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Abstract

The Wang Thong Agri-Products Co., Ltd. has a production capacity of 2,000 tons of pickled ginger per year, and the
production problem was that the ginger residue from pickling trimming accounts for 5-10% of the total pickled ginger.
Therefore, entrepreneurs have the idea of using pickled ginger scraps to increase their value by processing them into
bread fillings. This research aimed to study the types of vegetables suitable for producing pickled ginger paste stirred
with vegetables. The appropriate ratio between pickled ginger and taro mixed with purple sweet potato (ratio 3:1) was
studied using the content of pickled ginger 35, 40, 45, 50, and 55 percent of the taro mixed with purple sweet potato—25,
30, 35, 40 and 45 percent of the total ingredients. Study the quality of pickled ginger products, stir the vegetable
mixture, and analyze the chemical composition. The results showed that the type of vegetable had a statistically
significant effect on L* a* b*, total dissolved solids content, and moisture value (p<0.05). The 40% pickled ginger and
40% taro mixed with purple sweet potato was the most accepted. The analysis of the quality of ginger paste products
showed that the product was safe according to the standards of the stirred fruit and vegetable community product
(35/2015). The chemical quality of the pickled ginger paste product stirred with vegetables was found to contain
protein, fiber, fat, and carbohydrates at 1.90 g, 15.17 g, 4.14 g, and 31.15 g per 100 g, respectively. This research

shows the potential to use pickled ginger scraps as a healthy product.

Keywords: Picked ginger paste, pickled ginger, bread filling
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138U ﬁf’lvl,ﬂﬁuﬁqmwgﬁ 80-90 adfLualTea tHwiaan 2
2 lus WnliFnuazinduesnawiaunualiazBaadae
iedastluaiundszase (Philips 3% HR 2115) miﬁqlluqa
WA&GNTIA HDPE Lﬁu%’ﬂmﬁqmmﬁ -18 BNFLTALTE &
Aawsin llglunsnasss
1.2.3 WN382 WINIRNNIANURZDA
fesidsziianSasandsnidauniuwden vims
Yenulaonuasvuanumainidsandusuin snniuuals
axBuamLAsasUaaIUnUszass (Philips 34 HR 2115)
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mC’nf‘Iaﬂm%mmﬁulﬁmm%mﬁqm%gﬁ 80-90 84
wandus iuna 2 il Anliiiuuszusslugewanadn
7%iq HDPE Lﬁu%'ﬂmﬁqmmﬁ -18 a9 TaLTuE NaLun
Tllunmases
1.3 MINAATINDINIBHFUAN

laold93a93008s 40 (VDIFIUNFN
Y19ma) T,ﬂal'rj”'maaanﬂgmﬁugmmaau’%ﬁw%mdwaﬁ‘m
AR MWUHUNIINARDILLLFNFNYTDE (Completely Ran-
domized design, CRD) lagvinnsudlsiusfiaues d2uas
WNDE7 WAz wNARAI9 AILRAILU Table 1 NMINARBY
3 91 T,@ﬁﬂﬁ%’dﬁ"suwawﬁy’mmmmgm
Table 1  The ingredients to produce pickled ginger paste

with various vegetable

Ingredient (%) Treatment1 Treatment2 Treatment 3

Pickled ginger * 40 40 40
Taro 30 30 30
Red bean 10 - -

Wax Gourd - 10 -

Purple Potatoes - - 10
Coconut milk 10 10 10
Sugar 10 10 10
Total (%) 100 100 100

Note: * The amount of pickled ginger in the production of pickled
ginger paste according to Wang Thong Agri-Products Co., Ltd

ﬁwmldmzmmﬂmﬂlﬁﬂ’nﬁauﬁqmﬁﬁﬁ
60-65 IFLTALTE MWW 5 W7 I nEwaNsea
‘VIS’]ULLazﬂlulﬁLﬂ%L&aLaU?ﬁ%Iﬂﬂﬂ%ﬂLﬁqu%ﬂ“ﬁmao
Ml 75 aseioaldas nawwin 15 WA wasdiu
AU NVaIN1INIWLD% 55-60 IR NTALTLE
msmudatiasawldiiioduTavesdsnasniwnauin
HuiitodoriuuaziitadenosniunauinliGanssn: an
ﬁyfumﬂmmﬂL@malﬁﬁa@aamuwauﬁ'ﬂﬁqzwgﬁ@%’m'j’] 45
sveaafoy usnglaganaadndendinuuugyyime
LLazLﬁu%fﬂmﬁqnmnﬁLmﬁu
1.4 MIUATRAQUNINTBINEAATUTINIL
NEUNTAN
141 @18 Sleddsiaiesiad Hwo
Hunter Lab 3% Colour Flex Miniscan XE plus LEAIHANT]
Yaluszuu CIE loud @1 L* (L* fla Auaesnnuaing
2998 U671 0 89 100 las 0 wNBHI ANNEIIRE waz
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100 AMNEINNTV) 61 a* (a* fa AugasnNUduELa
Wa=AEE) LA30IWINY + WANEY FUAY LAZLASEIRANY
— waefly MUe7) uaz b* (b* Ao AuaasnNDui
IWADILATUNSH LA3IWNNY + WHNBEe BInEad uas
LARInANY — Ve FUNEW)

142 Slaszdanwnsiloduds do
Lﬂ%lad Texture Analyzer 'E'iﬁa Stable Systems ju TAXT.
plus 1591 7aUUY cylinder probe P/2 naaduniaLNg 40
% maammgaﬁuﬁu @28A71UL37 0.3 AaANaIdaIwIf
Tufineusefisale T2uLNIINAE1N g T89naLd e
AMULTS (Hardness) AuFIITD T da (Cohe-
siveness) UazanaNuLRihen (Gumminess)

14.3 %mi']zﬁqmmwmqﬁmmﬁVI,@TLLri
fanudunsa-a1s (pH) detadasasanuiiunye-
@149 (pH meter) fvo Sl Analytics 3% Lab 850 i3zine
s Usinmasudsnanuadiazansle (Total soluble
solids; TSSs) @T’mméaﬁuwiﬂiﬂﬁma% (Refractometer)
fivo Atago 34U PAL-1 ﬂs:mﬂ@fﬂu mMILestuaIailae
Fovnmindasne 5 n3u ainauinanlesan 50
nsu auliazasdiu iansazaneluda pH uazTSSs
Usunmnsadilningeld (Titratable acidity) (AOAC, 2000)
Wa=U3N mA N (AOAC, 2000)

144 madszilingmninniidsean
FudslagnIINagaUAIANNTaY 9 T2AU (9-point
hedonic scale) lagfiensza@unzuundoud 1-9 (1 = liray
mﬂﬁq@ f99= ﬁauunnﬁq@) Usziliugmans e laun
& nawse esuds 38118 wazanwraulassn laold
;jmaau%uﬁ"l,sjmumiﬂﬂuu % 30 A% T987Y
321319 20-65 U 1sunummesssuuuguluuieonauysol
(Randomized Complete Block Design, RCBD) N13Naaa3
ﬁmumi%'maaa’%ﬁﬁsswmﬁﬁﬂuump:m’ MULAIANNT
JuU¥89 URU-REC 056/65

1.4.5 AenzranuudsnuvaiiFing
835 ANOVA 13suifisuanunand1suesdaasdie
79 Duncan’s new multiple-range Test (DMRT) LaZN1AKA
seduaN N Tunsahanszey 95 wWesiFudlasls
Tsunsuafidansagl

2. MIRnFAFEINIENIIBIRBINUIHBNKDN
nanAwmaRafimanzanlunsHAATInaINIRHEA
0

lunwsﬁﬂwwﬁvlﬁﬁmLﬁaﬂgmﬁmmmwmnms
naaaslude 1 ivmsAnsadiusninsdenasfissdu
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$ouay 35 40 45 50 LAz 55 VBIFIUNFNTIVNA FULen
ROUHRNNWNAFN (IT8aamienion 3 funauiy
AWNARNII 1 §21) 0882 25 30 35 40 LAz 45 VaIFIH
NRNTIWYA (Table 2) THUHUNINARBILULFURNYTTE
(Completely randomized design, CRD) YNN1Inasaad 3
B AR UNMNYBITIABINIUNFNANTNIG UM BN
il (anada 1.4) uazthziluganmwnmeiulssanauds
lagaununiimasssuvugulunfenauysal (Rand-
omized Complete Block Design, RCBD) lagdanzinnu
udsUTanuasaInNaa283% ANOVA LW3sufiauainy
LANAITBIANLARLSI3E Duncan’s new multiple-range
Test (DMRT) LRETNARATEAUAN UL T DTN IR A ATiT2 L
95 wafidud lasltlusunnadfsaniagy
3. MINATITRABNINVBINAAA Y DINDY

NIBNANAN

VANEAA AN TINDINIUNEN TN AT FAFI%
seineBenasiuidanvannanTwnadiiaduisansy
°1Jaa;ju’%lnauwnﬁqmawnnwswmaaﬂuﬁa 2 YALANTH
AWAINANINAIZIRH AT TN TUAN LAz N LY
(35/2558) lapAianzigmnn leun diaiaasuanfiad
feiasas Water Activity (Aqua Lab, 3TE, USA) U3unmk
qauﬂ‘%ﬁﬁmm Usinasfladuas uasisolemmesidolals
(E.coli) (U.S. Food and Drug Administration, 2001a,
2001b, 2002)

AazResflsznaunanlvaInaanmm
FaaodnIunaNin boun tUsau ladu duly was
aslulaiasa audTNsue9 AOAC (2000) INANTNAREY
3 suasiianeinalaglslsunsuaias Fa3ul

Table 2 The percentage of pickled ginger and taro mixed

with purple potatoes in the pickled ginger paste

product
Pickled Taro mixed with
Treatment
ginger (%) purple potato (%)
1 35 45
2 40 40
3 45 35
4 50 30
5 55 25
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Nan'ﬁ‘nﬂaaauazaﬁﬂswwa
1. ¥fievasinfiwanzaalunisuindonas

