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Abstract

Potassium (K) is an essential element for rubber tree growth and latex synthesis. K fixation and K release
are the key factors that control K availability in soil. This objective of this research was to investigate the potential
of K fixation and K release in coarse, medium, and fine textured soil groups on a rubber plantation in southern
Thailand. The results indicated that the soil used for this study had both available K and fixed K in low level.
The potentiality of K fixation was high when low K concentrations (10-50 mg K kg™) were added to the soil. The
percentage of K fixation in fine textured soil groups was higher than in medium and in coarse textured soil
groups, respectively. The buffering coefficient for K (BCy), which indicates the ability of K fixation in soil, found
that the capacity of K fixation and K release in fine textured soil groups was higher than in medium and in coarse
textural soil groups, respectively. The amount of K release was higher in soil with a higher dosage of K fertilizer
application. Therefore, the management approach for available K in rubber growing soils should be applying a
combination of K fertilizer and organic fertilizer to enhance K level and the ability of K adsorption in soil,
especially for coarse textured soil groups with a lower K buffering capacity than fine textured soil groups.

Keywords: soil K buffering capacity, K status, plant nutrition, potassium

L 1073w innssunnsinenswazn1sInng AMENTNYINTTTTUTR LINGRAVATUATUNS §9VAN 90110
! Agricultural Innovation and Management Division, Faculty of Natural Resources, Prince of Songkla University, Songkhla 90110
* Corresponding author: chakkrit.p@psu.ac.th



2 MFANSNYATNIZIDUNET 2568 : 43 (1) : 1 - 11

AN

gramsnduinasvgiaiddyuessenalnelasdfuiivgn 24.06 1uls nsvareviauszina (Office of
Agricultural Economics, 2021)IﬂﬁJLawwmﬂWﬁﬁﬁuﬁUQﬂ 14.19 uls sramsezasydulafuaslinandngsd iy
wdtlasulnunaiden (K) sghadieme nuna@eusiunumdlnsgdunisinureseulsiesdlugulvsneaniva
(ATPase) Fatheindouisglasafiduarsieulumsainaiosmsidgvissnauasdunsigions nseduiouluding
nafuaioldeu phosphoenolpyruvate (PEP) Lﬁul‘wgnGﬂuﬂﬁzU’Jumﬁ"l,ﬂaiﬂla%am%'a%'wﬂfwEm (Jacob et al,
1989) ogmsldulnumadeuifivme nud srmnsneudanialafity dausrmnsmdalaninasaudonlmiss
Funazsnanhenadiniy (Kungpisdan, 2009) 81aw1517 La§uTnunadesliifisameszuansernislumdesdaizuain
vaulukazyen (Kungpisdan, 2007) wiifleldsulnunadousniiuludenalvgalduaadounazuuniifouanas
(Pongthai et al., 2017)

Tnuvadeslududlonismumnudulsslovideisuiady ¢ 3U Ao Inunadenluasazaiofiu Tnunadoud
wanwaeuld Tnunadendignass uasTnunaoniifusadusznouesus (Brady and Weil, 2008) JUfifivanunsngn
Ul Ao TnunadenluasasarsAunagiivaniddsuls luvazilnunadeniignasadusuiaes 9 Uy
Usglovdsofivuaginuvadoniiduosdusznovveausivlsianansageiluldlsviud Tnunadeusts 4 sUluAuilauna
wuudeunduld nanfe Aufaudilunisiumunisdsussdulnunadeon Welnwnadenidulselenilufuanas
wazlailadelnunadon Inunadeuiignaiaaziinsuanudesnunadenoonuuilewiisinunadosiiduussloviludu
dudunisinuaugalnunaden (Brady and Weil, 2008) lumanduiu Welddelnumadendadumsiiiulnumadeond
\uvselondlufu Auazdnseiadwunadoniidulsslovidumidld uazezgnianUaoseenunduussloviidedud
Tnunadeuiiduyselonilufus

ﬁuﬂqﬂeJNWﬁﬂumﬂié’fﬁquﬁmﬁyaumuLLaw’faama“sz aulunaladiulugandneglududu Untisols
(Kheoruenromne and Vijansorn, 2003) Aulususuilifufuifiianuinisgs fuduansinisazaneyniafumiles fud
Yowarmnudusameiuaiing 35 uardudwlndusfuvioviaaledludififanssudndundn ananmgiionnia
voanaldiisoutu dunngn Augapdesmemnslasiomelnumadeueoniniuldielaenssuiunmeazas duwaly
fuvgnermisilunialivesuseimalnedrulng flwunaidoudidudsslovisefiusn (Kitprasong et al., 2020;
Damrongrak et al., 2015)

nsdnnsinunaldenliisnenanufoInIsUee1enITsdunumddylunisdaasunisasyiiulauag
diukandn nsidlafisrnuanunsavesdiulunisdiuniunisudsusedununaidendsusenoudie nsn3anagnis
YanUaeglnunadeudalanudiaglunisdanisdelnunadeon widseauininuaiuisalunisdiuniunis
Wasuulassedulnunaeslufiudgndos (Darunsontaya et al, 2018) uaznisuanUaeslnunadoulufuugnin
(Darunsontaya et al.,, 2019) aghdlsfiny Salufiseeunnuansavesiulunsiumunisisusssulnwnadeuly
Audangramisilunale o 3dﬁi’mqﬂﬁzadﬁlﬁaﬁﬂmﬁ’ﬂsmwwiumm?aLLazUamﬂa'aaI‘wLmaLs?JsJﬂuﬁuUQﬂmaWﬁw
Tunalfvessamelng Weluuumenisiamanudulsslosivednunadenlufudgnensnsififidefuunnsa
iy

ad =
A5N1IANYN
< = o 1 a A a ¢ wa a P a
ASINULAZLASENAQRE19RULIND A ISRaNTANITHENS 1Tl wazusInen
WiuAuidilledulunguiiefuneu nquilleUunans waznguiiieazdeniildugnenanisiiaudn 0-30

\wURLUAS (Kungpisdan, 2008) agvay 4 yafu laenguiuiieaziden laun ¥nAue1idn (Ak), wimeu (Ntn), Seiae
(Ro) waztings (Pt) nauAuilaUunans Touwn YaRuieuae (Fd), 1843 (Bu), 81037, (LL wazgmalvg (Hy) wazngusiu
Woneu laun YaRuaenad (Kh), U1z (Bo), Aaaaviad (Km), wazwing (Nat) Aeduliwisluiisy un uavsouniu
arunseveade 2 daduns wWiedasizviiiey a1l @, 1:5) Weanesan iuusylowilaeis Bray Il
Tulasiaunmualufulaeds Keldahl AruguaniUfsunanlessu waadoy winididen wavlnuna@euiadalalag 1 M
NH,OAC pH 7 dufiuiseurunzinsefanda 0.5 Tadunsldinseridunieinglagds Walkley-Black auaiianis
ApTIzvAULaziie (Onthong and Poonpakdee, 2020) tilaaulagis Hydrometer (Gee and Bauder, 1986) uazatinus



King Mongkut’s Agr. J. 2025 : 43 (1) : 1 - 11 3

TuounarnRumiseisidvnuussding lnsihiuntidnmaden wlfoymadumieduidouniidouuas
Tnunadon 9rntduanduaios X-Ray Diffractometer (XRD) tsegsiidudadieTnunaidenlunn drusetsd
Sumimswundidenhuilid uiadendigesea (slycerol) udhudasos XRD drowaiaszesriiasenitawdn
(Whitting, 1965)
nsiasERlnunadengUsne q Tufu

Anseilnuwna@engusng o luAu (Helmke and Sparks, 1996) laun 1) nunadesluaisazaisfiu (Sol-K)
Tawarindetusieanlesau (Dl waten) 2) Tnunadoufivaniuasuls (Exch-K) afndae 1 M NH,0AC Salnunaiden
F81A30d Atomic Absorption Spectrophotometer (AAS) Tngvinausiu Sol-K (Thomas, 1982) 3) Tnunaideudiadald
(NH,OACK) 1T unasines Solk uaz Exch-K 4) Inunaidouiigna3a (Fixed-k) 5) Inunaidoudiadasaonsalunin
(HNO5-K) A1uaey Fixed-K 91nwasnsnunadeuiiatnlalng HNOsK fu NHOACK 6) Tnunaideuiiduesdusznavaes
us (Min-K) waz 7) Inunadeuvaualudu (TotalK) Ineagosfudionsanas (HF wag HNOs+HCL 1:3 vA) wiUSun
Min-K Tnanang Total-K fiu HNO,-K (Hosseinifard et al., 2010)
nsasslnuna@enlufiuugnenenis

Faiu 30 n3u Wnansaranslnuwadsudanionain KNO, fillwuvaidey 15, 30, 45, 60, 75, 150, 300 waz 600
me L USunns 20 fiaddns deazldlnunadeniiinlufiu 10, 20, 30, 40, 50, 100, 200 waz 500 mg/ke wEnTuAY
TUusaveusl 40-45 °C aufuuds udwihldautulaedy DI water wen thlveulipuuiedn 2 afe ddusnade
Tnunadeudie 1 M NHOAC Useiliuanduusyansnissumulnunaidon (buffering coefficient for potassium; BCy)
PnenuturenTdunsisEninsUalnuaduiiatnlduazinunadeuiiinlufiu (Siichomchun, 2009) wazde
aglnunadoniigneds = (K fignesa /(K M ) x 100
n1sUanUdsslnuna@esluaudgnenesnis

WRuivumelnunaidey 20, 40, 100, 200 uag 500 mg kg maﬂmimmal,ﬁzjawnmw q Tnetaiuldvaen

mewmamnmum 50 {adans wu 1 M NH,OAC (A “LJ’]EJ’I?Iﬂfﬂ 1:2 w/v) e 1 smim LZJE)ﬂSUS”EJ“’L’Jm fjmmm TG
wansafaie (flordn SolK uay Exch-K mag”iumu) Mntudemzneuiu Tnewiiu DI water 10 fadans werdeile 1
it uwdes wansdinamiis udnhngnoufusidiu 1 M NH,OAC pH 7 uazadalnunadenfignuanudesoenaniivm
2.4, 8, 16, 24, 48, 72 uaz 96 lua Ingluusazadavesnsadaiinaisig 9 fuansana NH0AC fildileTananandud
GUENIWLmaL%smﬁgﬂUamUéaaLLazzﬁwmzﬂauﬁu oasu 96 e UspiliutBnalwumadeulandaosarauannnasoy
yoslwunadeuiignuanyaesaindalusil 2-96

L . . Tnunadeunvanlassn 2 — 96 $alus
Tnunadeniignasuassanlmunadouiomaluiu (%) = — — x100
TN NAT U INUA LAY

nsessideyanieana

ﬁﬁa%aauﬁaﬁuuasgﬂimmaL%&Juuﬁmswﬁmﬁwqm—gqqmaﬁaaﬂa LLasmmLaﬁaiuLLﬁazﬂejuLﬁaﬁu AT
AT12UAULYTUTIUNIA LT (One-way ANOVA) uazitUIuuliisuaulana1siosazn1snisiaznisvantase
Tnuvadeslufussarinenguileiudau3s Duncan’s Multiple Range Test i P < 0.05

Nan1sANwILazIasal

dudRfuuazviiauslusuniafiumiletvesiuugnenenin

oRuvesusariufllddnuninalieneiaonedestumsianguiiefiu (Table 1) silAuugnensmnsia 3 ngu
LﬁaauﬁﬁmmﬁuﬂimguLmﬁnﬂimLﬁﬂﬁaﬁl (5.15-6.54) wazAn15ulailish (0.01-0.02 dS m™) Weawesaiduuselows
wazlulasiauionualndldesiy (Table 2) wra@oy wuniidou LLagIWLmaL%auﬁaﬁ’mlﬁﬁuﬁumuﬂ%mmwmﬂau
wilenfiiinty Lﬁu'uLﬁmﬁ’ummqLLaﬂL1J§&JuLmGﬂ,aaauuaz@uw%ai“mqiuﬁuﬁwudw ﬁﬂ'wgﬂuﬂa;uﬁumfaamﬁam U1unang
WASTEIU AIUAINY a"mLLiTuaigﬂﬁﬂﬁJuwmﬁumﬁmmadﬁuﬁq 3 ngy Immawqﬂuﬂa;uaulﬁawmu wazUrunarsaiulng
flusiledlufifuesduszneundnuinnitdesas 60 (Table 1) nudalasuazueuduesalaluddosninfosas 10 vessdi
ﬂa:uﬁuLﬂ'faazLﬁ&lm‘ﬁLLﬁ'ﬁumﬁmmﬁmSaiaﬁLLawauﬁua%aIa”LuﬁéfqLwi%faﬁlas 5-60
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Soil textural Soil
. Soil texture Kao 108 I-Mont Ver Gib Ant Qtz etc
groups series
Kh Sandy loam XXXX XX X - - - tr -
Bc* Sand - - - - - - - -
Coarse Km Sandy loam XXXX - X - - - tr -
Nat Sandy loam XXXX - X - - - tr -
Fd Sandy Clay Loam XXXX - X - - - tr -
Bu Loam XXX XX - - - - X -
Medium L Sandy Clay Loam  xxxx X - - - - - X
Hy Sandy Clay Loam XXXX X - - - - tr -
Ak Clay XXX - - - XX X - X
Ntn Clay Loam XX XX XXX - - - - -
Fine Ro Clay Loam XX XX XXX - - - - -
Ptl Clay XXXX X X - - - - -

Remark: xxxx = > 60%; xxx = 40-60%; xx = 20-40%; x = 5-20%; and tr = <5%. Kao = kaolin; Ill = illite;

Il-Mont = illite-montmorilonite; Ver = vermiculite; Gib = gibbsite; Ant = anatase; Qtz = quartz. Bc* = not analyzed

because soil texture contained clay particles less than 6%.

Table 2 Range, mean, and standard deviation (SD) value of soil samples

Soil textural groups

Soil properties Value
Coarse (n=4) Medium (n=4) Fine (n=4)
Min-Max 5.02-5.27 4.56-6.99 4.99-7.67
pH (1:5; soil:DI water)
Mean = SD 5.15+0.11 534 +1.14 6.54 + 1.12
0 Min-Max 0.007-0.014 0.01-0.03 0.01-0.03
EC (1:5)(dSm™)
Mean = SD 0.01 £ 0.00 0.02 + 0.01 0.02 + 0.01
4 Min-Max 5.83-11.44 6.55-18.29 17.07-23.02
OM (g kg™)
Mean = SD 8.61 +2.29 13.63 £ 5.16 2111+ 279
. Min-Max 3.51-4.83 0.29-7.51 0.17-11.34
Avai. P (mg kg™)
Mean = SD 3.90 £ 0.63 3.48 + 3.20 548 +5.71
. Min-Max 5.39-16.88 18.83-38.35 29.00-81.23
Extr. K (mg kg™)
Mean = SD 12.44+4.93 28.07+9.80 59.30+25.35
. Min-Max 8.65-11.87 7.57-24.68 26.81-766.44
Extr. Ca (mg kg™)
Mean = SD 30.15 + 39.65 15.25 £ 7.29 319.67 + 318.30
L Min-Max 6.06-125.19 4.11-119.11 13.91-796.17
Extr. Mg (mg kg)
Mean = SD 38.96 + 57.73 41.19 + 52.61 265.20 + 364.51
L Min-Max 0.23-0.77 0.59-1.05 0.97-1.55
Total N (g kg™)
Mean = SD 0.53 £0.23 0.87 £ 0.21 1.27 £ 0.24
L Min-Max 1.01-2.05 3.37-7.78 9.31-12.20
CEC (cmol kg ™)
Mean = SD 1.60 + 0.44 533+ 1.90 10.75 £ 1.19
Min-Max 69.92-91.00 39.02-56.77 4.12-32.49
Sand (%)
Mean = SD 80.19 + 8.72 50.66 + 8.16 19.93 + 13.62
Min-Max 3.02-14.17 10.94-36.56 11.12-37.18
Silt (%)
Mean = SD 8.25 + 5.01 23.83 + 10.68 28.45 + 11.89
Min-Max 5.98-15.91 22.50-32.29 34.89-75.80
Clay (%)
Mean = SD 11.56 +4.18 2552 + 4.59 51.62 + 19.37
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Tnunaideuguane 9 TuAuugnenenis

auUQﬂﬁl’NW’lﬁﬁgd 3 Agu WUl Iuﬂejuﬁulﬁaumv Inuwnadeudnlngjeglusy Min-K > Exch-K > Fixed-
K >Sol-K mmzﬁmjuﬁwﬁamuﬂmq wazavidun dulvgjegluzu Min-K > Fixed-K > Exch-K >SolK (Table 3) Sol-K
ez Exch-K ﬁLLmIﬁmﬂ%mmLﬁwﬁumﬂﬂfjuﬁuu’fawmu U1unane uazauiden dedidiade 5.22 fa 21.40 mg kg uay
7.22 819 37.89 mg kg Mua19U 1uLAeiu NHOACK Fixed-K tag Total-K ﬁﬁﬂ%mmLﬁﬂ%i;hﬂduﬁmﬁammu U
NaN Wazazlden ANaIRU

Table 3 Potassium speciation in coarse medium and fine textural groups

Soil K speciation (mg kg™)
Value

texture Sol-K Exch-K NH;OAc-K Fixed-K HNO3-K Min-K Total-K
Coarse Min-Max 1.24-7.56 4.15-9.23 5.39-16.88 2.67-10.88 8.85-24.72 674-5416  690-5425
(n=4) Mean+SD 5.22+2.79 7.22+2.18 12.44+4.93 5.63+3.70 18.07+7.10 27762339 2794+2336
Medium  Min-Max 7.57-11.28 10.28-27.07 18.83-38.35 3.43-66.13  35.68-104.48 672-6530  694-6634
(n=4) Mean+SD 9.13+1.92 18.94+8.41 28.07+9.80 26.07+34.79  54.14+44.11 3463+2938 3517+2981
Fine Min-Max 1.77-67.48 13.75-64.97  29.00-81.23 1.70-404.33  82.93-452.09 428-14800 511-15252
(n=4) Mean+SD 21.40+31.26  37.89+22.28  59.30+25.35 143.79+178.03 203.08+169.37 8187+6012 8390+6156

nsasslnuna@enlufuugnenenis

Yovarlnunadonignassanmaiduanandudulnunadouiissiueng 4 wui ”L;J'Lmﬂﬁmﬁ’ui?ﬂuﬂa;uﬁmﬁa
we1u Uunans warasiden (Table 4) agnslsfniu fovarnsnialnunaidonanfuiifnlnunadeuanududusi
(10-50 mg K kg*) wuin ﬂfjuﬁun'j'uaazLgamﬁ%’aaazmw’?diwLmaLS‘?J&mgjmdﬂﬂfjmﬁuLﬁaUmnamt.azmjuﬁmﬁwmu
AUAINU sl.wumsﬁl.ﬁamwL%’;ﬁ’fusuadaﬁaza'miwLmaL%&mﬁtﬁuqdﬁudqwaiﬁ%’aaagmsﬁﬂwLLwaL%sJﬂuﬁuamaﬁ
(Table 4)

AnduUszansmsiumulnunadey (BCY (Fig 1a) mnan BC ge (@enlnalAes 1) Audanuaunsalunss
Tnuvaideus dawalinu o sumzﬂ?uﬁuﬁﬂ%mm‘[wLmaLng&JﬁLumsasm&JﬁuLLasﬁgﬂQm%’ua@:mﬂ ﬁundmﬁaﬁwmuﬁﬁw
BC, (0.805) gjdﬂ’j'mfjmﬁaaumuﬂma (0.802) LLazﬂejuLﬁaﬁuangﬁm (0.779) %ﬂﬁﬁuﬂgﬂmqumﬂejuﬁulﬁaamﬁsmﬁ
AHENIatuN1sAsNLNadeulegs LLaszLﬂuﬁuﬁmaﬂiaéfmmum‘at.ﬂgwwé’fv‘[wLLwaL%ﬂuiuﬁulﬁﬁﬂ’jﬁﬂajmamﬁa
Ununans wazuiienenu sudd

Table 4 Percentage of fixed K in various different added K concentration

Average fixed K (%)

Soil textural 1
Added K (mg kg™)

groups

10 20 30 40 50 100 200 500
Coarse 76.75 92.98 106.61 97.89 97.80 27.22 48.48 25.20
Medium 87.62 98.75 106.64 100.77 107.69 33.52 58.52 22.48
Fine 114.03 99.01 113.36 108.18 114.27 31.69 47.00 22.16
F-test ns ns ns ns ns ns ns ns
CV. (%) 26.23 15.54 14.79 13.49 18.20 44.15 17.13 15.33

Remark: ns = not significantly different (p > 0.05); C.V. = coefficient of variation
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500 T T T T T T ‘_‘A 80 T
BC_ (@) 2 20l —e—coase Krelease (b).
- 400 =Y} —&— Medium
"op 0 7 £ 60| % Fine |
- ~
S 2
E 300 - . §
3 g
© 200 - 4 M
~
= d
= 2
g 100 B —® Coarse, y=14.236+0.805x R'=0.9949 ;
. —8— \Medium, y=1.8872+0.802x R'=0.9694 'E'
—*— Fine, y=37.698+0.779x R'=0.9871 E
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Fig 1 Buffer coefficient for K (a), and the average of cumulative K release in different soil textural groups (b).

n1suanUdeslnunaidenlufiuugnenenis

ausluﬂajmaul.ﬁaazLﬁamﬁmiﬂamﬂﬁaEJI‘WLmaLng&masﬁugqﬂdﬂﬂ&juﬁmﬁamuﬂmq wazAuoney (Fig 1b)
ﬂ%maﬂ,‘wLmal,%auﬁgﬂﬂam‘da'aaaaﬂuwgas’ﬁumuﬁﬁummLﬂﬁ'm%uimmal,%wﬁ@u (Table 5) wloussifiud3una
Tnunadeuiivanuaoslufu wui ﬂfjuﬁulnfaawﬁamﬁ%’aaaﬂwLmaL%auﬁgﬂﬂamﬂéaagqqmﬁaLﬁaUﬁUﬂa;uﬁuLﬂfamu
nanuasAuLieveny Im&Jﬂfjuﬁut,iffaumuL.LazmuﬂmaﬁﬁﬂstwmﬁUameiaaIwLmal,%sw‘hﬂ’jﬁasaz 2 gpsUiune
Tnuna@eusvualufiu IummzﬁﬁuﬂduﬁuLﬁaasLﬁamﬁﬁﬂst‘wﬁﬁaﬁlax 6 (Table 6)

Table 5 Cumulative K release in coarse medium and fine textural soil groups

Cumulative K release (mg kg?)

K added
s Soil textural groups
(mg K kg™) F-test C.V. (%)
Coarse Medium Fine

0 6.01b 7.30ab 14.85a ** 35.59
20 16.51 18.17 21.99 ns 22.87
40 8.48b 11.35b 20.59a * 39.76
100 14.03b 19.05ab 33.87a ** 32.92
200 15.00b 25.18b 49.48a ** 26.09
500 27.76b 47.05b 96.21a ** 33.69

Remark: a-b Different letters within each row are significantly different, * and ** are significant at the p < 0.05 and 0.01 levels,

ns is not significant at the p > 0.05 level.

Table 6 Percentage of K release from total K concentration

Percentage K release from Total K (%)

K added
. Textural soil groups
(mg kg™) F-test C.V. (%)
Coarse Medium Fine

0 0.41 0.18 0.84 ns 174.39
20 1.14 0.67 1.46 ns 144.41
40 0.54 0.37 1.42 ns 190.65
100 0.97 0.73 2.45 ns 233.60
200 1.11 0.83 3.28 ns 193.49
500 2.00 1.54 6.06 ns 194.60

Remark: ns letters is not significant at the p > 0.05.
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dudAnuUgne1anI s

ﬁuﬁﬂqﬂ&mmmﬁd 3 ﬂ&jmﬁaﬁuﬁﬁLama?{ﬁLﬁuﬂsmﬁ’mﬁdmmﬁﬂﬁaa (5.15-6.54) 819N 5@ YLAULA
dulalalufudiifiey 3.8-8.0 (Karthikakuttyamma et al., 2000) aamﬁanﬁ’umﬁLaﬂjﬁuﬁmmzaﬂumiﬂqﬂ&mwm
Iuﬂiszﬁlmaﬁagiusdan 4.5-5.5 (Rubber Research Institute of Thailand, 2018) wenNt 5uﬁ5uw§&1§'ﬁq&f75ﬂmu
nana (8.61-21.11 ¢ kg') msrznalfifuanieutuilmannisaaeiveswnivldd aonadesiudunieTnquuasan
1915 ludminasuan (Poonpakdee et al, 2013) uazinmnil (Damrongrak et al,, 2015) finuin dunieingeglu
seduAfelunans mssnszduduneTnglududidudeadiunslitanduniduietedunid fnenuiulasenamnsni
ﬁmsﬂqﬂﬁummﬁauuazﬁﬂm§EJns'auﬁSuw%'ﬁli’mqluﬁuﬁm%uﬁmmﬂmii"gwa'usuaﬂuLLasdauﬁJadﬁ% (Saeteaw et al.,
2021) ﬁuﬂqﬂ&J'm‘wﬁ’]ﬁﬁﬂmﬁiu‘[mmuﬁdwm woaneSaiduuszlowy LLaxLLﬂaL%&Juﬁaﬁ’ﬂlé’ﬁﬂuﬂfjuﬁmﬁaumuLLag
Uunans Tusnefinguiuidoasfeneglusziuunans (Table 2) swdsuuniidouianald wui futa 3 nquidedu
ogluseduuunaadlewisuiusssuimanzan (Kungpisdan, 2011) Auvgnensmnsiiinsgydesinermsiuiunanin
Tnglutenmst 1 sudlulnsiou weaneda Tnunaden wazuundi@oudussdusznou 20, 5, 25, uas 5 Alandu
muaI9u (Kungpisdan, 2009; Rubber Research Institute of Thailand, 2018) ot Fedawalvifuvgnensnsiluniale
farmaauauysaifrufsaiuiuugnundutiiiu (Sanputawong et al, 2017) warfuugnldinasits 4 (Ntlopo et al,
2022) 1uﬂszmﬂvl,‘w&Jﬁwudﬂﬁmmqmuauyﬁaﬂﬁﬂ
nsaseazianudeslnunaidenlufiuugnenenis

Aulgnraniidnunisinunadenldin iesnfunelddulngdufiviannnsguazgnineglususy
Ultisols puflusinlodluddadunsfumideafiffanssusidunsesdusznoundn (Table 1) agslsfiniu Sesavnisnsa
TnuvalBsuvesiuiduaududulnunadouiisedus 4 (10-50 mg K ke?) ﬁﬁhqamhLﬁa@ummvﬂ’wﬂ’uqa (Table 4)
IuﬁumjmﬁmﬁaasLﬁﬂmﬁ%’aﬁlasm‘sm?ﬂmmm%uq&ﬂ’jﬂuﬂfrjuﬁuﬁamuﬂaw WAZNEIU AINAIAU Lﬁaqﬁ]Wﬂiuﬂa;uﬁu
Lﬁaaxlﬁamﬁ%aawaaLL'ﬁ'SalafﬁLLazLL'ﬁ'mamz'vmq@alaﬁLLasuauuaumaﬁiaiuéqqﬂiﬂuﬂajuauﬁamuﬂawLLame us
Auwileaviia 2:1 1wy 13e5EALaM (200 89 -100 cmol, kg waudueIalalud (-150 fi1 -80 cmol, kg™ Huszqlni
auansaaninalodlud (-15 fs -1 cmol, kg™ wshuwmllenyin 2:1 dallaruaunsaluanadigandn JuiliiAanisnss
Tnunadouszninsresinmessdumiedldminiusiumieavia 1:1 Brady and Weil, 2008) wailowfinszfuaiy
Wudulwunadeudisysu 100, 200 war 500 mg K k' wudn Aufidesarnsnidinunadenanas wed auiidnuniiusau
mﬁmLﬂiaﬁluﬁqﬁﬁuﬁﬂqﬁwﬁ’mﬁqﬁﬂﬁﬁmi@m%’ﬂwLmaL%smlﬁﬁi’ﬁﬂ oy dadiueududulnunaden il uiu
Fadanali¥osazmagedulnunadenldanas (Table 4) nauiuiloasBenfloumedumiowasuTinadurisingdadu
Lmédﬂizﬁ;aﬂuﬁuqdﬂ’iﬂﬂfjuﬁumfamuﬂmqLLawm‘U dqwaiﬁﬂfrjuﬁmﬁuaagLﬁmﬁmmma;LLaﬂLU?{aumelaaaug{q
(Table 2) aamﬁmﬁ’uﬁuﬁaﬂuﬁﬁmmwmLLaﬂLU%ammmlaaauLLasﬂ’%mm'ﬁ?asJavﬁumﬁmmwuiﬁm'%'ﬂmmm%mlé’ﬁ
(Najaﬁ and Abtahi, 2012) A1 BC, vesiudusuivedasnnuannsavesiulunsaidnunaidosluiu Im’ammﬂanm

=

GU‘IJE]EJﬂ‘U'U‘iJJ”Iﬂdﬂi”ﬁ]lWﬁ’]ﬁUi”%’J’NsUusUENLL‘iCﬂ‘L!LWLlEJ’J (inter ayer) (Wivutvongvana, 2003) usnntu NsuiaEdu
LﬂaﬂmmmummLaiﬁ,ﬂ.mﬂmmimdLLaum‘a"damﬂaaaiwLmaLszJ&JummJu (Shakeri and Abtahi, 2019)
ﬂejmﬁmﬁaazLﬁﬁmﬁmmmuﬁﬂumw’?nLLasUamﬂa'asﬂWLmaL%&J;ﬂé’ﬁﬂ’jmfjuﬁuLﬁamummdLLazﬂfcjuﬁuLﬁua
81U (Table 7) ﬂfjuaum'faaxLﬁamﬁl,l,s'ﬁumﬁm 2:1 U wsdalad (100-200 m? ¢*) weunusialalus (700-800 m? g?)
%qﬁﬁuuﬁﬁaqnﬂ’myﬁﬁumﬁﬂwﬁm 1:1 1w waledlad (10-20 m? g) (Wivutvongvana, 2003) %ﬁwumrﬂuﬂfjuﬁmﬁamu
nanauazlilevey (Table 1) ﬁdﬁwaiﬁﬂfjmﬁwﬁaazLamﬁauﬁ’mumw?aLLasﬂaﬂ"da'a&JIWLmaL%Em"Lm”ﬁﬂdﬁﬂfjuﬁuu’fa
ey fedu Tnealuduusihigluiudonsuidvinalnunadouganiluiudoanson wuisrtusuusie
ﬁm%’umqumdam%ﬂ%ﬁﬂqﬂsluﬁm‘ifawmu (20-10-17) wariwiloaziden (20-10-12) luwaugnenslusdvesUseme
e (Rubber Research Institute of Thailand, 2018) AufifiusAumieadaladuazueululaludgainuannsalunns
Uam'ﬂa'asﬂwLLwaL%wqqmﬁﬁuﬁ'ﬁLLﬁ'miaﬁiuﬁlﬁumﬁﬂizﬂauué’ﬂ (Darunsontaya et al., 2010) lafin15@nwn
Auduiusvesadndaugdninesvoslnunaifeon (potential buffering capacity of K; PBC,) @i udviivsuen
auansalunsiumunisasussiulnunaeudidudss lomdlufu wine PRC, g9 LERIANANIRTN I TEAY
Usunaldnunadeudiduusslondlufuldd (Saleque et al, 2009) wudn Arfenanndanuduiusideuandulium
fundsinquarAinnuguaniUasunanlessuvesiiu (Suttanukool et al, 2019) uennu ArwannIaTesiulums
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HuundsilnunaBouuniandle (Pistacia vera L) fivgniufuililatelnunadon wuin fivannsanigiulaldd
LwﬁwLmaL?nﬂuﬁzj_]ﬂ@?ﬁsluﬁuu'%Lamisuuimﬁ%ﬁ"d%mmamadLﬁaLﬁauﬁ’udaumiwmaad esnfulanUdesinunaidoy
nguignededsliiidudstlevisofiviuilioonueglusuilifuuseloviuasivannsagaullgle (Hosseinifard et
al., 2010)

finsldusiiilnuwnadsudussdusenovunualidvunadniiteldiduunadilnunadsuudvelsd (Lolium
perenne L) fiugnluduiiilnunadondn wuin vehlsdanusaniqpivlawasinsgalilnunadongeniinislaildus
flanana (Li et al, 2015) wudgatunisidusiulolng Walnlug wazlulasaansdiduwnadlilnunadeuwnie wuin
AuveNilduNuAUENa1EAY wazmsasyiulnitudedeuiuldld snvsldlddmaldnsasyivlnvostunesd
anunansafl esuiunisldslnunaidounaslse (Manning et al, 2017; Mohammed et al., 2014) wifAfAud
ANNaTalunssnwsEaulnunadey Lwimsﬂgﬂﬁ%ﬂ‘uﬁuﬁﬁmmmmiﬂumié}’mmumiLﬂﬁauszﬁUIWLLwaL%ﬂuﬁ
Juuselovidlufugs wuin ﬁuﬁi‘wLmaL?ﬂauﬁgwmammuasLﬁmmﬂﬁaamaiwLmaLﬁ'ﬁ&mmﬂﬂiﬁuﬁﬂgﬂﬁw@zﬁmﬂ%
Uelnunaideu (Li et al., 2020) Faty ﬁuﬁiﬂ?ﬁwmimwmﬁamﬂ%ﬂ&JI‘WLmaLS?J&Jaﬂ,ﬁLﬁaqwaﬁiammﬁaqmimmﬁmﬁa
Snwaunalnunadeslufu

Table 7 Average the amount of fixed K and released K in various K added in soils

K average (mg kg™)

Soil textural group Fixed K Cumulative K release
Coarse 61.58 16.36 b
Medium 64.60 2416 b

Fine 65.40 44.88 a
F-test ns x>
V. (%) 67.09 71.68

Remark: a-b different script letters within each column are significantly different, ** is significant at the p < 0.01 level, ns is not

significant at the p > 0.05 level.

wwamnamsdamsinuna@eulufudgnenswisilunialdvesuszmalne

auﬂqﬂmqumﬁv’d 3 ﬂ?jmﬁaﬁuﬁiwuwa@auﬁLﬂuﬂiﬂa%ﬁ (Table 3) sndnseduiunzan (40-80 mg ke™)
(Rubber Research Institute of Thailand, 2018) @enadasfunis@nwiarudulsylesdvednunadenludulgn
mnwwsﬂumﬂ%’fﬁwudﬂa&vfiusxﬁuﬁw (Damrongrak et al., 2015; Kongmak et al., 2017) fuvgneranisilunialead
I‘wLLmaL%uﬁQﬂm?ﬁaL‘fJuLmﬁdﬁﬁaﬂwLmaL%stﬁ ﬁgd{jymﬂiﬁﬁummﬂqﬂmquswLﬁuﬁmﬁﬂqﬂmmw%ﬁuﬁauﬁ 2-3
Fa m'ﬂa'ﬂEJIWLmaL%EJus[,ﬁ'l,ﬁmwaﬁiamméfamwmmmquﬁaLﬁuﬁqaﬁLfluimLa‘wwvmmé’u%ﬂ%ﬁmmﬁw
mLﬂummuﬂ‘wLL'wamauiﬂ%ﬂumsaﬁwmmn am‘umastqimLuumUamauam 29-5-18 6091 1 kg tree year” fin
LﬂuIWLLVIaL“UEJNVﬂEﬂ.umu 11.35 kg rai ' year" (76 tree rai’) LLa‘”EﬂdW’]i’liJﬂ’lﬁG]ﬂsL‘ﬁWLLV]?IL“(IEJﬁJaS’NZJ’JﬁLLauu’]Eﬂd 7.23
kg rai! year (suauamnmu&mwwmﬂmamamuammm 400 kg rai’ year?) augrswisidnislalnuna@onlunis
afranauaziiens 95.2 g tree’! year”) (Yingjajaval and Bangjan, 2006) muimﬂ‘wL,mal,sn&mﬂaLLavwaﬁuLaavLﬂﬂum
padusinalnalfesiy LLGW]’J’]?J?H@JTEOSLUH’]WINLLawﬂ’li‘UafﬂUa@’ﬂI‘WLLV]ﬁLSIJEJMI“LmQJJGmLUE]MEHU Uunan uazazidun
flupnsneiy uananiiy ﬂaiwLmaLéﬁ&mLﬁEﬂa'an"l,ﬂiuﬁuﬁ‘uizﬁm%mwslﬁﬁsuamﬁﬂﬂwlﬁﬁﬂﬁaaaz 20-40 (Baligar and
Bennett, 1986) fatiu mmﬂﬂdﬂﬁﬂwLwlal,%aﬂuﬂ'%mmﬁaaLwiﬂaaﬂ%gq Swiunslddedunsd Fadusuamaiivany
Lﬂuﬂiﬂﬁlﬂjﬁ%aﬂiwLL'VIE‘TL“?IEJiJsL‘uauLLaSﬂWi"d‘%JUU?ﬁE‘TJJﬁJaWWdﬁaﬂﬁ%mﬁ‘iﬂ(ﬂﬁlLQW”I&;’IuﬂEleaULﬁE]MEHU Fafinuaunsaly
n1smsslnunadeulasn (Fig 1a) ﬁnﬁamﬂ’u?ﬁ’ammusﬁwﬂ&Jﬁuw%'ﬂué’mw 3-5 kg tree year! (Rubber Research
Institute of Thailand, 2018)

