Lady Finger banana contains dried Lady Finger banana 35 %, puffed rice 23 %,
peanut butter 20.50 %, pumpkin seeds 7 %, cashew nuts 7 %, honey 3.40 %, vanilla flavor 3 %,
black sesame 0.50 %, white sesame 0.50 % and xanthan gum 0.10 %. The results showed
that the amount of dried Lady Finger banana had a significant effect on the color and hardness
(p<0.05) of the product. The sensory qualities of appearance, flavor, taste, texture and overall liking
of the product were evaluated using a 9-point hedonic scale with 50 panelists, The liking scores of
all attributes were in moderate to very liking ratings (7 - 8 points). Enumeration of microorganisms
during storage at 30°C for 8 weeks was studied by packing the product in a transparent plastic bag
(OPP) and aluminum foil bag. The results showed that the growth of total plate count was
not observed, yeast and mold < 25 CFU/g. The evaluation of nutritional value found that the snack
product from dried Lady Finger banana was high in vitamin B1 (44 % Thai RDI) and high dietary
fiber (36 % Thai RDI).
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winlaiun o - o o A udnand o £ sodul . o
g waY 7.63 MUEINU WaN1TIATIERNUNReUaLDILansliiuAmduUsyaoresnsinaulavesaiauuds Aaa

utheresion fomeu Ad L* a* uaz b iy 0.9859 0.9991 0.9980 0.7226 uar 0.9749 AwaRU gasTanzauigadmiu

Auiineumio: msanialdunanuelsl o dulssaiosar 19.50 ndawthihiesas 29.57 uaulisfaray 50,93 lusuamamg

foamms Tnsurnsveadaldynualsd 100 n§u nudrdndanuianun 149.76 Alaunaes Tsfudosay 3.27 lusfudovay
1.1 iiledosaz 3.60 uazanslulamsnionay 30.99 AuAWNIAUVIIRUITUSNRAWETLA USinaidas
uazs1 toendn 10° CFU/g way 10 CFU/g mudeiu adnslsinumsialiwu £.coli Tunan e

unin avdwmalfsvduhmaludongitu Soradususmededuilaa

v
o

Wialayn (tapioca pearl) Dunaasoufivinunanudasiy ﬁlﬁﬂigwﬂumiﬂ’mﬂqmizmvuu 118 (Rattanajarusroj &
duends duhazgnliidudiutsenoulueiesium Taevhluay  Srijesdaruk, 2015) mslduszlowiainudsiudevdsioglu
TFUsuraUsyans 1y 4 veuadesiy nieussunm 33 nfu  JUMUUTeLUAY (native starch) wazudadauds (modified
dinldynindnnnuisifudvendeiamila fidedudadeudns  starch) lnsnsdaudsudafudiugndslaeldisniaad s
wilrjuutlaindu linsdedldlianuddndudy qudr  naimuagmedanim WoldTlanumunzausonisldau
malnmuinisveadaliun 100 nfu vszneudaemilulanse  TagUuiinsdauusiduuduiequain iy udsdunude
88.7 n3u TUsiu 0.19 n3u lusfhustanum 0.02 n¥u 1 0.11 ndu  toulmiuazidndnIudunusoloules Feuansdenuaudd
9115 0.90 n$u 1ana 3.35 nu lefon 1 fadndu uar  wileulsomsnnsssund Jegtuuteiudendsidmine
NA99U 358 Alaweaas (USDA, 2019) miu%lﬂﬂ"l,ﬁdg{ﬂluﬁmm mansmiivsinueylulaga 19.54 n$1/100 NS (Ketthongkam,
wnuazold esevviliiAn ymiguainmaissenns  2023)

Wu iina1ziesdanserionn Lﬁmﬂ’]’;gﬂgqm'}aiugﬁamqq wllahenelonataunaniituvineedendeianudy
\lesannlaynusznousneaslulawmsngauazloemsiideens  Sovas 65.79 lufudouas 0.63 lsiudesas 4.23 dulssouay
dwmansynusteszuvdesamsuazimaludenldudinds 659 iesay 7.13 uazanilulawmsaiisniniedesldfesas

Wuewnslunguanslulewsn dudlegndesuasgedudigsiainie  17.34 luduvewdavhenedenillsiudesas 081 lufuiovay
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0.55 aslulewmsnioay 82.39 WnTevaz 0.61 dulusesay 2.79
mmitutesay 1285 uasiviinerlilaatesay 1869 (Sangyojam
et al, 2022) utlawineresiondisvminemenisdniusunneylsilaa
19.24/100 N4 (Ketthongkam, 2023) ndesiansAinwuiunaes
Tlaavesudavingesisamuiniimegsevinesesay 16-27 (Malki et
al, 2023) FilumsdanguutemnuuTinaerblasuseenduu i
Vsanueglilaasi (Gesag 12-20) uwilsifivsunnerlsilaauunans
(Fovay 20-24) wazulsitfiuTinaerlalangs (innindesas 24)
Aumtievatdavinenesuiidnuaredeiusduivdsnd wasi
anumsiveamarniuduiudends samglisudilunsiiaea
Aludvosudasinerelsuminniy 68 ssrwafoa lngaauts
Wienedenkazlaald sl ud Uz na sl d nwayad i unaanls
wienesleufifin Young’s modulus 71 3.94 kPa Tutasdnarunas en
Woundn 0.20 wardlauasnsolunsAudiiganmausosay 67.36
(Rittiruengdej, 2003) T aytiunldidudunauivud swind u 1
Wisliemsfianmenuasiafinwadinnutuim

leo11s (dietary fibre) 10 uaslulainsnyd alua
ugaalse 18 98 ounayid ussd Ussneuvosniswad voa iy
w seonid uleo1misi azansu (soluble dietary fibre) wag
Toorms7 lalavanenin (insoluble dietary fibre) (Jiménez-Escrig &
Sanchez-Muniz, 2000) Tngsaveslaamsitsaesriiagoniale
oo leesuansemsibilindsnuusivselomse
danrna atd uernasid eW an ¥ u (functional food)
Faftunumduansnsluledn (prebiotio) @ a1 uemnsdwiu
wuaiSenguniluladn (probiotic) Tuamla lvg
19U Lactobacillus ¥180 osun19ii angts sluald anlodu
Tuden anthimaludesussdismunutimn Tuwias fumsuilan
Tyewnsuszanas 2530 ndu Tnevalunalsidloownsgauazdaninn
Andiloomnsansagity loownsanmalifanssueyyadaseidu
Ustlomiriosungluiinags leewnsvismuaiinulundedii
Tovay 3.16 wulua ulrsasevas 1.26 uay
TS s5euay 3.84 (Chantachoti, 2009) dsanunsatilunuunuly
wansTausieslunguuines sigefisesas 40

AT g Usrasdiietanngasniswandalinlag
nsldudavineestounaunumslgutl siud s nd st snswaun
ansfivmnzandmsumsdndialiynnaumalsd fudunsihqasiu
osudaienesausnuivussludiud eduiauasdinnudmig
Tnsumslasnsthealififloemnsgamianndudnsasilmiad
Aot nadenllFituiusing uenanidau
miﬁmm@iaaamgjmswﬁmﬁiﬂwmhéuazLﬁmgaﬁﬁué’ﬂmimwm

LA
DYNIWYU
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gunsaluazIsn19IdY
1. Ingau

Fagavildlunisudnlyynnalivsenoudae ullediu
dugnda (n3ranstens) ullawinenssien (Asndansens) thaa

o s

N3186A (ATEATHE) dUUIANUEHIEY Y Nal8U1TIIH LS

3

o

uzdeesuaziisiusing domanaaialusnoiies Smia
nIANT
2. mysiwsgunalyl
nalal il tunldlunis@neiusenoud redulesa
&t uariss thwaliis 3 slandreihmnuazeraiins
Uoniden (§uuzsauasndrenind) dudutuwaziluuely
azidun lagviniswenaidauszinnuesnalsl Wrldussyld
geanadngayania Wuliludiuiionmgil 4-5 ssmieaidea
Aouhlldlutunousely
3. B sudaidnliyn
thdunauvesiwarudsnanliid ity arnduiy
f"lmamwﬁqquﬁ 90 pernwaLdd wazvhnsmuNdLawile
wadudewdertu andulidnadeldynlunisduuddndy
founay uaduruAugNa UM 0.8 WwuRiuns Unludy
Tudiiteafunan 30 Wil vhnsUadmdeuasfiliuszana 20
uit nduihlnseadaldnnuaziluusludidenddannu
dutudesay 50 etestuliliidalynndudndufounsunis
ATIVIATIRANNINN N BA WY
4. n13AnwIsnTIEITE au st snaauazulls
vheeslausonsUsuUdodudaveusialoyn
mMsAnwdnsamivangauseniautisud s ndaas
W aineeiaulagn1sIUNUNITNARBILUUE NaNY ol
(completely randomized design) ¥1n154UToRTIAIUTENIN
usudvzudsduundainensson 5 sgau A 100:0 95:50
90:10 85:15 uay 80:20 nethwiin vmswanmuisn1suandie
lyn (79 3) wazussaldgeaainia dluasiadnsisinunin
NINBAIN
5. mMsAnwIRama imnsausianIsuanialeyn
nsfnwUSinamalifivnzaudenisudnsinliynang
LHUNITNAADILUUNAY (mixture design) Mvuadas sl
wn1sAnwrnuuly nnuay a9 (simplex centroid design)
AUIBNI5VY Montgomery (2013) F9nsiuuatadenisnan
lounainualdlasnisdinalyl laun dudzan (X)) Tovas
0-100 n&aetid (X,) Sovaz 0-100 wazkya (X,) Sovaz 0-100
Tl X, + X, + X, Wiy 100 wazAndudesas 10 Guanqmi?i

Wuadludiunauvasdaluyn Fwmeassiildainnisesniuusiig
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TUsunsu Design Expert 7.0 Software trail version
(StatEase, Inc. Minne-apolis, MN, USA) 3117u 8 AVAaILARS
&4 Table 1 tnalkaufiwIonliinmautuutaiudvsnds uil

Winenedeu uaziimansiefgamgil 90 esrlealded vins
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v oy

& g & A vy X a \
munaruiontaulameiiuniounalusUsasnandaliyn

U 3

' ° L4

A1U3N1T (U 3) nsussyldgegaania ilunsiadnse

LI

AUNINNINNIGAIN

Table 1 Experimental of fruit tapioca pearl by using constrained simplex lattice mixture design

Treatment Pineapple (%) Banana (%) Guava (%)
1 100.00 0.00 0.00
2 0.00 100.00 0.00
3 50.00 50.00 0.00
[ 0.00 0.00 100.00
5 100.00 0.00 0.00
[ 50.00 0.00 50.00
7 33.33 33.33 33.33
8 0.00 50.00 50.00

6. NIIATIVAOUANN ANV isineialal

6.1 ARATAVININIEAIN

nand el alvyniiuaTiasievang Lxax b
TagieiosTnrd Hunter Lab &% Colour flex $u miniscan Xp
plus wardiAszsiaLE odula Texture profile analysis (TPA)
feiaTes Texture analyzer ldirinezgiidousunsanszuen
(Cylindrical probe, P/35) Wdusinuguénans 35 fadwns §%e
Stable Micro System 31 TAXT Plus Usginagangy Fapail
Pre-test speed 1 mm/sec A1 Test speed 5 mm/sec A1 Post-
test speed 5 mm/sec A1 Strain 8@z 50 A1 Time 5 sec Wag
fin Trigger force 5 g 51891UNAAIAMULTS (hardness) LazAn
AuBaneu (springiness) agldiagsliynualiifiuan 15 e
Fnaeiiiomn 5 4

6.2 AMAMNNINAL]

n1sTAsgviesa Usenaumaadveslaynualyd
Usznaudae Wiy aslulewnse Loty i Usinaenadu 1du
T8 wavemdnuiimaesandet Tng3sa1u AOAC (2000)