NIBHUENHN

namsAnafievasinfinzanlunminga
P99BIMIUNFUANA AN IWNNITIUNIBATN laun fng L
a* b* uazALiaduiaueINE AT BInaINIUNENEN
I 3 gaT laun fua (gmﬁ 1) Wniden (gmﬁ 2)
LRz ARN (gmﬁ 3) WUINTHhAVINNRINAG DA L
a* Az b* UaITINBINIUNINANDEINRLEATYNIIFDA
(p<0.05) I@m%maamuwauﬁnqmﬁ 2 8¢ L* g9ga
Wi 55.77 3898441 Ao gm‘ﬁ 1 LLazgmﬁ 3 iy
55.44 Uaz 44.41 auaney mMsltnndenazladenainiu
Nawﬁﬂﬁﬁﬁaana’jﬁamﬂﬁqﬂlﬁaamnLf‘laﬁmﬁmﬁﬁmn
’ﬁ‘iaﬁﬂﬁ%amuﬁ%mﬁaaaana’hamnnhgm%‘u frTuen
a* Az b* Wui %Gﬂﬂdﬂi%ﬂﬁ&lﬁﬂg@liﬁ 3 e a* GAGE
UaZA1 b* ei"wqﬂﬁfhmwﬁu 8.61 LA 6.29 MUAIAL WFAIDY
@maamuwauﬁngmﬁ 3 fFeanuadiantosuaziininu
WWuiinaasias Lﬁaamﬂgmﬁ 3 ltdwnaiuiradugin
Nfm%ﬂuﬁumﬂﬁﬂwﬁ‘mﬂi@qﬁﬁﬂLLauIﬂ"lfﬁmﬁw%ami
& (Pigment) AlW&LAINILAZNGY (RUNLAY WaLadw
WA UaTABEN SAMLUUY, 25670) FINAADINDINIUHEN
ﬁﬂﬁ?ﬂ,maaan&i’aamnn’hgmﬁu (Table 3)

namsenEnanEmitofuTavasdanan dun
AMaNNLds AnuauTlumMsiMda wazAaNNrien
WuINTRerasininadednwmiile duTauosdiaasnin
nauAnagIlRuEAYNIEia (p<0.05) lasTsnainin
Nauﬁniuqmﬁ 2 Heanuudgaga iy 24.51 g
osannitndenivinanlglummesssdunaunfidiousin
wdd uazluinidenfianslulawesaesninfesas 3 (Zaini
et al,, 2011) Wariannindsnalidanasniunandndile
FUHFLUD ‘Lummzﬁ%mam’mmauﬁngmﬁ 1 Alguasd
@i'm'nm@a@i"lqﬂ WinL 12.84 g iflosannesdsznavas
fuasfiufladnasdsznaunan luduaaumsiadoudn
wasazuTinaslwinfisaain 1 da 2 utwn 2 $2lug
ﬁﬂﬁl,ﬁml,ﬁafﬁLma@ﬂ%‘uﬁﬂﬁmnfu wazifiovinauag
ludugnyldidaudlsvnsgrnifanisiaan@luistu
(Gelatinization) Tnfalauilsldsuanuiaunlusmenin

Development of pickled ginger paste mixed with vegetables for bread fillings

@

wuszlalanaumsluluianavesdaudlzgnrinassmn
IMdautlanasdruazuanaan wazliauniany
HAAA T aiumsfilsasiuasdauilefiiimwesdn
N laTsaNIvaInFa i Ludausd L‘fiagmmﬁ
lflunInadiatsduanaanldie (§ns nyd uas
yanm faza, 2559) denwmansalumuniziaves
F9009NIBHENINTY 3 gay wuddszavlndidoanu
(Table 3) I@ﬂgmﬁ 3 ﬁ@hgdq@ﬁ 0.71 ’Luﬂumzﬁgmﬁl 1
uaz 2 lduandrsnuadslvedauneaia (p>0.05) M3
angunnfizasudimainisaad bwadunililuiana
azlulagraniauiledasoedluainaidunszuaunis
2Insinsiadu (Retrogradation) G9asnalianusunyalu
miifmfmmq (gnBil &ad, 2563) LLﬂaﬁﬁa:vlmIaaga
TnAesnsinedulding ww ulsiuesitaslulaadosas
55.87 (R3wn ANGIn uazginus yauil, 2552)
yasAudsTunaivsinmeslulamiosdonas 18-21
(MAUIIA @3589 LLaer‘%aQa Ynzaonviny, 2546) vinli
my3nsinaaduluuiladumaiatesnindelanaad et
ﬁltguu,a:ﬁ@mwmmmlumnmzﬁmﬁndw dngannuiledin
wasfitAns lnsinTatuannin donalinaa S meiianwme
wsnazin luwmefidinnumieiniedinisuandn
WIDUNAY (Gumminess) “uaogm‘?i 1 engagaiiniy 8.89
g Lﬁaamnﬁ"sLmoﬁll"ﬁﬁﬂ%mmaﬂuiaagaﬁﬁaya: 55.87
wazarlulawn@usanay 44.13 Run AWSSA was
§ANEY BN, 2552) Ty Audsdwmnaiiusuno
azlulassouas 18-21 (NATUIIA @3I700 LLa:Lﬁaga
YozaauaTy, 2546) viluilstauasilassaroounlu
Waudlsfudoussniudlefune sonaliinswesdiuas
ANTAZAEAN uaﬂmﬂﬁvlmﬁuﬁaglmﬁmnﬂaﬁasmﬁaﬁu
¢ lulasiiaudlu amylose-lipid complex Forgsuanunduss
gadlauilsmldidautlonasdldtn (ndaused advea
waziians Tuzaouainy, 2543) lasiuasiladusana:
2.20 (W3 DAFNIR, 2561) T e AN pruasdune
Fu29 loduiiesSanas 0.3 wazsouas 0.04 aNEGU
(Zaini et al., 2011; TFIINTIH YYAIWNTWIE, 2547)
%aﬁﬂﬁ%maamuwauﬁﬂgmﬁ 1 fanumierainnin
g@lié“u (Table 3)
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Table 3 Physical properties of pickled ginger paste with various vegetable

Color Hardness Cohesiveness Gumminess
Treatment
L* a* b* (9) (9)
Red bean 53.44+1.22° 3.60+0.14° 17.22+0.87° 12.84+3.17° 0.67+0.10° 8.89+1.05°
Wax Gourd 55.77+1.07° 3.42+0.21° 20.34+0.25" 24.51+4.16° 0.63+0.15° 6.7411.33°
Purple Potato 44.41+0.56° 8.61+0.09° 6.29+0.58° 21.02+2.33" 0.71+0.09° 5.41+0.76°

Note: Data are presented as means * standard error

abc in the same column with different superscripts are significantly different (p<0.05)

AUNWNENLATIYBITIABINIBHENAN WL
1 FRaUaINnINadafUI e sudsnazan s laninua
UAZAIANTUYDITINDINIWNFNRND LI DD FIA YN
’0@ (p<0.05) LiladaltaInLsznaumataiivasnlnas An
DRz N ATNIINANUUANA1INH 10 8TINDINIWHRY
> dl Y s a I} & 1 v a =
AnnltAninagirndusginnan a1 USurmuasuds
ninnafiazaelalagigariiiy 20.22 wWasiduuing
Lﬁadmﬂluﬁ'aﬁumﬂam:wuﬁﬂmmaﬂma ﬂQIﬂﬁ I0F
wqﬂiﬂmﬂuﬂ&'ﬂ (Lewthwaite et al., 1997) uazadfilsznay

. a o = % > a € a o

vasiwne sisduiletosas 15-28 (Ayanin Guegus
uaz3Asaw wunzna, 2563) aldanuaulusznitems
muuilazgnidfomduandriuuazvaalnalasionlod
waan-azluias (alpha-amylase) wazdan- azluias

(beta-amylase) (Lewthwaite et al., 1997) luvaeNdiaas
munguAnflgindeddiinuanuiugisess: 64.22
& X« P A a a &
nethidunaifasananniftenavasinilianiasilsznauvad
wgasanaz 93.80-96.80 (Singh et al., 2024) lupmuzfinn

a a A 6 % 3
LadlazannaFNslasalsznasaIwITosas 12 Uaz
60.13 @WAAU (AWINT NAFUE, 2561; NANUIIA
#3309 uazinana Jozaanu iy, 2546) Wawnanlfidudiu

a o o8 % A X a
HauTITanasnInkandny i fegluitovasinden
iaswivsudsznendn 9 sinaldlSinmanadug
nilsaanunaudngasau 9 lususidranudunie-
@4 (pH) uaztSanmnIansnua liuandsacnaiioaamn
N9EN&A (p>0.05) (Table 4)

Table 4 Chemical properties of pickled ginger paste with various vegetable

Total soluble solid TA (as citric acid)™ Moisture
Treatment pH"™
(%Brix) (%) (%)
Red bean 15.55+0.09° 5.51+0.05 0.43+0.17 62.06+0.14°
Wax Gourd 16.90+0.31° 5.40+0.01 0.53+0.17 64.22+0.39°
Purple Potato 20.22+0.10° 5.55+0.01 0.43+0.17 61.35+0.15°

Note: Data are presented as means * standard error
ns is not significantly different (p>0.05)

abcin the same column with different superscripts are significantly different (p<0.05)

mMsdaziiingmniwnsdszanFudanyin
AAZUUUANUTALIUAUIN B § T80T ihosuils uaz
mmau%’uimm’amaﬁmaamuwauﬁﬂiugmﬁ 3 e
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Alafairseanuasdainivesiumnadiislsznauiud
mmmmmadﬁumﬂﬁaj'suﬁwalﬁ;juﬂnwauﬁ TRT@
LLa:ﬂ'nmauI@mmmnm’ﬁmaamuwauﬁﬂgmﬁ 1

LLazgmﬁ 2 HANNTUITL N UANUTO LA UL HaFURARNY

ol ;ju’%lmﬂau%’u%maamuwauﬁngmﬁ 3 gaqmﬁaom
mﬂﬁ@hmmmmsnhmﬂm:ﬁﬂga%mﬂuauﬁamiﬁ@
imziumeluiioanms (MIAT NUG uazAme, 2562)
Lﬂumwuiﬁﬂmaumaa;ju’%lnﬂsl,ummuém YULALIN
mwmmuﬁwuﬂﬁuwudmﬂgmvbjﬁmwLmﬂ@mﬁuama
HipsAYN9Rha (p>0.05) iosanndsnasmunaninis
3 gasliTanasludianmiasas 40 i Wadlmnwe
nauva9dsdanifideindnensen (Gingerol) &14170
Wagwiuaslonmans (Shogaol) wazdsiaals (Zinge-
rone) Wornumslwenu ez lenansesdafiuannie
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(Spence, 2023) TINDITIABINIBHINANNT 3 gm'ﬂﬁﬁaﬂ
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2a9liannay (NTNFILRIUMINEAT, 2567) F9¥ IANEH
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o

TINDINMUKINANTI 3 gasliuandriinadnalioaamy

N9RNG (Table 5)

Table 5 Sensory evaluation of pickled ginger paste with various vegetable(n=30)

Average acceptance score of the sensory evaluation

Treatment
Color Odor™ Taste Texture Overall
Red bean 6.59+1.12° 6.41£1.32 5.38+2.34° 6.90+1.42° 5.69+1.98°
Wax Gourd 6.31£1.37° 6.38+1.32 5.62+2.03° 6.72+1.41° 5.72+1.93°
Purple Potatoes 7.61£0.79° 7.24+1.15 7AT+1.73° 7.55+0.91° 7.10£1.70°

Note: Data are presented as means + standard error
ns is not significantly different (p>0.05)

abcin the same column with different superscripts are significantly different (p<0.05)
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LWANew (Figure 1)

35% 40% 45% 50% 55%

Figure 1 The percentage of pickled ginger used in

pickled ginger paste product stirred with vegetable
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ﬁwﬁﬂﬁ’lmaqaLﬁ@mswaaéhvlﬁ (Bittner et al., 1982)
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Table 6 Physical properties of pickled ginger paste product stirred with vegetable

Pickled ginger: Mixed taro Color Hardness  Cohesiveness™ Gumminess
and purple potato (w/w) L* a*"™ b* (9) (9)
35:45 41.11£0.04° 8.04+2.27 4.67+0.13° 22.41+1.73° 0.7440.10 16.03+1.29°
40:40 43.06+0.05° 9.04+0.03 5.52+0.19° 10.63+2.02° 0.80+0.02 11.57+3.23°
45:35 45.09+0.06° 9.06+0.03 7.99+0.03° 10.99+2.29° 0.78+0.03 6.35+0.64°
50:30 46.02+0.09° 9.18+0.07 9.52+0.14° 10.50£3.52° 0.7340.07 5.07+1.31°
55:25 46.85+0.04° 9.25+0.03 12.73+0.13° 8.72+0.51° 0.76+0.05 2.91+0.63°

