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Effect of Calcium Chloride on Physiological Change in Flowering Phase

to Fruit Set of Longan Trees
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Longan (Dimocarpus longan Lour.) is an important economic fruit widely grown in Northern
Thailand. The flowering on off-season of longan can be done by artificial flower induction by soil or
foliar application of potassium chlorate. High temperatures or drought stress have negative effects on
physiological changes of longan. The aim of this study was to decrease the high temperatures of longan
leaves by foliar application of CaCl,. The ‘Daw’ longan trees were planted in 14-inch of plastic bags
under a plastic greenhouse at the Pomology farm, Faculty of Agricultural Production, Maejo University,
Chiang Mai, Thailand. The growing substrate was coco peat and coconut husk (1:1) with 1 liter of
fertigation every day. The experiment design was a completely randomized design (CRD) with 5
treatments of CaCl, spraying at 0, 0.5, 1, 2 and 4 mM. The result showed that CaCl, had no significant
effect on the quantum yield of PSIl (@ pg;) and total chlorophyll (SPAD value). However, foliar spraying
of CaCl, did not make a significant difference in the maximum quantum yield of PSII (Fv/Fm) from
January to March, but spraying of all CaCl, concentrations maintained Fv/Fm efficiency and stomatal
conductance better than no spraying in April. In addition, foliar treatment with 4 mM CaCl, had a higher

fruit set than other treatments.

Keywords: photosystem I, stomatal conductance, off season
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Table 1 Dates of some activities and growth stages of longan in the experiment

Activates

Dates

Longan plantation in the plastic pot (14”)
by substrate culture and full irrigation all

treatments and fertigation every 5 days

April 1, 2020

Application by potassium chlorate of 0.1 gram

per tree

December 1, 2021

Start experiment and foliar application by CaCl,
every 7 days and 1 liter per tree for irrigation

everyday

December 10, 2021

Start measurement of physiological by Leaf

Porometer, FMS 2+ Fluorescence Monitoring

System, Digital Chlorophyll Meter SPAD 502 plus,

IMKO Precise Moisture Measurement every 30 days

January 15, 2022

End of the experiment

May 15, 2022
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Figure 1 The impact of climatic variation between January 2022 to July 2022 in the area

of the experimental

USEANSAINATNNIUYDINTZUIUNNS
AsEATITALAURITTULLETiaaq
ATTUIUNTTAUATIZNA B UEIVDINY d7IU
Iyl sguunas 2 53U Ao SzUuuLa | (Photosystem |;
PSI) wazssuukad Il (Photosystem II; PSII) STUUR
dosavhmidisausudielfanunsaiinnsdandanu
Tunsadne ATP wag NADPH nszuaunIswnaniie
nslnavesdidnasousing q Aauysalluanzdifie
ogluanmund (lin3em) szuunasiiassfiodniu
drulsenaundnvasufnseuas Fadun1sUseidiy
USEANE AN WaTAIINLE B8 DITEUULAT @04
Tuanmzpienaunsarilalaensinsediiedes
funsiSesnasuesnaslsilad (Baker, 2008) & 9pn
Us2ANEAMNNITEILATIZV LA 095ZUULAT @09
(@pg) WWumimuansduasgiuasiuszuu PSI Ty
AsTUEEBLENATEUT WINN AN LER AN AN E

Ay 9 fanuanunsalunissundinunduas
wWasulundueiiiiovudedidnnseulunszuiunis
Fuasngrnadlan druaruszandannisdansiza
LLﬁﬂQﬁﬁ@%@ﬂi%ﬁUULLﬁﬂﬁlﬁaﬂ (F/F,) vduafild
UATIERANULATEAVBINYIAYTAIINAINITLI DILES
yasnanlsfadluszuy Photosystem Il § afiwdau
Tvgjiiloagluannizundazdien F./F, oyl 0.83 nie
Tuta9 0.79-0.85 warminidAsng 0.79 uanain
fiwdudnganiiziedon iesnndinssuumsdud
ns&aATIZILES (Photoinhibition) sty (Maxwell
and Johnson, 2000) #a4n1sannuanleneuLaaLdey
aaslsdmnududusing q fudlevesusasiiouddl
grumpiguaziinnutuduimslueiniesh (Figure 1)
vaufifinssianislduiiosduas 1 dnsnetu
Wil nudlssansamuesnsvaueaiaos

(2pgy) lifimuuanA1siueg 1Nl dod1Ayn19ad @



5ANSIVYLALAWFTUIVINTINYAT 41(2): 1-13

ag1alsAmudufidunnimdenisleSunaadeoy
Aaolsnual 1 ey UseansnInn1svinauaequas
AmuuUszansamuesnisiaugsgavosuastiaos
(F/F) fud1n1snuLaaifeunaslsanviilinsnel
a1 /R Bl naannzlugiafouaweudadutag
fiflgaumnfgeaauazazanniiudouufaudiiou
fiunau (Figure 3) Bamsviuuaaiounaslsiyne
Wuduian F/F, sy 0.7096-0.7728 veusdi G
AIUANIIAT F/F, WU 0.6438 1aedinnnaunnsng

0.9 -

0.7 4

@PSH
o
n
L

0.3 -

01

qqqqqqqqqq

laduraldeunaslsnaiunsasiganninuaiealea
wavdwainenisduaseiuadldmuund Fedisneeu
Tunslturaldeumaslsniuuziewd wuinaNse
$nwUsEANS AINAISYIIUTDILaIT daal il
(Phingkasan and Sakhonwasee, 2015) wagn15l4
uwAalgauganngatunsarirelif uugidonea
JUszanSamnisdauasierinasludiuveassuunas
Waninduluaniiziaseainde (Areerak and
Sakhonwasee, 2020)

Control

9 0.5 mM CacCl2

B 1 mM CaCl2

NN .
Mar-22 Apr-22  Month
2mM CaClz [ 4 mM CaCl2

Figure 2 Effect of CaCl, on the quantum yield of PSIl (zpg) in longan trees during drought stress for

4 month; Each value is the mean of 5 samples (n=5). Error bars are the standard deviation

(STD) of mean.
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Figure 3 Effect of CaCl, on the maximum quantum yield of PSII (F,/F.,) in longan trees during

drought stress for 4 month; Each value is the mean of 5 samples (n=5). Error bars are the

standard deviation (STD) of mean.
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Figure 4 Effect of CaCl, on the stomatal conductance in longan trees during drought stress for 4

month; Each value is the mean of 5 samples (n=>5). Error bars are the standard deviation

(STD) of mean.
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Figure 5 Effect of CaCl, on the leaves temperature in longan trees during drought stress for 4

month; Each value is the mean of 5 samples (n=>5). Error bars are the standard deviation

(STD) of mean.
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Figure 6 Effect of CaCl, on the SPAD values in longan trees during drought stress for 4 month;

Each value is the mean of 5 samples (n=5). Error bars are the standard deviation

(STD) of mean
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Figure 7 Effect of CaCl, on the number of fruit per panicle in longan trees during drought stress for

5 month; Each value is the mean of 5 samples (n=5). Error bars are the standard

deviation (STD) of mean.
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Effect of Sowing Media from Residual Biomass of Sugarcane and Rice
on Growth and Andrographolide Content of Fa Thalai Chon
(Andrographis paniculata (Burm. F) Nees) Sprouts
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Thailand has a huge amount of residue biomass from sugar cane and rice. Finding the utilization
is important. For example, they can be used as a part of planting material for Fa Thalai Chon sprouts
to obtain better growth and higher andrographolide content within the shorter production period than
normal planting method. The objective of this research was to investigate the effect of sowing media
from residual biomass of sugarcane and rice on growth and andrographolide content of Fa Thalai Chon
sprouts. The experiment was laid out in a completely randomized design (CRD) with four replications.
Three formulas of sowing media were; 1) peat moss, 2) peat moss : residue biomass (50:50) and 3) peat
moss : residue biomass (75:25). Residue biomass was a composite material made from sugarcane leaf :
rice straw : rice bran: water (1:5:3:1). The results showed that Fa Thalai Chon sprout planted in peat
moss : residue biomass (50:50) showed the highest stem length (7.25 cm), and andrographolide content

(3.180 mg/g sample) followed by Fa Thalai Chon sprout planted in peat moss : residue biomass (75:25),
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which had the stem length of 6.20 cm, and andrographolide content of 2.733 mg/¢ sample. Plant

seedlings in peat moss had the highest stem and root fresh weight at 29.98 and 17.28 mg, respectively.

This study concluded that residue biomass from sugar cane and rice promoted growth, and

andrographolide content in Fa Thalai Chon sprouts. Peat moss mixed with residue biomass ratio 50:50

was the suitable growing media for better growth and higher andrographolide content of Fa Thalai Chon

sprouts.

Keywords: agricultural biomass residue, growing media, kalmegh, diterpene lactone
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Inunadeu 1.75 Wesidud (Goswami et al., 2019)
wuilsmensiuinndtinueadaduianiniznig
M3 edilulnsiau 0.12 wWesidud weavesa 0.07

Wostdus wazlnunaden 0.32 1asidud (31nn1s
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Teuunafigamgd 60°. uazairsnanlusuuis
flgamnd 50°0. Hunan 48 dalus vieaunimiwmin
wsnsfl iilernuntuiindeya 6) dwiinuiaiy way
7) dhdnusienn Tnevhsndaintnuisneniosd

Adnea nalley 2 s Inbheduliadniy doya

YIATNANLAL LN NWAIVDIAULAZTIN WINIAIUIE
i duhwinsesiu lnemunngnsiminannie
YIPAUNLPIVDIAUNT DI/ UIUAUD DU

AsanA N15ILATIZRLazA1SATUIMUSINAENS
waulasnslnlan
dugeutmzalsleasiiounisudauiun
T#le a8 19uautes1uay 10 N i et luadn
wazdAsngrmusunaasieulasnalnlan fae7s
High Performance Liquid Chromatography (HPLC)
FauUasianisues Champati et al. (2022) funau
nsafiasetne dad 1) Faiudndaogn 1 nfu B
Acetonitrile 10 1a. (1:10, wA) nauli i un e
1A3 89 Vortex 1Juiaan 2 waft ¥alU Sonicate 20
W9 gaunil 50°w. 2) hlutumies (Centrifuge) 7
A58 2,000 xg LuAN 5wl Aigaumndl aoy

3) drasanalunsesniuiinsessiinluasu ( Nylon
membrane) ¥u1Ag 0.45 pm ldluvialddlege
Supsumsiasziuoulasnsilnladdenios HPLC
§%o Shimadzu (Shimadzu, Kyoto, Japan) q'u 20
MN1TIATIEIUTEUU Gradient eluent AauADaNL
1A C-18 (InertSustain® C-18 (4.6x250 mm, 5 um)
AoLINNUNISAABANY (InertSustain® C-18; 4.6x10
mm, 5 um) Tnuenad 2 9in Ao luuiewa A
Usznaulusaensaneanasnluun DI pH 2.5 uaz
%iln B fia Acetonitrile Fadnsinisluavesluuieina
Aafl 1 Sadans/und nslaseau Tuuewla B 5udu
0-20 W1#1/20 Wosidus (v/v) mman@ae 20-30 w1il/
20-50 Waskius (v/Av) udif 30-60/50-20 Wesiius
(v/v) oaumgiinedunl 40°y. USunauidn 20 lulasans
NIN15ATIVTAR LA LNALABS YHAlAloALDLS S
(Photodiode array detector) AINEIIAE W 223
wluns mnduiiseasdavesueulasnsiilas
TnewlSguliieunu Retention time waweulasnsilwlan
1113514 (Figure 1) wagA1uIunIUTuIuLoulag
nallanannsuinsgiuvesieulasnaillas

nadl lananslundisiadnsunensuiiog1e (me/g

wardasanAtuuL (Supernatant) LENDBNUT LA sample)
mAU
b PDA Multi 1
1500 3
1000+
500+
0 i AN
0 1b 2I0 o SIO S 4|0 I 5|0

min

Figure 1 Chromatogram of the reference standard of andrographolide observed using HPLC
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ASAATITUNISEDA

deyadnuaiznsiiule wazUsuiuans
waulasnsilnlamvesdue oun 1 nratelas
ATIAANULUTUTIUNED AN ULHUAISNAR D
WUU CRD agtUSgulnaumIuLANA195EwINg
Aladenieis Least Significant Different (LSD)
pelUsunTy Statistix 10 (Statistix 10 Analytical
Software, 1985)

NaN15338

duUANIAiivasTEgNIe

Wnued danudunsauiunais ARLEY
(pH) 5.65 An15U W1 (EC) 2.14 dS/m U5 ueu
dunedng (OM) 70.89 Wesidus A1AISUBUAE
Tulasiau 39.24 Usunalulasiaustanun 0.12

Wodidus Usunamleanedaionun 0.07 wWesidus
wazUSunalnunad sustanun 0318 wWasidus
ANyea : TARNIZAYMaT1a (50:50) WuIHen
Autdunsngs Wiew (pH) 5.35 A1n15ubuld
(EC) AU 3.31 dS/m YSuudunseing (OM)
70.99 WWasidud ArAnsueunalulnsiau 31.87
Usunalulnsiouitanun 1.51 Wedidud Ysuna
Woanesan mun 0.18 1o Lfud wazUsuia
Tnunadousionn 0.66 Wosidust wasfiuea : Yan
Wz AMSAa TN (25:5) wulnilAtanudunse
Ununans Wea (pH) 5.66 Arnsu L (EC) 3.17
ds/m Usunauduniedng (OM) 91.83 1Wesigus e
anduausielulnsiou 24.10 USunadlulasiauiianyn
1.97 Wedidud Usinameanedarioun Wiy 0.23
Wosidus wazuSunalnunaldsusianun 0.84
wWosldud (Table 1)

Table 1 Chemical characteristics of the three sowing media in the experiment

Sowing media pH EC Organic C/N Total Total Total
(15HO) (1:5H,0) matter, ratio N P K

(dS/m) OM (%) (%) (%) (%)

Peat moss 5.65 2.14 70.89 39.24 0.12 0.07 0.32

Peat moss : residue biomass  5.35 3.31 70.99 31.87 1.51 0.18 0.66

(50:50)

Peat moss : residue biomass  5.66 3.17 91.83 24.10 1.97 0.23 0.84

(25:75)
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FIUIUAUTOU ATUINIAU LAZANYITIN
FanunzAunndneiuliviiliduuuazanny
812911 U04A U B UN 1Mza8laThANA 19N U1l
Wod1Ayn19add (p>0.05) Ingnuinnsinigiuan
Wmganelasluinuea WinusanayJannizsiawmae
T onSIEIU 50:50 Larens1dIu 25:75 vinludl
FIUIUAUDDY 247, 283 WAy 275 AU LariiANue)
510 2.57, 2.91 uay 2.81 @i, MNa1AU Wiyl

Amutagumneiiunndisfudsadiennuenduyes
Fugoutmzatslasiivans1afued1edTodfy
N198df (p<0.01) (Table 2) Fefusoumzarsles
funglufimuoanaianinzimusaetama sandu
50:50 FANENFUNINT A 7.25 T4, T0989117AD
dugeuiimzanelasiimzlufinuea wazfinaeanas
TanNE Ao INIe 8n31EW 25:75 1ANENIAN
6.37 uag 6.20 ¥l MUAINU (Table 2)

Table 2 Number of spouts, shoot length, and root length of Fa Thalai Chon sprouts planted

in three sowing media

Sowing media

Number of spouts

Shoot length Root length

/planting unit

(plant) (cm) (cm)
Peat moss 247+18.08" 6.37+0.20° 2.57+0.12
Peat moss : residue biomass (50:50) 283+5.19 7.25+0.25° 2.91+0.08
Peat moss : residue biomass (25:75) 275+2.72 6.20+0.10° 2.81+0.07
F-test *% ns
CV. (%) 8.18 5.86 6.57

YData are presented as mean+SE (n=4), Values with different letters within the same column are significantly different

at P<0.05 probability level by LSD. ™, ** not significant and significant at P<0.01 probability level

diindnadu tinuiedu shuinaasin
waztinuResn
Sanmeduananasulaivhlsdmdauredy
WaZIINVDIF U oUW Mzaelasuans 19 uoy 1981y
dfumeedn (p>0.05) usvilidmdnanduuassn
vosnusaumzalslasuanaeiueg Wl dsdafgy
M9adA (p<0.05) (Table 3) Fuseuilmeanelasfiinig

Tuinueatiuwmdnandu Wi nuiiadu Urvinansin

wasi v Ui snanniian 29.98, 263, 17.28 uax 07540,
pudiy drudugouiimzarelasimnzluiinues
HANTANNIZAYUE0TIUIR BRIIEIU 25:75 Uag
HNUOANALIAAITLAYNEDTINIR InT1dIU 50:50
Snoglunduifisatiusesniinuea Tnefitutnansiu
dmifnuisdu davidnansin wasdmiinudasn
23.58, 2.30, 7.25 uay 0.58 un. uay 17.58, 2.01,
6.53 uag 0.59 Un. MuaIAU (Table 3)
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Table 3 Stem fresh weight, stem dry weight root fresh weight, and root dry weight of Fa Thalai Chon

sprouts planted in three sowing media

Sowing media Stem fresh weight Stem dry weight Root fresh weight Root dry weight

(mg/plant) (mg/plant) (mg/plant) (mg/plant)
Peat moss 29.98+4.43° 2.63+0.32 17.28+2.42° 0.75+0.07
Peat moss : residue 17.58+0.82° 2.01+0.15 6.53+0.31° 0.59+0.05
biomass (50:50)
Peat moss : residue 23.58+2.66% 2.30+0.29 7.25+0.89° 0.58+0.07
biomass (25:75)
F-test * ns ** ns
CV. (%) 25.47 22.8 28.96 19.95

YData are presented as mean+SE (n=4). Values with different letters within the same column are significantly different

at P<0.05 probability level by LSD. "™ * ** not significant and significant at P<0.05 and P<0.01 probability level

Ysunaueulasnslulad WNTan 3.180 UN./NTUATBELN F09A9UAR AUTRU

FanmzdiunnsneiudaasoUTnauoulns
ns i lanvesnusauimzatslasuanm19iueeng
Tuead1Ayn19ad @ (p<0.01) (Figure 2) AUB DU
Hmzaelasiimnzlufinueanauianiniziavinio
T8 oms1d@u 50:50 JUsuaweulasnalnlan

peat moss
3.500 -

3.000
2.500 A <
2,000
1.500
1.000

0.500 +

Andrographolide content (mg/g sample)

0.000

W pest moss : residue biomass (50:50)

peat moss

Mean+SE 2.457+0.003"

peat moss : residue biomass (50:50)

3.180+0.0058

fimzanglasiinzlufinueanauianiniziavivie
Faua ens1dru 25:75 Jusunaneulasnsilnlan
2.733 Un./nTUAI8819 WasAus ouN 1mranslas
Fwnglufinuea dusuaueulasnsllas 2.457
1n./nTUF9819 (Figure 2)

W pest moss : residue biomass (25:75)

a

peat moss : residue biomass (25:75)

2.733+0.0033

Sowing media

Figure 2 Andrographolide content of Fa Thalai Chon sprouts planted in three sowing media

YData are presented as mean+SE (n=3). Values with different letters are significantly different at P<0.05 probability level by LSD.
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Wnuod azadnafnoni1siule hasUTuiaans
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aslanluduiiinganslas (Sasithorn et al., 2019;
Sanjutha et al., 2008)

uenanigafin1sAneves Champati et al.
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Wide 34.34 nn.A8nans) Wi nUSuaeanssa
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(Carbon/nutrient balanced hypothesis) 7 na133
nsfilulasiedlupuiifuduannisndasenlnden
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Detection and Evaluation of Resistance against Bacterial Blight Disease

in Thai Local Rice Varieties Grown in Some Areas of Lower Northern Thailand
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Local rice varieties possess a wide range of genetic diversities, can adapt to their environment,
and exhibit resistance to severe diseases such as bacterial blight. Rice crop production in Thailand is
affected by this disease caused by the bacterial pathogen Xanthomonas oryzae pv. oryzae (Xoo). This
study aimed to use particular primers (xa5, Xa21, Xa33 (RMWR 7.1), and Xa33 (RMWR 7.6) to detect
bacterial blight resistance genes in 20 local rice varieties growing in lower northern Thailand.
Additionally, the level of resistance to this disease was evaluated. The findings revealed that, with the
exception of Phichit rice, 19 local rice types possessed the xa5 bacterial blight resistance gene. The
resistance to Xoo across all tested local rice types ranged from highly resistant (HR) to moderately
sensitive (MS). Moreover, results for genes Xa21, Xa33(RMWR 7.1), and Xa33(RMWR 7.6) were

comparable since each rice variety displayed a distinct degree of resistance regardless of whether it had
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a resistance gene or not. Whilst the Khat Na Pho variety demonstrated high level of resistance to the

bacterial blight disease, Hom Khrua, Lon Khrok, Thong Yoi, Phut Tam, and Phuang Kradat also

demonstrated resistance levels (R). These six local rice varieties could be employed as germplasm in a

future breeding program for rice.
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U9 190a 8 U N U899 N v dn

4

wwalan gley n1n wagians 311U 20 aeiug
AlsFummeyneinngudideinivalan sune
Tames Jwmdafwalan wazdiaieiusuinsgiu
U 2 @eRUg Ae 11U 1 wavd1Iionusd
105 (Table 1) muslutindunan 1 Au wdatmn

danasdulunianaraindmivugn Wedrilieny

Uszunn 2-3 §Uansi azegluszezdidluseu iy
99uUveItIUsTLNN 50-80 Jadnsu wannfLoule
M85 Cetyltrimethylammonium bromide (CT. AB)ﬁ
AALUa197n Doyle and Doyle (1987) uaziAdwe
Aldunsiaeunmninsonszualuinlu 1%
Agarose gel Tuasazate 1X TBE 571y 1X SYBR®
Safe DNA gel stain (Invitrogen, USA) A 573d8U
n1eld1As 09 Gel documentation (Bio-Rad, USA)
ez Sweldlin 20%.