Inuna@edlududnlngoglusy MinK unninfesar 95 voslnunadeuimusluiu (Table 3) Tnunadeou
TugﬂﬁﬁmmﬁnﬁﬁaﬂwLmaL«%auLLfimqusﬂuamﬂm fisrsauienamsdnalnluniswdensaeaneidn (oxalic acid)
¥oenanusiinisan (Onthong and Osaki, 2006) Uenantiu wuafiSefiaunsoasarsusidlnunadeuduedisznou
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(K solubilizing bacteria; KSB) AanunsaasnaiazlanUassnsneonenan @nsn (citric acid) wazanan (malic acid) (Chen
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UNANED

Tnlfuazdenlnuandundnfusidandvdifanuddgmaasvgiaegimn msAnwaud@nisnieninung
Usznsvesaniasinnindeninuaniinnududuresihmaunnsafuauszau Tiud vinfesay 60 fovas 80 uaries
az 100 wuiganIsnaasannsndeninuanviindesas 80 1@”%%LLuuﬂawuﬁdwaiﬁ]qnqﬂﬁixﬁu 8 %aumnﬁlqmiué’m
nausa savuazaugeusmanguilan uenand wandasiiiiandfiaiiauouasien a, egludiimnzaudmi
MaAuse mMsiessiasusznaufisenele (volatile compounds) Iag) Headspace-Solid Phase Microextraction
(HS-SPME) Gas Chromatography-Mass Spectrometry (GC-MS) Uiﬁﬂgm‘iﬁimmﬁu ﬁam'ﬁﬂ‘izﬂaﬂuﬂﬁju Butanal, 3-
methyl- (CsH,0), Pentanoic acid (CsHy0,), Acetic acid, 2-phenylethyl ester (C;oH;,0,) W@ g Benzeneethanol
(CeH100) mudsiu doyalaguinisdmsundnsadinnsndoninuanvinsosaz 80 iﬁamﬂ'wmqimjmmwiwﬁwmsJ
ussRAuTt (30 n¥w) WesuussmunuUTinadidmuaasldsundany 180 Alaunaed thana 8 n¥u lustu 10 niu Tae
Armdanu thata Tudu AldSuAadu fevar 8 Sovas 12 uazdosas 15 vesUTinaggaiiuusiiliusinaretu nadws
AgFlnduiasndenlnuanvindovaz 80 L{’lumnLﬁaﬂﬁmmzauﬁ’m%’vﬁﬁiﬂﬂﬁﬁmmsammiﬁiﬂﬂﬁ;ﬂmaLwié’fdm
Igsusampridufidey mu%’aﬁmmsaLﬂuLmeaéwﬁauJﬁm%’Umimew%mﬁm%s‘fjaﬂ‘[ﬂLLamﬁaqmmMuamm
Fdndey: InlA andndenlnuan asUszneuiiszmeld aurvnalavuinis

Abstract

Cocoa and chocolate are commercial products of great economic importance. Some physical properties
of dark chocolate products were studied at three levels of different sugar concentrations: 60%, 80% and 100%.
It was found that dark chocolate of 80% sugar concentration had the highest satisfaction at level 8 in terms of
flavor, taste and preferences from consumers. Additionally, this formulation exhibited consistent colour
properties and an optimal water activity (a,) range for storage stability. Analysis of volatile compounds by
Headspace-Solid Phase Microextraction (HS-SPME) Gas Chromatography-Mass Spectrometry (GC-MS) revealed
outstanding compounds, which are Butanal, 3-methyl- (CsH,00), Pentanoic acid (CsH00,), Acetic acid, 2-
phenylethyl ester (C;oH;,0,) and Benzeneethanol (CgH,40), respectively. As for the nutritional information of 80%
dark chocolate products, the nutritional values per package unit (30 grams), when consumed in specified amount,
are 180 kilocalories of energy, 8 grams of sugar, and 10 grams of fat. These nutritional values amount to 8%,
12% and 15% of the maximum recommendation for daily intakes. These findings suggest that 80% dark

chocolate is an optimal choice for consumers seeking reduced sugar intake while maintaining desirable taste

U @nnninn@aurnsusenauanmsmenazemsuiunni | Inenaeununiinisvieaiien  asansinasaanduiaiuinisvieaieias @

WeINTT aye) ITIMeaEsigaseg ol dmingsug e, 84320

? anmivwelulaggeainnssy angdnemansuasinalulad uninendesvinanugisnd Jminasugisnd, 84100

® @uivAsYEMEnS AMEINEINITIANTT WnInendeseigasugiont Yminasugisnd 84100

! Thai and International Culinary Arts Department, Intermational College of Tourism (Samui Interdisciplinary School and Tourism
and Development), Surat Thani Rajabhat University, Surat Thani 84320

? Industrial Technology Department, Faculty of Science and Technology, Surat Thani Rajabhat University, Surat Thani 84100

* Economics Department, Faculty of Management Sciences, Surat Thani Rajabhat University, Surat Thani 84100

* Corresponding author Email: Patchaniya.ake@sru.ac.th



King Mongkut’s Agr. J. 2025 : 43 (1) : 12 - 19 13

characteristics. This research provides valuable insights for the future development of health-oriented chocolate
products.

Keywords: cocoa, dark chocolate, volatile compounds, nutritional value.

AN

1018 (Cocoa) flfonneinenaanssn Theobroma cacao L. Ineglunszna Sterculiaceae Wuldduduvun
nana dulnlfannsaniyfvlaldiluudzidulaldduinauauidurudgasliiiu 20 esaundeuarld dgumngid
sywing 15-30 eeriwalda wasdosnisusinaniluaiiatenassd (Afoakwa, 2014; Rakitikun et al,, 2022; Ramsey,
2016) Inldgniulduselevilunmagaaivnssuegisunsvaie laun anamnssundnfonlnuan gnainnssugneuuas
annaa Qmmwnﬁsmﬂ%mﬁma%aﬂiﬂLLam qmmmmimumﬁ QNAIMNTINEN Fufuansnandielisarsenda vh wae
Tpdevedn Wunisauanuay Wy o193l LargaamnIsuendy vilnaumenannay qmamnsmm%mﬁwmﬂ%’
welnllunisyindvadn (Wansiri, 1989)

mam%aﬂiﬂLLamﬁﬂﬁiﬁﬂiﬁlﬂu%qﬁ‘iﬂ,‘umsLLUigUﬁaIaﬂﬁé’mwmitﬁﬂm%’aaaz 6 siol yar1wINndT 3.6 A
UM LLazﬁuﬁﬁu’%lmdauimgvl,ﬂmmmﬂauﬂIﬂIﬁlé’Lﬁ'mmﬂaquﬁmmﬂlﬂmmzau Uszinelneaunsadaninlile
\Aourtsuszine FefiodulonavesUszwealnglugnaivinssusanand (Broadwin, 2018; Rakitikun et al., 2022; Scott,
2016) UszmalnendinliUasiiiou 50,000 suluvazfivszndlnendaliifios 200 fu (Rakitikun et al, 2022) wag
lugrasgninafiounnsiaudaseunalay 2561 Ysewalngundlnliainaeussmadnuan 1,337 a1uuv lneunas
Ung9an 5 SuduwsnNUNade 967.70 auum dulailide 137.55 duun dsalus 79.26 a1uUm N1u1 39.90
F1uum dSaAa 32.52 druuam (Ministry of Commerce, 2018) ndeyatisduasiouliiuinuiuiunudenis
IﬂifﬂuﬂﬁsmﬁlmﬁuuﬁﬁmLﬁuﬂ%mmqqmﬂ

ﬂii:u"?%msLLUigUTﬂIﬁﬁMmaﬁﬂ”’umauLLaz%’u%@uﬁﬂﬁlﬁmﬁdﬂiﬁlﬁ’qLLas%aﬂIﬂLLamﬁﬁ@mmw (Gibson, 2018)
Tnesandvesionlnuaninldldunannannszuiunisianssuiunisuiaiiesed aiien (laneantileke et al, 1991)
wiidunasnannmsidunisuainasdunoy Imaaaaﬂ‘ivmumiwé’ﬂlumiﬂwLmﬁmiﬂiﬁ’ﬁamﬁuﬁﬂL,Lazmﬁmml,ﬁn
(De Vuyst and Weckx, 2016; Guda et al., 2017) Lﬂ“l%]'iﬂiLLG]ﬁu‘WUVIILIﬂ‘iuU’JUﬂ’Ii%lIﬂﬂ/ﬁﬁa’m‘wa’]ﬁl D@L INA
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vhmansievnay (Coster Sugar) (@Wedw) Aerududu 3 szau wiadu 0 n§u (snfenlnuansindasas 100), 25
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MRzdauTAIsnIEnIm aanunu nawnsessinsnladnes uazend (L*, a* and 6%) ¢ Hunter Lab
(Color QUEST Il DPERE, Hunter Associates Laboratory, Inc, USA.)
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Usunaslusfusienun (crude fat content) §2835n15u84 (soxhlet Extraction Method) U3anainaudyu (moisture
content) ANUSINaIBasE (water activity, a,) Usunauan (ash content) Usinaloemnsianun (total dietary fiber
TDF) Ysunauasiulanse USunasdsnfiu (Gmndiu A, B1, B2) muisn1s Association of Official Agricultural Chemists
(1995)

AnseiUSinaeongnanieTanin Usinaansituedniimua (total phenolic content) luwidlnld anu3snis
989 Singleton & Rossi (1965)

nswiusinaasUsenevitsemeldvesmansausidoninuanuislag Headspace-Solid Phase
Microextraction (HS-SPME) Gas Chromatography-Mass Spectrometry (GC-MS)
ATIATITANSEDA

m‘imaaqﬁwm%?mﬁaaﬂLLUULLUU?qum&Jaqu (CRD) ¥1n1snnaeaug1vinni1s3assdaunUsusiu
(ANOVA) wagi38uifiguninuunnsineseningan1snaaesmie Duncan (Steel and Torrie, 1980) M153tAsIEvALTUNNT
Tngldusining SPSS (SPSS 11.0 @wsu windows, SPSS Inc, Chicago, IL)

HaN1ANYILeLIRTTal
nsAneanTANIINIanIwUIsUsENMsvasandaeiasndanlnuan
nsfnwautinamenmuislssnmsvessansurinsndenlnuaniiaudutureshmaunndstuaused
9 Jouar 60 Sewaz 80 Warseuay 100 WUI1A a, AAITENIN 0.56-0.59 1ALA1 a, UBIYAN1IVAABY D60 dAvay
anogaildoddny (p<0.05) Woissuifivuiuganismaaesdy 4 esanyanismaass D60 TUTuatmageds

A
7l
66.67 N3 Taen A, Usuanfssnsduvesinfiisaserotsimun Tnedenlnuandniduemsusts (dried food) iasan
a, Wounin 0.6 *U'%mmmawﬁqﬁgwmﬁmmLLmm;mﬁ’uasmﬁﬂ’aéhﬁ’zy“lunﬂsqmmimam (p<0.05) TngAUSinaveuis
Wenunves D60 11nAT1 D8O w1AN31 D100 Taedliinfy 76.00£0.00, 70.00+0.00 way 24.1+0.17 Brix A1NEKU
sumLLGTJdﬁgwmu'waﬂﬁdﬂ’%mmsuaqLLS‘quﬁLwéaag"luaqu'iLﬁaizmmfﬁaizaaﬂiﬂﬁu’wm vowudsilasiifveudsiiazas
Ialuthuavvewdsitliazaneludsuiu mﬂmamsmaaaé’faﬂa'nsﬁ'wé’uaamﬁmﬁugmﬁﬁauﬂszﬂawaﬁaﬂiﬂLLamﬁ
swduihmannnanetu Tasfuguudadenlnuanfemnalnlfuazdmaiiuniuasseglulnlfavindiue anmnisiu
$nwrfinannnatserainlugnisnedalidnazidu Fat bloom %38 Sugar bloom @ sufazUsingnsainsznuse
Qmﬁ”ﬂ‘wmzmsmamazqmmwﬁaé’uﬁa Sﬂﬁguflummquﬁ”ﬂmaamiqmtﬁqufumw%’aﬂIﬂLLam (Andrae-Nightingale et
al., 2009) Sugar bloom Lﬁmsﬁuim&Jmsazamﬂgﬂmﬂmmﬂawu%aﬂiﬂLLamLLasazawﬂf'lmavuﬂmﬁw%aﬂiﬂLLam o
suimenaulugennie vmasrannandnads fuivesdenlnuanidnvarlisainaue Wadundnimavuiani
weN9Ni Sugar bloom Lﬁﬂ‘\]’mﬂ’]iL‘Ugﬁl‘uLLﬂaﬁqm%ﬂ“ﬁ%mgﬁ%@ﬂIﬂLLamLLG(j'LL‘ldNaza’]EJ TAgAIUUONAZAANITAIULULAU
ﬁéwmaazawLLaﬂuﬁqmzmaaaﬂlﬂﬁywﬁmfwmaﬁlﬁawé’d (Andrae-Nightingale et al.,, 2009) 91ANAN1TVNAABY
fanantretufutoyadestulunisBusuguamnssuiuntsndnnasaunsiavomansasiniindonlnuaniiszdy
Ypaunnsini
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n1sfnwA1d@nudn A1 L% o* way b* lidanuwandeaduegalidedAgdmsunnyanisieass lnedenes
YU 29.25-28.59, 6.64-7.85 Way 1.31-3.27 a1ud1au (Table 1) ﬁmaﬁaﬂiﬂLLamﬁﬁwﬁ‘wam'aﬂmmwmwizmm
é’uﬁaﬁ%’viuazmwi’d nswWdsundasdvesdenlnuanisiuiiesananuuandidumsifimednisussinananas
3iUszney muaIiisinisuenisnadnunzveskBnSusifidiutu (Aidoo et al,, 2014)

Table 1 The physical properties of dark chocolate bars are listed

Color
Treatments aw Total Solid (°brix)
L* a* b*
D60 0.56+0.02° 29.25+1.97° 7.85+1.14° 3.27+2.17° 76.00+0.00°
D80 0.59+0.01° 28.42+0.38° 7.05+0.14° 1.77+0.07° 70.00+0.00°
D100 0.59+0.34° 28.59+0.34° 6.64+0.09° 1.31+0.08° 24.10+0.17¢

Data represents Mean + Standard Deviation from three replicates. Difference letters in the same column
indicate significant differences (p<0.05). English letters represent different sets of experiments. D60: 60% dark
chocolate, D80: 80% dark chocolate, D100: 100% dark chocolate.

NINATBUAMA NN TLEMTUN
miwmaawl'mhzaW]é’uﬁmaqmﬁmﬁmﬁﬁm%ﬂ%aﬂiﬂLLamiusqmmimamﬁmnﬁmﬁ’uﬁa D60 D80 waz D100
(Figure 1) dnwairusngnuinguilaaiimnufisnelagnnismaass D60 Insazuuunseansugefiseiu 8 Aovauuniign
A1AYANTITNARBY D60 WAz D100 ﬁﬂmmummﬁdwaqdqmﬁizﬁv 8 ﬁamaumnﬁqm mﬁaé’uﬁasqmmiwmaad D60 i
ﬂz:LLuummﬁqwdﬂqqqmﬁizﬁu 8 ﬁa%aummﬁqm D80 1{5%%LLuuﬂawuﬁdwaiagaqmﬁizﬁu 8 ﬁmﬁaumﬂﬁlqm Tugu
ndusa  savifuaseumeuTaInduilaaddldsunisiniendmiunismasedudunousioll  lnevhluamaiwaes
ForlnuanazgniuanuauauiimesUssamdnda esnnssenivvesiuslaadutiadoddyiruauanudisa
Man13AtuRaTn (Belcak-Cvitanovic et al., 2015) Wilgdin15nA1I 1A UFUA N LwiQU%Iﬂﬂﬁaxlﬂﬁmﬁuiﬂ%a%aﬂiﬂLLam
vngnsarunasldlvisauAlifisUszad é’fﬁﬁ?ﬁdL‘f’lu%qﬁ'lﬂ‘”zgﬁqmiumsﬁmﬁmﬁja}%’whd6] AavEnarenmuanuy
vasfonlnuan suldun Anurey wazn1seeusuveauilaaduuseiiud1fg (Selvasekaran and Chidambaram., 2021)
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Apparance
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Taste Texture
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a=D60 w=sD80 «=sD100

Figure 1 The sensory test results of dark chocolate products. D60: 60% dark chocolate, D80: 80% dark chocolate,
D100: 100% dark chocolate.

meeseansUseneviisemeldlag Headspace-Solid  Phase  Microextraction  (HS-SPME)  Gas
Chromatography-Mass Spectrometry (GC-MS) vpananinsinisndonlnuanviiniovay 80 (Figure 2) WUIHANIMY
adndenlnuanviiniosar 80 Unngansuseneudisemeliilanidu o Retention time (RT) Wiy 2.9509, 19.8354,
29.5663, 34.6234 wag 37.9293 ﬁamiﬂ‘rﬂaﬂuﬂéu Butanal, 3-methyl- (CsH;,0), Pentanoic acid (CsH;,0,), Acetic
acid, 2- phenylethyl ester (C10H1202) waz Benzeneethanol (CgH;,0) suaau a13Usznau Acetic acid kag propanoic
acid U\?U@ﬂﬂﬁﬂﬁﬂﬂiﬂuqﬁﬂ LLauﬂa‘NUlI ﬁ'ﬁ‘l.]iuﬂ@‘lﬂﬂﬂﬁll benzene ethanol LLﬁ@Qﬂ?WNLUUﬂﬁULL@ﬁﬂ@@@a ﬂau@@ﬂi&l
waYNAWIA (Caporaso et al., 2021)
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Figure 2 The volatile compound graphs for 80% dark chocolate.
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(n$u) warlufon @adnsy) WiguslaaiuldegndnnuuazsudeiiorsliuSoudiouuazidondenansinaien gl
AuAMILAYUINISANTWSaMNIzaNndT TnglanznduiidessedinseTasedlnruinisvseaiuaumin (Fisure 3) lag

nsuansaaIntnvuINsedvgelagindeyavesaseIms 4 vl fe i (Alaunas

aanlnruinisedegevenlimsugmAmdlasumssenioheussyiusisindenlnuanviinosas 80 Ao 1 uvi
msuUsdudssmusiuag 1 ade dlesudsemunuSinadidinuniuss sgldsundaay 180 Alaunas’ taana 8 nfu
lodtu 10 n3u Tnedmdsnu tinna ludu AlduRaidu Sosar 8 Jovay 12 uasdosas 15 vesiaigeaniiuugiily
wlaasodu 9nsenuretasnseusilanuusthogddisinnisuslaathmalitiosninferas 10 vesnsuslaa
Yhanasianun (Belscak-Cvitanovic et al, 2015) sndndenlnuandadudnuuimmisdmiunsiaundenlnuanidl
51mwaﬁWLLdp§U§Iﬂﬂﬁ%’ﬂqmmw
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Figure 3 Nutrition facts and nutrition facts label summary for 80% dark chocolate.
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ayUnanIsAnen
mstmuransusiminoninuananlnlfaeiudiudososiosiu (PA7 NA32) wuhdhaiduvesUiina
ihmafimnyaslumsviwdndusinindonlnuanfiotosar 80 Suuansauaudimaainienmn  sufenmninmig
Uszanmdudaanduilaaiideniseeniuvesiuilnagean Tneviamieussadasi (30 n3u) Wesuuszyumaiunai
Muunaglasundsanu 180 Alaunass

LS4
naussleviviudou
Adeuveysemaitunanuilifnaysslovivivdeu

AnANTINUIENA
YOYDUAMYUYANYUNITIIENATNNUTRUINTIEMINEAT  (2sAmsunivy) Yeuusesnn we. 2564
meldunuamAdoiFesmsuimsdansifiesann  RAINS for Thailand Food Valley vafsweveunnanntuide
wningdesvinaug o diidalenaliinsvesunuatuayunsidodmivyaansitetanldimunnsseunis
aounazyurLTiBiusEsLiles

nsfidausaulunsilisuunainuvesiidey
ANANTIEL war auyAgtu: Waden s, aigBen ASTen, A5 ol N5UHURNITe nnsildu
salunsooniuu mavaaes Manageu ta3esilodn Bnsiiuteya uay criteriaiwdlen tenms, algian A3sven
AisTs newidor. madaufudeya melisgvidaya nisulsua: Wuden wnies. Msiwinginnsalna suans n1s
Wisuifsuiudeasunieasdamg uienguiiiu: siuden lonmes, algian a3seen, as1ys veude. nsfldiuay
Tun191We manuscript: WUlen AW,

LONH11989

Afoakwa, E. O. (2014). Cocoa Production and Processing Technology. CRC Press.

Aidoo, R. P., Afoakwa, E. O., & Dewettinck, K. (2014). Optimization of inulin and polydextrose mixtures as sucrose replacers during
sugar-free chocolate manufacture - rheological, microstructure and physical quality characteristics. Journal of Food
Engineering, 126(1), 35-42.

Andrae-Nightingale, L. M., Lee, S. Y., & Engseth, N. J. (2009). Texture change in chocolate characterized by instrumental and sensory
technique. Journal of Texture Studies, 40(1), 427-444.

Association of Official Agricultural Chemists (1995). Official Methods of Analysis of Association of Official Analytical Chemistry.
AOAC.

Belscak-Cvitanovic, A., Komes, D., Dujmovic, M., Karlovic, S., Biskic, M., Brncic, M., & Jezek, D. (2015). Physical, bioactive and sensory
quality parameters of reduced sugar chocolates formulated with natural sweeteners as sucrose alternatives. Food
Chemistry, 167(1), 61-70.

Broadwin, E. (2018). World Economic Forum. Retrieved from: weforum.org/agenda/2018/01/chocolate-is-on-track-to-go-extinct-in-
40-years?fbclid=IwAR2HpRBVPESDOB-DoCIxc 1JJPEMG60V25WIoRFIThgpAfhXPNykw2TvL Plw.

Caporaso, N., Whitworth, M. B., & Fisk, I. D. (2021). Total lipid prediction in single intact cocoa beans by hyperspectral. Food
Chemistry, 344(1), 128663.

De Vuyst, L., & Weck, S. (2016). The cocoa bean fermentation process: from ecosystem analysis to starter culture development.
Journal of Applied Microbiology, 121(1), 5-17.

Gibson, M. (2018). Chocolate / Cacao. In Gibson, M. (Ed.), Food Science and the Culinary Arts, pp. 341-351. Academic Press.

Guda, P., Gadhe, S., & Jakkula, S. (2017). Drying of cocoa beans by using different techniques. International Journal of Agriculture
Innovations and Research, 5(5), 859-865.

llangantileke, S. G., Wahyudi, T., & Gracia Bailon, M. (1991). Assessment methodology to predict quality of cocoa beans for export.
Journal of Food Quality, 14(6), 481-496.

Ministry of Commerce. (2018). Growing "Cocoa" makes 80,000 baht per Rai! Office of Agricultural Economics Promote instead
of Rubber - Reduces Imports by 50,000 per Year. Retrieved from: www.thansettakij.com/content/356670. (in Thai).

Nazira, S., & Azaz Ahmad Azad, Z. R. (2016). Development of a novel calorie controlled and sugar-free dark chocolate enriched
with guar gum. Journal of Food Research and Technology, 4(2), 39-46.



King Mongkut’s Agr. J. 2025 : 43 (1) : 12 - 19 19

Rakitikun, W., Sirita. J., Yossunthon, P., Changruenngam, T., Nanglae, S. (2022). Analysis of chemical composition to determine the
identity of cocoa in Chiang Rai province. Journal of RPRU Science Mathematics and Technology, 1(1), 20-34. (in
Thai).

Ramsey, D. (2016). Chocolate. Penguin Random House.

Scott, M. (2016). Climate & Chocolate. Retrieved from: https://www.climate.gov/news-features/climate-and/climate-chocolate.

Singleton, V. L., & Rossi, J. A. (1965). Colorimetry of total phenolics with phosphomolybdic-phosphotungstic acid reagents.
American Journal of Enology and Viticulture, 16(3), 144-158.

Srisattabut P. (2018). A study of the amount of fresh butter and the amount of dried longan affecting the acceptance of the sensory
quality of longan chocolate products. Journal of Vocational Institute of Agriculture, 2(2), 48-55. (in Thai).

Wansiri, S. (1989). Cocoa Plantation. Thanakaset Press. (in Thai).



King Mongkut’s Agr. J. 2025 : 43 (1) : 20 - 28 MTEANTINEATHILIOUNAT 2568 - 43 (1) : 20 - 28

nsAnednzimNzanTunsudnAmasivenanAmasu
Optimization of Kefir Fermentation for Kefiran Production

weyanna WesAal', 9381 anudnd’ wasTauwssas giilven’

Benjamas Cheirsilp"”, Jariya Stansat' and Rattanapan Phomchaiya’
Received date: 4 131.8. 66 Revised date: 27 &.A. 66 Accepted date: 29 n.8. 66
DOI: https://doi.org/10.55003/kmaj.2025.03.24.003

UNANEYD

Aesiduuuminiudiosidduiudaansnaenda (Caucasian) ﬁ@mauﬁ’aﬁﬁﬂsﬂwﬁ flsasen uaed
LOANDEDANANBEMY ﬁquLﬁmﬁmmwﬁﬂimaLLUﬂﬁL’%ﬁlLLas%ﬁﬁﬁlaﬁaaﬂuﬁauL%ﬁL’%‘amdnﬁMa%Lﬂiu Taonsmindines
sevilhdeuuniiSouaninlufoudonanansiionmindonidmesy annsnsnsuanamesulnonisusinames
INSUABILUU Ae AmednsuhfidssthusniuasAmledinsunaidssdounan wuiAmesinsuLLiinLaLse
TunswanfmlasulaznsauaninldnnniAmedinsuiugndn sl.ummxﬁﬁLW@‘%&W%W%’WﬂﬁmmémLamuaaqqﬂdw uay
Wudﬂﬂwsuﬁﬂﬁqmmﬁ 30 pernwaldua vhldAmladinsuiusninaaAmesy nsaLanRn LLasLamuaag_jaﬂ’hmwﬂﬂﬁ
gaunil 37 serwaigya 1u%m3ﬁﬁLW@%Lﬂiuuuiﬁm‘iNamﬁLW@%ULL@%H?@LLaﬂaﬂiﬂﬁLﬁﬂdﬁuﬁiﬁqmﬂﬂuﬁ 30 uay 37 99N
\alyd L.wiﬁqmmﬁ 30 peAwaLTYE IﬁmiwﬁmLamuaaquhﬁqmmﬁ 37 perwaliud uavnuinUSinaiidenmes
nsuuNEuduitosas 1 TnethminAmesnsudondeulimsuy  waznnsvsnuuylaie Tinsuanfmesuligsan
Wi 73.63 TaanSusioUSunnsus 120 Sadans eanneivenzaudldannisdnuiannsaléduuumdunisuand
wosulpensusinamesie
Frdndny: Ales Awledu Alefinsu uuan thuznin

Abstract

Kefir is native fermented milk derived from the Caucasian. It has sour taste and alcoholic qualities
caused by the fermentation of yeast and bacteria embedded in kefir grain. By fermenting the kefir, lactic acid
bacteria in the grain produce the viscous polymer called kefiran. Kefiran was produced from kefir grains via
fermentation with coconut juice or fresh milk. It was found that kefir grains in milk produced higher amounts
of kefiran and lactic acid than kefir grains in coconut juice while kefir grains in coconut juice produced higher
amount of ethanol. It was also found that at 30°C, kefir grains in coconut juice produced higher amount of
kefiran, lactic acid and ethanol than at 37 °C. Additionally, the initial seed inoculum of kefir grains in milk at 1%
of kefir grain wet weight by milk volume in static condition yielded the highest amount of kefiran at 73.63 mg
per 120 mL of milk. The optimal conditions obtained in this study may contribute to the production of kefiran
through kefir fermentation.

Keywords: kefir, kefiran, kefir grains, fresh milk, coconut juice
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(Zajsek and Gorsek, 2010; Arslan, 2015) Ss@ulosiannsaldnluminiotienszdugguuu shlilumigdouens wi

! guditemniudeuianssumeluladfanmiomsliussloviminenstanimediediiu auzqnamnssuinyas
NIINIRUEVATUATUNS deuan 90110

! Center of Excellence in Innovative Biotechnology for Sustainable Utilization of Bioresources, Faculty of Agro-Industry, Prince of
Songkla University, Songkhla 90110
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Figure 2 Physical appearances of water kefir grain (A) and milk kefir grain (B) under microscope 100.
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Table 1 Effect of temperature on water kefir grain fermentation in coconut juice

Temperature Kefiran in broth (mg/20 mL) Total kefiran Lactic acid Ethanol

B1 B2 B3 B4 B5 B6 (mg/120 mL) (mg/mL)  (mg/mL)
30°C 377 531 455 301 467 959 30.90 2.23+0.06°  15.50+0.97°
37°C 428 444 163 328 317 3.01 19.81 2.12+0.03°  12.49+0.11°

B1-B6 represents each batch of cultivation. Different superscript letters indicate significant differences between treatments.

Table 2 Effect of temperature on milk kefir grain fermentation in milk

Kefir grain Kefiran in broth (mg/20 mL) Total kefiran Lactic acid Ethanol
/Temperature Bl B2 B3 B4 B5 B6 (mg/120 mL) (mg/mL)  (mg/mL)
G1/30°C 9.61 6.59 6.48 8.25 8.60 6.97 46.5 3.84+0.25% 1.61+0.00°
G1/37°C 8.70 9.83 11.15 7.59 7.28 7.18 51.73 4.16+£1.03"  1.30+0.10°
G2/30°C 12.17 1044  8.62 6.45 6.80 5.62 50.10 4.51+0.64° 2.47+1.53°
G2/37°C 11.34  7.80 6.76 7.59 6.68 8.31 48.48 4.13+1.28°  0.46+0.33"

B1-B6 represents each batch of cultivation. Different superscript letters indicate significant differences between treatments.
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Table 3 Effect of inoculum size on water kefir cultivation in coconut juice

Inoculum Kefiran in grain Kefiran in broth (mg/20 mL) Total Lactic Ethanol
size % (wW/w) (mg/20mL) Bl B2 B3 B4 B5 B6 kefiran  acid (mg/mL)
(mg/120  (mg/mL)
mL)
0.5% 0.18+0.04°  0.11+0.01° 3.77 531 4.55 3.01 4.67 9.59 30.99 2.23+0.06° 15.50+0.97°
1.0% 0.37+£0.04°  0.08+0.02° 4.22 6.41 2.91 7.32 6.89 5.10 32.96 0.96+0.37°  4.77+0.76"

B1-B6 represents each batch of cultivation. Different superscript letters indicate significant differences between treatments.

Table 4 Effect of inoculum size of grain G2 on milk kefir cultivation in milk

Inoculum Kefiran in grain Kefiran in broth (mg/20 mL) Total Lactic Ethanol
size % (wW/w) (mg/20 mL) BT B2 B3 B4 B5 B6 kefiran acid (mg/mL)
(mg/120 (mg/mL)
mL)
0.5% 0.84+0.38%  0.25+0.06° 6.21 562 527 575 551 443 33.04 3.73+1.03% 0.66+0.21°
1.0% 0.70£0.10*  0.28+0.06° 1147 1482 14.14 11.86 10.05 11.01 73.63 4.15+0.56" 0.59+0.06°

B1-B6 represents each batch of cultivation. Different superscript letters indicate significant differences between treatments.



26 MTENTNYATNITIDUNGT 2568 : 43 (1) : 20 - 28

navasn1sTennAsanisusinAasivenanamasy

PnmsAnnslfensenisunAmesindsnsigiiaaEseu 0, 60 way 120 seusewi ﬁqmmﬁ 30
psrwaldua Wunan 6 Su IngldReudasududosas 1.0 nansvaaaLansss Table 5 wuimswEfoaEIseu
60 waw 120 soUdBUT ISR ulufouidsliunndnsesneditud i uazganimsliugudndes luduvenh
wiAwesh  wuihmsifiuausiseuinailrunamesusluensanas InefuSinafmeduiify  32.86,
23.88 Way 18.05 {adnsusia 120 Hadans @ua1eau LLasWUdﬂ‘U’%mmﬂﬁmLLaﬂaﬂLLazLamuaagaqmlﬁaﬁﬂmmehﬁ
AMU5750U 60 SOUABUNY ﬁgqumﬁ]Lﬁaqmmﬂmﬁdwiauaaﬂ%wuﬁmmsauﬁﬂﬁdaLa%:uﬁf\mﬁmmmjm%amammml,a
ARNLLALLENIUDA (Setiawati et al., 2021)

annsanensiiernafesinsuLLi s TinuiEaseu 0, 60 way 120 sousewnd ﬁqmmﬁ 30 D9F
wadva Wunan 6 Tu lngldfoudosududonar 1.0 faU3nsems NansnnasiLanss Table 6 wuiniswely
Usinasfmesuldunnsnstuesnaditoddy  winvinsdfisaunstlunswendeailivnadmesuluomsanas
Tnefinsidsauuldwgliunammesuwiiu 73.63 Jadnfuse 120 fadans sesawnidunisweriiamugisou 60
way 120 sousteund AliUSunammesuiiy 68.38 uaz 53.41 fiadnSude 120 fadans auadidu azdiuldinnasly
pnadnavilintsnanfesuluomsanas MioraideunanuuaiiGensawanininsasyuaznanimeSulda
neldanneiilifionna Wevhnsfnuusinawssnsawaninuasionueanuitnisldnnuilunisiwgnd 120 seuse
Wl WUSununsakaninasaniniu 8.55+0.43 dadniuseliadans win1swend 60 seusewd Tnnswameviuea
aeaniiy 1.74+0.41 fadnuseliadans Turuefienddoves Zajsek et al (2013) fivhnsfnwannzlunisudnde
SuresAwesinTu 'wmfwﬂﬁL?ﬁu&JdﬁLWa%Lﬂiuuuﬁqmmﬁ 25 erwalfed wavliug1aeA1LsI5eU 80 Sousew it 1Hu
e 24 $lug lAUSInauAmeSuasaniiu 7.14 Tadnsusieliadans Fannnimsidssuyliwg Aiusinue
Suiies 1 Jadnsuneliadans ﬁgquma]LﬁaqmmﬂmjuL%aﬁLmﬂ@hdﬁ’ﬁluﬁauﬁaﬁLWa%Lﬂiu

Table 5 Effect of agitation on water kefir fermentation in coconut juice

Agitatio Kefiran in grain Kefiran in broth (mg/20 mL) Total Lactic acid Ethanol
n % (w/w) (mg/20 Bl B2 B3 B4 B5 B6 kefiran (mg/mL) (mg/mL)
mL) (mg/120
mL)

0 rpm 0.11£0.12°  0.01+0.01° 422 641 290 732 6.89 510 3285 0.96+0.37° 4.77+0.76"
60 rpm 0.30+0.04° 0.10+0.01° 301 341 314 366 7.20 337 2388 1.60+0.33° 13.79+4.47°
120 rpm  0.40+0.05° 0.07+0.01° 231 230 181 317 445 392 18.05 0.66+0.11°  8.28+0.69°

B1-B6 represents each batch of cultivation. Different superscript letters indicate significant differences between treatments.