6.3 ANINNNNRAUNTE

n3nT1aUs T IuIu A unddianun (Total plate
count) UsunaBasiuazsn was Escherichia coli nelHununsa
AnssiUTinanteaunEsdniagy 3M Petrifiim
7. MINATIZINNGIA

Tasgianuwlsusiudglusunsudnsagy SPSS for
Window nagauauuana1eeg19ddedAgyn1sads (p<0.05)
28 Duncan’s new multiple range test (DMRT) LagiLAs1z%
mmLLﬂiUi’nﬂmﬂfﬁmﬁLﬂswﬁﬁﬁagaLﬁ?qﬁmmiugﬂéuaaﬁuﬁ
povauadmglUsuAsH Design Expert 7.0 Software trail version

(StatEase, Inc. Minne-apolis, MN, USA) W MR LA LW US

AUNITOANDYLY 3 Lﬁ”uwnﬁum (multiple linear regression)
W anagauAuruizad (lack of fit) wazArduusednsnng
Anaula (coefficient of determinate; R?) ¥89@un1SNABUALDS
o o A J Ly ) Ao v |

ATLAUANUT N UISaEAYL 95 VoIRILUTABUAUDIN LT LU UAN

anduiuslunisidenanauauad (Y)

NanazITalNan1sIY
1. n15FnwIEnTId NI I8 8 DU i IEaUs 9N
Usuvgailodsrroadaluyn
an1sAnwRanlRuIINsuUSnawtarensson
lundndaiflaldyniinanonininuuds (hardness) wazaay
g angu (springiness) 98 19T WadA n19ad @ (p<0.05)
TneAnadovesdanunduararnubavguiiunliugdudodi
5miﬂﬁauLLﬂQLﬁwaﬂﬂﬂamqa°ﬁu (Table 2) n1snALNUSATIAIU
syt sudvsndatund winenedoud sedu 80:15
(ngiimin) darmuudegegamindy 2222 ¢ wazAaanu
gavgugeaaviniuieyar 64.85 nua1AU il dunananms
WaantaumeslenuazvaudaiudUsndsianuagaa e
Tnediaavesudaitenssleuiinn young’s modulus 71973367
ANLAS BANBENT1 0.20 LMINU 3.94 kPa wasliseau
AuaunsalunsAudiganiniuesas 67.36 (Rittiruengdej,

=

2003) Turugiignnuwtaiudrvenduazutaiienetoudan

o @ aa

Lw3nA1Y (breakdown) lalumanmeiusgedidsdiAgnisada

(p>0.05) usirnAuAsLaave s lavnenetaudia1aanIleiu

U

Frugndavasetunsiinuseu lnefiasesazanungauls
WinAuseway 25.11 way 55.94 (Sangyojarn et al,, 2022)
gauniiiiiansideuLUasdmumilna (pasting temperature)

vosudavneeenagsening 73-74 esmiwaidea A1Anumnile
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geazduiusiuguanvemdniueigavine warlun1siansanen
NM3AURT (setback viscosity) WUINAINISAUAILINAT U TNE
fen15iAn3Insinsadu (retrogradation) @ 9vinliiaaudad An
aruufanntu Saudafeeleuiinuaudfio T made
138 (least gelation concentration) 1 Fauanafianuaunse
Tumsiineaia wasdidramingiis 7660 cP Fadanasily
wAnsuriidedudadd fanuawi fenuanusalunsnesi
gauaziinnsayaefinfigumgl 78 eariwaidua (Malki et al,
2023) luvaeigauaniifvesudlsiudndsfinuansalunis
aaduanuduldgs fquaudinisiiamags dauniach
mmanansaluniswesiinaznisazans aazifinmsaudiuay

= Y = o g v & ' < %
L DUANNLU DA UTNBNTUIAUIUY W']IWLN@i‘UlIﬂLHNﬂiZV‘IN

q

'
o v A o

A | A 2 o o = 1Y) v &
mmawquaﬂaqmam‘ummiﬂuwLEJ‘u ﬂﬂ‘ﬂﬂﬁ?ﬂmﬂﬂﬂﬁm@

]
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Tnfiduanndouldiinmaiudsuanimdofuiisliuudutu
LLa%LﬁmﬂﬂiLﬁauaﬂ’lwaEJ"Ni’J(ﬂL%’JLﬁlagﬂﬁﬂlﬂLM@‘QIUWE’]LL%QW%@
AL uinsrzaud uazlTInTsuIun1TA uf e duls
(retrogradation) dwavilviieduiavesdialiynudetu aru
fonguanas Waldynudanszdouasduladoutudon luns
Wudnaudavineeyeslugasveadalyynluviuai
mmzauamﬁmhw%’uﬂqqLﬁaﬁuﬁaﬁﬁﬁuauﬁmlﬂdgﬂ n93dil
aenpdasfiun1sdnudy q fuandidiuiudaieislouuas
uisfudusndsdaaantinisnenmuasmaedduandieiu
Fedanarenmnmuandniasigavne Tnstarzlusuniauds
waraudangu n1susugasuddlundadmeidalynanunsald
Usglovianauandivesudaudazviaieiamnnuainves

HanAualaRuY (Sangyojarn et al., 2022)

Table 2 Hardness and Springiness of tapioca pearl product from varies of tapioca starch and arrowroot starch

Tapioca : Arrowroot (%)

Hardness (g)

Springiness (%)

100:0
95:50
90:10
85:15
80:20

11.43°43.31 56.78%°+5.18
14.00%+1.05 49.56°+6.15
16.43%+2.52 59.79%°+2.48
22.22°+6.40 64.85%+11.80
19.85%°+2.04 53.53%+7.91

Values are mean + SD of replicate sample (n=5).

2be pifferent superscript letters in the same column indicate significant difference (p<0.05).

nansAnwsnTIdIueIutlwineetonlundndueiide
Ty nuanddiiuiinisiinduuudaingisioudnasenna
L* a* uaz b* veswdndneidaliynegreddedidgnicada
(p<0.05) iawfisufunmsidutliudUsnduiiosogaies Toom
A 1* a* uaw b* duwalvuged umuusunaudaiiensdeud
Wiy nsldudatudvzndatuudaienedeniissiu 80:15
(neimitn) fwaviliend L a* uay b* wiriu 24.62 4.08 uay

9.82 MUa1AU (Table 3) Fadnwauenisiiaaatavoawtalu

=

dlvmasuazutaineetsuluvaglasunnusouianuduniia
wazanulaliunnaneiu urdnwaranulaveswtsfimuduius
funisdusvesmtarUSunaeslulaa WeanissnSeadai
wdurunagylinasiuladesdinalilaaianwagivnasiay
wiley Snuurvesiulanvewutuineetdoundiannduas

fnnuniledlaniuduiudUendanidviyu (Rittiruengde),
2003)

Table 3 L* a* b* value of tapioca pearl product from varies of tapioca starch and arrowroot starch

Tapioca: Arrowroot (%) L* a* b*
100:0 23.24°+0.18 3.36°+0.08 7.46°+0.19
95:50 23.00°+0.11 3.80°+0.08 8.93°40.26
90:10 24.40°+0.11 3.90°+0.17 7.63%+0.09
85:15 24.62°+0.12 4.08°+0.04 9.82°+0.16
80:20 22.849+0.13 3.53°+0.19 9.38°+0.25

Values are mean + SD of replicate sample (n=5).

@b < Different superscript letters in the same column indicate significant difference (p<0.05).
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2. msAnyUsunasa s asonsuanialyn
PINBNUNITNABDILUUNEN (mixture design) wuulal
nuAYae (simplex centroid design) Muualadenisuanluyn
nwualdlnenisiimalyd laun dudsse (X)) Sewag 0-100
n&8137 (X,) Yesaz 0-100 uazdis (X)) Yo8az 0-100
A7l X, +X,+X, Wity 100 Andudesag 10 ﬁuaaqmﬁlﬁuaﬂu

drunanvondalyyn nanisd@nwinudndalaynuald

222

fid1Auude s3ning 37.87-377.17 g Aranudangu szning
7.46-10.95 @ANd L* 581919 20.46-24.70 Ad a* 38N
0.91-1.93 wagAd b* 51313 5.06-8.71 Tun1sifisTunaves
Fulzsauandaetint dwavinliaanuuduazauiangu

voufinldyndiAnfiuanntu winsufissegrudeddawalininng

wazanuBanguvosdinliyniiianas (Table 4)

Table 4 Mixture design and response variables of fruit-based tapioca pearl product

Run Pineapple Banana Guava Hardness (g) Springiness L* a* b*

(X,) (X,) (X3) (Y,) (%) (Y,) (Ys) (Y, (Ys)
1 100.00 0.00 0.00 377.17+14.80 9.66+0.84 23.25+0.18 1.93+0.08 8.71+£0.33
2 0.00 100.00 0.00 341.23+14.25 8.93+0.95 24.31+0.18 0.96+0.14 8.19+0.12
3 50.00 50.00 0.00 294.55+13.21 8.96+1.59 20.54+0.11 1.01+0.36 5.98+0.47
4 0.00 0.00 100.00 37.87+£13.16 7.46+1.65 24.70+0.15 1.05+0.18 7.28+0.79
5 100.00 0.00 0.00 377.17+5.87 9.66+0.10 23.25+0.11 1.93+0.32 8.71+£0.36
6 50.00 0.00 50.00 331.16+1.89 9.08+0.67 22.31+0.08 1.38+0.24 5.94+0.27
7 33.33 33.33 33.33 38.28+13.75 10.95+2.97 21.90+0.14 1.12+0.29 5.06+0.70
8 0.00 50.00 50.00 41.21+14.47 8.42+0.78 20.46+0.11 0.91+0.32 5.46+0.29

HANISA N®INUI 1151935 Response surface

v

methodology (RSM) wazaun15:8atdu (linear model) @11190

'
o

95 U1ANNAUNUS T8I TATETN ANY (X-X5) LAagAINIS
povaues (Y,-Ys) tnegrefivse@nsain Inglunisiiansunen
Fulsedndvosnsdadula (B Tadudriivenievaznis
VWE suLUatvead Uy aruisaasurela e
FauUsdaszluaunisannes wuiiAdulszavsaeanissndula
VosAAUds AAuEavey Ad L* a* waz b Wiy 0.9859
0.9991 0.9980 0.7226 uag 0.9813 AUEFU ArduUsEANIVRS
nssnaula (R Adlng 1.0 wanviraunisianuundedouay
wnzaufiazthunldvhueanldegauugr wenanilen Model
significance fA1oN31 0.05 (p<0.05) WAAITIBNTNATIUVDY
HadefifinasioAmnuuds Arudavegu Ad L* uay b* ves
Waldynarnwalil Inefidvdnasiuszwinsdudzsn (X,) fundae
131 (X,) BvEnasamssrinedulse (X,) furds (X5) uazdndna
Samszminandaein i1 (x) fudda (x) Tagldynuasnaliiien
Model significance waeA1ANUDY A1AIMEANEY ANE L* uag
b* wirifu 0.0348 0.023 0.0050 kaz 0.0461 ALY AU
IagiAAuwiNg U NEINB AN 1IN NTAIAMATNNNIBATNYDS
Iynnaunals luvueiiend a* wuihguuuudaesiivinzande
LUUD189LTaLd U (linear model) A1 Model significance
Winu 0.0405 FeAnanulndifiesseninamaainnismaasaiu

LUUINARIanagnl8n15UsE i uIInAduUsEdni veanis

gndula (R 581119 0 919 1 1meminAIaINnNSAIUIMAIEENNTT
amaaﬂﬁﬂ'wwhﬁuﬁwﬁiﬁmﬂmswmaamﬂﬂm R agdimninnu 1
Wa¥A AN NG 8IUBIA 1 R (adjusted coefficient of
determination; Adj- R2) Tunsaifiisuutademnnit 1 Jade
wuRAAuude AanuBangu A1d L* a* waz b* fidn Adj- A7
WU 0.9508 0.9968 0.9930 0.6116 kaz 0.9345 AuaIAU
(Table 5)