Table 1 Twenty local rice and two standard rice varieties used in this experiment

No. Varieties name Source No. Varieties name Source
1 Hom Khrua Phitsanulok 12 Lueang Luang Tak
2 Lon Khrok Phitsanulok 13 Phuang Dokmali Tak
3 Khao Namkhang Phitsanulok 14 Phuang Kradat Tak
4 Saibua Phitsanulok 15 Sanpa Tong Luang Tak
5 Kula Lut Ni Sukhothai 16 Kluai Pi Tak
6 Ta Khaek Sukhothai 17 Chet Ruang Phichit
7 Khat Na Pho Sukhothai 18 Ko Diao Nak Phichit
8 Thong Yoi Sukhothai 19 Lueang Kaset Phichit
9 Phut Tam Sukhothai 20  Khao Chalo Phichit
10 Hom Dong Sukhothai 21 Chainat 1 (recommended susceptible variety)
11 Phichit Tak 22 Hom Mali 105 (recommended resistance variety) -

n1snsrdavdud1uniulsavaulunislaeldy
S aaIneRBues e
ihiegfBuevesimaneiugiiuiles 20
ae9ug 9 ag 20 ng kagdNIEYNUTHINTFIN I
2 aowus N9 nUTuMaITug N
nsrUIUNITnlYnediueisa (Polymerase Chain
Reaction: PCR) (Mullis et al., 1992) TuUsu19557y
25 pl Feusznoude 50 mM MeCl,, 10 mM dNTPs,
1X Taq DNA polymerase (Invitrogen, USA) Wag 10
MM Forward WLeig Reverse primers ﬁﬁmmﬁ%ww

seguduniulsaveuluwis 311U 4 g (Table 2)

wavldaniedimnyeay ¢l Pre-denaturation
Qo 95°9. 1w 5 w1 muee Denaturation
ﬁqmwgﬁ 94%. L Julian 2 widl 31U 35 59U way
Annealing igamniifivanzanvosusiaziu By xas
Way Xa2l M 59°%. uag Xa33RMWR 7.1) uay
Xa33(RMWR 7.6) i 57°¢.) U wiaan 45 Tuni
Extension ﬁ'qmmqﬁ 72°9. WuLian 1 Ui way
Final-extension gl 72°%. v uLan 5 undl
ndrnduinandnfidonsilaunsiaaeuly 2%
TBE agarose gel LazLas 09 Gel documentation
(Bio-Rad)
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Table 2 Nucleotide sequences of four specific primers used in this study

Genes Nucleotide sequences (5’-3") Reference
xab F; GAGTCGATGTAATGTCATCAGTGC Blair and McCouch (1997)
R; GAAGGAGGTATCGCTTTGTTGGAC
XaZl F; ATAGACGCGGAAGGGTGGTTC Korinsak et al. (2009)
R; ATAGACGCGGTAATCGAAAGATG
Xa33 F;, TTTTATCCCCTTCTTCCTTC Podishetty (2014)
(RMWR 7.1) R; CGTGTTTTGTGTGTCTTTTG
Xa33 F; CAACAAACACCTCCATGGTC Podishetty (2014)
(RMWR 7.6) R; GGGAATGAGCAAAAATTGG

nsUsEiusERuAMNUNIUYaIdIaEWUS
Hudlesrolsrvauluut

M egeuANiUNIUaslsavouluLAe
Tudmemeiusiudios $1umu 20 aeus uavanewus
1ATFIU T 2 anewug (Table 1) Tngldido
wuAilse X. oryzae pv. oryzae ﬁLi’;JuL%yammmm
Tsavouluwis 9auau 2 loloian laun BB-6436 uay
BB-6442 Fudulelaaniidauenldaindnfiiulse

vouluwislunuilaeaudidedrifivalan uudesuy

'
1 =)

8719113 Nutrient agar (NA) Unfigaungil 25-28°%. \Ju

a1 48-72 $2lus A1nunTouaTuvIuaeeLd

uueiiFglnlaUSnauses winiu 1x10° Colony-forming
units (CFUY/dadidns naaa1ndgnd1iaewug
AfpsnmaaedlunTzaULIALEN NIUKLNITNARDS
wuvdnluudenauysal (Randomized Complete
Block Design: RCBD) $1uau 3 41 Wiadiudniiony 3
FUa1si vnsdgnid ewuaiifests 2 lelaian
A2875 Leaf-clipping method (Jennings, 1979)
TneldnsslnsquansuuuassfouvadiGefinienly
thnsslsndavangludviluuinadiniaigluin
asnUszan 1 wudwns Juiindeyalaenisin
AmeveILRavdUgnideLluen 7 wag 14 fu

TAAZUUUTEAUAMNATUNIUTDITIIAULN T VD
aontATu IR (RRI, 2013) il

AT 0 LAAITEAUAIUNIUES (HR)

= spoukausalulinueItesnin 1 lwuRluns
ATWUY 1 LEAISEAUANUAIUNIY (R)

= spoukausaluinueny 1-5 WUhums
AZLUY 3 LEAAITEAUANNATUNILUIUNGANS (MR)
= spounauUsaluiinuend 5-10 WURWAS
AZLUY 5 LaAsTEAuoauwaUIunals (MS)

= sooukausaluiinnueny 10-15 LwuRIAS
AZLUY 7 LansseAusauue (S)

= sooukausaluiinueny 15-20 LURIAS
ATWUY 9 LERITEAUBBULBNN (HS)

= SRULNAUSHAUIULANYININAIT 20 LWURLUAT
NaN15938

NN1IASIdeuduA unIulsaveululLAe
Tudmaneiusiudos S1uau 20 anevug Tagld
LASDIMUNBFILEULESINY (xa5, Xa21, Xa33(RMWR
7.1) wag Xa33(RMWR 7.6) Wud us 1un1ulsn
Youluwia xa5 fiflauinveinandnfigesuszaa
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227-240 bp (Figure 1) Tudmaeiusiudios S1uan
19 aneiiug enviudmaeiudidns Andu 95% ves
aewug 199 wdosfiumedey Larainng
nsavaouatsdl wuduiumulsaveuluuis xa21
fifigunuszana 700 bp lutnaeius i uides
913U 10 @eiug lawn 91veundd 11iauAs 913
N Travesdos Tramesn 412f3ns drurdemans
F1INNRBNUEE T1INeNTEAY ward1IFulInes
Aatdu 50% vosaeugt 1 unmeaoy Bu
Aunulsavauluuwie Xa33(RMWR 7.1) wulud1a
aneugiudiessiuiu 8 aewus (duasn 91

namgantl T1IMNUUN T1INesEas TTINAAT T1IIBUAS

A

(B)

(@]

(D)

11 12 13 14 15

Pt wazdrinianseay) Andu 40% lag
HUunveINandnndo15Uszuad 210 bp Lagiuy
Aun1ulsnvroulunis Xa33(RMWR 7.6) wuluta
Wa 20 angnug Juuiauseuias 200 bp yenanil
1nn1sasIagevdunruniulsaveuluniesludg
AuRUSHINTIU WU 2 aeiug Ao 91aduum 1
Wuwiugeeuueselsavauluwia wazdiaenug
Aunuselsaveululiie Ae 91IneuNgd 105 Wull
guiunulsnveuluwis xas karUsnguuInves
90800 0ULUBITY Xa2l, Xa33(RMWR 7.1) uag
Xa33(RMWR 7.6)

11 12 13 14 15 16 17 18 19 20 M 21 22

16 17 18 19 20 M 21 22

11 12 13 14 15 16 17 18 19 20 M 21 22

11 12 13 14 15 16 17 18 19 20

Figure 1 The PCR products of four specific primers for bacterial blight resistance genes; (A) xa5 gene

(with PCR products ranging from 227 to 240 bp); (B) Xa21 gene (produced PCR products
with an approximate size of 700 bp); (C) Xa33 (RMWR 7.1) gene (with PCR products with
an approximate size of 210 bp); and (D) Xa33 (RMWR 7.6) gene (with PCR products with

an approximate size of 210 bp.); (M) = 100 bp DNA ladder (1) Hom Khrua, (2) Lon Khrok,
(3) Khao Namkhang, (4) Saibua, (5) Kula Lut Ni, (6) Ta Khaek, (7) Khat Na Pho, (8) Thong Yoi,
(9) Phut Tam, (10) Hom Dong, (11) Phichit, (12) Lueang Luang, (13) Phuang Dokmali,

(14) Phuang Kradat, (15) Sanpa Tong Luang, (16) Kluai Pi, (17) Chet Ruang, (18) Ko Diao Nak,
(19) Lueang Kaset, (20) Khao Chalo, (21) Chainat 1 and (22) Hom Mali 105
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Table 3 The disease incidences of bacterial blight resistance genes and the resistance level

of twenty local rice and standard varieties evaluated at 14 days after inoculation

No. Rice Varieties Bacterial blight resistance genes Level of resistance to bacterial blight?
xa5 Xa2l Xa33 Xa33 BB-6436 isolate BB-6442 isolate
(RMWR7.1) (RMWRT.6) Lesonlength(@m)  Resistance Leonlengh(@n)  Resistance
(mean+SD) level (mean+SD) level
1 Hom Khrua v v v 2.00+0.87 R 2.17+0.76 R
2 Lon Khrok v v v v 4.67+0.58 R 4.50+0.50 R
3 Khao Namkhang v v 8.73+1.08 MR 8.33+1.26 MR
4  Saibua v v 12.60+0.53 MS 12.43+0.40 MS
5 Kula Lut Ni v v v 5.67+0.58 MR 6.00+0.50 MR
6  Ta Khaek v v v v 5.00+0.00 MR 5.50+0.50 MR
7 Khat Na Pho v v 0.50+0.00 HR 0.40+0.17 HR
8 Thong Yoi v v v v 2.67+0.58 R 3.00+0.50 R
9 Phut Tam v v v v 2.50+1.32 R 3.00+1.00 R
10 Hom Dong v v v 9.33+1.15 MR 9.67+1.04 MR
11 Phichit v v 16.93+1.01 S 17.33+£0.76 S
12 Lueang Luang v v v v 15.00+1.73 MS 11.83+0.29 MS
13 Phuang Dokmali v v v 5.97+0.87 MR 7.50+0.50 MR
14 Phuang Kradat v v v v 1.33+0.29 R 1.17+0.29 R
15  Sanpa Tong Luang v v v 8.40+1.97 MR 9.50+1.00 MR
16 Kluai Pi v v 6.77+0.93 MR 7.50+0.50 MR
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Table 3 (Continued)

No. Rice Varieties Bacterial blight resistance genes Level of resistance to bacterial blight®
xa5 Xa2l Xa33 Xa33 BB-6436 isolate BB-6442 isolate
(RMWRT7.1) ~ (RMWRT7.6)  lesonlength(@m)  Resistance  Lesonlengh(@m)  Resistance

(mean+SD) level (mean+SD) level

17 Chet Ruang v v 6.87+0.98 MR 7.17+0.76 MR

18 Ko Diao Nak v v 14.00+0.00 MS 14.33+0.58 MS

19 Lueang Kaset v v 7.67+1.26 MR 9.00+0.50 MR

20  Khao Chalo v v 7.27+1.55 MR 7.67+1.53 MR

21 Chainat 1 v v v v 24.33+4.04 HS 27.00+1.73 HS

22 Hom Mali 105 v v v v 0.40+0.17 HR 0.40+0.17 HR

*The average lesion length from three replicates; Resistance level; HR = Highly resistant, less than 1 cm; R = Resistant, 1-5 cm;

MR = Moderately resistant, 5-10 cm; MS = Moderately susceptible, 10-15 cm; S = Susceptible, more than 15 cm; HS = Highly

susceptible, more than 20 cm

Figure 2 Symptom characteristics at each resistance level after inoculating with Xanthomonas

oryzae pv. oryzae bacterium isolate BB-6436 on rice leaves 14 days after inoculation;

HR = Highly resistant, >1 cm; R = Resistant, >1-5 cm; MR = Moderately resistant, >5-10 cm;

MS = Moderately susceptible, >10-15 cm; S = Susceptible, >15 cm; HS = Highly susceptible,

>20 cm; scale bar = 5 mm
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Figure 3 Symptom characteristics at each resistance level after inoculating with Xanthomonas

oryzae pv. oryzae bacterium isolate BB-6442 on rice leaves for 14 days after inoculation;

HR = Highly resistant, >1 cm; R = Resistant, >1-5 cm; MR = Moderately resistant, >5-10 cm;

MS = Moderately susceptible, >10-15 cm; S = Susceptible, >15 cm; HS = Highly susceptible,

>20 cm; scale bar = 5 mm
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Effect of Host Species on Biology of Parasitoid, Microplitis manilae Ashmead

(Hymenoptera: Braconidae)
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Microplitis manilae is an endoparasitoid that parasitizes larvae in the genus Spodoptera. In
Thailand, three species of spodoptera, namely the fall armyworm (Spodoptera frugiperda), commmon
cutworm (S. litura) and beet armyworm (S. exigua), are found in high numbers. The biological control
method using parasitoids is an alternative method for reducing insecticide applications. This research
investigated the biological aspects of M. manilae, focusing on its developmental period, percentage
parasitism, sex ratio of offspring, longevity and fecundity when parasitizing three hosts (fall armyworm,
common cutworm, and beet armyworm). Our findings revealed a significant influence of the host species
on M. manilae is biology. S exigua caused the highest percentage parasitism (41.66%), a higher female
to male ratio (1:0.9) and the most fecundity rate (16.70 eggs per female). While S. exigua emerged as
the most suitable host for mass rearing M. manilae for augmentative biological control and followed

by S. frugiperda and S. litura proved to be unsuitable.

Keywords: biological control, parasitization, fall armyworm, insect natural enemy
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NUBUNILYNN (S. litura) %aLﬂuLmeﬁ’mgﬁmﬁﬁmm
Snudanidwenads dnsunsnszaslulszme
wnSouuAzIUnaUgY IN¥0MNTUINATY 120 ¥ila 1wy
F1lnmdedns 911 duvdes wasfiadnvansvila
Dudu aunsadiianslddausszezndn sonmen
wardana (Maes, 2014) Lagnuaunseyvoy (S.
exigua) LfJuLLuaaﬁmgﬁﬁjﬁﬁuﬁ%mmﬂﬁmmﬂwmsJ
litfeandn 100 via wu 9131na nend1ud nenan
aan WJudu ansadivihanefivldnnsseznis
widule daudidalusouviefensTusenidedd
wazdin1sszuialulszmalng (Capinera, 2020; Qiu
et al., 2013) S91U3TefLA vafuRansENUNIS
wisughvemuaunseyvenluansgewwini wuin
Tun1sug nugWalnaninnun1sseuInvesuauly
LBRAUVDINTRTYAULN AT ANULEOE 19N
wayuueu 1 fareuziliowmea 20 AU NaN1savinlyi
WinAugaadeniaasuegiald (Taylor and Riley,
2008)

42



Journal of Agri. Research & Extension 41(2): 41-51

WUINIINITATUANVUDUNTEY] LUANE
Spodoptera 1ned133 Tasnisldunudoud wiu
wuasifauamzinzaatiutasende fnnsianld
AIUANLNAIA RN Y wauldeunuau Microplitis
manilae (Hymenoptera: Braconidae) {uunuideou
ﬁﬁmmwiﬂsgmaa@mmuL@Lﬁ?jami’uaaﬂlﬁaﬂéf
Taun Useinedulaii@es unale Aavlud ne uag
Veauiu gainunldlunisaiuauvueunsey
Spodoptera Tulszinadu (Qiu et al.,, 2012; Sun
and Huang, 2010) wenanigafinsiidunuden
yintanUsanalneiilamununusunszsd1ilng

a1e3alunaeIa waldanunsanssnsinls 1Wesan

Uaduaamgiiuaraiudulimuiay unuwdeu M.

v '
A = = 1

Ing NunNn1sundssuInvemueunsEya 3 ¥in

manilae ﬁiwmudwL‘f]iJLL@Jﬁﬂﬁc-‘ﬁ’ﬂiﬂiﬂﬂagiuUigwmi

wagfireruiwaudeuriatansnifounuey
ﬂi%ﬁlﬁlﬂgﬂ 3 ¥ia (Qiu et al., 2012; Rajapakse
et al,, 1985) Minthusudousiadunnizdoaia
Uiinauiteldlunsmunumusunseyluussmelng
TndudesddoyadrTvnervesunuideoulu
anminadenesUssmalnedsdadidonadinn siufs
yinveanusunszy 7 inunzandmsuldlunis
wngld safiuusinalunismuruuuasdagiivlng
%ﬁ%LLUULﬁwuLme (Augmentative biological
control) Fuifufinnvesauises oedl i efnu
FIne1veaunuieu M manilae Usgnaunie
syogaldiann Weddudnindou Shsdiume
91y Tovedndudey wazadtunnvesly lag
Wisuiisuniadeulunueunsesia 3 via Ae
MUBUNTEY U1IINARIEYA MUBUNTLYNN UazrUaUY
nseywen wadiliannuiteanduteyaiiiethly
wzidsnfuUiinm wasluudesluiluiifising

JPUINTDIUBUNTEYHalU

A5ALIUN15IY

M gavuaunIidlnaaneyn S. frugiperda
UBUNSYIAN S. litura WasvuauNIZiviaN S. exigua

wuaunszyd1lnaaegngnduiiuiiegng
Tuuvasdgndilne Jawmdanigauys dunueunsey]
Fnuagruaunsey neulasun1seuLAsIERunaIn
AsUA A UNSNEAT YIMuowte 3 TauE B
TuneeUUAN1590901AN I NG AUBLNYAT
umIne1doinunsenans Tnednssaulasdunoy
AsLABadad (Qiu et al., 2012) WruaULsazsLAN
Aodudrenanafinuuin 1 ooud (ueu 1 fasie 1
§8) Wilendnid ssueuRuiues Themisifieud
WUgRINAUGTUTIAINTSHLAzWALLLABYIN W
WHE1@ dfnuNmuIInetmanswazialulad
WASYNA (@IN.) Gﬁ’mﬂugﬂﬁmﬁau U Ix1x1 .
Uafrodfianeg Wasuonaiiewnn 2 $u deed
gamgdl 27+3°. AvwdudIvS 60 1Wesifud u

(% [

wueudngszaganug idnuanebiludienaadin

JRUNENTEANYAYY NAI1NTY 2 T Yudnsaniig

[

ANUSTULA IR LA BIUIA 30x30x30 @y, Aelunsed

v
=1

nszewiivgdniduiiuenaun 1x8 wu. ielviid
9l4 wiewsSeuasazatetiie 10 Wosidud fiyu
fudaanelilunss aindudimanisndlivesiide
wedlenn 2 Yu wdhlveenunidsmeiedeiduiu

sall

mswnziResuaudey M. manilae

wauLd 8u M. manilae ¥111310A15LAU
AnLLG (é’wmzé’mﬁgﬂ%ﬁﬁwmaﬂ%m) nlutilue
Ffanigauyd Tnefinnsdauasdunouninies
fail (Qiu et al., 2012) visnudueudouldnasauin
vadusiaugnans 18 1. g9 150 3. leduduie
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finoanaindnud lfansazarting 10 Wesidus
yuivddrnilndueims Wedusufomedeldsy
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Puugnuaudeunsvuanliannuiunuden 1 6
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a4



Journal of Agri. Research & Extension 41(2): 41-51

NAN15738

szgzianlunswaul dnsrdrund uasiasidud
nsilouvesuauideu M. manilae 715 8ed 8
nuaunseit19lnaanean S. frugiperda vuau
n3eYiKn S. litura uazvUUNIEYMBN S. exigua
SruzaluNIIWAILIv0ILAULT oU M.
manilae a0t dudnduted elioudonueu
nseyindaiy nuvdavesnuaunsyy duase
syezhanlunsiauvesuaudou lnganssezly
uisszozfoou umidounidounusunszyinlng
a1830 S. frugiverda 1Hinanduiian 6.84+0.08 fu
LANAN9RINUUBUNTEY DU S. exigua 71 1F12a1
7.21+0.07 U (F=5.45 df=233, P<0.05) @8AA# 04
AuszeganLa NuaunNszy Y1lnnalean S.
frugierda vinlAuauld vud szuzan Lm”aguﬁ'qﬂ
4.9120.11 Fu UANANIINNUBUNTEIYRN S. litura
LagMUBUNTEYMEY S. exigua filT1Ian 5.88+0.04
U Wag 6.06+0.11 1U AWaI0U (F=41.90 df=134,
P<0.05) szaznanlunswaufausszeylaudy
duduovesunudouiifousenuounseydnlng
a8 S. frugiperda WU?IWI%LﬁaWﬁ:'IuﬁIQGIL%IWﬁU
12.46+0.10 Ju upnA9INNUBUNTENNN S. litura
WaTVUDUNTEY BN S. exisua (F=26.50 df=134,
P<0.05) (Table 1) §ms1& MULNALTgf DLNAL VO
LLmuLﬁauﬁLgaaﬁaauuauﬂixﬁﬁﬂ S. litura Waynuou
n3gyvieu S. exigua NuIAULTEUNAEEINNTT

WAEWIIAY 1.2:0.8 wag 1:0.9 aud1du laluansing

fuegailded Ayl usunnd19Inueunsey)
T1INAAE30 S. frugiperda ffisnmdumadetos
A 0.7:1.3 (Table 1) Wesidudnsideu
vosumulou M. manilae Weidsunusunseyvin
Aunne1aty wuinvdnvesnuounsyydnade
Woesidudnisifouvesunudeu Inenuounsey
T1IINAAYA S, frugiperda wagnuaUNTEY oY
S. exigua vl unudeudos g usn1sid oy
geanwiniy 45.66 uag 41.66 LUasidud a1ua1diu
Laiusnaneiusg 1 9TTudAYNNEDH LALANAI99A
wuounszyin . litura Ifiesidudnisidounan
WINAU 26.00 (F=14.18 df=899, P<0.05) Ine (Figure 1)

21gdeuazauanvasliunuleou M. manilae
wideuna 7 oaninannsileunienuou

n3ein S. litura T8 T8geaaivindy 14.70£0.36

(%

Tu FeliusnsneiuegrelidedrAgynsadfnunieu

[

n3e91lnAa1eqn S. frugiperda NvilkauLTe

v

ikl
WA de1gdy 13.80+0.69 T usuanf19INVILDU
n3gym

Y

8y S. exigua M Iunwdeunad g Je
men 12.50+0.61 Tu (F=3.66 df=29, P<0.05) du
Tuwaudowwadelinalulunadiviiu fs vueu

o

nsevin S. litura YiliuawleunadledongYugaan

17.60+0.83 Tu Ly wanm1991n AU UNTEN U1 1WA

Y
= v

a1e3n S. frugiperda ﬁﬁﬂﬁLLmuLﬁaumeﬁwmqm
16.40+0.79 T UALANAINIINNUBUNTEY] DU S,
exigua W il uauid sumaT o T ey Ton1gn
14.40+0.88 Ju (F=3.73 df=29, P<0.05) (Table 2)
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Table 1 Effect of developmental period and sex ratio of Microplitis manilae host species on 2™

instar of Spodoptera frugiperda, S. litura and S. exigua

Hosts Developmental period (days) Sex ratio”
Egg-larva Pupa Egg-adult? (Female : Male)
S. frugiperda 6.84+0.08b 4.91+0.11b 12.46+0.10c 0.7:13
S. litura 7.00+0.07ab 5.88+0.04a 13.13+0.06b 1.2:0.8
S. exigua 7.21+£0.07a 6.06+0.11a 13.82+0.18a 1.0:09

YMean+SE and mean within the same column followed by the different letter are significantly different at P<0.05 level

according to the Tukey’s HSD test.
ZEgg-Adult refers to the developmental period of M. manilae from egg until adult emergence.

¥Sex ratio refers to the number of male or female divided by the number of all emerged adults.

60

50 45.66a

41.66a
40

30 26.00b

0

Parasitism rate (%)

20

10

(@}
W

# S, frugiperda ||| S. litura S. exisua

—~

Figure 1 Parasitism rate of Microplitis manilae on larvae of Spodoptera frugiperda, S. litura and

S. exigua. Bars indicate mean+SE. Different letters indicate significant differences (P<0.05)

between host species

—

Tukey’s HSD).
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aruanvaslyunuiiou M. manilae i
onuannsieusenueunseyiaiisneiu wuin
yliavesnuaunseydnasionuanvesluwnudeou
T,mJLLmuLﬁauﬁLﬁaumauﬂsxﬁwau S. exigua 1A
anvosltgegn 16.70+2.71 Wossioweidle 1 5 Gl

1

ANuLanavegltudAynisaianunueunsey]
T1NAawan S. frugiperda WarRUBUNTZY KN
] Y
S. litura Ay lAuaudoudanunnvesly
7.50+1.24 ag 10.00+1.67 WassiarweLily 1 69

AudiU (F=5.78 df=29, P<0.05) (Figure 2)

Table 2 Effects of host species on the longevity of Microplitis manilae adults

Hosts Longevity of adult (days)*
Male Female
Spodoptera frugiperda 13.80+0.69ab 16.40+0.79ab
S. litura 14.70+0.36a 17.60+0.83a
S. exigua 12.50+0.61b 14.40+0.88b

*Mean=SE. Means within the same column followed by the different letter are significantly different at £<0.05 level according

to the Tukey’s HSD test.

20
18
16
14
12

10

7.50b

No. of eggs laid per female

# S. frugiperda

Figure 2

16.70a

10.00ab

I S- litura

= S. exigua

Effect of host species on the offspring of Microplitis manilae. Bars indicate mean+SE.