Table 6 Effect of agitation on milk kefir fermentation in milk

Agitation Kefiran in grain Kefiran in broth (mg/20 mL) Total Lactic Ethanol
kefiran  acid (mg/mL)
% (wW/w) (mg/20mL) BT B2 B3 B4 B5 B6 (mg/120 (mg/ml)
mL)

0 rpm 0.70+0.10°  0.25+0.06° 114 148 141 118 100 11.0 7335 4.15+0.56" 0.59+0.06"
60 rpm 0.54+0.16°  0.27+0.07° 11.51 11.22 1250 11.01 10.79 11.08 68.38 3.18+0.88" 1.74+0.41°
120 rpm  0.76+0.22°  0.51+0.10° 10.47 10.76 4.24 9.08 8.69 9.65 5341 8.55+0.43% 0.66+0.03°

B1-B6 represents each batch of cultivation. Different superscript letters indicate significant differences between treatments.
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Abstract

This study aimed to develop melon wine through fermentation technology in order to increase the
value of melon. Two varieties of melon, Momo (orange pulp) and Kimoji (green pulp), were used for wine
production. The effect of dilution of extracted melon juice by water at 1:0, 1:1 and 1:2 ratio and fermentation
duration at 2, 3, 5 and 7 days were studied. It was found that green-pulp melon juice could be processed into
wine product faster than orange-pulp melon juice. The optimal conditions were dilution ratio of extracted
melon juice with water at 1:2 and fermented with commercial yeast Saccharomyces cerevisiae for 2 days. The
melon wine received an average liking score of 7 on a nine-point scale indicating acceptable sensory quality.
This study also attempted to increase wine fermentation efficiency and reduce the cost of inoculum preparation
by performing repeated-batch fermentation. The repeated-batch fermentation using the culture broth as the
inoculum for the following batch could be performed up to 4 cycles with high fermentation efficiency. This
method not only reduces the inoculum preparation cost but also shorten the fermentation time. To improve
the taste, the green melon wine was formulated by adding concentrated melon juice at wine to juice ratio of
2:1. The formulated green melon wine showed better taste and received higher average liking score of 7.3.

Keywords: melon wine, wine fermentation, repeated-batch fermentation, product development
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Kimaoji melon juice Juice: Water 1:1 Juice: Water 1:2

Momo melon juice Juice : Water 1:0 Juice : Water 1:1 Juice: Water 1:2

Figure 1 Preparation of melon juice for wine fermentation.

Table 1 Sensory evaluation results of melon wine with different ratio of melon juice to water

Ratio of melon juice Sensory evaluation results

to water Appearance Color Odor Flavor Overall

Green melon

1:0 7.17+1.41° 6.90+1.42° 6.47+1.64° 5.43+1.28° 5.37+1.62°
1:1 7.00+1.31° 7.83+1.30° 6.26+1.63° 5.93+1.80° 6.47+1.06°
1:2 7.43+0.84° 7.30+1.27° 6.43+1.20° 6.70+1.13° 6.93+1.06°

Orange melon

1:0 7.00+1.39° 7.13+1.41° 6.00+1.79° 5.40+1.65° 6.17+1.57°
1:1 7.37+1.11° 7.27+1.15° 6.53+1.69° 5.93+1.84° 6.43+1.50°
1:2 6.50+1.54° 6.30+1.72° 6.57+1.26° 6.67+1.60° 6.87+1.38°

Different superscript letters in the same column indicate significant differences between 6 treatments (p< 0.05).



King Mongkut’s Agr. J. 2025 : 43 (1) : 29 - 37

a) Alcohol production

o 1 2 3 4 5 6 7
Fermentation time (days)

b) Total solid ([Brix)
25

= = N
= b O

wn
1

Total s olid ( oBrix)

<=

0 1 2 3 4 5 6 7
Fermentation time (days)

c) pH level
4.7

42
o
a,

3.7

3'2 1 1 1 1 1 1
o 1 2 3 4 5 6 7

Fermentation time (days)
—8—1:0, —©—1:1, &

1:2
Figure 2 Effect of melon juice ratio on

fermentation of orange melon wine at room

temperature for 7 days. There was no significant

difference between treatments for alcohol and total

solid at day 7 (p>0.05).

Nava9sTazIat lun1sulnlidinadauiiadiden

33

a} Alcohol production

o 1 2 3 4 5 6 7

Fermentation time (days)
b) Total solid ((Brix)
30

b et (™) [g™]
< wn [} n
T T T

Total solid ( oBrix)

o 1 2 3 4 5 6 7

Fermentation time (days)

o W

o} pH level
4.7

4.2
s
c.
3.7 F

3.2 1 1 1 1 1 1
0 1 2 3 4 5 6 7
Fermentation time (days)

1:1, Zx

—=—1:0, —®© 1:2
Figure 3 Effect of melon juice ratio on
fermentation of green melon wine at room
temperature for 7 days. There was no
significant difference between treatments

for alcohol and total solid at day 7 (p>0.05).
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Table 2 Sensory evaluation results of green melon wine with ratio of melon juice to water at 1:2

Sensory evaluation results

Incubation time (days)

Appearance Color Odor Flavor Overall
2 6.96+1.35° 6.93+1.31° 6.56+1.49° 7.06+1.33° 7.10£1.19°
3 6.73+1.36° 7.03+1.47° 6.23+1.94° 5.96+1.55" 6.50+1.40°
5 6.76+1.40° 6.76+1.30° 6.33+1.63° 5.36+1.60° 5.60+1.11°
7 6.66+1.44° 6.86+1.35° 6.00+1.50° 5.60+1.68" 5.63+1.53°

Different superscript letters in the same column indicate significant differences between treatments (p< 0.05).
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(Dashti and Abdeshahian, 2016) 1uﬂ15'1/1maadﬁiﬁv‘hmwﬁﬂhﬁméamwuﬂxszjg'lflu’wm 4 59U HaNISNAABIRILERATLY
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g;mﬂ’j'm'lﬂ%’ﬁ’m%aﬁaﬁﬁm%ﬂmleu'lm”Lsush wiioradeanmndadiinsesyldiniluanneiifoondiou il
Lszjaél,’?uﬁugm’h %dﬁaﬁﬁmimammaﬂaaaéqﬁﬁaaag 12.5740.05 TneUsuns Tuthluedl 48 uazawnsansinaoldd
s0UTi 4 Efiné’hﬂﬂ.ﬁﬂ%mmuaanaaaéﬁgﬂﬂa’lﬁadﬁ’umwﬂﬂimauﬁ 1 fi¥ovay 12.13+0.19 lneUSunns s‘ij‘l’qqﬁﬂdwmwﬁﬂ
Tiildvierinsenlnglsildugnde Insfadnanusanesedluiilusd 48 ld%esay 11.33£0.47 InoUSuns uatinsuan
dintalungdl 2 Fandoueanosedliforay 12.00+0.00 TneUiuns uazndnueanosedldanadlungii 3 uaw 4 ogfisos
8% 10.0040.00, 10.22+0.25 lmgU3uns auasu %dﬂ’]‘ﬁﬁﬁﬂLL‘U‘Uﬂz‘l%l;ﬂumiﬁﬂ‘lﬂ’l‘lﬁﬁﬂi%%%%ﬂ’lwiumiwﬂﬂﬁ’sjdﬂzﬁ il
sou luvausit Liu et al. (2021) Aidnennsninlong greengage wuunyan 3 seu wuindevasusanesediidarnanldanas
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Table 3 Repeated-batch fermentation on melon wine fermentation using shaken and non-shaken inoculum

Batch  Use of shaken inoculum for the 1% batch Use of static inoculum for the 1 batch
No. Residual sugar (°Brix) Ethanol (%) Residual sugar (°Brix) Ethanol (%)

24 h 48 h 24 h 48 h 24 h 48 h 24 h 48 h
1 13.67+0.47° 6.33+0.47° 7.67+0.12°  12.57+0.05% 16.33+1.25%  9.00+0.00° 4.97+0.05°  11.33+0.47°
2 12.00+0.00° 7.00+0.00° 9.00+0.00°  12.00+0.00° 13.00+0.00°  8.00+0.00° 9.80+0.16°  12.00+0.00°
3 12.00+0.00° 7.00+0.00° 8.00+0.00°  12.00+0.19° 13.00+0.00°  9.00+0.00° 8.00+0.00°  10.00:0.00°
4 10.00+0.00° 7.00+0.00° 8.00+0.00°  12.13+0.19° 10.00+0.00°  9.00+0.00° 10.00+0.00° 10.33+0.25°

Different superscript letters in the same column indicate significant differences between treatments (p< 0.05).
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LLaaﬂaaaéﬁﬁhamadlﬁadmﬂhﬂgﬂLﬁd]aﬁmé’awgﬁl,uéauaﬁ’m Tneitdnaulirothwdeudt 2:1 WUSunueanegedaan
f%evay 7.640.10 dmsuiidnanlairetudeud 1:1 TWUsnausaneseddesas 6.15+0.15 Fedmluriesiulvnesi
fusanosodeglutasiosay 1.2-8.5 (Liu et al, 2022) wasdiaruvusnandiladitily dwsunssasiludndaulaiderh
wdeud 1:2 ﬁ?uﬁﬂ’%mmn,t,aaﬂaaaa‘ﬁaaﬁqm LaETINNANTTNA@OUAYIITEUNISUsEaTddE wudinnauldevu
aounndnsndiu 2:1 lasupzuuluidaziulidunnsnsiuesadliiud ey (Table 5)

Table 4 Effect of melon juice blend with green melon wine

Ratio of wine melon to

o pH Total acid (%) °Brix Alcohol (%)
melon juice
1:0 3.89+0.01¢ 0.30+0.00° 9+0.00° 12.05+0.05°
2:1 4.06+0.01° 0.18+0.02° 1240.00° 7.60+0.10°
1:1 4.30+0.01° 0.1340.02° 14+0.00° 6.15+0.15°
1:2 4.54+0.01° 0.10+0.00° 1740.00° 3.35+0.15°

Different superscript letters in the same column indicate significant differences between treatments (p< 0.05).

Table 5 Sensory evaluation results of melon juice blend with green melon wine

Ratio of wine melon

Appearance Color Odor Flavor Overall
to melon juice
1:0 6.77+1.43° 6.57+1.52° 6.73+1.24° 6.17+1.65° 6.43+1.36"
2:1 6.57+1.52° 6.63+1.56° 7.13+1.31° 7.1041.22° 7.3041.19°
1:1 6.80+1.37° 6.87+1.45° 6.77+1.27° 6.43+2.01° 6.76+1.17°
1:2 6.60+1.52° 6.63+1.54° 6.73+1.28° 5.93+1.93° 6.33+1.47°

Different superscript letters in the same column indicate significant differences between treatments (p< 0.05).
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Table 6 Comparison with the Thai community product standard (Ministry of Industry, 2003)

Chemicals Criteria Melon wine Melon wine blend with melon juice
SO, < 300 mg/L ND ND
Copper <5 mg/L 0.170 mg/L 0.140 mg/L
Iron < 15 mg/L 1.550 mg/L 1.190 meg/L
Lead < 0.2 mg/L 0.020 mg/L 0.030 mg/L
Arsenic < 0.1 mg/L 0.020 mg/L 0.020 mg/L
Ferrocyanide 0 mg/L ND ND

ND means not detected.
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Tasle 120 5u wazduiindmdnasuasimdnuisesdrumienu Ysunalslasiauodeanled (H,0,) wazarsuoulnsn
s1llad nansnaasmuIsERUmIELdmalEinzanelasiithinanuazminusanasuiuSina H,0, Wiuay
peildydAy LLazLﬁ@lé’]’%’umﬁmv&ummw%uﬁﬂﬁﬁmﬁmﬁuﬁwas H,0, anasegiitedfydefisutuiimeans
Iﬂﬁﬁlﬂlm"%“urmﬁmvdummmia%u venaniifmuianuduvildusinaasueulnsns nladazaunnluiimezanelas
Lﬁ@ﬁﬂWumsv_gLma%uﬁﬁw"’ummvﬁuﬁu 150 By vinliuSaansueulnsnsilnladseviretminuasU3unaans
LLauImiﬂsﬂwbl,aﬁﬁgaﬁuaxaugnﬁqmasi’mﬁﬁfaéhﬁ’fg fisesiu 80.7 war 307.1 fadn3/ndu muady
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Abstract

Salt stress is considered the most environmental factor for limiting yield and metabolite content of
many plant species. Putrescine is an organic substance consisting of two amine groups. Putrescine plays an
important role in many processes in plant growth and stress responds. This study investigated the effects of
foliar application of putrescine (C4H;,N,) on yield and andrographolide content of Andrographis paniculata
under different salinity levels. The research was designed with completely randomized experimental plan
(Factorial in CRD) replicating 5 times with 2 factors in Kamphaeng Saen soil experimental sample. Factor A
indicated sanitary level which were at 0, 5, and 10 dS/m, and Factor B indicated putrescine concentration which
were at 0, 150, and 300 ppm. Harvest was 120 days after planting. Dry and fresh weight of the shoots, H,0,,
and andrographolide content were recorded. The results indicated that salinity level caused a significant
decrease in fresh and dry weight of the shoot but there was an increase in H,0, content. The application of
Putrescine foliar significantly increased the weight and decreased H,O, content compared to no Putrescine
application. It was also found that the salinity caused the accumulation of andrographolide in Andrographis
paniculata. The cumulative amount of andrographolide was significantly at the highest at 150 ppm of Putrescine
at 80.7 and 307.1 mg/g, respectively.

Keywords: Andrographis paniculata, andrographolide, salinity stress, putrescine concentration
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NAN1SANEILAZIRTA]

1. wdhanuazulauidumieny

dlofinsamavestiade A (sefuarundy) setminanvesimzatelas nuidminananauiesyiuarndy
Wiy an Table 1 LLamﬂﬁLﬁu’jwﬁmzmaia]ﬁﬁﬁmﬁfﬂama?iagdqmLﬁ@iﬂﬁ%’ummtﬁu (18.31 nfu/Au) uazilam
uwansnsfuegreiiteddnmsadatuimzatelasildsuanufusedu 10 waTwudiuns wandidfuinfimeanslasi
Iisuanudnanledeslossuiimnududugedmaausdonandniimeareles ilesnlefelosoulufufifiamududu
a ﬁﬂﬁsmﬁ%@mﬂfﬂﬂ%ﬁmm wagirraiig ihlugmsvhanelassairaderiuead n1sanianssuvesoulesising o
LAYSTUUNSALATIETLES (Kumar et al,, 2017)

dlefirsamavedtiads B (rududuresymsatu) dethudnanvesiimeaslamwuinhvinaniiuuald
Lﬁu%uLﬁaﬂawuL%'Mﬁi’fwuawma%mﬁwﬁu 970 Table 1 LLamﬂﬁLﬁudwﬁmzmaiaﬁﬁﬂfmﬁﬂamaﬁaqqqmLﬁ@lﬁ‘ﬁ”w_ymsa
Fu (16.60 NTU/A1U) LLazﬁmmLmeﬁhdﬁ’uashaﬁﬁaﬁwﬁ’zymnaﬁaﬁ’uﬁmﬂfﬂamLaﬁﬂﬁiﬂiﬁ%’umﬁmﬂuwjmsa%u n9RANY
aswsady Fedaiduansesaluladulandaimihimuauussiuesalufinszuinsnelutazmeusniead (Suleiman
et al, 2002) vilimzanelasildzuamuduaunsadiduianssuliund aenndesiuaniddedu q Avgniivlufuda
waEAANUAILEANTNNIETY Usingimwananuinniinskidariuansywmsadu (Elbar et al, 2019; Suleiman et al., 2002;
Zapata et al., 2004)

minfinsantadesusevinssiuauduazenududuvesansymsaty  Aldlunisugnitmzatelasnui
Haferuilifdviwadetmingn wuhnsdariuasynsafuiissiuenududy 150 Adulufimeaneililduemnm
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LAY Eiawas[,ﬁ"fmﬁ’ﬂamLaﬁaﬁwwgaﬂaiaigﬁﬁqm 2091 ndw/mu waneneannskdlasunisdanuansinsaduegnad
foddny idunszamymsaduriisanranszunaiasnananminedendu filildfudnnueionainandsls
(Gill and Tuteja, 2010) LLazmﬂlﬁ%’Umﬁmﬁuqdﬁ EC L3y 5 o ud/iuns mﬁﬁﬂw'umiwumsa%uﬁszﬁummLSi'J’m’J’u
150 fiLdu mmaaﬁﬂﬁﬁmﬁnamﬁLLmﬂ@hdmﬂﬂwmmaia]sﬁﬂgﬂiuamwﬂﬂa (@nwlidlssuanuhuuazlidanuansy
w3adw) widiihmzanelaslasuanufugsda EC 10 dTwud/wns ﬁi’ﬂLﬁuﬁauﬂ'umwL%'usi’fwuaamsw“l,ma%uﬁwzﬁu
300 fiLOU %ﬁ]zﬁmﬂﬁﬁmﬁﬂambjLmﬂammﬂﬂmsmaiﬁlsﬁﬂgﬂsluamwﬂﬂa

é{’m%"umaLLﬁdL@?ﬂl&Jm'aéfuléfuam%aaﬂalﬂiuﬁﬂmwLﬁmﬁuﬁmﬁﬂam wansly Table 1 namdethmzanelesh
hﬂmy%’ummLﬁﬂﬁmauﬁnqqﬁqm Ao 4.47 n$u/du Hmzaelasfildsuanuduiiiauis 2.47-3.45 n$u/du wanenean
Hmzanelasildléuanunfuesnadiodfynieadn m‘iﬁm‘w'uwjLma%uﬁgqaaqszé’ummﬁwﬁu ilvisnauiaaane
MnludanusgefidedrAgyneada wildnuladusiwszninsaeslady

Table 1 Mean of shoot fresh weight and dry weight at different salinity level and putrescine concentration

Shoot fresh weight (g/plant)

Mean' (Factor A = salinity

EC (dS/m) Putrescine (ppm)
level)
0 150 300
0 17.66bc 20.91c 16.34bc 18.31B
9.63ab 17.67bc 15.76bc 14.36AB
10 4.29a 11.23abc 14.26bc 9.93A
Mean? (Factor B = Putrescine
10.53A 15.45B 16.60B ns
=
Shoot dry weight (g/plant)
0 4.60cd 5.09d 3.73bcd 447 B
2.13ab 4.54cd 3.67abc 345 A
10 1.27a 2.55abc 3.58bcd 2.47 A
Mean? (Factor B = Putrescine
2.66A 3.89B 3.66B ns
conc.)
P-value (shoot fresh weight) P-value (shoot dry weight)
-EC 0.01 (¥ -EC 0.07 (*)
-putrescine 0.54 (ns) -putrescine 0.64 (ns)
-interaction 0.44 (ns) -interaction 0.12 (ns)
-CV (%) 40 -CV (%) 37

'Means followed by different vertical capital letters are significantly different at P < 0.05 according to Duncan's
multiple range test.
’Means followed by different horizontal capital letters are significantly different at P < 0.05 according to Duncan's
multiple range test.

ns = not significant

2. Usualalasiaueseanles (H,0,)

nsnTvineyyadasylugy H,0, TUsunawanssiusgsiitedfyvneada Figure 1 wanslfiiunisifiatuves
H,0, ANSEAUANULAL LLazamadashdﬁﬁ’aﬁﬁzyﬁaﬁmiﬁmw'umsw“mﬁa%u #e P-value #n31 0.00 wavduusyans
vo3muuUsUTIu 27% wandliduhuilduauuilifeduanefouyadassUiinasnniu uazeyyadaszanas
15Lﬁaﬁmsﬁmv€umimmia%u athalsfmurzdanalaifeililaunnudy fvfdunsizd H,0, YSunandntdosegudn
iesnluanmunfwadiiviinisairseyyadastlnoanzUssinnesndiaurinlioufiien  (Reactive  Oxygen
Species; ROS) Wtelinszaunszuaunsmunueaaluiiz (Osotsapa, 2017) udiilefivegluaninuindondiliunaufivd
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auasanazlilasunsBaniuansymsadu fvezdunsiziouyadass (H,0,) Usunagdiuinn 9 4.33 10u 6.90-
7.63 lulpslua/fiadndu ullefinmsdanuanswmsadu vili H,0, anas ilesanarsymsaduluasiifiuszguanun
(polycationic compound) Fsausaduivluanafiiulszgavveseendiausialineufisen vlilasuoyyadassly

Juansiiliisunsiesewad (Gill and Tuteja, 2010)

Il No NaCl [ NaCl (5 dS/m) m NaCl (10 dS/m)

10.0
7.63
8.0 6.90
B 5.60
S 6.0 5 T 4.93
5 : 4.07
S 40 333
N
I
» I
0.0

0 150 300
putrescine (ppm)

Figure 1 The influence of putrescine concentration on the H,0, content under different salinity levels.

3. Ysunaansuaulasnalnlad
9 & o v A o 1 H o o A M ove
sauauAnyliimeanglasivsinamsueulasnililaddenthsininuisgannninnldldsunaain

AILAL (Table 2) wasfiAnunniign (82.1 fadnsu/niu) WeldSuruifugsiigafl EC 10 wdwud/uns ldunnsneiu

aa A4 v vy 2 o a s °o w Y & o ¢ s
meadmlalasuanufud EC 5 waduud/iuns dmsuihmgaglasnlilasunnuauiimduaseiioulasnsilas
avaululutiosiian fie 44.6 Tadndu/nsu eannsssunivesiimearelasanusadunsieasuoulasnainladle
sgiunilsegudy  widlaldsumnudnanniuasiliiieanimanueseadnseAuliisduaszioyyadaszadu  lu
annilenyadassannduiirazasanalnnsuiui 2 mede 1) Ysuaisenieuen Wy anvuelu vilenududures
asweulasnanladdenuilugs 2) afwansuunueladvisgliunavauiiedndunsevianseuyadastlanadlalyd

q

1NLARDURSI8AUAaNY (Abd Elbar et al., 2019)
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Table 2 Andrographolide content by dry weight and by dry plant weight

Andrographolide mg/g (w/w)

Mean' (salinity

EC (dS/m) Putrescine conc. (ppm)
level)
0 150 300
34.7a 47.6ab 51.3ab 44.56A
68.7bc 83.1c 66.9bc 72.9B
10 63.0abc 111.3d 71.8cd 82.1B
. Mean® (Putrescine conc) __ 555A ! 80.78 ! O3 AN N
Andrographolide in plant (mg/dry shoot weight)
0 165.7ab 246.9abc 194.8ab 202.4
144.5ab 400.9c 182.4ab 242.6
10 73.4a 273.5bc 236.7abc 194.5
Mean? (Putrescine conc.) 127.8A 307.1B 204.6AB ns
P-value (Andrographolide mg/g (w/w)) P-value (Andrographolide in plant)
-EC 0.03 (*) -EC 0.54 (ns)
-putrescine 0.02 (*) -putrescine  0.00 (¥)
-interaction 0.49 (*) -interaction  0.31 (ns)
-%CV 36 -%CV 46

'Means followed by different vertical capital letters are significantly different at P < 0.05 according to Duncan's
multiple range test
’Means followed by different horizontal capital letters are significantly different at P < 0.05 according to Duncan's
multiple range test

ns = not significant

Ha3ATIEWLY Table 2 wandliiiuinnisdanuansymsadu lsiUsuaansueulasnsinladsetmiinus
\issnnd (Table 2) L,Lazﬁﬂ%mzumiu'mﬁqmLﬁ'aﬁqumﬁmmsa%uﬁszﬁummLsﬁ'u%u 150 ALY wanenaanimeaney
Tasiildlasunsdaiunazlasunisdanuil 300 TSy Lﬁmmﬂwﬁwﬁmmmmmia%ua'qLaéuﬂismumié’qLﬂswﬁu,aq
nsrAuNsAuATsRuvveladuaratsinueyyadasenateviin Wy aisualsiiuesd nagmlnlew uweulnleendu (Ben-
Asher et al., 2006; Tian et al., 2009; Verma and Mishra, 2005) 3adululdnansynsaduaivayunisdauasiziians
waulasnsllanluimranelasie Lwimﬂ%msw“mia%uﬁmmL%u%uuwrwt,ﬁuiﬂ 913nsgAuNIYIuTeseulYiens
3flufansuendiaa (arginine decarboxylase) vliAan15n K (Islam et al, 2021) msiifsvialnunadoudmwals
naindeunedianmsevlurselsnanadifntunniAuly Silnaseursshufisentusendiadluvinudy iadueyye
Saiz‘waﬂaaﬂ%muﬁdmlwiaﬂﬁﬁ%m (reactive oxygen species, ROS) wazdvhanspaelsnand dudueiuredifans
AaBlsTladusIYRY Aralsaddgnyinated LN n1seak" GeihliAnanuuaniisweuwssiueealudaseningad
ANAULTARTIABIBE19TULSS LﬁaqmﬂLmaé@ms%maﬂwLmaL%sJulaaauaaﬂlﬂmﬂLSIJaé é’fﬂémmﬁﬂumaé@uqmdwﬁw
Falwasennnadauluwaddndes  iliussiunelugadauazanas  dlvdnstauinlulunaiuiy Faaanis
Jupswiua wanfnmsamenaslsiiad  luflaaduinamendeseaelsiied svdunaiiudludn  nismeveadsly
U9 Aanansly Figure 2
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a) EC 10 dS/M with putrescine 300 ppm b) EC 10 dS/M without putrescine

Figure 2 Chlorosis symptom on Andrographis paniculata under EC 10 dS/m a) treated with 300 ppm

of putrescine 300 ppm and b) without putrescine.

a4 o a s v i 9 3 1 i ¢S v i

derwmySinaasweulasnsliladdesunud  szduanudulifinadeansuoulasnalilanvisiy  usnis
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wsaduiiszauanuidudy 150 ARy SnaseUsuaasweulasnaiiladnsivadign sewmanfetmearelasfidanuy

o Y v v Na @ ' Y a S A A '3
ansynsaguinssauaunty 300 B duthngarelasildlansanuasymsaduiiviinaasueulasnsinlad
Y v b A A vo =3 - an ¢
Neuiigalnglangiimeanglasilasuaufugsi EC 10 wndTuud/uns

ayUnanIsAnen
nsugnitmeanglasluiuiléfunansenuananudy  viliuondnitmsanelasanasnn  usvilsfteding
Ususalunisdaesesimsuunusladfniy luiitdeasuoulasnsiwles wanidofimsdanuasymsaduiissduan
Wty 150 ffdy azthevlinandauasUiinamueulnsnaiwladgaiuannuansnnlilddanumiodavuymsa
Fuilsziuanuitutugsde 300 ATy

¢ v Y
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ANARSEY (idea) uar auyfgiu, MsUfTAnside msfidwsnlumseoniuu mameaes mIvedey
indesilotn Bnsiiudeya uay criteria, Msdaifiudeya mslinsizsiteya nsudana, MsInNiasala nsuans
nmsisuliisuiudeasuvioosdmnuivionquiiin, msfldwsnlunsideu manuscript: Yaydm aszgadaady. ms
UJURN33 nsfidwsdlunsiiudeya, nmsdaiudeya mslnszideya nsudana: nunns duun.
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Effects of Protein Levels in Total Mixed Rations on Feed Intake Digestibility and Growth
Performance in Dairy Goats when Fed with Leucaena leucocepphala Silage as Roughage
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Abstract

This experiment aimed to study the effects of protein levels in total mixed rations on feed intake
digestibility and growth performance in dairy goats when fed with Leucaena leucocepphala silage as roughage
source. Eight goats (four females and four males) were divided into two groups (each group consisted of two female
and two male goats). There were two treatment groups; T1 = 8.0% CP in total diet and T2 = 10% CP in total diet.
Leucaena silage was used as a roughage source. The ratio between roughage to concentrate was set at 40:60. The
results showed that protein level in mixed ration affecting the feed intake, average daily gain, and feed conversion
had no statistically significant difference (P>0.05). When the goats were fed with total mixed rations (TMR) containing
high and low protein, the feed intakes were 708 and 678 gDM/d, respectively. The average daily gain in goats that
were fed with TMR containing high and low protein were 100.80 and 112.90 g/d, respectively (P>0.05), and the feed
conversion ratio (FCR) in goats were 6.96 and 6.57, respectively (P>0.05). Based on experimental data, it can be
concluded that protein level in total mixed ration did not influence feed intake, average daily gain, feed conversion
ratio and nutrient digestibility in dairy goats fed with Leucaena silage as a roughage source.

Keywords: Leucana Leucocephala silage, protein, growth performance, total mixed rations
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wigAvlnvamedimnaulussuunaiue1msvesdnils (Romero et al, 2018) waogslsinn Sullansiwlnludu
(Mimosine) fifinavilwanududuvessesluundeususesdanas dwalvdnillesnfvemisuarnisiasyiulndia
(Sharma et al,, 2011) usidagUunuindiadunie Synergistes jonesii Tunsznyminvedniifeais s 8 qéuw%é%ﬁmﬁ
annsavihanefivvedluluguly (Derakhshani et al, 2016) fauwanunsathnszaunldiduundemsnenudmsuung s
Fadusnmadentisandunulunsudaung wazdiaunsnaiuamaimisemsliiudn e lvdnmsesayduladiudy
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$h91dULate MM (60) opITU (40) SrBiiaTlunaldss 90 fu 2 Table 1 namsinTesinnesufoinis
pnsvesesTliidsunsoglussduiiannsalfideddosaiivssBnsnmidesneomnsiiliides asiisvdulusiulidos
A 7 Wodldus Jsasiiszaulusiuiifomedmiunsiisdn mnunzldsuomsfifdsesulusiuneuisnni 6 Wesidus
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Table 1 The ingredient and chemical composition of diet in the experiment (g/kg DM)

Leucaena silage Concentrate 12% Concentrate 16%

Ingredient, % dry matter

Soybean meal 8.0 15.0
Cassava chip 555 48.0
Corn distillers dried grains 10.0 10.0
Rice bran 10.0 10.0
Dried Cassava leaves 10.0 10.0
Urea 1.5 20
Molasses 4.0 4.0
Salt 0.5 0.5
Mineral and vitamin mixture? 0.5 0.5

............................. %Dry matter basis.......ccovevnienicnecns

Ash 6.8 15.5 15.5
Crude protein 8.0 12.0 16.0
Ether extract 25 2.0 39

Neutral detergent fiber 63.0 29.0 27.0
Acid detergent fiber 31.0 14.0 13.5
“ME (MJ/kg DM) ns 12.42 12.51

YMineral and vitamin mix: provided per kg of concentrate including vitamin A, 5000 IU; vitamin D3, 2,200 IU; vitamin
E,151U;Ca85¢ P, 6¢K 95¢ Mg24¢ Na2lg Cl34g S30¢ Co0.16 mg, Cul100mg, | 1.3 mg, Mn 64 mg, Zn
64 mg, Fe 64 mg, Se 0.45 mg

= ME (MJ/kg DM) = 0.015x DOMD (g/kg DM) (Morgan and Barber, 1979)
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dhwinriou L,Lazmmiﬁmﬁa%%’ﬁaaﬂnﬂ’a’udaﬂﬁamﬂuﬂunmL%'Wi’ué’mvl,ﬂ wasiithavealiungAunaeniian 3a AD3E
wazfiussnteuliunenneaonlindies 90 Wesidud geaUSnansauldnaunlugssssUsudnd Welddnimaassiuenms
BUAR é’mdauﬁﬁmumiuﬂfjwmam
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a1 24 Falug Wiedesziinguiis W lumwinmusunanisiuld dwi 2 dildeudl 60 ssrwadea Wunan 72
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38n15 AOAC (1990) wazdiasizviniliale NDF way ADF a1138n13984 Van Soest et al. (1991) guiiugarianuatuisiud
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25-30, 55-60 W@z 85-90 etlulinseimasdusenaunaail (AOAC, 1990) wasihlufuinmeainisgesldvaslnyus
(Yuangklang et al., 2004)
MsruaAdIsInIsasyiulnndesieTu (Average Daily Gain, ADG) @115/ UIAANALNTT Faseluil
ADG = ﬁmﬁﬂqmﬁw-ﬂfwwﬁﬂﬁuﬁu

SEELIANNITLAYY
° ) a & S YY) . . ) & ° P
ASANUINERIINSUATUE S UNUMINA (Feed conversion Ratio, FCR) 8ms1nnswkanile auisaawiadaain
aun1s nasalull
FCR = USunau@nynsnnunanus (n.n.)

hwinaavheveda (n.n.)
N15AATIERdaNANISEDA
nagevanyigulagly t-test Tngld SPSS version 16 wazlUTouiuaULANGIIYBILARYNENDIMNTNAREY
Tagly Student’s t test (SteeL and Torries, 1980)
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IﬂsﬁuﬁfnﬁﬁmmmaﬁﬂﬁmaﬁmaLLﬁwia’a’umeTv 706 n3usietu navesnsiasulusiufissduwnnanstuiinasednsnis
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Lﬁ”aqqﬂdﬂqmﬁﬁizﬁu‘lﬂﬁﬁuﬁwﬁmL.‘vhﬁ’v 6.57 warseaulusAugs 6.96 (Semae and Kraiprom, 2018) dn1snaununsziu
Duundsemmsnenurililusiuluemsmaasadiaty LszﬁﬁwwﬁﬂLéuﬁuizjﬁﬂawuLLmﬂﬁiwﬁ’uasiNﬁﬁ’&Jﬁﬁz‘g (P<0.05) Tneidl
dminBudusening 16.40 - 18.20 Alan3u Fennsmaasswes Cherdthong et al. (2016) ldAnwnisldnssauminiduunas
ownsvelulaiudesemedonuinsyduninivinalusiuneugedmainenailulivsslosivedadeldmluns
WigAule WwReItuAuUNAaBIves Chewprecha et al. (2012) Msyulamienisiasunseiiungdn 3 Alansusdeddedu
Wuundsusuunlinililefishsnmsiesgivlaeidede fugininnsyulafensiadunssiuanvdenisyulelaglsiady
nsziu Feaenadosiun1sdnwives Polsir et al. (2012) ‘lﬁ?ﬁﬂ‘w’]L%aﬁﬂi%ﬁﬂ%ﬂﬂWﬂ’]ﬁ!mL‘W%Lﬁ@lﬂﬂi{fﬂizﬁu@ﬂﬂuﬁd WU
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Table 2 Effects of Protein Levels in Total Mixed Rations on Feed Intake and Nutrient intake (¢/day) in Dairy Goats

when fed with Leucaena leucocepphala Silage as Roughage Source

Items TMR 8 TMR 10 SEM P-value
Feed intake

g/d 706.00 678.92 36.59 0.72
% BW a4.27 4.07 0.22 0.66
g/kg BW 7 82.12 82.23 4.23 0.66
ADG, ¢/d 112.90 100.80 8.94 0.52
FCR 6.57 6.96 0.62 0.76
Nutrient intake, g/day

Organic matter 638.42 601.82 22.13 0.57
Crude protein 66.37 74.49 2.13 0.07
Ether extract 16.32 18.14 0.60 0.68
Neutral detergent fiber 360.61 336.94 14.41 0.42
Acid detergent fiber 196.57 182.73 7.20 0.35

TMR 80 M1SHANATUEIU 8 % 18115 wag TMR 10 @wnswauaAsuaIu 10 % Iﬂsﬁuluawwws, FCR = Feed Conversion Ratio

SEM=standard error of the mean; P<0.05

navaansanyseaulusiuluamsuauasudusanIsUsIiuvasune Waldsunszaundnduwvasevinsvenu
INNSANYINAVBINTIENTERUMTNMAT 81 TTUAT SR UIUSAURANANITURBUSU NS AUla Luke (Table 2) NS

Auldveadun3dinguia lusfumenu (CP) ludfu (EE) WBelefiazaneldluansazareidunans (NDF) uay Welefiazanelely

arsavarefilunse (ADF) wudwneiilasuomstulusiugs waslusiiue Susunanisiuldvesinguitede 692.46 niu
sy Falidanuwans1aiuni1e@da (P>0.05) a1msnauasudusayas 8 Tuamns wag TMR 10 8IMNSHaLASUAILSpYaY

10 MWsAuluemnsBsaenndeiuseaues Devendra and Bumns (1983) 1ga1uinUsunamsiulavesinguiis daniuau

ivanasilolasuszauszaulUsiuveteImTTy uduwaldfinnuuanaanededfy @onAdediusIB91UTe9 Semae
and Kraiprom, 2018 wuiniinsmaununseiuduuvasonmsuenuyilmusauluevsvaasaiiudune Liflanuunnaneiu

pgaflfudAgy (P>0.05) Chewprecha et al. (2012) Anwinsldnszdundniduunasomsuetululaiudioslnenui

nsrfufivsinalusfuneugeenadealida iiluldussleviladuslidfnnuuansdisiunisada (P>0.05)

Table 3 Effects of Protein Levels in Total Mixed Rations on Digestibility in Dairy Goats when fed with Leucaena

leucocepphala Silage as Roughage Source

ltems TMR 8 TMR 10 SEM P-value
Digestibility, %

Dry matter 81.55 82.22 0.66 0.77
Organic matter 82.83 83.43 0.59 0.93
Crude protein 79.57 77.16 0.61 0.06
Ether extract 79.76 77.88 1.97 0.68
Neutral detergent fiber 71.47 71.90 1.08 0.98
Acid detergent fiber 47.52 49.46 1.46 0.85

SEM=standard error of the mean; P<0.05; TMR 801%SKaNASUAIY 8 % Tua1wns kay TMR 10 e1vnswauasuay 10 % lusiuluams
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navesszaulUsiulusmsuauasudrudanisUsununisdesldvadinaus

naveanslinszduniniluwnasenmsnenulugnunegsusnoUsunanisgesls (Table 3) nulungldsuunasonmis
Fuisziulusiuiigauazseaulusiusi fidnisdesldiads 81.88 nduseu lufinnaunnsrstumatunsad (P>0.05) 9
aonndestumsAnuluunslasfunglfiuemstuiisedulusausaiunudn damsdesldvesdunidingAnindesrouTum
Taguiawiniu 81.50 nfusatu Chewprecha et al. (2012) yims@inwnisiasunszdundnifuunalusiufivualduyilid
miﬁﬂ’liﬂaﬁiﬂ”mm@um?ETi’mqqquTuLLGilﬂLmﬂmqﬁ’un&jumuqu dwfunisdesldvetuneziieldfuomistuiiseaulusiiu
snsfunuiliifauwanaatulumeads (P>0.05) Mnnisdnwmareanisidnssiuninuazestudifsedulusiuunnsng
fusteuTunumsAuldluung (Table 2) msAuldvesduviddingusts Tusdunenu (CP) lusiu (EE) Welefavansliluansazas
Adunans (NDF) waz Wolofazanslilumsazanefilunsa (ADF) nuiumeildiuemsiulusiugs uazlusiud TuTuw
nsiulsvesinquitaade 692.46 n3useiu laifianuunnsineiunmaadi (P>0.05) snsuaunsuduiesay 8 luems uas
TMR 10 91vsnauasudiusesas 10 Weiuluemisdsaenndesiusiesuves Devendra and Burns (1983) 51897471
Ysuansiuldvesinguis fanfuiunioanauiolasusziussaulusiuvesomstu Waduuslidnnuunnsimis
WodAty donnassius189IuIDe Semae and Kraiprom (2018) wuiniinsnaununszduduunasommsveurinlmlusaulu
omInaaeufintuusliiimuuansnaiuededivediiey (P>0.05) Chewprecha et al. (2012) Anwnsldnszauntnidu
wdgsonsveululaiudlesinewudt nezduiiviinalusiuveugionadenalidn firlldusslondldRudlidanuunnsg
funeads (P>0.05)

ayunanIsAnen
nMsfnwnavessyavlusiulusmsnanasudusienisiulinistesld wavaussanimnisasyaulalugnuneg
undleldsunseiuvinduundsermsvey sedulusfuluemsuauasudi (Sasdiuvetemsnetusesmsduiiiu
60:40) fiszu 8 Wosidud uag 10 Wesidud lifinadeuSununishuld snsnmsasydvlnniedeTunarsnsnisivdey
omsludminfuarimsgeslalnruzvsuny deldfunseiuninuundsemsmeu

¢ o Y
naUssleviviudou
Adeuveysemaitunanuilifnaysslovivivdeu

nsiidausaulunisilsuunanuvesiidey
ANARSIEY (idea) uaz ausfgiu: 35w ¥ad Tansdnd. nsufRnside: meass Isztad lansdnd. nmsdauiv
Joya: I5z3ad lansdnd Lnsans vguiiey, ARLS 2edans1na. nslieseidoya nisuuswa: Insans vguiiey, ARWUS 29
qVeNTa, Wyanna auuds. n1sInndianselna: Iseiad lansdnd, waduma {Hosnans. msidusanlunisdeu
manuscript: 35¥3a85 lARsAnG , lwduna Wosnans.
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Abstract

The purpose of this study was to examine the effect of Cordyceps militaris mushroom’s harvesting age
and to compare the influence of different culture formulas that influences on cordycepin and adenosine
concentrations when grown in a synthetic medium. Three formulas were employed to prepare the synthetic
media: Sangyod rice (Oryza sativa L.) mixed with water (formula 1), Sangyod rice combined with potato aqueous
extract (formula 2), and Sangyod rice blended with pupae (formula 3). Samples were harvested at 60, 70, 80,
and 90 days. The experiment was arranged using a Randomized Complete Block Design (RCBD) with four
replications (10 bottles/formula). The results revealed statistically significant differences (p<0.05) in cordycepin
and adenosine concentrations. At 80 days of harvest, formula 3 provided the maximum average fresh and dry
mushroom weight with 66.97+1.80 and 7.68+0.58 g¢/bottle, respectively, yielding 14.40+0.82%. Cordycepin and
adenosine contents were analyzed using HPLC. It showed that formula 3 yielded the highest cordycepin amount
(1,506.80+18.12 mg/100 g) at 80 days of harvest. At 60 days of harvest, formula 2 revealed the highest quantity
of adenosine (118.70+0.82 mg/100 g). In conclusion, the ideal harvesting period for C. militaris was found to be
80 days, O. sativa mixed with blended pupae provided the highest cordycepin contents whereas O. sativa
combinded with potato aqueous extract resulted in the highest adenosine levels.