Note: abcde in the same column with different superscripts are significantly different (p<0.05)

ns is not significantly different (p>0.05)
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Table 7 Chemical properties of pickled ginger pasteproduct stirred with vegetable

Pickled ginger :Mixed taro and Total soluble pH TA (as citric acid) Moisture
purple potato (w/w) solid(%Brix) (%) (%)
35:45 27.65+0.30° 5.80+0.02" 0.14+0.03° 58.75+0.88"
40:40 27.70+0.31° 5.63+0.02° 0.16+0.04%° 62.94+0.68°
45:35 25.20+0.27° 5.51+0.07° 0.17+0.03% 64.13+0.22°
50:30 24.60+0.33° 5.42+0.02° 0.19+0.00° 64.63+0.35°
55:25 23.85+0.37° 5.39+0.02° 0.19+0.04° 67.27+1.49°

Note: ** in the same column with different superscripts are significantly different (p<0.05)

Table 8 Sensory evaluation of pickled ginger pasteproduct stirred with vegetable in bread filing (n=30)

Pickled ginger :Mixed taro Average acceptance score of the sensory evaluation

and purple potato (w/w) Color Odor Taste Texture Overall
35:45 7.37%0.76° 7.00£0.74° 6.77+1.30° 7.20+0.89° 7.03+1.30°
40:40 7.37+0.81° 6.97+1.10° 6.83+1.02° 7.13+1.04° 7.1041.03°
45:35 6.23+1.07° 5.77+1.61° 5.47+1.53° 6.07+1.51° 5.63+1.27°
50:30 5.90+1.27° 5.83+1.23° 5.1321.01" 5.73+1.41™ 5.27+1.05°
55:25 5.70+1.18° 5.33+1.63" 4.50+1.33° 5.27+1.60° 4.60+1.16°

Note:  in the same column with different superscripts are significantly different (p<0.05)

Figure 2 Pickled ginger paste product stirred with

vegetable in bread filling
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Effect of bio-fertilizer management on sweet corn production in an organic system
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Abstract

The sweet corn production in the organic system research objective is to compare the different biofertilizer
management on growth and yield by Randomized Complete Block Design (RCBD). The experiment was conducted
in 5 treatments with 4 replications as follows: 1) the control (without biofertilizer), 2) azotobacter (A), 3) mycorrhiza
(M), 4) potassium solubilizing bacteria (KSB), and 5) azotobacter + mycorrhiza + potassium solubilizing bacteria (A +
M + KSB). The soil analysis in top soil (0-15 cm) after harvesting showed that A+M+KSB caused the highest available
phosphorus and potassium content (70 and 153 mg kg™ respectively) (P<0.05). The nutrient content in sweet corn
leaves at the tasseling stage and seed content, azotobacter (A), resulted in the highest nitrogen content at 2.47 and
2.45%N, respectively(P<0.05). Meanwhile, mycorrhiza (M) provided the highest phosphorus content in leaves (0.57%P)
and seeds (0.51%P) (P<0.05). The total soluble solids (TSS) content was detected at the highest level in mycorrhiza,
but no difference was observed with A + M + KSB (16.33 and 16.05 °Brix, respectively). Interestingly, A+M+KSB could
gain the highest sweet corn yield at 1,540 kg rai"(P<0.05).

Keywords: Bio-fertilizer, organic farming, sweet corn
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UImManite INAKEA 297,261 Gu (FIRNINMATIIND
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ﬁawwa’mﬂﬁﬁﬁﬂLmaaﬁmgﬁma:ﬂﬂmﬁlﬂuﬁi"}mumn
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Rhizobium sp. ﬁﬁnwm:agiawﬁuLLuuﬁawwawﬁﬂlmwn
ﬁ‘ﬁm:gafll"s Wae Azotobacter, Azospirillum ﬁmmsn el
agflufiuuaztildarnidas: (aym maFoimiiTant uss
AMe, 2559) L%ai’laﬁﬂ'aﬂmﬂmaﬂimﬁmﬂumi
ﬂauquliﬂﬁmﬁawwamsdLLa:maéTan (@F0 aTyIai, 2556)
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aﬁu‘n’%ﬂwLmaw'fmwﬁagJ;IuLLs'ﬁﬁIwme%mmﬂuaaﬁﬂs:nau
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nmslfdunighadislunsnfafizaziislianudy
ﬂs:‘[wﬁmaamqmmsﬁagiuamﬁwmﬂﬁuuaﬂmﬂﬁﬁa
ﬁqﬁuw’%ﬁﬁ sansaauguliafis 15 \Ho 1 Trichoderma
spp. Wazlfauuadi3s Bacillus spp. fisnansayinanania
fufsmaAalsasinuin (Useme N3 LaLanlaT wad
a4, 2556) waziudnsdasanndensndie f'ﬁﬂuflaqﬁ'uﬂu
mﬁﬁLﬂui'lfa%'wé’ﬂluﬂwsLWW:ﬂgﬂﬁiwmﬁLﬁ'ugasﬁu 989
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VL@TﬁLLWJ(?]@]Iuﬂﬁislfﬂi:Iﬂ“ﬁﬁilﬁﬂqﬁ%ﬂ%ﬁau‘ﬁlLﬂuﬂiﬂﬂ”ﬂﬁ
dafizumaunumylsoiadlunimdadilnannulu
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1. NuAnsANEILATLARININAADS

anniltilafinwdenindadnilnannu
Tuszuudunsd aufiumsluudaimanasinuasdunisues
Tassmavamnthulilwiasnanwsznaes thulds
a.dunmu a.Bodlnal swinfion wmeu-Iguomu w.e.
2562 MILAIBULLAIUINUING 1x4 LUAT Idﬂﬂﬁu‘n‘%ﬁﬁﬂ
\iasasriunguaua 400 Alaniu/ls noaaiwudia 3 wia/
WA Lﬁamqvlé’z flansd nauliinge 1 du lasfiszuzalgn
25x75 . TWineeszuLtmea Tuas 1 a5s win 30 Wl
wazrniaSTRsanfodawas 1 059 9UHRMINARES
LLUUEj&Jaﬂuuﬁammuaugirﬁ (Randomized Completely
Block Design; RCBD) Usznausas 5 n35u3% 4 51 nysuis
1 auqu (lalatladanw) n3sNAER 2 ladlegnw
Azotobacter (A) n33u33fl 3 fJafanm Mycorrhiza (M)
WU 300 aad/An 10 n3u sasiunguynraulunIwas
#finsld mucorrhiza n33WATA 4 flofnwdesaany
Twunaday (Potassium solubilizing bacteria: KSB)
n35UAER 5 ldﬂﬂ%amw A+ M + KSB n330337 2 uaz 5

o+

a:‘u‘hLwﬁﬂﬁﬂ'ﬂwmnﬂ@ﬂnuﬂU%’meﬁﬁwmswﬁwiu

3

JduuunIniandgn

TasLse Azotobacter LAz qﬁuw‘%ﬁﬁﬂaﬂamﬂ
Tnunaidon uonldnndnluulamasssnusasdunidues
Tassmavamnthulilwiiasnannwsznaes thulds
2.8une 2.18u9lnal mhmﬁﬂﬁu’%qwﬁummmﬁa N
N WAL a@288 ¥ 3Man Nutrient Broth; NB (Atlas,
2005) I@]m%'al,wia:‘zjﬁm:ﬁwmﬂqﬂﬁuﬁwamﬁalﬁﬂu
ﬂﬂ%'m'lwriami'l"l,ﬁﬂqﬂﬁuL&Jﬁ@l‘*ﬁﬁﬂwwmuﬁauﬁﬁmi
Uan I@Uﬂﬂ%amw Azotobacter Uaz fuTinweauaas

TwunsBon Su3anmadunid 1 x 10° cfui g

2. msumaguaznItaMeianuaziy
Lﬁuﬁaamaauﬁauﬂgmmz%&'&mnﬁmﬁm

WUUIIN (composite sample) ‘ﬁlﬁzﬁumwﬁﬂ 0-15 |z
15-30 . an 13 luitsa (air-dried) UALaZ 3o U UAZLNTS
JoUIWIA 0.5 Uaz 2.0 UN. ApTeHanuiduna-a1vvad
16128/ pH meter lusamamdusan 1:1 (Wayne, 1980)
Ysuuduniviagiancilasldis Walkley and Black
(FAO, 2008) Siai=wmnSunnmaanasanduts:lom
Zuﬁu@”:zlu%w’mﬁ/ﬂ Bray Il (Watanabe & Olsen, 1962)
mydtasemdsuialwunaifon unaifovuas
wunfidoniuandonlslududrewimanausn vy
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wodina (NH OAc pH 7) (FAO, 2008) 3y raunan
wmila an=Auasnasuaviiana loluduaninaaguim
871¢ DTPA (Diethylene Triamine Penta Acetic acid) 42
u"ﬂﬂmuﬂ%mﬂ?m atomic absorption spectrophotometer
(Wayne, 1980)

Wumadhalutninaluszozilndaluny las
danfuluft 2 Suanilnuasifiudegnstnlnenanui
sefulfionde 60-65 Tu wasan fefsinazaauLa:
S EIRane miwmaﬂuﬁqmﬁgﬁ 70 avenLaLSua (°C)
w48 $2lug WiedensinUsinadulasian (Kieldahl
method) WaaWasa Iwunsidon waaldoy wuniiduw
AN waIMitE FINsF waznaduad lagdimstdasaiunia
luasn: Wasaaedn nrasmunszanunIadiues 1 (what-
man) ivasazaneliTenzimadng 9 (Wayne, 1980)
SRS INANER Lﬁuwawﬁmﬁﬂﬂwmﬁﬁawq 60-65 1%
wasTaUsunmvasudarnuaiazaneldluiadnlna
(total soluble solid: TSS (°Brix)) #aLALTIH I@al"ﬁm‘%ad
JAUUY Hand refractometer 'E'iﬁa Atago i;u N-10 il’mfl.’?u
ti’nuﬁm%ﬂmmauﬁqmﬁgﬁ 70 °C Wousudninluue
e nedmuiamaeiimwasiwiuiednsludnnna

Fianzianuudsdiulasis Analysis of
variance (ANOVA) 1/38utfigunnuuanensasfais
#2833 Least significant difference (LSD) ﬁ'mu@m'ml,‘%'a
funsadanszaufisedu 95 wWodidud dolusunsy
Statistix 10