Different letters indicate significant differences (P<0.05) between host species (Tukey’s HSD).
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39150INAN15IY

5821381 UNTRRALILAE SRS Id ATl HE
9EMUINABNITAIVANULUAIA A H voY 198
Usgdnsan luanimsssuvAnisfiuaudoud
JeevIalUNINRILILINEIN AN TRYITunely
AR EINULUNITNANNUT UAaENITN MUY
(Hackermann et al., 2007) LA NITINAELE BaLdi
Usinaufeldlurumunuuuaddaeiz wudeu
fifiszornalunisiannduazdiodenisqua 91
nsAnwrszegialun1snauivesunudeu
M. manitae luns 17 aonad 0atus1891uv 01
Rajapakse et al. (1985) & swuv 1uauid oy
M. manilae iasi0sunuounszyd1alwaalegn
S. frugiverda Tszagiiarluniswauiann it usn
Wiudeed 13-18 Ju (auugll 23-27°%, LAAIINTY
du3ims 50-70 Wasigud) dau Qiu et al. (2012) 161
insnwdadevesgunginenisiasyiivlnves
wauldou M. manilae il 010 sunuounszyvoy
S. exigua wuiidlegamgiigeduinlfsresinaluns
wWauveaunullouduas Tnof gungdl 26%.
wnuDoufiszznatlunsimuiegil 13.0£0.01 fu
faulndiAestunisinuluadsd

a

TunsAnwves Qiu et al. (2012) flgumail
26°%. wuirdndruvesinuideunadiowinny 1.05
gelndiAsstunisAnuluaded Yaseivinlvdnday
waveswaudoudumeaduinnivsamedeuinniy
11970 1) Mm3neldveunafon dnsduiuguuy
Arrhenotoky FaupuLdguiweiilanunsaniunung
Nalidlailesunsufaus lazsiamndugnines
wazly i lfsunsujausestaundugninade
(King, 1987) %38 2) ANUFURUSIENININITAINUA
mafusnsn1segsenvesineey lvveasmudouiias
s ludugninailsazgnansluusaserdefifvung

Ingindn (Aunmgendn) esnuauidoumale

a

fyurnlng) (King, 1993) iduulvunuaziiongdy
ﬁﬁuﬂd”l (Bertschy et al., 2000; Srivastava and Singh,
1995) druldveaumudouiiosimunludugnnaday
gnsluniasendedifvuinidnnds (aanineingy)
(Godfray, 1994)

wauideu M. manilae anunsaideunuey
ﬂizﬁmuaqa Spodoptera (Rajapakse et al., 1985)
wazgnihanldlunisaunuvueunseyvion S. exigua
(Qiu et al,, 2012; Sun and Huang, 2010) #u8y
N3LRN S. litura Wagnuaunszy11lnaaNen S.
frugiperda (Qiu et al., 2013; Rajapakse et al. 1985)
2INN15ANWIVBY Xing et al. (2022) wuilasidus
nsileunueunsEiIlnAa183n S. frugiperda o1
unueuluanmudaseyil 5.66-19.10 Wosiius Tu
annsssunAwsudousyousunseuiasnisinaly
luunaseAelagysziduana MY ILLag0 Ay
vJundn (Strand and Pech, 1995)

91NN15ANWI1VDY Rajapakse et al. (1985)
wudumudou M. manilae ifsufievuaunsey]
dlnnaneqn S. frugiperda Useanas 6 3u flgaumn
26+1°%. Fedunitlunisfnwinded oraduingie
Ansuanssesanszanefliidueimsvosunuden
wazladugumngil 91n51891UVRS Xing et al. (2022)
wuirfigangd 27.5°. wudeudidsadiaeglasa
10 Wos i us wazideunuounszy] T1alnaaneqn
S. frugiperda f191g % 18.09 YU wazidogmnn
W wlu 300w, unudoudeng dod uaadu
12.26 4 waw Qu et al. (2012) wuinfigamgdl 29°.
wudouwadofiifounueunszsivon S. exieua
81898 15.40 Tu drunmgfle1gdy 10.40 Tu
aoandostunisinulundeidgumgieglutig
27+3°. unuideudeng ooy lugie 12-17 Ju du
Auanvesluwaudau M. manilae Tun13fnwn
adsiinuidwalvdounudounade 1 dswn

WolUSeugunuauidevas Qiu et al (2012) @4
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Tropilaelaps spp. are ectoparasitic mites of honeybees. Mite parasitism can ause brood
mortality and colony decline. In this study, the surface modification of carbon was performed using
atmospheric of argon plasma jet with a 4.758 kV input voltage and a 829.901 kHz frequency to enhance
material properties for mite control, absorption, evaporation and release rate of the clove (Syzygium
aromaticum) essential oil. The results demonstrated that the absorption capacity was highest after
plasma treatment at an argon flow rate of 1 L/min for 60 seconds (0.0080+0.0003 ul of oil/mg of dry
material). The plasma-treated carbon showed a higher release rate of clove oil at 4 and 8 h of
incubation. The clove oil was released, at 17.127+2.212 to 21.513+2.330 pl/ml, after 72 h of incubation.

The evaporation rate of essential oil was highest at 2 h of incubation in all treatments. The evaporation

rate of plasma-untreated carbon (0.2442+0.0807 pl/g-hr) was higher than that of plasma-treated carbon.
However, there was no significant difference among treatment groups. Thus, parameters related to the
atmospheric pressure plasma should be further optimized to improve the material surfaces for use with

essential oils to control honeybee mites.

Keywords: Tropilaelaps, honeybees, carbon, atmospheric-pressure plasma, clove essential oil
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Figure 1 Schematic diagram of the atmospheric-pressure plasma jet system for the surface modification

of carbon
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Figure 2 Current-voltage waveforms of the atmospheric-pressure argon plasma jet
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Figure 3 OES spectra of the atmospheric-pressure argon plasma jet at a gas flow rate

of 1.0 L/min (a), 0.5 L/min (b) and 0.25 L/min (c)
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Figure 4 Absorption capacity (a) evaporation rate (b) and release rate (c) of clove EO by carbon materials

The data shown are the mean + standard deviation. Comparisons of the evaporation rate

and release of essential oil between treatments were made at each time interval.
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The application of prebiotics which are non-digestible ingredients beneficially influences
commensal microorganisms as feed additives giving valuable effects on growth, immunity, and survival
rate in aquatic organisms. The purpose of this review was to compile and synthesize the research on the use
of prebiotics in tilapia culture. Common prebiotics utilized for aquatic animal feeds include B—glucan,
inulin, mannan oligosaccharide (MOS), galactooligosaccharide (GOS), fructooligosaccharides (FOS), and
chitooligosaccharide (COS). The effects of prebiotics on growth performances, innate immune system,
and disease resistance of tilapia are discussed. They improve digestive enzyme activity, enhance feed
utilization, promote growth, modulate phagocytosis, activate lysozyme, trigger the alternative
complement system, and increase disease resistance. The variability in responses possibly is due to the
prebiotic types, dosage, applied time, fish size, and experimental systems. Prebiotic mixtures and other
immunostimulant combinations were reported. The prebiotic application would reduce the chemicals

and antibiotics used in fish culture. However, the cost and return of prebiotic usage must be considered.
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Figure 1 Effects of prebiotics in tilapia aquaculture
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Table 1 Common prebiotics used in aquaculture

Prebiotics Description References
B—glucan A water-soluble dietary fiber obtained from Ring® et al. (2010)
oats, barley, bacteria cell wall, yeast, algae, Ismail et al. (2019)

and mushrooms; A byproduct from wine

brewing industry

Chitooligosaccharide, COS The degraded products of chitosan or chitin Rahimnejad et al. (2018)
prepared by enzymatic or chemical hydrolysis

of chitosan.

Fructooligosaccharide, FOS Short and medium chains of B—D—fructans, Zhou et al. (2007)
can be fermented by certain bacteria such as
Lactobacillus and Bifidobacterium.
[t can be found naturally in onion, garlic,

banana, and asparagus.

Galactooligosaccharide, GOS Nondigestible commercial prebiotic derived Hoseinifar et al. (2016)
from milk

Inulin Natural sugar found in onion, garlic, and Tiengtam et al. (2015)
barley

Mannanoligosaccharide, MOS An indigestible short chain polymer derived Merrifield et al. (2010)
from hydrolysis of glucomannan and
galactomannan;
Commercially derived from yeast

(Saccharomyces cerevisiae) cell wall

Xylooligosaccharide, XOS Sweetener found in various food sources like  Sun et al. (2019)
milk, honey, vegetables, fruits, and bamboos

shoots
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Uandla (30+0.5 n$y) fildSuomsuaniufinguay
4 nfa/nn. EWMur et al,, 2019) finswsaiuiniinay

Uaila (11.00£0.2 n5u) lasuo1MsNay

a a

guudu 5 nfu/nn. wiu 2 e Yaelidnsinig
Laﬁzylﬁuimﬁsﬁyu (Ibrahern et al., 2010) wena1nil
Zhou et al. (2020) 51841131 UYantla (0.55+0.03
n$u) AldFuemnsHauduydu 4 n$i/nn. 0.4%) U

2 o dn15asgiulafifdulazdisanA1uATen

levanegluiinges (runfy 16 Practical Salinity
Units (PSU))

Wang et al. (2022) lenaaesld MOS 5 n3u/
nn. waslievsandadidusmaaslulensngs
(45%) w1y 10 &Uni wudn viluadavunizasy
1.19+0.01 n¥u 1@3nydulaléRdu Ysinaunglaaluth
Fenanas annisazaulvfuluduuazanainziiin
MNMSRIRAIYesTiAaund aflulawmsmdy
WARINFIUNALNUTIAIYNNTIUNFINGIIUIN
Tsdu egelsfAnuuandldsuemsiduium
astulamsnaniuluavlag Joinsdnau wagd
nsazauveslusiudeasiinaeguam

auwanaslug e yiRviaiindy
Urarduegiuvia armuiand warusunmaes
w3lulofind seevnianiilyl anmussUan (01g e AN
Ay solne) animwindonfides agrdlsfimuemiade
drulngdnviluiesufufins masdinisiivteya
aaauaiiiy Weduduinmsiasunsluledind
Tuownsuanfaviliivanlags uasddunuiinunsns

gausule

navaniluladnddanisneuauasifuiy
uananmslinilulefnduauevnaiiedu
omnsvosgaunigiiiuusslonilumaiuemns
Y18y UTEANT A INN58089IM1T N1INATY
ase1msid unasildnd i lnguda nsld
wiluladndnaununisldeiuazaisiad duadse

1%
[y v

mimauauaqgﬁﬁmu PNY

9
=)

1) nsnaufiudawlanyUasy (Phagocytic
activity)

AsnaududlanUasuveawad fe naln
miﬂmﬁuuazﬁwmEJ?%@LLUaﬂUaamﬁi’J”]gHmw 970

nsvhauvesrasiadenvianig q Qululud
WARLAUASAN WUALATING warlilnsia) Inenisaey
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FU nAuAu uardesaanadelsaniedulantany
ﬁvﬁwq’maé Uanila (50.7+0.8 n¥u) fildsuems
waunslulodnd Immunowal® 02% ¢ a1y
ARSI n19n15A17 Sdunaundndu B-clucan
waz MOS wudadal1uaiu1salunissufuas
wlanUaouitu (Abu-Elala et al., 2018)
dlewadiindenvnfivihmdfdsaiunis
FuAud swlanvasudenantredulddudadu
AswanUaeuviogatin axndsmaulusl NADPH oxidase
waaiin1sdsuntaslu Oxidative metabolism ¥4
\wad nswasuuasiliSendn Respiratory burst 3
Usznaulugrensldeendiouiiiiudu msiiiuduves
Glucose oxidation vivlviliani1sas1agiueseanlen
waulewau (Superoxide anion, O,) LLﬁQQxQﬂLUSSU
5UL¥u Hydrogen peroxide (H,0,) inndu Tng
arfeiaulasl Superoxide dismutase (SOD) @313
H,0, ﬁﬁmmLsﬁusﬁugammsa@hqasﬁwlﬁ 8nva H,0,
annsag1atnlagyinuisedueiveseanled
weuloveu yliiAneendiaueznouies (Singlet
oxygen, '0,) way Hydroxyl radical (OH) Fsausa
vhanegadnlé (Cao et al., 2000) Faunarsuszneu
Iuﬂejwfﬁﬂ “Reactive Oxygen Species (ROS)” 1ag
Tudaguiin1sldUfA3en Respiratory burst uag
nalniAendeadusvivadauanunsavesdniih
Tunistesiuielsa Tne¥aannusunal H,0, uas O,
ﬁgﬂa%’wﬁu Tnataniy O, Judu Reducing agents
MILAnU 581 Reduction 484 NBT (Nitroblue
tetrazolium) dye dafuddouvdanisandindes
T8 Formazan @edidingu Tned3una O, avuds
funssfuaudiuresd Formazan iy
Iorahem et al. (2010) 51891431 Yania
(11.00+0.2 n51) ﬁ%’f%’ummmamﬁmﬁu 5 g/kg
w1 2 1fiou Tsedu NBT dye reduction 743 il
Wisuigununsliemsiasuinndud lnanuin

NsLInIEUE 500 un./nn. dauyuisinituazling

InalAesiu druvantiasuin 9.240.1 nfu lasutudn
nguAY (0.1% of MacroGard®) u1u 7 3u 91
Respiratory burst qqfuyu (Koch et al., 2021)

2) nMsnsgAuABNNALILY (Complement
activity)

pounduuiidududdyvesgdduiulag
AHdA (Innate immunity) 4111500 0UALBIABLTD
Tsaidanlusramelaeviudl wasdanszduliannis
Sunduiwdelsauazduuantass (Phagocytosis)
18Ty ddhutevimiilugidutusuusine
(Adaptive immunity) SaiiliAamsvianedelsals
SREANUIRELVIRRRIT

fiyenuivanfiaving 30 nfu Aldsuenms
HALLUAINAUAY 1 nSU/AN. nudnalnnsnsedunis
yaLDIsEUUABIN AL RN U A EUA LS
(Amphan et al., 2019) augfivardadildsuevis
HEUBUWAY 5 NN, WU 2 Wieu AsyAunsunGLuus
aeluduieatu (Tiengtam et al., 2015)

3) nanssulalalasl (lysozyme activity)

Lalwlasl (Lysozyme) iButoulasifindnun
970 Lysosomes vaai@add syt suiud elsa
wioAauanUaou (Phagocytic cells) warudosuly
nszuadend sazeyludiuvosinden laleled
7 g osaatentugad wuaiiselua u
Peptidoglycan Tnen1saniusy B-1, 4 lnaladdn
381719 N-acetyslucosamine Wag N-acetylmuramic

v 13

acid vliwaauuailiseiinnisaaneda (Lysis) 3adu
nalniddlunistiedestunsindouuailie
fAfiuszAnsam He et al. (2003) 71831u31 Yandla
AU MOS 0.6% illaloledfiiintu vasiivania
ld¥uomnsuauBuydu 5 n3u/nn. (brahem et al.,
2010) WA akAN 0.1% (Amphan et al., 2019)
0.4 wag 0.8% (Dou et al., 2023) 41159119 1UVD

lalalyadMnuduiunu
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4) msuanseanvasBuilifeatasiugiduiu

ﬂmgsm‘daﬂmzwﬁﬁmLLﬂuqqm%gmNa
fodianN MusENIsATIINveslal lnavinlrdaiin
AuAsen Jagdudinisldnisuanseenvuesdy
Heat shock protein 70 (Hsp70), Complement
component (C3 wag C4), Interleukin-1 beta (L-8),
Interleukin-10 (/L-10), Tumor necrosis factor alpha
(TNF-0) 3 liTusy sinavesenmsuaundlulednd
sondAuiulazAunusanuATgaveIvatlla
Tagiamzlalalen] (Cytokines) ilungulusudiaing
sfuLﬁa?ﬁ"amiLLazmuQumiﬁNmmaamaém’w 9 Tu
mzmumstﬁmmié’mmLLagmi@hL‘?}uaIiﬂ Qin et al.
(2014) 579891431 Uardagnuaud lesuomsuay
lalalealnuwamanilsa (Chito-oligosaccharides) 0.1,
0.8, 1.6 WY 2.4% WU 35 T4 ASLAUNITHANIVD
Bu TNF-QL ag Hsp70 anas Abu-Elala et al. (2018)
Tenslula@nymanisan Immunowall (0.1 wag 0.2%)
nauo1shiUanila 60 U NUINTEAUNISLEAIDDN
998U TNF-O 1iinTy wayfamuinnisuanieanves
Builiinarilvndduiulsauazdnmsonveaafity
uaﬂmﬂf'jﬂmﬁaﬁiéf%’ummimamqLLﬂu 0.5 nSw/nn.
WU 60 U UN15UanInvastu INF-Y, TNF-O Lag
IL-18 @Jﬁyu Tuaue i §u Hsp70 anas (Dawood
et al., 2020c) WWulfeanulaiila (24.5+1.6 n5U)
Al suomnsnay FOS 5 ndu/nn. wiu 56 Su dn1s
Wani00nv09d U C3, IL-16, TNF-Q, IFN-Y Lag
Hsp70 Iué’]’uqqsﬁu (Panase et al., 2023)

5) AMUAUNTUNSIAALSALAZAMULASEN

AINAEDUNITAIUNIULIA (Challenge test)
frensandewuaiisenelsafinuuosuaradiening
Femelriudniheiadu 9 Thasvilaensdide
TsafinelmAnlsalulandnvesior udrdunneinis
vaslsALarnIsAEaINNIsAndewIy 14 Ju agnals
AnmudniTevaresielylanageunavesnisly

nslulefndlunisteaiunisiinlsansan1snieain

nsfnielse iesanensatliazaanlunisusms
%’mmnmzﬁﬁmL%adaisﬂ‘i,umimaauLLawé’ﬂ?;uqm
NSNARDY

fis1891u3 Uandadildsuenmsuan MOS 4
was 6 ndu/nn. anunsadesiulsafitinainnisinide
LUAT LS & Streptococcus agalactiae ooy 9l
Useansnan (Samrongpan et al., 2008) uana Nt
Umﬁaﬁlﬁ%’ummiwam@mﬁu 5 n3u/nn. (Ibrahem
et al., 2010) uazkUANGLAY 0.1% (Amphan et al.,
2019) wag 0.4-0.8% (Dou et al., 2023) 1851500
ANEAINNITNAGBUNTITAALT 8 A, hydrophila i
qﬂé'fu anﬁaﬁlé’%’ummswauqmmu 0.1% U 4
FUav Faa8ann1saNe9InnIsAaLT suuAiiLSy
Flavobacterium columnare 881950 USz AN AN
LU (Amphan et al., 2019)

gn3150anNgvesUaItasnalinu1anUan
fgddusuuuuldimeigadu ldhandunmsie
yo3ans1n wu lalglel pouwndius n1svihauves
wad SuAud swlandasunionisuansesnvesiy
fifedastugiduilsessminnmsinde wilulefind
9199zn 3z uNIIaI ueIUAT IS o endelu/ vy
198U linelsa (Commensal bacteria) vinlilin
n1sgud anisidnnizeeand enelsaldey 1l
Use@nSam Kishawy et al. (2020) 51891131 5L
MOS 1JuunasmsuauveInisiasalardalusyuy
Tulewasn Yreandsunandenslsauisuia 1y
Vibrio spp., Aeromonas spp. k8¢ Pseudomonas
spp. Tuald@lanls

Janfiafidedlusruunumuuiugeasiing
livanasenldde §ednsldndeudi oan
anuasealusiane Wunalingsufiezldlunis
WigLAvlnanas uE]ﬂﬂ?ﬂﬁ%?ﬂﬂ?ﬁﬂﬂﬂﬁuﬂ’lwﬁﬂﬂa
USnaeendiauiiiuazuenluiieiigs vilsivaidu
p1sintdesas Usedansninlunistesa1misenaay

anasnnuldieinlignsuaniileastu (Tell et al,,
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2014; De Punder and Pruimboom, 2015) n159uds
Ua1 M3AnvuInlan wazAuwlsusiIuuasanIn
niiene Afdwrilivandainrnueien nsli
answaunslulefndenaanduisnisnifivavan
naLdefiina1naALASeA Dawood et al. (2020a)
naaenasUaila (10.05+0.02 N3u) fdedunin
MUY (600 da/Au) luduatvuin 50 8as uag
Igmswaunguay 0.5 nu/nn. wiu 60 Ju lallavin
TWemnssyivinanas netinisedeimslulednd
g1y bigaunidlumaiuemsuanfiagionsedu
mieiaaawmLLasam%umimmiﬁﬁu ANKANIENUY
ysauiiinanniadesUaniialuarumunuuiugsld

Unflafilf3uemsnauiusinnguau 4 nfiw/nn.
WU 40 Tu ndsanlasuinwannilusida (Fipronil)
Faduenguuaiildlundg ssdanuannsalunis
mauauaqmagﬁﬁmﬁ’uuazmsé’f’ma%aﬁaixLﬁu%u
lianudufivanansdinaniifidevatandosa
(E-Murr et al., 2019)

Jadeiidemasiouszansnmaasnsiindluledind

wnvanila
Binamazszeznafivadalasunilulefng

\dutiadedfniidwmaronisiadyivln giduiu

LALAMUAIUNIULSA

USanaudi ek
fnsldnslulefndlunisid vedania
Tudsunafiunneneiy widlngasldunaunomis
fAudutu 0.8-10 ndu/nn. egelsfnuaisd
A1sAnwILaziasIERUS IR nzaveenisly
w3lulefnduit auseloviniadunisiasgiiule

[y

AU uLazAUANATlUNITAYY Amphan et al.
(2019) uugrhbiludnguau 0.1% (1 n3u/nn.) unvan
daduarviiuduand il eusendarl9q e
Nurmalasari et al. (2022) 518911737 Uanfiafilddu
95 COS 0.4% ganaiivilinsiasaiviniay
wo i oaldgefis 0.8% Teaziiunalunisnszdu
gfiduiunaztostunisnieannsinideuuniide
S. inige Table 2 haninan1snaasslio1u e
wilulednduidnnig q undardalulSuiauay

szgzaNlvanaiy
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Table 2 Studies using dietary prebiotics in tilapia research

Prebiotics Dosage Duration  Results References
B-glucan 0.1 g/kg 30 days TGrowth rate Pilarski et al.
TPlasma glucose TSurvivaL (2017)
after Streptococcus
agalactiae challenge
0.5 g/ke 30 days THb, THct, TRBCS, TWBCS Dawood et al.
counts, TasT, TALT, (20202)
TAI_P, THSP?O, TIFN—V
wLIL—8
4 g/ke 90 days TGrovvth rate El-Murr et al.
JLoH, MDA, dcortisol  (2019)
»LGSH, ~LSOD, »LCAT, ~LGP><
and »L GR after fipronil
exposure
Inulin 5 ¢/ke 2 months TWG, TSGR, TSR, lbrahem et al.
TNitrobLue tetrazolium (2010)
(NBT), THct
5-10 ¢/ke 8 weeks TGrowth rate Tiengtam et al.
TLysozyme activity (2015)
TALternative complement
hemolytic 50 (ACH50)
activity
4 g/kg 8 weeks TGrovvth rate Zhou et al.
$rer (2020)

xLCAT and GST activities

under hyper-saline stress
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Table 2 (Continued)
Prebiotics Dosage Duration Results References
Fructo- 1, 2 and 8 weeks TGrovvth rate Abd El-Latif
Oligosaccharides, FOS 3% »LFCR et al. (2015)
TProtease
TVilli length
2% 3and6  Twe Abd El-Gawad
weeks dsop, yeat, dapx, dvpa  (2016)
2and 4 8 weeks TWG Poolsawat et al.
g/kg $FcR (2020)
TSOD, TALK
Mannanoligosaccharide,  0.5% 12 weeks TWG, TFCR, Tlgl\/\, Kishawy et al.
MQOS TLysozyme activity (2020)
Tiis, T iFn-y
TSurvival after Aeromonas
hydrophila challenge
0.02% 6 weeks xLFCR Azevedo et al.
TGrovvth rate (2016)
0.4% 60 days TVILU length Cechim et al.
—> Growth rate (2015)
0.2,0.4 60 days —> SGR Yuji-Sado et al.
and 0.6% (2015)

1%

— Growth rate

—> FCR

TGrovvth rate

THb, THct, TRBCS, TGPX
TCAT, THSP70, TCASPB,
Teny, Tii-8 under

chlorpyrifos exposure

Dawood et al.