Keywords: Cordyceps militaris, cordycepin, adenosine, harvesting age, Sangyod rice
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Figure 1 Mycelium growth of C. militaris on (A) solid medium (at day 20) and (B) submerge medium (at day 7)
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Figure 2 Morphology of C. militaris mycelium after 7 days in darkness (A, B, and C) and after aditional 3 days
in light (D, E, and F). The meadia used were Sangyod rice with water (A, D), Sangyod rice with potato
(B, F) and Sangyod rice with silk pupa (C, G).
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Formula 3

60 day

80 day

90 day

Figure 3 Fruiting bodies of C. militaris on different substrates, cultured for 60, 70, 80 and 90 days with exposure
to light for the final 3 days.
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Table 1 Effects of different formulations and harvest times on the production of fruiting bodies, cordycepin and

adenosine in C. militaris

Factor Fresh body Dry body Yields Cordycepin Adenosine
(g/ bottle) (g/ bottle) (%) (mg/100 g) (mg/100 g)
Formula (A)
Sangyod rice with water 57.55+3.65° 6.20+0.87 11.02+0.69 806.28+93.01° 58.20+6.25¢
Sangyod rice with potato  48.31+2.24°  6.01+0.75 12.49+0.70  990.40+61.86  90.98+16.29"
Sangyod rice with silk pupa 57.58+2.82°  6.72+0.94 11.73+1.01  1159.83x91.11°  111.07+5.45°
F-test ** ns ns ** **
CV (%) 9.83 14.26 12.59 25.70 12.70
Harvest times (B)
60 day 50.73+1.41°  5.92+0.81 11.69+0.62  675.37+30.40° 99.60+12.70
70 day 53.48+5.17°  6.16+0.83 11.85+0.63  863.51+71.14° 86.37+12.94
80 day 58.01+3.69°  6.85+0.94 11.96+1.13  1243.93+120.70°  86.34+14.21
90 day 55.69+2.90°°  6.31+0.79 11.48+1.02  1159.20+127.81°  74.70+12.13
F-test * ns ns *x ns
CV (%) 12.02 14.21 13.79 17.90 2757
Formula  Harvest times
(A) (B)
60 day  51.35£1.77° 6.19+0.88°° 12.05+0.82°“  608.80+18.89" 68.80+0.83
Sangyod rice  70day  5234x1.84% 583+0.82° 11.74+0.43 690.01+17.10 56.10+0.82"
with water 80 day  64.90+1.82°  6.95+0.33 10.45+1.07% 995.30+12.47° 53.30+0.82
90 day  59.54+1.47° 584+0.82° 9.82+0.67° 931.00+18.16" 54.60+0.82"
60 day  47.60+1.42°  586+0.80° 12.31+0.82°°  679.80+14.86 118.70+0.82°
5?”9y?d 70 day  43.2142.63°  5.60+0.41° 1296057  964.40+11.51° 109.60+0.93°
n;ztzvtth 80 day  53.73:x1.82° 592+0.82° 11.02+0.80% 1229.70+18.21°  112.30+0.82°
90 day ~ 48.69+1.90°  6.65+0.44 13.66+0.75% 1087.70+11.07°  103.70+0.76°
60 day  53.24+1.86™ 571+0.65° 10.72+0.82% 737.50+18.16 111.30+0.82"
Sangyod 70day  53.33+2.00% 7.05:0.16® 10.86£0.90%  936.10+13.68° 93.40+0.81°
rice with silk
oupa 80 day  66.97+1.80°  7.68+0.58" 14.40+0.82° 1506.80+18.12°  93.42+0.84°
90 day  58.84+1.96°  6.44+0.82*° 10.95+0.80% 1458.90+19.21°  65.80+0.82¢
Ftest xx xx xx xx xx
CV (%) 4.03 12.94 8.20 24.32 13.18

Mean in the same column, followed by the same latter are not significantly different by DMRT at P=0.05.
*** Significant at 0.01and 0.05 probability levels, respectively. ,ns non-significant
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Abstract

The objectives of this study were to study 1) digital intelligence quotient of operations of agricultural
extensionists, and 2) comparison of 8 aspects of digital intelligence, classified according to basic personal
characteristics and some characteristics of digital technology usage. The sample group used were agricultural
extensionists in the central region of 9 provinces, namely Bangkok, Chainat, Nonthaburi, Pathum Thani, Phra
Nakhon Si Ayutthaya, Lopburi, Saraburi, Singburi, and Ang Thong, using Simple Random Sampling, totaling 231
people. Data were collected by questionnaire with a confidence value of 0.851 during August - September 2023.
Statistics used in the analysis include frequency, percentage, mean, and standard deviation. Hypothesis was
tested by t-test, F-test, and pairwise difference analysis by LSD method. The results showed that the digital
intelligence quotient of agricultural extensionists was in high level. (= 2.41). From the hypothesis, it was found
that agricultural extensionists with different gender and educational levels differed in digital intelligence quotient
at the statistically significant level of 0.05. As for age and media literacy, the difference was at the statistically
significant level of 0.01. The problem of digital intelligence quotient for agricultural extensionists was rapid
changes in digital technology which gave older agricultural extensionists a hard time to follow. However,
agricultural extensionists should be aware of the dangers of the digital world by pursuing more knowledge in
the topics of Privacy Management, Screen Time Management, and Digital footprints.

Keywords: Digital Intelligence Quotient, digital technology, agricultural extensionist, the Central Thailand
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Table 1 Number and Percentage of Agricultural Extensionist Classified by Personal Characteristics

n =231
Personal Characteristics of Agricultural Extensionist Number Percent
Gender
Male 82 35.50
Female 149 64.50
Age (Years)
21 - 30 Years old 55 23.80
31 - 40 Years old 136 58.90
More than or equal to 41 Years old 40 17.30
Education
Bachelor’s degree 139 60.20
Higher than Bachelor’s degree 92 39.80
Position
Government employee 55 23.80
Government officer 176 76.20
Work experience
Less than or equal to 3 years 89 38.50
4 — 6 Years 36 15.60
More than 6 Years 106 45.90
Responsible (sub-district/district)
Not responsible 132 57.14
1 - 2 subdistrict/district 59 25.54
More than 2 subdistrict/district 40 17.32
Attended training on the use of digital technology
Never a1 17.75
1 -3 times 150 64.93
More than 3 times 40 17.32

3TN Imnendalumsujianuvesindnnsdaatunisinens

31ndoya Table 3 wui1 83asunmn1eAINalun1suURnuveninivnisduasunisinunsluningiud
ﬁWLaﬁlﬁJagﬂusgé’WWﬂ (= 2.41)Iﬂ&Jé’mﬁﬁé’aa’%ﬁmwmaﬁ%ﬁaaeﬂ.uazﬁumm U 5 o1 LA Aun1sSnwenanwal
Afvesmuies (= 2.63) fumsAnineiiinsug i (= 2.59) dunislémalulafesnaiasessa (= 2.49) dunns
suslefiumsndunndsunlanlawes (= 2.47) wazsunsshvarulasndovesmuedulanlaues (= 2.42) audeu

drudansennnnafdviasglusedudiunats 9uau 3 a1 lauwn ﬁwuﬂﬁﬁmﬁmmﬁazﬂaﬁ;ﬂ%mﬁmiﬁﬁ
sesseglivulansaulatl (= 2.25) Mumssnwideyadiumi (= 2.23) LarA1un133naIsIAMENRe (= 2.22) AUy
donndasiunuisoues Sukkasem et al. (2017) Tgvinisine 1309 nsldmeluladansaumalunuduaiunisinuns
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Table 2 Number and Percentage of Agricultural Extensionist Classified by using Digital Technology Characteristics
n =231

Using Digital Technology Characteristics of Agricultural Number Percent

Extensionist

Frequency of using Digital Technology for work

Less than or equal to 3 hours/day 61 26.40
4 — 5 hours/day 72 31.20
More than 5 hours/day 98 42.40
Main equipment for accessing Digital Technology

Smartphone 121 52.40
Computer/Notebook 110 47.60

Digital Technology’s experience

Less than or equal to 10 years 51 22.10
11 - 15 years 7 33.30
16 — 20 years 55 23.80
more than 20 years 48 20.80

Purpose of using Digital Technology

To research/find information 134 58.00
To following the news / contact people you may know 43 18.60
For entertainment / playing games 22 9.50
To send document files/ for work 32 13.90

How to know your Digital Technology

Apply by yourself 145 62.80
Recommended by friends/others 52 22.50
From teaching/training at work 34 14.70
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Table 3 Mean and standard deviation of Agricultural Extensionist’s Digital Intelligence Quotient

n=231

Digital intelligence Quotient S.D. Level
1. Digital Citizen Identity 2.63 0.274 High
2. Critical Thinking 2.59 0.335 High
3. Cybersecurity Management 2.42 0.332 High

4. Privacy Management 2.23 0.359 Moderate

5. Screen Time Management 222 0.316 Moderate

6. Digital Footprints 2.25 0.369 Moderate
7. Cyberbullying Management 247 0.405 High
8. Digital Empathy 2.49 0.341 High
Total 2.41 0.217 High

nsweuiisusaenmnieidialunisuifeuvesinivinisdasiunisineasiuvanianans

ﬁi’wLLuﬂmué’ﬂwmzﬁugmdauumamJ‘Uwm‘ﬂ.u Table 4 wuin dndsnsdaasunsinunsifinaLananaiu
figaa3unmmeddalunsuftRnulunwsmuendaiu @sedu 0.05) iefarsuilusiedu wud dnivnisdaety
mManuanwaredsaaTonmnisddialunisujoRenumnniunendgdudunsfainseiiiansugiuia
wariunsinassnamiiae oadumseimeanefinuaulsludewesnsldmaluladunnninnends aenndesiu
Pethcharut and Kongsila (2017) lavins@nen L?'aa mm&faqm‘imiﬁwmﬁﬂwmidwwammmiwqqmﬁmwwm
HUURMudnasunisinens n1serauialszimalng wudn U uRoudwasunisineasdlngiduneayie
LLazﬁmméfaqmiﬁﬁumﬁﬂwmﬁﬂ'w‘wammmfvmmimwﬂuﬁmmﬁ?{ami Tdun nsieay wWhladomvesans
fideansde surnwemsldinaluladansauma dua msliBumesidalunisiumdoya nsldneufinmesiiefnsedonas
agluszAuLIN

nnsdaaiunanunsisioguandaiuiisanionmmaadalunsufifnuluamesusnsnaiy {sedu
0.01) WeRiasanlusiesnu wui1 dnivnsdaasunisineasiifdtaeny 31 - 40 fdaaTunmmsidialunisujifn
WNNIF07E 21 - 30 kardNeINNI MU 41 U muddulug NSNS nuaififveIes dunsAsReEY
fRasaugaiid dunssnweanulasaduresnuedulanleues AUNTINYITRNARIUAT AMUNTUTINTIANTTToYA
ﬁ;ﬂ%muﬁﬂ’]iﬁq‘ﬁmﬁaaﬁuﬂaﬂaaﬂaﬂ frumsduiiefumsndusndsuilaniaiues uagdumsldineluladegaiivsessy
@enAd i U89 Nuntasan and Intaruccomporn (2018) 13 84 AU wazAuamnsalunsidinalulad
ANTAULVALAZADUNIADSTOIUNIVINITALATUNITNEAT EIUNMUNBATIINIATEITI8 WU ﬂ’ﬂ"immiﬁﬁmq 40 U
Fuld Liferudngannlumsidmaluladansaumasaznouiiunes dunguiifieny 40 U asnazfunguiiinnudiungy
masumealuladansaumminnnii aeandesiuauideves Keawlerttakul et al. (2018) lgvinsAnwiiieanisujoa
Tuszuunisdaasunisineasid@tng (MRCF SYSTEM) westindaasunisinensiudeniadosiug wuin dndsnisdadasy
ﬂwsmwmﬁﬁmqumé{mmﬁasz&anaﬂumiﬂ%’uﬁaLLaz‘vﬁmwL%’ﬂﬂﬁ’umsmumiﬁﬂLwﬂiuiaﬁaﬁaiwzi wenand
faaenndasiu Thongmullek and Vichitthamaros (2017) lévinas@nen 3eanisdnudadediinanenisueuiunay
nsldanunietisdsauooulafludsaulng wuiwssswuitogifsdusilondlunsseusunasnslinueiots
fpueoulavanas

ﬁﬂ?%ﬂﬂﬁﬂ'dLaﬁzumimwaﬁﬁszﬁumﬁﬁﬂmLmﬂ@haﬁ’uﬁé’a}a%aﬂ'rwvmﬁ?}ﬁaiumiﬂﬁﬁﬁmuiumwmuLmnﬁhq
fiu (Aszdiu 0.05) WeRimsanlusiesu nud dnivmsdusiumsinunsiiflszfunsinuganinuIyyratsaadonm
n1afdalunsufuRnuminnitssduuigyied ludunisfudesunisndunndsuulanlaives luasnadosiu
Konkhayun et al. (2021) 19vMn15@n91A1106 89015 UANSHAIUIALLDIUDIUNIYINTELES UNISINBATNTUE AT
ManERs nud seRunsdne Tflenuduiussuanudeinistlunsiauauedeetnivinisduadunisinuasid



King Mongkut’s Agr. J. 2025 : 43 (1) : 63 - 72 69

sEAUNSANBIUTYIRS LA gIn U e nusuiaveuiineitesiinilouiuluntdidnivinisdwasy

A4 7
Aa o |

ASLAEAT FIUUNIVINTARASUNISIAYASNRALULNIY USTAUNISalvingy nsEAUa/81neis uRATauLarnIsns I
aUsITRIMIBULANAUTSIT s N aRdTialuns U TR lunmsliuaneaniv

nswSsuiiisudaisvassenianwnsddralunisujifcuvesindsnsdussunisineasluwanianans
Fuunmudnuaznislidaumaluladdinavissznislu Table 5 wudn dnimnisdaaiunisinuasidn
waluladAdvaildanlutiagiuuandaiuiisaionmmeidialunsufifnulunnsamuandieiu (fAszdu 0.05)
defiorsanlusiediu nudn dnimsdaasunsnuasisdnmaluladadviaildaulutegduannsadasimenuies
898380 1mnsadalunsufoRnuannndifunisidnaniiew/dauuuri uazannisaeu/eusuvemiisy
ity Tushumssnundeyadius fumssuiiedunsnduundsunlanlewuesunnsnaiy (sedu 0.01) dasunssnm
anuvaenssvesnuadiulanloesuaziunisinassnamihaeunndaiu sy 0.05) V‘?aﬁmﬁnﬂumﬂﬂunﬂi’uﬁ
mﬁﬁauilziﬁﬁguqm landuwmesiladanielituy ey ﬁﬂﬁmiLsﬁﬂ%'wmiuiaQﬁ%ﬁaﬁiﬁmﬂuﬂwﬁ’uﬁum’hﬁﬂ,ﬁ
Femues deaenadaiu Office of the Basic Education Commission (1999) nanalunsysnesayalinisdnuiuend
WA, 2542 11T 25 A AwualiEginiifiduaiunssdununsdadaunainisieusnasadisliiaduas
weifisssmdauliududerivialutiogtuiidendviansounquilelistosas 80 vashoravun insedendviadinafelsl
Fudes q wazidlnddanniian SuilfanansadrdudumteyauaziFousitessnfufiviaiudumesidnliie
Bansomdejchaopraya Rajabhat University (2022) dutindsnisduasunisineasiidanudlunisldmeluladiavaly
nsviranu msldgunsaindnilidildaumaluladfdna Uszaunisainisldimaluladfdia uazigualunisldau
wielulagfdviauansnsiuiganssnmmiandvalunisujufauluniwsauliwnneieiu



70

MIATNYATNTTIDUNG 2568 : 43 (1) : 63 - 72

Table 4 Comparison of Digital intelligence Quotient of Agricultural Extensionist Classified by Personal Characteristics

Dependent Digital Citizen Critical Cybersecurity  Privacy Screen Time Digital Cyberbullying  Digital Total F-test/
Variable Identity Thinking Management Management Management Footprints Management Empathy t-test
Independent Ftest/ P- Ftest/ P-value Ftest/ P- Ftest/  P- Ftest/ P-value Ftest/ P- Ftest/ P- Ftest/  P- Ftest/  Pvalue
variable ttest wvalue  ttest ttest value  ttest value  t-test ttest value  ttest value  ttest value  ttest
- Gender 1285 0200 2554 0011 1963 0051 -0.243 0808 3.122 0002 1492 0138 0384 0702 1.868 0.063  2.078 0.040°  t-test
- Age 3782 0024 9307 0000 7383 0001 7.692 0001 0360 0.698 12391 00000 16.669 0000 8997 0000 1829 0000  F-test
- Education -1.778 0077 3136 0.002° 0618 0537 -1.840 0.067 1086 0.279 0531 0596 -2.862 0005 -0.832 0406 -2118 0035  t-test
- Position -0.358 0721 -3425 00017 -1014 0314 -0852 0395 1437 0.155 0.719 0474 -1418 0.158 -0.710 0480 -1.012  0.315 t-test
- Work experience 2331 0099 3697 0026 1831 0163 0.038 0.963 0.973 0.380 0.206 0.814 1504  0.224 0.229 0.795  0.034 0.967 F-test
- Responsible 0.384  0.682 1.080 0.341 0.219 0.803 3.807 0024° 3662 0027 2455 0088 0371 0690 3.822 0023 1.307 0.273 F-test
(sub-district/district)
- Attended training  2.210  0.112 2.068 0.129 2467 0.087 1.639 0.196 2310 0.102 1.981 0.140 0.274 0761 0.194 0.824  1.702 0.185 F-test
* = significant at the level 0.05, ** = significant at the level 0.01.
Table 5 Comparison of Digital intelligence Quotient of Agricultural Extensionist Classified by using digital technology Characteristics
Dependent Digital Citizen Critical Cybersecurity Privacy Screen Time Digital Cyberbullying Digital Total F-test/
Variable Identity Thinking Management Management  Management Footprints Management Empathy t-test
Independent Ftest/ P- Ftest/ P- Ftest/  P- Ftest/y P- Ftest/  P- Ftest/ P- Ftest/  P- Ftest/  P- Ftest/  Pvalue
variable ttest value ttest value @ ttest value  ttest value ttest value  ttest value  ttest value  t-test value  ttest
- Frequency 6.243 0002° 0381 0.683 0.085 0919 0.154 0.858 1.655 0.193 3644 0028 2724 0.068 0.419 0.658  0.768 0.465  F-test
- Main equipment 0.680 0.497 -2878 0004  0.000 1.000 -0.757 0.450 1.251 0.212 0971 0332 -0917 0360 0.739 0.460 -0244  0.807 t-test
- Digital’s experience 1316  0.270 2,679 0048  2.530 0.058 1.190 0.314 8.374 0000° 0.806 0492 1.142 0.333  3.774 00117 0.102 0.959  F-test
- Purpose of using 1.456 0227 4.893 0003 1328 0.266 0.798  0.496 3.565 0015 1604 0189 0.753 0.522  1.840 0.141  2.284 0.080  F-test
- How to know 1.653 0.194 0912 0403 4.750 0011° 10858 00000 4.028 0.019° 2725 0068 7.617 00017 2012 0.136  4.239 0.016"  F-test

* = significant at the level 0.05, ** = significant at the level 0.01.
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Effects of Plant Growth Regulators on Flowering of Mango cv. Dang-Jakkrapad
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suvuns lasasary’, dwa doussziny’ uaz unwws ygyuaaa'

Rachane Kraikruan', Ampol Sornsaket'” and Nopporn Boonplod®
Received date: 11 n.A. 66 Revised date: 20 W.8. 66 Accepted date: 21 5.A. 66
DOI: https://doi.org/10.55003/kmaj.2025.03.24.009

UNANED

NsANWIRATEIEIAIUANNSIASRUlnveIisiani1Toennanvetzdaiuguadnsnssituimindedny &
Tnquszasdiilednmitnisesnmenuongguemzaafusuasinangsi 1UHLUNTMAGBUUY Randomized Complete
Block Design (RCBD) Tnevualst 18 du 1lu 1 uden sauvimun 3 udon TagvinsiUSeudiiou 9 n3suis nan1svnaes
WU NIRMRumenlaadmsleasns 1 niu madaﬂiaaﬂqwéﬁiamswmmmmﬁuﬁiﬁmm@ MINUATSIUAAIBN
aolss wazpaesiineveaslse dwalisuuziidinisesnaenlaliinigaamuay Tnganunsasenaentdlusewing 71 -
76 Junddldans desnsremsdusnenlaadmsleadng 1 nfu maaaﬁaaﬂqwémmiwLumsuaq‘ﬁuﬁiﬁmam s
ponnonga 88.83 Wedldud Tdnwazdonondiugeds 87.39 Wefldud uazlidruiunendeteiads 1,526.66 aen ety
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eldlitunuasnsguanusaiuguasdnsnssaludmingedn
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Abstract

The study of effects of plant growth regulators on flowering of Mango cv. Dang-Jakkrapad in Chiang Mai
Province aimed to induce off-season flowering of mango cv. Dang-Jakkrapad. The experiment employed
Randomized Complete Block Design (RCBD) by assigning 18 plants as 1 block, with 3 blocks in total, and
comparing 9 methods. The results showed that soil drenched with paclobutrazol at the rate of 1 g a.i./m?, foliar
spraying with mepiquat chloride and with chlormequat chloride resulted in earlier flowering than the control
group. Flowering emerged during 71 - 76 days after the application. Pouring the soil with paclobutrazol at the
rate of 1 gram of the active ingredient per square meter of the area under the canopy resulted in flowering as
high as 88.83 percent, the inflorescence was as high as 87.39 percent, and the average number of flowers per
inflorescence was 1,526.66 flowers. Therefore, the use of pacobutrazol is appropriate for inducing flowering of
the mango cv. Dang-Jakkrapad as it affects the percentage of flowering. The total number of inflorescences and
the number of flowers per bouquet are higher than other treatments. This study provides guidelines for
managing mango cv. Dang-Jakkrapad for effective off-season flowering and increasing grower income in Chiang
Mai. This study can therefore be used as a guideline for effectively managing the Mango cv. Dang-Jakkrapad to
achieve off-season flowering, thereby helping to increase the income of farmers growing this variety of mango
in Chiang Mai province.

Keywords: growth retardant, mepiquat chloride, chlomequat chloride, flowerin
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wza1a (Mango) fideineneansin Mangifera indica L. 2¢lu19A Anacardiaceae Fadulinawndouduiiau
Aufdalusavduifensinazinsnszaneiusluialan (Po-Somboon, 2008) uzaiiauddgmaasugiauaylasy
aufeslifunaliifidseenlussasemea (Saensuk, 2011) Taelud 2565 fisteauin Ussmalnedulsemadiinng
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Table 1 Effects of plant growth regulators on days to flowering and percentage of flowering in mango cv.

Dang-Jakkrapad

Treatments Days to flowering Percentage of
(days) flowering®

Control (un-treat) 181 19.16 ¢
Paclobutrazol 1 g a.i/m? 71 88.83 a
Mepiquat Chloride 2,000 mg/l 76 41.66 bc
Mepiquat Chloride 3,000 mg/l 74 48.33 b
Mepiquat Chloride 4,000 mg/l 74 59.16 b
Chlormequat Chloride 500 mg/l 76 48.33 b
Chlormequat Chloride 1,000 mg/l 74 6250 b
Chlormequat Chloride 1,500 mg/l 74 60.00 b
Mepiquat Chloride 3,000 mg/l + Chlormequat Chloride 1,000 mg/l 74 65.83 ab
F-test - x%

C.V. (%) - 17.28

Note: ** = significant difference at p < 0.01, ¥ = Means followed by the same letter within each column are

not significantly different according to DMRT.

dnwuzdanan

AusNEzonan WUl NTUIsTIAMsAusenlradinslralaznssuisnumslumeiiinieneaslsn wag
aaesiimennaslsd fidnvazdenendiuade 22.54 - 87.39 wWesidus Tnen1slinlaadmalvaiivesidusvenandau
unfianfie 87.39 Wosldud uasiidnwazdonanuuly ds 12.61 Wedldusd drunssu3sau Liflamumnsaiu usd
AMNLAnAAUNIsinIlaatansleaegddudAgneada (Table 2) @uvuiavestensn wuil nstawlaadams
Iﬂdaa'nwaﬂiamaﬂmmaﬁmmn%nﬁaaqmLagﬂagiﬁ 0.80 wuRwas Faliifanuuansstunsadisunisldiufinenaslsed
Arnudadu 2,000 3,000 waz 4,000 fadndusodns AANuNTToneNIRABEYTEWIN 3.42 - 4.61 LEURINAT UAT
AuLAnAfunsaifegsiiveddBatunssudsiug wazarueivestenen wuin nsldwlaadmsleadmali
mmmasziamaﬂuzmaﬁmﬁaaqmLaﬁﬂ 2.26 wufiwns delifianuwandrstunsadfsunisldufinenaaslsafiany
WUy 2,000 3,000 waz 4,000 ﬁaﬁm%’mfaﬁm ﬁﬁmwmmﬁamaﬂLa?{aaﬂiw’m 8.45 - 10.57 LUALLAT LATAIIY
Lmﬂmmumaaamasmuuamﬂmsmﬂumimaauﬁ] Feaenadosiu Suppakitjarak and Tongumpa| (1989) mwmu’n
mﬂszrwﬂﬂammﬂ%aﬂuuumawuﬁmmaﬂlumwEJ mwaiwnamaﬂﬁuanuumﬁ:ummmwaaumwﬂsimammu Fadle
mmmmamm?ﬁﬂmmiaaﬂmaﬂﬂuauf\]WuqﬂammwaimamaﬂmummmEmszjamaﬂamawnuﬂu (Angsananiwat,
1990) il orauiosnansufineneaslsd way asosinmeonaselsd fanautRuieitu aswlaadmlea fidue
AONISHUINITAUATIZRIVIUDLTAAY TNAINARDNITUULYAE LazanaIudn1TIe8ULINUNLLaa (Hiranpradit et al,,
1999) 1 Nasee et al. (2014) find1a3nslénlnadnslea wiareneaslss way rassiarennaslsd Lufai
uanssumaadRmsiudnuazdensn Tasnsldasiauindssalfeuenvenenivuaduniyaaunu Saan
nsnaassaznuinslinlaadmsleaszianunisuazanuentenontesiian sesaunfenisliwfinrenaaslss
Falaifirnuusnenafunieadn willanuusnenstunisadfednsiiteddniunisldraesimenaaslsd
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Table 2 Effects of plant growth regulators on panicle type and panicle size of mango cv. Dang-Jakkrapad

Panicle type (%) Panicle Size (cm)
Treatments Full Leafy width”  Length”
flower" flower"

Control (un-treat) 33.05b 66.94 a 12.95 a 53.39 a
Paclobutrazol 1 g a.i/m? 87.39 a 12.61 b 0.80 d 224 e
Mepiquat Chloride 2,000 mg/l 4196 b 58.04 a 3.42 cd 8.45 de
Mepiquat Chloride 3,000 mg/l 29.02 b 70.98 a 4.61 bcd 8.88de
Mepiquat Chloride 4,000 mg/l 2254 b 77.46 a 4.07 cd 10.57 de
Chlormequat Chloride 500 mg/l 29.63 b 70.37 a 7.14 bc 15.74 cd
Chlormequat Chloride 1,000 mg/l 25.19b 74.81 a 5.19 bc 18.10 cd
Chlormequat Chloride 1,500 mg/l 3253 b 67.47 a 5.80 bc 2194 c
Mepiquat Chloride 3,000 mg/l + Chlormequat  25.92 b 74.07a 8.56 b 33.15b
Chloride 1,000 mg/l
F-test *x *x *x *x
CV. (%) 31.58 18.04 28.46 19.71

Note: ** = significant difference at p < 0.01, Y = Means followed by the same letter within each column are

not significantly different according to DMRT.

Iwunendate Wasldudwanansade

Snunensete Wesiudndnensete (Table 3) WU S1IUABNABYOVDINTTUITIINNSAUMENIAaTM
s1lea iy 1526.66 nensiete delifinuuansstumsadftunisliufaenaaslsdnnudiudu 2,000 fiadniusie
ans Aiflsuaunensedeinds 1,014.25 nendeve wilinuuandstunsadfegadifddyiunssuisoun drunssuds
wumdlusenaoifimonaaslsdtidiuunendetetiosfianiads 319.00 aendete uiegilsAnmnssAisamadusie
wilaatmslea warnssudiwumilu s 8 nsads fedibudnonmes uazedifudnonauysaimealiunnsatu fo
60.03-81.60 way 18.39-35.97 Wasiiusd mudsu adnefiun1sfinwives Uthiyasao at el. (2016) finuin mssiansiu
Frewlpadmaleadne 1 n¥u vesmseengyidemmusnsvesiuillinsmuivesiialn dwmalioshalaiswy
nonsiaderniian uazaenndaiu Yeshitela (2004) inuin msldansmlaadomsleatusdunzaiieiug Tommy Atkins
dwaliuuziiefiesidudnenauysalinAuinningaaiuay
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Table 3 Effects of plant growth regulators on flower number per panicle and the percentage of flower type

Flower Flower type (%)

Treatments number

per panicle?” Male Flower Perfect Flower

Control (un-treat) 187.75 ¢ 81.60 18.39
Paclobutrazol 1g a.i/m” 1526.66 a 71.76 28.24
Mepiquat Chloride 2,000 mg/l 1014.25 ab 73.87 26.12
Mepiquat Chloride 3,000 mg/l 445.75 bc 78.22 21.77
Mepiquat Chloride 4,000 mg/l 319.00 c 74.74 25.25
Chlormequat Chloride 500 mg/l 319.00 c 75.97 24.02
Chlormequat Chloride 1,000 mg/l 33591 c 70.55 29.44
Chlormequat Chloride 1,500 mg/l 388.50 bc 64.74 35.26
Mepiquat Chloride 3,000 mg/l + Chlormequat 396.25 bc 64.03 35.97

Chloride 1,000 mg/l

F-test * ns ns

CV.(%) 45.55 9.98 26.77

Note: ns = not significantly different, * = significant difference at p < 0.05, V' = Means followed by the same letter within each

column are not significantly different according to DMRT.

ayunanIsAne

MNnnsAnwravesEsmUANNsa iR lnvesiviiiinaienisesnnenvesuzssiuguasdnswssA nud ms
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wilnadmlsadedmnumnzausenisdniniseenaenvesuzinaiusunsdnsnssaludadodnl Wosnndnaviilid
Wedldudnisesnmen Sruautenendiu uazduiunendeteginiingsisaun
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Abstract

Beef cattle breeds and the appropriate feeding of concentrated diet play an important role in the
success of quality beef production. The objectives of the present study were to compare feedlot performance,
carcass characteristics, meat quality, and feedlot return of Kamphaeng Saen beef vs. crossbred Wagyu (CW-F1
and CW-F2) steers fed concentration ad (ibitum. Kamphaeng Saen and Wagyu crossbred (CW-F1 and CW-F2)
steers were divided into two groups with 8 steers each (average initial weight 406.04 kg with 18 months of age).
The steers were fed a commercial concentration diet and Napier grass silage ad libitum, supplemented with 1
kg of rice straw/day for 368 days throughout the experiment. A completely randomized design was used for this
study. The data were analyzed using analysis of covariance (ANCOVA) using initial weight as a covariance. The
mean was compared using Tukey's Honesty Significant Difference test (HSD). Production cost, income, and return
were compared using the average. The results showed that the feedlot performance, carcass characteristics,
and meat quality of Kamphaeng Saen and crossbred Wagyu steers were not significantly different (P>0.05), but
crossbred Wagyu F1 showed lower carcass percentage than crossbred Wagyu F2 while an intramuscular fat of
crossbred Wagyu F1 tended to be higher (P=0.09) than crossbred Wagyu F2 or Kamphaeng Saen steers. However,
in the present study, ad libitum feeding for feedlot steers is infeasible.