Naﬂ"ﬁﬂﬂaa\‘lllﬂ$aﬁﬂ‘i'\ﬂﬂﬂ

1. dndaMtalanuslszn1sasAnnon
NMINA[DI

auTiamaedautannInaassfis=auaa

&7l 0-15 waz 15-30 aw. Jananuilunsa-ans (pH) e
5.18 uaz 5.55 YSunmdunisianhe 2.12 uaz 1.43% &
Vsnaaawasaiiudsslomiludn 77 uaz 62 un/nn.
Usnalwunsifon uaaifounasuanii@oufuaniassw
lalududia 206, 1,792 uaz 215 yn/nn. IWAUIZEUUH uaz
100, 1,210 WAz 98 NA/AN. WAUITAUIIAUFIGU
USINannan usamita nasuasnazdensafiana laludn
fa 63, 37.4, 2.46 LAz 2.36 4n/nn. luamzé’uuu LR 45,
22.4, 1.56 WAy 1.72 WN/NN. IUWAUIZAUURANAIOU
(Table 1)
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2. andanoaiannasnisiiuiiegn

gudanisaiiaunasnsiiviisadilne
AMWIUTTUUBUNITVRIGUNLIN e dunta-snauay
ﬂ’%mm’ﬁuw%ﬁmq’l,uauﬁy’aaaas:é’umwﬁn"tﬂﬁmwmmﬂ
fanwlunIadfsznineiunaaad "é\‘lﬂii&l%%ﬁlﬁﬂﬂ
%amwnﬂ"ﬁﬁ@mwalﬁﬂ'%mmmmLﬂuﬂm-@m"uadau
fenAndin 910 5.18 1 5.70-5.84 Tuduszduumn $9019
Hunanfianssnzesadunidauannisnitnaaas
ROANAINLIWITLUDS Iwuagwu et al. (2013) AANWHS
maaﬂﬁilﬁl‘auﬂ%ﬁAzotobacter, Azospirillum LLae Phosphate
solubilizing micro-organism ﬁﬁdma@iﬂﬂﬁﬁﬁty@ﬂm%q
T lwaninu ﬁ@hmwmﬂuﬂs@-@magﬁ 5.04 uazUIum
Euﬂ’%ﬁ‘?@lqmﬁﬂayjﬁ 2.12% luduszduuulasiiinanad
AMNAUNOUMINARBILANTEDE %aﬁﬂ%mmﬁuﬁﬁmqﬁay
NININUNAREIVES Hu et al. (2014) Aidnwkauesnsls
anftaganilunaslinlumaaiyidvlavasinlnauas
ﬁwamﬁﬁmm‘éﬂagﬁ 4.57% swSunamloanasafiiu
UseTomiludin wuinfissduanudn 0-15 ou. nysuisd
latloFrnwasnalifidSanmnaan o¥afiiuselomilu
duunninssnitaiuqu I@ﬂﬂﬁw%%ﬁldﬂﬂ%’smw
A+M+KSB d9naliiiUsinamaawedafiiluds: lomiluan
fia 70 an/nn. (P<0.05) RaaAaadINLI1WIT8 Dhawi et al.
(2015) W‘.Ll’i’m'lilﬁﬂtl%’m'lw Mycorrhiza L&z Plant growth
promoting bacteria (PGPB) vinlduSuaunaanasa
‘71'Lﬂuﬂsﬂﬂmﬂuauﬁmmnﬂ’j'mﬁu"‘s%'ﬁvlaﬂﬁﬂu%’amw
LﬁaamﬂL‘%aqﬁuw’%ﬁﬁLﬁuaﬂuamzﬁmiwﬁmmzﬂa@ﬂa’aﬂ
nmauw%ﬁ%ammindaLa'%umsa:mﬂmqmmiﬁ"ﬁ
ﬁagluau (MWNNT Fuan, 2558) Usaunmslwunaidonii
waniapuldludin wud’mﬁw%%ﬁiﬁ%ﬂH%Qmwnﬂmiu%%
FIMA AU ulw me%wﬁ'LLaﬂnJ?z'yuvL@‘i'l,uauﬁ@hgan"jw
ﬂﬁm"“s%ﬁvlaﬂdﬂﬂ%mw ROAARBINLINUNARDIVRS 1TING
3 Fu5wa wasdInTol Bunans (2560) Aanwnsldide

a

@auﬂ%ﬁumﬁﬁyﬂaaamUwamwmamsmgummao
AusudanIaalanuilszniiues iﬁaIW@]mmﬁuf
wwuald 80 wuinsunm Inunmdsuiaialdludn
1uﬂssu3%‘ﬁ1mmﬂﬁL’%ﬂamUWaaLW@]ﬁmgdn'jm"ﬁ'ﬁJ
AILANAa (119 W/NN. uaz 112 UN/AN. AWAIGL) 1N
wamimaa\ﬂ@ﬂmwnmzwuhﬂsmﬁ%ﬁidﬂy“’fnmw
A+M+KSB JnarnwuSinaunaanasauazlnunaidonludu
gendwmw%%mquLLaznﬁﬁ%ﬁﬁmﬂdqﬁuw’%ﬁwﬁ@Lﬁm
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429



430

ninguvaasen luaalimuszuuaiisy (Oliveira et al.,
2015) SandSunauaaidouuasiunii@ounuanifounla
luduszaunssasrzavlifianuuandrlunsadasening

Table 1 Soil chemical properties before starting experiment.
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dTuNITNITNAsed @niuUSinamaewaEsufianie
laludunisasszauanuinnnnituiinimanaslid
ANULANANI IUNIRER (Table 2)

Soil oM P K Mg Fe Mn Cu Zn
Depth pH (%) ( mg kg )
0-15 5.18 212 77 206 1,792 215 63 374 2.46 2.36
15-30 5.55 1.43 82 100 1,210 98 45 22.4 1.56 1.72

Table 2 Soil chemical properties at 0-15 and 15-30 cm soil depth after harvesting.

Treatment pH OM P K Ca Mg Fe Mn Cu Zn
(%) ( mg kg
Top Soil 0-15 cm
C 5.54 2.07 37C 143 B 1,576 218 61 26 1.83 2.05
A 5.79 2.00 48 BC 148 AB 1,534 244 84 25 1.70 2.1
M 5.84 217 62 AB 145 B 1,533 220 75 27 1.90 2.51
KSB 5.74 2.28 56 AB 149 AB 1,556 238 85 26 2.00 2.46
A+M+KSB 5.70 2.15 70 A 153 A 1,571 245 85 27 1.90 2.37
Grand Mean 5.72 212 54 147 1,554 233 78 26 1.87 2.30
%CV 2.87 13.09 21.84 9.73 6.61 12.51 24 712 16.13 18.82
F-test NS NS * * NS NS NS NS NS NS
Sub Soil 15-30 cm
C 5.77 1.38 25 139 1,532 207 54 23 0.83 1.67
A 5.83 1.66 38 159 1,522 226 69 25 0.95 1.89
M 5.81 1.50 42 143 1,543 230 50 22 0.90 1.66
KSB 5.76 1.48 36 151 1,409 198 59 21 0.90 191
A+M+KSB 5.69 1.55 42 162 1,436 206 72 28 0.90 1.73
Grand mean 5.77 1.51 37 151 1.488 213 61 24 0.90 1.77
%CV 2.09 16.78 39.60 11.50 8.61 16.18 30.88 35.58 24.73 30.75
F-test NS NS NS NS NS NS NS NS NS NS

Note: C: control, A: azotobacter, M: mycorrhiza, KSB: potassium solubilizing bacteria, M+A+KSB: mycorrhiza + azotobacter + potassium

solubilizing bacteria. Means in the same column followed by different letters were significantly different by LSD *= 0.05 and NS =

nonsignificant

a v
3. dsanmsiaeiwisvasiuilnannwln
szaziln@io v
ﬂ’%mmmqmmﬂﬂu%ﬂw@ﬁ‘iw:ﬂﬂ?}@
na Usnadulasaululudnlne wudinssudsnlads
A o v a v a lll g
Fannrnwdsunaslulasianluwlugilnedaninawan
ad ad ldl 1+ A
nsswdtaaugu laonssudsiladofann azotobacter
sanabilulufitsanmlulasiaugiga e 247 %N (P<0.05)
G'fmﬁmuLL@ﬂ@iwﬂumdaﬁaﬁunﬂ@fﬁumamﬂﬂﬁum‘ﬂd
ﬂu%’;mw KSB ®aaAaadnuduldsaad Ahmad et al.
(2013) m3lagardursdnamalitiinalulasaululy

< A a X ad WX a A ¢
°1Ia\‘lﬂ’.1LTHQLW&I’Huﬁl’mﬂ‘i‘iN’J‘Eﬂ’JUQN (VLNSLE?(L“EQ’QQWH’EEI)

Fsnmifneues Polcyn et al. (2019) wuirmsladan
arbuscular mycorrhiza i liUsanadlulasanluludiangn
wazisasnaliusinaoanasaluludi Tna i w
NNMIN TR Wl luemadoiuiununasas
ﬁﬁwudﬁmﬂdﬂu%amw mycorrhiza nlAUSu1o
WaanaTalulutnalwaiidngegadia 0.57 %P (P<0.05) s
USunaaalBon uunhidoy wan wuimia sanziuas
nauadlulugnale Lifrlimsladedmuianauan
danulun19gdifszninanssuitmimasss nsn1w
maovlwmavlssm'l&iLﬁmLL@iﬁ]:Lﬁummmmmlum‘i@@
waawa%fmwiﬂ'ammimﬁuﬂ‘iﬂﬂwﬁmaam@;mmséf’;ﬁu 9
1@8nd18 (Meng et al., 2015) (Table 3)



Vol 44. No 5, September-October 2025

Table 3 Effect of Bio-fertilizer on nutrient concentration of leaf sample at heading stage.
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N P K Ca Mg Fe Mn Cu Zn
Treatment -1
( Yo ) ( mg kg )
Cc 1.93B 0.29C 2.31 0.38 0.17 75 35 14 4.7
A 247 A 0.42 BC 2.50 0.38 0.15 77 30 16 4.5
M 210 B 0.57 A 2.84 0.40 0.15 76 29 20 4.7
KSB 2.30 AB 0.45 AB 2.72 0.40 0.14 76 32 18 5.0
A+M+KSB 2.05 B 0.46 AB 2.80 0.41 0.14 77 30 17 4.8
Grand mean 2.20 0.44 2.63 0.39 0.15 76 31 17 4.7
Ccv 9.75 21.30 12.01 10.04 16.76 19.47 12.73 19.47 19.29
F-test * * NS NS NS NS NS NS NS

Note: C: control, A: azotobacter, M: mycorrhiza, KSB: potassium solubilizing bacteria, M+A+KSB : azotobacter + mycorrhiza + potassium

solubilizing bacteria. Means in the same column followed by different letters were significantly different by LSD *= 0.05 and NS =

nonsignificant

a ® U

4, ﬂ‘smmmqmms‘lumamm’sfwmwmu
ﬂ%mmm@mmia:aulmuﬁmiﬂﬂwmmm
wuhuSnmlulasauluaiatnilnasanssudtilaly
F3011W azotobacter v Sinalulasiaugga A 2.45
%N (P<0.05) USsnmwaanasaluwaatilne aannssnds

A9 4 A . Al AN 4 A
fladadinw mycorrhiza uaz nysuAsfladodinn
A+M+KSB dawﬂﬁﬁﬂ%mmﬂaaﬂa%’agan’hn‘s’su%’%ﬁuﬁa
0.51 WAz 0.50%P (P<0.05) %aﬁ@hgdﬂd’]\‘numaawm
Sabia et al. (2015) AiYNNIANLTa mycorrhiza TN

Luﬁwﬁ'rﬂwmauﬂQﬂ mlifidSununaanedaluluagf
0.14% LLaﬂuLNS@‘ﬁ]’JIW@m%}lﬁ 0.46% MaInvaIUTIm
a =3 v ' ad lil 1 # a a
Twunsudouluuiatnilne wumnssmwiaﬂgmmwu
ﬂ'%mnf[wmefﬁwlumﬁﬂﬁwﬂwmjaﬂdﬂmm%%mqu
(ailddloinw) laansladefiniw KSB dgiga de
1.44 %K welilanuwandrdlun1sada aawdSum
a a A =3 a
waaLdeN wazwunibgunluiuaa wazdIunausgens
winluwaatlne Lidanuuandislunisad@szning
NYINATNANEY (Table 4)

Table 4 Effect of Bio-fertilizer on nutrient concentration of seed sample at heading stage