(2020b)
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Table 2 (Continued)
Prebiotics Dosage Duration Results References
Mannanoligosaccharide, 4 g/kg TGrovvth rate Ayyat et al.
MOS date, daut, dast (2020)

TRBCS and THb under
chlorpyrifos ambient

toxicity

Abbreviations: weight gain (WG), feed conversion ratio (FCR), specific growth rate (SGR), hemoglobin (Hb), hematocrit (Hct), red

blood cells (RBCs), WBCs counts, aspartate transaminase (AST), Alanine transaminase (ALT), alkaline phosphatase (ALP), heat shock

protein (HSP70), Interferon gamma (IFN-Y), lactate dehydrogenase (LDH), MDH, malondialdehyde (MDA), glutathione peroxidase

(GPx), catalase (CAT), superoxide dismutase (SOD), Symbols represent an increase (T), decrease (~L) or no effect (—) on the

specified response.

sz8zaTI I
finsvaaeddwilulefndunnssiudaud 21 &
90 Tu urils1891UI1 MNlAlUAINGUALEIIUIY
Auldaglunagiduiunioaanaffionnasiniy
(Bagni et al., 2005) ag1alsAn1u WnIdeunesne
51891871 MShReuMsasuns luledndssazena
sxreifinauasnsalumsiuniulsn dedisneeu
Tutansuluiimsdild$uenmsnaunguay 0.2%
YU 46 U (Lauridsen and Buchmann, 2010) #1358
Qﬂﬂawﬁaﬂmmﬁlﬁ%’ummsmamqmu 250 un./nn.
U 42 Tu (Misra et al., 2006) we gelununis
nanieszuznafiuvnsaufiasasunslulefndun
Yanfla masinisinwdieduduin ssogluudiviley
Aonaregsdmanludunisfiunsasyivlnwas

ANSAUNIULIA

nskans lulafndstununanesdiansanisldsaunu

ansnszdugliduiuviindu 1
fnslansluledndsauiunsidlusivlednd

n3otsenan “Gululafingd (Synbiotics)” Tagniga

LANITESUNTUAUNluLINITNTEH UNS

19

Wwigivle wSugiinuiy wagnisdesiulsavanila

UTYMenvula WA ad il onsee un1s

WigAule w@Tugiduiu uazdesiulsalania

a

finannmany Fefldunauiiaimiy amse wfueed
fad ayulnsursvila arsadmainiivuaznals e
Tmrgliinwnsnsiluly lag Wee et al., (2024)
57891171 1150 MOS egrstAallaunsanseau
addufunazannisnisannisind euuadise
A. hydrophila usidleldus nguausiunslulednd
3u 9 wwrmfiunsasyivlaveslardanaziasy
afiRufuliviauldRB sty Abu-Elala et al. (2018)
wuz i insld Immunowall® & sfidunanves
lwinnguALiy MOS wasewnslsiania 0.2% Fsay
fdurremuniseiqgivle w@sundduiunay
ansafumUNAnTeRUATiSe A hydrophila ¢
Ismail et al. (2019) naasslio1u1s1asu Lacto
Forte Fafldrunauveaiudnquautazduydy 1.5
n3U/nN. U 45 U wuln Yaniladinasiasgaule

(%

waziANAulIAgdy S9N EHgRI158AN181ANTS

q
=l

AALT BLUATILS 8 Pseudomonas fluorescens AQu

Ghaly et al. (2023) naassldarnisuan Bacillus
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amyloliquefacien wazansanaanuuafiSeving
Tilanfiafiuwiu 2 weu wuilandatinisiasgivls
uagn A Auiuf A9y us Cavalcante et al. (2020)
14" Tusluled n DBA® (Bifidobacterium sp,
Lactobacillus acidophilus wag Enterococcus faecium)
nauiunilulafind MOS wazlalagiu wuinlidug
montstasgiAule egelsiniunisinisaniden
Tslulefndsawdunilulefnd mnlinsuauiawann
971992V AT YA TUNITNDUAUDINNATTING)
Y9IV MALAIUNAINYA18VIRFUNT & be 19
Cerezuela et al. (2013) 518971431 YaINII8LA
(Sparus aurata) TilgSuevsuay B, subtilis + DUUAUY
(10" cfu/g + 10 A3W/nN.) UL 4 dUa9 Hpn1TUan
U1 (Edemna) wazdmau wadsldnuarudnund
sananlulania
uonanifedisenuinidesitnvesnisld

a

w3lulefndunswie wu nsldduyduasuluems
Uaila Ae 51A19098uUAY UnITeuravinudaldy
ansaAgYINNYUI ananaslaaINNITAYATUIVN
Wundluledndunu 1y wnuagTu Uerusalem
Artichoke) % sfi8uyduilussdusznaugafia 160-
200 NFu/nN. kag FOS 120-150 n$3/nn. (Moshfegh
et al., 1999) Vel Tiengtam et al. (2015) 518974
31 Yanfafildsuemsnauunungu 10 n3u/nn.
utu 8 dUai dnsesgivlauazgunmi Aty
WieuwihUandilesuemsnanduydu 5 n$u/nn. @y
Van Doan et al. (2018) naassldn3ilulofndain
Fag1alwe 10 nTu/nn. W 4-8 dUanivinliuania

v A

finsseivlaiargIANTUNATY SuNEens e

q
a A

A18aNNsAaLG euwuATSe S agalactiae qa%u
Wiudieafuvandadilésuemsuaunmaiiu (Pectin)
PnAendu 10 ns/nn. Wi 8 dUanii dinstaseyiiule
uaznfduiulsnfiddu (Van Doan et al., 2019)
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#3UNan15Y
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This study aimed to isolate potential probiotic bacteria from fish pond water for the
application in aquaculture. The isolates showed that three isolates namely KP1, KP4 and KP5 which
had similarly to Bacillus sp. All isolates showed that the efficient spores on DSM 98.98, 94.99 and
94.45% respectively. The efficient spores in LB showed 98.92, 97.79 and 99.30%, respectively. Three
isolates were tolerated to stomach acid at pH 1.0-3.0 and tolerant to bile salt at 0.5-5.0%
concentration for 3 hours were extracted with over 72% of the survival and antibiotic susceptibility.
KP1 and KP4 showed that anti-biofilm producing activity against Staphylococcus aureus, Escherichia
coli and Vibrio parahaemolyticus. KP5 was inhibited biofilm formation by Staphylococcus aureus and
Escherichia coli. All isolates showed that tolerance to salinity was similar to the condition of the water
used in aquaculture. Our results demonstrate that three isolates KP1, KP4 and KP5 could have the

potential of consideration as probiotics for sustainable development in aquaculture.

Keywords: potential, fish pond water, probiotic, aguaculture’
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95 Wasiiud anduinluiadigandunasi 570
wluuns wazAwraosdudnissudslulefdy
(Bhandary et al., 2021)

AMsNUABANULANYaILUATISE
vwuafidoundsduesimsivas Nutrient
Broth (NB) 7fiulwiieunaslsafinnuidudu 1, 2
war 3 Wodldud vuilguunil 379, Tugduuide
LUUWEN S8AMI59 150 s0U/ufl uiw 24 F2lug
¥MN15190919uUATISE LastuEg e mNSIaY e
o Nutrient Agar (NA) Unftgmuvinfi 37°%. 24 %l
wazasratusuulalalifitiniu (Kewcharoen and

Srisapoome, 2019)

N13URUNITNAGRY NM1siudaya wazns
AATITYINANISEDA
TUNANITNABDIINIUHUNABDILU Y
Completely Randomized Design (CRD) §in15v1aa e
Wavin 3 4 I dayaNan 1A IATIZIN
ain lagleisn1siAs1eianulusUsIu (Analysis of
variance) La¥M1AIIULANAINVBINFUNITNAAD

¥

#1875 Duncan’s New Multiple Range Test 1A

d{' o

Wolusosay 95 WarNia1sIANULANAIIDE19H
Jodrrun1eans neloluswnsy SPSS (version 11)

]
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NAN15738

nsfaueniia n1sAnwdnuuEINedugUANe
KASNIINATIUNINYLAN
MnnsdauenuuaiFeainihleidssan
WATNAABUANBAUEN AU ININGY NUITLUATILSY
$1uau 5 lelman Anadanduuuedidelunguues
Bacillus sp. Ao foufindunsuuan dgusraduuvi
1o KP1, KP2, KP3, KP4 waz KP5 1nu1naaaunig

Faadl wutia 5 lolean annsanasudily naaeu
dulna wulratwisandndulaaainnsulniu
aunsaasrweuledinanag wazlaluian KP1, KP4
waz KP5 anursandsmevludorluiaa delinants
naaeulduuln duleluian KP2 way KP3 lalaunsa
wamoulusiorluaa yilvnanisnaaouiduay duiu
Fadon lelotan KP1, KP4 way KP5 fla1uisaadng
wulgdazluiaald uimaasunuauda
nslulednsiolu (Table 1)

Table 1 Morphology and biochemical test of five isolated bacteria

Isolates No.  Gram stain Shape Starch Motility Indole Catalase
hydrolysis
KP1 + Bacilli + + + +
KP2 + Bacilli - + + +
KP3 + Bacilli - + + +
KP4 + Bacilli + + + +
KP5 + Bacilli + + + +

The increased mark (+) in column rod shapes is gram positive bacteria and positive of biochemical test

(=) in column rod shapes is gram negative bacteria and negative of biochemical test.

nsnagaulszandninnisadreduasvasuuaiise
NNSNAFUUSLEANTAINN15AS19aUDs
YRILUATISBIUIY 3 tolaan tawn KP1, KP4 way
KP5 wuinuuaiiiBess 3 loloan anunsaadrsales
19 waglivszansnmlunisasrealasuue1ms DSM
f® 98.98+0.47, 94.99+2.76 Way 94.45+5.28 \WasiFus

aua1eu Useansnnlunisasieauaslua1nns LB
Ao 98.92+0.89, 97.79+0.56 way 99.30+1.44
6 @ I3 o w a a a
Woesidud auaeiu tnennlelsaniussdnsninnis
asvavesgeluemsns 2 ¥lla wildiieuuanedeiu
ag13lidudAgynsada (P>0.05) (Figure 1)
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Figure 1 The Percentage of spore efficiency of isolated bacteria

(n=3, Error bars represent standard deviation among three replicates)

MsvedaUNISLABNIALALINGBINAYRUATISY
nnsdILUABeIuIL 3 lelgan lawn
KP1, KP4 uag KP5 1Mad@euni1snunsalunssinig
9 1M1sLavinaeud luansavatemudy 0.1
Woesi¥ua pH 1.0, 2.0 Lay 3.0 NAouARAIY
Wt 0.5, 2.5 uag 5.0 Wesidud wudn A pH 1.0
wag pH 3.0 vadlolaian KP1 ddns1n1550nTan

gefign A 99.18+0.01 uaz 97.99+0.61 LWasidud
AUEIRU dudl pH 2.0 vesleluian KP4 18031013

a =

590 TINENEN Ao 98.75+0.72 Wosidud (P<0.05)
(Table 2) nsnageulundenii nuitaududu
0.5, 2.5 ay 5.0 1Uasidus laluwan KP5 19msinig
sondingeiian Ao 94.93+3.67, 95.29+1.63 Uaz
95.54+4.01 Woasidud auaau (P<0.05) (Table 2)
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Table 2 Tolerance activity of three isolates at different pH and Bile salt concentration

Tests Conditions Survival rate (%)
KP1 KP4 KP5
Pepsin pH 1.0 99.18+0.01%" 85.74+1.84°® 79.86+8.05®
pH 2.0 95.65+0.96® 98.75+0.72%" 95.28+0.02%
pH 3.0 97.99+0.61 96.58+0.35" 96.18+0.89""
Bile salt 0.5% 73.49+2.08 84.71+2.04° 94.93+3.67°
2.5% 92.55+1.77% 83.53+2.04° 95.29+1.63°
5.0% 72.29+0.00° 82.35+0.00° 95.54+4.01°

Values (mean+SD, n=3) with different superscripts in each row are significantly different (P<0.05). (a, b, c) Lowercase letters in
the same row significantly different among isolate for each pH and bile salt (P<0.05). (A, B) Uppercase letters in the same

column are significantly different between conditions for each isolate (P<0.05).
nsnagauANlIfeeIUf e gn1fu Oxolinic acid AulaluszduUunans
nnsuuuafiseumageuadles  lelaan KP4 danulisesnudusynviialusesiu
U 4 9lln loun Sulfamethoxazole trimethoprim  U1unans wavlalaian KP5 dad1ulisasujiiuy
(25 pg), Enrofloxacin (5 pg), Norfloxacin (10 pg), NNYUn gnLYu Oxolinic acid Afiar1ulaluszdu
Oxytetracycline (30 pg) Wag Oxolinic acid (2 pg)  Urunans wagnnlelgtaniadrudiunos

nwuitleloian KP1 Tadnulades ufdiugynudin - Sulfamethoxazole trimethoprim (Table 3)

Table 3 Antibiotic susceptibility of isolated bacteria

Antibiotic Antibiotic susceptibility (mm)
KP1 KP4 KP5
Sulfamethoxazole trimethoprim (25ug) R R R
Enrofloxacin (5 pg) S M S
Norfloxacin (10 pg) S M S
Oxytetracycline (30 pg) S M S
Oxolinic acid (2 pg) M M M

Values are presented as mean+SD of triplicate analysis. (S); Sensitive (diameter=20 mm), (M); Moderate sensitive (diameter

12-19 mm), (R); Resistance (diameter<11 mm)

89



5ANSIVYLALANFTUITINTINYAT 41(2): 83-96

mMsnageugnsnstussluleduvasuuniity
annsnaaaunisduddlulefduves
wumiise laelddiulausiaannigas (Cell free
supernatant) nlelaan KP1, KP4 wag KP5 wun
Tolwian KP1 uwag KP4 fUszansninnissuda
luleflduves S aureus wag E coli l#@ian (P<0.05)
Tnefuseansninnisduds e 74.89+4.31,
72.23+1.55, 70.17+4.46 uaz 71.19+0.91 WWasidus
AuaeU wazleluan KP1 waz KP4 Fefluszansnim

100
90
80
70

{a)
7017

(b)

58.77
60

50
40
30

% Inhikition

20
10

(a)

71.19

—

KP1 KP4

m'ﬁﬁugﬂuia?\lémm V. parahaemolyticus 1aeil
Uszansniwnisduds e 55714366 uas
58.77+0.92 wWasidud audsu duleluian KP5 i
Usgavsnmnisdudslulefidunes £ coli lidign
(P<0.05) Tneilszansamnistiuds fie 81.74+2.59
Wosidud uarleleian KP5 fallusz@nsainnng

[
v o

FudeluleWduvas S. aureus TaedussansAInnIg

v
(YY)

Uia Ao 67.18+6.79 Wesidud (Figure 2)

(@) W S cureus
(b) SILM O V. parahaemolyticus
67.18 [ E. coli
()
27.55
KP5

Isolated bacteria

Figure 2 Percentage of antibiofilm potential of cell free supernatant from isolated bacteria
a, b, c: Significant difference between biofilm inhibition on my bar graph (P<0.05)
(n=3, Error bars represent standard deviation among three replicates)

NSNUABAMULANVDILUATLSY
AINAITNAFDUNITNUABAIINLANVD S
wuafiSelulsfiounaslsaiinnududu 1, 2 waz 3
Weasidus wuifileisunaslssnnududu 1
Wasidud laleian KP1, KP4 way KP5 $8m51n1g
59ATIM A 98.39+1.31, 97.57+0.36 Lay 99.06+0.35

Woasidud audisiu Maneunaslsaniududy

2 1Wosgud 16m51n15500370 Ap 97.16%1.13,
95.01+1.95 uay 98.55+1.02 Wesidud auasu 7

¢ a v

Tennaslsaanududy 3 Wesidud donsinig
59ATIN AO 97.25+1.36, 96.15+0.14, 96.50+1.65
Wosidud audiu lnannleluanidnsinissen
Fings wilifianuuansaiuegralifedfynneaa
(P>0.05) (Figure 3)
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Figure 3 Sodium chloride tolerance of Bacillus Isolates

(n=3, Error bars represent standard deviation among three replicates)

32150iNaN1538

MnnsiaLEnkUaiiSEaIniveidesdan
WATNAADUANBAULN AU ININGY NUITRUATTLSY
$1uau 5 lelowan Mdunuaiiielunguues Bacillus
sp. fie feufndunsuuan dgusraduuis loun Kp1,
KP2, KP3, KP4 way KP5 UNu1NA@auni1asLadl
wuind 3 lelean ldun KP1, KP4 uaz KPS fiflug
Menadadeiukuaiiselunauves Bacillus sp.
donAdnaiuauideaes Pungpang et al. (2011) 7
Iaduunaeiugiazfnwaudfvesasfugaunsd
Mnuuaiidefidauenldanvedssiar nuindu
aneWug Bacillus sp. Bafianuanunsalunisduds
Streptococcus sp. Fufwdenelsaludnih uaz
aATevee Arai et al. (2011) finwut 8. subtilis B-1
ffauenldainirluteidesvanda fqusduds
wuaiiSerelsaludaitiled wu Streptococcus sp.,
Aeromonas sp. kag Vibrio sp. Tusruidvves

Rusmana et al. (2021) #ilddnwenuuaiiselung

%93 Bacillus sp. MNUWHLI wazAuszneulutaidsds
WU Bacillus sp. Ltsd0 fidauenlafidneninlunis
ilUlifuluslulefnlueidesis eniuay
V. harveyi fivilAnlsa Vibriosis Tufe Nsvaaey
Useansnmnisasnaauasvelelaian KP1, KP4 was
KP5 mus1ve 3 leleian aunsaadisaUesly waxd
Uszansnmlunisasrsalaiuuenis DSM uag LB
23n31 90 Wesldud aenmrdediunuideves Karava
et al. (2019) AlFnanliiuvaiiZelunguues
Bacillus sp. anunsandnalesligeds 80 lWasidus
melunan 24 F2lus lunsuanauesues Bacillus sp.
asduegiudatesia q loun a1so1vs quungd
AP uNIA-A13 wazan muandendlimuisay
AsnunselunsEMITeIMIshasinde R ves 3
lolgan wura@wIsanuaensa pH 1.0, 2.0 way
3.0 Wndeunfinanududu 0.5, 2.5 uag 5.0
Wosidud lnedfidnsinissendingsndt 70 wWesidud

Bhandary et al. (2021) lafinwinuauda
Wslulefinuea 8. subtilis fiwenldainUainednuis
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WUELSaNURensadl pH 2-10 dunaunuds
6 Falus waznusieauudurenndoti 0.2-0.6
Wesiud lnefidnsnnissendingandn 85 wesidud
naaouadulides1Uf¥ue 4 yida lauwn
Sulfamethoxazole trimethoprim (25 pg), Enrofloxacin
(5 pg), Norfloxacin (10 pg), Oxytetracycline (30 g)
waz Oxolinic acid (2 pg) wualelatan KP1 dadiula
seeUfTrugynuiia sariu Oxolinic acd AiflAy
Tluszavurunans lelaian KP4 fimuladeen
UTrugynulinluseauliunas waslelean KP5
finulsae1ufTrugnnaila aniiu Oxolinic acid
Afanullusgduuiunans wazynlelutaniiainm
A1unee Sulfamethoxazole trimethoprim 910
MUV Huovinen et al. (2001) Taasuraliingn
Sulfamethoxazole trimethoprim finnsldiiosnu
TsaRnidevdnnig o urdeusd w.a. 2478 vl
wuAenefosviadiiuuiniu Tnoanis
TuUszmamasWmul 981 Sulfamethoxazole
trimethoprim azdisimgnninewiadu uazldeeis
LLWs'wawiums%’amé’ﬂaaﬁam%muﬁumsﬂm
981971 n1snagaunisdudslulefduves
wunaiiise laelddrulausimannwan (Cell free
supernatant) wud1leloian KP1 way KP4 i
Uszans mmmsdudslulefldumes S. aureus uaw £ coli
iﬁﬁﬁqm wazdaiiusyansnmnsdudslulefduves

a

V. parahaemolyticus @aruleolgian KP5 fiuszdns

a

amnsdudslulefidunes £ coli I6Afian uazdd
Usgananmnsdudslulelduves s. aureus
91N9WITeves Bhandary et al. (2021) ilé
Anwrdnentwaeslnslulefn B. subtilis Wwuin
annsadudanisadalulefiduves V. harveyi Tnei
Wosdudduds 315 Wesidud sudinisadi
luledlduaes £ coli Tapiesifudduds

v
o

288 Wasidud JudanisadrsluleNduves

[
o

Pseudomonas aeruginosa Tnefesifunduds

v
o

34.8 Wosidusd way S. aureus Wneiliasidudduds
34.4 1Wasidud 31n91uIduvee Dangsawat et al.
(2022) Al dansnu1dadaanailduaida uay
nageunistudslulefiduveuuniie wuiaunse
ArunisasnsluleWduves Vibrio parahaemolyticus
way Escherichia coli 1§ N1SNARBUNSNUABAINILAL
yosuuaniSeluleiounaslsaiinnududu 1, 2 uas
3 Wosidus wuinlelaian KP1, KP4 wag KP5 9
lalgianiidnsin1550nTingandn 95 wWesidud
donndaeiuuIsens Nwagu et al. (2020) 7ilg
FausnuazAnwilnslulefnngu Bacillus sp. AifALeN
Igandamsniudiedunenin wuindulnsluledin
fianunsanusonufy frnududuvededioy
paalsd 1.0-4.0 Wesidud lnefidnsinssentingenin
90 Wosidud esanmsuszandldludrumzies
&niun Sedeamnasunissendinvedinsluledn
Feudiduresmudlngdifssiuanizvenindes

Plalunisnziagednidnnendeludinges Tuauds

¥
av A

Ay lunuddeddwandiiiuiiuuaiiiiengy
Bacillus sp. Ndauenlaiidneainfagldiiuy

v '
1 o A

Tnslulednlunsinziesdniviegredatiulalusuias
#3UNan1538

nsAaLenuUAiSsantiUsidsaal wui
fluuaiizesiwau 3 lolsan fanainazfunuaiise
Tunguvas Bacillus sp. loun lalewan KP1, KP4 uay
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Pickled mango seeds are a year-round waste that has a major impact on the environment in
Thailand. The objective of this study was to investigate the optimal extraction method for pickled mango
(Mangifera indica L.) kernel oil (PMKO), using Soxhlet extraction (SE) and cold pressed extraction (CPE)
methods, to exploit its potential for commercial purposes. The physical (extraction ratio, viscosity, color,
melting point, and refractive index) and chemical (peroxide value, acid value, saponification value,
unsaponifiable matter, lodine value, TBARs, including antioxidant and anti-inflammatory activities)
properties were evaluated. The results showed that the extraction ratio and viscosity of PMKO obtained
by CPE method were higher than those of PMKO obtained from SE. The oil extracted by CPE had a light
brownish-yellow color, low peroxide value (1.93+0.06 meq peroxide/kg oil), slightly high acid value (14.44+0.10
mg KOH/g oil) and were in liquid form at 25°C. The antioxidant and anti-inflammatory properties of

PMKO that derived from CPE was stronger than these from SE. The antioxidant and anti-inflammatory
activities of PMKO that derived from CPE were 71.87+1.09% (inhibition at 50 [g) and 81.47+0.98%

(inhibition at 100 Lg), respectively. Our results indicate that pickled mango seeds are a good source of
vegetable oil. Cold-pressed extraction is an efficient and cost-effective method for obtaining oil from

pickled mango kernels.

Keywords: pickled mango kemnel oil, physical property, chemical property, antioxidant, extraction process
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Figure 1 Effect of different extraction methods on colour of pickled mango kernel oil samples

from (a) cold pressed extraction and (b) Sohxlet extraction

Table 1 Effect of different extraction methods on physical property of pickled mango kernel oil

Properties CPE SE
Extraction ratio 56.25+0.60° 96.88+0.11°
Kinematic viscosity 70.7+0.1° 62.1+1.3°
(40°C, shear rate 110 sec™, cp)

Colour

L* 68.73+0.20° 69.52+0.14°
a* 9.12+0.13° 7.96+0.05°
b* 73.15+0.20° 61.01+0.12°
Melting point (°C)™ 7.21+0.02 7.11+£0.14
Refractive index (40°C)™ 1.45+0.00 1.45+0.00

Dry weight basis; Means of three replications+SD (standard deviation); Different superscript letters mean significant differences
(P<0.05) between conditions in each row. CPE means cold pressed extraction. SE means soxhlet extraction.

ns means non-significant differences.
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Figure 2 Effect of cold pressed extraction (CPE) and Sohxlet extraction (SE) methods on

(a) extraction ratio, (b) kinematic viscosity, (c) melting point and (d) refractive index of

pickled mango kernel oil (PMKO) and fresh mango kernel oil (FMKO)

Circle area means variation of the data.
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Table 2 Effect of different extraction methods on chemical property of pickled mango kernel oil

Properties CPE SE

Peroxide value (meq peroxide/kg oil) 1.93+0.06° 6.19+0.04°
Acid value (mg KOH/g oil) 14.44+0.10° 16.74+0.05°
Saponification value (mg KOH/g oil) 142.81+0.48° 186.38+0.39°
Unsaponifiable matter (%) 1.52+0.06° 0.53+0.01°
lodine value (g of iodine/100g oil) 65.18+0.79° 43.73+0.37°
TBARs (mg MDA equivalents/kg oil) ™ 1.14+0.03 1.17+0.02

Dry weight basis; Means of three replications+SD (standard deviation); Different superscript letters mean significant differences (P<0.05) between

conditions in each row. CPE means cold pressed extraction. SE means Soxhlet extraction. ns means non-significant differences.
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Table 3 Antioxidant and anti-inflammatory activities of pickled mango kernel oil with different

extraction

Properties CPE SE
Antioxidant activity (%inhibition at 50 pg) 71.87+1.09° 59.72+2.58°
Fe?*-chelating ability (mg EDTAE/g db) 1.82+0.22° 1.61+0.05°
Anti-inflammatory activity (%inhibition at 100 pg) 81.47+0.98° 75.39+0.67°
Total phenolic content (mM a-TOCE/g db) 9.06+0.52° 6.77+0.41°

Dry weight basis; Means of three replications+SD (standard deviation); Different superscript letters mean significant differences (P<0.05) between conditions

in each row. CPE means cold pressed extraction. SE means Sohxlet extraction.
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Figure 3 Effect of cold pressed extraction (CPE) and Sohxlet extraction (SE) methods on (a) peroxide

Value, (b) acid value, (c) saponification value, (d) unsaponifiable matter, (e) iodine value and

(f) TBARs of pickled mango kernel oil (PMKO) and fresh mango kernel oil (FMKO)

Circle area means variation of the data.
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Figure 4 Effect of cold pressed extraction (CPE) and Sohxlet extraction (SE) methods on

(a) antioxidant activity, (b) Fe?*-chelating ability, (c) anti-inflammation activity and (d) Total phenolic

content of pickled mango kernel oil (PMKO) and fresh mango kernel oil (FMKO)

Circle area means variation of the data.
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Nuea-Sai konjac corm contains glucomannan, which is a water-soluble hydrocolloid, forming
increasing viscous and gelling properties. Glucomannan is a dietary fiber that does not provide energy,
it is therefore commonly used as a thickening agent and food ingredient in the health food industry.
This research aimed to investigate the physicochemical properties and glucomannan content of konjac
powder obtained from different drying methods, i.e. hot air drying at 60+2°C, and solar drying, and
extraction methods, i.e. mechanical particle technique; KPM, and ethanol extraction; KPE. The results
showed that konjac powder obtained from hot air dryer konjac and extracted by KPE; KPETD, had the
highest glucomannan content of 87.46+0.77% with no difference from commercial konjac content at
85%. It contained high moisture content, pH, redness (a*), and yellowness (b*) values, and had moderate
lightness (L*). It also had higher peaks and final viscosity levels than the other samples. Whereas the
sample obtained from hot air dryer by KPM; KPMTD, showed the highest level of L*, and oxalate content,
but had the lowest values of a* and b*. The sample obtained from solar dryer by KPM; KPMSD, had the
lowest glucomannan and final viscosity. While, the sample extracted by KPE; KPESD, showed a high b*
and peak viscosity, but it had low moisture and oxalate contents. It also found that all konjac samples

had higher peak viscosity than the commercial sample.