¥
=1

mseluanslfifiufsnauaunsnves RSM wazauns
daduluniseSursnasyiuieain1snovauesiiLi eideatu
AanIINIen nveslaynraunald lnea1aunds Aay
fangu wazend L* wag b* fien B ge JsUsuenisanuaninga
Tunsvhungléd dauend a* fien /2 fishnindadedu q onadu
wagdninavestadeidnu (X,-X,) fwadedd a* foani
Hadedu 4 nsld RoM wagaun1sadulunmsviiuneAiaounm
nan1enmvedlyynraunaldldSun1sgduduainan Model
Significance fitfoant 0.05 Fuansdidvinasiuvesadoditng
HaAINIsMOUANEtLATAT lack of fit 7ilUfTudAyn1eadf
(p>0.05) 4 suanainaunisdaranuizanlunisldviuie
nan153901 Sanandliiiuindnd a* A1 Model Significance
fisndn 0.05 wWwdeafutadedu q ualian /2 uaz Adj-R? ish
nitadedu q Feorauansferuduteuresnudiiussening

JadenfnwiwazAnd a* NHoan15n1sANwLRLLRY
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Table 5 Regression model of fruit-based tapioca product
Regress coefficient Hardness (g) Springiness (%) L* value a* value b* value

Yy (Y,) (Ys) (Yy) (Ys)

B - Pineapple (%) 373.34 9.56 23.76 2.23 8.36

B, - Banana (%) 345.75 8.64 5.58 071 8.19

B - Guava (%) 42.39 9.19 24.72 0.93 7.28

B

B

ﬁ33

B -1311.35 215.32 23.23 -9.19

B 420,93 156.18 -7.97 -7.53

B -683.68 -3.94 21.00 -9.12

Model significance 0.0348 0.0023 0.0050 0.0405 0.0461

Lack of fit 0.1048 0.2134 0.8365 0.8986 0.9829

R-Squared (R?) 0.9859 0.9991 0.9980 0.7226 0.9813

Adj R- Squared 0.9508 0.9968 0.9930 0.6116 0.9345

Tun1snageumuunuigau (lack of fit) nuIanAIATS
pavauss (Y,-Ys) ldusnansiuegefideddgn1eadd (p>0.05)
Faansliiuinaunisanaeefimnumnzauiiadldlun1sviune
A1AULde Arrudangu ad L* a*uaz b* veadinliynwa
nald dA1LMIAY 0.1048 0.2134 0.8365 0.8986 Lay 0.9829
PINEIRY 9/ ANOVA 1 winausidnsuldlunisinaang
WANNZENVDILUUINEBY MNANITNAdaUALLINEEN (lack of
fit) Sifoddameadn (p<0.05) wanvimuudaesiuliivangay
vl o9 nAuRaInAG ourein s enlddnusllmungay
(Kutner et al., 2004; Derringer & Suich, 1980) NaN1A533d0U

v &y ' M va o < v =
AUNTNVDHALUDIAUNUIN ﬂi’lﬁ/\lﬂiﬂuaﬂiﬂmeUuLaumwﬂLLEWN

Normal Plot of Residuals
Hardness

Tiutsnnuluunfivesdoyafidiiiunisaaes nsnsiaaey
nInszaesuUkanLasUnidudunisnsrsdeunsminisnszane
drunndrvesteyaraunds (Figure 1 (a) Ingwuitgauu
nsmiseaiiududnuasidunswez dnsnszatediuiion
1nd 9 Agud (Figure 1 (b)) uandliiudisnnuduunfvesdoya
Aldann1sneaes datunsmAtduANARBAITIgNYITUNE YR Y
Arrundsvendalyyndnisnszarediog1vadiauo i
MewIniazamtay waavinteyadanududassineadiu
v a a ! a a 1 ]
ANANINITUANULAIUNR AIANNLUTUTIULLENETAIN ANEIU
v A @ a " A o ' v ° va
anfsfinnandudasesieiu ietilugnslduuudtaesdiaig

gnees (Mahe et al., 2015)

Residuals vs, Predicted

Hardness

Color point by 600 —
Cols i
alor point by value value of hardness : 526106
of hardness : 99 -
377 [ 3777
3787 [ 37717 1 00
95+ o “
903 ]
T
£ 80 -3 [ g 200 ™
= & &
§ 70 ™ E
= ] = o m
o 50 4 § o000
& a 5 O &
- 3
g 30 ® o a "
£ =
204 =
z u g 200 []
O
103 ket
59 »
1 -4.00
™ 5.26106
6.00 —
T T T T T T T T T T T
-3.00 -2.00 -1.00 000 1.00 200 0 100 200 300 400
Externally Studentized Residuals Predicted
(a) (b)

Figure 1 Normal probability of the externally studentized residuals (a) and distribution of the externally studentized residuals at each level of the factor (b)

of the hardness value from the development of fruit-based tapioca pearl product.
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Figure 2 Contour plot of (a) hardness; (b) springiness; (c) L* value; (d) b* value; and (e) optimum overlapping of fruit boba

from fruit product (A: pineapple, B: banana, C: guava).
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Table 6 Nutritional value of fruit-based tapioca pear compare with tapioca pear (100 g)

Nutrition fruit-based tapioca pearl tapioca pearl*
Protein (%) 3.27+1.28 0.19
Fat (%) 1.11+0.08 0.02
Crude fiber (%) 3.60+0.21 0.90
Carbohydrate (%) 30.99+1.83 88.69
Total energy (Kcal/100¢) 149.76+1.11 358

* Source: USDA (2019).
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This research aimed to develop a fruit-based tapioca pearl product by varying the
amount of arrowroot starch instead of using tapioca starch in the quantity range of 0-20 %. The
factors studied included pineapple (0-100 %), banana (0-100 %), and guava (0-100 %),
accounting for 10 % of the formula added to the tapioca pearls mixture, and the finished product
quality was studied. The results showed that the variation of tapioca starch and arrowroot starch
had a statistically significant (p<0.05) effect on the hardness and springiness characteristics of
the tapioca pearls product. The use of arrowroot starch (15 %) instead of tapioca starch in the
formula resulted in the highest hardness, springiness, L* value, a* value, and b* value, being
22.22 g, 64.85 %, 23.0, 2.08, and 7.63, respectively. The response surface methodology showed
that the coefficient of determination (R?) of the hardness, springiness, L* value, a* value, and b*
value were 0.9859, 0.9991, 0.9980, 0.7226, and 0.9749, respectively. The most suitable formula
for developing fruit-based tapioca pearls was 19.50 % pineapple, 29.57 % banana, and 50.93 %
guava. The nutritional value of 100 grams of the fruit-based tapioca pearl product showed a total
energy of 149.76 kcal, 3.27 % protein, 1.11 % fat, 3.60 % fiber, and 30.99 % carbohydrates. The
microbial qualities found that the total plate count and the yeast and mold were less than 103
CFU/g, and 10 CFU/g, respectively. However, the E. coli was not detected in the product.

“Corresponding author

E-mail address: wipa.pra@uru.ac.th (W. Prapinaksorn)

Online print: 12 December 2024 Copyright © 2024. This is an open access article, production, and hosting by Faculty of Agricultural Technology,
Rajabhat Maha Sarakham University. https://doi.org/10.14456/paj.2024.55



38790 YATWIZIFd (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(2): 228 - 238

4 ' v

s A &
7, &

4 &

,
L L4
Y >
N »
AcricuLTo®

UNANIFY

PRAWARUN

AGRICULTURAL JOURNAL

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

NsATIIANANBLYaIURTITUYRInTIA TR sialiidndngiuan A ludnnalsindnasie

= v
anunawalavaglinulunyaunnaviuns

auseAde Taa13d" gnnsal BARS! Yoywan suveIURN uaz ¥a1ss Quasey!

TIauaTIayNITIANITUIIN TSN YT AT ATIVEIAENUTAIARNT BNNDNINT NTINIAMIUAT Ustinalng 10900

gudimpluladlavsuaz isguviend ennenaeman Sinuyusid 12120

dayaunaiy

Article history

u: 24 fugngu 2567

udly: 4 ngadnieu 2567
poUSUNISANLN: 28 WeeRn1eu 2567

FRuveaulay: 16 Sunau 2567

AdAgy
UnTrzvinaianyaly

Unsivuives

) >

asndriinangiivana 1

<

lumanilu

UnAngs

9

o S
N13I9YULU

o

nnUszasdiiiefnuideyaiiugiudiuynanauazdnwiiaszinudnuazesinsiguiges

a

asratnarsndmdadagivand1cludnualdvesldnulununnumiuas naidudeyasngusinadnuald
Tungammasnuas $1wu 400 au Tuvasuauuedosie namsinyinudt dasnnBuimads osaz 59.50
flongadie 27.45 sedumsinuUSyn e’ esay 84.30 dndlvgdednuasualiainaainan/maneiin Seas 88.90
fanldelumsternuasnald shndimewindu 1,000 vinseiieu Sovar 82.80 uadosmslsiynnsaas satos
791 800 U Fawaz 77.80 iuuuunnm Sovay 89 annsalianls fevax 69 Snitsdanlnaifesnsliyansian
ansansiainazii Soeaz 82.90 uarnsiadu Seway 70.10 ludiuvasinumsiasizinadnuauzyealnssuyes
asieinansafifdadngisnnddlaglduuusassvesaily 27 audnwae nuin ngy | (indifferent) Ao ngui
Tiuansirdluaw@nvesdld fviavun 18 aadnws uaznau A (attractive) Ao viiififsgagldau fvan
9 gadnvae wanei gldailinnuddyiunwdnuaivesdasisumes Sainseuweimsiifedgagldo
Ao Beanslda sUnm dydnwalsing Uszneuluwsazduney aunsanisufurunadinansisnuslddmauty
nisuenduhemaseuuasvaegainsmaaeu AT LAndsuluwsassialFFaIeu uardmiuneunAATuld
swfulansugesazdesinnaiy fupevlunisdueundiaduton uaziinmsuansiaududuresmaaiifda
Angfivfinsranuogradaiau

Uniin

Uszinalvnweglunaningiioniadeudumunzunnig

Taglud 2565 dUurunisundrasiadidadngnydiuiu

80,115.49 s wazlud 2566 [Wusuau 105,595.40 i iiuduy

wzdgndnualivainuateyia Tuusazlarunsandaduen
wernualdlaluysunann Snnsduslaatuuiliuuslaadinualyd
Wudu wessndaauusylevididuunasaisomisndnuas

a1senssesfivnluvesuyud wu unasnslulansn ussnn

a a a

wagdnnduuaila ansiueyyadase uaztieannisiialsaly

9
= o

AAfoL305 9 (Non-communicable diseases; NCDs) L0 wéiu

(Thamwiriyasati et al., 2019) 3nANUABINITUTINATLANGTY

v
=

danaliifin1sinizgugniiionsuilaakagn1s9mueii ugu
B 1Y A Yo o
wiUszaudulgmanuuasdngiaiinulives lngaindeya

a a

affnsddIuuasiaimIadngiy dUsuauiuundu

“Corresponding author
E-mail address: narongchai.j@ku.th (S. Lertsiri)

Andusesay 31.80 (Office of Agricultural Economics, 2024)

dwalinsldansindimdndngialuusnuiuandeiuluiue

Yy
v A a

Aunuil Ussinnvesdnuazkalsl anmgliennia wazn1sssuin
vadlsanazuuadluudaziui arsindidadngienldlulseina
e dnlugilunquuesossnilurleawla (Orsanophosphates)

way nauveIAsuLLe (Carbamate) lngainseaudUaelasu

o W @ A

wwanasdesdumdndngity 1delag 3,067 918 9nansiall

o a '

Mdndngiviiduiivroguain Wy arsiadidauuaingy

U

s a s s a 13
posnluAasiu easniluneann aA1sunun waglninsesn

druansteatumsntadiy Wy wisiaien, hnalwan @15n1an

Online print: 16 December 2024 Copyright © 2024. This is an open access article, production, and hosting by Faculty of Agricultural Technology,