Treatment N P K Ca Mg Fe Mn Cu Zn

( % ) mg kg )
C 1.57C 0.39B 1.20 0.34 0.11 15 6.3 32 3.25
A 245 A 0.48 B 1.21 0.35 0.12 12 6.8 37 3.26
M 2.00B 0.51 A 1.33 0.38 0.15 14 6.2 31 3.27
KSB 2.00B 0.46 B 1.44 0.33 0.11 14 6.7 32 3.21
A+M+KSB 2.05B 0.50 A 1.29 0.33 0.11 13 6.3 33 3.10
Grand mean 2.00 0.47 1.29 0.35 0.12 13 6.5 32 3.22
CcVv 17.21 9.93 13.63 19.02 19.51 14.43 14.43 13.65 14.24
F-test * * NS NS NS NS NS NS NS

Note: C: control, A: azotobacter, M: mycorrhiza, KSB: potassium solubilizing bacteria, M+A+KSB: azotobacter + mycorrhiza + potassium

solubilizing bacteria. Means in the same column followed by different letters were significantly different by LSD *= 0.05 and NS =

nonsignificant

a ® A [
5. isnmpasndsnazatslaluaannina
HATHANRAVDIDIIINA
NN INAFBINLINYSTU e IudiNazans
o ARA 4 A . A A 4
15 ﬂﬁmwlaﬂ‘ﬂmmw mycorrhiza LLa:ﬂiiN’J‘D“Y]sLquEJ
FIAIN A+M+KSB §IHaATUTN 10 IuTInInuan
a:a’m"lé’fguﬂﬁﬂ‘sw%%ﬁuﬁa 16.33 WAz 16.06 °Brix

(P<0.05) (Figure 1) uazWuinyInATaIUguilLTum
= A X ' A 2 1a =
yasudenazans ldiasnininiton g Salsunmwauds
ﬁazmslvl,@i”mmm‘maam%’uﬁﬁmgoﬂﬂnmwmawad
a 6 = =) 6 a =1
wwansol Yy uazinniol Bunans (2559) Anwwa
“11aamﬂ{fﬂmﬂﬁLLazijﬂﬁuw%ﬂumma@%ﬂwwmm
o A € A A = & Py o A
wuﬁjvl,amﬂsn 53 §UFumpaIudanIvnanazany leiafy
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A8 11.46 “Brix wenanifawuinUsunmasudsanuai
a:mﬂvl,éfanmmwmaa@%&ﬁganinﬂ%mmfu a9udofiazany
Vl,éi’l,uﬁwﬂwwmuﬁﬁmﬂ"ﬁﬂUIWme%wﬁﬁwmimaau
TuiuiTinias1efifidnadolsunmasudsianued
azangldagies 13.89 °Brix (Uszdiaas winlny uazymd
FUTNINE, 2561) MNHANINARBIINLINNTINITATINT
dlunsalsminisnousuasvastsunmwasudnonued
araneldunniinssustan fvenadunaanysunm
WosnaSafazaumaludinaoslunaziuiafivannin
nysuivawlien glunssdssglasadnglnady dae
nszuum s eiEn o Semunsaldwdsanudilaun
sndssglamdnglnandale (sgms loanann, 2558)
AATUUSI UHANRAVDIT1 IWan U n3INTT
ﬁiﬁiﬂﬂ%"amwa%awaiﬁﬁﬂ%mmwawﬁmﬁ’n‘[wwmmgandw
AL wuiwn%w%’%ﬁlﬁ%ﬂﬂ%’smw A+M+KSB vl
fUSuamandadilwe 1,504 nn/ls wdliuanenanu
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ﬂsnﬁ%ﬁlﬁ%ﬂy%amw mycorrhiza LLazﬂssufj%ﬁidﬂﬂ
TN KSB LNe9a819L@en (P<0.05) Raaaaadny §anTs
MTuTNe UazAmE (2564)"L@Tﬁﬂmmﬁmau%aﬁm%ﬁa
Qmiﬂlma%‘lssmﬁddwa@iawawamaﬁwﬂwmmm WU
ﬂim%%ﬁﬁmslﬁwL%ai’laﬁﬁ'aﬂmﬂm asls NS
HANAAFINIINTTNITAILAN LLaznsw%%ﬁldﬂmﬂﬁ 138
1,156-1,547 nn./13 puedl o5 a=1Ws uazAmiE (2564) WU
Jnsladelulasauiuiuafunidfidfens ildUsinm
HanEAT 1 Inawn TAads gan’hmumaam%@ﬁﬁa
2,251 nn./l3 6’1?'\1mmfluwamam’nmmn@mmaaﬁ;?xuﬁﬁ
ﬁiﬁLLazawﬂﬁuﬁfmaa"ﬁwﬂwmmmsl,umiﬁwmsmaau N
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Figure 1 Effect of Bio-fertilizer on Total Soluble Solid: °Brix. C: control, A: azotobacter, M: mycorrhiza,

KSB: potassium solubilizing bacteria, M+A+KSB: azotobacter + mycorrhiza + potassium solubilizing bacteria.

Different letters indicate significant (p<0.05) differences between treatments.
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Figure 2 Effect of Bio-fertilizer on Sweet Corn Yield (kg rai"). C: control, A: azotobacter, M: mycorrhiza, KSB:

potassium solubilizing bacteria, M+A+KSB: azotobacter + mycorrhiza + potassium solubilizing bacteria. Different

letters indicate significant (p<0.05) differences between treatments.
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Application of cellulose phosphate from bagasse for iron adsorption of iron metals
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Abstract

Bagasse is a waste material obtained from the sugar production process. Some parts of bagasse are used for animal
feed production, while most of them are used to produce biofuel. In addition, bagasse is a source of natural cellulose,
which can be modified to be cellulose phosphate for metal adsorption. Accordingly, this research aims to synthesize
cellulose phosphate from bagasse waste for using as a highly efficient Fe metal absorbent material. In the first step,
cellulose was extracted from bagasse. The cellulose phosphate was synthesized via phosphorylation reaction at
different temperatures (100, 120, 150 and 180 °C). The results showed that cellulose could be prepared at 38.28%
by weight. Using a temperature at 180 °C provided the maximum amount of phosphate as 7.67% by weight of cellulose
phosphate. Functional groups of the cellulose phosphate were analyzed by the Fourier Transform Infrared (FTIR)
spectroscopy technique. The results showed that the infrared absorption at wavenumbers of 900-1000 cm™ and 810
cm™ correspond to the vibration of P-OH bond and P-O-C bond, respectively. The morphology of the samples was

examined using the Scanning Electron Microscopy (SEM) technique. It was found that increasing the reaction
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temperature caused the surface of the samples to be broken into small pieces. For this reason, the cellulose phosphate

adsorbent synthesized at 180 °C was able to adsorb 88.60% of ferrous ions in a shaking experiment. For adsorption

testing in a column system found that this adsorbent was able to adsorb 100% of ferrous ions after testing with a

second consecutive column. The adsorption isotherm follows the Flundlich model. Therefore, the cellulose phosphate

adsorbent is effectively applied to remove ferrous ion in wastewater.

Keywords: Cellulose phosphate, phosphorylation, bagasse, iron ion, adsorption
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Figure 10 Shows the light absorbance values of the

standard iron ion solution.
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Figure 11 Efficiency of iron metal by shaking at
different time intervals of samples (a) cellulose
(b) cellulose phosphate at 100°C (c) 120°C
(d) 150°C and (e) 180°C.
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Figure 14 shows the isotherms of iron absorption by
phosphate cellulose at a temperature of 180 °C:

(a) Langmuir model and (b) Flundlich model.
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Table 2 Adsorption efficiency of iron ion in a column system of cellulose and cellulose phosphate at temperatures of

100°C 120°C 150°C and 180°C.

Sample of cellulose

Iron ion adsorption efficiency (%) after passing through the column

phosphate 1 2 3 4 5 6 7 8 9 10
Cellulose 22 27 35 42 47 51 57 62 69 78
100°C 24 30 38 45 53 60 67 79 83 88
120°C 41 68 86 96 98 100 - - - -
150°C 81 98 100 - - - - - - -
180°C 93 100 - - - - - - - -
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Abstract

Sugarcane bagasse is an agricultural waste obtained from sugar industries. Each year, there is a large amount of
abandoned bagasse occurring. When bagasse waste is burned to generate electric power, it leads to environmental
impact. Accordingly, the objective of this research is to study the preparation of hydrogels from bagasse to be used
as materials for the slow release of urea. In the first step, the extracted cellulose from bagasse was synthesized into
carboxymethyl cellulose. Then carboxymethyl cellulose was crosslinked to hydrogel materials using various types of

acids (citric acid, succinic acid and tartaric acid) at concentrations of 1, 3 and 5 %w/w. Chemical and physical properties
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of the samples were studied by Attenuated total reflection infrared (ATR-IR) spectroscopy, X-ray diffraction (XRD), and
Thermogravimetric analysis (TGA) technique, respectively. The results showed the hydrogel materials presented
infrared absorption at wavenumber in the range 1700-1722 cm” corresponding to the vibration of ester bonds occurring
from crosslinking of carboxymethyl cellulose structures. The X-ray diffraction pattern and morphological information
indicated that urea was adsorbed on the surface of the hydrogel. The results of water swelling suggest that the hydrogel
obtained from crosslinking with 1 %w/w of acid provided a higher water swelling than using 3 and 5 %w/w of acid
crosslinking. This result is relative to the slow release of urea; found that the hydrogel materials, which were crosslinked
by 1 %w/w of acid, can slow up the release of urea better than the hydrogel obtained from 3 %w/w and 5 %w/w acid
crosslinking. In addition, the hydrogel obtained from 1 %w/w succinic acid crosslinking can slow up the release of urea
better than the hydrogel obtained from citric and tartaric crosslinking. The results of moisture in soil indicated that after

completely releasing urea, the hydrogel material can also maintain the moisture in soil. Therefore, it is appropriate to

develop bagasse into hydrogel materials to slow the release of urea in agriculture.

Keywords: Bagasse, hydrogel, slow-release urea, carboxymethyl cellulose, acid crosslink
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Table 1 Percentage yield of products

Products Percentage yield (%)
Cellulose 35.82
CcMC 25.66
CMC-hydrogel 23.51
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Figure 4 XRD patterns of (a) hydrogel obtained from

acid crosslinking (b) hydrogel after adding urea
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Figure 6 Water swelling of CMC-hydrogel with citric

acid crosslinking
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Figure 7 Water swelling of CMC-hydrogel with succinic

acid crosslinking
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Figure 9 Urea release vs time of CMC-hydrogel with

citric acid crosslinking
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Figure 10 Urea release vs time of CMC-hydrogel

with succinic acid crosslinking
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Figure 11 Urea release vs time of CMC-hydrogel

with tartaric acid crosslinking
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Figure 14 Thermogram of hydrogels with urea
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Abstract

Dengue fever is a mosquito-borne infectious disease and is a public health problem in many countries around the
world. This research aims to study the factors affecting the spread of dengue fever and to create prediction models
using machine learning techniques. The data were collected from the Phayao Meteorological Station and Phayao
Hospital between 2018 and 2022. The geographic information system was used to analyze the related factors. The
data preparation was performed by separating the datasets according to various factors, including gender, age group,
population, forest area, distance between outbreak areas and water sources, distance between re-outbreak areas,

average temperature, average relative humidity, average rainfall, and number of rainy days.
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All data were generated as monthly and weekly datasets. The prediction models are divided into regression
and classification types. The regression includes support vector machines, generalized linear models, and artificial
neural networks. The classification includes decision trees, gradient boosting trees, and random forests. The ensemble
method of stacking models is used to combine multiple machine learning algorithms to improve the performance by
using 2 algorithms as base learners and using another algorithm as the stacking model learner. Performance
evaluation was performed through five-fold cross-validation and the different datasets and learning methods were
compared.