Keywords: konjac corm, Amorphophallus muelleri, konjac powder, glucomannan
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Wy Jldiduansii uauduniawazldlu
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oRAMNTILEMNT NUATeTTTngUIzasdIe @nw
AuanUAn1anIenIn-1all waruTunaasnglanuy
wuugsvesHsynildanynusiildIBnisviusie leun
Tdfouausoudl 60+2°. wazdounasoriing uaz
Bnsadanyn lowa n1stneynIAdang; KPM uaz
ANSENAMIYEITATA8LeNIUDe; KPE Auanaeiy wa
M3ANwINUI mayniadadisieniueaainyn
BULIIAI8E 0UANT U; KPETD HuSunaunglauiunuy
geiian InefluSinaudovay 87.46£0.77 Fslaiunnsing
IMNNIYANITAIT Tog Yovaz 85 mayniiuTuim
AU A1 pH ATALAS (%) wazAndios (b%) sedfugy
wariAnmuadned (L9 ssduuiunans Snvadien
AMUNEAT gagaaauazAundagaiegani
feeedu q myniadalnenisdnoyniadinasin
UNBULYIA 6 aUaNTaw; KPMTD 41 L* Uag
U31N0U0enTIaNgaan UsislA a* uaz b* fga seyn
fafalagifvaeyniadinainyneuuisiiegeu
Wae17ing; KPMSD dUsinaunglawiuiuulazaIy
wilagavinesiign daunsynatafelenueanyn
BULMIAIEG DULAIRAE; KPESD dlAd b* uay
Aumniingeanszdugs uiiumunuduiazesn
ganaan lagnan1sIsenuitnaynnndaegi
Afnwilemnuviingsgaannnitreynnsiniivim
wWiguiigy

AEN uiy: ﬁ’JQﬂ Amorphophallus muelleri

HIUN NQlALNULILY

A1

U0 (Konjac) WufLid ensne nioynld
(Amorphophallus muelleri) Lﬂuﬁﬁuﬁ’aa&ﬂmﬂﬁuau
(Araceae) @n ay n (Amorphophallus) RRIETEY
\nsugAayuvuddyi wuugnunludmiaain
wigodaou NyYauys wasteslny (Botanical and
Herbarium Research, 2020; Rouarut, 2021) ‘UqﬂL‘f{lla
noeduiugfinainsinaseme wu Ju gUu uay
glsv fianudeansgeunn iellunsdansynuas
afinansdndy Ae nglauuuuuy Fadulndusnanlsd
fiusznoudsinanglaauazusnlualusnsdiy
1.6:1 3 sunotudaawuselnalaled (B-(1,9)-
glycosidic) LLazﬁﬂﬁijLa%ﬁa (Acetyl group) N5¥318
ogiluuumeluana vilvinglaununuuligneee
aanefotoulsllusrenenyed yndslimdanus
unuaziduleemissssuvnd (Dietary fiber) dle
Uslaatluudezvinliddnduuu uazvanudes
dhmasonuniisadnifesegedn q Sedawannis
paduvastinanioludurudld Tindsaus
anamzdminiu nansuwndsldynduoims
dmdudUrsiumanu lsalvdulubenas Tdauau
audulafings muaiviin lawnamoseaiazan
dnanudsddunniauziidasionzuzdadld
PreU1dnoInviosynuazLindssansaiwlunig
Tugngrasszuuild Jumungdmiunisimuneims
4UN1MUAIMSEIMTUKEe38 (Chiu and Stewart,
2012; Chua et al.,, 2012; Phukasmart, 201 3;
Harmayani et al., 2014 ; Borompichaichartkul
et al., 2016) lugaamnssuormsiinsynuitdidu
asfiumudunile auesiuaziliiAniea
ProufinansFlunmsduiuanivinyanuiuves

awnsinvy wasdadunsesuleansitundn soue
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#1499 $hetu wey Wwad wanfaeimuntl ldnsen
antu niyse meynfiannsaiaealddeldsmtusig
ielalnsnoaanen (Hydrocolloid) U1eudin @unse
Fusuiundndasidusing q 16 Wy ynidu vend
&R 1 (Sukumolnondha, 2009; Borompichaichartkul
et al., 2016; Srisamatthakarn et al., 2019, 2021)
Snsfansyndadaudidunilulofn (Prebiotics)
yaun3dnelsalualdluaunsadluldiduunas
o5l uagdrduaiunisiaiguegdunIon
Ustlowilugnane 1wy Bifidobacteria wagdudanis
1936Y¥84 Clostridium perfringens wag Escherichia
coli (Chen et al., 2005, 2008; Harmayani et al., 2014)
waynwusid ensnendeunld Tugiine
wiszun Janinnin darsnglanwuunuugs fadu
M oIN13URInaIAn 19U TEInAlusEa uga
(Borompichaichartkul et al,, 201 6; Srisamatthakarn
et al.,, 2019) il endnnsyndviullugnamnss
9IMIUAZWNIAUA M Tt ua s
Funila InguIuiamnudeanisidnsyniunaialan
30,000-40,000 Ausiaol uarANABINIsIdiIynan
Tudszwalneunnnin 12,000 dussl walseinelng
nanlauseaa 5,000 fiusiol (Borompichaichartkul
et al,, 2016) ynTaduied fdnoamlunisiian
W lvidaurmaasugia esaniluunliuan
Fosnsvesmaaiiiingedu uilssnuudszdyndiu
Ingiilimalulagnisuusgyyunuia (Konjac chips)
winiu vilvyad1vesiaynit udluaunduaedy
HeyndsAdmuielunalnds 1,000-1,500 v/
Alansu wilssnuuiansiaumalulagndnmeyn
Adaaninuinigiu Jedseenynuislunain
isUssmaioatnLenuaynnglakLuLuL wagiudn
Tugunsynadauieldlugaaimnssuoms uazeia
aeAmu3tunsidnsynlunisudsglerms Jeinlv
gAaINITUNITNA Akaz U URIYnvesing

FYAANUAILNTOIUNITHYITUNA AN UIToUT 9T

[

Tnqusvasduiteliliisnsviuiauasisnsadansyn
AUTIunglausuluugs daaammisnienIwLay
AR wazdansueai@ousansandt iiesain
ponaandl oduilad ud il sl LA aennsdu
uazszAIend 09 1l ou3 lnaaertlin & unesuasd uunn
(Chua et al., 2012; Botanical and Herbarium Research,
2020) IngjanTslildnayni dnadnuusfianya
annsaludseyndldldaidugpanvnssuenns dq
aztfunsetuind oulidwaunaynlidaudnis
wAsugAa Tasn1sudsgunsynd udy (Primary
processing) ba ¥ N9 R 3 a A1 (Value added)
Tudszinalng unun1saaiaynannioynuis
TUsusgmaiolisudumsynuaztindiunee
Tudszmalnefisauns Sstwannisiitmaynain

asUszmalaonnanile
¢ ad
gUnInUAZIdNIT

AfAy

synamiusilonsefidanaduriigudnans
25-30 9. nuviasUgnlugineusiszang Jawminnin
AU vmanaslufousuAN WA, 2563 Uazkeyn
114n15A1 (FO44KP) vosuTEnnsanuniad 3119
Farhiinuseimedu

NTATBNYNLAY UaNITANAKIYN
a1iheuazeaiiyn Yeniwaden wasu
Buduuns dluvhuds 2 3813 Ao 1) sudedou
auSeuiigamil 60+2%. uw 9-10 $9lais (TD) uae 2)
ouUfegeuLatoindfiguunll 52+2%. U 12-13
a3 (SD) auynuisdiaruduliirudosas 10 ly
UnAATIAFILLAS DsURazLBEALUULTY (Pin mil)
wanhafauenlagsaunzunITaUILIA 100 W 10y
nsaiarayn 2 35 Ae 1) afansynlagnisdneunia

L% 90 @ (Mechanical particles technique; KPM)
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A AKkUAI91A Cham and Srisamatthakarn (2018)
way 2) afakenNNauNAIBleNIUBaluTUIoEaY 50
(Ethanol solution extract; KPE) @ akdasann
Srisamatthakam et al. (2019) 9% l#naynitanua 4
dmeaos léun mynafmlasnsdaeynadenaild
NNYNULIEdeuaNTau (KPMTD) neynainale
lonueaiildainyneuwisiiegouanieu (KPETD)
waynaialagnisineynadsnadildainynounsie
AILHOUAIDTTING (KPMSD) Heunannaleeniues
filfanynouursiegeunaseiing (KPESD) U339

Tugs PET vl 3w

N153tATIERAMAINNINIEAINAT kazUTuIw
nglanuuLuL
MTIVADULALILATILVAMAINNIAIYAIN -
il wazUFunanglauiuuULYBINIYn ¢ AeMnas
WU UAURIUNNISAT (FO4AKP) ¥B9UT oW
nyunmall 9110 lagdnedveseyn (lightness, L*;
red-green, a*; yellow-blue, b*) Tnaldia3 oaind
(Colorimeter, 3NH-NR200, Republic of China) @1
ANuTuNIA-A1a (pH) veaaaynduduiosas 3 lng
U1nns Sadeiniesindinruidunsn-as (Horiba
Scientific, Japan) WeANITUAUAMUNTAVDIIAYN
dudufosar 3 Sadeidesiannudunia (Rapid
Visco Analyzer, RVA q'u RVA-4, Newport Sciencetific,
WarieWood, Australia) Tngd 97 1A5189% a Ay
\nunsAans uvAne deidesivl Ui
AATIEAReIT Gravimeter method Ainwdadisues
AOAC (2005) Y3unaueanaian (Soluble oxalate)
MU35U8 Xu and Zhang (2000) wazUIuungla
LUULUY FLASIENANUAS 3, 5-Dinitrosalicilic acid
colorimetric assay method (Impaprasert, 2013)
lngUSinaeaneian uagnglawiuuuy d9iiegig
WUATIER 4 AUEINGANENS PAINTAUNIINGRE

nsAATIEdayanIeEin
ihdeyaiilsundinsizianuudsusiuma
a0 @ (Analysis of Variance: ANOVA) ANULHUNTT
maaqu’uamqiﬁ (Completely randomized
design, CRD) nAa849117U 3 %1 waviUSeuLiisu
ANALANGA19UBIA A BLUY Duncan’s New Multiple
Rang Test (DMRT) a7 §ve3 Cochran and Cox
(1992) Ingldlusunsuaniagy SPSSvaesdu 15

[

NsLAUANLLTBLUSBEAY 95
NAN1599Y

HANISANYIAUAINNINIAINLALLAL
wuimsynanlneisdaeuniadanadlaainyn
BUWAIRIEABUaNTaU (KPMTD) dA1A31uadng (L*
64.920.4) UagUTurueansan (6.18+4.03 un./
n$a) 1nNIEIyNFE198 Y 9 uadiArinimayn
N9N13ANRE1INBE AYN19eDA (p<0.05) (Table 1)
ANALAIYBIHIYN KPMTD (a* 2.92+0.0) kazA1d
WaDs (b* 11.3+0.2) Angn usliiuandnsiuiuana
voansynilatalagistneynadanailadainyn
BULVIAIEF aULAtD17IRg (KPMSD) dyunsynarin
selenuead liannyneuusieg suanieu
(KPETD) dlA1duna (a* 3.86=0.0) gagalunisadia
(p<0.05) Weynafaf18LoMUBAT LNy NDULS
A5 BULAIR7IAY (KPESD) AANd1nd 09u1nnin
KayNAI0E9BY o usiilarinnimeynmansftogad
HodAgn9aia (p<0.05) wayn KPESD wag KPMSD
fiUSnmeeneansingn (5.48+0.04 uay 5.51+0.72
un./n¥u muaeu) Tuneadii (p<0.05) awiiuiing
afansyneigleneainalikynilA1ANLaIN uax

o a

USualeangananasag9luedAgyneana wad

AFLALATANFMADWNUTY AuUTUIMANTY
WUIIHIUNN1TANTUT T gay 10.17+1.60 B4
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gsaaluneadi (p<0.05) drumsynilldainnisnw
fanuduuansnsiudniies TnefiGinusswinedosay
7.7620.04 fi1 8.62+0.03 Fsogluinausinnnsgiuves
HaUN (INS No. 425) a1udan1vuUnnNATNNTD

W1nIgIuTRaLdavue msanulsenAd1nIu

ANENTTINTOIMNTUALELATINAsgIUlALiNG LauTi
1 (Food Division, 2012) fifvualiusyniannudu
LiiAufesas 15 azuiulddmeyniildainynauuis
e ounaefindfiuTunueansansinitayn

flanunauwissegouauiou

Table 1 The physicochemical qualities of konjac powder obtained from different drying

and extraction methods

Konjac L* a* b* %Moisture Oxalate pH
sample content (mg/g)

KPMTD 64.9+0.4°  2.92+0.0° 11.3+0.2% 7.76+0.04°  6.18+0.40°  5.83+0.04%°
KPETD 61.3£0.4°  3.86+0.0° 11.8+0.1° 8.17+0.01°  6.09+0.45°  6.03+0.10°
KPMSD 59.7+0.5¢  3.01+0.1° 11.6+0.1¢ 8.62+0.03°  551+0.72°  574+0.04°
KPESD 57.6+0.1°  3.69+0.0° 11.9+0.1° 7.60+0.02°  5.48+0.04%  6.39+0.27°
Commercial ~ 89.43+0.67% 2.93+0.15° 15.07+0.80°  10.17+1.60° 8.01+0.01°  5.43+0.31°

Means+SD followed by different letters are significantly different (p<0.05) according to the DMRT test.

nsAnwmgAnssusunamiavesaayn
wisnanmeynidududesas 3 Welviauieuluns
agay wudtmeyn KPETD Tdhianunu 6 widl lunis
\Anteadifinnuviingean (Peak time) Feldiaauy
nimayniIeg By  uazkaynnsAildansEning
5.1-5.7 W1l (Table 2) ae1dlsfinu nayndldvynds
naaed e unaffitAateadlud (Pasting
temperature) figaumgiitiedtude 62.6%. uaydl
puvinfiiniaafisinimaynnisdn weynitldfamn
firnauniinfigngsgn (Peak viscosity) IndiAsaiiu
lpgdA158m719 21,103.00£1203.39 19
23,980.33+352.61 cP. hardiAAuvingaan
UINNIMIYNNITAN (13,845.00+5,844.39 cP.) BE4dl

WodAYn19ad A (p<0.05) LAAIINIAVBIHIYNT

finnnlafiannuminfigngsaauinnimeynnisin
Uszanal 1.73 win fueianaminianseninms
VALY (Trough viscosity) Wu3Imeyn KPMTD e
iiian drueaynnisddaianuvidadaainfy
7,110.33+4,251.56 cP. Fad Uﬂ'wqaqmiumqaﬁa
(p<0.05) il oangungivesaaynas vivlsiaram
wilngnyine (Final viscosity) 189198y NAMARDS
anas laglaayn KPETD waglaaunni1sA1daIAy
niinaaiiegaiigalunieadd (p<0.05) LAy
9,803.67+326.70 Uay 9,716.33+64.21 cP. E‘h‘lJNﬂUqﬂ
KPMSD dlramilagavinesiiiiae
AUUTUINQLALNULUY WUTIRIYUNEARR
shetenueadilfanyneuwisiedeuaniou 3o

KPETD fu3unanglausmuuuiesay 87.46+0.77 34
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WINNIINIUNAIRE198 U sgeddudAynaia  n1sadanayndgleniueadnavinlvinayniiainy
(p<0.05) (Figure 1) uldumneinanmaynmsangd  U3gvisundu dawalviusinanglawmuuuiinanny
YTunaunglanuuuuudesar 85 diunsyn KPMSD  Tusegrsynauuienldismsvihuiuuuiieniu

finglakuuuuu AgaiiSeuaz 67.34+3.86 azuiulain

Table 2 Rheology properties of konjac powder obtained from different drying and extraction methods

in comparison to commercial konjac powder

Konjac Peak Pasting Peak viscosity Trough viscosity Final viscosity
sample Time Temp.
(min) °O (cP) (cP) (cP)

KPMTD 57 62.6 22,051.00+968.22° 1,377.33+120.66°  4,469.33+336.66°
KPETD 6.0 62.6 23,997.00+64.21° 3,673.67+1,032.58° 9,803.67+326.70°
KPMSD 55 62.6 21,103.00+£1,203.39° 2,378.33+952.08°°  2,856.33+166.94°
KPESD 5.1 62.6 23,980.33+352.61*  2,962.33+352.61°  3,643.00+674.03"
Commercial 52 64.18 13,845.00+5,844.39°  7,110.33+4,251.56* 9,716.33+64.21°

Means+SD followed by different letters are significantly different (p<0.05) according to the DMRT test.

100

87.46
79.44 80.16 85

(o]
o

67.34

(o)
o

%Glucomannan
n
o

N
o

W KPMTD g KPETD KPMSD @ KPESD g Commercial

Konjac sample

Figure 1 Glucomannan content of konjac powder obtained from different drying and extraction

methods in comparison to commercial konjac powder
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Effect of Sodium Bicarbonate Solution and Chitosan on Browning

and Bacterial Contamination in Ready-to-Cook ‘Thai Round Green’ Eggplant
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At present, the demand for ready-to-cook fruit and vegetables tends to increase due to their
convenience and time-saving cooking. A problem of ready-to-cook eggplant is browning on cut-surface
and microbial contamination. The objective of the research was to retard browning and microbial
contamination in ready-to-cook eggplant. Eggplants were washed with tap water and cut to be 4 pieces.
The pieces of eggplant samples were dipped in 0.5% sodium bicarbonate (SBC) solution or 1% chitosan
solution, compared to the control (distilled water). All fresh-cut samples were kept at 4°C for 6 days.
The result found that SBC treatment efficiently retarded browning compared with the control, as
indicated by a high L* value (lightness) in the cut surface, while a* value (green-red) and browning index
were significantly lower than those of the control. However, chitosan treatment increased browning, the
accumulation of total phenolic content, and the respiration rate. Moreover, SBC and chitosan decreased
the contamination of total bacteria with no effects on weight loss and firmness during storage. The
results indicate that 0.5% SBC treatment has the potential to decrease browning and microbial

contamination in ready-to-cook eggplant.

Keywords: browning index, coating substance, eggplant, ready to cook
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fnavlvusnnsessnasuduaihaangasnda
Andnuwurdsingildaisny wayliifuiveusu
Ya33UslnA (iraphothithum et al., 2010)

nstesfumsiindunmaludnnalddausa
wanw3s i nslaansiad lewn Citric acid, Oxalic
acid (Suttirak and Manurakchinakorn, 2010),
Ascorbic acid (Yildiz, 2018) ika¢ Hydrogen peroxide
(Peng et al., 2008) N15LEITNINLAIN 13U N1TTX
ﬁéﬁau (Grzegorzewska et al., 2022) AsLAUT Y
Tugnwussennidaanlag (Teixeira et al., 2008)
warn1sleasiadeu lAun L9a7T1un19eTELl
(Mohebbi et al., 2012) wazlalswayu (Gonzalez
et al., 2009) WWusu Faansindevunswilainmanda
Tunisded udeqdunidlddae 1wy n1sindeu
lalauguaunsagudenisiasgrend eqdunie
TuwatiUadausaiug Fuji (Qi et al., 2011) Lagwns
AnULAIITUS d’Anjou (Xiao et al., 2011) laRsenIng
AMsiusnm

nmsvudowrentegdunsdidudnnilataym

b

o

ddlunisudadnualddausaniaudse lne

o ¢

duvisgndnUulend 2 naulvey Ais RuUNIGMINIA

> =

o

a | a a a6 a
LA ﬂﬂqiLquaULLa%ﬁlaumﬁﬁlﬂaIﬁﬂW Lﬁuaumiqﬂ
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I aAada

aorfuslan 91nn15A w7 uN U5 ans
fivannvanglunisannisuuiioureadeqdunds 1wy
nsldasiad laun ladsunaslsd wasleney
luAsuaiun (Pinto et al., 2015) wagn15LE35M1e
nenn tawn Sadgd dansienan waznislduseiugs
(Fan and Wang, 2022) 1Judu sgslsAniu asld
asaddndudodldasadfldfunissousuany
Uaendesoduilan wu ladeuluasuein Juens
Adlugnamnssuemis daliuanslungu Generally
Recognized as Safe (GRAS) (Geng et al., 2011) Lau
nsldarsazanglafenlunisuaiun arumdudy
10-100 mM a1unsamdanisuuid oureade
Escherichia coli lea8198Uszan5 a1 (Labaiden
et al., 2013) uona1nd Seatu1soldled oy
lumfueiun anadudu 64 n3u/ans iioauay
031 Penicillium digitatum ﬁL“f]ummmaami
Wdgvasiynsenady (Karim and Aljarah,
2023) 1#8nde annideiiumuanddsiiuii
alsdouluasuaiunnazlalauguiuszaniam
Tunsmuautegurisuazanmafisdunald fotu
uATeiTaitnnUsrasd il efnwinavesindoy
luarsuaiuanselalaugulunisaivaunisiiag
ihmauazdudanmaasguesterdurislumienne

ARLAINToUUTS
L4 ad
aUNTULAZISNT

NSRTENNZIYBLUTIZARLAIWSRNU TSNP
d15azane SBC uazdsindoulalauau
WnsdndenuausideUsziifloun wazd
TndiAeenu Usiaanaiviianddsauasuias lag
uzifeiuszihunldlunismaaouiissozqnun
Uszanad 70-75% (Fadlotnaunsinnssasnuinwsn
vowzdoszdudinmaseunassiliuensdioon

Mniiona) 91ntuthindrsharen uaziAg
10818 0l A28 Sodium hypochlorite A314
s 200 ppm Wi 5 Wil aufinunlduds s
wusuz@euseidu 3 vInuud lneunaznIawu
sxynsianauniderssidu 4 du wavdnslui
ndunoulUudaisazareniewndovans aal
vamaudd 1 utluhnduiiesediaien wviu 2 undl
(aadruaw) nimuud 2 wiluaisazaneleifey
lumns uatum (Sodium bicarbonate, SBC) AMLTHUU
0.5% WU 2 W NIALUUA 3 LAdpuNELTolUsY
Aauasallalaugy AT Ndy 1% (ngld Acetic
acid s 0.3% Wusvhazanelalauen) @nany
Wuduwes SBC warlelnuauildlunismaaosilgann
nsnegeuloiu wasnuindumnudutuiiannns
AadtnaldidleIsufisusugaauam) antu
faiaeg19luia neuussglunianaiadnyie
Polypropylene (PP 9 U1 5.5x7.5x2.5 %31.) & A1
$1uau 10 Bw/mn uazamaeldlugananadneie
Low Density Polypropylene (LDPE 9u1e 7x11 @l.)
Unnilnsheinieada uazivinuliludeadugaumad
A+1°9. VNUNUNINARBILUUFANANYTA] (Completely
Randomized Design: CRD) WA agN3 ALUUAL 4 %
nsdun e slaszn 4 2 Tu auasu 6 Tu
W e3tAsEvn1sUd sundasmisnann Jaadl

X 2 o ae
wazN1SUUUoUTDUYDYAUNTY

a ¢ a v a a
N1531A121NSUABULUAIATUAMAINLAZTLAL]
= e 1 v
LEN LD RIAET I NYELERTER
1. M5 UALULUAIAUS I USRUAAUDINLLYD
WwWs1zaawa s vinlaeldias a9 Minolta colorimeter
400 WaLSI9NUNAAIANNETNN (L* value) ANELlea—
LAg (@* value) warAPYRNISIANEEIAIE AINIDNNS
Y94 Palou et al. (1999)
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2. Wosiudnsgudeiminan thusde
Wsedausaudazniamud thandaiminan Tneld
wSasanadion 2 funds wazthafildunmuanm
LU@%LS‘fiuoﬁmiqagLﬁafwwﬁﬂam

3. 95101511819 UuslTalUs1eiaweg
ussyadtunaeananainlnaidnvuindiuininaes
240 wa. Wulifigamafl dx1°w. 1Wunan 2 Falus
mé’amm‘fu@mﬁamméaaﬂ%mm 1 va. inmdTune
wian1sveulnoanled fau1as 09 Gas analyzer
(LI-7000, USA) S1891URaN1SNAAB9TURY 28
mg CO2/kg.hr

4. auutuie thuzdesesaudan i
AU feLAT0s SHIMADZU (EZ-LX, 500N) 14/
gunsalduiin feeussnelianmnsonainglégean
450 Jadu (N) anuslunisnawindu 10 wg. wi/
tufinsarvesussildlunisnainguinign enitinle
sreuluniig N