Rajabhat Maha Sarakham University. https://doi.org/10.14456/paj.2024.56



N. Jai-a-ree et al. / (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(2): 228 — 238

L%aiWLLaza’liﬁﬂ?{Tﬂwg (National Health Security Office, 2019)
mnunaNuiNsidasiadidadni iy nIefin1snnAnaves

v o =~

asindiindndngivlufuiingugnudoluundsiuasinunsns
naenaufuslanalduslnadnuaznalsfifiarsiadtesdurdn
dagiivandna Weianisavanlusisnieuiinags Wunaium
oraneliiAnaudssiequaim wu iianngluduluiden
Anunf Tsawuimiu lsadule wazlsanasmdeniale 1udu
(Anusasanee et al,, 2021) M1NIILIMUNANITAUATIVATLAL]
mdndngiludieg 1uinuall i s1uueluiesnain
Aeludsema 93U 286 F19819 HasiyanALANIINTgIY
gafie Souay 41 (Pesticide Warning Network, 2019) 4aga1n
nsnTveaserIewaudisasalindndngalul w.e. 2565
ladnsguasadnualivendouyseunas 13 via Wy Azl
Winuas uzse Saiinenn sullusnandnlalasTuiing andaegn
Wnnalii Tmgluosnaianislulseina 268 daegns
wuansiadidosiumdndngiuands fovas 67 Taofegiei
ATINUATANA T ILANULALAL AT LT NGB U
(Maximurn residue levels : MRLs) #3of1fidntinauanenssunis
pmswazenUsenreugIaliiin1sanA19ld (Greennews
Agency, 2023) uazluldaun nsuivin1sinens lansaRnnu
dhsgfansialidesiuidadngivnnidduinuasnald a1nudas
NZUR AT LA ITIMY 07 LA TUN15TUTIRUNIATFIY
GAP §1u7u 543 daeg9 Tneidudieg1aainuuasnizian
200 #18819 Uag @I9E19NUNAITINUNY 343 729819

(Y N

NANISANEWINTIAINUASLAL e Ui ndnsNYAnA LA WA

U

MRLs lusiieg1991nudasmzgnuasdieg1eainumadnnuie
Fo8@az 7.50 LAy 13.80 mua1aU (Department of Agriculture,
2021)

YA =

Huslaadnualdlungavmuniues 9uunnuasd

U
o

anuldlaguan dwlng@erinsudsenu fovay 42.90 uazde
nalisuusenu Sevaz 43.80 lnedulngasdernualdanaaie
Hinlaznanan (Institute for Population and Social Research,
2018) Fawansbiiuiduslnadnualiiliamnsosuslindnuald
a d‘l a0 v ow =) ¥ =) ' U

fimsvudeunnansiaiimindngiivandwselil waenaniasy

<V v = N o o N v
Laﬂﬂiﬂaaﬂﬂ{]s%LUﬁJULﬂ g2NUANNUADANENIIDINITNLVUIIN

a v o e~

ge9u vihlviguilaeiianuaulasesasaliindndngignnandly

U

o v o A o

Anwald nsvulowvesasindmdndasivdaduanvndidey

q
o v @ A

99l5AS1LTIMAEINA FINAANITATIMNANSATATAARTN

U

@ a o & Yo a & o q v o
ﬂaqEJL“U'uﬁ\ﬁﬂLUULLa%lﬂSUﬂ’J’]Naqu\]ﬁJ'mEJ\WJ‘U wﬂwumiwmm

229

o

winnssuuazinalulagnisnaaevarsiadnidadng el o

a o

fJusednsnmuindslu fanalulaglunisesiaiaasaimen

=b_

o [

ngiamndnafildiuimluzduynasisdeuasiniimdndngiivn

a

Jug1ananausemaidsiaung vildsiainisnegevaisiad

v o v

WafnganAeienslsmgs dniuganTisdeuasialinda

U

o

o

Fagfinndnsfindnlulszimalnedfisinudsudrediia 1w
yannaay TM Kits MIPK uaw GT Kits 1lud spmpaouimaniilal
wingiunisldenluaiaiou esanyansaasiaiidida
Fngivandnsfifueluviosnaniisnsnsvaeuiinoutisgsen
wazansillumsnmaaeudilivasniosodldau
Sefugusmalulaglavsuas Yanuviemnadalduansuuuy
Unsugainsiainarsiainidndng deandaludnuald
eusznousne 1. Tnsiwuweiiiviinetanaexindn clay/gold
nanoparticles/acetyl cholinesterase enzyme W 9n51370
a19alindndngiiey Nqu organophosphate way carbamate 2.
hemadou 3 aemingmngey 4. wIAnatann 5. fagatien
yagou 6. nsvuandnen 7. usududaluih 8. glielunnsldeu
dnsisuess wnnndte Mgiunsdwiamnivlnuiesuteya
wazuansna druihemageuiiniuaeadosedldnudniad
Hufiesiudanden thuldidumadenlunisasivaevansiad

o v v oA

IaRRIH¥ANA1Y NANUEIAYANa1IUIMED {37839

3
nsfnwdiasgrinudnuuznsldUnsiugesnsI9asall
Adadagfinludnaaliflunsammamuns Wethnaluiaundns
Wuwesasiatnansiadananslinssiuanudenisvesdldau
soly Snquarasdmaidelunfsiiiefnudeyaiiugiuduyaaa
voldrudnsisuresnsninasiadidiadagiivanasludn
walifluiufinganmumues uanieAnuiiiaszsinudnue

[N = v

Ya9UnsURIRSIvETInATiidndnsiynnaslutnnaldvag

U

AUlUNUNNFUNNUIUAS

gunsaluazIsn1ITY

a

Usgwns Ao Uszvrvugaula sedudn §é1ne uaz
dustaadnaalll aeluuansammuviuas laglinsivdiuu
Usznnsilutiuey

uIneIng U081 ldn1silanisnsdnsaguves
Yamane (1967) &3 Table 1 A szAuaud oty 95 % waz
ArmaaaAdeu 5 % fadu 9nn15dunss lesendiuay

Uszwnsetiudidldngusiegns 400 Au



N. Jai-a-ree et al. / (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(2): 228 - 238 230
Table 1 Sample size for £1 %, £2 %, +3 %, +4 %, +5 % and +£10 % Precision Levels Where Confidence Level is 95 %
Size of Sample Size (n) for Precision (e) of:
Population +1% +2% +3% +4% +5% +10 %
500 * * * * 222 83
1,000 * * * 385 286 91
100,000 9,091 2,439 1,099 621 398 100
oo 10,000 2,500 1,111 625 400 100

Source: Yamane (1967).
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Table 2 The sample of Kano Questionnaire in research

foan15veeEliynnTian lneanuianeladisuuuuiuansaiula
3 Uszadall Must-be vise anusdinnanuaeil dnlifiasyih
TigldiAnaudnliifianala One-dimensional %38 ANy

Avilinelanvuiianafes duiuananvuzlagyiliseau

a

anufiswelavesldifiunnniudeg Attractive uie audnved
fagala drilazyhligldaulaunndunieddndagelalundn o
ua Indifferent 1unadnuwasilifianuuandramneniugdn
andnunziardogviold Alldhlvgldsanfanelanelaidis
welauretsls Tnedinguosnisuseifiuged M>0>As! el
nswhaudnvaiiliiaeauielalusuuuule 5tuneu
Tunsinseiuazulanamatunoudail

fupoudl 1 haudnuurrostansuseinsaaarsiad
MdndagHvandsildangfaurdasiwueesussnoudae
ANENYAEATUNNAN Y] TIUIU 7 AENYMY UAzAMENYMY
dunslnu S 20 guidnuae smvea 27 audnvay
vhuuuaeuay JeuilsiamazUszneuludemaondaunas
\3auan Tnedinuideuan ui3e Functional Question Aofanul
arwAuidnd enuaudnvar way Aa1ufeay ude
Dysfunctional Question A 810117 a1uAIFE Nl oluwy

AANEY (Berger, 1993) A4 Table 2

Functional Question

Positive Question
1.Colors, pictures, and various symbols are used.
1) Like
2) Must be
3) Neutral
4) Live With
5) Dislike

Negative Question
1.Colors, pictures, and various symbols are not used.
1) Like
2) Must be
3) Neutral
4) Live With
5) Dislike
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Table 3 The Kano categories result from asking paired questions.

Functional Dysfunctional (negative) question
Questions 1.like 2.must be 3.neutral 4.live with 5.dislike
1.like Q A A A (0]
Functional 2.must be R | | I M
(positive) 3.neutral R I I [ M
question 4.live with R | | I M
5.dislike R R R R Q

Q=Questionable, R=Reverse, A=Attractive, M=Must be, O=One dimensional, I=Indifferent.

Source: Matzler & Hinterhuber (1998).
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Tuns1lee3s A-Kano classification f135wa3 Xu et al. (2009)
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614 Figure 1

Dysfunctional (Dissatisfaction)

Figure 1 A-Kano classify and Kano categories.
Source: Xu et al. (2009).
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NaKazITalNan1sIdY
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Tabel 4 % of kano results and consumer satisfy coefficient

232

duuvuwnmn fesay 89 annsaldals esar 69 Snisdau
nein15liynnsa99 awnsansiainastl Sesay 82.90
wazn3IEU Souaz 70.10

gl 2 Ml neigudnvurvesnnueiaTain

asadndadngivand1e lnonuanyuzUsEnounlI8a 1Y
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Andnwalll 7 andnvae wazaunisleay 9 20 Audnwae

Tosuvadudunounsfindiweundindu 2 audnvus Junou

o

manseunaaliineunisnsisinansafiindndngiivandsludn

=

waldl 7 Audnye wastunaunsnsinasialinndndng iy

U

ndnuagNaliimeasazas 91U 6 Ananvug laednsei
AMNYaEAmIsveIRUUTIaeInly InglianudAnyvesuila
Anuianelaniuadungy M>0>A> Tagia 1 Satisfaction

waz Dissatisfaction fifuilsa Table 4

(n=400)
Total Classify Sat Dissat
Attributes %
A (0] M R Q

Image characteristics
1. Colors, pictures, and 40.00 18.00 5.75 27.25 2.00 7.00 100 A 0.64 -0.26
various symbols are used.
2. The size has been 38.50 12.25 3.50 31.75 4.50 9.50 100 A 0.59 -0.18
increased - reduced to make
the letters clearer.
3. The sensor reader and the 19.50 6.25 0.75 36.75 25.25 11.50 100 0.41 -0.11
sensor are the same sheet.
4. The test solution has a 43.50 26.50 2.25 16.25 5.25 6.25 100 A 0.79 -0.32
clearly distinguishable color.
5. Test reagent tubes have 39.25 19.00 1.75 21.00 11.75 7.25 100 A 0.72 -0.26
clear color identification.
6. Each test solution and 38.25 24.25 2.25 21.50 8.25 5.50 100 A 0.72 -0.31
reagent tube have the same
color for clear identification.
7. Colored pictures are used 45.00 30.25 2.25 14.75 2.00 5.75 100 A 0.82 -0.35

to accompany each step of

the manual.

usability characteristics

Application installation steps
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Tabel 4 % of kano results and consumer satisfy coefficient (Continue)

n= 400

Attributes Total Classify Sat Dissat
%

8. Ease of application installation 34.25 37.25 5.25 15.25 3.50 4.50 100 A 0.78 -0.46

9. There are not many steps to 27.50 21.50 4.00 24.50 17.50 5.00 100 A 0.63 -0.33

enter the application.

Procedure for preparing test samples

10. There is no need to wash 25.00 475 1.25 33.25 31.00 4.75 100 0.46 -0.09
vegetables before measuring

chemicals.

11. Vegetables are not weighed 17.50 6.75 1.75 47.75 21.75 4.50 100 0.33 -0.12

before measurement.

12. Vegetables are not weighed 24.25 9.25 1.25 35.00 24.25 6.00 100 0.48 -0.15

before measurement.