Keyword: Kamphaeng Saen beef, crossbred Wagyu, feedlot performance, meat quality, feedlot return
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Table 1 Chemical composition of commercial concentrate and roughages diet (% dry matter)

ltem Commercial concentrate Napier grass silage Rice straw
Dry matter (%) 89.82 19.46 89.58
Organic matter 90.28 91.07 88.00
Crude protein 14.12 6.58 3.29
Crude Fat 5.20 1.94 1.62
Ash 9.18 8.93 12.00
Calcium 0.91 0.38 0.26
Phosphorus 0.75 0.31 0.05
Neutral detergent fiber (NDF) 25.65 68.35 72.59
Acid detergent fiber (ADF) 15.68 46.04 48.19
Acid detergent lignin (ADL) 2.58 4.85 3.28
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Table 2 Effect of Kamphaeng Saen (KPS) and crossbred Wagyu (CW) steers fed concentration diet ad libitum on
feedlot performance for the first period (92 days)

ltem KPS CW-F1 CW-F2 SEM P-value
Initial weight (kg) 407.00 375.00 436.13 34.07 0.03
Weight gain (kg) 77.42° 113.25° 90.0a° 18.23 0.02
ADG (kg/day) 0.84° 1.23° 0.98a° 0.19 0.02
FCR 10.38 8.25 9.91 2.03 0.33
Total dry matter intake (kg) 8.44° 9.56° 9.13° 0.59 <0.01

Concentrate intake (kgDM/day) 6.66 7.27 7.02 0.57 0.05

Napier grass silage (kgDM/day) 0.91° 1.42° 1.41° 0.16 <0.01

Rice straw (kgDM/day) 0.88 0.89 0.88 0.09 0.62
Feed cost per gain (Baht) 107.64 82.79 100.69

ab Significant difference at P<0.05, SEM = standard error of the mean.

KPS = Kamphaeng Saen beef cattle, CW-F1= crossbred Wagyu F1, CW-F2= crossbred Wagyu F2.

dussannisyuludaesendng 4-6 1oy

aussanmnsyulafugiunaiay uazlagnuania (F1 uas F2) filiemnsdunasngiudesuiinegadui
lurraifiondl 4-6 1ean 13y (86 ) uandlu Table 3 wuiilaugrunuauasgnua™ (F1 uay F2) fudniad
Wity Sasnssaiulnadsdotu U?mmmmiﬁﬁulﬁﬁu’mmiugﬂi“mqLLﬁd warsnsmsasue s duimngy
lafianuuananeiu (P>0.05) LLasWU’iﬂﬂﬁua:ﬁ'lLLmLLauﬁﬁunuﬂ"1a'Wmm'amsLﬁmfmﬂ’ﬂﬁwﬁdﬁiaﬂ%’uagﬁ 107.63
un/nn. G?Wﬂ’jﬂﬂgﬂwam'lﬁa F2 uag F1 (113.52 wag 119.93 vw/nn. mua1div) Msyulusening 4-6 wwsu ladaiinng
novauewion1slasuomstulaf uwiresninlussezanuifoulsnueenIsyu wazAsmeVaLesientsTilruadaiisay
maﬁuﬁ‘:laiﬁmmLLmﬂﬁhdﬁgﬁmwmﬂﬁmlﬁﬂmLa?iwiai’u warsasnsasuemsiludmdng

Table 3 Effect of Kamphaeng Saen (KPS) and crossbred Wagyu (CW) steers fed concentration diet ad libitum
on feedlot performance for the second period (86 days)

ltem KPS CW-F1 CW-F2 SEM P-value
Initial weight (kg) 487.71° 488.25° 526.12° 18.23 0.02
Weight gain (kg) 68.00 66.50 69.42 21.97 0.98
ADG (kg/day) 0.78 0.76 0.80 0.25 0.98
FCR 10.23 11.74 12.45 4.66 0.73
Total dry matter intake (kg) 7.85 8.53 8.48 0.98 0.49

Concentrate intake (kgDM/day) 6.24 6.66 6.66 0.86 0.67

Napier grass silage (kgDM/day) 0.74 1.01 0.97 0.16 0.05

Rice straw (kgDM/day) 0.87 0.86 0.85 0.04 0.73
Feed cost per gain (Baht) 107.63 119.93 113.52

ab Significant difference at P<0.05, SEM = standard error of the mean.

KPS = Kamphaeng Saen beef cattle, CW-F1= crossbred Wagyu F1, CW-F2= crossbred Wagyu F2.
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Table 4 Effect of Kamphaeng Saen (KPS) and crossbred Wagyu (CW) steers fed concentration diet ad libitum
on feedlot performance for the final period (190 days)

ltem KPS CW-F1 CW-F2 SEM P-value
Initial weight (kg) 551.67 554.66 596.20 69.81 0.51
Weight gain (kg) 98.33 129.33 102.25 39.54 0.59
ADG (kg/day) 0.52 0.64 0.54 0.19 0.73
FCR 15.21 16.54 20.65 4.93 0.42
Total dry matter intake (kg) 9.67 10.55 10.00 0.92 0.53

Concentrate intake (kgDM/day) 8.18 8.90 8.22 0.87 0.53

Napier grass silage (kgDM/day) 0.62° 0.78% 0.93° 0.09 <0.01

Rice straw (kgDM/day) 0.87 0.87 0.85 0.02 0.56
Feed cost per gain (Baht) 205.30 182.49 202.94

ab Significant difference at P<0.05, SEM = standard error of the mean.
KPS = Kamphaeng Saen beef cattle, CW-F1= crossbred Wagyu F1, CW-F2= crossbred Wagyu F2.

AUTIANINATTYUARIAYININAGDY (12 LADL)

aussanmnsyulatusiunaiay uaglagnuauania (F1 uag F2) naeniianismaaed (368 Tu) uanslu Table
5 wudlanusiunekaukazanEanIii (F1 uag F2) fmingniiingo SnsnsiasivTnadedeu Usinaemsi
ﬁuiﬁﬁmmiug‘u%ql,l,ﬁn warsnsnsiUasuemstiutwindlaidanuuansiaiy (P>0.05) wiagdlsAnumnuin
naonszezansyulagnai F1 fdnsnisasydulanasdeTueei 0.84 nn/fu luvazilagnuasnin F2 uag
Taugiunsuauiisnsnsiasapiulaededeiuegil 0.71 wag 0.66 nn./fu suddu uasluvuziAeaiulagnuasi
F1 f§asnsiasuemnsfudmingas agjﬁ 11.70 Tummzﬁiﬂqﬂmamﬁa F1 LLazIﬂﬁ’uﬁ:ﬁ'lLLWdLLauﬁé’mqmsLﬂﬁ'&Ju
ownstluthming agjﬁ 13.28 wag 13.55 auadu Jsdawalilagnuauinia Fl ﬁé}’unummmWiamilﬁuﬁmﬂfﬂﬁa
wﬁqﬁiaﬂ%’uﬁwﬁqm (142.95 vw/nn.) Iu%msﬁiﬂqﬂwamﬁ’; F2 LLagiﬂﬁua:ﬁquLLauﬁﬁunuﬁhmmwiamnﬁwf'mﬁﬂ
FandleRlansy agj‘ﬁl 156.48 Wag 158.06 UMW/NN. AIUAIGNU
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Table 5 Effect of Kamphaeng Saen (KPS) and crossbred Wagyu (CW) steers fed concentration diet ad libitum
on feedlot performance for 368 days

ltem KPS CW-F1 CW-F2 SEM P-value
Initial weight (kg) 407.00 375.00 436.13 34.07 0.03
Final weight (kg) 650.75 684.08 697.80 69.81 0.51
Weight gain (kg) 243.68 309.67 261.07 28.58 0.20
ADG (kg/day) 0.66 0.84 0.71 0.20 0.20
FCR 13.55 11.70 13.28 3.18 0.53
Total dry matter intake (kg) 8.94 9.83 9.43 0.68 0.10

Concentrate intake (kgDM/day) 7.35 7.97 7.56 0.77 0.85

Napier grass silage (kgDM/day) 0.72 0.99 1.06 0.12 0.06

Rice straw (kgDM/day) 0.87 0.87 0.86 0.05 0.36
Feed cost per gain (Baht) 158.06 142.95 156.48

SEM = standard error of the mean.
KPS = Kamphaeng Saen beef cattle, CW-F1= crossbred Wagyu F1, CW-F2= crossbred Wagyu F2.

ﬁ]’]ﬂﬂ’liﬁﬂiﬂ’lﬁ%lﬁLﬁu’jﬂﬂQﬂNﬁiﬂ’lﬁ’l F1 Lﬂuiﬂﬁwau%mwﬁﬁﬂﬂmaﬁuﬁ:Lﬁaﬁau (lasugiunauan) fule
Wieaund (1A aneldenswini) vilignlania F1 fdnuzvesgnuansisiu (Heterosis gene) agjad lnglanizagng
fdlutiausnvesnisyuildiuemstusasngiudosninegadiui (Table 2) uaznaandisn1syy (Table 5) Anuiila
gnran F1 finsnovaussdenisyuldfdamaliaussnninnisudndis Snsnsasapiulnadedsiu) uagdunu
ﬂ'wa’Wmm'amﬁLﬁmﬁmﬁﬂﬁmﬁqﬁIaﬂ%’wi"ﬁﬂiﬂﬂﬁuﬁ:ﬁmwmau w3alaAnGenas (CW-F2) (Utrera and Van Vleck,
2004; Radunz et al., 2009.) dndulagnuaniia F2 %ﬁﬁmmﬁamaﬂmﬁagqﬁd 75 Wosldus dnuazvegnuaufieu
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TulssSeulianunsavdesunzibulunvamgludaseineasouniioulaiudiunuay wagldfinnsveageugn (progeny
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Lﬁmmﬂiﬂqﬂmamﬁq F2 \Julaigeunanvinduinensns deinsldiidelanfafisnainweiivanuanesauslunis
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Table 6 Effect of Kamphaeng Saen (KPS) and crossbred Wagyu (CW) steers fed concentration diet ad libitum

on carcass characteristics and meat quality

Item KPS CW-F1 CW-F2 SEM P- value

Live weight (kg) 601.17 623.75 612.67 59.24 0.84
Carcass characteristic

Hot carcass (kg) 346.46 349.45 366.81 38.63 0.59
Hot carcass (%) 57.58% 55.99° 59.80° 1.42 <0.01
Cold carcass (kg) 336.00 337.23 357.00 38.23 0.59
Cold carcass (%) 55.84% 54.03° 58.19° 1.50 <0.01
Meat pH, at 7 days postmortem 554 558 5.56 0.05 0.48
Backfat thickness (cm) 1.40 0.90 1.62 0.50 0.17
LM area (cm?) 93.96 93.90 101.34 16.18 0.72
Marbling score 2.00 3.00 2.00 0.66 0.09

Meat quality

Drip loss (%) 3.60° 1.56° 1.47° 1.36 0.04
L* Color 43.62 45.32 40.67 3.20 0.13
a* Color 20.18 19.32 19.81 2.31 0.88
b* Color 18.64 18.68 17.00 2.75 0.63

ab Significant difference at P<0.05, SEM = standard error of the mean.
KPS = Kamphaeng Saen beef cattle, CW-F1= crossbred Wagyu F1, CW-F2= crossbred Wagyu F2.
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nanauunuaNNsaslaRugiunsiauLaslagnNaufaYy
INNTANIUAUNUNLTZE T18l6 UasnanouuuaINnIsdesdlaRusiunuay wazgnrauia (F1 way F2)

v
= =
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mmm'ﬂuivmwmﬂu (§owaz 50-53) LLavmuwuﬂwwuﬁﬂmuWmemwmu (Sovaz 37-39) muwumammuummm’mm
WuSesar 90 suaquumwm I@mLawuama&Jaswc"’nmmﬂﬂiumawmmi‘vmaaa'ﬁmmmiﬂuuqm‘wNmﬁmmmuiﬂ
oads 11 v/nn., m'iL?iyEJﬂmg]ut,ﬁas[,ﬁﬁhﬁuLmiﬂﬁaﬂ%’naﬂuﬂﬁyumu Tngianzlurisgavinevanisyu laddns
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ﬁwwﬁﬂﬁaqnﬂ’hmﬂﬁmmﬁuuuuﬁﬁm (French and Moloney, 2001)slummsﬁiwmmaiﬂyu%uﬁ’uﬁmﬁfﬂmnLﬁuu,ag
USinalusfuunsnlundanidoduuen mﬂﬂ1wmamﬁuﬁwaiﬁ’fmﬂmil,?:miﬂﬁua:ﬁwLLWQLLauﬁwﬁqma?a 72,240 U/
Tuvasilagnuaunia F1 uay F2 S5ieldiade 75,877 was 76,755 vin/ia ilesanlagnuasnnii F2 Sdminenidu
nudazdvsinalvsuunsnlnalAsaiulafiunalau Iummxﬁiﬂgﬂwamﬁa F1 fdhwidnennidulndidsstulamunauan
Lwiﬁﬂ'%:uwmlmﬁ’uumﬂmnﬂdﬂﬂﬂduﬁu asm"l,iﬁmmﬂaﬂmﬁmwamuLmumﬂﬂ'1ﬁL?ﬁuﬁmimuﬁiﬁmmﬁuLﬁuﬁmaam
srzna1lun1syu (12 Whsw) WU’J'Wﬂ’liL?i”mIﬂﬁ’uﬁ:fﬁLLwnLLauﬁNammmuﬁwﬁqm J99a91AR 1AQNNENIAY F2 uag F1
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Table 7 Production cost and economic return of Kamphaeng Saen (KPS) and crossbred Wagyu (CW) feedlot

steers fed concentration diet ad libitum

ltem KPS CW-F1 CW-F2
Steer price (Baht/head) 40,700 37,500 43,613
Feed cost (Baht/head) 58,166 52,604 57,584
Other variable costs (Baht/head) 8,879 8,353 9,019

Fixed costs (Baht/head) 1,840 1,840 1,840

Total cost (Baht/head) 109,585 100,297 112,056
Total revenue (Baht/head) 72,240 75,877 76,755
Profit (Baht/head) -37,345 -24,420 -35,301

KPS = Kamphaeng Saen beef cattle, CW-F1= crossbred Wagyu F1, CW-F2= crossbred Wagyu F2.
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Naﬂuaamsﬂgmﬁmﬁmﬁmm (Phlebopus portentosus)
san1siaulnvesndmezes (Dalbergia cochinchinensis)
The Effect of Bolete (Phlebopus portentosus) Innoculation
on The Growth of Siamese Rosewood (Dalbergia cochinchinensis) Seedlings
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UNANYD

miﬁﬂmmamadmﬁﬂqﬂL%@Lﬁmﬁ’uwiw (Phlebopus portentosus) duliuiinlunaslssiifousulseniusanis
wiulneendnge s (Dalbergia cochinchinensis) S‘lfﬂLﬁuﬁulﬁ‘ﬁlﬁHaﬂ'WQQ 1AYIUNUNITNABDILUUA NANY T
(Completely Randomized Design; CRD) i 7 YANIINAHD laun YAAIUA (hiﬂgm.%a) qumaadﬁﬂqmsﬁal,ﬁﬂﬂ%mm
10, 20 way 30 Uadans U 1 tag 2 ads Imaﬂ@jmﬁﬁuaﬁwﬁ’u 15 Ju naapuiund nggsey 4 ey Tuiinuanis
WiulmauegAsy 180 Ju wudmwﬂqw‘?ﬁy@ﬁﬂ?mm 20 fladans $1uau 2 ASs 1ﬁmaﬁﬁqm dlotausinanasisiiadie
aaolsiladd waznaolsiadsiu SAnade 3.23+0.03, 1.40+0.12 uway 4.63+0.09 fadnsusedadans mudu Usuiu
naolsfladie uazaaslsfladsiy unnssrvyaeuaueesitodfamnaada (P< 0.05) ileinAugs usugudnanad
FEAUADTIN NTINYU UATUIATININT W fid1aay 62.94+13.07 WwuRluns 8.22+1.13 fadiuns 41.69+5.78 Loufiuns
WAy 23.47+8.13 N3U mudIRU uandiugnAIuANeg i@ Aynealia (P<0.05) NsiATIziaudNTussEnINg
YSinamaslsiltadiaiunsiiulavesndmegs wuin Usinueaelsiladie danuduiusiu mmqamamﬁﬂﬁmmﬁqm (R2
= 0.7512) sesaslufe wadinm Lé’umuqu&?ﬂmqﬁizﬁmaim LAZUUINAIIUNTINYDINTINY ALY dleviinng
arvaoudnuaziddloinfiogfusndesvondmeysie ndesanssmididnnseunuudensin (SEM) imdsene
100 lulAsiuns ‘W‘U’.J"]SWﬂN@Sﬂﬁ?W%QQﬁUQﬂL%@ﬁLﬁui&lLﬁﬂﬁm@hm’]zﬂ’ﬁ’miﬂﬁlﬁau nan1sAnwausalddunumia
dnaiumstgni Taelidauiinluroslsn (Faguii) sufvlfiasvsie tetioiunisfilavesis
Arddsy: wegd ndlil winduwin oelaluaeslsy lupaslsyn

Abstract

The effect of bolete (Phlebopus portentosus) inoculation, which is a highly favored edible mycorrhizal
mushroom, on the growth of Siamese rosewood (Dalbergia cochinchinensis) seedlings, which is a highly valued
tree, was investigated. Completely Randomized Design (CRD) with seven treatments was used. The treatments
were: control group (no inoculation); inoculation with 10, 20, and 30 ml of P. portentosus inoculum, inoculated
once and twice with a 15-day interval between inoculations. Four-month-old D. cochinchinensis seedlings were
used in the experiment. Growth parameters were recorded for 180 days after inoculation. It was found that two
inoculation of 20 ml gave the best results. The result showed that the average quantities of chlorophyll A,
chlorophyll B, and total chlorophyll content that were measured were 3.23+0.03, 1.40+0.12, and 4.63+0.09
mg.g", respectively. The average quantities of chlorophyll A and total chlorophyll were significantly different
from the control group at the statistical level of P<0.05. The average stem height, diameter at root collar,
canopy width, and total biomass were 62.94+13.07 cm, 8.22+1.13 mm, 41.69+5.78 cm, and 23.47+8.13 g,

respectively. The results were significantly different from the control group at the statistical level of P<0.05. The
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correlation analysis between amount of chlorophyll A and plant growth indicators showed that the correlation
coefficient between chlorophyll A and stem height was highest (R2 = 0.7512), followed by total biomass,
diameter at root collar, and canopy width respectively. P. portentosus attached to D. cochinchinensis seedlings
roots were examined by Scanning Electron Microscope (SEM) at 100 um. The results showed that the inoculated
roots had mycelium attached to the surrounding root surface. The study results could be used as a guideline
to promote re-forestation by using mycorrhizal mushroom (P. portentosus) along with economic trees for
increasing plant growth.

Keywords: Dalbergia cochinchinensis, seedlings, Phlebopus portentosus, ectomycorrhiza, mycorrhiza
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Fuduldvn uwaglilenss wu wungs wasuatu Sdamﬁwummﬁuwﬁuquéﬂmnﬁisﬁumaim LLawlim'mmﬂa”wlﬁﬁ
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Waiulmfiuiing wlsutadelnemsuiiuihavennunanaassulusasdiade 100 nfu sieth 1,000 fadans
(Biodiversity-Based Economy Development Office, 2021) nsnaaedliFuterinsonlundufotuiomn
NsATENAUNA NS

NZAANZElUgANIZAUINAN 2 X 6 i Tngdanmiznaldl Ussneumefue geuenii wasledunsd Tu
Snsndau 2:1:1 Wondmegeoy 3 ey Ereasgumizuia 3 x 8 i eyvrandliidunar 1 feu (ameigndn 4
WWew) Anndmzgeiifivunnit q fu arwgsUszana 20 wuRwes W ev1mmaass (Biodiversity-Based Economy
Development Office, 2021)
nsUgnidarinduidnludunginges

THUHUNTNABBLUUENANYTal (Completely Randomized Design; CRD) lagdl 7 yan1snaaes lnanses
6 susiayAN1INAGDY vi1 3 1 Tl sqmmuquﬁhjﬂgm%aﬁmﬁm&h LU‘%&J‘ULﬁwﬁumwmaaaﬁﬂgmﬁaﬂ%mm 10, 20
way 30 faddns (nadanmvenduleia 3 Tadnsu/10 Taddns) Ugﬂv'ﬁumi”]mu 1 ads uas 2 ady (mﬁﬂgméﬁuaﬂ%gqﬁ
aeafuszuzan 15 Yu 91nadausn) VT’]ﬂ’]iUQﬂL%@I@‘&Jﬂ’li‘i(ﬂﬁl’lauluqﬂLW’]%WE]S?}I“LJ Judulugumzndliunnduses
Enties wisliidaiinasluusnalsusnlgmiu Mé“nﬂz_jm%aLﬁmaqmaﬂéﬁiﬁluﬁiu Taisavlugas 1-3 Suusn ilelvidu
lowinlawana waziesniziniszuunnvendnlsd ndndusadinedu ﬁwiﬂiwaé’uﬁ]usﬂmé’ﬂaLﬁﬂaammnqq
(Biodiversity-Based Economy Development Office, 2021) iiloasu 1 dUamithnd liunnsusnaifivauansils 1
vrluusinadivin 1 1y Tugranderiunndiluldagnilsn1smaaes ué’nﬂgm%&ﬂuswznm 30 U #52979N19
Lﬁ]’%fglﬁ‘uimﬂ33'171"%511;3’1’?@1&4?1% 180 11 I inAnugeiislivssin 91nAesndsUatseen 1 s Lé’uchuquéﬂawﬁ'
seiupesndeldiiesidesaalives waviansamuaieldussin 2 a1 udrhunduaAeds (Sangthian and
Sangwanit, 1994; Elliott et al., 2000)
nsasavdIndsununaslsiad

nInTvinUinaaaslsitad vinlneduiiegnsndmeeslunsazganisnaaes udrduiiuiegnlu Tneldfians
nszawaluud dlunrduudadudedmiinand g 10 fedndu Weldlunaonnnassoun 2.0 fadans Wuaisazat
Towifiadanianlas (Dimethyl Sulfoxide; DMSO) Usunns 1.5 fiadans waavuft 70 esrwaies Wunan 30 unit felsk
\Wuiigumniivies wdwinnsialasanlnslilafiines B%e Thermo Fisher Scientific; §u Genesys 105 UV-Vis) fiAnn
819PAU 663 Wiluwns waz 645 utluuns dmsunsinaaslsiiad Tngld@amsiuia (Amon, 1949; Siebeneichler et
al., 2019; In-pik & Kongsamai, 2022) udihluaunameaUsnnunaslsilaa muqmé’fﬁﬁu

Aaplsiade = [12.7 (A663) - 2.69 (A645) x V /(1000 x wt)

Aaalsiadl = [22.9 (A645) - 4.68 (A663) x V 1/(1000 x wt)

Aaplsiadsau = [20.2 (A645) + 8.02 (A663) x V /(1000 x wt)

dlo A fie AINISAANGULEAIYBIENS, V B USunsansazane DMSO uag wt fo dveinluiildadn
mMsiavsunauuladinwdrumienu wazlaau

TaUSuanatinmdnuniesiu wagldau lnetind1eng 180 Tu u1andueen wensenivdiuwmile Aulay
dausnlifu Fadminannuedunsy antufiniouediensyay ilvsuuidlugouaufoufiguvnd 60 o
waidea Wunan 80 Falue auuinai e uinukenheduni
nsAAsIzEANNENRUSsEnIeURINaaae lsadlenunsRuTnvaIndze

IATEAFUNTANFUNUS S¥rineUSunanaslsiiadie Jaansu/nsu) LLaxm"’%ﬁ%ﬁ’mm‘a@u‘[mmamﬁmsgq 4 aidl
lawn AuEs (wudung) Lé’umuquéﬂawﬁwﬁmamﬂ ({afiuns) YWINAMUNTNVBINTING (URLUAT) Lazuda
Fanm (n$1) warAndulszavsanduiug (R) Tngldlusunsy Excel
nsasaasaunsnzvanduledlendeqanssAudidnasaunuudasnsia (Scanning Electron Microscope : SEM)
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(Panngom et al,, 2014)
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naae lagly Duncan’s multiple range test (DMRT) fisvumuidioniu 95% selusunsuiiasizsiada SPSS

Han1sANEILaARTTal
nsugnieifiafuiindanisUiinmaaslsiladuasnginges
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Tu Vsmadlulesiau veavea uaglnunaifon warnisldiderfindusin lugUuuuresarsurauasy wuirdinsidiuns
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Table 1 Quantity of chlorophyll a, chlorophyll b and total chlorophyll, stem height, diameter at root collar,

canopy width and total biomass on D. cochinchinensis seedlings were inoculated with P. portentosus for 180

days
Total Diameter at
Chlorophyll a Chlorophyll b Stem height Canopy Total biomass
Treatment chlorophyll root collar
(mg.ghH)* (mg.gH)* (cm)* width (cm)* (9)*
(mg.g)* (mm)*

Control 1.19+0.63° 1312071 2.50+0.09° 47.67+11.42° 6.29+1.54° 30.70£6.10° 15.69+5.83

Inoculated once

T1(10ml)  1.94+0.07%  1.0620.26® 3.00+0.19 55.65+13.25> 6.87+1.579 30.62+10.70° 15.84+5.24°
T2(20ml)  2.60+0.16% 0.94+0.02°  3.54+0.14° 52.39+13.47° 6.44+1.09% 34.25+7.28° 16.36+5.58°

T3 (30 ml)  2.80+0.04%° 0.92+0.01°  3.72+0.02°° 53.06+8.91% 8.07+0.88°° 34.94+6.27° 17.22+599"

Inoculated twice

T4 (10 ml)  1.99+0.25* 1.87+40.22°  3.87+0.03° 53.47+13.57° 7.08+1.48°° 42.61+6.52° 20.03+4.83%°
T5(20ml)  3.23+0.03° 1.40+0.12%°  4.63+0.09° 62.94+13.07° 822+1.13% 41.69+578%° 23.47+8.13°
T6 30ml)  2.73+0.44% 1.48+0.31%  4.21+0.14%° 60.22+14.43%° 887+6.35% 36.39+5.42° 21.23+3.18%

“* Different superscript letters within each row are significantly different (P<0.05).
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Figure 1 The correlation analysis between amount of chlorophyll A and plant growth indicators: stem height
(top left), diameter at root collar (top right), canopy width (bottom left) and biomass (bottom right).
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2005; Jandrasrikul et al., 2008; Kosol et al., 2020) MsUani¥ausuns 20 Jadans 1 ATY wudnlIsndivsunandule
nzdfieauns 9 Aawanshu Figure 2e dusnwzgaiilifinsugnidensislinuduledinduisinduansly Figure 2c

Figure 2 (a) D. cochinchinensis seedlings (Control, inoculated once with 20 ml, and inoculated twice with
20 ml). (b) D. cochinchinensis seedling roots were non - inoculated with P. portentosus. (c) Scanning electron
microscope (SEM) of P. portentosus seedling roots non - inoculated with P. Portentosus. (d) D. cochinchinensis.
seedling roots were inoculated once with 20 ml with P. Portentosus. (e) SEM of D. cochinchinensis seedling
roots were inoculated once with 20 ml with P. portentosus. (f) D. cochinchinensis seedling roots were inoculated
twice with 20 ml with P. Portentosus. (g) SEM of D. cochinchinensis seedling roots were inoculated twice with
20 ml with P. portentosus.
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4 daslaiunnaneiuegelided1Aynieada Ine3snislan 5 38 Tinananaaslliunnaeiusyning 904.37-1,075.45 nn./ls
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Abstract

Appropriate sowing methods and seed rates normally depend on varieties and ecosystem of rice production
field. This experiment was conducted to study the effect of sowing methods and seed rates on yield and yield
components of Pathum Thani 1 rice. Five sowing methods with 4 sowing rates were arranged as 5x4 factorial in a
randomized complete block design with 3 replications. Treatments comprised of 1) broadcasting germinated seed
(ay); 5, 10, 15, and 20 kg/rai, 2) drilling germinated seed (a,) with 30 cm row space; 5, 7.5, 10, and 12.5 kg/rai, 3)
dropping 8-10 germinated seeds/spot (as) at spot-row 36x30, 30x30, 24x30, and 18x30 cm, 4) transplanting 3 bared-
root seedlings of 20-21 days for each spot; the spots were at 36x30, 30x30, 24x30, and 18x30 cm, and 5) transplanting
3 seedlings with soil lump on the roots, ageing 14-15 days, for each spot; the spots were at 36x30, 30x30, 24x30
and 18x30 cm. Paddy yield was harvested for 7.2-7.5 m?*/plot, and yield components were sampling recorded for

50-60 panicles/plot.
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The results revealed that no. of panicLes/mz, no. of filled grains/panicle, no. of unfilled spikelets/panicle,
and paddy vyield of various sowing methods and population densities were of non-significant difference. Average
yields of 5 sowing methods had non-significant difference among 904.37-1,075.45 kg/rai, and average yield of 4
densities had non-significant difference among 939.42-1,027.23 kg/rai. This indicated that Pathum Thani 1 rice can
be planted by any of the 5 studied methods as there is no significant difference in yielding. Therefore, high
population density is unnecessary for Pathum Thani 1 rice cultivation because of its high tillering ability.

Keywords: sowing method & rate, Pathum Thani 1 rice, yield and yield components
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U171Ug NERICA-4 51847037 sveUqn 20x20 9. 91u3u 4 Au/vau Winandngedn (852.3 nn./ls) Boonphirom (2015)
51897u71 seeeing 30x30 9y, T1iveunseaslinandnasan 490 nn./ls sedadunssey 35x35 gu. (470 nn./ls) way
sz8zUnan 20x20 . 1ﬁwaw§mf*@m 410 nn./ls veuzdt Bhornchai and Thongoon (2017) AnwinavessyerUyn 3 seee
Usznause 20x20, 30x30 WAz 40x40 1. senandnvesting 3 Wug (ufiueuun ousssumansuaglsiiuesd) moaud
417 3 ﬂ’uﬁﬂﬁ'mawﬁmLa?{agnqmﬁisazﬂqﬂ 40x40 @31, USuad 892.27 nn./ls 599a91NA05E8Y 3030 wag 20x20 @al. 1%
HaNAMLAY 776.72 way 630.28 nn./ls auddy

Fraugunustd 1 udradililnas dduudaiunans nsaneds-uidntios geuseanay 105-115 @y, ddnenn
nslinandngs $1amsaniu finduseuseu q (Rice Department of Thailand, 2023) iufifeansvesuilnaviluuay
iaUseme Ussinalnedsoandaiiuguyusiil 1 lunglunaiasisUsemaluuig Thai jasmine rice wag Thai fragrant rice
$IAdee8n (HA1AN 2566) 27,7035 UW/AU (@afl 36.50 Uw/gloansaas) gini191Iv1a 5% $1uru 5,985 U/ wie
g4n91 27.5% (Thai Rice Exporters Association, 2023c) 1A 1a1UAentazd1iasiugunustil 1 gendndniviialy
U530 20-25% AABAVIANENAITTYTiHIUNT BTIund Ui sTadinsgninaiugdusiin g tudadiunisugnazanas
driinanuAsygianisinems (Office of Agricultural Economics, 2023) $181uinlulniswiin 2564/2565 ¥19urgninamiug
Unusndl 1 wanuazuuSen 2.68 d1uls esaniidnitusuusiniuglve o Alvinandngandt egslsfnunainnisdi
11 lANUADINITTINUTUNNT 1 1INNTIWTUIUNITHER ﬁ“jdmﬁm:«nLﬁauﬁ%mswém%’nﬁ’uiﬂnumﬁ 1 Tlenanan
a9ty pazmaluladnisinens aantumeluladnszaeundiaammsainnseds ﬁﬁlﬁ‘éauﬁuu?ﬁmammivﬁma%ﬂaﬁ%’u

U q
o w o

9 Mnmeaeuiefnwinaveisnisugnuazdnsvandenaniiniarasdusznounaninvest1aiugunusiil 1 tiemn



102 MIATNYATNITIDUNG 2568 : 43 (1) : 100 - 109

FBnsugnuardnsrlgnilivingay dwsunugiduasuligniuiillussendldifiegniaiugunusi 1 Wldnandauay
HANBULNUGTU

Aon1sAnEN

nsnaaesiiudasunlulsaiounigisvesnmsimaluladnisinens an1dumaluladnszaounaninunms
MANTEUL NTUNN TENINTUNAN 2565 - LBIEU 2566 Lﬁaﬁmﬂmamaﬁ%miﬂgﬂ 5 359uAUgnsvan 4 8ns1 sienandn
wAreIAUTENRUNANEATDITINUTUNUSIE 1 §PAMARDIUUY 5x4 wianaualuwnunisvaassuudungluuden (5x4
Factorial arrangement in randomized complete block design) ¥11 3 %1 20 AwmeaniUsznausiy 1) MSNITULEAT 7
99n9Ms1 5, 10, 15 wag 20 nn/ls 2) nslsewdndneenidulaissezuan 30 @, 8ms1 5, 7.5, 10 wag 12.5 an/ls 3) a1
veanuandeendugn 8-10 lWan/9n Szay 36x30, 30x30, 24x30 Wag 18x30 vu. 4) n1sdesundsniieseny 20-21
Tulingn 3 fu/mau sz 36x30, 30x30, 24x30 Uar 18x30 ¥ul. 5) NMsghenunanmzlunseug/diuinsinety 14-15 Tuln
A1 3 Au/Mau Seeg 36x30, 30x30, 24x30 Uag 18x30 Wl fufineans 3xa Az /Mmirenaass Idﬂaﬂ%‘ﬁ' 1gns 16-16-8
§m31 35 nn./l3 ndminu lseuagneenwdniniaen 20-21 Ju, lavastinddundisinies 1-2 Yu warldndstinandundnd
AURAIIN 5-6 U Tdﬂaﬂ%ﬁ 2 @ns 46-0-0 8951 15 nn./ls Mﬁdﬂ’]ﬂﬁﬂ&lﬂ%ﬂﬁ 1, 30 Ju LLaﬂﬁﬂBﬂ%ﬂﬁl 3405 16-16-8 8991
10 nn./ls Mé“ﬂziﬂaﬂ%”’ﬁﬁ 2 Useun 25-30 Ju mu@u’ﬁ’mﬁﬁﬂuLLUaq1/|mamimEJﬂ'ﬁaauLLaz%’ﬂmwé’l’uﬁﬂuwawmam 10-12
%1l FABANIINARDIILTTYEY 7-10 Jurewdiuiienimnsli ﬂﬁxéjumiw%igLa“uimsuaqa’]ﬂiﬂﬁm'ﬁuqu[,ﬁﬁwuﬁaﬁumﬂ
a1e9 1 ﬂ%ﬂﬁawq 35-45 Ju uagldansndiestuidalsauazuuasdnginmnuanudndy

Tdwdaiugdnuyusii 1 Afedifudinnuien 92.5% 1huidn 100 ndu $1UI 3,465 WER iudayanandnun
WINUTUT 2.5x3.0 540, (7.5 #5.00) LRUNAREAUALSE UMgen Ue 990 6 1aINane Ul 1.8x4.0 M5.41. (7.2 #5.41) Tusauau
s AuAe) vnwEaeanangas thlvassthuenddendiuadnsonaindnau-tlifiuwss dramedrd
win Quih) leuft 45 ssrwal@ea 72 $alus SannutunasdaimindonIostsluiimaton 2 fumis 9nduiuay
NAHAMTIANTY 15% wartiuduius iU items s Iv/aT. feil

wawAn (nn./13 AuTu 15%) = uu. Frudeniidals (n) x (100 - % A uiusdandseu) x 1.6
fuRAiuies (13.4.) x (100-15)

FUIUTW/ATY. = ﬁwuauiaqﬁmmLﬁ’ummwiawmwmam

X dx 4
NUNLAULNYT (A5.3.)