5. Usinaufluedniianun (fauasannianis
294 Singleton et al., 1999) Unilanausiiowsny
Fausaimidn 2 nda neufUEUEaR T 80%
Usunas 5 wa. Julazidensiein3as Homogenizer
W& LT wnd B9t Aanansa 12,000 soU/UNT
ﬁqmmﬁ 4>, \Juszezaan 20 w1il geasazany
#1819 0.04 wa. 1ENUINGY 1.58 wa. waransazay
Folin-Ciocaltou’s phenol reagent Y3119 0.1 ua.
nYuLfiuansazats Sodium carbonate (Na,COs)
ANLE Y 20% YSues 0.3 ua. dilduudidad
gaunqd 40°w. W 30 W1l uaddlUTRrn1s
@Jmﬂﬁuumﬁ’mm?ad Spectrophotometer #iA3
g17AAU 765 nm thendildvinisiSeudisusunsm
UINTFIUTENINANUTUTUYRIA1TazAe Gallic
acid wags18UNalURLIY Me/100g Fresh weight

6. nanssuLouleal Polyphenol oxidase
(PPO) (Al Ua191n T8 n15984 Benjamin and

Montgomery, 1973) viffedleonauzidesiziauss
dhwin 1.5 n$ waufu Sodium phosphate buffer
(SPB) 13t d U U 0.05 M pH 7; USu10s 5 ua.
FAunUanT Poly (vinylpolypyrrolidone) (PVPP)
USums 0.05 NSU wag Triton X-100 AILTUTY 1%
U33na5 0.05 1a. ndaniurnistuliavisndae
Lﬁ%d Homogenizer LLé’iﬁ‘jumfjmﬁmmﬁa 12,000
50U/ Aoaumall 4%, U1 20 Uil mmfu@m
a15aza18UTuInT 0.25 ua. NauAU SPB 0.75 ua.
way d-methyl catechol ANILTUTU 23 N USUAS
0.75 ua. udr1TeTnAN1sgANA uLASAIBLAT B4
Spectrophotometer 7i929A210819A8 ¥ 410 nm
Wi 1 U andildshanmuiasiutusinallsiiu
ﬁy’mmmﬁ%mmaﬂ Bradford (1976) Lags1891UNE

Aanssuvesoulwilunuiey unit/mg protein

nqiﬂutﬁawﬂmﬁ?aqﬁuw%é

ynsheseRdinandewuaisetanun
Tagifieg1mellaiUseAnuaenuiu 25 n3u lalu
04 Stomacher uaziuinuulnuanadudu 0.1%
U3ums 225 ua. v lufdusasia3 s Stomacher
w1y 1 und antunhinegnsUsunas 100 Ul oAU
wiiewns Plate Count Agar (PCA) indgliiviudni
thluvufigamgil 37°0. Wunan 24 dalug ity
uaulalad warsivaunanisnaaeslunuae
log;,CFU/g (Beltran et al., 2005)

NSAATITANANISEDRA

N1 RNUNITNABDILUUE Nauy Tl
(Completely Randomized Design: CRD) W% a¥
Al 4 91 Tnsdufudiegsninsesing o
2 Tufune 6 Ju wavvihnmsinseideyanisada
Aa8lUIIATU SAS version 9.0 #2875989 Duncan's

New Multiple Range Test fiszduaiidesiu 0.05
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NAN15738

nawae SBC uazlalauguranisiiaduiniavas
uzaTIEARUs

uptdoiUsedaudi guluaisazats SBC
dadrdnsfadiianadiiifian Feaenadasiu
ArAuaIn (L value) fidAmniignauagandun
(a* value) A fosfanslonBsuiiouiuuilose
Fausdlugamueuiazizilongiindoulalaumy
naenszaznaINIAvinw lusasiugideiusy
fiedoulalausy ferduinmafniinaiiiauniiae
Aramainsesiigauaziiddunsnniganase

S¥eElIaIN1snUShY (Figure 1)

NAaYa9 SBC wazlalauguranmnInyaIuzide
WIzAaues

nsuUzLUBIUTIZAAUASIY SBC LaziAaay
Talauau laimmsmhmzaamiqiyﬁaﬁmﬁfﬂam
seminnsfuinwld Fsnsgadodiminanues
uniPeiUnzdaudnviamuyidauadesening 0.52-
2.78% (Figure 2A) uzidaiUsziausafiualy SCB
wagdiindoulalauey d8asnsmelageluiunsn
(1.00 uaw 1.24 mg CO,/kg.hr AUEIRU) 901y
anadluud 2 wavasiilufudl 4-6 veen sifusnw
Tnougidoneiuglu SBC Thsmemeladesiian
MaBATYEELIAINISLA USAET (0.22-0.99 mg
CO,/ke.hn) waziindeulalauguisnsinismela
1nfiganaenszeznaINaiAuinm (0.36-1.27 mg

CO,/kg.hr) (Figure 2B) muEeve Ty

Aawsadiaanaadniesuazlufinnuuanseiunaon
szezanaivinw neluuaaedidedszning
22.60-25.00 N (Figure 2C)

ugl¥olUsizdnureaualsazaite SBC 4
USnaflueAnsianunsinfian (28.20-33.39 un./100
nSuthwiingn) aronszernamaiuin Tuvasi
uzilerszdnudsiindeulalauruy SUsinailuedn
ﬁawmmnﬁqﬂu’iumﬂ wardUSuanasTenIng
nsuiusnweglugiasening 32.62-43.72 un./100
n3uthniinan daflengenimzideredausdlug
AIUANBE 1l dud1Ayn1eaia (Fisure 3A) @115y
Aanssuvasoulyyd PPO vasuzidalUszdnudanny
Inuidanfingadudntosnniunanieiudl 4 way
LufianuuanansiuegedidvdAgynsadaluuaay
nIAUA (TA198 521319 26.66-37.13 Unit/mg
protein) wazluiugaingvesnisiivine uside
WingiadeulalausuiAanssuveseulssd PPO Ly
quﬂﬁ.qm WA U 54.13 Unit/mg protein (Figure
3B)

Kawa SBC uazlalaugurauSunandagdunid
Vuideulunzidanedauss
upLdeLUsgdausaiigaluarsazaty 0.5%
SBC uaznaiadeudaslalaugy anunsndudanis
Wigrendeuuaiideldnaensyernansiiuinu
lagdauuana1eeg 19l dedrdynieaiaduye
AruAN Bedivdinanisuuitoudies 0.36-1.11 log;,
CFU/gIuﬁumzﬁﬁ;mmuquﬁmsﬂmﬁauqq Wiy

2.06 log;, CFU/g (Figure 4)
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L* value

75 -©- Control 8- 0.5% SBC A~ 1% Chitosan
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Browning index
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Day of storage
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-©- Control -8~ 0.5% SBC =&~ 1% Chitosan

*

*k

Day of storage

Figure 1 FEffect of sodium bicarbonate solution and chitosan coating on L* value (A), a* value (B),

and browning index (C) of ready-to-cook eggplant during storage; Vertical bars represent

the standard deviation of the means of triplicate assays. The symbols (*) and (**) showed

significant differences at p<0.05 and p<0.01, respectively.

Weight loss (percentage)

Firmness (Newton)

N
(=]

-©- Control -8~ 0.5% SBC -~ 1% Chitosan

*k
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Day of storage

-©- Control 8- 0.5% SBC -&— 1% Chitosan

404 &

0 2 4 6
Day of storage

Respiration rate (mg CO ,/kg.hr)

Day of storage

Figure 2 Effect of sodium bicarbonate solution and chitosan coating on weight loss (A), respiration rate

(B), and firmness (C) of ready-to-cook eggplant during storage; Vertical bars represent

the standard deviation of the means of triplicate assays; The symbols (¥) and (**) showed

significantly different at p<0.05 and p<0.01, respectively.
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Figure 3 Effect of sodium bicarbonate solution and chitosan coating on total phenolic content (A)
and polyphenol oxidase (B) of fresh-cut eggplant during storage; Vertical bars represent
the standard deviation of the means of triplicate assays. The symbols (*) and (**) showed

significant differences at p<0.05 and p<0.01, respectively.

=
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Figure 4 Effect of sodium bicarbonate solution and chitosan coating on total bacteria of ready-to-cook
eggplant during storage; Vertical bars represent the standard deviation of the means
of triplicate assays. The symbols (*) and (**) showed significant differences at p<0.05 and

p<0.01, respectively.
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39150iNAN15I8

upideLsgdausailuguansazaty 0.5%
SBC W1y 2 w1l @1unsavzasnisiinduiniald
denndesfulSnaiiveanavuauarionssuioules]
PPO finuinildndnan denalviuidesesinudsdien
AMuAIN (L* value) aniign flenduns (a* value)
wazArdainsinduiniatosdign 4eliuaanis
AaouAEITUUATeves Kumar et al. (2021) 7
s1enuINsuIsIntIRauasluasazaty SBC A
gy 2-6% uy 10 Uit Prevzasnisinduinia

wazduszansnmnisdudenisiinduinianiuang

' ¥ '
a 3 =

Wudungedu Fan15Anw1ves Fallir et al. (1997)
wutuile SCB avangluth aziinloseutszqaudina
Tansazaefinnuanags (pH 8.2) Gedawanszvusio
nsvhauveseules PPO Faunfagyhaulddi pH
5-7 (Concellon et al., 2004) @wsunstuansidou
Talousu duainliusuTosfnveINzLlotlsy
UsngAmatuegeniaga eiidlesnwadues
fldsumnudemeann Acetic acid deli8udavh
avanevadlalauey Jeduduldannisihusdese
Anuaanguly Acetic acid ALTNTY 0.3% WU
Hadeususesdndsuduivinaogesnga
el 15 undl (Figure 5) usifalsesnusafiadou
lalauguiiuiafiuedniiamungaiigauasiianssy
wulwsl PPO ge sefilosnidladofivldsuuiadu
910 Acetic acid lsvdunseifluednifinty way

Y a

nszduianssuieulesl PPO Trigaiuduseninemis

q
-3

1NUINW (Siatka and Kasparova, 2010) (Figure 3B)

upidersedauseiigalu 0.5% SBC dn1s
vudouvouteuvafiiesiian esain sBC den
pH g3 (pH 8.2) wazilleoauau dleluduiaiuiiuin
vosnuaiiSe vilideueaduenteuuaiiieiia
n357va warldaiuisassedanld (Farha et al,
2018) lurauetAgdiu N1sAdeuiiusiiaiuseeie
lalougufianansadudnisaiguondoadunisld
iesnnlalausuiinuandidulsquin Woduda
fuiufinvesdeqdunsiiuusegau viliwadues
Hogaunidideanim ilugnisluaveansing q
meluaad illiaiunsase¥inedls (Bautista-
Bafios et al., 2006)

N5 uusUaLUsIeAnLsi ety SBC LagnIs
wieulalausulianunsoszasnisgadomin
Smsnamisla wagaruudie veamsideny
faustsld 1asanansarans SBC lalanansoduguhiu
fdumdoulalauauls Jeldanunsatisannismela
wazn1smetivesiinld dwmaliugiowseiidmin
anuazAlaL L 0anas ogslafimunudn ang
wasulalawgudnaiselingifolsesiidnsinig
meladfingaty seidesnidedousidengldty
AMIEEME9IN Acetic acid A1 T udviazane
lalausu ibifigfaanmeienddidnsinisniegla
297y Faaenndneiun1sAny1uas Ochoa-Velasco
and Guerrero-Beltran (2014) wu31lalauaud 14
2.5% Acetic acid 1dudavinazany dnasinliuaand
fisnmmemnelags dwavilvianaimsgaudeimminan

28195 luTENIINSAUS N
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Figure 5 Ready-to-cook eggplant dipped in distilled water for 2 min (A) and 0.3% acetic acid for 2 min

(B); after that, dried at room temperature for 15 min
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Study on Properties of Mung Bean Protein Waste
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The study on property of production waste from a vermicelli factory, which is the part
obtained after the extraction process of mung bean starch. The waste was brought to dry by the
freeze-drying. Then the powder was analyzed for protein, nutrients and amino acid content. The
results were found to be rich in nutrients, especially 62.05 ¢/100g of protein, and essential amino
acids such as Lysine, Phenylalanine, and Leucine. However, it was found to be contaminated with a
lot of microorganisms. The powder sample was irradiated to reduce the amount of microbial
contamination. After irradiation, the number of microorganisms was reduced to a level that was safe
for consumers using the microbial standard of the Ministry of Public Health. Consequently, the
microbial contamination isolates were investigated by nucleotide sequence analysis. It was found that

there were no pathogens.

Keywords: mung bean protein, freeze dry, food irradiation
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Figure 1 Appearance of mung bean protein after freeze drying
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Table 1 Proximate analysis and amino acid composition of freeze dry mung bean protein

Proximate analysis Mung bean protein Unit
Ash 8.42 g/100¢g
Carbohydrate 13.66 g/100g
Energy 331.82 Kcal/100g
Fat 3.22 g/100g
Moisture 12.65 ¢/100¢
Protein 62.05 g/100¢
Collagen <20 mg/100g
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Table 1 (Continued)

Proximate analysis Mung bean protein Unit
Amino Acid Profile

Alanine 1,546 mg/100g
Aspartic acid 3,436 mg/100¢
Cystine 1,009 mg/100¢
Glutamic acid 7,511 mg/100¢
Glycine 906 mg/100g
Histidine 3,886 mg/100g
Hydroxylysine <20 mg/100g
Hydroxyproline <20 mg/100g
Isoleucine 5,268 mg/100g
Leucine 7,564 mg/100g
Lysine 15,914 mg/100g
Methionine <20 mg/100g
Phenylalanine 9,289 mg/100¢
Proline 1,481 mg/100g
Serine 630 mg/100g
Threonine 408 mg/100g
Tryptophan - mg/100g
Tyrosine 4,126 mg/100¢
Valine 3,190 mg/100g
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Table 2 Total plate count in freeze dry mung bean protein

Mung bean Total microorganisms CFUsg Isolated name Identified name
protein by sequencing
Before radiation Total plate count 3.27x10" - -
After radiation Total plate count 1.80x10" Yel-bac Sphingomanas dokdonensis
(5 KGay) Lingor-bac Deinococcus ficus
Milk-bac Staphylococcus Warneri
Rwhit-bac Bacillus cereus
Sour-bac Gordonia terrae

Total Yeast & Mold count

1.00x10? A01

Whitecer-bac  Bacillus xiamenensis

Wk-bac Acinetobacter variabilis
Aspergillus fumigatus
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When the semi-product of cassava crackers is heated up until the water contained in the
crackers boils, collective pressure builds up until the surface of semi-products cannot sustain it. This
leads to the explosion of the puffing, which is an important characteristic of the cassava crackers. This
research aimed to develop ready-to-eat cassava crackers using a microwave as a substitute for
conventional deep-frying, eliminating the need for using oil as a heating medium. The study focused on
three main aspects; 1) the effect of moisture content on the puffing of semi-product crackers, 2) the
effect of continuous and intermittent heating methods on the puffing of semi-product crackers packed
in craft-paper packaging, and 3) the effect of packaging sizes and shapes on the puffing of ready-to-eat
cassava crackers.

The results showed that the optimum moisture content of semi-product crackers for achieving
the best puffing was 9.08% (wet basis), resulting in a volume expansion of 852%. The best preparation
method for puffing 15 semi-product crackers, packed in craft-paper packaging with a volume of 1,646.88
cm?, was found to be using a microwave power of 800 watts and applying two intermittent heating
periods. The first period involved heating the package for 40 seconds in the microwave oven, followed
by removing the package and shaking it for approximately 5 seconds. Subsequently, the package was
continually heated for the second period for 25 seconds in the microwave oven. The results also
showed that the sizes and shapes of the packaging affected the puffing of ready-to-eat cassava crackers

when intermittent heating was applied.

Keywords: cassava crackers, ready-to-eat product, microwave, puffing
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Before expansion

After expansion

Figure 1 A craft-paper bag filled with semi-finished cassava crackers for a variation |

Before expansion

After expansion

Figure 2 A craft-paper bag filled with semi-finished cassava crackers for a variation |l
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Table 1 Effect of drying time and moisture content of semi-finished crackers on volume expansion

and hardness after puffed with microwave

Drying time Moisture content of Volume expansion Hardness
semi-finished crackers
(minute) (%w.b.) (%) (N)
210 10.11+0.09° 623+101.20° 7.91+0.35°
240 9.43+0.10° 659+58.40° 8.21+0.70°
270 9.08+0.41¢ 852+64.80° 8.48+1.48°
300 8.84+0.41 720+65.20° 8.57+0.83°
330 8.50+0.37° 635+41.40" 8.49+0.34°

Values shown are the mean+standard deviation (moisture content: n=3, volume expansion: n=8, hardness: n=5).

Mean with different superscript letters within the same column differ significantly (P<0.05).
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Table 2 Effect of continuous and intermittent heating times on %partly puffed crackers

of craft-paper bags filled with semi- finished crackers for Variation | and I

Heating time

%partly puffed crackers

(s) Craft-paper bag Variation | Craft-paper bag Variation I
40 95.8+4.76%" 95.8+4.76%"
50 45.4+16.20% 34.6+6.83%%
60 10.6+9.32% 9.4+9.32%
70 O%4a O%4a
40/10 90.6+9.32%"2 88.0+6.69%"
40/20 44.2+4.76% 49.4+12.53%%
40/25 0% 0%"*
40/30 0% 0%

Values shown are the meanzstandard deviation of n=5: Mean with different superscript numbers within the same column differ

significantly (P<0.05); Mean with different superscript letters within the same row differ significantly (P<0.05).
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Table 3 Effect of continuous and intermittent heating times on %burnt crackers of craft-paper bags

filled with semi- finished crackers for variation | and |l

Heating time

%burnt crackers

(s) Craft-paper bag Variation | Craft-paper bag Variation I
40 O%la O%la
50 O%la O%la
60 13.4+13.16%* 17.4+14.06%*
70 42.8+19.20% 41.4+24.17%
40/10 0%2 0%
40/20 0%2 0%
40/25 0%2 20.0+8.69%*°
40/30 28.0+6.69%" 60.0+8.69%°

Values shown are the meanzstandard deviation of n=5. Mean with different superscript numbers within the same column differ

significantly (P<0.05); Mean with different superscript letters within the same row differ significantly (P<0.05).
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Variation | (fully expanded)

Variation Il (partially expanded)

Figure 4 Appearance of a craft-paper bag filled with semi-finished cassava crackers after

expansion for both variations
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Use of Remote Sensing Data for Some Soil Properties Studying in Areas

at Risk of Acidic Soil and Saline Soil of Central Thailand
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Conventional soil properties study including soil sampling and laboratory analysis are laborious,
costly and time-consuming. Remote sensing data is collected as reflected electromagnetic radiation
that vary with objects and correlate with plant growth and health. It can shorten the time of collecting
soil samples, reduce cost from both in filed and laboratory. This research was studied the potential of
satellite images (Sentinel 2) by calculating three vegetation indices: Normalized Difference Vegetation
Index (NDVI), Green Normalized Difference Vegetation Index (GNDVI) and Normalized Difference
Infrared Index (NDII) and correlating with soil fertility indicators, such as soil pH, soil electrical
conductivity, and soil organic matter. Soil samples were collected from Kamphaeng Saen district in
Nakhon Pathom province, which is at risk of saline soil, as well as from Bang Len district in Nakhon
Pathom province and Pak Phli district in Nakhon Nayok province, both of which were at risk of acidic
soil. The fertility of the soil was found to be associated with land use types, soil series, and vegetation
indices calculated from Sentinel 2 satellite images. In March, the NDVI with a logarithmic model showed
the highest potential for estimating soil pH. Similarly, in December, the GNDVI with an exponential
model demonstrated the highest potential for estimating soil electrical conductivity. However, all

vegetation indices were unsuitable for predicting soil organic matter.

Keywords: soil property, land use, Sentinel-2, vegetation index
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auARulingd

2.3 31InAsARLEBNLUMIANwIIIUTEIAN
melifimuazyadu Wasdnulugnefunauay
JamuA 60 uUad SUNDUILAY Vianmua 52 wlad

(figure 1) LagdnnaUINNA Viam 49 wias (figure 2)
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Figure 1 Soil sampling distribution varied by soil series and land use types in Kamphaeng Saen district

and Bang Len district, Nakorn Pathom province
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Figure 2  Soil sampling distribution varied by soil series and land use types in Pak Plee District,

Nakorn Nayok province
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Table 1 Vegetation indices and formula

No. Vegetation index Formula Reference
1 NDV/ (NIR - Red) / (NIR + Red) Rouse et al. (1974)
2 GNDVI (NIR — Green) / (NIR + Green) Gitelson et al. (1996)
3 NDII (NIR = SWIR) / (NIR + SWIR) Hunt and Rock (1989)

6. TpTwiAuduius semineteayaAinis
agvounasiuteyadinsieviau Ingldaunisnis
AdlAANERS ba A Regression model TnaiansuIA
AMUFUNUS21nA 1 p-value Wag r-square Lagld

TWsunsuuszaananeadfiduiagy SPSS version 16.0
HaN15IeUaIRT0]

nsUssifiuanugausuysaiveshuluiudifisinnsld

Usgloviifiausnaiu
nMsguiudegsfumuysznnnsly

ARuififivunagu 6 Uszinn luyafusig 9 ve9 3

J

2LAD LAWA DADNILNILAULAETILABUIILAY

[ [

Janinuasusy uazdunauInna Janiauasunen 39

74 3 Sunoffiufirufifdnanine Taun Aufidudy
wagiuiiauusen fanafufesiuldduiulu
flufivonnunans lufeufiunay we. 2564 udads
Aimsrzvamaaiiau 3 Yszan lun aranudu
nsatduang (pH) Arnsu i (EC) wagAU3unm
Sunising wan1slieszinadsuesAisng 9 lu 3
§une (Table 2 ua Figure 3) Ineilswavidondsll
1. Araudunsaduang Arlsfiainang
\Junsaduansgeigavindy 7.41 sesasun dun
fuiivgnitn Vnasine Tia 1HBudu uazund den
anudunsaduaiavindu 6.43, 5.96, 5.94, 5.65
wag 5.67 MUa1RY ﬁnﬁamﬁmmmﬁaasﬁaﬁuﬁdm
Aulufluiivgnitelsdnivajogluyafufunauay

Tugnamunsuau Faduyafundainnudunsa

Busdluduiuuuegluts 7.0-8.0 UjATenauu
Na1909A1999U (Land Development Department,
2014a) uaghifiyaiuAnussianitalslugunelnng
vz AT ndwlng duiuilugaduluigy
oA yaRuegsen (Ay) wazyaiuisdn (Rs) a1 pH
TuduAuuueglurag 4.0-5.0 wazgaRuUILYY (Bn)
fenmdunsaduddlutuiuuueglurag 5.5-7.0
(Land Development Department, 2014a)

2. At ﬁuﬁﬂqﬂﬁﬂﬁﬁwmiﬂw
Inliigefigauwinty 0.64 dS/m sesasn Tdun Mudl
w1 Liwa Wls BWigudu wazdraziang uavien
pH W1AY 0.59, 0.35, 0.24, 0.20 wag 0.20 dS/m
puansu Ansu i lud udi e 5 Usgiaw
fauunnssvestoyareutiagaidosainyad
yn1s@nwidiannisdilaiifuansstuunn Aud
Ugnindainisunlningei gad esannuvaniy
Megedudulngjeglugafuiunaiay (Ks) gnau
UYL (Bn) wazyaduLawl (Se) @ wdudui Tag
furndnfudungneuinautunznounsia faun
Iuamwﬁﬂﬂiaﬁl (Land Development Department,
2014a)

U a a a U L4

3. AU uniedng wit1duTuw

a 1 £ ¥

dunIgingaenaainiusesas 3.00 se3adu1 laun

Unaveune lifna Tddudy waswals dUSuia
unseinquiniusesay 2.49, 2.33, 2.20, 1.72 uay

a

1.68 muanu laguTunadunieingluiunugndn

fimuunne1aesdoyaneudage Yugnnunnyls

fanuuanansesdeyaiey W THUSIIMEUNIYINg
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g9 lesnulaniudegsiudiulngeylugaiu

V19U Bn) wazynnuisdn (Rs) daudufuiioglungy

Ailvigy Dystraquerts Badunquiniiarugauauyso

sglusgAvUrunane Usuaadunieinguiunans

fagaunluduuy (Udomsri, 2001) vaus i Avldl

USuneu OM eeiian Wewniunugnivalsdiulvgy

aglugpAuiunssauiuuuiuausiuvunsends

%30A U3 (Land Development Department, 2014a)

UTunuduniednnlududuvuey isesay 2.6

(Land Development Department, 2016)