Steps for use

13. Add test solution 3 Any 12.75 4.75 2.25 44.75 30.00 5.50 100 0.27 -0.11
amount can be put into the

vegetable container.

14. Shake enough to mix the 16.00 8.25 0.50 38.00 31.75 5.50 100 0.39 -0.14

solution together.

15. Do not leave it at room 16.50 5.75 1.25 40.00 30.75 5.75 100 0.35 -0.11
temperature for 10 minutes. to

extract chemicals.

16. There is no need to separate 11.25 3.75 1.00 40.75 38.75 4.50 100 0.26 -0.08
the vegetable juice solution into
a container prepared for

measurement in the next step.

17. Do not select the enzymatic 12.50 3.25 0.75 44.25 36.50 2.75 100 0.26 -0.07

inhibition method.

18. Do not press to select the 12.75 3.75 0.50 31.25 47.25 4.50 100 0.34 -0.09
type of vegetables you want to

inspect.

19. Do not select the pesticide 14.00 4.75 2.00 30.50 44.25 4.50 100 0.37 -0.13

you want to measure.

20. Do not place your phone on 16.00 525 2.00 40.25 31.50 5.00 100 0.33 -0.11

the sensor card. (1** time)

21. Do not drip 5 drops of test 11.50 3.50 0.75 45.25 32.50 6.50 100 0.25 -0.07
solution 1 onto the electrodes

and process for 100 seconds.

22. Do not drop 1 drop of test 10.00 4.00 1.00 46.75 32.50 5.75 100 0.23 -0.08
solution 2 onto the electrodes

and process for 300 seconds.

23. Do not rinse the electrodes 11.75 3.50 1.25 46.00 32.75 4.75 100 0.24 -0.08
with 2 ml of test solution1 and

then gently pat the area of the

electrodes to dry.

24. Do not drip 5 drops of the 7.00 3.75 2.25 47.00 34.25 5.75 100 0.18 -0.10

extracted vegetable juice onto
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Tabel 4 % of kano results and consumer satisfy coefficient (Continue)
n= 400
Attributes Total Classify Sat Dissat
%
A (o) M R Q

the electrodes. Leave it for 600
seconds. Rinse the electrodes
with 2 mL of test solutionl and
then gently pat the area of the
electrodes dry.
25. Do not place your phone on 14.75 4.75 2.00 45.50 27.50 5.50 100 0.29 -0.10
the sensor card.
(2™ time)
26. Do not repeat the same 9.50 6.25 2.00 46.75 29.00 6.50 100 0.24 -0.13
steps.
27. The application shows the 25.00 29.00 6.75 22.25 9.75 7.25 100 A 0.65 -0.43

concentration values of detected

pesticides.

1SR 1FuUsEd NS Arruwanala (Customer
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Figure 2 Classification with the A-Kano model for all 27 characteristics.

Table 5 Summary of classification results of 27 characteristics

Types of characteristics

Number of characteristics

1. One —dimensional
2. Must be attribute
3. Indifferent attribute
3.1 Image characteristics
3.2 usability characteristics
3.2.1 Application installation steps
3.2.2 Procedure for preparing test samples
3.2.3 Steps for use
4. Attractive attribute
4.1 Image characteristics
4.2 usability characteristics
4.2.1 Application installation steps
4.2.2 Procedure for preparing test samples

4.2.3 Steps for use

0
0

18

17

14

S N W Oy
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Research article

Analysis of characteristic of pesticide residue sensor cards for fruits and
vegetables affectiving user satisfaction in Bangkok

Narongchai Jai-a-ree! Supaporn Lertsirit*Chanchana Thanachayanont?

and Chalathon Choocharoen'

IAgricultural Extension and Communication, Faculty of Agriculture, Kasetsart University Chatuchak District, Bangkok
Province Thailand 10900

2National Metal and Materials Technology Center Klong Luang, Pathumtani 12120

ARTICLE INFO

Article history ABSTRACT

Recglveq: 24 September 2024 This study aims to explore personal background information and analyze the
i‘é\é:;iddfl Zhéo&emberbm%z . characteristics of a pesticide residue sensor card for detecting chemical residues in fruits and
epted: oyem er vegetables among users in Bangkok. Data was collected from 400 consumers of fruits and
Online published: 16 December 2024 . . - . -
Keyword vegetables in Bangkok using a questionnaire. The results revealed that the majority of responden’ts
Characteristic analysis were female (59.50 %), w1th an average age of _27.45 years. Most respondents held a bachelor’s
Sensor card degree (84.30 %). The majority purchased fruits and vegetables from fresh markets or street
Pesticide residues markets (88.90 %) and spent no more than 1,000 baht per month on produce (82.8%). Furthermore,
Kano’s Model 77.80 % of participants preferred a test kit priced below 800 baht, 89 % preferred a portable version,
and 69 % wanted the test kit to be reusable. Additionally, most respondents wanted the test kit to
be able to detect pesticide residues in Chinese kale (82.90 %) and oranges (70.10 %). Regarding
the analysis of the sensor card’s features using Kano’s model with 27 attributes, the results revealed
two categories: Group | (Indifferent), which consisted of 18 attributes that did not significantly
influence user satisfaction, and Group A (Attractive), which consisted of 9 attributes that were
highly appealing to users. This suggests that users valued the visual appeal of the sensor card, and
the key features that would attract users included: the use of colors, images, and symbols at each
step of the process; the ability to adjust font size for clarity; clear color differentiation between the
test solution and the test tube for each type; and for the accompanying application, ease of
installation, a minimal number of steps to access the app, and the clear display of the pesticide
residue concentration detected.
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4.2 NAFRUAVITATUOUYadATEMIETS DPPH activity
n157LATIgviAuaud A lun1sA ey adase DPPH

a

AALUAIRINTSUBa Brand-Williams et al. (1995) A 28735

colorimetric method &sanu1safnniun1sinUisendienis
IAIN1sgANAULAINANEIAAY 517 WlUUAT KAuA78E1
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WauAsensiueyladaseigungivieauty 30 uiiluiie

q U
v

MnduiadInsganduasiiameInd u 517 unluluns
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4.3 Yrdeyai Yudinliundiasiesiainunysusiu
(Analysis of Variance) waziUSeuiflouaiadeseninanssuisns
NAABIRIYAT Lest Significant Difference (LSD) laelalusunsu

PoufimesdN5a3U Statistix 8

NALAZATAINANTTINY
AIIEANANY AV
auildlunismaaosiiguandAcuandly Table 1 Gl
Ysinaslulnsiau 0.64 nsusia 100 nsu Faanfilulasiaugs sz

agluv19 0.50-1 nFusie 100 n$u (Landon, 1991) TUTu

Table 1 The initial properties of soil used in the experiment
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Weanasandulsylewd 3.16 Tadnsuseilansy dnnineanesa
A1 ins1eglud 3-6 fadnTuseilaniy (Duangpattra, 1995)

o

Tnunadeninandsuldlufud Sewviidu 5550 fGadnsusie
Alan3u dadndlnunadeusii ns1zeglurag 30 - 60 dadniusie
Alansu (Imeab, 1999) fUsunadunseing 0.10 niuse 100 N3y
Fnogluinasisnunn mszda1singa 0.5 nuse 100 nfu

(Duangpattra, 1995) fimnsuluivesansazaisfu 0.02 10T

' o

wusons wanvinduildlunsmeaesildlefudy el
n71 0.25 dTLIusawas (Wolf, 1999) daranudunsadusig
6.20 a3 ndunsngeu iszdieegluyae 6.10 - 6.90 (Hall,
2008) Uszinmifonudeusiunsedninduiuionenu (Faculty
Members of the Department of Soil Science, 2005)
NANANUAZDIAYTENOUNANAS

s

nslegianuulTUTuLioUseiudvisnaves Wug
1nuarsnsdereanasade nandn seRUsznoUNaNdakarals
ponguslun1siiueyyadasy wudvswasiuszrinaiuginauay
Sammisldioveanasa senandn tinidn 1,000 win U3uw
A1 UDATINLAZANAINNTALUAITAIUBYYAdATE 91NATT
AT esiA1 DPPH activity wazugimiidviwasieniugs dwiin
1,000 widn Vnasflusasiuuazansiueyyadasy luvasiidng

Ueneaesaiidvanaseyndinuy (Table 2)

Soil property Value
Total N 0.64 g/100g
Available P 3.16 mg/kg
Exchangeable K 55.54 mg/kg
Organic Matter 0.10 ¢/100g
Electrical Conductivity 0.02 ds/m
pH 6.20
Soil Texture Loamy sand
Sand 82.42 ¢/100g
Sitt 13.85 ¢/100g
Clay 3.73 ¢/100g

Table 2 Analysis of variance (ANOVA) pertaining to the effects of rice varieties, phosphorus application rates, and their interaction on grain yield, plant height,

number of tillers per plant, number of panicles per plant, number of filled grains per panicle, 1,000 seed weight, total phenolic compound and antioxidant

activity (DPPH)

Number of Number of filled Total
Plant height Number of 1,000-grain DPPH
Grain yield panicles per grains per phenolic
tillers per plant weight activity
plant panicle compound
Variety (V) NS ** NS NS NS ** ** **
Fertilizer
*% ** ** ** *% ** ** **
(F)

Interaction

* NS NS NS NS ** * *

(VxF)

NS= Not significantly different; *, ** significantly different at p<0.05 and p<0.01, respectively.
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Figure 1 Effects of phosphorus application rate on grain yield of two rice varieties, riceberry and RD 69.

The different lowercase letters indicate significant differences by LSD gs.
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Figure 2 Effects of rice variety (a) and phosphorus application rates (b) on plant height of riceberry and RD69 rice varieties.

The different lowercase letters indicate a significant difference by LSDy ;.
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Figure 3 Effects of phosphorus application on number of tillers per plant.

The different lowercase letters indicate significant differences by LSD gs.
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d@9nAa 9IA U Divistion of Rice Research and Development
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Figure 5 Effects of phosphorus application on number of panicles per plant. The values are means of two varieties and four replications.

The different lowercase letters indicate significant differences by LSDy gs.
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Figure 6 Effects of phosphorus application on number of filled grain. The values are means of two varieties and four replications.

The different lowercase letters indicate significant differences by LSDy os.
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Figure 7 Effects of phosphorus application rate on 1,000 seed weight of Riceberry and RD69 rice varieties. The values are means of four replications.

The different lowercase letters indicate significant differences by LSDy 5
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Figure 8 Effects of phosphorus application on grain total phenolic compound of Riceberry and RD69 rice varieties. The values are means of four replications.

The different lowercase letters indicate significant differences by LSDy gs.
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Figure 9 Effect of phosphorus application on grain antioxidant activity of Riceberry and RD69 rice varieties. The values are means of four replications.