Wiudayaesrusenounandnlnen1sguiiusnnduran uasniawsnuiuuseann 50-60 39/muienaaed Jn
AMUENI5H LaTInEReenaInTILdtEeniualdluasstusndaduadneenandnau-ldifiuwda aantu
ﬁﬂiﬂauﬁqquﬁLLasnmmﬁauﬁ’umilﬁuﬁayjawam%m Judwaudufunde Sruaudiau-lilifude wdaduaudiuiu
WAAR/5729 SIIUUEAFU/52 Lazs LU EaTaLe/529 ntuthdduadelunnaudy Gﬁl’qﬁmﬁﬂﬁﬁaaﬂamﬁlﬂﬁw
AunanAnfiLAUIINU Az MIeNAaD SiAs1eriAIuuUTUTINYRsTaYaNAN1SMIAABY (Analysis of variance; ANOVA) uaz
WisuiflsumuuananeseniAedsvesimeaans 1ag38 Least significant different (LSD)

= a ¢
NANI1IANYILASAVTITEU
ad £ 1 a v o I3 =
NavasIsMIUgnuazdnsUgndenandnvasdiinugunusad 1
HandnvastIiugUnustd 1 AldaniBnsuaneneiu 5 BuazdnsmiessezUgnaneiu 4 dnsanudn ldfiaany
wanansiuegefituddgvneada (Table 1, 2) nafe n1sugnlneduinuuiadnisen lsewdadisen veenwdadiisen
gredundrsniuissdnatuasnisdredunandifuinsindnen draiuguyusil 1 nandadadenadeldunneiaiu
(904.37-1,075.45 nn./13) agalsimunuln n1sdredunaififuinsintdnei (987.02 nn./l3) n1sdredunaisinildestine
(999.55 nn./L3) waznisveeawandiisendugn (1,075.45 nn./ls) duwildulbinandngandinislssuandisenduunn
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(942.66 nn./l3) waznisndnumudadaseni inandniads 904.37 nn/ls (Table 2) denadeasiuiuisoaes Rana et al.
(2014) flSeuisusewinansninuudndsenduniséredundrtnalddmaass 3 #ug (BRRI dhan39, BRRI dhan49
wag BRRI dhan57) $1847431A15UqN 2 3384 3 Wuglinandaluuananeiu nanARLAY 4.44 uaz 4.21 fu/enng
AU

gnsgnlafiveddysonistinandnvestnaiugunusiil 1 nanfe snsdgnaneiu 4 snsrdriudunusiil 119
nandnadoliunnaeiy (939.42-1,027.23 nn./ls) egrelsfnunuin é”mwﬂqﬂmsﬂ (wirunselsewdnd1nsen 5 nn/ls,
veandntinsenviedodundniindissey 36x30 wu.) Suudliliinandniads (1,027.23 nn/l3) gsndinisugninesng
Ugnas lnenisugnaednsvgnasgauesnisnaast (minuudadnasen 20 nn./ls, Tsewdadnasen 12.5 nn./ls, neenudn
41198n588% 18x30 9u. UnAraunaisiniudss-aunaifliudnsinszes 18x30 w.)iﬁwawﬁma?{&m&wqm 939.02 nn./ls
(Table 2, 3) M3fAdfugUNLET 1 iugnanedasugne-Aoutnew (low-relative low densities) funlifslvinandngs
n318n51UanADUT19g9-g4 (relative high-high densities) mezé’ms’]ﬂqﬂﬁfﬂﬁﬂﬁ'ﬁz’fﬂﬁ’uﬁjﬂnumﬁ 1 ﬁmmmaﬂmﬁu
nade fuwdeiavun/aa uazdradusde/ssganidnnugngs wiidnsugnindunliuiidununyesy. s
Ugngsfina (Table 2) aoandaerusuiduuas Bhomchai and Thongoon (2017) fis1891uin F1awugiufiuguun viey
s3sumaniuazlsdiuesivinandniadogsaniiszortnd 40x40 wu. (982.27 nn./l5) sesasnfeszey 30x30 wul. (776.72
nn./l9) uazszezdndni 20x20 v, vinandniadssiian 630.28 nn./l3 uananidawuin Ufn3enseningdsnisugniugn,
Ugndenandnlifideddgvneada muneninudn 3Bn1sugnusaziSnevaussdednsivaniunistinandauuuiiediu nanifie
é’mﬁﬂgﬂﬁ’]ﬁLLmIﬁ'ﬂﬁwaNamqqﬂdﬂé’ﬁiwﬂqﬂqdiuv!ﬂﬁﬁﬂwsﬂgﬂ HanIsvaaeansliiuInrweaUgndaiuguyusil
1 s1e35ledsuiddasaunsamanzulewandnaz liuananeiy Si’faaﬂaﬁl,l,amiu Table 4 mmmsl%uwﬁwé’mmqﬂﬁ
wingaudmsunisugndriudunusii 1 udagdsla wu L.L.ugﬁﬂﬁ'lﬂﬁmﬁmﬁ’uﬁ:ﬁﬁmwmanmnﬂdﬂ‘vﬁawhf"fv 90% (92.5%)
wiea 5 nn/ls dwsunisugnlaeisnisninunszaensenislsewadadseniluwe duniseenmdadienionsinesiu
ndrdnen wugihbivesawandiien 8-10 wan/gn nieldrundt 3 du/mau veeansetndnsve 36x30 38 30x30 .
LwimﬂLmﬁmﬁ’uﬁ:ﬁﬁmuﬂ%’ﬁmmaaﬂ 80-85% u‘%aﬁm’hﬁmnﬁ'uLuﬁmﬁuﬁmwuﬁmﬁauLﬂ@%lﬁ‘z‘juﬁmmaaﬂﬁamm Wiilude
stugUnusnil 1 Aldlunimases 100 n¥udidiuiu 3,465 whn dafusdaiug 5 Alansufinnuen 92.5% sgldwdadasen
WINd 160,256 Wi Feazvliladudnmunuwdurinfunistndisses 20x20 @ 4 Fiu/vau
HBYBIITN1TURNUALINTIUANABAIINGTIITIN TTUIUTIV/ATY. WAZTIUIUNEA/39

"Tﬁmsﬂgﬂﬁwaﬁamm&maaqLLazai’wmumﬁﬂﬁy’wm/na pg13iltdAY (p<0.01) MITBFUNALAURATINLAE
mshesundsnildesiisasenaiade 30.46 uaz 29.91 9y, AIuEIRU 81NN N1slsEuazNSEEnWEAT %en B
5298188 28.12 28.75 waw 28.91 @y, auad1u nsiesundninusnainaziisieniniiniswinu nslseuaznisveen
wéadenudn Sl uiussaiemnn /s gendnene na1fe MIdherunisnldssLazmMsesunadiduansindndndl
Luﬁmﬁu’wm/mma?{aqm’h (p<0.01) M3wiu nslseuazmsngenudninenie fudanmunadowiniu 148.60 143.48
126.88 131.56 Wag 135.18 Wan/339 Aua1iu (Table 2) wagnuindsnsugnlufiveddgysediuausiymsa. nanfe n1s
Ugnenaiu 5 38 Trausunusil 1 §9uiune/msa. wAgliANA1aiUsENINN 290.36-319.90 $29/m5.41. (Table 2)

HAYBITNTIUgNRar U N3815enINITN15UgNAUSRT UG NAEAIMLEIITI TIUIUTIVATY. KAZTIUINEA/I9
wuin lufidedAny nande miﬂqﬂé’mwﬁw Aoudnes ABUY9gaEEnIIge T1augUnusil 1 IANe1I519TEning
29.03-29.45 %31, f1UITIVAS.L. TN 288.86-310.31 529/M5.4. UasHTUIULEATMLA/529 SEMINe 131.17-143.89
w8n/539 (Table 2) agslsAnamudn msrugnenfiunliudidusiyesa. s willdwiuwde/ss gandidnsign
g4 (Table 2) KaN1INAABIADAARDITUTIENIUYDS Bozorgi et al. (2011)
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Table 1 Mean squares of paddy yield and yield components of Pathum Thani 1 rice from 5 sowing methods with
4 seed rates/ spaces

Mean square

Sources of d.f. Panicle No. of No. of No. of filled No. of Percentag  Grain

variation length panicles/ spikelets grains/ unfilled e of filled yield
(cm) m? /panicle panicle grains/panicle grain (%) (kg/rai)

Sowing methods (a) 4 10.66** 1566.91™  935.28** 456.57™ 301.52%* 79.50™ 49919.28™

seed rates/ spaces (b) 3 0.56™ 1276.20™  412.58™ 200.60™ 69.56"™ 15.55™ 20232.27™

Sowing methods x 12 0.46™ 1410.35™ 132.56™ 116.05™ 22.65™ 11.60™ 17460.927

seed rates/ spaces

(axhb)

Error 38 1.03 1461.72 201.72 187.38 71.02 32.62 27196.94

CV. (%) - 3.47 12.67 10.35 13.20 25.22 7.55 16.79

, %, ** mean square were non-significant, significant at 0.05, and 0.01, respectively

HavaIIsNsUgnuazdnsUgndaduIuTINANNEA/539 F1T1IEU/59 wazlesiduddrufuaan

Sruaudniude/suaziediduidniiumdavestiugunusid 1 Aldannsugasieiu 5 38 wuin liusnsisdu
(98.43-114.38 Widin/339) way 71.16-77.44% aud1du (Table 2) wiisnsugniinadednuinuaniu/a egrefitadfy
(p<0.01) TnsmsinedundififuAnsintndisiuiumdndu/an (41.49 wée/59) ganindn 4 FBmsUgniiddnuiudn
du/saslaisnafiuszning 28.56-34.22 wide/534 (Table 2) lnensiidnunuwdndu/sne gandin1sugndn 4 38 dewaliniséne
Fundriifiudnsndndiliinandnliganinnisgnlaeisau q whnduunyasa. ﬁ]’]ﬂﬂﬁﬂ@jﬂﬁ?&l%%ﬁﬁLL“LJ’JIﬁiJQJﬂd”IﬂTﬁ
Ugnlneisau 4 Ao

HaveddnIUgnuazUise1senineisnisugniudnsugnlifideddgreduaudadiumds/ss Sunudndu/san

wazefidudtifumdn nanfe nsUgne Aeutres Aeudsgauazdnags Trfusunusii 1 fdnnuddude/
524 Tdunneneiy (99.87-108.52 wan/529) H51uauuandu/s79 (31.33-35.36 Wwan/529) waziilesiduddaiumdn (74.32-
76.72%) (Table 2) @@nAdosry Bhornchai and Thongoon (2017) 1841131 wawesszezUgnlififodrdgsesuiutn
Wiwdaeds/sn9 uazdunutnaueds/se vesdiiugiviinguun neusssumansuaglstiuess
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Table 2 Mean effected of sowing methods and plant densities (seed rates/hill-spaces) on yield and yield

components of Pathum Thani 1 rice

Grain Panicle No. of No. of No. of No. of Percentage
Treatments yield length panicles  spikelets/ filled unfilled  of filled
(kg/rai) (cm) /m? panicle grains/ grains/ grain (%)
panicle panicle

Sowing method (a)
Direct broadcasting 904.37 28.12b 304.87 126.88c¢ 98.43 28.56b 77.44
germinated seed (a;)
Direct drilling” germinated 942.66 28.75b 295.70 131.56¢ 101.21 30.18b 76.65
seed (a,)
Direct space-dropping’ 1,075.45 28.91b 290.36 135.18bc 102.53 32.61b 76.08
germinated seed (a;)
Transplanting’ bare-root 999.55 29.91a 297.65 148.60a 114.38 34.22b 77.04
seedling (a,)
'I'ransplanting3 seedling 987.02 30.46a 319.90 143.48ab 102.00 41.49a 71.16
with root holding soil
lump (as)
Plant density (seed rate/row-hill space) (b)
Low density’ (b,) 1,027.23 29.45 288.86 143.89 108.52 35.36 75.58
Relative low density2 (by) 989.83 29.32 301.88 137.49 102.29 35.17 74.32
Relative high Olehsi‘ty3 (bs) 970.76 29.03 310.31 136.01 104.17 31.78 76.72
High density4 (bg) 939.42 29.11 305.73 131.17 99.87 31.33 76.07
F-test (a) ns ** ns *x ns *x ns
F-test (b) ns ns ns ns ns ns ns
F-test (a*b) ns ns ns ns ns ns ns
CV. (%) 16.79 3.47 12.67 10.35 13.20 25.22 7.55

" hill x row of 36x30 cm in transplanting & dropping, 5.0 kg/rai of germinated seeds in broadcasting & drilling

Zhill x row of 30x30 cm in transplanting & dropping, 10.0 kg/rai of germinated seeds in broadcasting, 7.5 kg/rai of

germinated seeds in drilling

? hill x row space 24x30 cm in transplanting & dropping, 15.0 kg/rai of germinated seeds in broadcasting, 10.0 kg/rai

of germinated seeds in drilling

% hill x row space 18x30 cm in transplanting & dropping, 20.0 kg/rai of germinated seeds in broadcasting, 12.5 kg/rai

of germinated seeds in drilling
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Table 3 Mean yield of Pathum Thani 1 rice from 5 sowing methods with 4 densities (seed rates/ spaces)

Paddy yield (kg/rai)

Mean yield

Sowing methods (a) Population densities (seed rates/ row-hill spaces) each sowing
Low density Relative low Relative high High density = method (a)
(by) density (b,)  density (b,) (by) (kg/rai)
Direct broadcasting’ germinated 1,081.16 918.34 880.34 737.64 904.37
seed (a;)
Direct drilling” germinated seed (a,) 996.49 924.19 945.60 904.36 942.66
Direct space—dropping3 germinated 1,077.06 1,072.28 1,051.22 1,101.24 1,075.45
seed (as)
Transplanting3 bare-root seedling (a,) 934.77 982.45 1,032.16 1,048.80 999.55
'I'ransplan’ting3 seedling with root 1,046.67 1,051.86 944.49 905.05 987.02
holding soil lump (as)
Mean yield each density (b,) (kg/rai) 1,027.23 989.82 970.76 939.42 GM = 981.81
F-test (a) ns
F-test (b) ns
F-test (a*b) ns
CV. (%) 16.79

! seed rate of low, relative low, relative high, and high were 5.0, 10.0, 15.0, 20.0 kg/rai, respectively
2 seed rate of low, relative low, relative high, and high were 5.0, 7.5, 10.0, 12.5 kg/rai, respectively

% hill x row space of low, relative low, relative high, and high were 36x30, 30x30, 24x30, 18x30 cm, respectively / ns
was non-significant difference, and GM was grand mean
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Table 4 Effect of sowing methods and rates on number of panicles/m?, number of filled grains/panicle and paddy

yield of Pathum Thani 1 rice

Sowing methods (a), seed rates/ spaces (b) No. of No. of filled Paddy yield
panicles/m? grains/panicle (kg/rai)
Direct broadcasting germinated 5 kg/rai (by) 329.33 104.46 1,081.16
seed (a;)
10 kg/rai (by) 301.67 101.73 918.34
15 kg/rai (bs) 316.80 9291 880.34
20 kg/rai (bg) 271.67 94.64 737.64
Ave (a;) 304.87 98.43 904.37
Direct drilling germinated seed 5 kg/rai (by) 287.63 96.32 996.49
(ay)
7.5 kg/rai (by) 302.60 94.63 924.19
10 kg/rai (bs) 310.90 108.44 945.60
12.5 kg/rai (by) 281.67 105.47 904.36
Ave (a,) 295.70 101.21 942.66
Direct space-dropping 36x30 cm (by) 258.87 105.84 1,077.06
germinated seed (as)
30x30 cm (by) 296.60 103.35 1,072.28
24x30 cm (bs) 289.50 108.86 1,051.22
18x30 cm (by,) 316.33 92.08 1,101.24
Ave (as) 290.36 102.53 1,075.45
Transplanting bare-root 36x30 cm (by) 262.30 125.89 934.77
seedling (a,)
30x30 cm (by) 287.70 110.70 982.45
24x30 cm (bs) 316.13 110.54 1,032.16
18x30 cm (by,) 324.47 110.38 1,048.80
Ave (a) 297.65 114.38 999.55
Transplanting seedling with root  36x30 cm (b,) 306.17 110.09 1,046.67
holding a small soil lump (as)
30x30 cm (by) 320.70 101.05 1,051.86
24x30 cm (bs) 318.20 100.09 944.49
18x30 cm (by,) 334.53 96.78 905.05
Ave (as) 319.90 102.00 987.02
F-test (a) ns ns ns
F-test (b) ns ns ns
F-test a*b ns ns ns
C.V. (%) 12.67 13.20 16.79

ns was non-significant difference
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Uanfla 2 vfie laun @8 Streptococcus agalactiae wag Aeromonas hydrophila 1ae33 disc diffusion wagis broth
dilution Tngldarsataauylng 29 il (32 fregrvayulng) ldur nszene nsswion news 91 89 viiugn vfiudu
Fudty vewg veew avduwmn aglad duvew Taun dnd (v, wia) dTus #nfan dnum winlne fimeaeles
UYNFA ULUUIU UgTy z3un wzsy (ly, i) B3 azsvumd avian (en, Tu) veuuns wavvieuwslng Iﬂaaﬁ’maﬁaﬁﬂ
auuimmammuaa 95 wWasidud (amwmuauuiwmamma £ 1:6 (W/V)) WU miaﬂmmﬂmmqmwm
L%a S. aga(oct/ae e A hydroph/ a awam mﬂ%umwww 2.80+0.17 LAz 2.36+0.05 LUURALLAT AIUAINU dIUA7
mmwmumqwmmaaau&mLsuaLL.‘UﬂmieJ (MIC) SLumﬁﬂﬂmmauiummaamuwalmLuaqmﬂagulwmamw VRISEIRN
134'Lﬁumwmjumﬂm‘m%zgLﬁuimaw?jummﬂﬁﬁﬂiﬁ LLazzmmmLsﬁmﬁusﬁqmﬁmmamhLﬁ?jual,wﬂﬁﬁﬂ (MBC) siovle
S. agalactiae wuh iiuudian MBC fifian Wity 9.8 fadnsurefindans daiide A. hydrophila nui nszenern 3
A1 MBC ﬁﬁqm Wiy 156.2 fiadnSusiefiadans annansinuiiasiulddnasatinanuiiudu nszmevn uaveiiu
am fiszansamlunmsiududewuafiGonelsalularialdidueean

°

ArdRey: ansarinayulng n1sdudinisasyivlaveuuniise wuaiSenelsa Yania

Abstract

The objective of this study was to investigate the effect of herbal extracts with inhibitory activity against
two pathogenic bacteria in Nile tilapia; Streptococcus agalactiae and Aeromonas hydrophila. The inhibitory
activity against pathogenic bacteria was determined by disc diffusion and broth dilution method. The 29 herb
(32 herb extracts) species including kaempfer, allium, holy basil, galanga, ginger, white curcuma, turmeric, celery,
wildbetal leafbush, climbing wattle, Lao chili wood, lemon grass, green shallot, asiatic pennywort, coriander,
culantro, dill, Vietnamese coriander, pepper, kariyat, kaffir lime, leech lime, mullilam, bitter gourd, horse radish
tree, tree basil, kitchen mint, Siamese neem tree, shallot, and brown onion were extracted with 95% ethanol
(ratio of herbs to solvent equal to 1:6 (w/v)). Galanga showed the highest inhibition of two pathogenic bacteria
(A. hydrophila and S. agalactiae) with inhibition zone of 2.80+0.17 and 2.36+0.05 cm., respectively. In this
study, the minimum inhibitory concentration (MIC) could not be observed due to the color of the herbs being
very dark, obscuring the turbidity of the pathogenic bacteria growth in the test tubes. The result of minimum
bactericidal concentration (MBC) against S. agalactiae showed that the extracts of tumeric yielded the best
result at 9.7 meg/ml. As for A. hydrophilia, it was found that kaempfer extracts yielded the best MBC value at
156.2 mg/ml. The results of antibacterial testing suggested that turmeric, kaempfer, and white curcuma extracts
could be applied in the treatment of bacterial infection in tilapia.

Keywords: herb extracts, inhibitory activity against bacteria, pathogenic bacteria, Nile tilapia

L anvnnsuseas ﬂmxmwmmam%uazw%’wmmsmsmma UAINEAEWLEN 2. W2Le1 56000
! Division of Fisheries, School of Agriculture and Natural Resources, University of Phayao, Phayao 56000
* Corresponding author: korntip.ka@up.ac.th



King Mongkut’s Agr. J. 2025 : 43 (1) : 110 - 119 111

AN

vanila Wutanhiafifinuemansugianasdeuuiloasueginturns iWesmnidovaniisand deade
WSgiulaisa mmmlﬁyﬁmlﬁiunﬂamw Tul A.A. 2022 Food and Agriculture Organization (FAO, 2022) $18471 11
Uinamandnuaniavhlanilgefi 4.4 iy Tnerandnanlvgldannismsdes Ussmaiiinmsmzidssaniaan
figfe Uszinaiy sesasnloun 38U Sulaiide auTud wazlne suddyu Tl wa. 2564 wuin Vnaardaann
nERes Wiy 253,500 fu Anduyaen 11,722 d1uum (Department of Fisheries, 2022) 91nA1HBINTIUNT
U’%Iﬂﬂﬁgﬂut,t.awhwizmﬂluﬂ%mmqﬁ v‘iﬂﬁﬁmiﬁwmgﬂLLUUﬂ'ﬁL?ﬁy&JnaéwiaLﬁad LLGi'i’Jﬁ]fqﬁuqmamﬂﬁumiwaLﬁy&Jd
UanflaUszausudgmnisszuiavedlse lnsianizlsafiinainuuaiiide wu Streptococcus spp., Aeromonas spp.
waz Flavobacterium spp. Imaﬁaumﬁﬁﬂuaqa Streptococcus way Aeromonas WuinduidouuaiiSeiiadienan
Lﬁ&lmﬂiﬁl,l,ﬂ'ﬂmﬁaq&ﬁ'qm L%@LLUﬂﬁL?Eﬂuaqa Streptococcus finelsaluvania fe Streptococcus agalactiae
naliinlsaniluu (streptococcosis) virtivaidenisailuu aru1igu pnsanideniensuenuazeteaznely e
VI WarInetuuUAaEiny ddudewuniiise Aeromonas hydrophila feliinlsa motile aeromonas septicemia
(MAS) vl fiuAnennsandennugin efurzansluuan Asunseu wavvesuah (Chitmanat, 2013) ndgym
nsmeresadaiiaungindouuaiiieduiliinunsinsldenjiuswesaaaiifotostuuar fnulsa us
iesaninumsnsunsdndiaanuanudnlalunsldoufusuazansiadiignios uazdnsldondfdusfndeiu
Bunawilfiadgmidewuaiisedinsnoe a]uhjmmmuqmégqmimwadé’miﬂfwmm%‘uadaiﬁﬂivﬁ” MlAnunsng
ﬁamﬁuﬂ%mmmﬂ%ﬁqwmﬁu Smnduhlilasanddudnituardundonluvedos fworvdmansenulaenssio
Huslaala

fedu FehliAnanunesufiasmasduiianusaldunueufie Tnefvayulnsdadudeilésuanuala
iesmnannsamldmusssunavdoaansagnlsios wasivayulwsanlvgliiunmssensuinasnssannsifinng
Tasnwlsnluau wiodninng 9 mL‘ﬁunawmuLLazﬁmmmmmiumiﬁué]'jam'il,ﬁ]'%fgﬂuadﬁ;éuﬁﬁ&m 9 LU LUATILTY
le?yaiﬂ wazlisa ladnmae (Nithikulworawong, 2012; Potiwong et al., 2020; Rattanachaikunsopon and
Phumkhachorn, 2010) ﬂ%ﬁ;ﬂ’ﬂﬂ”ﬁmﬁﬁwmiaﬁ’mgﬂwammaaum€J’Ué’?ﬂLLaz%’ﬂmL%aumﬁﬁadaimiué’m’iﬁw e
Aodn1sannstdenUfviue wazanasanAslunandn i ImEJLawwagulmﬁmdwiuﬁadﬁu Fadunuideised
Tnquszasdiiiedoansimdonansatnasulnslusiosiu s1usu 29 vlle (32 dreesauulng) fiflgrisudatonuaiise
Aelsaludatia s1uau 2 ol fe 1o S. agalactiae uaz A hydrophila Tuesfuinisaqe3s disc diffusion,
minimum inhibitory concentration (MIC) k&g minimum bactericidal concentration (MBC) wiotdunwanislunis
é’fﬂLﬁaﬂaaguIWiaJwﬂizqﬂm%’ﬂumﬁ%’ﬂwﬂﬁﬂamL%@LLUﬂﬁL’%&fLuUmﬁaLLasé’m’iﬂfWﬁmﬁluﬁidU

ECHREGHNY

nsinsguansainanayulnsia iy

nsfnuildailnstiosiiu S1uau 29 wiin (32 Fregrsaulng Idun nsswe nasdien newst 971 39 auen
iudy Fude vewg o azdumdn arlad Fuvew thun dnd (u, wia) dndiss dnTan dnuwa winlne dmeane
195 Ugn30 UzuUIY uzsiun wzgu (ly, in) 81191 Azszum awian (men, Tu) vesuns wazveniilng nan3euasann
auulns 1#fnuUasmInIBn1sves Harikishnan et al. (2011) Ingthayulnsililunmsvaaeuindsliazen milvidvun
\Einas dlouselaseseuaniou (hot air oven) figaumndl 55-60 ssrwaidos Wutian 48-72 9l vieaunitayulng
aswis antuhayulnsluuliosBenuas SeampilnsusiasainUinm 25 n$u nafuasazatoieniuea 95 Wediius
U3inas 150 fiaddns laeldshaduanulnsesvhazasniiy 1:6 wa) seisliigamafivondunan 72 $2lus ide
asurmuanalfhayulnslunsesendiuveannayulnsuasasatnayulnsoonaniudednniu wasnsesidne
nseAy Whatman No.1 thansafmayulwsiildluvinnissymeansazansieniueasendieiades rotary evaporator
(BUCHI Rotavapor™ R-300) flgamgil 45 sseniwaifea aanusiu 97 mbar A1ansiseu 55 sauseundi Uszanas 15-20
wfinemegne  agleasazaadudunelurin  wagsinsazaneasmesivinazats Dimethyl sulfoxide (DMSO)
USnas 10 fiaddns agldmnuiduduvesayulnsiililunismaassiimududu 2500 me/ml (ppt) thansazaefiain
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alnsustesriaflfifvinwlitoungl  —20  esmuwadoa o lUldlunismeaeuUssansnmluntssudade
wuaiiderelsalutunousteld
mswSsuauunaiiGeiildnagou

FouvaiiZefldlunsmegeuiiudeiinelfiinlsaluvaniia Inedfunudeuvaiidounsuuan 1 via fe
S. agalactiae (FS131) uasitouvaiiounsuau 1 via fe A hydrophila (FA02) a1nsesufjifinisanunisnnisyszas
ANTNYATAIANTUATNTNYINTTITUYIR UNINLITENELE ﬁLﬁU%’ﬂML%@lﬁué’mﬁ -20 asrngadea lngvinnisiiu
Fregradanuaiideelsaanrfudswardaluiiuiismianzien vnsiEeade . agalactiae wag A. hydrophila
UUDINT tryptic soy agar (TSA) ﬂu‘ﬁqmmﬁ 37 uaz 30 serwaidea Wunan 18-2¢ $2lue pudnsu anndutiie
wuAi3odildunidsstouua g typtic soy broth (TSB) Usung 120 fiadans (luvanguean] vuia 250 aaans) U
$eLATad incubator shaker gaumgdl 37 ssAwaiioa Au§I50U 140 sOUdEWIT LWunan 18-24 F2lus sty
wadvesuaiiBelneiuuenwaduaremsidssdesendeniesiumios finunsaseu 3,000 seuseunit iunan
10 il druladuuuiic uardramaduuaTiGese 0.85% NaCl Susiesfirnnungaseu 3,000 seusowit Wunan 10
wd v 2 ade anduuiusinausaduuadiGens 2 ¥iia WVTnauwaduuafised 1 x 10° cfu/ml dwsulélunis
Vlﬂ?la‘uﬂ‘iz?‘w%ﬂmeaqagulwﬂumﬁmé‘?ﬁL%@Lmﬂﬁﬁ&l@f’w?% disc diffusion, minimum inhibitory concentration
(MIC) @z minimum bactericidal concentration (MBC)
nsAnwUszAnsnmvasayulnslumsiudadauunfiiedaeds disc diffusion

F8nnsinw disc diffusion dauUasain Bauer et al. (1966) Yiiouunaitefldlunismaaesiinionainde 2
TUvn1s swab Tiauwemng tryptic soy agar (TSA) FefudanunnsEdeuds 9ty paper disc U11A
uRuARENa1 0.5 Jadwns wdvenansadnayulnsasluy paper disc Usuns 10 lulasdnssowniu (uiazansann
anulngii 3 ) TneldeUf¥aueuInsgu (standard commercial antibiotic disc) 2 ¥iagiae Aiw Amoxicillin (AML)
25 lulasn3u wae Sulfamethoxazole/Trimethoprim (SXT) 25 lulasn3u iunguaiumuuan (positive control) ¥nns
ﬁmvﬁuaﬁqmm:ﬁ 37 garngadea WJunan 24 Falus deasuimuaiian MN1seuNalagMTInvUIAEUHIuAUENA
voau3andala (inhibition zone) iindusou MesunalusuRiums vhnswieuiisuayulnsiiusazsdnsens
gvgﬁﬂﬁﬁﬁfyﬁuimmuwﬂﬁL%EW]%L%E] S. agalactiae waz A. hydrophila ¥nns3suifisuanuuanssvesanadedy
rugudnansvasuIadla (inhibition zone) 1agl#35 Duncan’s multiple rage test (DMRT) fisgfunnuidosiu 95
Woskdus (P<0.05)
nsfnyUsAnsanvasayulwslunisiudadouuadiZeninda minimum inhibitory concentration (MIC) uag
minimum bactericidal concentration (MBC) #1835 broth dilution

mﬁﬂmﬁhmmL%u%’ua?wqmmmaﬁaﬁ’magulwﬂumsé’vg’amsLﬁ]’%ﬁy@uimLLﬁx?M%@LLUﬂﬁL’%&J 2 vila finkUadann
Pojanaukij and Kajorncheappunngam (2010) TnedeuuafiGeflilunsvnassiivienande 2 SUsmauwaduuniise
7 1x10° cfu/ml Tne33 broth dilution Lﬁ'amﬂ'wmmL%uﬁ'umz’wqmiumiﬂ’wgdLLUﬂﬁL?EJ (minimum inhibitory
concentration; MIC) LLazﬂ'ﬂmmL%’u%uﬁwqmlumsﬁzju%aLL‘UﬂﬁL‘%Ej (minimum bactericidal concentration; MBC) lag
n1si¥eanasanaayulnslueImis tryptic soy broth (TSB) lunaennaaes Widseduainududuresayulnsiviidu
2500, 1250, 625, 312.5, 156.4, 78.1, 39.1, 19.5, 9.8, 4.9, 2.4, 1.2, 0.6 Laz 0 mg/ml (ppt) Aua1ay laguTuins
ansazangluvaoannasssuiniu 5 fadans wdwhmsindewuaiideildlunsmageu Ysums 50 lulasans ldlu
ynviaeamnaes lagnasnaauALuIn (positive control) aviinansaratsuuaiiionazemadsais TSB daunasn
AIUANAU (negative control) %Laumﬁaﬁ’magu”LWiLLazawm3L§8qLs'ﬁua S8 winu antuhmasamaaeaaluty
FuLeFad incubator shaker fignumgdl 37 ssmwaldea Wuia 24 Hilus iWeAsuavhnissunaINTUAsuLYas
YoaaennaaaLUTs U UAUgAAIUAN LagdunnanAuyuTamaennnaes laga1 MIC ﬁammvﬁ’wﬁ’uﬁwqmamﬁ
aﬁ’mazguiwaﬁmmmﬁu&mﬁw%zylﬁuimaqLs'fiuat.mﬂﬁﬁsﬂé' (vaeanaaewsnla) 1Nt dedeanasannassd
ganslangasuueIms TSA \levAn MBC Tnganasavarenisluvaoavnasusasviasn Usuas 100 lulasing vienas
vuRMNIABNTE TSA udundvansazanglivialasnis spread vuewnaAsade thluvsly incubator figuuad 37
sarwaded Uiy 24 99lue udwhn1se e MBC ﬁnﬂmmL%';Jsﬁw‘i"lfjmadmﬁaﬁ’mayuiv\ﬁﬁmmsmhL%avl,éf Tnedane
Tnmsfilinumsieiadviavesuafideuuauemsidenie
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VT’m’]‘iLU%EJULﬁ&lUﬂ’J’]ﬂJLLmﬂﬁhwmﬁ’]La?ﬁlLﬁu&hu@uéﬂa’N%mU%L’Jmﬁ"ﬁﬂﬁ (inhibition ~ zone)  Taglw3s
Duncan’s multiple rage test (DMRT) fisgfuanuidotiu 95 Weoddud (P<0.05) a'aums'wmaaummmvﬁu%’uﬁwqmﬁ
anan308iTauuaiii3e (minimum bactericidal concentration; MBC) tiauassaffidmssnulusUuuumsng