Table 2 Averaged soil lab analysis values varied by land use types

Land use types pH EC (dS/m) OM (%)
Paddy Field (A1) 5.67 0.59 3.00
Field Crops (A2) 7.41 0.24 1.68
Tree Plantation (A3) 5.65 0.20 1.72
Orchards (A4) 5.94 0.35 2.33
Vegetables (A5) 6.43 0.64 2.20
Shrubs (M1) 5.96 0.20 2.49
H
10.0 P ) (dS/m) EC (b)
9.0 - - : 3
8.0 — =
o
6.0 2
5.0 ' ; 15
40— 1 ’ - . :
3.0 x l
0.5 T x5 e
20 i ! - . N o
0.0 Land use Al A2 A3 A4 A5 M1 types
Al A2 A3 A4 AS M1 types
(%) oM (©
6.0 Land use types i B o
. CV. sD. CV. SD. CV. SD.
o I Paddy Field (A1) 023 128 095 056 03¢ 103
3'0 ] Field Crops (A2) 012 090 113 027 019 032
' : Tree (A3) 022 126 18 037 036 058
0 1 ! Orchards (A4) 020 121 163 057 047 111
10— ' ] [ - Vegetables (A5) 020 131 110 071 044 096
W B B 4 & in Lat';d use shrubs (M) 026 142 133 026 044 109
3 R - pes

Figure 3 Variation of soil (a) pH, (b) EC and (c) OM by land use types in the study area
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nsAnudayanisfuisserinaluiuiifidnngld
Uslenifinunazaudiniaadinufidneiu

N15ANEIAUFUN UG ST NIRRT WY
wssaAvanUAMaAAuYlas AR N W Seu
3 vl laun full NDVI siail GNDVI wagaessl NDII 3
wanademuUszannsEiau 6 Uszuan wdathin
AAsziaudunus TuatauTAn wad A ud i
fhegralufeuiunay w.a. 2564 laun Arpuduy
nsatduans Arnasdalaiy wazUSunadunieing
nsedenuusznnnslEiau 6 Ussian (Table
3 uay Figure 4) HaMTIATIEAITEazBEAN

1. st NDVI Turdoudiunan ladguauiien
NDVI gafiqn windu 0.489 sosasan o liwa U
avlny Wn w1912 wazials A1 NDVI windu 0.418,
0.405, 0.345, 0.344 way 0.277 AUa19U waghy
iousunnau lsdususien NDVI gslan winiu 0,562
sp9a931 lown Uragiang lana fwls in wazwidn
A1 NDVI 111U 0.502, 0.474, 0.380, 0.351 wag
0.258 MUARU

2. eyl GNDVI Tutdioudiuneau Tdgunuiian
GNDVI gefian 11y 0.404 sosa3 dun liiwa
Unazlang 1N e wag fls A1 GNDVI WAy 0.353,
0.351, 0.295, 0.291 Wz 0.258 AUE1IAU Lazlu
WWousuriay L udusien GNDVI gefign tinfy
0.451 sp9a3un toun Unazing ldna Avls dn way
1117 A1 GNDVI vinAu 0.412, 0.384, 0.332, 0.283
uay 0.202 AIUAIAY

3. patl NDIl Tutdeudunan Tddusuiien
NDII gsfigm 1Ay 0.103 s93asun leiud lifwa ifn
Unaziung w1917 waziivls A1 NDI WAy 0.035,
0.025, 0.026, 0.023 uag -0.026 wazlufousuinau
1sfBugdtuslen NDII geflgn winfu 0.206 so9a91 A
Unaziing ldua wid1a dn wazdials A1 NDI Wiy
0.141, 0.135, 0.095, 0.088 Wag 0.063 MIUENU N3
W& sunUasuesan NDVI way GNDVI Sdnweey

Adefuita 2 ieu Ao A1 NDVI fldngendn GNDVI B
Winaneei NDVI unisAuiadadiusenineas
adudunLsalnduavdemdunaddasldaunis (NIR -
Red) / (NIR + Red) tiaz GNDVI AuladdndIusening
H29na uBunusalnduaztaenawdeilngldaunis
(NIR - Green) / (NIR + Green) TnghlUfiwazazviou
Frandudursalndunnningrndudsinazainiy
wad Auddu WewSeudieuAang q udFadtuin
Tuu i dRvunaqugeazden NDVI gandaen
GNDVI lag@1 NDIl auanau waglddudy ldwa
warUnazing 4a1 NDVI ag GNDVI 89091 w113
wals wazdn 1 0991081 NDVI way GNDVI il
Auduiusidsvandurwansay vued ity
Laru2adan1m Ae A1 NDVI way GNDVI 9Lt adu
Lﬁasuumwiqvjm UPRUTly uavanadinAinTy
(Rouse et al., 1974; Gitelson et al., 1996; Simms
and Ward, 2013)

ag1elsAmulufoudiuiauai NDVI uag
GNDVI vaalsinageninvestnaziang udsinitlu
Weutuay silenainanlinadufivfinuasns
finsquasntinaontied v iitragansduiivilad
ms@JLLaLLazawﬁ’aﬂsmuﬁlumiw%zy@uimLf]uwﬁﬂ
Foililuideuiiuneud adurirsgquds vazine
fnssgivlndosuaziinisndnluiiiesandi
Tifisane Fendrefudulivarseda Wy 19w
Tugarafout ornrawisludifendud Unfas
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anads (Azizan et al., 2021) Lﬁaﬂuamaaﬁﬂﬁmi@m
Furaemavuduntanas uaziiufidyesinaiiesanly
fivnaguifasas wazenagsauuadluuinuiiig
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Aaugs vl oA uiadndiuudan1iisndunag
Las T euans1INAYeAd ud unsLsalng lulinnin
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& dui ousuneudurrsUaneudtaziang s aiivn
Weswalunisiasiaule wazdulngUiazmigay
Wudulivualvainildnaviliar NDVI wag GNDVI
aenthaging fwiidengdudu dn 412 wogials
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Palutsnadsna N uRed S euSosuda
Falataluiuiifliffienaquvieivunaquiios
qxilendail NDVI waz GNDVI s wagluvusaieaiu
Helsazfiadvdl NDVI wag GNDVI sl galuldou
Sumen osmnnuasnsaulngiiuiieidosluda
WWeusuIANdwAauuns1IAN LagUasaneliisen
Fuunlug Fedulngazsusenlnl luioudunaa
Tnelud w.e. 2564 Tsarusudaiusesdoudud 7
Suen w.a. 2564 1uduly (Prachachat Turakit,
2021)

11518 sunUaswoed NDIl @1991nAn
NDVI wag A1 GNDVI Tagluiiioudiunmu A1 NDII ves
fivls w12 Unazwne 7 denen vusiluieu
Suray fils @ vt Biua flddn Kedifinaan

fasil NDIl v usaidnInnisaznouwadlneni1snian

AULANE 19T N3 199 29RE B unssalnduasy
Frapaudunssardudy Husedifiaulsonis
WasuwlaswesUSinamnludeusenuesiia Ui et al.,
2011) @runsaldasiaduminuiAiunve iy
fesannusunailululdedeiuszansam e
AuantRvensaziounasdunsunndudu dod
Aduiusidsauiuuiinainluly Tnenispadu
FrenaudurssanauduarinntusieUsInasiluly
1nTy Fedamaliandedazii udunuusunan
Adiuty wazrosanamniladeusunaniluludiy a
NDIl Fslsidoyasuazidoaiiuiffoaduaniniiy
11NN31 NDVI lag NDIl wanaaudunus iy
auduluAuduuLUasIn (Ochoa et al., 2023)
Fadulddnan NDI Tudeusuaey Juduraslas
duardidgenirludoudueugguds Seituiifiels un
413 @ inwasnsdulngUgniivilos 1Juyarmds
Fuien wavtnavunsdugedigulingelufiufudiy
Tngjuiaiosndufividioserdeinu uiargeni
Tulinaluiousunauiosanduldfnumuiuy
171 wariluieonunlnldalddnnssasauisaiiiv
Amd uldunndn WWuad sdrulngiugnidunnn
i Ui 31 wevnItauuLl ure s Uil aludl uil

$pgnIN

Table 3 Averaged values of three vegetation indices varied by land use types in 2021

Land use types March December
NDVI GNDVI NDII NDVI GNDVI NDII
Paddy Fields 0.344 0.291 0.023 0.258 0.202 0.095
Field Crops 0.277 0.258 -0.026 0.380 0.332 0.063
Tree Plantations 0.489 0.404 0.103 0.562 0.451 0.206
Orchards 0.418 0.353 0.035 0.474 0.384 0.135
Vegetables 0.345 0.295 0.026 0.351 0.283 0.088
Shrubs 0.405 0.351 0.025 0.502 0.412 0.141
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Figure 4 Averaged of vegetation indices varied by land use types in 2021

ASANIAMUFUNUSTERINIAIRTTNYNT T
AudNUANIaLALinu
MSANANNELN UG SEINeAR NN TS0
Avauufniaaiau Mlngn1surAnsdN TN s
3 %l fiswavidondel
Laranudunsatduang (pH) wu
ANNdURUSSYMINAR N nssauiuAtAdu
nsadudnavesfiuandoyanind e 2 wou Tay
Toyaninluifouduiny nuanudunusluseiu
Ununanans 3 ol (Table 4) usiogslsAnusedl
NDVI #il4lamanuy Logarithmic Taauduius
Anasiuggeiiaalneiian Wiy 0.66 uaz pvalue
Wiy 0.05 mmzw’?fﬂ’]’ayjamwdmiu%’mmu STEN
fudl NDIl wuanuduiusluseauliunaiaiemaudig
ge dleltlamauuy Logarithmic wag Power lnein
r? Wi1nu 0.63 Lag p-value AU 0.06 NROGROES
Wululdideyanimaeaiiien Sentinel-2 i
FnganlunslgviuuudassdmsuUszunuaAIAm
Wunsaduans lneanuanuduiussywineasvil
NDIl fu A1 pH fianuduiusidsau Ao dlee NDI
astuen pH fuwltiuanas dslaeiluadaifismnssn

a0 lIUUNUTUIUVRINYUAT VN INYDINY
flunAqa uazuenaInianuduiusesa NDI fu
arrnudunsaiduniseraduiusdunisgniie
Feuogifudnunzniusumauazyaiu doilviauds
fuminzausenisugnituiisiadu nofialsdsdia
NDIl d@ulngysin warAnadsvasainnudunsadu
fiags tAnaIndaegeRuiAvdwlngeglu yadiu
funauay (Ks) luswneiunauay duduyafuiil
Aasdunsadumduduiuuueglugag 7.0-8.0
UffseAulunanadisnnseau (Land Development
Department, 2014a) wauzflsEuduiial NDIl gﬁﬁqm
gilanadeues pH iiiga dailvgeglugauinas
(K) FaduyaAuifiufazordudunsadadadunse
U1unang (Land Development Department, 2014a)
Jeoadululdimsusznaaianudunsadusng
lagldein NDII @1adasAilefadnuurveeiiuseina
Yaiu uazviavosiufiunagy uazdvil NDIl uans
AUFURUS N3 Ayl NDVI wag avid GNDVI
91941A91N NDIl @1115075333UAUATEAVBINY
197n31 (Ochoa et al., 2023)
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Table 4 Correlation between vegetation index and soil pH

Month Vegetation Model Equation r r? P
Index value
March NDVI Linear pH = -25.472NDVI + 12.138 0.77 0.0 0.7
Exponential pH = 15.645¢>%° NV 0.77 060 0.07
Logarithmic pH = -5.973(n(NDVI) - 2.5132 081 0.66 0.05%
Power pH = 1.5753NDVI*%% 081 066 0.07
GNDVI Linear pH = -8.9301GNDVI + 9.0828 071 051 0.11
Exponential pH = 9.6221e-276CNDY 071 051 0.11
Logarithmic pH = -3.016n(GNDV)) + 2757  0.74  0.55  0.09
Power pH = 3.635GNDVI 44 0.74 055 0.09
NDII Linear pH = -12.267x + 6.5577 0.76  0.60 0.07
Exponential pH = 6.522¢ 197 077 058 0.8
Logarithmic - - - -
Power - - - -
December NDVI Linear pH = -1.4435NDVI + 6.7854 024 006 0.64
Exponential pH = 6.7525¢ 02220V 024 006 0.64
Logarithmic pH = -0.352In(NDVI) + 5.8615 0.15 0.02 0.77
Power pH = 5.8623NDVI %> 0.15 002 0.78
GNDVI Linear pH = -0.9344GNDVI + 6.4987 0.13 0.02 081
Exponential pH = 6.4631¢195CNDY! 0.13 0.02 081
Logarithmic pH = -0.074n(GNDVI) + 6.0965 0.03  0.00  0.95
Power pH = 6.0772GNDVI ! 0.03 000 095
NDII Linear pH = -9.1971x + 7.2933 0.70 049 0.12
Exponential pH = 7.3122e 4% 071 050 0.2
Logarithmic pH = -1.259(n(x) + 3.4309 0.79 0.3 0.06
Power pH = 4.0265x %1 079 063 0.06

2. Ansdr bW 1vead u (Electrical
Conductivity) WUAIUENWUS T217 190 17 51
AynssauiuAnsiliinvesivandeyaninaie

4 2 \iou (Table 5) Ingdayaninariiisulusiou

Turaunuanuduiusluseauana 3 sl wioegels
Satusvd NDVI 9119 1utaawuy Power 19 A0
ANuduiusgeigalaedan ? idu 0.32 uay

p-value Wiy 0.24 vauzvayannaglusuinay
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v a
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g msunszUINnI TN sInemanegi
7 oulead ndnwalvesiia aruaiuisalunis
FUAT1ZAUET LAZNITATIITUANLAT IR IUD
AULATEAANABUAY (Gitelson et al., 1996) uaga
svilitnssaluseusunaulirianuduiusgnia
Arnrtfgnssaludouiiuing 813LAnNYI9LFBY
sunaudulngdullivunaquuazliinisndaly
ﬁqﬁﬂﬁmmsmﬁummLmﬂﬁiw‘luﬂﬁ@m"fmj”m?{u

vesnaelsiadvosiviasydulalaunfluiunngu

Lifemufy uasiiniiniydulniaunifinaslsiladsm
Tuusnadiauiiainudy deaonndosiu Cilek and
Berberoglu (2018) #is1aa1uinnslddudifianssa
A199adnanaANFuURNUSAUNISIAT LA UL
Y9Ny NFUN15917 (Rice Department, n.d.) $18971471
nsfiindeunylisnsnsdgiiviavestivn was
indelusudinmagalilnunadouuasuaaidoudas
uena1nd fomliusuanaslsiaduazsnsinis
AuATIzALAIAnAT

3. Usunasdunsedngluiu numnuduius
senineArnsdnynssauivUsuadunseingludu
Mndayanindreis 2 Weu (Table 6) Tnsdayanm
arwfienludouduiay nuanuduiusTussausi
unta 3 Fd mmzﬁ'%ayjamwm’wﬁaﬂmﬁau
5uAL At NDVI wag GNDVI Wumuduwus Ly
sEAuaMasUrunats Tag GNDVI Taaauuy
Logarithmic Tagdan r? 1Ay 0.40 uag p-value
Wiy 0.18 ﬁgﬁﬁamﬂLﬁulﬂlﬁdﬁagamwmmﬁau
Sentinel-2 d@naarwlunislavinnuudiassdniu
Uszanausuadunsedngluau Inearnudunus
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Table 5 Correlation between vegetation index and soil Electrical Conductivity

Month Vegetation Model Equation r r P
Index value
March NDVI Linear EC = -5.7388NDVI + 1.7132 038 0.15 0.46
Exponential EC = -5.7388NDVI + 1.7132 040  0.16 0.43
Logarithmic EC = -1.326In(NDVI) - 1.5584 -0.32 0.11 0.53
Power EC = 0.0014NDVI> ™! 034 0.12 0.51
GNDVI Linear EC = -1.8015GNDVI + 0.9564 048 023 0.33
Exponential EC = 1.6593¢ 766DV -0.50  0.25 0.31
Logarithmic EC = -0.545In(GNDVI) - 0.2483  -0.15  0.20 0.37
Power EC = 0.0595GNDVI**%® 047 022 0.35
NDII Linear EC = -0.8517NDIl + 0.3967 0.18  0.03 0.74
Fxponential EC = 0.3585¢ 280N 022 0.05 0.68
Logarithmic - - - -
Power - - - -
December NDVI Linear EC = -1.4275NDVI + 0.9716 0.78  0.64 0.06
Exponential EC = 1.6538¢ 86NV -0.81 0.65  0.05%
Logarithmic EC = -0.559In(NDVI) - 0.1313 080  0.64 0.06
Power EC = 0.086NDVI™** -0.80  0.64 0.06
GNDVI Linear EC = -1.8556x + 1.0084 085 072  0.03*
Exponential EC = 1.8088e %" 085 073  0.03*
Logarithmic EC = -0.567In(x) - 0.2541 084 070  0.04*
Power EC = 0.0625x 1% 0.84 070  0.04*
NDII Linear EC = -1.9799NDII + 0.6105 051 026 0.30
Fxponential EC = 0.6457¢ %" -0.53  0.28 0.77
Logarithmic EC = -0.201In(NDII) - 0.0687 042 018 0.41
Power EC = 0.0957NDII %% 045  0.20 0.38
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Table 6 Correlation between vegetation index and soil OM

Month  Vegetation Model Equation r r P
index value
March NDVI Linear OM = 5.5705NDVI + 0.9344 -0.08 0.0l 0.88
Fxponential ~ OM = 127432218 MOV -0.06  0.00 0.91
Logarithmic ~ OM = 1.3642In(NDVI) + 4.2228  -0.03  0.00 0.96
Power OM = 5.0075 NDVI 2677 -0.03  0.00 0.96
GNDVI  Linear OM = -1.3025GNDVI + 2.6617 -0.14  0.02 0.79
Exponential  OM = 2.5612e 478NV -0.12  0.01 0.82
Logarithmic ~ OM = -0.264In(GNDVI) + 1.9388  -0.09  0.01 0.87
Power OM = 2.0042GNDVI %07 -0.06  0.00 0.91
NDII Linear OM = -1.4441 NDII + 2.2827 -0.12  0.01 0.82
Exponential  OM = 2.2344e %612 NOI -0.11  0.01 0.83
Logarithmic - - -
Power - - -
December NDVI Linear OM = -2.3304NDVI + 3.2195 -0.52 0.27 0.29
Exponential  OM = 3.3023e%772N0V -049  0.24 0.31
Logarithmic ~ OM = -0.989In(NDVI) + 1.3511 -0.57 0.32 0.24
Power OM = 1.5175NDVIO4! -0.53  0.28 0.29
GNDVI  Linear OM = -3.1864GNDVI + 3.3337 059 034 0.22
Exponential  OM = 3.4796¢->#CNoV! -0.55  0.30 0.26
Logarithmic ~ OM = -1.061In(GNDVI) + 1.0698 -0.63  0.40 0.18
Power OM = 1.3433GNDVI % 059 035 0.21
NDII Linear OM = -1.8212NDIl + 2.4589 -0.19  0.03 0.72
Exponential ~ OM = 2.4054¢ - 764N0l -0.18  0.03 0.74
Logarithmic ~ OM = -0.038In(NDII) + 2.1559 -0.03 0.00 0.95
Power OM = 2.1645NDII*2% -0.01  0.00 0.98
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Forests are characterized as an area with a high level of biodiversity. Each forest type contains
a different stand structure and species composition. The purpose of this study was to examine the
creation of the national forest type data set using satellite image data and to analyze the change of
each forest type area during 2018-2019 in Thailand by using the GIS overlay technique.

The result showed that mangrove forest, secondary forest, peat swamp forest, teak plantation,
savanna, and beach forest were increased with the total areas of 73,826.75 rai during 2018-2019. The
total forest decreased area of 78,056.23 rai was found in montane forest, mixed deciduous forest, dry
evergreen forest, dry dipterocarp forest, moist evergreen forest, bamboo forest, freshwater swamp
forest, pine forest, vegetation on pen rock platform, and other forest plantations. An area of 4,229.48
rai was converted from forests to other land uses. Mixed deciduous forest appeared as the most
decreased forest type during 2018-2019. The results from this study can be effectively used in the
forest resource management plan, and they can be used also to support the biomass and carbon

sequestration estimation in Thailand forest sector.

Keyword: Thailand forest type, satellite image, geographic information system
data overlay technique
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(2009); Santisuk (2012) Tun1sAfiuaulasniun
giiavreendu 16 vllnU d518az8enveinis
Suundeyavininged

1) Y1huTu (Moist evergreen forest)
NN TTAUANUTNFVDININTTOU

2) UnAulkas (Dry evergreen forest) agdl
SEAUAINULTUAVOININTITUUINATN
Uuganssanaz Ui

3) UnAuwn (Montane forest) 933l5gAU
mnuduAvesiunssadindofiuliduuds uwiaansn
wuthAulusnaidugeniugs

4) Unauin (Pine forest) dausnnagnu
Uraualuninaidatumgn dhauluiud
Uiy UszAUAMUYNAVRINYNITULALAIY
avBenvaaionmeinaninelinduiiegseudns

5) Urng (Peat swamp forest) agwulu

v
[

a a5
YILIUNUUINIUUI

6) Unu18Lau (Mangrove forest) Tvia
Yoyaninarniisudiiasiedeyauauainuiuns
Sunsualng wazdunsnsntandudy dneeiauay
Usngadandu usnandrvdindudaau uagiansm
wndidefianzia Unnuiltn viewuavieils
Usznaumniy

7) Und w3 n (Freshwater swamp
forest) %WUU%nmﬁuﬁswdu%uﬁjaLL;J"LEWLLazU'%nm
Sumuei

8) Urv18u1m (Beach forest) wulu
wnamensailumanseazimesaraliic

9) Untugyanssas (Mixed deciduous
forest) 9z ATLAUAMIULTUAVDININITUUDHN I
Uniuuds wagluunsiuiilinuanududvesiionssa
dlosnidudinaiifinisudaly

10) Unifiese (Dry dipterocarp forest:
DDF) 98852 AUAMUTUEVDINYNITUAA1UATIAU
Unugansse Tuursitufiasnud i edafliannumeny
alB8ATaINIMLANAIINYUaNSTA LBeaIn
Dufiuiiatiiulzdy

11) Unli (Bamboo forest) daulng
UsmgizmwﬂwLuzy’«awsmuax‘ﬁuﬁ%uLL;J‘IEW Hszau
ANULTNATDINYNTTULDNINUNUYINTTAL LAzl
Hufiashiaue

12) aquuUndn (Teak plantation) @313
dunalaaingunss dnvaznsiteadivesiuaslgn
UAZAUNEIUAZLDEAYININ drutdnasiidnuuy
Nuinahauolunasiy q uasilszsuanududves
fynssaufwansatiilussiastuany

13) @7uU13u 9 (Other plantations)
wu a@nvnenaws Wudu anansaduunlalaegly
TN TUULABIAUEIUUNEN waginasly
To1an1nA1fgua1nlUsunsy Google Earth
Usgnaunsanaula
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14) ﬂﬂﬁﬁyuvjmﬂmﬁiimmﬂa (Secondary
forest) samdathiiunlneuyyd drlvgusnglu
fufiugniulimaunuiftessdafensdsngiui
sidsvashiaue warluiuiiugniulivaumumas
%ﬁmzﬂamgé’ﬂwmzﬁuﬁw?ﬂiz

15) 9]¢ (Savanna) aglsiuanslviliiuin
Wuituiivaled Tasezusingedeadefuiinnens
vieaurund U1vjsagdfuiaaiiase dauuin
Uiﬂﬂgiuﬁuamwﬁuﬁw%ﬂﬁ WU @NYIULNIYIA
wasnwiugdnivl (Dusu

16) dpuiyaruiiu (Vegetation on Pen
Rock Platform) Us1ngadeadsfuiiuildalas
dHunNNuUIINGUINUNIANE TUBDNRLIMLD %30
Tutsaimuduieds

M1N15U 521 dUAIUNABIYOINTITIINUN
foyandsinnisulafmiuviai nefinsasiiui
ilensaseuaugniosesieyaviniiniaaus
nadnsgavhevesdeyavinUnzgniuiinuazdniu
luszuvarsaumagiaians sULUU Shape File
(uwanalwd shp) Ao Insdafunuusumansmde
Aftanuduiusiuieyasssni3uie (Attrbute)
MU Aawuueg i@y (UTM Coordinates)
walew 47 Wide @alesoua (Spheroid) wag
‘ﬁu‘mé’ﬂgm (Datum) 11 World Geodetic System
1984 (WGS84)

4. msdnviteyaviiaUl U w.e. 2562 3avi
MuIsnsiieaiudeyaviiaun U w.a. 2561 lagin
Joyaviaun U w.e. 2561 11AsIaa0UAUTayanIn
aiunleatenl lnelddoyaninniiiiey
Landsat 8 uaz Sentinel-2 Adufina nlud w.a.
2562

5. Annginisisuutasiiufieialives
Usemeilng sewdnel we. 2561 89 U w.e. 2562 910
ToyaviiaUn Tud wa. 2560-2561 vosd1tindanis
Faudled nsuualdl Tnald33nsdeusiu (Overlay)

arglusunsuarsaunaniaans lagdinsieninis
WaguwlaswiinUrluamsiuvesdsemelng n1s
Wasuulasdadiniuginia wagiAsiennng

Wasuwlasnunluwpazedaua
NAN15LaZ AT

nan1s3uundayaviinv Tud w.a. 2561-2562
Yasuszwndlng

1. andeyaviindl U w.a. 2561 wudtdh
LU AN T T Anu 47,194,211.82 15 U1fuwas i
W ui 139048711215 YA udu § WU
11,916,400.68 13 Unfiede ffudl 11,885,932.37 13
Urfui filud 10,944,716.68 13 Uniifluginau
555UV TN 1,805,895.34 15 Unvneiay i
1,538,185.33 13 avuddn dudl 915,326.73 13
Uraul SR 541,822.97 15 daauivaruiiu
415,499.84 15 U11d filuil 407,905.88 15 U1}
fuil 386,971.31 15 Ung filuil 27326328 15
UhTaindn ffudl 263,905.58 15 Ureme fifui
65,840.83 13 wazauUnau 9 Uil 27,552.42 13
(Table 1 and Figure 1)

2. nveyaviaUi U w.a. 2562 wuin Un
LU ANTTU fifuit 47,179,809.63 13 Unduuds 1
Nui 1389071696 15 UnAvdu @4 u
11,910,107.55 15 Unfiede ffudl 11,872,710.87 1
Uil Siud 1092353526 13 ﬂwﬁﬁuﬂmm
535017 Sui 1,828,071.85 13 Unvneiau finui
1,562,102.49 13 avudndn fiuil 920,954.63 13
Unauwn Sliud 540,821,853 denuitwanuiiu i
414,974.30 13 U116 Diufl 402,584.45 15 U1}
fufl 389,954.52 15 Ung duil 201,932.40 15
UnTetnda fiudl 261,982.05 15 Unnemia Siiud
66,293.69 13 uazauviau q diuit 27,520.21 13
(Table 1 and Figure 1)
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Figure 1 Classification maps of forest types between 2018 and 2019

Table 1 Change of Thailand forest types between 2018 and 2019

Forest Types 2018 2019 Changed area

Area (km®) % Area (km?) % (km?)
Moist evergreen forest 19,066.24 3.68 19,056.17 3.68 -10.07
Dry evergreen forest 22,247.79 4.3 22,225.15 4.29 -22.65
Montane forest 17,511.55 3.38 17,477.66 3.38 -33.89
Pine forest 866.92 0.17 865.31 0.17 -1.60
Peat swamp forest 437.22 0.08 467.09 0.09 29.87
Mangrove forest 2,461.10 0.48 2,499.36 0.48 38.27
Freshwater swamp forest 422.25 0.08 419.17 0.08 -3.08
Beach forest 105.35 0.02 106.07 0.02 0.72
Mixed deciduous forest 75,510.74  14.59 75,487.70 14.58 -23.04
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Table 1 (Continued)
Forest Types 2018 2019 Changed area

Area (km?) % Area (km’) % (km?)