The different lowercase letters indicate significant differences by LSD o5
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Revised: 30 October 2024 application on the yield and grain antioxidant capacity of two rice varieties, Riceberry and Tubtim
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Online published: 26 December 2024 soil series in Thailand. Phosphorus fertilizer, in the form of superphosphate, was applied to each
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Rice crop cultivation the degree of increase varied between the two. The highest total phenolic compound content and
Grain nutritional in rice antioxidant ~ activity in both rice varieties were observed when phosphorus
Rice grain quality compound was applied at 0.50 g/pot. However, further increases in phosphorus application resulted in a

decline in total phenolic compound content and antioxidant activity. These results indicate
that phosphorus application is a key factor affecting the total phenolic compound content
and antioxidant activity in rice grains. Applying phosphorus fertilizer at 0.5 g/pot, equivalent to
9.75 kg/rai, produced the highest antioxidant capacity in both Riceberry and Tubtim Chum Phae
(RD69) rice varieties.
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Table 1

L Model Farmers Total %
Characteristics
01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20
1) Self- awareness v v v v v v v v v v v v vV v vV v Vv Vv Vv v 2000 10000
2) Management v v v v v v v v v v v Vv v Vv v v v v v ¥ 2000 100.00
2.1) Planning and
v v v v v v v v v v v/ 1700 85.00
management
2.2) Quality control and
v v v v vV v v v v v v v v v’ 1400 70.00
standardization
2.3) Efficient resource
v v v v v v v v vV v v v v v Vv v 1600 80.00
utilization
2.4) Financial and accounting
v v v v v v v v v v 10.00 50.00
management
3) Creative thinking and
v v v v v v v v v v v v v v v v v v v ¥ 2000 100.00
innovations
3.1) Technology and
v v v v v v v v v v Vv v 1200 60.00
innovation adoption
3.2) Product and packaging
v v v v v v v v v VvV v v v v v 15.00 75.00
development
3.3) Production model
v v v v v v vV v v v v v v v v 15.00 75.00
adaptation
4) Information communication
v v v v v v v v v v v v v v v v v v v ¥ 2000 100.00
technology skill
4.1) Access to knowledge and
v v v v v v v v v v v v v v v v v v v ¥ 2000 100.00
information
4.2) Farm management
v v v v v v v v v v v v v VvV 14.00 70.00
applications usage
4.3) Social media usage for
v v v v v v v v v v v v VvV v v 1500 75.00

marketing




P. Thepkun and A. Ratanachai / (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(2): 250 - 261 258
Table 1 Frequency distribution of various characteristics of model farmers (Continue)
L Model Farmers Total %
Characteristics
01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20
5) Coordination and
v v v v v v v v v v v Y 18.00 90.00
networking
6) Knowledge transfer v v v v v v v v v v v v v v v Vv 20.00 100.00
7) Risk taking v v v v v v v v v v v 11.00 55.00
8) Tolerance v v v v v vV Vv v v v v v v v V v v 17.00 85.00
9) Public consciousness v v v v v v v vV v Vv Vv Vv v v v v Vv Vv Vv ¥ 2000 100.00
10) Lifelong learning v v v v v v v v v v v/ 11.00 55.00
11) Self-esteem in a
v v v vV v vV v v v v v v vV vV VvV Vv Vv Vv Vv ¥ 2000 10000

Career

Data collected from in-depth interviews with model farmers in Narathiwat province. Multiple characteristics could be exhibited by each farmer. % calculated

based on total number of model farmers (n=20)
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The objectives of this study were to: (1) examine the basic personal information
and agricultural production activities of model farmers, and (2) analyze the characteristics of model
farmers in Narathiwat Province. This qualitative research employed purposive sampling to select
20 model farmers aged 25-60 years with over 5 years of farming experience and recipients
of outstanding farmer awards. Data were collected through semi-structured interviews and
observations and analyzed using content analysis. The results showed that most model farmers
were male, with an average age of 50.60 years, and had education levels above the compulsory
requirement. They owned an average of 23.90 rai of agricultural land and had over 20 years
of farming experience. Most were members of Agricultural Knowledge Management Centers and
earned an average annual agricultural income of 540,792 baht. All practiced integrated farming
used a combination of organic and chemical fertilizers, and nearly all held GAP certification.
The major agricultural challenges reported were plant diseases and pests. The key characteristics
contributing to the success of model farmers included: (1) self-awareness; (2) management skills;
(3) creative thinking and innovation; (4) information technology skills; (5) coordination
and networking skills; (6) knowledge transfer skills; (7) risk-taking; (8) tolerance; (9) public
consciousness; (10) lifelong learning; and (11) self-esteem in their profession. These characteristics
can serve as guidelines for developing other farmers, enhancing agricultural promotion policies,
and designing training programs tailored to farmers' needs.
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Figure 1 Sampling locality map of fish in Lower Songkhram river basin.
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Table 1 Fish species in Lower Songkhram River Basin, Nakhon Phanom Province in 2018

No. Order Family Genera Species Common name Local name

1 Cypriniformes Cyprinidae Luciosoma L. bleekeri Apollo shark Pla-siw-aw

2 Cyprinus C. carpio Carp Pla-nai

3 Cirrhinus C. molitorella Mud carp Pla-kang

4 Henicorhynchus H. siamensis Jullien's mud carp Pla-xy-khaw

5 Hampala H. dispar Eye-spot barb Pla-kra-sub-cud

6 Puntioplites P. falcifer Smith's barb Pla-sakang

7 Barbonymus B. gonionotus Java barb, Silver barb Pla-tapheiyn-khaw

8 Barbonymus B. altus Red tinfoil barb Pla-tapheiyn-thxng

9 Hypsibarbus H. wetmorei Golden belly barb Pla-thaphak

10 Labeo L. dyocheilus - Pla-bua, Pla-zhuang

11 Osteochilus O. vittatus Bonylip barb, Pla-xy-nok-kheaw
Bitter dregs fish

12 Cobitidae Yasuhikotakia Y. modesta Redtail botia Pla-moo-hang-daeng

13 Acantopsis A. choirorhynchos Horse-face loach Pla-rak-kiwy

14 Siluriformes Siluridae Wallago W. attu white sheatfish Pla-khaw-kharw

15 Pangasiidae Pangasius P. conchophilus Basa fish Pla-phea

16 Pangasius P. bocourti Basa fish Pla-mong, Pla-yang

17 Pangasius P. sanitwongsei Giant pangasius Pla-taepa
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Table 1 Fish species in Lower Songkhram River Basin, Nakhon Phanom Province in 2018 (Continue)

No. Order Family Genera Species Common name Local name

18 Bagridae Belodontichthys B. truncates Twisted-jaw catfish Pla-kob

19 Phalacronotus P. bleekeri Whisker sheatfish Pla-daeng, Pla-nang

20 Mystus M. multiradiatus Blue-stripped catfish, Pla-khayeng-khang-lai
Striped dwarf catfish

21 Hemibagrus H. wyckioides Red tail mystus Pla-kod-keaw,

23 Perciformes Channidae Channa C. striata Striped snakehead fish Pla-chon

Ambassidae
Pristolepididae

22 Osteoglossiformes Notopteridae Chitala C. ornata Clown knifefish, Pla-kry, Pla-tong
Clown featherback

24 Parambassis P. siamensis Humpheaded glassfish, Pla-pan-keaw
Humphead perchlet

25 Pristolepis P. fasciata Striped tiger leaffish Pla-mor-chang-yeab

26 Synbranchiformes ~ Mastacembelidae Macrognathus M. siamensis Peacock Eel, Pla-lod

Spotted Spiny Eel
27 Tetraodontiformes Tetraodontidae Pao P. brevirostris - Pla-pak-pao-dom-mekhong

Synbranchiformes, 4%  Tetraodontiformes, 4%
Osteoglossiformes, 4%

Figure 2 Composition of fish orders collected from 4 sampling sites in Lower Songkhram river basin.
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Table 2 Relative abundance of fishes in the Lower Songkhram River Basin Nakhon Phanom Province in hot, rainy and cold season, 2018

No. Scientific name Mean of Relative abundance

Hot season Rainy season Cold season Mean

1 Luciosoma bleekeri 6.06 6.93 4.13 571
2 Cyprinus carpio 1.36 1.25 1.16 1.25
3 Cirrhinus molitorella 361 3.94 3.85 3.80
a Henicorhynchus siamensis 445 4.48 4.56 4.50
5 Hampala dispar 0.79 0.66 0.70 0.72
6 Puntioplites falacifer 344 332 4.19 3.65
7 Barbonymus gonionotus 7.09 5.39 5.28 5.92
8 Barbonymus altus 503 5.06 5.04 5.04
9 Hypsibarbus wetmorei 1.32 1.58 0.83 124
10 Labeo dyocheilus 1.22 1.15 0.78 1.05
11 Osteochilus vittatus 1.68 1.45 1.18 1.43
12 Yasuhikotakia modesta 263 1.38 3.17 2.39
13 Acantopsis choirorhynchos a11 311 4.60 3.94
14 Wallago attu 353 4.62 377 3.97
15 Pangasius conchophilus 6.32 4.83 5.45 5.53
16 Pangasius bocourti 322 4.1 a.67 4.03
17 Pangasius sanitwongsei 5.59 4.96 6.24 5.60
18 Belodontichthys truncates 504 8.75 6.15 6.71
19 Phalacronotus bleekeri 331 253 1.87 2.57
20 Mystus multiradiatus 3.39 3.41 4.42 3.74
21 Hemibagrus wyckioides 1.92 1.00 0.86 1.26
22 Chitala ornata 419 5.40 6.38 5.32
23 Channa striata 6.70 4.06 6.41 5.74
24 Parambassis siamensis 751 10.24 9.16 8.97
25 Pristolepis fasciata 454 207 1.95 2.85
2 Macrognathus siamensis 3.08 4.21 3.00 3.43
27 Pao brevirostris 1.06 0.04 0.24 0.45
Mean 3.79 3.70 3.70 3.73

WeftarsanAtesdusyneveidaval wuan Yandidan
padUsgnavvidauIndgaaiuaiduusn 1 vauduudn
(Parambassis siamensis) Uanaa (Phalacronotus bleekeri)
wagUames (Chitala ornata) dvuvaniifidiesdusenausiln
toviignite Umtinithdusithles (Pao brevirostris) fauandlu
Table 3 dwsuAsuianuvainnaiesia wuiraaifidesdl
anmannvaeviauasdadulaumnnsieuniigafe annil

drmathumatini wiiiu 3.100 uay 3.561 auddy dau
anflifmdviinmanvarewiadesiigafe aoildisat
¥ie Wiy 3.012 waganilfiflendudanuunyindesiigade
anfivrulingu wiriu 3.245 Avdrdaunainvangyiasiy
nnamilinde Wiy 3.060 wasAdlaumnvdnsamnaniil
wiiiu 3.332 dauandly Table 3



C. Rattanamalee et al. / (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(2): 262 - 271

267

Table 3 % species composition, Diversity Index and Species Richness in the Lower Songkhram River Basin Nakhon Phanom Province in 2018

No. Scientific name Number of individuals per stations Total % species
1 2 3 [ composition

1 Luciosoma bleekeri 87 7 128 51 343 5.481
2 Cyprinus carpio 15 20 32 11 78 1.246
3 Cirrhinus molitorella 58 61 46 76 241 3.851
4 Henicorhynchus siamensis 78 4 46 81 279 4.458
5 Hampala dispar 0 12 22 20 54 0.863
6 Puntioplites falacifer a6 52 72 51 221 3.531
7 Barbonymus gonionotus 88 101 87 93 369 5.896
8 Barbonymus altus 7 7 82 76 312 4.986
9 Hypsibarbus wetmorei 19 24 19 20 82 1.310
10 Labeo dyocheilus 12 12 17 25 66 1.055
11 Osteochilus vittatus 17 13 20 35 85 1.358
12 Yasuhikotakia eos 84 0 0 0 84 1.342
13 Acantopsis choirorhynchos 59 a5 36 48 188 3.004
14 Wallago attu 61 61 65 73 260 4.155
15 Pangasius conchophilus 102 a4 56 85 287 4.586
16 Pangasius bocourti 65 62 64 81 272 4.346
17 Pangasius sanitwongsei 23 19 22 15 79 1.262
18 Phalacronotus bleekeri 79 118 132 135 464 7.415
19 Mystus multiradiatus 28 48 24 23 123 1.965
20 Hemibagrus wyckioides 61 65 a4 65 235 3.755
21 Belodontichthys truncates 83 7 91 94 345 5513
22 Chitala ornata 66 89 124 112 391 6.248
23 Channa striata 72 101 102 101 376 6.008
24 Parambassis siamensis 115 170 198 177 660 10.547
25 Pristolepis fasciata 20 a4 a4 36 144 2.301
26 Macrognathus siamensis 58 55 52 a7 212 3.388
27 Pao brevirostris 8 0 0 0 8 0.128
Total of species 27 25 25 25 27 Mean  25.500
Total of individuals 1,481 1,521 1,625 1,631 6,258 Mean 1,564.500
Diversity Index 3.101 3.093 3.012 3.035 0.023 Mean 3.060
Species Richness 3.561 3.276 3.246 3.245 2.756 Mean 3.332
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Introduction