The results found that the regression type using the generalized linear model as the stacking model
learner gave the best performance with an RMSE value of 1.457, while the classification using the gradient boosting
tree gave the highest performance with an accuracy of 99.12%. This study highlights the importance of using machine
learning techniques in forecasting dengue fever outbreaks, which can be used as an effective tool for disease

surveillance and control in the future.

Keywords: Dengue fever, machine learning, prediction model, geographic information system, ensemble learning
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Table 1 Factors used in the study.

Factor Description Data type Source
Patient Number of dengue fever patients Label
Subdistrict Distriot Feature
Week Week Feature
Month Month Feature Phayao Hospital
Year Year Feature
Age Age group (Feature
Sex Gender group Feature
Population Population Feature Phayao Provincial Public
Health Office
Precipitation Average weekly/monthly rainfall (mm) Feature Phayao Meteorological
Humidity Average weekly/monthly relative humidity (percent) Feature Station
Rain-day Number of rainy days weekly/monthly Feature Phayao Meteorological
Station
Distance - water source Distance between outbreak are water source Feature
(meter/measure from center)
Geographic Information
Distance - repeated outbreaks Distance between reinfestation areas Feature Svst
ystem
(meter/measure from center)
Forest Forest area (square meter) Feature
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Figure 4 Forecasting model development process
Table 2 Datasets used in the study.
Data set Details Note

Month, Year, Annual population of Mueang Phayao District, Average
monthly temperature, Average monthly rainfall, Average monthly relative

Monthly age-group data
(age-month)

humidity, Number of rainy days per month, Age group, Distance between
outbreak areas and water sources, Distance between repeated outbreak

areas, Forest area.

(In the regression analysis,
the label used is the number of
patients per 100,000 population

Month, Year, Annual population of Mueang Phayao District, Average
monthly temperature, Average monthly rainfall, Average monthly relative
humidity, Number of rainy days per month, Gender group, Distance be-

Monthly gender-group data
(sex-month)

per month or per week; in the
classification analysis, the label
used is the presence or
absence of patients.)

tween outbreak areas and water sources, Distance between repeated

outbreak areas, Forest area.
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NYaziadn

RGO

Monthly sub-district data
(subdistrict-month)

Subdistrict, Month, Year, Annual population by subdistrict, Average
monthly temperature, Average monthly rainfall, Average monthly relative
humidity, Number of rainy days per month, Population by subdistrict for
each year, Distance between outbreak areas and water sources, Distance
between repeated outbreak areas, Forest area.

Weekly subdistrict data
(subdistrict-week)

Subdistrict, Week, Year, Annual population by subdistrict, Average
weekly temperature, Average weekly rainfall, Average weekly relative
humidity, Number of rainy days per week, Distance between outbreak
areas and water sources, Distance between repeated outbreak areas in
the subdistrict health area, Forest area.

Weekly age-group data
(age-week)

Week, Year, Annual population of Mueang Phayao District, Average
weekly temperature, Average weekly rainfall, Average weekly relative
humidity, Number of rainy days per week, Age group, Distance between
outbreak areas and water sources, Distance between repeated outbreak
areas, Forest area.

Weekly gender-disaggregated data
(sex-week)

Week, Year, Annual population of Mueang Phayao District, Average
weekly temperature, Average weekly rainfall, Average weekly relative
humidity, Number of rainy days per week, Gender group, Distance between
outbreak areas and water sources, Distance between repeated outbreak
areas, Forest area.

(In the regression analysis,
the label used is the
number of patients per
100,000 population per
month or per week; in the
classification analysis, the
label used is the presence
or absence of patients.)

WHan1Inaaag NAMTIALUIZENTNIWDBILLUTININTIIN El’]ﬂiﬂi

NAMTIAUTRN TN UBILLLINRaINNIWENNTDE  U3zLnN Regression %ﬂquﬁaga"[ﬂﬁmhﬂa%’nﬁwm:uu
1321AN Regression %a‘luqmﬁagaﬁﬂ%%’uﬁwm:uu ssswnanianaasanlluradays laold Support Vector
miaumﬂqﬁma@lg Tagld Support Vector Machine, Machine, Generalized Linear Model ¢ Artificial Neural
Generalized Linear Model L8z Artificial Neural Network Network WUINLUUIN88d Artificial Neural Network 3
WUIUULTIR8Y Artificial Neural Network fidsz@ninw  daz@nSnwgiga luradaya sex-week Z9lv¥dn RMSE
5980 luradays sex-week Z9lwen RMSE @i’wq@‘ﬁ' 2.350 @i’ﬁqﬂﬂ?‘i 0.968 G9LaAIl% Table 4

FIuaaslu Table 3

Table 3 Performance measurement results of Regression with geographic information system factors

Support Vector Machine

Generalized Linear Model

Artificial Neural Network

Datasets RMSE MSE RMSE MSE RMSE MSE
age-month 8.708 79177 23.904 620.361 14.374 208.107
sex-month 8.008 70.643 14.093 246.917 9.248 100.780
subdistrict-month 41.001 1681.967 100.817 11317.320 34.311 1347.955
subdistrict-week 22.158 524.983 43.522 1918.165 13.904 193.514
age-week 3.346 11.521 9.557 92.275 5.720 32.767
sex-week 2.389 5.716 5.163 27.073 2.350 5.542

Table 4 Performance measurement results of Regression

Support Vector Machine

Generalized Linear Model

Artificial Neural Network

Datasets RMSE MSE RMSE MSE RMSE MSE
age-month 5.921 37.412 5.211 27.593 3.925 15.687
sex-month 3.097 11.146 2.942 9.146 2.149 4.772
subdistrict-month 77.368 6564.470 71.536 5216.128 62.428 4303.912
subdistrict-week 31.291 982.351 4.913 26.385 5.079 27.350
age-week 8.127 66.162 1.889 3.600 1.876 3.596
sex-week 6.166 38.058 1.027 1.064 0.968 0.942
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Boosting Tree L&z Random Forest W31 Random Forest

fanuwindgegalunngadoyn laviawzlugadaya

subdistrict-month @41sein Accuracy 1 99.82% aauaadlu

Table 5
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Uszinn Classification Fluradayalilavhdaisduszuy

ssswnanlenaasulilugadaya laolt Decision Tree,

Gradient Boosting Tree WAz Random Forest Wu1n

Gradient Boosting Tree ﬁmmu&iuﬂwgq qﬂlunﬂqﬂﬁaga

I@ymm:‘lwgm?a;ula subdistrict-week @41 Accuracy
1 99.62% a9uaaslu Table 6

Table 5 Performance measurement results of Classification with geographic information system factors

Decision Tree

Gradient Booting Tree

Random Forest

2 g > o > o

Datasets § o 2 § o 2 § 5} 2

S =] P E] =] 3 3 =] b

8 < £ 8 < £ 8 < £

< o < L < o
age-month 65.99% 0.695 53.44% 85.29% 0.904 84.84% 88.60% 0.923 88.22%
sex-month 62.50% 0.576 45.37% 81.67% 0.853 79.41% 75.00% 0.755 72.53%
subdistrict-month 98.13% 0.989 98.18% 98.89% 0.999 98.89% 99.82% 1.000 99.83%
subdistrict-week 63.79% 0.733 56.20% 90.37% 0.955 90.95% 95.48% 0.996 95.70%
age-week 70.12% 0.727 75.68% 89.37% 0.946 89.29% 90.63% 0.983 91.08%
sex-week 78.33% 0.849 74.76% 88.67% 0.954 89.36% 91.13% 0.962 91.34%

Table 6 Performance measurement results of Classification
Decision Tree Gradient Booting Tree Random Forest

2 o 2 g 2 <

Datasets o (8} 2 © (&) a © o H

S =) g S =] g 3 =) g

S < £ 8 < £ 8 < £

< L < uw < u
age-month 89.01% 0.855 92.36% 85.71% 0.860 90.05% 85.25% 0.778 89.76%
sex-month 86.90% 0.964 82.87% 85.00% 0.907 80.00% 78.33% 0.708 73.95%
subdistrict-month 97.22% 0.963 97.30% 98.98% 0.992 98.98% 92.92% 0.949 93.34%
subdistrict-week 97.62% 0.757 97.75% 99.62% 0.998 99.48% 96.84% 0.982 96.95%
age-week 90.33% 0.942 91.10% 88.80% 0.962 88.62% 84.39% 0.877 85.65%
sex-week 85.11% 0.917 81.86% 85.96% 0.923 86.36% 77.14% 0.801 78.98%

lusupas Stacking model §3dldadun 3 8a

nasfulunmssasuuusnaes lault 2 dane37inn Base

Learner uaglddan 1 aanasfiuiin Stacking Model Learner

AMNNIRIIULUINRIUIZLAN Regression Wan19

#nuwuINmslT Generalized Linear Model 131 Stacking

Model Learner lﬁﬂizaﬂ%ﬂ’lwaﬁw sl,wg@rﬁa;ila age-week

61 RMSE 71 1.457 @iuadlk Table 7 8AWHNaV8IN1T

§HU Stacking Model Learner LXAIAY Table 8 uaz 9
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Table 7 Regression performance measurement results with Generalized Linear Model in Stacking Model Learner

Regression - Generalized Linear Model

Datasets

RMSE MSE
age-month 12.513 159.305
sex-month 8.970 85.451
subdistrict-month 18.518 344.392
subdistrict-week 11.739 138.044
age-week 1.457 2.122
sex-week 3.438 11.836

Table 8 Regression performance measurement results with Support Vector Machine in Stacking Model Learner

Regression - Support Vector Machine

Datasets

RMSE MSE
age-month 8.686 76.257
sex-month 8.136 69.249
subdistrict-month 26.373 761.848
subdistrict-week 27.927 800.542
age-week 4.553 20.872
sex-week 2.162 4.700

Table 9 Regression performance measurement results with Artificial Neural Network in Stacking Model Learner

Regression - Artificial Neural Network

Datasets

RMSE MSE
age-month 8.835 84.318
sex-month 8.711 80.090
subdistrict-month 22.538 517.055
subdistrict-week 19.369 399.752
age-week 6.310 41.419
sex-week 2.231 5.085

AMNNIRIIULLIN889UI2LAN Classification 1
§IUVDY Stacking model G‘féaa’e;%'ﬂvlﬁaﬁuﬁv'a 3 dana3fiulu
M3EIUUUTI88Y SInamMIanswUIM3lE Gradient
Booting Tree L1 Stacking Model Learner I seansaw
ﬁﬁq@ lugadaya subdistrict-month {¢ Accuracy @
99.12% @9uaadlu Table 10 EAUNAVBINIFAL Stacking
Model Learner L4904 Table 11 uaz 12

wonaNit ;ﬁ%’ﬂvlﬁvhmiﬂﬁ:ﬂqnmﬁlﬁuuufimao
mslunisnenssl lagldvinnisidenuuusiaedfis

UszAnTnwgagaludiuses Stacking Model 71l% Gener-
alized Linear Model 131 Stacking Model Learner anlglu
6 o L2 v A J =1
miwmmmmmugﬂauiiﬂvlmaa@aaﬂlummamaa
wain Famdanzien lagldtoyall 2566 laouadwian
e o o a o .
wmﬂ'smuvlmgﬂmLaualugmmmmuﬂ A9uaasl Figure
5 iNauaadtayaiTaNunatiTalamn %uﬁaalﬁ;ﬁﬁd’m
dl U o v QJ a
mmmaammmmmagavlﬂlﬂumnwLqu uazAadula
Idae19815:anTnIWNINE 9%
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Table 10 Classification performance measurement results with Gradient Booting Tree in Stacking Model Learner