NaAN1SANE LAV

nsAnwUszAnsnmvasayulnslunmsiudadauunfiiedaeds disc diffusion

wamnnsldaylwsviosiy S1um 29 wlin (32 fhetrsaulng) leuA nszane (Boesenbergia rotunda) nsuidies
(Allium sativum) ngws1 (Ocimum sanctum) %1 (Alpinia galangal) ¥4 (Zingiber offcinale) i Y12 (Curcuma
mangga) aiiudu (Curcuma longa) Fugne (Apium graveolens) %W (Piper sarmentosum) ¥¢®u (Acacia pennata)
myduman (Piper ribesioides) ayla% (Cymbopogon citratus) duvies (Allium Cepa) Tuthun (Centella asiatica) &n
(v, win) (Coriandrum sativum; \eaf/seed) KnTi3s (Eryngium foetidum) #nTa1a (Anethum graveolens) finuna
(Persicaria odorata) wanlne (Piper nigrum) Wnzaelas (Andrographis paniculata) ngnga (Citrus hystrix DC.) 1
WU (Zanthoxylum limonella) miséﬁy un (Momordica charantia) 1g34 (lu, #n) (Azadirachta indica; \eaf/seed)
ﬁwﬁﬂ (Ocimum gratissimum) @s3enu (Mentha spicata) @zt (v, men) (Azadirachta indica; \eaf/seed) auLAg
(Allium ascalonicum) wasvesalng) (Allium cepa) Tiafadeiomuea 95 Weidud lumstudinsaiaivinvesde
wuAlsy 2 ¥lia A9 S. acalactiae waz A. hydrophila aa8735 disc diffusion WU @saiAReIUAINGY ﬁqméé’u&ﬁa
wuRTiiSevs 2 %ﬁmﬁlﬁqﬁﬁqm fnaduiuvedlaunsdud wedswinfiu 2.80+0.17 uay 2.36+0.05 lWURWAT AUEGU
(Table 1)
nsAnwUszAnsnmvasayulnslunmsiudadauuafiisaindr minimum inhibitory concentration (MIC) wag
minimum bactericidal concentration (MBC) #1835 broth dilution

wam‘iﬁﬂmﬂisﬁw%m‘wmaaazguiwﬂumiﬁvégﬂmiLaﬁzylﬁuimmL%@LmﬂﬁL?Eldaisﬂsluﬂmﬁaﬁgd 2 viln laun
o s. agalactiae way A. hydrophila #g35n15 broth dilution 31AAT Minimum inhibitory concentration (MIC) uag
minimum bactericidal concentration (MBC) Wu31 ﬁhm’mL%’u%’u@qumiuﬂwsﬁugnLLUﬂﬁL'%EJ (MIC) lianansasunals
LﬁawWﬂﬁmadayuiwﬂumimaavﬁﬁLsﬁ'muhjmmmumLﬁumﬁw%zylﬁuiw%mié’uégnl,%aLLUﬂﬁL’%ﬁlﬁ@ﬁhﬁﬂLﬁ]u du
ﬂ'wmmL#’I@J%’Wﬁl’wqmﬁmmsmﬁzhl,%al,mﬂﬁL'%&J (MBC) wu1n a;gulmﬁmmsmhL%yal,wﬂﬁﬁa A. hydrophila 37w 17
viln Idun nave nssiion 39 viurn viutu veuuns Tude Tuveng Tuthun v azsvumd fmzanelas luuzs
winlve Waenuzngn azian wazazla¥ Tasayulnsiislen MBC Afign Ao nszaeun T MBC windu 156.2 fiadny
siefladans (ppt) sesaantlaun afiuen viudu §ush avdumdn waznzlad fdn MBC winiu fe 625 dadnfusie
Haddns (ppt) (Table 2)

dunavesayulwsiiannsosdenuafide S. agalactiae f1uru 20 wiln THun nsws nssifion 39 viiuam
iiudu neuuna npins Tuseng lutaun 8 avsvund fmzanslas luuzgu winlve usuviu Wisnuzngn avian
nglad waznzduman nedian MBC lidTign Ao aiiudu fdn MBC Wity 9.8 Sadnsusiefiadans (ppt) sesaunldin
ns¥Y1873 39.1 viuna 156.2 fedndusedadsns (ppt) wazuzwvIu nzlad uznga da1 MBC windu Ao 312.5
TadnTusiedadans (ppt) Mua1dU (Table 2) dauranisAnunlunguaiuauuIn (@savansuuaTissnazoIaLde
TSB) Wun ﬁm‘m%zylﬁuimmL%@LLUﬂﬁL?EJﬁWmaaU dunaennIuANAy (miaﬁmayuimL.L.azmwm?iymLs'ﬁua TSB)
wui linumseladivinvendouuaiise
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Table 1 The diameters of clear zone from Thai herbs extract against of two pathogenic bacteria, S. agalactiae

and A. hydrophila, in Nile tilapia

FASNYATNSEIBUNAT 2568 : 43 (1) : 110 - 119

Herb Part of Scientific name Diameters of inhibition zone (cm)
plant S. agalactiae A. hydrophila
Kaempfer root Boesenbergia rotunda 0.91+0.12° 0.94+0.08™
Allium root Allium sativum 0.44+0.38° 0.00°
Holy basil leaf Ocimum sanctum 0.00° 0.00°
Galanga root Alpinia galanga 2.80+0.17° 2.36+0.05°
Ginger root Zingiber officinale 0.00° 0.00°
White curcumin root Curcuma mangga 0.83+0.20° 1.11+0.12°
Turmeric root Curcuma longa 0.00° 0.00°
Celery leaf Apium graveolens 0.00° 0.00°
Wildbetal leafbush leaf Piper sarmentosum 0.00° 0.00°
Climbing wattle leaf Acacia pennata 0.00° 0.00°
Lao chili wood stem Piper ribesioides 0.93+0.12° 0.70+0.61<
Lemon grass stem Cymbopogon citratus 1.05+0.15¢ 0.92+0.08
Green shallot leaf Allium Cepa var. aggregatum 0.00° 0.00°
Asiatic pennywort leaf Centella asiatica 0.00° 0.00°
Coriander leaf Coriandrum sativum 1.52+0.44° 0.00°
Coriander seed Coriandrum sativum 0.00° 1.23+0.06°
Culantro, long coriander leaf Eryngium foetidum 0.00° 0.00°
Dill leaf Anethum graveolens 0.00° 0.59+0.51°
Vietnamese coriander leaf Persicaria odorata 0.00° 0.00°
Pepper seed Piper nigrum 0.00° 0.00°
Kariyat leaf Andrographis paniculata 0.00° 1.05+0.05"
Kaffir lime, leech lime seed Citrus hystrix DC. 0.92+0.06° 1.02+0.13"
Mullilam seed Zanthoxylum limonella 0.00° 0.00°
Bitter gourd fruit Momordica charantia 1.02+0.15¢ 0.96+0.15™
Horse radish tree leaf Moringa oleifera 0.00° 1.14+0.13°
Horse radish tree seed Moringa oleifera 0.00° 0.87+0.24°
Tree basil leaf Ocimum gratissimum 0.00° 0.00°
Kitchen mint, marsh mint leaf Mentha spicata 0.00° 1.13+0.12°
Siamese neem tree leaf Azadirachta indica 0.00° 0.00°
Siamese neem tree seed Azadirachta indica 0.00° 0.00°
Shallot root Allium ascalonicum 0.00° 0.00°
Onion root Allium cepa 1.52+0.35° 1.17+0.04°
AML 25 (positive control)  antibiotic ~ Amoxicillin 3.36+1.15 1.36+0.11
SXT 25 (positive control)  antibiotic ~ Sulfamethoxazole/Trimethoprim 1.68+0.29 2.01+0.18

“ Different superscript letters within each column are significantly different (P<0.05). SD; Standard deviation of mean
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Table 2 Minimum bactericidal concentration (MBC; mg/ml) of Thai herbs extract against of two pathogenic

bacteria, S. agalactiae and A. hydrophila, in Nile tilapia

Minimum bactericidal

Herb Part of plant Scientific name concentration (mg/ml)
S. agalactiae A. hydrophila
Kaempfer root Boesenbergia rotunda 39.1 156.2
Allium root Allium sativum 1250 2500
oly basil leaf Ocimum sanctum 625 NE
Galanga root Alpinia galanga NE NE
Ginger root Zingiber officinale 625 2500
White curcumin root Curcuma mangga 156.2 625
Turmeric root Curcuma longa 9.8 625
Celery leaf Apium graveolens NE 1250
Wildbetal leafbush leaf Piper sarmentosum 2500 2500
Climbing wattle leaf Acacia pennata NE NE
Lao chili wood stem Piper ribesioides 625 625
Lemon grass stem Cymbopogon citratus 312 625
Green shallot leaf Allium Cepa var. aggregatum NE NE
Asiatic pennywort leaf Centella asiatica 1250 1250
Coriander leaf Coriandrum sativum NE NE
Coriander seed Coriandrum sativgjum NE NE
Culantro, long coriander leaf Eryngium foetidum NE NE
Dill leaf Anethum graveolens NE NE
Vietnamese coriander leaf Persicaria odorata NE NE
Pepper seed Piper nigrum 1250 2500
Kariyat leaf Andrographis paniculata 1250 1250
Kaffir lime, leech lime seed Citrus hystrix DC. 312.5 NE
Mullilam seed Zanthoxylum limonella 312.5 NE
Bitter gourd fruit Momordica charantia NE NE
Horse radish tree leaf Moringa oleifera 1250 2500
Horse radish tree seed Moringa oleifera NE NE
Tree basil leaf Ocimum gratissimum 1250 625
Kitchen mint, marsh mint  leaf Mentha spicata 1250 1250
Siamese neem tree leaf Azadirachta indica 625 NE
Siamese neem tree seed Azadirachta indica 625 1250
Shallot root Allium ascalonicum 2500 1250
Onion root Allium cepa NE NE

NE = Non-Effective
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nsAnwASaiinuin ayulwﬁﬁqw'éiumiﬁzhL%@LwﬂﬁL%&J A. hydrophila Taefian MBC lé@flan fe nsvaneun
fiAwiniu 156.2 fiadn3usiefiadans (ppt) ses@enléun aiiuen wiiudu Busn axdundn uazarlad S MBC wihiu
fp 625 Hadnsureilaadns (ppt) dauagﬂmﬁmmwﬂwﬁaLLUﬂﬁL’%sJ S. agalactiae fifn MBC l¢fign Ao At Sl
MBC 11U 9.8 dadniusialiaddng (ppt) 599891INTEY18U1I 39.1 aflurn 156.2 fadnsusefadans (ppt) wazuy
wuiu arlad wenge A1 MBC Wiy Ae 312.5 dadnsuseliaddns (ppt) a1udadu Feaenndosiun1sdnuives
Nonwachai and Duangkaew (2016) ﬁmﬂwasummﬁaﬁmagﬂwﬁlwaﬁiamié’ug’nmmﬁ@Lﬁ‘lﬂmmL%ya A. hydrophila
nansartaayulnsive 7 via Wi adiudu 39 nsndfion ugngn Fmganelas news1 wasnesiuda fae3s agar well
diffusion waw broth dilution nu1 ayulwslnefdualivuaduiugudnasdndaniomniian fe viutu Ao
uoadufviavaie LLaxﬁﬁhmmLﬁuﬁuﬁwqmﬁmmamhL%@Lmﬂﬁﬁﬂ (MBC) fiandfigauiniu 7.81 fadn3usefiadans
(ppt) sesauldun 39 nsuiien wazimeateles Aldienueadudviazats SA1 MBC winfu 62.50 fadniuse
fladans (ppt) Feannmsanuniezdiuledn arsateiimzanslasfiatiadeieniuea 95 Wesidus i MBC selde A
hydrophila @381 1250 fladn3usieiladans (ppt)

MsFnuinUI azguiwaﬁamwmﬁi'n%al,l,uﬂﬁL’%&J S. agalactiae fifn MBC l#diign Ae aiiudu Fedenndesiy
nsAnwves Srisayam et al. (2018) lfvhnsinwessdszneumaniiuazquisunuaiiSevenhfuenszmennuiiy
anilaluuszndlng liud viludes (Curcuma zedoaria) viludu (C. longa) wavaiiush (C. aeruginosa) lnensara
vhiumeustmeanmingaeisnisndudaglenn i enndeunisdudinisiasyvendsuuaise Bacillus cereus,
Escherichia coli, Pseudomonas aeruginosa, Salmonella typhimurium, Staphylococcus aureus, Methicillin-
resistant Staphylococcus aureus (MRSA) wag Staphy! ococcus epidermidis #1835 agar well diffusion, broth
dilution wa¥ agar dilution LagniesA Use ﬂaumqmwumum ‘Lmam \MEA1835 gas chromatography mass
spectroscopy (GC-MS) wamiwmammmams agar well diffusion nuinthsfumenssmeanuiiy 3 ¥iln awnsaduds
\FouuniliSenaaeuldiiomn 7 iia fnrududu 1 Sednfusedadans (ppt) wazannnsiesziedusyneumand
yo3a5lund utunuans 16 via 1aun Ol-terpineol, Ol-terpinolene, OL-turmerone, f-turmerone, zingiberenol,
isoborneol, |-phellandrene, 1,8-cineole, (+)-ar-turmerone, italicene, B-bisabolene, trans-caryophyllene, f3-
elemene, trans-R-farnesene, camphor tay patchouli alcohol Imwmﬁuy"’]ﬂ’ummzmmmmﬁyuﬁmﬂuﬂdu
terpenes TuuTinage daflenuannsalunssuduuaiide fshudszneudindnenaifududsznauddglunalnnig
ponquaseionuaiise vlhiAnnisidsuulamidasiadavesnuaiise uazanmsadudenisiaiyiulnves
wuaii3ula (Lutomski et al., 1974 ; Shankar and Murthy, 1979) wagn13@n®1u8s Vanichkul (2010) ¥in1sAnwans
armuiiudulunsdudade Vibrio harveyi waz S. agalactiae fifn MBC whitu 2,275.55 uay >4,452.17 fladnsusieans
(ppm) Augsy Featnansuilutuiiatadeenuea 95 Wesdud wuiaunsaafauiuduld 38.45 Weddus (ww)
W uarsdAyna u curcuminoids FaUsznauludawans 3 vida Ao curcumin, desmethoxycurcumin wae
bisdesmethoxycurcumin Tanpgjfuthifuneuseive (volatile oil) Ingluviiuduiians curcuminoids fiflqwsludavg
nszvaumanAnoulel B-lactamase vesqaun3d Fauduieu luifnuafiFeatstuinifiorefugrsveseifiuengy
wakaauny laglaianaves curcuminoids 1y phenol wag hydroxyl group %aaﬂqw‘éﬁwuL%aagauw%eTlﬁazimamL%’;
Tngazumsniadriludumedlusiufioglunisineaddaulu iliAnnis$ilnavesduwlseneuniglumadlferienad
wazyiliinnisanagnauealUsiy (Kumar et al., 2001; Purseglove et al.,, 1981; Siramon and Waeonukul, 2021)
1m8 Shankar and Murthy (1979) 51891471 %ﬁu%’uﬂﬂu’liﬂﬁzj%%}aLL“Uﬂ‘ﬁL%Slmﬂﬁlﬂﬁguéfﬂﬂﬁa%’mﬂiﬂLLaSﬂ”ISL"\]%iy,LaUIG]
¥4 Lactobacillus acidophilus wag L. plantarum wazdudanisadrafneveade £ coli Tae Ciamician and Silber
(1897) N@1371 curcuminoids Feflarsdndosdu ANU150AIUAY L%a Streptococcus spp. Wag Staphylococcus spp.
wagdqnilunisiuuuaiiSedineliiinlsads wazuvaiFodviliiAavuedls sziiuindfuveuszienazeas
curcuminoids nviutu annsaduduaiise Bad uazdenld Ssadudiulsznevitddyresiivileangriseite
wuafise Taefinalnniseengudlaeviliinisdsuuladasadavesuuadide Taslawzmsadanlnged dudans
FuareAlusiiuvdensailanddn edudsmsisyiulnvesuuniiida (Von et al, 1974; Shankar and Murthy, 1978)

nmsinwadildldasazareioniuea 95 wWesidus Wudvihazats wuin agulmﬁﬁqw%fiumﬁht.%a
wuATi3s A hydrophila Tasfien MBC I#ATign fo nsganev sesasnldun afiuem efiudu Bush aedumsn uas
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nelnd dhuayulnsfiansasndouuaiiFe S agalactiae fien MBC 1#ign Ao viiudu sosamnnsznsum viiuen
uziviu azlad ugnga Fauand1sannsAneues Kamble et al (2014) Afnwiansatavnsdanmainayulng 5 via
1 weu, uzawlon, usgn anan wavugsonmildu fiafadaeuh easlswesu uazieniuea Wofnyigrmuqadn
RoLie S. agalactiae biotype 2 lngugay, uzuuden way Uz fafadein druazien wasuzsenniiau afade
Arelsosunazioniuoa 1neld33 disk diffusion assay wagmaududusitgalunisduds (MIO) vesauulnadaes
agar diffusion Wu11 miaﬁ’ﬂumgmﬁaﬁmﬁwﬁw ﬁﬁﬂmumﬁu&qaﬁqm g 13.1 fadwns wazansanaantutegy &
Ay 7.9 fadluns wazansadauzsenniiuiatadeaaslsvesuiian MIC ﬁﬁqmﬁa 0.15 fiadnsusioliadans (ppt)
LaZLANANI1NASANEIYRs Kladkongtug (2019) fifinwnUszansamwesansanangivainiisiutiunimnieves
Usewelng $1uau 11 wia lunisdudade S agalactioe wazarudumulsalutaida ldun fgnii dndya in
A1IMDY HNWEeAT Rakdudiu Kaududy fnuds dnean dnvung dndruny uwasuzuydu lagadamedinagats 2
Usziam fe fhvihazanefiidn Taud 1 uavimuea warivhavanglifida Wun wneu warlnnaslsiinu nagounis
Fudadle 5. agalactiae 2 lolaan fe S. agalactiae JP9 uaz JP17 #2838 disc diffusion LLawmaaummvﬁm%’uﬁwqm
vesansaindiausadudinsiasyuends (MIO) #1838 modified microtiter plate broth dilution wudn Fnudatui
afnABLLYIUDS ﬁﬂé”gumﬁaﬁ’mﬁwmmuaa wzuviuiiatagieeniay LLamTﬂé’aumﬁaﬁ’mﬁaaimﬂaaiﬁﬁmu #1190
fudude S. agalactiae JP9 1§ uazda1 MIC Wiy 1,602.3, 13,224.0, 17,912.0 uaz 13,566.0 fiadnsusedns (ppm)
auaddy drudnulutuiiadadeniuea dnannesiiadadslanaslsimu ﬁﬂ%’auwgﬁaﬁ’mﬁwmmuaa LazUY
wiuiafaseienieu aansadudade S. agalactiae JP17 I8 waxilen MIC winfu 6,867.0, 19,112.0, 12,224.0 uax
15,679.0 1a8n3us9AMT (ppm) AIUAINU LAZLANAINNITNITANYIVOY Pachanawan (2012) NAABUAIILAILITOVDY
agulwﬂumié’ué’?uwﬂﬁﬁaﬂ'aiﬁmjm 2 vila A9 S. agalactiae wag A. hydrophila wilunasaneasuazlugivan
dmsunsnaaeuiu S. agalactiae vhauulng 14 wia l¥un vessuiin Saun i¥s Amganelas neuls afiudu nswito
anlalu e rsEAUN thuns1vdn W%ﬂ%ﬁﬁﬂé fAuTenau tazgiuiiy uvihnsanamedyinazaty 5 ¥ie As Leniwu
wnuea wusautuiesay 95 eiiaezdian wazindu ilunadeunnuaiunsalunisdudinisiesyues s.
agalactiae 198735 swab paper disc LLﬁSMWﬁ’]WNNL%ﬁJ%Mﬁﬁ@Bﬁ?j@ (minimal inhibitory concentration, MIC) Tun1s
Fuda s agalactiae Wui1 awaﬁmw%ﬂ"ﬁuﬁnu (Capsicum frutescens) fiafiadaeiuniuea Iﬁwaﬂwsé’vgaﬂwsLa'%miﬁﬁﬁam
TaedlAn MIC 1Ay 31.25 lulasnsu/dadans mmumﬁmaamuwya A. hydrophila maauulwa 14 %fia laun
vesziiin Taun i5a flwmzateles naxifiew dean uy s¥Run siufiu suummm U1 NUNG NIYE Neins wazaglad w1
afmdeihazans 3 via fe lenusatudu Sesay 90 Bied waztindu LLa’Jmaaummmmmiumﬁavadmi
1935Y989 A. hydrophila 1n835 swab paper disc kazn1A1 MIC WUl ansafnlunss (Psidium guajava) fiafmdeion
woadudutosaz 95 Inanisdudnsiaiayves A hydrophila IdAian Tnefidn MIC ity 62.5 lulasn3u/dadans
sgiudle dnhazaseainalunsaiaansdifguosit Feansddyvdearsuszsnovlufivayulnsiivarsvin ool
AavantRuaneeiy laud 1) aﬂ‘iﬁﬁﬂmauﬁaﬂuaﬁﬁ%ﬂ (avanuii) 1wy carbohydrate, glycosides, organic acids lag
phenolic WJudu 2) ﬁ’]iﬁﬁ@mauﬁaﬂumiﬁ!dﬁ%ﬁ (azanelnf lukoanased) LU tannin, saponin, alkaloids, phenolic,
terpenoid, resins LHufu uar 3) asdanauifiuasliida (avaeth azangludviazansansdunis) wu i
nousELnY (volatile oils), resins wag lipids 1wy (Kataky and Handique, 2010) fatu nsidenviiadaazanei
g szdeliildiansusyneuiddglufivayulnsldduoeied

ayUnanIsAnen

miﬁﬂmqw'émaaaﬁaﬁ’maguiwwiaﬂwsé’ugdmim%@@ﬂmmL%@Lwﬂﬁﬁadaimluﬂmﬁa 2 wiln W¥un We
S. agalactiae waz A. hydrophila 135 disc diffusion tag broth dilution Imalsi’fmsaﬁ’mauuiws 29 vila (32 Ao
azu‘uiwi ) WU aﬁaﬂmmﬂmmﬂ%umiﬂum (inhibition zone) GlE]ﬂ’lﬁEJ“UENL‘UE] S. agalactiae waz A. hydrophila g4
waﬂ mummmLsuamumWamwmmiﬂmmaumwLSEJ (MBQ) V]JLGUE] S. aga(act/oe waz A. hydrophila Wun suuwzju
nsTBYN waraiiuuna fien MBC m‘wqm mﬂﬂ1mﬂmmaumuﬁdﬁmﬂuma;@Luaamu lumsmaiﬂ,aﬂmaaﬂayuiwswu
ﬂixﬁw%mwsluﬂ'ﬁé’uégm%aLL‘UﬂﬁL?*aﬂ'aiiﬂL‘ﬁa‘u'ﬁgqﬂm“lsz’fm'iaf"fmazgulwﬂumiﬂmﬁ’uimﬁLﬁmnmé?}uaLLUﬂﬁL‘%‘Bd@Iﬁﬂiu
Uanauazdarithiu q 16
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fudunsnaaesiviosufoanmameluladiudaiug auzimnssuuazgaamnssuneas unvinedousily wseeniu 5
n3513% Ae wanliwen (T,), waanenlaglaiy Bacillus subtilis (T,), waanwensuiu Bacillus subtilis 89571 1, 2 uay
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3 finddns 18msn1s wigdulainduudaililénen warwdanenlngluiviiu Bacillus subtilis ﬁu’ﬂu%ﬂaﬁuémﬂaﬂm%
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Abstract

In rice seed production, farmers continue to encounter problems related to diseases and insect
infestations at various stages of the process. Consequently, seed pelleting technology and plant-promoting
microorganisms are applied together to solve such problems. This experiment investigated seed quality and
seedling growths of rice seeds following pelleting with Bacillus subtilis at varying ratios. This experiment was
conducted at Seed Technology Laboratory, Faculty of Engineer and Agro-Industry, Maejo University, and was
divided into five methods: non-pelleted seed (T,), pelleted seed without Bacillus subtilis (T,), pelleted seed in
combination with Bacillus subtilis at three different concentrations (1, 2, and 3 milliliters (T5-Ts). Following the
pelleting process, the pelleted seeds were taken for seed quality testing and evaluation of seedling growth. The
results of the seed quality testing indicated that pelleting Khao dawk mali 105 and RD69 rice seed varieties with
1, 2, and 3 milliliters of Bacillus subtilis had germination percentages non-statistically different from non-pelleted
seed. However, there was a tendency to increase seed germination in both laboratory and greenhouse
conditions. When assessing seedling growths, it was observed that pelleting had an impact on the seedlings of
both rice varieties. Specifically, there was a decreasing trend in seedling shoot length for the Khao dawk mali
105 rice seed variety while pelleted seeds with 1 and 3 milliliters of Bacillus subtilis for both rice varieties

exhibited longer root lengths, with an increase ranging from 5% to 30% compared to non-pelleted seeds.

audvimalulandinisiiuifie) aaImnsIuwasgaamMNTILNYRs uinivedewdld Weni 50290
'Division of Postharvest Technology, Faculty of Engineering and Agro-Industry, Maejo University, Chiangmai 50290
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Additionally, it was noted that rice seedlings germinated from pelleted seeds with 1, 2, and 3 milliliters of
Bacillus subtilis exhibited superior growth compared to seedlings from non-pelleted seeds and pelleted without
Bacillus subtilis.

Keywords: seed enhancement, rice seed, seed germination, seed pelleting, microorganisms
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nswenudawus 911 2 Wug $audy Bacillus subtilis Tus 31 wans 1y 1 ensI9aRUAMAN
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Table 1 Seed germination of khao dawk mali 105 and RD69 seed varieties after pelleting seed with Bacillus

subtilis at different rate under laboratory and greenhouse conditions

Seed germination (%)

Treatments' Khao dawk mali 105 RD69
Laboratory  (%)> Greenhouse (%) Laboratory (%) Greenhouse (%)
T 97 93 92 83
T, 99 (+2) 92 -1 96 (+4) 86 (+3)
Ts 99 (+2) 94 (+1) 93 (+1) 84 (+1)
T, 99 (+2) 96 (+3) 93 (+1) 85 (+2)
Ts 98 (+1) 93 (0) 93 (+1) 89 (+6)
CV. (%) 2.25 5.73 3.64 6.49
F-test ns ns ns ns

ns = not significant

! T, = Non-pelleted seed T4 = Pelleted seed with Bacillus subtilis 2 ml.
T, = Pelleted seed without Bacillus subtilis Ts = Pelleted seed with Bacillus subtilis 3 ml.
T, = Pelleted seed with Bacillus subtilis 1 ml.

?The number in parenthesis refers to percentage change of increase (+) and decrease (-) compared to the control

9113 59EUAINLT IR tudaNUg 11291 2 Wug Wik un1swensauA Bacillus subtilis Tudnsd

]
v 13

wane1eiu tneld3snistnausilunissenuazdyinissenvesudanugd1anuin Tudaiuganinenued 105
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Bacillus subtilis §931 1, 2 waz 3 §addns (Ts-Ts) drunisasisdeuauiituniseenuazavinissenvesiiiug nv
69 wuin AnuialunissentazaAnduinissonveamdaiugdnfianuuanisiunieada tnewdadlaldnen (1))
fienmnuudawssgeninudawentaelidiiu Bacillus subtilis (T,) wavianfinensauiu Bacillus subtilis lunngns (T
T,) WamnudalunissenuazArdaiiniseen (Table 2) iWuifienfufu Kaodilok et al. (2019) la@nwnavosnisnen
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dwmalianuiilunissenanandessuiisuiuwdedlyldwonitsluanmiesujsinis waranimiounaass
ﬁgd'ﬁ"mﬁwaﬂL;JﬁmWua:Lﬁuiﬁmsﬁﬁﬂﬁmﬁmﬁ’uﬁ:ﬂsQﬂﬁaﬁmﬁaaiaawaﬂ liudaiugivuisialdaunsasenlaiui
wiosanlitnas uilidwanornuenvesudniug (Soulange and Levantard, 2008)

Feazuiuledn miwaﬂLuﬁmﬁ’uiﬁgﬂﬂLﬂuqﬂaﬁsmaﬂismumﬁnaﬂsummﬁmﬁui unazdnavinlinissensin
gaatundwazauslunisenvesdunditianiendndos (f arUSeuiauduiudad Luldnen
6'?@Namﬂmﬁ‘w91amﬁaammﬁ"mﬁ’umu%é’fﬂmiwaﬂLuﬁmﬁ’uﬁ:ﬁwﬁﬂguﬁ Wu nungdu (Kiran et al,, 2014) g1au
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Table 2 Speed of germination and germination index of khao dawk mali 105 and RD69 seed varieties after

pelleting seed with Bacillus subtilis at different rate

Treatments®? Khao dawk mali 105 RD69
Germination Speed of Germination Speed of
index germination index germination
(%)* (seedling/day) (%)* (%)® (seedling/day) (%)
T, 18.5 a 31.3 17.6 a 300 a
T, 17.2 ab -7 31.0 (-1) 139b (+3) 279 b (-7)
T, 169 b -9) 31.1 (-1) 119b +1) 26.3 b (-12)
Tq 16.1b (- 30.0 (-4) 13.0b (+2) 26.4 b (-12)
13)
Ts 15.8 b (- 29.8 (-5) 13.0b (+6) 27.0b (-10)
15)
CV. (%) 5.08 2.78 10.16 4.35
F-test x* ns x* x

ns = not significant and ** = significant at £<0.01

! Means within a column followed by the same letter are not significantly at £<0.01 and P<0.05 by LSD

2 T, = Non-pelleted seed T4 = Pelleted seed with Bacillus subtilis 2 ml.
T, = Pelleted seed without Bacillus subtilis Ts = Pelleted seed with Bacillus subtilis 3 ml.
T, = Pelleted seed with Bacillus subtilis 1 ml.

®The number in parenthesis refers to percentage change of increase (+) and decrease (-) compared to the control

nswsiulavesdundrdrivdeniswenwudanugiauiu Bacillus subtilis

Jnnsiasan1ses g vlnvesdundadianta 2 Wug ANunIIWenINEAsuAY Bacillus subtilis
wdn519EeUANNE IR ULNAN MY 0IUURANITHUIY ATNENIRUYRIAIUNG1T 1IN SV IneNUEE 105 wag NY 69
NAN1INONNNNTINIT (T-Ty) Lifanuuandrsdulunisadfduwdad wildwen (T) %diuﬁ'nﬁ’uﬁfmmaﬂmﬁ 105
wadtliildnen (T,) fiaruendusnndigawindy 14.1 wufins dauiug ny 69 waeiiwensaudu Bacillus subtilis
8031 2 Haddns (T,) ﬁmm&mé’fummﬁqmwhﬁ’u 16.3 WURUAT JauanaiuunAaeIes Kaodilok et al. (2019)
ld@nwinavesnisnenudanuginnianeusudvalsaiuaunisiasyivlanenisigiiulavesdundinuin
N1SNBNLUAATINAUAITAIUALNITAT YA UL GA; Lae GA, nauiu 1AA nnnssuds dadueniduninndd
wazuand et unsadfegresivedd oS sufisufuwdadlildwen wazainni1snsrsdeuameITINNUI
winfiwansauiu Bacillus subtilis §a51 1 fiadans (T,) ﬁﬂﬁé’fuﬂéﬁﬁmmmaﬁquﬁqm sosaune wiafiwensuiu
Bacillus subtilis 9051 3 Hadans (T,) ﬁ'fablu'ﬁmmLmm;mﬁ’uiumaaﬁmu%’nﬁ’uﬁ:mmaﬂmﬁ 105 (12.0 wag 11.0
WUALLAT MINEIAY) WATAIULANANNIERATUTRES nY 69 (12.8 wag 10.3 Lwufluns n1ua1au) (Table 3)
A1sWENE AT Uy Bacillus subtilis @111504W 1AIINE1351nV0 IR und e 1 991N Bacillus subtilis
Lﬁuqﬁuwgéﬁmmma%’ﬂdaa‘ﬁuuﬁﬂl (phytohormones) nauean@u (auxins) fia Indole-3-acetic acid (IAA) (Prasanna
et al., 2011; Mahmood et al., 2016; Myo et al, 2019) § 414 UAITAIUANNITLAT YA ulnvu oy
auunsanseEduNsERfIveuYad NswlLeas waznsasuanimaesaadle (Tanthani, 2012; Masciarelli et al,,
2014) §n9iaded 181 uANE1v0 95 INLaZH UT A2570 nlddundudsusedu 1/1°ﬂv’fmﬂmm5z1qwﬁmfw
LLazmsmmﬂﬁ'mns}Tyu (Ahemad and Khan, 2011; Glick, 2012; Vacheron et al., 2013) 5ﬂ‘1/'1gqs°fqa'1mam'a§fm
Foufdnsldduieiogodulddndae uag Hernandez et al. (2009) §swudn uwuaiise Bacillus pumilus
ﬁqmamﬂ’ﬁﬁﬁﬂis‘[%ﬁ@'aﬁ%ﬁgﬂuﬁmmidqLa?umﬁw?zglﬁuimaqﬁ% EalJU‘ngjﬁﬂ’]'iLﬁ]%EyL@UI@%@QL%@?Wﬁ@IiﬂIUﬁ‘U
wazfaunsatieienislulasiaulasnaie
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Table 3 Shoot length and root length of khao dawk mali 105 and RD69 seed varieties after pelleting seed

with Bacillus subtilis at different rate under laboratory conditions

Khao dawk mali 105 RD69
Treatments®?  Shoot (%)> Root length  (%)? Shoot (%)>  Root length  (%)?
length (cm) (cm) length (cm) (cm)
T, 14.1 9.1 14.1 9.7b
T, 13.8 (-2.1) 9.3 (+2.2) 13.9 (-1.9) 88 b (-9.2)
Ts 13.3 (-5.7) 12.0 (+32) 14.1 (0) 12.8 a (+32)
T, 13.1 (-7.1) 9.9 (+8.8) 16.3 (+15.6) 95b (-2.1)
Ts 13.1 (-7.1) 11.0 (+20.9) 15.2 (+7.8) 103 b (+6.2)
CV. (%) 7.48 14.29 19.63 14.87
F-test ns ns ns *

ns = not significant and * = significant at £<0.05, respectively

! Means within a column followed by the same letter are not significantly at £<0.01 and P<0.05 by LSD

2 T, = Non-pelleted seed T4 = Pelleted seed with Bacillus subtilis 2 ml.
T, = Pelleted seed without Bacillus subtilis Ts = Pelleted seed with Bacillus subtilis 3 ml.
T, = Pelleted seed with Bacillus subtilis 1 ml.

®The number in parenthesis refers to percentage change of increase (+) and decrease (-) compared to the control

Table 4 Seedling growth rate of khao dawk mali 105 and RD69 seed varieties after pelleting seed with Bacillus

subtilis at different rate under laboratory conditions

Seedling growth rate (milligram/plant)

Treatments”?  Khao dawk mali (%)? RD69 (%)*
105
T 8.1c 45 c
T, 115b (+42) 12.8 b (+184)
T3 13.8 a (+70) 15.2 a (+238)
T, 119b (+47) 14.5 a (+222)
T, 11.7b (+44) 12.9 b (+187)
CV. (%) 8.43 8.87
F-test x* x*

** = significant at P<0.01

! Means within a column followed by the same letter are not significantly at P< 0.01 and P< 0.05 by LSD

2 T, = Non-pelleted seed T4 = Pelleted seed with Bacillus subtilis 2 ml.
T, = Pelleted seed without Bacillus subtilis Ts = Pelleted seed with Bacillus subtilis 3 ml.
T, = Pelleted seed with Bacillus subtilis 1 ml.

®The number in parenthesis refers to percentage change of increase (+) and decrease (-) compared to the control

31NN TIVAOUSATINTAT YR UlIveiunddiuguInenuzd 105 warny 69 ndansnenwansiuiv
Bacillus subtilis A 8asuanaefunudn dauuandisfunisadfegadvoddnd sz'fwzt.ﬁuim"sa’mﬁt.uadmﬁ’uﬁ
ﬁEJI’Wﬂ’]iWEmV]]ﬂﬂiiiJ’QJ% (T,To) d8ns1n1sinsaivlavesdundrunnninudadlaldnen (T,) Tnswdniinensauiu
Bacillus subtilis n51 1 Tadans (T;) fsasnsaiguesiundunniigade 13.8 way 15.2 fadniu/du (fusvnnenuza

1Y) ]

105 wazd19ug nv 69 aua1du) druwdadlildwen (T) ddnsiniseiyvesdunddesiigade 8.1 uay 4.5



King Mongkut’s Agr. J. 2025 : 43 (1) : 120 - 129 127

'
=

fadindu/su (TugvInenued 105 uaz nv 69 M1ua1RU) (Table 4) F9a9AARDIAUNUNAABIVEY Kangsopa et al.
(2018) eivinn13UsEENAI5N139I1 seed treatment s1uiugduniddaaiunisiasgiiulavesiivie Pseudomonas
fluoresces 31-12 uag Bacillus subtilis Wu31 MILATBUKAZNITNBNWAANUGAIE P. fluorescens 31-12 Tuminanty

v v
o o o

1unsn Yamdnwstalu wazdinidnwiasinuinnitwareansaduniead fsg 19 aaui S euiisuiuludn
= o ~ | < o & P | ) . " ° v
ALUHIUNITNDN wardsI891Ud INITAFNLUAANUT ULV BLNATINN U Bacillus subtilis (EPCO16) 1% s
wigiulavesdundiinduedeiived Ayl aisuduwandlaldrunisagnsaudu Bacillus subtilis (EPCO16)
(Ramyabharathi et al,, 2013) luU99 U Jeephet (2022) 51891ULiW 4791 n1swentudnsuA vy dunie
duasunissyivlavesity azvibiwdaiugdnnianeuiin1sasyivlaia wazaiusaiiuiivinan Wividnui
NRUkarsINteAnINuaafli1un1TNen

=
dyunanisAnen
2 v ] o & a ' o . L. Ao a | ) '
INMINBAWEATIING 2 UG Ao Y1IReNUEE 105 Uay N 69 33U Bacillus subtilis NERTAUANAAUNUTY
T1INUT U1IANULE 105 LT 8NensIUAU Bacillus subtilis 18931 2 Tadans duwavly ausenluanin
weslfuRinsuazaninlsaseudninudeiilinen uaiug nv 69 lawadiniswensauiu Bacillus subtilis A1gns1 3

fadans ursgralsimulinuanuuandteiuneanaduwdadlinen uilionsiaaeu snsinsiasaiulavesiunan

o o

nuInLantInin1swensaudu Bacillus subtilis 16951 1, 2 wag 3 fadans dnavlvensinisiasyulavesiund

a

Anduand wenuazdAnuuaneetunisaifeg 19l ved Ay d e daduanuideluassdamisosuridlain
2 v o & a | ) . " [ o a a aa
ANTWONLIAATIINUG V1INBNUER 105 wag N 69 3UNU Bacillus subtilis AITLELUBATIN 2-3 aaans

nausylevunudou

Adeuvelszmadtunanuiliinayssleviviudeu

AnfnssuUIZNA
YBYDUAMANIAINTTULALAAIMNTTUNYAT U1 Ineaewdld Alvnisadvayutunuideluaseil uas
YaveuAnAUEITed gL ldaTvayuwdaiudiitothuldlunsidensall

A 1 = Y
ﬂ"liﬁJﬁ'Ju'i'JSﬂUﬂ'ﬁL‘UﬂuUVIﬂ'J']ﬁJ"U?NEJL‘Uﬂu
NNIARSIEL MIFIEULATIU N1591IN15NAADY MITRiudoyanITvaaes N1FATIERToLANITVIAGEY UAZN1S

WeuunANUAUaTU: SANSAY kAN,

LONE1591999

Ahemad, M., & Khan, M. S. (2011). Assessment of plant growth promoting activities of rhizobacterium Pseudomonas putida under
insecticide-stress. Microbiology Journal, 1(2), 54-64.