Aquaculture of shrimp and prawns in
Thailand has proven to be a profitable and
dynamic industry, with an increasing market
demand for reliable and long-lasting
professions. The giant freshwater prawn,
Macrobrachium  rosenbergii, is an
economically important aquatic animal
commonly farmed in freshwater areas.
However, prawn farmers still face problems
such as post-larvae management, food
supply, farm management, water quality
management, and diseases leading to
unstable yields and insufficient supply to
meet market demand. Modern technology is
being employed to assist in feeding shrimp,
and a management plan should include semi-
intensive, intense, monoculture, and
polyculture cultivation methods. The most

"Corresponding author
E-mail address: Sawipa.ru@ksu.ac.th (S. Ruttanakorn)

popular management technique involves a
30 — 60 days nursery period for post-larvae.
After this, a combination approach is used for
harvesting until the largest market size
individuals are reached, starting at five
months, and then harvesting occurs every
30 —45 days (Schwantes et al., 2009; Tucker
& Robinson, 1990). The average captured
yield is 2,338 kg/ha-2/year (Schwantes et al.,
2009). A probiotic additive has been shown
to have a positive impact on the growth and
production of giant freshwater prawns after
eight months, with an average gross
production of 639.49-933 kg/ha (Ghosh et al.,
2016). The ecosystem of the prawn pond
depends on the quality of water (Boyd, 1982),
soil (Hasibuan et al., 2023), fertilizer
(Adhikari et al., 2014), and phytoplankton
(Kamilia et al., 2021) for optimal prawn
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production (Adhikari et al., 2014; Mredul et
al., 2022). Soil quality aspects, such as pH,
alkalinity, hardness, and dissolved oxygen,
are linked to the characteristics of water
quality. Changes in water quality are related
to changes in soil quality (Hasibuan et al.,
2023).

The concentration of oxygen in the
pond increases due to the presence of
phytoplankton, which modifies the water
quality over the course of the agricultural
season, among other factors. The production
of aquatic creatures, such as prawns, is highly
dependent on the water quality of the
aquaculture pond. Studies have demonstrated
a link between water quality and
phytoplankton  concentration and the
development of yellow catfish (Pelteobagrus
fulvidraco) in both mono- and polyculture
systems (Wang et al., 2022). The dynamics of
the phytoplankton population under intensive
agriculture can be used to assess shrimp
farming health indicators (Lyu et al., 2021).
However, long-term shrimp farming may
also lead to environmental issues such as
ecological imbalance, environmental
pollution, land degradation, sedimentation,
and disease outbreaks (Zafar et al., 2016).

The quality of soil is a crucial factor in
the success of aquaculture, as it has an
immediate impact on water quality (Kumar et
al., 2012). Benthic species, such as prawns,
rely on sediment for food and shelter, and the
sediment serves as a nutrient repository,
supporting the growth of benthic algae,
which in turn provide sustenance for other
organisms. However, various farming aspects
have been studied, including nutrient content,
plankton abundance, soil quality, and water
quality, in  different  locations. A
comprehensive study of farmers in the

Kalasin Province region would be beneficial
for gaining a better understanding of the facts
and issues.

The purpose of this study is to
investigate the impact of water quality and
other factors on prawn production in Kalasin
Province and provide guidelines for water
quality management in prawn ponds. The
study aims to address the issues caused by
poor water quality in prawn farming and
provide farmers with information and
insights about the importance of soil quality
and other pond-related concerns. By
regulating water quality effectively, farmers
can improve their profession's stability and
sustainability, and increase their profitability
while reducing the problems associated with
poor water quality.

Materials and methods

The data for this study were collected
through continuous monitoring of water
quality in prawn farms located in Mueang
District and Yang Talat District, Kalasin
Province, Thailand. The dataset was
compiled using a random intensive prawn
culture pond method, and data was obtained
from the Kalasin Provincial Fisheries Office
2019 database (Department of Fisheries,
2020).The study examined water quality, soil
quality, plankton, and prawn production in
prawn ponds at seven different stations across
Kalasin Province, including Ban Tum, Ban
Khok Kong, Ban Prong Khae, and Ban Pho
Si (Bua Ban Subdistrict, Yang Talat District),
Ban Non Phakdi, Ban Non Hua Chang
(Na Chueak Subdistrict, Yang Talat District),
and Ban Nong Muang (Lamphan Subdistrict,
Mueang District) during March to August
2021 (Table 1 and Figure 1).
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Table 1 Sampling stations to collect water quality, soil properties, and plankton

Station No. Site sample
Station 1 (St1) KS1 103.425020 E 16.495345 N
KS2 103.423222 E 16.501954 N
Station 2 (St2) KS3 103.443746 E 16.520991 N
KS4 103.452816 E 16.521940 N
Station 3 (St3) KS5 103.455350 E 16.525744 N
KS6 103.446498 E 16.535862 N
Station 4 (St4) KS7 103.446391 E 16.536407 N
KS8 103.434253 E 16.538146 N
Station 5 (St5) KS9 103.387005 E 16.582799 N
KS10 103.382936 E 16.580889 N
Station 6 (St6) KS11 103.394984 E 16.576208 N
KS12 103.393557 E 16.576642 N
Station 7 (St7) KS13 103.467629 E 16.574925 N
KS14 103.443425 E 16.575480 N

Google O 100%
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i ‘ \4:"
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Figure 1 Sampling stations to collected water quality, soil properties, and plankton.

Source: Google Earth (2021)

Water quality determination

Water quality parameters were weekly
measured, including transparency using a
Secchi disc, temperature and pH using a
portable pH meter (Hanna HI 98128), and
dissolved oxygen using a portable dissolved
oxygen meter (Hanna HI 9147). All
measurements were taken between 9:00 a.m.
and 12:00 p.m. from March to August 2021.
Total dissolved solid (TDS), total alkalinity,
total hardness, free carbon dioxide
(Free COs3), ammonia-nitrogen (NHs-N),

orthophosphate (PO.*), and chlorophyll a
were analyzed in the laboratory using
methods (Boyd & Tucker (1992): AOAC
(2005): APHA (1981)).
Soil properties

At each station, soil samples were
collected using a PVC tube soil sampler to a
depth of 0-10 cm, with three cores taken from
each pond to obtain a total of 15 individual
samples at the beginning of the study. The
samples were air dried and sieved to a
positive size of 2 mm, then analyzed using the
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sieve-pipette method to evaluate coarse
particle distribution and quantify clay and
silt. The soil texture was determined by
combining the distribution of sand, clay, and
silt with the textural triangle. The samples
were also analyzed for total nitrogen (N)
using the Kjeldahl method, available
phosphorus (P) using the Bray no. 2
extraction method with spectrophotometry
(molybdenum  blue), and extractable
potassium (K) using the ammonium acetate
extraction and atomic absorption
spectrophotometry. Moisture content (MC)
was determined using the oven dried method,
cation exchange capacity (CEC) was
measured by the ammonium acetate
saturation and distillation method, and
organic matter mass fraction was calculated
based on soil bulk density. Ammonia
nitrogen (NH**-N) was determined using the
2 M KCI extraction and distillation with
MgO, and pH and electric conductivity (EC)
were measured using a pH meter and
conductivity meter, respectively.
Phytoplankton analysis

Phytoplankton samples were collected
from each pond on the sample day by sub-
surface water collection (0.5 m below the
water surface) using a 5-liter water sample
via a plankton net with a 35 um mesh size, as
described above. The collected samples were
immediately fixed with 4 % formaldehyde
using the method of Wongrat & Boonyapiwat
(2003). The identification and abundance of
phytoplankton  were  determined by
microscopic examination (Wongrat, 1999)
and calculated using the counting chamber
method (Wongrat & Boonyapiwat, 2003;
Charubhun et al., 2003).
Statistical analysis

For the statistical analyses, analysis of
variance (ANOVA) was performed. The aim
was to explore the relationship among
stations, water quality, soil parameters,
phytoplankton, and prawn production.
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Pearson's linear correlation coefficients were
calculated to assess the relationships between
these variables.

Results and Discussion
Water quality parameter

The water quality at all 7 stations
showed that water temperature was high at
station 6 (34.28°C) and low at station 3
(31.38°C) (Figure 2A). This high temperature
was observed in April to May corresponding
to the summer season of Thailand. Total
dissolved solids were found to be related to
transparency and were low at station 6 (0.003
ml/L) and high at station 7 (Figure 2C and B).
Electric conductivity (EC) was observed to
be high at station 2 (290.283 uSm-) and low
at station 7 (Figure 2D). In general, EC of
natural water is expressed by the presence of
ions such as Cay*, Na*, K*, Mg.*, Fe,*, Fes*,
or another form such as SO4%, CI, PO, NO3"
. Thus, the high EC values at station 2 and
station 4 indicate a high degree of
mineralization in the ponds. The typical
freshwater conductivity ranges from 20 to
1,500 ps/cm (Boyd, 1979). The average pH
ranged as follows: station 4 (9.02 £ 0.49)
exhibited a higher value than station 6
(8.97+0.32), station 5 (8.82+0.43), station 1
(8.82+0.87), station 2 (8.81+0.21), station 3
(8.57+0.54), and station 7 (8.47+0.53),
respectively. There were no significant
differences in pH among the stations
(p>0.05) (Figure 3A). The factors that
contributed to the statistical difference in
yield data were the result of a relatively high
profile of prawn farming. Prawn production
correlates with water quality factors such as
hardness, alkalinity, and pH. These values
suggest that the water quality is optimal,
containing the appropriate mineral elements
for the growth of phytoplankton, which is an
important factor in the food chain.
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Figure 2 Physical characteristic of water quality; A: Temperature, B: Transparency, C: Total Suspended Solid, and D:

Electrical conductivity.

The average of total alkalinity for
7 stations was between 38.50- 51.167 mg/L.
The average of hardness ranged from 45.33
to 65.00 mg/L (Figure 3 B). The free carbon
dioxide for the station 3 was highest (3.917
mg/L) and that at station 6 was lowest (1.063
mg/L) (Figure 3 G). The average of measured
dissolved oxygen concentrations for the
7 stations were highest at station 1, 2, 4, 3, 7,
5, and 7, respectively (Figure 3 D). Ammonia
nitrogen level depended on the station with
the highest value found at station 4 (1.753
mg/L), and lowest value found at station
5(0.923 mg/L) (Figure 3 E). The average of
orthophosphate values is highest at the station
1 (0.164 mg/L) and data shown low values at
all other stations (~ 0.01-0.02 mg/L) (Figure
3 F). The average chlorophyll values were

highest at the station 1 (318.50 mg/L), and
lowest at station 6 (6.20 mg/L) (Figure 3 H).
Chlorophyll a content was found to be highest
at station 1 and in the range of 100-150 mg/L
at station 2 and station 4, while station 3, 5, 6,
and 7 showed low chlorophyll a content.
Chlorophyll  concentration indicates an
excess of nutrients in the environment, and a
strong phytoplankton effect can cause the
pond's oxygen levels, which are essential for
cultivation, to drop. Station 1, 3, 5, 6, and
7 had low yields compared to equivalent
yield. Usually, farmers can regulate the
phytoplankton concentration in the ponds.
However, if the farmers are unable to do so,
manipulating the nutrient content in the
ponds would also have an influence on prawn
output.



S. Ruttanakomn et al. / (PRAWARUN AGRICULTURAL JOURNAL 2024) 21(2): 272 - 284

12.0

100
SRR ER N
80 )
)
£
L 60 2
£
g
4.0 <
20
0.0
st se s6 s sts st6 st7
C @00 D
1000
=)
>
o %0 2
g I %
2 600
g I :|: I I <)
£ 2
a =
T 400 s
2
200
0.0
st se sB sS4 S5 St6 st
E s
4.0
35
3.0 -
g =
Z 20 E
] 5
§ 15 £
£ 5]
E 1.0 %
o
05
00 '} -
0 S8 s2 & sk & ds st7
-10
G 10.0 H

8.0

6.0

4.0

2.0

Chorophyla (mg/L)

0.0

Free carbondioxide (mg/L)

—
.