Classification - Gradient Booting Tree

Datasets

Accuracy AUC Precision Recall F-measure Specificity
age-month 88.33% 0.893 83.92% 93.67% 88.40% 83.43%
sex-month 98.33% 1.000 100.00% 95.56% 97.50% 100.00%
subdistrict-month 99.12% 0.991 98.55% 99.78% 99.15 98.44%
subdistrict-week 96.27% 0.963 93.09% 100.00% 96.42% 92.50%
age-week 95.06% 0.953 91.05% 99.38% 95.03% 91.03%
sex-week 91.13% 0.910 87.66% 96.70% 91.94% 85.02%

Table 11 Classification performance measurement results with Random Forest in Stacking Model Learner

Classification - Random Forest

Datasets

Accuracy AUC Precision Recall F-measure Specificity
age-month 88.85% 0.925 88.60% 88.35% 88.32% 89.33%
sex-month 72.50% 0.749 77.39% 61.97% 68.58% 82.05%
subdistrict-month 98.95% 1.000 97.99% 100.00% 98.98% 97.84%
subdistrict-week 96.59% 0.996 93.68% 100.00% 96.73% 93.15%
age-week 91.52% 0.980 84.98% 100.00% 91.86% 83.75%
sex-week 90.89% 0.958 92.67% 89.60% 91.09% 92.29%

Table 12 Classification performance measurement results with Decision Tree in Stacking Model Learner

Classification - Decision Tree

Datasets
Accuracy AUC Precision Recall F-measure Specificity
age-month 82.00% 0.840 79.82% 85.12% 81.89% 79.18%
sex-month 75.83% 0.560 78.88% 72.58% 73.84% 78.97%
subdistrict-month 98.89% 0.988 97.99% 99.89% 98.93% 97.84%
subdistrict-week 86.43% 0.899 80.06% 97.47% 87.85% 75.29%
age-week 86.43% 0.883 80.99% 93.85% 86.88% 79.64%

sex-week 88.18% 0.906 87.30% 90.54% 88.83% 85.61%
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Figure 5 Map displaying the dengue fever outbreak
forecast for 2023, by sub-district
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Abstract

Nowadays, social media is one of the important activities for the general public for the purpose of sharing news and
various stories with people. As a result, there are ill-intentioned individuals who seek to benefit themselves and cause
chaos in society by creating and spreading fake news to the public. Recently, efforts have been made to develop
systems for automatically detecting fake news on social media, such as using machine learning to analyze news data
or using systems that learn the behavior of people on social media. From these methods, the concept of integrating
multi-factor data analysis has emerged to enhance the accuracy and efficiency of fake news detection systems. This
research aims to present a predictive model for detecting fake news using ensemble learning techniques with voting
methods. It includes a dataset of 20,000 data points, considering factors such as media sources and user interactions.
The test results, in conjunction with the fake news database recorded from social media like Fakeddit.com, show that
the proposed model has a prediction accuracy of 96.97%, which is higher than other learning techniques used for

comparison.

Keywords: Predictive model, fake news detection, machine learning, ensemble learning
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Shoreline change due to sand bypassing at Panare River mouth, Pattani Province
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Abstract

The Panare River mouth in Pattani Province has become a serious issue. Longshore sediments are blocking the
entrance, despite jetties designed to trap sediments and sand bypassing to open the river mouth. However, these
measures were unable to effectively solve the problem, as local fishers struggled to navigate their boats through the
waterway with ease. Therefore, to discuss this issue, it is necessary to study the shoreline change in this area,
determine the net shoreline movement and endpoint rate of shoreline position, and analyze the relationship of sand
bypassing over various periods. There needs to be analyzed by using the Digital Shoreline Analysis System (DSAS)
tool within a Geographic Information System to identify the shoreline from satellite images from the years 2007, 2011,
2015, 2016, and 2020, with the shoreline adjusted to reference the mean sea level. The study found that the western

side experiences a maximum accumulation rate of 17.19 meters per year and a maximum erosion rate.

Keywords: River mouth, shoreline change, sand bypassing, Panare River, Digital Shoreline Analysis System
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Figure 6 Panare River mouth in February 2020
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Table 1 Time of images
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Table 2 The average rate of shoreline change

Rate of shoreline change (m/year)

Years
East side West side
2007-2011 -2.78 12.33
2011-2015 -4.91 2.46
2015-2016 -3.83 6.29
2016-2020 0.60 -2.33
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Figure 9 Relationship between distance from reference point to shoreline and distance along shoreline
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Figure 10 Relationship between net shoreline movement and distance along shoreline



486 Seelawadee Mordee and Sompratana Ritphring J Sci Technol MSU

20

15

10

Panare river mouth

End point rate (m/years)

-10
0 1000 2000 3000 4000 5000 6000

Distance along shoreline (m)

—A— West side —@— East side

Figure 11 Relationship between end point rate and distance along shoreline



Vol 44. No 5, September-October 2025  Shoreline change due to sand bypassing at Panare River mouth, Pattani Province 487

Dec 30, 2007

River mouth: Opened
Google Earth
No Sand bypassing

Aug 5, .2011

- "\”‘m.,

River mouth: Opened

No Sand bypassing

River mouth: Closed

Sand bypassing

Aug 27, 2015

L T e

River mouth: Opened

Sand bypassing

Jul 28, 2016

River mouth: Opened

No sand bypassing

River mouth: Closed

Sand bypassing

Figure 12 Satellite images
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Abstract

The layout of underground cables affects the induced voltage at the sheath of the cable, which must be limited to no
more than 65 V according to the electrical installation standards for Thailand to ensure safety for the operators. This
paper presents the evaluation of the induced voltage at the sheath of underground cables for a single-circuit in a
medium-voltage system in two formations: trefoil and flat formation with the sheath of the cable grounded at both ends.
The results of the study found that the induced voltage of the trefoil formation is less and safer than the flat formation,
and the practice of solving the problem of induced voltage exceeding the standard is to balance the load in each
feeder to have a similar value, taking into account the shortest cable length, and install the ground wire parallel to the

phase wire with a sheath voltage limiter.

Keywords: Induced voltage, underground cable, single-circuit
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Figure 7 Underground cable system used in the study

Table 1 Cable length and load usage for each loop of

underground cable system

Cable length Load Current
TR Loop
(m) (kVA) (A)
TR1 1 370 6,400 154
2 247 5,000 120
3 205 3,000 72
4 10 2,250 54
5 170 6,630 159
6 109 4,000 96
TR2 1 298 3,000 72
2 247 3,000 72
3 105 5,000 120
4 20 7,500 180
5 176 4,100 99
6 61 3,100 75
TR (Total) 1 668 9,400 226
2 494 8,000 192
3 310 8,000 192
4 30 9,750 235
5 346 10,730 258
6 170 7,100 171
d=2.1mm A
B C
S=42.2 mm

Figure 8 Trefoil formation single-circuit underground

cable used in the study
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D=42.2 mm

A [ B

d=21mm S=84.4mm

Figure 9 Flat formation single-circuit underground

cable used in the study
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Figure 12 Flat formation sheath voltage at load 100%
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Development of a friction stir welding apparatus for aluminum pipe work
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Abstract

The development of specialized welder for friction stir welding of pipes is challenging. This is because a number of
issues, including decreased contact area resulting from pipe curvature, improper positioning of the pipe clamping
device, and pipe welding accessories, etc., frequently arise during friction stir welding of pipes. Therefore, in order
to address the issues with pipe welding and enhance the quality of the welds, the objectives of this study were to

design and build a friction stir welder for pipes and perform performance tests. The friction stir welder
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developed in this study was driven by a motor held in a spindle and a vertical milling machine, which was responsible
for placement of the friction welder on the bench. This friction stir welder setup contributed to automatic adjustment
of welding speed (mm/min) and the rotation speed (rpm). This friction stir welder consisted of 4 main components,
which were the welding speed control unit, the dividing plate mounted on the vertical milling machine, a support for
the compression during welding of the specimen, and a tailstock. The performance test was conducted using aluminum
alloy AA6063 pipe with an outer diameter of 50.8 mm, an inner diameter of 38.85 mm, and a thickness of 5.1 mm at
one rotation speed (710 rpm) and three welding speeds (1.5, 2.5 and 3.5 rpm). The welder had a right-hand threaded
cylindrical pin with a pitch of 0.8 mm, a diameter of 5 mm, a pin length of 4.8 mm, and a shoulder diameter of 20 mm.
The results showed that this welder could be used in the friction stir welding of pipes as intended. The microstructural
characterization revealed grain distortion due to excessive frictional heat accumulation in the specimens. The

frictional stir welding at a rotation speed of 710 rpm and a welding speed of 2.5 mm/min resulted in the highest tensile

strength of 149.65 MPa and the highest hardness of 52.9 HV at the Stir Zone.

Keywords: Friction stir welding, pipe work, aluminum
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(c) 3D model

Figure 1 Schematic of friction stir welding machine

for aluminum pipe work
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Figure 2 Friction stir welding machine for aluminum pipe work
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Figure 5 Friction stirring welding process for pipe
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Figure 6 Layout and cutting of the workpiece
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Figure 7 Tensile strength test pieces
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Figure 8 Cross section specimen ready for inspection
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Figure 9 The weld surface area tested for hardness
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Figure 10 Layout of the welding speed control unit

of the equipment
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Table 1 Performance of friction welding equipment

No Motor speed Welding speed
(rpm) (mm/min)

1 100 0.25

2 200 0.50

3 300 0.75

4 400 1.00

5 500 1.25

6 600 1.50

7 700 1.75

8 800 2.00

9 900 2.25
10 1000 2.50

11 1100 2.75

12 1200 3.00
13 1300 3.25
14 1400 3.50
15 1420 3.55
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Figure 16 Microstructures of weld joints at welding speed (a) 1.5 mm/min, (b) 2.5 mm/min and (c) 3.5 mm/min
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Design, performance evaluation, and economic feasibility of a river tamarind

(Leucaena leucocephala (Lam.) de Wit) shredder for use as cattle feed

Wyl waed", Wena audAed uaz nunmyan 33ETEe
Natawut Ponsri', Pisarn Sombatwong® and Ganokgarn Jirasirilerd®
Received: 11 July 2024 ; Revised: 10 September 2024 ; Accepted: 21 October 2024

Qs 1
unacanga

% o a o v a o € .2( o & ;:' % 1l o
mﬂmmmuﬂulummumwnummumeummsam lasawzlatite Faadunszuiwnmsnitiiamwnias kilssnda
AU aﬂmmm'«aamammwamLauamaamm@ﬂswnu Zafinanenudatssantnwlumsdesamiivaslaiie
mmmu mmwuaammﬂiwmmwaaammuu,a saaninsfudonnszandmsuiduomnsladie Yssfiususrous
MIFULaLNIZD® LLa:ﬂnwﬁwmmﬂu‘qumaamsmamaﬂ myaselavinmTeenuuuetesFutasn s iuiiaassnaiaay
e 2 w39 IFludaduaiuwin 3 lu annturinmaraua Utz dnlseanTawlumIsugasnszue N asses
LA WMNTRULEEY 2 Alan3y wastSuuyuRUNIFULauTUNNTFUAILIINWAY NANTIFULIAIRLAWINLATDIFY