Amer, G. A, & Utkhede, R. S. (2000). Developments of formulations of biological agents for management of root rot of lettuce and
cucumber. Canadian Journal of Microbiology, 46(9), 809-816.

AOSA. (2002). Seed Vigor Testing Handbook (Revised 2002). Contribution No. 32 to the Handbook on Seed Testing. Association
of Official Seed Analysis.

Beneduzi, A., Ambrosini, A., & Passaglia, L. M. (2012). Plant growth-promoting rhizobacteria (PGPR): their potential as antagonists
and biocontrol agents. Genetics and Molecular Biology, 35(Suppl.4), 1044-1051.

Buakaew, S., & Siri, B. (2018). Physical properties and seed quality after pelleting with different binder and filler materials of lettuce
seed (Lactuca sativa L.). Khon Kaen Agriculture Journal, 46(3), 469-480. (in Thai).

Bulgarelli, D., Schlaeppi, K., Spaepen, S., Van Themaat, E. V. L., & Schulze-Lefert, P. (2013). Structure and functions of the bacterial
microbiota of plants. Annual Review of Plant Biology, 64(1), 807-838.

Chaiyasarn, S., & Siri, B. (2019). Effect of seed pelleting with different plant nutrients on seed germination, vigor and seedling growth
of hybrid tomato. Khon Kaen Agriculture Journal, 47(5), 877-890. (in Thai).



128 TASNYATNTTIBUNAT 2568 : 43 (1) : 120 - 129

Department of Internal Trade. (2022). Action Plan, Production Plan and Comprehensive Rice Marketing for the Production
Year 2022/23. Bureau of Rice Policy & Strategy, The Rice Department, Ministry of Agriculture and Cooperatives. (in Thai).

Dunlap, C. A, Kim, S. J., Kwon, S. W., & Rooney, A. P. (2016). Bacillus velezensis is not a later heterotypic synonym of Bacillus
amyloliquefaciens; Bacillus methylotrophicus, Bacillus amyloliquefaciens subsp. Plantarum and ‘Bacillus oryzicola’ are
later heterotypic synonyms of Bacillus velezensis based on phylogenomics. International Journal of Systematic and
Evolutionary Microbiology, 66(3), 1212-1217.

Glick, B. R. (2012). Plant Growth-Promoting Bacteria: Mechanisms and Applications. Scientifica: Hindawi Publishing Corporation.

Hayat, R., Ali, S., & Amara, U. (2010). Soil beneficial bacteria and their role in plant growth promotion: a review. Annals of
Microbiology, 60(1), 579-98.

Hernandez, J. P., De-Bashan, L. E., Rodriguez, D. J., Rodriguez, Y., & Bashan, Y. (2009). Growth promotion of the freshwater microalga
Chlorella vulgaris by the nitrogen-fixing, plant growth-promoting bacterium Bacillus pumilus from arid zone soils.
European Journal of Soil Biology, 45(1), 88-93.

Herrera, J. M., Rubio, G., Levy, L., Delgado, J. A, Lucho-Constantino, C. A, Islas-Valdez, S., & Pellet, D. (2016). Emerging and
established technologies to increase nitrogen use efficiency of cereals. Agronomy, 6(25), 1-19.

Indiragandhi, P., Anandham, R., Madhaiyan, M., & Sa, T. M. (2008). Characterization of Plant Growth—Promoting Traits of Bacteria
Isolated from Larval Guts of Diamondback Moth Plutella xylostella (Lepidoptera: Plutellidae). Current Microbiology,
56(4), 327-333.

ISTA. (2017). International Rules for Seed Testing. International Seed Testing Association.

Jeephet, P. (2022). Effect of Seed Pelleting Formulas with Plant Growth Promoting Bacteria on Lettuce Seed’s Quality and
Longevity. Master’s thesis. Agronomy, Office of Academic Adminstration and Development, Maejo University. (in Thai).

Junges, E., Toebe, M., Santos, R. F. D., Finger, G., & Muniz, M. F. B. (2013). Effect of priming and seed-coating when associated with
Bacillus subtilis in maize seeds. Revista Ciencia Agronomica, 44(3), 520-526.

Kaewkham, T., Hynes, R. K., & Siri, B. (2016). The effect of accelerated seed ageing on cucumber germination following seed
treatment with fungicides and microbial biocontrol agents for managing summy stem blight by Didymella bryoniae.
Biocontrol Science and Technology, 26(8), 1048-1061.

Kangsopa, J., Hynes, R. K., & Siri, B. (2018). Effects of seed treatment with plant growth promoting bacteria on germination and
growth of lettuce. Journal of Agriculture, 34(3), 385-397. (in Thai).

Kaodilok, T., Siri, B., & Tira-umpon, A. (2019). Effects of seed pelleting with plant growth regulator GA; and IAA on quality of lettuce
seed. Khon Kaen Agriculture Journal, 47(5), 1027-1036. (in Thai).

Kesan, J. P. (2007). Agricultural Biotechnology and Intellectual Property: Seeds of Change. CAB International.

Kiran, S. P., Paramesh R., Nishanth, G. K., Channakeshava., & Niranjana, K. B. (2014). Influence of seed pelleting on seed quality of
sunflower hybrid seed production of KBSH-53 (Helianthus annus L.). International Journal of Advances in Pharmacy,
Biology and Chemistry, 3(2), 2277-4688.

Kloepper, J. W., & Schroth, M. N. (1978). Plant growth promoting rhizobacteria on radishes. In Proceedings of the 4th International
Conference on Plant Pathogen Bacteria, pp. 879-882. INRA, Gilbert-Clarey.

Liu, B., Ge, B., Azhar, N., Zhao, W., Cui, H., & Zhang, K. (2018). Complete genome sequence of Bacillus methylotrophicus strain NKG-
1, isolated from the Changbai Mountains, China. Genome Announcements, 6(3), e01454-17.

Ma, Y., Rajkumar, M., Vicente, J. A., & Freitas, H. (2011). Inoculation of Ni-resistant plant growth promoting bacterium Psychrobacter
sp. strain SRS8 for the improvement of nickel phytoextraction by energy crops. International Journal of
Phytoremediation, 13(2), 126-139.

Mahmood, A., Turgay, O. C., Faroog, M., & Hayat, R. (2016). Seed biopriming with plant growth promoting rhizobacteria: a review.
FEMS Microbiology Ecology, 92(8), 1-14.

Masciarelli, O., Llanes, A, & Luna, V. (2014). A new PGPR co-inoculated with Brandyrhizobium japonicum enhances soybean
nodulation. Microbiology Research, 169(7-8), 609-615.

Myo, E. M., Liu, B., Ma, J., Shi, L., Jiang, M., Zhang, K., & Ge, B. (2019). Evaluation of Bacillus velezensis NKG-2 for bio-control activities
against fungal diseases and potential plant growth promotion. Biological Control, 134(1), 23-31.

Office of Agricultural Economics. (2022). Thailand Foreign Agricultural Trade Statistics 2022. Centre for Agricultural Information,
Office of Agricultural Economics, Ministry of Agriculture and Cooperatives. (in Thai).

Peek D. R, Reed, T. D., Johnson, C. S., Semtner, P. J.,, & Wilkinson, C. A. (2008). Burley Tobacco Production Guide. Virginia
Cooperative Extension, Virginia State University.

Prasanna, R., Joshi, M., Rana, A., Shivay, Y. S., & Nain, L. (2011). Influence of co-inoculation of bacteria-cyanobacteria on crop yield
and C-N sequestration in soil under rice crop. World Journal of Microbiology and Biotechnology, 28(1), 1223-1235.

Ramyabharathi, S., Meena, B., & Raguchander, T. (2013). Induction of defense enzymes and proteins in tomato plants by Bacillus
subtilis EPCO16 against Fusarium oxysporum f. sp. Lycopersici. Madras Agricultural Journal, 100(Special 1), 126-130.



King Mongkut’s Agr. J. 2025 : 43 (1) : 120 - 129 129

Rokhbakhsh-Zamin, F., Sachdev, D., Kazemi-Pour, N., Engineer, A., Pardesi, K. R., Zinjarde, S., Dhakephalkar, P. K., & Chopade, B. A.
(2011). Characterization of plant-growth-promoting traits of Acinetobacter species isolated from rhizosphere of
Pennisetum glaucum. Journal of Microbiology and Biotechnology, 21(6), 556-566.

Siri, B. (2015). Seed Conditioning and Seed Enhancements. Klungnanawitthaya Priting. (in Thai).

Soulange, J. G. & Levantard, M. (2008). Comparative studies of seed priming and pelleting on percentage and meantime to
germination of seeds of tomato (Lycopersicon esculentum mill.). African Journal of Agricultural Research, 3(10), 725-
731.

Tanthani, S. (2012). Microorganisms, biotechnology for soil improvement. Department of Science Service Journal, 60(190), 36-39.
(in Thai).

Trachoo, S. (2016). Seed Pelleting with Plant Nutrients on Seed Quality and Storability of Tobacco Seed. Master’s thesis.
Agronomy, Graduate School, Khon Kaen University. (in Thai).

Tu, L., He, Y., Shan, C., & Wu, Z. (2016). Preparation of Microencapsulated Bacillus subtilis SL-13 Seed coating agents and their
effects on the growth of cotton seedlings. BioMed Research International, 2016(1), 1-7.

Vacheron, J., Debrosses, G., Bouffaud, M-L., Touraine, B., Moénne-Loccoz, Y., Muller, D., Legendre, L., Wisniewski-Dye, F., & Pregent-
Combaret, C. (2013). Plant growth-promoting rhizobacteria and root system functioning. Frontiers in Plant Science, 4(1),
356-375.



King Mongkut’s Agr. J. 2025 : 43 (1) : 130 - 138 MIATNUATNTEABUNAT 2568 : 43 (1) : 130 - 138

nsAnwINszUIUNSKARUNT1IBIdalinfimanzaufuYsY
Study on the Production Process of Khao Mao Milk Tablets Suitable for Community

wsUsznn yuawan’, 59Ns ATd19ey’, nsaing auysy’, Fwd A3 wasifeuse gassalann’

Pornprapha Chunthanom®’, Raweeporn Srisamran’, Kannika Somboon', Wiwat Sriwicha® and Duernrung Suwannasopa’
Received date: 19 n.8. 66 Revised date: 5 N.W. 67 Accepted date: 14 A.W. 67

DOI: https://doi.org/10.55003/kmaj.2025.03.24.015

v

UNANYD

muﬁaﬁﬁi’mqﬂwaqﬁtﬁaﬁ’&ummﬁwémuuﬁnmﬁmLﬁﬂ‘ﬁmmzauﬁm%’ﬁamﬁwmu 7INA1SANEIIEN WA
Tuhanuaz@nugasnisndauudrsdade laevihuiddnuan 3 LuUAeRsa puwislugauauiou wasia udaun
Juwlanaudadia nuinadvesduiuimndiegdliunnaandauian U%mmﬁéﬁmmaﬁnL;JWLLﬁmﬂéf’Jaﬁm
founiituinan (P<0.05) USunuadunisiamun faduazs vosdumndogeglunusinnsgrunansusioue
Y9401 ANAIMLNTUINITVRITIN T UMRINUI AT wn Ly Tysfusiavun TUsAu Sanfiut2 wan 181 ues
Aty fusinaanaailoSoudisuiudnsnan windanuismnaslulewse loe1ms tina Teden danfiudi
wazuwAaLgel JUSHNNgINITinan ilousdsheuutadundmuiniiianuainauariddonnnty udsdmaes
way mutudanas Wondauuduhdnda 3 gnIAeMIIUNeRY UIUNAIY LAZHIN LAIMAABUAMAINNIAIUUTEE
é’uﬁawudwqmmmmuﬂmﬂéf%LLuuﬁmiaﬁmamﬂﬁqmLLGi”Lu'LLmﬂGiNmﬂgjmmmmrw dunzLUUALE nAu LieduiTa
wazAuYoUlneTIveINgnsliuansaiy waziilondnuudniiwanansatnanlud g 3 gnsnedlleIgeu 1Wen
Urunans wazdendy wamegeununnmsinuUssaduianuinansdideiseuldnzuuuiiuaugeulngsausn
1’71%161 (P<0.05) duAzUUURUE nAy sa¥ R LLaSLﬁaé’uﬁamamﬂqmﬂajumwmﬁu (P>0.5)
AdAgy: 91w n1svisis n1sdale Tudna

Abstract

The objective of this research was to develop the production of Khao Mao (KM) milk tablets suitable
for community enterprise. An appropriate fresh KM drying and optimum tablet formula were investigated. Fresh
KM was dried in 3 different ways including, aerated, dehydrated in tray dryer and roasted, and then ground into
flour before tableting. It was found that the color values of all samples of dried KM were not significantly
different from those of fresh KM. The a,, value of all samples of dried KM was lower than that of fresh KM
(P<0.05). Total microbial content and also yeast and mold of all samples were in the standard of community
product of KM. The nutritional value of dehydrated KM found that energy from fat, total fat, protein, vitamin
B2, iron, ash and moisture content were decreased when compared with fresh KM. In the addition, the total
energy, carbohydrates, dietary fiber, sugar, sodium, vitamin B1 and calcium content were higher than fresh KM.
After milling dried KM into flour, it was found that the L* and -a* value increased, but the b* and C* value
decreased. When produce KM milk tablets, there were 3 formulas including, low sweet, medium sweet and
very sweet. The results showed that the sensory evaluation of the moderately sweet formula of tablet received
the highest score for taste but not different from the very sweet formula. The scores for color, odor, texture

and overall preference of all formulas were not different. Furthermore, KM milk mixed with rice leaf extract was
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produced, 3 formulas were light green, medium green and dark green. The samples of the light green formula
had the highest overall scores (P<0.05), while the scores on color, odor, taste and texture of all formulas were
not significantly different (P>0.5).

Keywords: Khao Mao, drying, tablet processing, rice leave
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Table 1 Composition of Khao Mao milk tablets

Composition (%) Treatment
Low sweet Medium sweet Very sweet
Whole milk powder 61.62 58.9 53.12
Khao Mao flour 30.81 29.45 27.06
Icing sugar 4.62 8.83 16.23
Sago flour 1.23 1.18 1.08
Magnesium sterate 1.23 1.18 1.08
Silicon dioxide 0.49 0.46 0.43

vhnssainlagldieiesmendinuuusnlusiAuinlsn3 (@ve Y.U Pack fu ZP-9B, T.U Pack Co.Ltd., Thailand)
Tnglgussnauunn 5 kN 1%’Lﬁ11'71'ﬁl,ﬁumuquéﬂaw 8 Uil WAZVIUI 4 LY. NAFBUAMAINYNIMUUSEaMRUNANUEVadoU
FuuvuAEndudiau 30 AU Aiflergszning 18-50 T ¢35 9-point Hedonic scale LiloUsziiusziuAITOUA LA
ndu sawd Leduda uazauvaulaein Tnsszduazuuu 1 Aovoutiosiign uas 9 Aeveuniniian (Wiryajaree,
2018) ¥n13VAADS 2 B1
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Table 2 Composition of Khao Mao milk mixed with rice leaf extract tablets

Composition (%) Treatment
Light green Medium green Dark green
Whole milk powder 58.51 58.45 58.40
Khao Mao flour 26.59 26.57 26.54
Icing sugar 11.40 11.39 11.38
Silicon dioxide 1.06 1.06 1.06
Sago flour 1.06 1.06 1.06
Magnesium sterate 1.06 1.06 1.06
Vinilla extract 0.21 0.21 0.21
Rice leaf extract 0.11 0.20 0.29

nsudunazaanlauudmnauasanalud1aoadin
Yraulszneunauiuriawaiioundunentasnausvasadaludniielrifiderunfudsemivluiuna
et 3 szeu @deaduunn Adeadudiunans wasdleaduten) Tnstharsataludndunauduuidsiou suuded
QAN 50°C U tanuawdkauiudunaudun Ieignsnisndnsa Table 2 dawlia nadouauAINIAIUUTZEM
Fuatuimaaoudunuuisinsudiuu 30 au #1838 9-point Hedonic scale MaunuNITMAaBILUANIUUEBNAYTA]
(randomized complete block Design: RCBD) (Wiriyajaree, 2018) \ieUszidlusziuauveudud nau sawi uile
Fuifa wazauveulags nsvaass 2 91
ATIUNUNTNAADILAZNATIZHNSED A
’mLLmumsmaaqLLUU?jmugsai (completely randomized design: CRD) AtAT121AMLUTUTIU (Analysis of
Variance, ANOVA) 13 usieupuunnsnsuesaadelng Turkey’s test fisziupinuidosiu 95% (Wiriyajaree, 2002)

Nan1sANeILazIasal

mﬂmsﬁﬂmrﬁﬁﬁ%mﬁﬁwLLﬁqsz’J'nL;hﬁmmzauﬁ’wqmu WAATIRAUNNIEAAIHARS Table 3-4 wudaA1dvs
nndeesliunnsinsegadiudfgynisada (P>0.05) fuduinanyaniunm (control) dauen a, Juduanfigdunsd
anunsalldifensiasyiivle svdmanoIgn1siusne Tnedruganden a, qdﬁqm 9 0.90 (P<0.05) ¥ilwALAn
msuidelding Faiuka 3 nssus wudndaegnadue fien a,, laiiu 0.6 Feegluinusiinasgiundnfusivasy 41
(UNY.741/2562) A1 a,, Guad%ﬁﬁLﬂﬂaULLﬁqﬁﬁwﬁaﬂﬁqmﬁa 0.487 Lﬁ'mmﬂi%’qquﬁqdﬂdﬁ%ﬁaamt,azﬁ"a A0AAABINY
Sombat and Vangnai (2014) ﬁinmm’hLﬁaLﬁuqmmﬁLLazL’JaﬂumiaULLﬁqﬁdwasLﬁﬂ"l a,, LAYAIILTUANAS LiB9a7N
Tusgminenisouuste Ynaiinnissemeld WetadouiunuinaiudSssme duledenssuaanouiiunduda
fUB1M15 (Barbosa-Canovas and Vega-Mercado, 1996) find L* #3aA1a113@3199098 1307 iusislaenisi say
oultks wazdalunsmaaesd wulianuaiwnnidsiuislunaiaiisieaudd L* Tag Nachaisin et al. (2016) &
Al 54.18 usimnviuianuuntigenuda (freeze dried) fifn L* gadis 66.12 dauend a* wieadunsvosdiuitly
mﬁwmaan‘i‘fﬁmqqﬂ’iwmfi%’a“uad Nachaisin et al. (2016) i51897uA"d a* sesd1uiwisluionatauasdrduis
wuuutifonuds Sy 0.67 uay 1.40 pudIFU uAd b* wieAAmEswaEheuwidunIeassiiAlndiAdes
Futnauhurlunarafinuwiiu 36.24 usdagiuiuusdidenuddimananvdeifios 34.10 Feldunnsadudnaiis
au wansiduieuutslumsneassiifiauainannni fadedesni asifmdednddesiuinuiutdunann
\fasmndauieuuidunisnaaesidlildilumendeundndn feiadseunindnuiutdunatnasiegsmn
MUATBY9 Nachaisin et al. (2016) Aldnszurunsvuiauuugidonuds SeildidiToanazarnnuansuinnin
wseldmnuderlumsiuieiosnit uenantudn a, vesuiiseuddlilndidsaiudnuiukdunaniinuingen
0,58 wazdnuheuuridunsneaesiidenndasunuiseues Nachaisin et al. (2016) isreauindauiufauuy
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wiBonudadandu 0.49 uenaintiu Onsaard (2011) Meud1aiEaty 9.9uas1ws1iie a, Wi 0.97 Fegendn
Yinananauns (control) VBaNSNAABILTINULANES 0.90 AE a* WA 0.41-0.84 FeRAYLININNINNSNARBILANY
Wige 1.81 kagANd b* winfu 27.22-32.31 FalaAndudedtasgninnisnaasainianmniu 34.53

Table 3 The color and water activity values of dried processed Khao Mao compared with fresh Khao Mao

Khao Mao Color ay,
L* ns a* ™ p* ns c*ns ho s
Fresh 60.62+0.33 1.81+1.36 34.53+0.45 35.63+0.31 87.2841.94  0.9003+0.0042 °
Aerated 60.24+1.71  2.3241.50 34.54+0.49 34.14+0.32  86.62+1.77  0.5797+0.1041 °
Hot air 59.7241.20  2.66+1.10 36.75+0.82 35.41+0.26 85.62+1.98  0.4870+0.0657 °
Roasted 58.75+0.25 2.51+1.44 3519+1.47 3334+1.66 86.24+1.91 0.5648+0.1486 °

b Different superscript letters within each column are significantly different (P<0.05), ns = non significant.

v
a6 v S

USunaugdun3dvianun daduazsvesdnidinndiegne nuindialaifiu 1x10° uag 1x10° CFU/g anudndy GN
oglunausiumsgunEnsTaeigueu 9191 (inw.741/2562) (Thai Industrial Standards Institute, 2019) wit1auinAsan
ﬁﬂ"?mmﬁ;auﬁ&?ﬁwumqm’hsﬁnmwamLLam’J’waLmv‘hLLﬁﬁ%guﬁ] ogsiitiodndyneadn (P<0.05) ilosainqauvidiady
5 luensiidl a, g9 uazanudunse-rs (pH) vestnisndunariesglutag 6-7 Ssgduvidiatapiulaldmlugag
6-8 (Srichayet, 2019) winlaildArudoulunisutsguniorubulunsifivinuasrilidendeldie venandu
annzmsvwilasnsisaniionmgll 33-35°C azvinliedunidesgivlaldfidosanndutisgamaifivnzaunes
Auvidnauiiveugamniuiunats (mesophiles) liapAulald@il 35-37°C (Srichayet, 2019) dudaduazsestnii
amﬁ'ﬂ%mmmﬂﬁqmLwilu'LLmﬂﬁmmﬂ%’nmwﬁdammm’mLmﬁﬁ (P>0.05) Gﬂ'nL;J"lauL.Lﬁﬁﬁﬂ'%mmﬁaﬁuazﬁﬁa&Jﬁqm
LﬁmmﬂmiauLLﬁqimaﬁauau'i"au ﬁﬂﬁﬂ%mmﬁw@aizﬁﬂ%mmﬁa&JﬁqmLﬁ@LﬁﬁJUﬂﬁﬁ'}LLﬁdLLUUﬁu (Aauanslu Table 3)
Farn a,, 931 0.6 Baruarsiazmganisiaiey (Fellow, 1990) dhugunwiuqaunidvesinuiandeisuiudioui
DUWIIAILERILUY Table 5 %qas_jslummszﬁmmgmwamﬁmﬁﬁsqmu Waesseteliusuna B. cereus, C. perfingens, S.
aureus Wag Yeasts & molds Wesni1 10 CFU/g waz E. coli fiAtiasnin 3 MPN/g ualidnu Salmonella sp. wuusua
L%@ﬁ!ﬁu%%éﬁzdwmﬂiu%ﬂLﬂﬂﬂﬂLLﬁx%ﬂLﬂ’]@ULLﬁﬂLﬁu 6.5x10" Wy 2.5x10° CFU/g auasiu

Table 4 Total microbials and yeast & mold of dried processed Khao Mao compared with fresh Khao Mao

Khao Mao Total microbial counts (CFU/g) Yeasts & molds (CFU/g)
Fresh 1,130423 ° 87+12°
Aerated 4,670458 ° 60436 *°
Hot air 1,470440 ° 3346 °
Roasted 1,800+69 ° 3716

*® Different superscript letters within each column are significantly different (P<0.05).

Table 5 Analysis results of standard microbial contaminants of dried and fresh Khao Mao.

ltems Fresh Khao Mao Dried Khao Mao
Total plate count (cfu/g) 6.5x10" <2.5x10°
Yeasts & molds (cfu/g) <10 <10
Bacillus cereus (cfu/g) <10 <10
Clostridium perfingens (cfu/g) <10 <10
Escherichia coli (MPN/g) <3 <3
Salmonella sp. (per 25 g) Not detected -

Staphylococcus aureus (cfu/g) <10 <10
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QzummﬂmjmmﬁmaﬁnmwamLﬁ@Lﬁ&JUﬁU%’ﬂLmaULLﬁJ awansly Table 6 Wloauuiudn nuindraging
w&auanlsiu Tosuanun TUsiy 3adiud 2 wén 1 wesanuidy fuwliuanas windanusimun a1slulewnsn
Tyo1m1s vhana lofioy 3maut 1 wazueadoy Tuudldufudu §9 Onsaard (2011) $1891u31912u1anly 9.
puaTenifearaiuiesay 22.10-22.91 fegandimuianlummaaesiinuifiesforas 19.44 wilusiunufosas
6.24-6.68 G'quﬁastfWTnLahamlumimamﬁuﬁwuqaﬁﬁaﬂaz 10.88 lusfudeuay 1.61-4.26 FelndiAssiutuinanly
nsmaaesifinuieray 1.72 \Weledovar 0.16-0.27 Fetfeenitinuhanlunismanesifinugsifosas 1.87 dfenay
1.51-1.59 ﬁqqdﬂdﬁnLﬂﬂﬁﬂiUﬂﬂﬁwmaaqﬁﬁWULﬁ&Jﬁaaas 1.12 wazanslulawmsniovay 64.32-65.08 Fetioanitdnawin
anlunisneaesinnudosay 66.84 1edrsnansunisutadmuinUsinalusiutasluiuanasiesouiiou
Futauhan uiandlulewmsanazinaaiiuiy Uunalusiunaslusiuvesduineuusidunseassiinuindendu
7.57 uaz 1.62 ¢/100 g MUAINU uaﬂmﬂﬁ?ué’qwudw’%mmiﬂsﬁuqaﬂ’jﬂmu"?%’maa Youngsuk (2007) fisneemuingides
aglusiuraainuieuuis 6.4-7.0 wilifevasluuegludasiilndifsatufe 0.7-1.9

Table 6 Nutritional value of dried and fresh Khao Mao (per 100 grams)

[tems Fresh Khao Mao Dried Khao Mao

Total energy (kcal) 326.36 363.34
Energy from fat (kcal) 15.48 14.58
Total fat (grams) 1.72 1.62
Saturated fat (grams) 0.49 0.56
Cholesterol (milligrams) not found not found
Protein (grams) 10.88 7.57
Carbohydrate (grams) 66.84 79.62
Fiber (grams) 1.87 2.05
Sugar (grams) <0.50 0.66
Sodium (milligrams) 8.32 12.08
Vitamin A (micrograms) not found not found
Vitamin B 1 (milligrams) 0.175 0.255
Vitamin B 2 (milligrams) <0.025 <0.020
Calcium (milligrams) 14.15 52.29
Iron (milligrams) 1.52 1.33
Ash (grams) 1.12 1.01
Moisture content (grams) 19.94 10.18

LﬁaﬁﬁhaLz,hv‘f'lLLﬁnﬁaUIug’fauau%auqmmqﬁ 50°C winUszanes 4 $2lus uakazsouldutetniui uasdiese
aunldtadauansly Table 7 nudmdsinuinde a, uwerUSnutordunidoglunasiunsgiuniadusiguauues
#1214 (UHY.741/2562) (Thai Industrial Standards Institute, 2019) TaegvialundrqaunIdivilinelsadulngll
annsnisiulaled a, sndn 0.85 Baduarslianmisnadalai a, #ndn 0.62 (Rattanapanont, 2002) utldain
ﬁﬁﬂﬂaamﬁﬂmmﬁwgédalm wdetmindland L* wiedlainaunnnaa dan a* wieddweiunnnii uagian he visoland
Fenunnnin usidien b* wiedwmdewlosndn uasilAn C* wieanuuateeninduieuwts yvenaniy Singthong &
Thongkaew (2019) 1euIudstniniugnus fidn a,, Wiy 0.65 %’nqdﬂdmﬁﬁnmemmimaaqﬁ AE L* indu
85.65 Faflmnuainunnniuieiuivesnisnaaesdindandu 78.16 a1 a* wiriu -1.50 FeAdeannniudawenis
neaesiindiAu -0.72 uavAn b* Wiy 19.93 Feifmdsdnddesfuuiwosnsnaaestindianu 1912wl
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Table 7 Quality of Khao Mao flour
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winszUIUMSHARTIRHIUNsAieliaadgn e

Quality Results
Color: L* 78.16+0.02
a* -0.72+0.01
b* 19.1240.01
Cc* 19.14+0.01
he 92.17+0.02
Aw 0.3869+0.1001

Total plate count (CFU/g)
Yeasts & molds (CFU/g)

3.8x10%+1.3x10?
8.7x10'+3.2x10!

Lﬁammaauqfuﬂ'lwmw’huﬂizamﬁ’uﬁaﬁdLLamqwaiu Table 8 wuinundnugmdagnsnauliunandle
ﬂsLLuuﬁwuﬁaﬁjﬁu'}ﬂﬁqﬂLLﬁihjmeﬁhqmﬂgjmmmmn (P>0.05) undhdndagnsuuunlanzuuuend nau e
durla wazAuraulae I mmdwqmﬁuﬂ wiliwanansiuegefideddgvneadd (P>0.05) unduidndagnswanu
Wnildudsanaziimaled dudsuinadesnin wilduunsduysuamnnindafusisasindalsdiued sauiai
Ussnaumensdnnlsduedadenay 30 thnalededenay 30 uunddosas 18 anstlasiunissusnufoudosas 1 as
waedudouar 1 wazasiinUSinavionansoiuasifosar 20 (Samsalee and Mangklanan, 2021) nanfawiundnaui
ﬁmLﬁmqmmwumﬂﬁﬁam%mmzﬁ’wﬁﬁaqmﬂﬂﬁaugﬂqLLama‘U'ﬁamm Wi LA wazdegu

Table 8 Sensory quality of sweetened Khao Mao milk tablets

Treatment Color ™ Odor ™ Taste Texture ™ Overall preference ™
Low sweet 7.27+1.08 6.60+1.40 7.13+0.94 ° 6.50+1.14 7.13+1.07
Medium sweet 7.07+0.91 6.53+1.38 8.07+0.91° 6.43+0.90 7.37+£1.07
Very sweet 7.20+0.96 6.77+1.50 7.60+1.07 % 6.87+1.20 7.53+0.94

b Different superscript letters within each column are significantly different (P<0.05), ns = non significant.

wudaidadagasnauuindseneuludiguuns wiada vhaaleds wleang wuniifeuaionn wag
Faneulaeenled luuSunasesay 53.12, 27.06, 16.23, 1.08, 1.08 kay 0.43 AuasU ag19lsAnY HARTueIFINaD
Sinsfiavneudondnten wazlliindume Falgimungasundnunauansataluddadailindedamiidder was
finduvien iefsgalagiuslaauniu Weneaouamawmsiulssamdudadouandy Table 9 wudiusd1isinauans
afrlutmsndingnsdiderseuldaruuuduniureulasraunniign (P<0.05) daunzuuudud ndu savi wanile
dudavenansliuandiuegaldvddymeada (P>0.05) undiuiwanasataluinsndngnsdildsrseuldsunis

gousunNgaiiiosanilaziunyesnd savid waviledula unningnsdu

Table 9 Sensory quality of Khao Mao milk mixed with rice leaf extract tablets

Treatment Color ™ Odor ™ Taste ™ Texture ™ Overall preference
Light green 7.00+1.36 6.50+1.57 6.97+1.45 6.70+1.44 7.83+1.15°
Medium green 6.80+1.19 6.57+1.38 6.60+1.19 6.47+1.20 7.2040.76 °
Dark green 6.70+1.26 6.23+1.14 6.63+1.30 6.60+1.10 6.97+0.93 °

b Different superscript letters within each column are significantly different (P<0.05), ns = non significant.
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‘uwﬁnmeauaﬁaﬁ’ﬂuﬁnﬁmLﬁmqmﬁv’ﬁméauﬂl%ll.ﬂﬁnL;hLLazﬁ‘;wma"La%ﬂuﬂ?mmﬁaamfw uAlgduungly
UBnasnnniedndnsidnlsdiueisasingUssneusensininlstiueiatevar 30 thnalededevay 30 uunidesas
18 anstlostiunmssusidufeusovas 1 aswdeauiosas 1 uazasfinUSinaviensansoluasssasas 20 (Samsalee
and Mangklanan, 2021) nandasiuudnuhnauansataludnsmdaiifiviinautuezinaledaosnia wiiivsua
uinannn L nsdadingnsuin wesduasuansatnanludniidarsddy wu aaslsilad Afiqnisuoyya

a

fasz Sadvzmunziudideanisemsiieguain wu dniwy wieaulutevie wudnunavarsataludadadia

N A

gnsddensoutszneuluiie uume wledauih dinaleds ulane wunddenadionsn Faneulasenled ndwitian wax

arsanmannludnn TuuSuiusesay 5851, 26.59, 11.40, 1.06, 1.06, 1.06, 0.21 kag 0.11 a1ua1av ag1alsAniy Uy
druhnauasaialudndadeddumunisndnginiiuadruidadadeniidunaumalsvinunn i

ayUnanIsANeD

mﬁﬁmﬁq%’nLmamﬁa&Jmia‘uL.L.ﬁﬂug'fauau%'auaﬂﬁ%‘nLﬂﬂLLﬁqﬁﬁqmmwmﬂﬂ’jﬂmﬁﬁaauLLagﬁ"’J Taedian a,
UsinadaduagstosninBnsviuisiug ewFeuifieunmunmiuideuudeuresinsantudiidiouitou
sdarumshuiaashliuiiandegaunisimunanas uaruTinadevudeudug eglunasiuinsgiuninios
vy 1 (nw.741/2562) aaamdlasuinisvesiinshndeuuimuinindanunlutu Tuduisue Tsiu
Anniud 2 win 1 uasauiu duulfuasaadodisusuinihan uindsnuimuaasiuleawss loewns dena
Ty Indiud 1 uavwaa@ey JUsunganitiian 9nuisuuiaddauaimiadasuinisgs danulasadese
n3uilna wasiluudssuduudsinumuidanuahaasiidennntu deulemnenludaudusadiag
yagoUANA MU sraduda wuimadnahdadagnsunnldiuasuuunnuveudunauuasdoduta Dy
6.77 uay 6.87 mudiu Teaglutiweuidnios-veutiunans uaglduaziuuniureusud savi waznisteusy
Tnosaw 1 7.20, 7.60 uaz 7.53 mudndu eeglutisreuiiunansiisweuunn duundnuiwauansadaluingae
ansAdensdeuldfunsuunaruoudiuniu savid waeilleduia 1 6,50, 6.97 way 6.70 nudU Teoglurasmou
\dntles-wouiunans wagldFuazuuumnuveusuduaznmssouiulaesan 1y 7.00 uaz 7.83 iy Jseglutag
youlnatsisweuinn uninuidasingasmiuinniumnzaniiazndalusefuiamiayurunnnituudsise
ansafaluindaiiagasdidensou esninszuaunsuanilidudounasiisunusiing

LS4
naussleviviudou
Adeuvelszmadtunanuiliinaysslovivivdeu

AnANTINUIENA
mAfedldumsatuayunuisennlasnmuruuinnssudnahananaunstunouss Usssdaulssunm
2564 d@UnNUANENITNALETIINGIANEAS F98 waruIRNII (ANa.) VVDUAMANENITNYINTTITUYIA UVIINYIEY
wallafswuseaday Inenunanauns dmsunsdeiieanuivhid aaesaunnviwiidinsaniunsidelundsil
nuATeilldunMITUTeInANEnsIINSISEsTIINTATelugYE Ws Banu aufl HEC-04-64-017

nsfidausaulunsilisuunainuvesiidey

PNARSIEY WAy auyAgiu: wsUsean yuavey, 3wt A33u. msuFtRnsITe mstiduialunsesnuuy:
W3UENT YUDURY, TINT ASAITIRY, NTANTT auyey, Weause aITsailan. N15NAaes NMIMAFDY w3naloTn F3n1sifiv
foya way criteria nMsdmivdaya nsliesieideya nsudsna: wsUsen Fuauen. MIININYITalNg N1SUARS N3
Wiguiiguiutoasunieesdniug vienguiia: wsusenn yuauey, 5Ins Asd1sey. nsidmsalunseuduadu
unau mslvimsaduayueiesdle esUfiRnng uas agdust: wsusznn yuauew,
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