St3 St7

-2.0

-4.0

277

{]IHH

Stl st St3 St4 St5 St6 St7

N
>
o

i
N
o

=
=3
o

o
o

o
=3

4.0

0.0

Stl s St3 St4 S5 St6 St7

0.6

0.5

0.4

03

0.2

0.1

0.0

2 H

St4 St5 St7

-0.1

-0.2

350.0

300.0

250.0

200.0

150.0

100.0

50.0

0.0

sti St St3 St4 St5 St6 St7

Figure 3 Chemical characteristic of water quality; A: pH, B: Alkalinity, C: Hardness, D: Dissolved oxygen, E:
Ammonia-N, F: Orthophosphate, G: Free carbon dioxide, and H: Chlorophyll a

Soil organic content

The soil texture for all stations was
determined and categorized into four types:
sand, loamy sand, sandy loam, and loam
(Table 2). The soil pH of all pond stations
was recorded, ranging from 5.8 to 6.7 (Figure
4A). No significant variation in soil pH was
found. The chemical properties of the stations
were measured at the beginning and end of

the survey to observe any changes. The
application of pelleted feed resulted in an
increase in nutrient concentrations in the
pond water, which was reflected in the higher
levels of EC, ECE, MC, organic matter,
ammonia nitrogen, nitrogen, phosphorus, and
potassium data shown in figure 4 B, C, D, E,
and F.
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Table 2 Percentage of composition and texture class of soil collected from different station
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Station No. Sand Silt Clay Soil Texture Particle density
(%) (%) (%) (9/ml)
Station 1 (St1) KS1 79.84 17.34 2.82 Loamy sand 2.64
KS2 55.4 33.48 11.12 Sandy loam 2.6
Station 2 (St2) KS3 73.97 22.81 3.22 Loamy sand 2.59
KS4 83.77 12.46 3.77 Loamy sand 2.62
Station 3 (St3) KS5 82.59 15.52 1.89 Loamy sand 2.64
KS6 70.51 18 11.49 Sandy loam 2.64
Station 4 (St4) KS7 88.08 8.81 3.11 Sand 2.64
KS8 54.77 36.16 9.07 Sandy loam 2.65
Station 5 (St5) KS9 85.21 12.39 2.4 Loamy sand 2.72
KS10 46.85 41.11 12.04 Loam 2.63
Station 6 (St6) KS11 53.65 44.46 1.89 Sandy loam 2.65
KS12 51.89 36.79 11.32 Loam 2.64
Station 7 (St7) KS13 73 23.63 3.37 Sandy loam 2.64
KS14 85.63 9.39 4.98 Loamy sand 2.58

Effect of the earthen pond soil quality on water
quality and productivity

Although the concentration of water
quality variables does not vary by pond
stations, the relationship between water quality
concentration and bottom soil quality was more
apparent.  Pearson's  linear  correlation
coefficients were calculated between soil
nutrient parameters, water quality, and
production for all stations (Table 3). Most of
the concentrations of water quality variables
were positively correlated with soil pH, NHz-
N, MC, N, P, OM, and productivity.

The quality of earthen pond
differentiation affected the quality of the pond
water nutrient concentrations which were
directly corrected with soil N, P, OC (Hasibuan
et al., 2023), including the increase in
suspended solids and nutrients in the water
(Wang et al., 2022). Soil quality is a crucial
factor in determining prawn productivity as it
influences pond bottom stability, pH of
overlaying water, and concentrations of
phytoplankton nutrients required for growth.
Sandy, clay, and loam is considered to be the
most suitable soil type for aquaculture
(Siddique et al., 2012). For semi-intensive and
intensive culture systems that rely on artificial
food as the primary source of nutrition, a soil
type ranging from sandy, clay, and loam to
sandy loam is preferred. Soil pH is an

important factor for prawn farmers who use
lime to maintain water quality in the ponds.
Banerjee (1967) notes that soil pH can depend
on various factors. Poor aeration of the
sediment layer can lead to reduced
decomposition rates and partial oxidation of
products, resulting in the undesirable
production of H.S, CH4, and short-chain fatty
acids. These compounds can make the soil
acidic and reduce bacterial activity, ultimately
leading to lower productivity. Soils with high
organic content are prone to rapid
decomposition by bacteria and other
microorganisms. These soils typically have
between 30 % and 40 % organic matter, which
makes them unsuitable for pond aquaculture
and should be avoided. In the present study, the
highest amount of organic matter recorded was
0.28 % t0 0.77 %.

Calcium and phosphorus levels in
natural water must be associated as this is a
sign of water abundance. Particularly crucial
components for the construction of an
organism's body are calcium and phosphorus,
which are linked to vitamin D. Another
advantage of smaller calcium stores is that
they will be less likely to be utilized (Boyd,
1982). Typically, soils have low levels of
phosphorus and potassium. These levels can
vary depending on water quality factors such
as pH, Oz, and CO; (Table 3). Siddique et al.
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(2012) conducted a study on the comparative
physiology and chemical properties of soil
based on the age of aquaculture ponds in
Bangladesh. They found that the age of the
pond did not affect soil pH, but had a
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Biological quality parameter
(Phytoplankton)

Greater station enhanced soil organic
matter and nutrition content, which influenced
water nutrient content (N, P, and K) but did not
change  phytoplankton  richness.  The
phytoplankton population in all station were
composed of seven  major  groups:
Cyanochloronta (3.13 %), Cyanophyta (18.75
%), Chlorophyta (37.50 %), Chromophyta
(12.50 %), Chrysophyta (12.50 %), Pyrrophyta
(6.25 %), and Euglenophyta (9.37 %). This
resulted in greater phytoplankton growth in
response to greater nutrient concentrations.
Production of giant freshwater prawns

Harvesting was carried out at the end of
4 months cultivation period. At stations 2 and
4 production is 207 and 215 kg/ rai, respectively,
which is higher than the other stations (1, 3, 5, 6,
and 7; Figure 6) with no significant different
(p>0.05). A rai of land can yield up to 215 kg of
prawns, offering financial benefits to farmers
and providing them with a sustainable career
in prawn farming. However, the water quality
in all agricultural pond stations has not
significantly deviated from that of natural water
sources.

When examining the correlation between
prawn production at station 2 and station 4
(207.50£130.81 and 215.00+0.00 kg/rai)
(Figure 5), it was found that prawn production
statistics were associated with the EC of the
water. EC is a widely used parameter in
aquaculture systems and is used as an indicator
of the total dissolved solids or the degree of
ionization of water (Boyd, 1979).
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Correlations

TEM  LIGHT CON PHW DO CO, ALK HARD NH PO, TSH pH EC OM CEC MC NH; N P K Y % Sand % SILT % CLAY
TEM 1
LIGHT 0.175 1
CON 0.090  -0.162 1
PHW 0513 -0.097  0.302 1
DO 0015 -0.035 0210 0.148 1
co, 0685 0030 -0.272 -806 -0.281 1
ALK 0059 -0084 615 0.009 0.285 0.033 1
HARD 0241 0129 699" -0.053 0.172 0.151 .784" 1
NH 0.042 -0.408 0.191 0047 0281 -0.089 0013  -0.117 1
PO4 0162 -0.176 -0.175 0525 0.148 -0.305 -0.461  -0.332 0.073 1
TSH 0382 0.164 -0286 -0.406 0208 0.226 -0.455  -0.170 0.398  0.188 1
pH 0531 -0273 616 -0.158 0.443 0.204 0.485 628 -0.035 -0.074 -0.034 1
EC 0.133  -0.343  0.107 0.262 0288 -0.171 0.170 0039 0222 -0.145 -0.312 0.228 1
oM 0036 -0.117 0327 0.101 0485 -0.131 0.322 0334 0093 -0.191 -0.164 0.431 .704" 1
CEC 0223 -0078 0.096 -0.105 0.141 0.115 0.230 0458 -0.272 -0.228 -0.043 0.401 0500 .704" 1
MC 0414 -0.168 0064 591" -0.227 -607 -0.265  -0.311 0202 0217 -0.258 -0.316 0.498 0.268 0.048 1
NH3 0.145 -689" 0076 0.455 -0.067 -0.365 -0.146  -0.232 0.425 0228 -0.114 -0.075 567 0.151 0081 613 1
N 0490 -0.228 0.154 604" 0342 -604 0133  -0.032 0306 0.094 -0.294 -0.130 .723 696 0343 678" 558 1
P 0.170  -0.213 -0.055 .600° .533 -536 -0.275  -0.390 0.015  .634" -0.119 0.091 0.388 0.386 0024 0378 0310 .538 1
K 0.139  -0.008  0.029 0.214 -0.020 -0.296 0.060 0.245 -0.267 -0.073 -0.042 -0.003 0.278 0.399 7957 0271 0451 0.404 0.029 1
Productivity 0.178 -0.217 0373 0.167 0242 -0.055 .541° 0327 0507 -0.198 -0.148 0.000 0.160 0.195 -0.152 -0.069 0.316 0.373 -0.110 -0.267 1
% Sand -0.051 -0.103 0.059 0006 -0.447 0.127 -0.080  -0.087 0334  0.153 0.122 -0272 -0.517 -814~ 7387 -0.112 0.102 -0.481 -0.462 -538 0.232 1
% SILT 0.172  0.168 -0.054 0.077 0.506 -0.211 0.082 0.006 -0.269 -0.124 -0.165 0.186 0498 .796 586 0.151 -0.163 0530 .539  0.427 -0.191  -971" 1
% CLAY -0.335  -0.135 -0.052 -0.254 0.092 0.177 0.043 0.297 -0.397 -0.180 0.059 0.423 0372 546 907" -0.050 0.121 0.144 0.048 .661 -0.266  -692 0.499

*Significance for statistics test

. p<0.05, **Significance for statistics test: p<0.01 TEM=Temperature, LIGHT=Light, CON=Conductivity, PHW= pH of water, DO= Dissolved
oxygen, CO,=Carbon dioxide, ALK=Alkalinity, HARD= Hardness, NH=Ammonia PQO4=ortho-Phosphate, TSH=Total solid, pH= pH of soil, EC= soil electric conductivity,
OM=soil organic matter, CEC=soil cation exchange capacity, MC=Moisture content, NHs=Ammonia, N=Nitrogen, P=Phosphorus, K=Potassium, Y=Yield
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Figure 6 Prawns production in Kalasin Province separate from station.

Conclusion

The average water quality in giant
freshwater prawn ponds was within the
appropriate standard for the growth of aquatic
animals. However, there are some qualities
that exceed the benchmark for aquaculture at
certain times and some below the benchmark,
which may affect the growth of the prawn. In
addition, improving the water quality can be
very beneficial to giant freshwater prawn
production.
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Accepted: 6 September 2024 quality, nutrient content, and phytoplankton in prawn ponds; and 2) to study other factors affecting
Online published: 27 December 2024 prawn production in Kalasin Province. The data of this study was collected by randomly sampling
Keyword B from 7 stations in prawn farms located in Mueang District and Yang Talat District, Kalasin
Macrobrachium rosenbergii Province, Thailand. Water quality, soil quality, and the amounts of phytoplankton and prawn
Phytoplankton production from 7 stations were analyzed. The result showed that the average water quality of all
PFQdUCtI\_/IW parameters of prawn ponds at all stations was similar to natural water sources and the water quality
Soil quallty_ remained well suitable criteria for the livelihood and growth of aquatic animals. Soil quality
Water quality of prawn ponds from all stations had different values (p<0.05) according to soil characteristics

except pH and moisture content. Prawn production from all stations showed that farmers in Kalasin
Province used 4 months cultivation period and the yield was not different (p>0.05). The yield
of prawn production at stations 2 and 4 was more than 200 kg/rai. Analysis of the correlation
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