A Ao X ° o A oA o o A o A ~ Aa A
AT AUNNAIWIABRINITORAIRINTNNNWLADS 94% LB ALUAUNNTITUIINUAK lasiaTadliiaadsiiNegs 61 3uf
Tumsdudaunsziin 2 Alansy lur e Nussruanlsiiaady 952 Sunf wananni nszduNFual8LaIaITMNAZLBYA
uszRLENaN NI ARNTUMULIIUAK TIgsnafdanszuInmMItosaImsvedlaite MnmMAtanzimIasEgan’

LA e - “ . e dauX X . . X “ ¥
WU Lmaaaum:nummmauv;u%mﬂluszﬂzLaaw 42 Ju 1ol agslawiaanuwin 7 6 MIRTZHZIAAUNUILTUR
4 X X . X o T 4 . f Xa o A4 a da A a 2 .
LWaLReI ALk TIWIRNINAY FITtuiATaIFUNTEARRTuaIaslaNTUsrENTA Wl RNANNEEZAIN NI

2 a o € o % @ i a a a 6 o €

PBINBAINT AAGUYNUNTINAABINIINGS LLa:mmmuﬂﬂlmﬂiﬂmﬂﬂazmuﬂimmmwlum‘mﬂqammmﬂnma
flvlng)

o o w

A1dAY: NITDU, Lﬂ%'a\‘li.gf‘i_l, IﬂL‘f{a

Abstract

Manual labor for chopping Leucaena to prepare animal feed, particularly for beef cattle, remains a time-consuming
and inefficient process. Moreover, it can affect the consistency of Leucaena size, which impacts the digestion
efficiency of beef cattle. Therefore, this research aims to design and build a Leucaena shredding machine for beef
cattle feed, evaluate its performance, and study the payback period of the shredder. The study designed a Leucaena
shredder equipped with a 2-horsepower motor and three shredding blades. The machine was tested to assess its
performance by measuring the time taken to shred 2 kilograms of Leucaena and comparing the results with manual
shredding. The results showed that the developed Leucaena shredder reduced working time by 94% compared to

manual labor, with the machine taking an average of 61 seconds to shred 2 kilograms of Leucaena, while manual
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labor took an average of 952 seconds. Additionally, the Leucaena shredded by the machine was finer and more

uniform than that shredded by hand, which positively affects the digestion process in beef cattle. Economic analysis

revealed that the Leucaena shredder could achieve a payback period within 42 days when used for feeding seven

beef cattle, and the payback period shortens with an increased number of cattle. Therefore, this Leucaena shredder

is an efficient tool for improving farmers’ convenience, reducing animal feed production costs, and being effectively

utilized in medium to large-sized livestock farms.

Keywords: Leucaena, shredder, beef cattle
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1. é’uns:ﬁu(LméaﬁmLmzé‘numwmns:ﬁu)

n3zfi (Leucaena) @4 Figure 1 Fouilwlerts
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ayulws Idudunsnarwidad Falumslwanisla
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Table 1 Feeding Beef Cattle (Weight 500 kg) (q’i‘ﬁ
yryllss, 2558)

Type of Food kg/day Main Nutrients
Fresh Leucaena 10 Protein, Fiber
Ground Corn 3 Energy
Soybean Meal 1 Protein
Hay 2 Fiber, Energy
Mineral Supplements 0.5 Vitamins, Minerals

Clean Water Always Available -

Vlanagement Technology

Figure 1 Characteristics of Leucaena and Leucaena

Weight Measurement
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Start 4.Machine Structure
i : 3.Blade Design

Design

Figure 2 Shredded Leucaena Branches
A. Shredded by Manual Labor (Size varies, 2-4 cm) s e
B. Shredded by Shredder Machine (Size 1-2 cm) Calylation Calculation End

Figure 3 Design Process of the Leucaena Shredder
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Spare Blades for Grass Shredder
Thickness 05 cm.

Width 25"

Length 9"

Figure 4 Components of the Leucaena Shredding

Blade Assembly

Natawut Ponsri, Pisarn Sombatwong and Ganokgarn Jirasirilerd

J Sci Technol MSU

Figure 5 Inlet of Leucaena Shredder
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Table 3 Input Parameters

Input Parameters Value
Number of Blades 3 blades
Shear Strength of Leucaena ( 7 ) 0.5 MPa
Diameter of Leucaena (d) 2cm
Cross-sectional Area (A) 3.14 x 10™ m?
Distance Between Blade and Shaft (7) 10 cm
Motor Speed (RPM) 1250 rpm
Shaft speed (RPM) 938 rpm
Motor Efficiency (n) 80%
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Table 4 Calculation Results

Calculation Result
Shear Force (F) 157 N
Torque (T') 15.7 Nm
Angular Velocity (o) 98.13 rad/s
Required Motor Power (P) 1.54 kW
Required Motor Power (HP) 2.07 HP
Actual Motor Power Required (2,,., ) 1.93 kw
Actual Motor Power Required (p ) 2.58 HP

actual

Inlet

Blade

Outlet

2 hp Motor
Structure P

Figure 6 Components of the Leucaena Shredder
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@l (Dependent Variable)

1) Snmnsauiudld @lansw)

2) seuznanflglumsdy (W)

3) PUNAVBITUNTE AL (HaRNaT)

aulsaruay

1) Lﬁﬂﬂi%ﬁdﬂitﬁ%“ﬂ%ﬁ@Lﬁffumugmﬁﬂma"l,sj
fin 2 Loudilwas Sodudadeuesfianiziiu Leucaena
leucocephala @4 Table 2 LLazvl,aiLﬁaﬂl"ﬁﬁﬁasngLﬁuﬂdwf':
wnzdanudunuusdenazgauinll

2) NMINUYNIMARIIFY nIdbAuFuiInIg
muqmmm%ué’ulﬁagﬂuma 20-30 W4

3) davnitlew lumIneassmnuadans
floud 100 Alansudadalug wia 1.67 Alansudaund lag
vnstlauasoaziis niefadn guasiniwliiuuwadu
Hugunag 2 loudians Lﬁalﬁagn’mw@i"]miaammu
20410304 I@ﬂag’mﬂiﬁﬁwé'aﬂ'}swﬁmaam'%f'adé'us’f%aLﬂu
ﬁagaﬁvl,ﬁmnmimaaun”wé’ammﬁmaaméaa (120
Alansudadalug)

Required amount of Leucaena per day (kg)

Shredder working hours (hr) =

Machine capacity(kg / hr) x Efficiency

(6)

Electricity cost / day = Working hours (hr) x Power (kW)

x Electricity cost per unit (THB /unit)

(7)

Total Variable Costs = Labor cost for operating the shredder + Electricity cost (8)
Cost Savings | Day = (Cost of Manual Labor / day)—(Cost of Using Shredder / day) (9)
Payback Period ( days) _ Initial cost of the Leucaena shredder (10)

Cost saving / day
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Table 5 Comparison of Leucaena Branch Shredding
Tests: Manual Labor vs. Custom-Made

Leucaena Shredder Machine

Experi-ment Time to Shred Difference Difference

Number 2 kg of Leucaena (seconds) (%)
(seconds)
Labor Machine

1 900 65 835 93%

2 1020 59 961 94%

3 927 57 870 94%

4 910 60 850 93%

5 820 55 765 93%

6 950 65 885 93%

7 1030 68 962 93%

8 1050 65 985 94%

9 980 62 918 94%

10 940 55 885 94%
Average 952.70 61.10 891.60 94%

SD. 69.73 4.61 - -
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UM URzAAUIEENTAINANTTINY 70% e Wit 47.74
Undadiu IINGuNuLLIHL 347.74 1ndain
Lﬁaa@ﬁunu@ia%fulmwmm 11 ﬁaﬁunumﬁ
witenswInIufa 365 T UaTIINAUARNWLUINH
az"lﬁﬁunm’;mia%’uﬁa 381.74 1NGiaTh
Lfiaﬁwmsmizmnmﬁunu WU UU IR WO
suulaiiofiass lasdadlaiormarinvinglas 500
alansu Aasfianudasmsnszin 10 AlanSudain (837
yayluss, 2558) lagazfanuduenidofafisrwom 7 diu
I Gswnynssunseawialuomislaite 7 6 928
fudnafiszndale 205 LnAu azfiunumelu 42 u

Table 6 Total Cost of a Leucaena Shredder

(Table 7) inmzldiaalumsdudaiuios uazaziuns
¥ 4 . X X
Yuiladnwinlaiianniu (Figure 8) laumInABAINT
wadlatiia 100 M uagltiedassunaunailnenisle
WaasAunum el 3 T S‘ﬁdmﬂmmmnsﬁn’m’mnsjm%a
dugurulunsdosdadle uaziuanldiaiasquiaed
AU laugaanRaInuuITBVed (Kamma et al.,
2020) fildvmanaweIssduiagiTineauazilien
naky wuinelansluns§uNsazaaaaiarnnisaulne
USuuN Uae (Chuchom & Lemkhun, 2022) 7ilavinnns
Wauwatadlanfudzsa wuinlszazamaunuud sl
¥ 4 .
muwuﬂmiﬂgﬂamm

Item Cost Unit
Fixed Costs
Initial cost of the Leucaena shredder 10,000 THB
Depreciation cost of the Leucaena shredder* 1,800 THB/year
Maintenance cost (5% of the shredder Initial cost) 500 THB/year
Total Fixed Costs 12,300 THB
Variable Costs
Labor cost for operating the shredder 300 THB/day
Electricity cost / day (8** hr. x 1.492 kw x 4***THB/unit) 47.74 THB/day
Total Variable Costs 347.74 THB/day
Total Costs per day (347.74 THB/day + (12,300 THB / 365 days) 381.44 THB/day

Note: *Residual value of the shredder at the end of year 5

** Depending on the number of beef cattle, but it is set to operate 8 hours per day.

*** Electricity cost / unit 4 THB/unit

Table 7 Payback Period Calculation for a Shredding Machine vs. Manual Labor

Manual Labor

Shredder

Number of Hours

Cost per Day =

513

Number of Amount of Cost per (Amount of Leucae- [B*Motor Power * Dii.‘ferenc.e in Payback Period
Cattle Leu.caena Number of Worker (Baht na required * Electricity Cost Daily Savings (Days)
Required (kg)  workers Day) Leucaena shredding per Unit] + Labor  (Baht/Day)
capacity * 70% Cost for Machine
working efficiency Operator)

- - - A B (o D=C-A Fixed cost/D
1 10 1 300 0.12 300.72 (0.72) (17,001)
2 20 1 300 0.24 301.45 (1.45) (8,500)
3 30 1 300 0.36 302.17 (2.17) (5,667)
4 40 1 300 0.48 302.89 (2.89) (4,250)
5 50 1 300 0.61 303.62 (3.62) (3,400)
6 60 1 300 0.73 304.34 (4.34) (2,833)
7 70 2 600 0.85 305.06 295 42
8 80 2 600 0.97 305.79 294 42
9 90 2 600 1.09 306.51 293 42
10 100 2 600 1.21 307.24 293 42
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Payback Period of the Leucaena Shredder (days)

Duration (days)

1 7 13 19 25 31 37 43 49 55 61 67 73 79 85 91 97

Number of Beef Cattle (head)

Figure 7 Payback Period of the Leucaena Shredder
Compared to the Number of Beef Cattle
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