Dry dipterocarp forest 19,017.49  3.67 18,996.34  3.67 -21.15
Bamboo forest 652.65 0.13 644.14  0.12 -8.51
Teak plantation 1,464.52 0.28 1,473.53 0.28 9.00
Other plantations 44.08  0.01 44.03  0.01 -0.05
Secondary forest 2,889.43 0.56 2,924.91 0.57 35.48
Savanna 619.15 0.12 623.93 0.12 a.77
Vegetation on pen rock platform 664.80  0.13 66396  0.13 -0.84
Sum area 163,981.28 31.68 163,974.52 31.68 -6.77

Table 1 LLammiLﬂlwﬁuLLazaﬂawmﬁyuﬁ
gilatn fail fuilaesanveswdnUritiudustnun
Wi 73,826.75 19 wuadu Unvnemau 971u9uU
23,917.16 13 ﬂﬂﬁ?\luuwumuﬁﬁwma TI1UIY
22,176.51 135 Ung 97U 18,669.12 15 @rundn
F1U7U 5,627.90 15 Unve 97uu 2,983.21 15 uax
Ungema $1uau 452.86 13 uazituiilaesiuves
silaUrfianasionn Wiy 78,056.23 13 udaduy
UrAuln 919U 21,181.41 15 Yugyanssau 91uau
14,402.19 15 UnAuuds $7uau 14,154.16 15 Ufess
$1uu 13,221.50 19 U1dudu $auaw 6,293.13 13
Unlel fruqu 532143 15 UnTaf13a suau
1,923.53 15 Unauwwn 3749 1,001.12 15 daauiie
a1ufiu 21U 52554 19 wararuUidu q $1ua
32.21 13

Han153LAs1z9N1sI A unUasiuiviayn
1wl w.p. 2561-2562 AuQin1A
Useinelneusenausie 6 gilna laeld
WNINITLUIQIAIARINANENTINNITYRAIER S
wie@ U w.d. 2520 lown A1Anans aanziuan

ANANZIUDN NARSTURBNLBYY NNALH LAY

mawmile namsiwszinsasuulasiiuiivdal
Tud w.a. 2561-2562 muginia (Figure 2) wud

1) panans Vifiiuitanas leud aaudndu 9
236.57 15 U1l 20.81 15 Undaida 15.6215 uaz
Fenufivarudu 1.98 15 UrfidAuiiadu laun
Unugyanssu 25,161.53 13 ﬂwﬁﬁuﬂmmammﬁ
10,582.15 15 Unv1wtau 9,859.86 15 U1ihiads
6,102.69 15 @auvndn 2,534.12 15 UnAuuaa
1,628.08 13 U173 906.86 15 Unauiv1 834.04 13
wagthfuin 104.17 1s

2) pranzTunn Uriilifuiianas Teun Un
WA 959 1,762.86 15 Unld 1,754.81 15 Unduten
1,000.44 13 U1iuuds 475.50 13 Urdain3n 330.74 13
Unanewn 111.74 15 awvdn 97.39 15 wazvauin
11.44 19 Unfififuilifiadu 1dun rdifuyai
555UVA 13,415.01 15 Uniugyanssa 12,580.82 13
Uveiau 3,684.00 19 VAU 1,169.90 15 U9
187.09 15 dsaufiwaruiiu 98.36 13 wazaruldu o
19.68 15

3) prAnzTuoen Uniidfuiianas laun
Unfvuuds 487124 19 Unfiudu 229859 13
Untugyanssa 918.78 15 wagaiuUndn 353.56 13
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Uil udiugy 1eun dnneay 6,619.14 19 U
finunasssuvd 208214 15 Uneme 747.88 13
daaudvaiuiu 207.89 13 Uang 12554 15 @i
9u 9 110.83 13 Ulsi 50.06 15 U19je 24.47 15 uaz
Unhase 4.49 15 wagnuirUiduiealidngg
WasuuUasituiivn

8) pranzSusenides Uniidduiianas
Toun Unfvuas 3,721.17 19 Unld 2,799.60 13
Unugyanssad 1,813.29 s UnTatin 1,558.84 15
daaudauiu 926.75 15 aruvdn 219.40 15 aqu
UnBu 9 31.96 15 Unduwn 639 19 wazUnauian
4.91 15 UnFiiRuTRnt Ieud ddede 8,446.08 19
ﬂwﬁﬁuﬂmmmmmﬁ 2,307.67 15 wagU9jq
2,228.46 13

JJJJJJJJ

Area (rai)

JJJJJJJ

5) nald Uniififudianas 1dud UaRudy
5,164.43 15 Unlw 436.57 15 Uniugyanssad 239.35
15 Urrnemn 183.29 15 Undunas 49.93 15 uazau
018y 9 437 15 Uriifiduidiadu 1dun dang
18,503.58 13 Ui usnussTuYIA 4,243.03 19
Unwneiau 3,754.16 15 depudivaiuitu 65.49 15 uag
Unhdahin 3.44 19

6) mpwiite Uniidituiianas W Vrugamssad
49,173.12 15 U11A 959 26,01231 15 U@ ULv1
20,278.75 13 ﬂﬂﬁﬁuvjmuﬁiimﬁ 10,453.50 15
UnRuwas 6,664.40 19 Unauiwn 1,818.81 15 Unlu
363.70 15 U19ja 363.68 13 wagthdanida 21.77 13
UL leun aautadn 3.764.13 19 @t
3u 9 110.18 19 uwardspufivarudiu 31.44 13

MEF DEF MTF PF PSF MGF FSF BF MDF DDF BBF TP OP SF - SVN VPR
Forest types
W Central Western il Eastern |l Northeastern |l Southern | Northem

Figure 2 Change of Thailand forest types by region between 2018 and 2019
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warlu U w.e. 2562 wWasuduiuiivals Tneiinisg
wWasuwlaadutudasede sl Ueuiy 70,747.97
15 Unfuuas 28,960.30 15 Urdutwn 19,003.27 1s
Unauiwn 1,602.50 15 Ung 21,833.32 15 Unwneiau
53,890.79 15 U1deu13n 540276 15 Urwrann
1,144.46 15 Unugyanssa 210,866.30 15 Unifies

72,827.21 15 Unlel 4,230.83 15 auilndn 21,278.22
15 aaudidusg 4757514 Drdidugmiusssueif
69,552.01 15 %4 3,587.12 15 uazdenuiivaiuiiu
1,270.58 13

8) Mudivdinszninddud wa. 2561-2562
Afimaasustasannnma 200013 un Yuganssa
WaswduUndeds $auau 3,899.29 15 arulldn
Wasuluvafviwn sauau 2,728.24 15 Unld
Wasudutnuganssa S1uaw 2,672.26 15 Unfeds
Wasudulwuganssa $1uau 2,604.75 15 Udu
Fuasuduteay s1ua 2,574.93 15

NANSANYINUIT nsanatvesiuiiUlld
aenndesfuaifnfninseyAnnguuieifeafy
msUlil sevdnasieuga1em we. 2561 - naufiugey
w.ei. 2562 wushuauaRyngnuivale 1,726 ad
fiflufiyngn 34,491.005 15 wazadnisiialulngin
sywiaiou unew — Surau T we. 2562 nuAud
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The objective of this research was to develop a small household compost bin for organic and
food waste, to study its efficiency and the satisfaction of compost bin users. The study was divided into
three treatments; T1) without core ventilation pipe compost bins, 2) core ventilation pipe compost bins
and T3) core ventilation pipe compost bins and 10% immobilized microorganisms. The fermentation
materials include vegetable waste, fruit waste, rice, and dried leaves in the ratio of 1:1:1:1 by weight
with an initial C/N ratio of 48 were investigated. One kilogram of material was added continuously for a
period of 15 days, stopped feeding for 15 days, and then started the process one more. The results
showed that temperature in all treatments were not different while the pH and EC were statistically
different at the 95% confidence level. After the end of the experiment, the properties of soil
amendments of T3 were better than the other treatments with pH, EC and C/N at 7.2, 1.2260 dS/cm,
and 18, respectively. In addition, the fermented water showed the highest humic acid content of 1.1%.
The T3 condition that consisted of core ventilation pipe bin and 10% immobilized microorganisms were
tested back to a sample of 10 households. After 2 months of using, the users assessed their satisfactions

through questionnaires. The overall satisfaction of compost bin was 4.5+0.8.

Keywords: compost bin, organic and food waste, soil amendments
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woAR LUt eda Lazlyes1 (Pan et al,, 2012; Pedro
et al., 2003) IﬂaﬁgﬁuﬁﬂﬁﬁummﬂumsﬂasJamEJ
v lawn Baallus sp, Cellulomonas sp, Aspergllus sp,
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sp. Wudu (Mala, 2003; Tancho, 2015) agnslsAna
dndumsndnevermsainadaseutusndui
wAodldqaunT g fauantfvuizaudisu
idesnidunsminiegluaiaeu daiqgdunidn
LyifiuszanSanenaviliAnnausuniu waziilosann
LAY 5019 uduidutifunsolusiuus Uy

onaduguassasiedunaulunsndnly dmsudemlin

Joasusouruindnd miurezduvsduaziayenns
Fudenlduazddmiisesaunswanglunate 9
Uszina unsnazdsiaunaiazinislang sy
faudesililimnziuussmelng Jegnianld
NuAsut1des druninnulusuidedundn
(Lankongpoon, 2017; Karnchanawong and Suriyanon,
2011) dmunisanmndadazyinisinwmnisiau
yosfaminiawemsdmsuaduiou tnewiuiinny
azaanavisuazaiivszudadmiuglaidundn
Taglddansinuuuunadl (Passive) wagaaunse
19U 3 ¥ia bk Bacillus subtilis BOO1, Bacillus
thuringiensis W2A Wag Trichoderma sp. kaguflangn
Alelunaaounisldiungudiey 1991uu 10
asuFou Wemsediuanufionels Fwsiluusslond

agdsem i Nensidaudminlelusuan
L3 ad
aunsaluazdsnig

1. as1sdamdnauluy: lngesAlsznounay
18aL98nveINwmNNLandlu Table 1 dwsudwmdn
ldlunsmeassutssandu 2 wuu SwTnuuud 1
wuuliifiununans wardminuuud 2 wuufiununans
dmsuununaneviinine PVC 1unn 2 2 fgsvune
81N1FABEIBULNY FUUUYBLNUIITERE PVC 21U
15-2.0 972 @mfunszunseld Activated carbon
anwgYenndn (Figure 1A) LazYALAUNATS
(Figure 1B)
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Table 1 components and details of composted bin

Components Details Bin type 1  Bin type 2

Part 1 Set of composted bins Cover v v
(60-liter HDPE tank) Core ventilation pipe set X v

Door for compost outlet v v

Fermented water storage v v

Tap for fermented water 4 4

Part 2 Set of stands (steel-stand)  Axis v v
Base and wheel 4 v

Figure 1 (A) External characteristic of bin and (B) Core ventilation pipe in compost bin

2. Maw3Badeqdun3s: dnqaunidsiuay
3 919 Bacillus subtilis BOO1, Bacillus thuringiensis
W2A (AdauenlsainviosfiRnng fnuaud@luns
dosiifunagluty SeAanssueuledlawa whity
140.75 U/ml) waz Trichoderma sp. dbn1%4a 84
UUBINNTLMaT Nutrient broth U'uﬁ'qmuqﬁ 37°%.
wefiauEiseu 120 rpm lunan 18-24 Falug
wldideisuduiiianisgandunas 02 Aenuen
Adu 600 wiluwas Yraiuusuiaulaenisuay
gn91d U 1:1:1 TuenInugnsves Cheunbamet al.,
(2020) war 19T o7 bAu1vnITas @ suL

a

Activated carbon lagyinisagniadlvidniudne

a

wn 9 (Fgeun 0.5 dns:3an 1 nn.) sunigamqd

Y
=

40-a5°. \Juian 2-3 Ju v¥3eaunInazui lnedeail
ANUTNTUYDIRAUNTY >10° CFU/mL anlailaloivin
nsn3aenlmi

3. N1sNAaIUTEans nnvesnandn:
wUadu 3 Ynn1Ineaes NMsvnaeday 3 1 il

YAN1TNAADIA 1 (T1): daminuuud 1
laifiununans (lifiviessungeinid) wagiawenms

YAN1TNARDITA 2 (T2): Famdnuuuit 2
Tununane (veaseunge1nA) LavlAYMIS
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yAnNIsNAAe 3 (T3): fandnuuud 2
Jununae (IvesgulgeInid) LAYDINIT Lag
\FeqAunie 10% Tasthmiln

Urdaandn lawn wwdn wwwnald 41an
wazluldusis dns1dau 1:1:1:1 YsinaTuag 1 nn. 1d
adludamsdneng q wuusaides iWuszesinan 15 Ju
n¥rnduudeniisly 15 u Suldtaguindeidesdn
15 fu uarddesiisliauaunimaaes saunsfng
Wuszaziian 2 Weu luyniuvinisiaaianudu
n3A-A4 (pH) Ansiladih (EC) gaungivesdanin
USINAUETDNETY uazgumainteuends dmu
yniFeunasnn1viin vinnafufegatsuiinmdy
avanveteusuUEnila-Un Ansendnsndiu
arfuauselulnsian (C/N) ndandugansvaaes
dushegaenmindldluusiasduiinsziiefinm
Aadnvazlneluvesemin Usznaudae O/N
Usmailulnsiouiionun (Total N) USinnduvdeing
(OM) pH Arnasu i (EC)

4. NAABUNITIYIUYDITIMITNIINY AN
nnaosi liUsEANS amannd gadunguiieg
1uau 10 asseu Tudwminlesdul 1Wuszeziia
2 \wiau nageuAuianelavesnsldanuve simiin
AILLUUADUNY

5. M3ATEiteya 1) Wisuifisuaii
wanenveanzlun1sdnveudazyanIsnaaes
Aa8A1AULUTUTIU (ANOVA) LagiUSeulitsuniny
uanFnsresALaAEsiY LSD Asedurudediu 95%
2) NMsnaaaun1sidudaminanwuuae Uy
Ainsgiiszduanuiianels lnsaseviaade

wazAN e uUNINIFIU (SD)

NAN15ILLAZ AT

NaN1INAABIN15 LY uvasamdnd vd19usu
VerBUVTIUATLABRINT

wasaniinslaanmuiin taun Tulsiuis i
walsl iwitn wagdna Tudnndau 1:1:1:1 Tagthwiin
Tufamtniia 3 Yan1snaaes vinisudnidunian 2
ou nanmeassdidsieluil
an1azlunisnsin

aauund nan1INAReaTe 2 sEuy WU
sUuvuresgumaifisuuuuilndifssiu uilusou
il 2 eflsgornanilndFuduiionuundiedausn
(i esanngamgfiineuenidgamglinininvili
9aunIdesnisnsilndafienuiunit wazldinan
fivruuninlunisdugauuaunisnin taeldaan
jladu 18 Yu luvneiisoudl 1 1dnanfiss 15 Yu
(Figure 2) usiognslsfimugamgiivesdaminaeuds
i Tnslamzluszozasil Gagumgiinasnnisnaasd
Usganal 37.7-62.7°9. Fadutsseninadlailan 7
gaundagluyi9sendng 25-40°. LaryI9Aurd
wesluflda deavdounndegluyae 40-70%.
(Ahmad et al,, 2007) %31 asa1ndemsindauin
fdn dnsldvaauifnyniueddeiies vinliiing
dnemanieug nnsuenldine Snanisaos 1
TaTanuinusairvernisyniufiazdosdudnau
wilsiilvigamaivesdsindeligannuazenavi
TrimavsinidululfdaninmsTatan Susudiuousn 1
asluafuier (McKinley, 2008) GRVERRIV R
Tutnsiidedudsfigdunisiarmumainuaiogs ua
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Jomns1n1sdauaatenia webiaiunsaddalsanse
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wéavosiiefieradumundenanadadeuluds
wiinledesanndgamnfifiinnin 55%. (Stentiford,
1996) ievhnisnageunsadffiseiuanud e
95% wuigaugiivesiis 3 gan1svaaes lufianu
wananafuegalidudfynnadf lnedanedsves
N15NAABY Vo T1, T2 way T3 Ao 34.91+4.03,

34.52+4.21 way 34.61+4.68°%. AMUAIHU N19H19
W 9917191nUS LIRSS IN HVUIALEN waziinisld

919151 g dianguenid i unun

v a

ARUUNNNINABTE UL Yl dvasdaninia 3

o w a

faldusnansiuegnsilitudAnana (Table 2)

The 2™ time

50.0
L 200 e T
2 300 M T R A T\ ABrmef, )
§ 20.0 T
Q.
£ 100 13
[

0.0 ambient
02 4 6 810121416182022242628303234363840424446485052 54565860
Days
Figure 2 Temperature change during composting
Table 2 Fermentation conditions of the fermentation bins in each treatment
Treatments Bin detail Temperature pH EC
(°O) (uS/cm)

T1 Plastic bin 34.91+4.03 6.61+£0.66°  995.50+249.82°

T2 Super green bin 34.52+4.21 6.39+0.66°  961.42+212.53°

T3 Super green bin and microorganism 34.61+4.68 6.39+0.65°  1285.60+250.59"

Values with the same letters within a column were not significantly different (LSD test, P<0.05).

A1 dunsAng (pH): ¥29u5NV0INg

'
a

ISNTEUU WUIIAT pH anad FeiAuAd18iusy 2

'
1 A

Y1U8ININARBY (Figure 3) 1H1899INNN5YIN9UYDY
aunsdluszuu i lidanluanavuinlnggneee
aaerduansduvsdluanavwiadn laun nsndun3e
w1lang 9 (Tchobanglous et al., 1993) WagaNian
vifndmaniawd nuaziavnalilf fadnadunse

ag13lsAnIUnd 99100y pH 9zA0Y 9 LT NgITY

\esa1ngduniddesaanssnlulnsiou vilviAa
woulandle dwalvien pH Tudmifngetu ognslsfia
idleszuuasil A1 pH azeglurae 5.5-7.2 Faazdy
nawfireulumensadnies winuilinsznuse
n3vieIuresdunid 1 esanfinisusudives
9AunIdludransnuinda @y pH Amunsay
dmsunmsrinauvesgdunideylutie 6.5-8.0 ue
syuuannsod pH egldlutag 5.0-9.0 Feluszuy
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wuiuneadadl pH 5.5 §eon99zvihlinnsdosaans
Hras usilesandinsnanianminvaroviin Jady
Uszlevtiogndadosruunanin iesanlussuy
wiindqdunidinarnvatevia darunsaeialy
s¥dU pH fuansnedy yiliszuuresnisminge
annsausumaldluiign (USDA, 2019) 91nHan1s
NARBINUIN A1 pH VBIYANITNARBILAIUUANAT
fuegnfifoddynieada Aseiuanudoiiu 95%
Laza1NNAOU LSD WuIn1snaaes T1 1udmiin
Aldfivieszureeniatu pH fiAeds 6.61:0.66

LANEgAINYANIINAaDY T2 Jududininidvie
spU180IN7A wag T3 G adudamsind fvioszune
017791 wazioqAuv3e Aifien pH dslndiAseiu fio
6.39+0.66 LAY 6.39+0.66 MAIFY 311 esa1n

a

= v o o ¥ a a6
n1sfomadlludsaunsavinlia dunidiase

)

wazvinulafniganisvaaesilifiviessuieeinia

aea

(T1) oA luduaunsaviligdunidiiagmny

535UY1ALUYANITNARRY T2 LAY aAaunTe

9

ey 07 lati uluyanisnaass T3 1aiglad
(Table 2)

The 2" time

7.0 . AM:{&E{-

60 * )AEZL'
5.0 = L

—
T
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pH

— T
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Days

Figure 3 pH change during composting

Amsu WA (EC, uS/cm): Ansunludi
Hunansdsauamsalunisiinszualiy tnde
nIeasalau 9 Nazargluun Paelinsuiausunu

'
] A

vosasewnsiifiey iennuididuvesissnnlutgs
gyl EC qediu 1 ean1nUIunnlosouvosans
ofiun3dogluasararedigedu 99nuanismnaos
wudnAn EC fmswasuuaduguunuuideniugamngl
TnowiogunfiSugedu a1 ECaziSugedu uay

Wegumngdanasan EC Aavannuadlldie lay T3

Ra

A1 EC Miadudaiau Meiliinn15vinauveqduns

D.

Faduiilaasluluszuu Tnefiaunndqaiade
1,285.60+250.59 uS/cr luaqzdi T1 waz T2 dan

995.50+249.82 puS/cm ey 961.42+212.53 pS/cm
AU (Figure 4) azifiuldingn EC 7ildanndamin
Joyts 3 gan1snaaesiAia §sarunsadily
waﬂqﬂﬁﬂiaauﬂ%"swmﬁmﬁ'ﬁmms EC USunw
woe 9 1 wiu dnninvenwazadatugeu dan EC o
581319 1,000-1,500 pS/cm @nsululusenn dan
EC 9¢/521319 1,000-1,600 pS/cm vJudu usd1ag
Ugnitvuiladu 9 fidean1ssinemisuaze EC g
WU W3n dA1 EC 98581119 1,800-2,000 pS/cm
wpan31 AR EC 98381319 1,700-2,500 pS/cm v
ovazdednslddedunidsu q wasuadldae
lngrn EC vpsiisiaazeindnuilaain Ezgarden
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(2023) MMNNINAFBINUIIAT EC UDIYANITNAGDY &
ANuLAna1etueg i Yed A yn1eadf 7sedu
Anuidosiu 95% uagann LSD nuinyansvieaes T3 &
A1 EC gefign uazuansinennnyansmaaes T2 uag

2500.0
2000.0
1500.0

1000.0

EC(uS/cm)

500.0

0.0

T1 Fawandliiiuinganismaaes T3 Afloniauay
shiderduvidiumunsnfiasimsdesameansdunss
LazlAYe1MIE1e o laa vinliaisenmsuasissin
fUsiaennndilu T1 wag T2 (Table 2)

The 2" time

0246 81012141618202224262830323436384042444648505254565860

Days

Figure 4 EC change during composting

ansrduasuausalulnsiau (C/N ratio):
N Dundsdutadendniifidwddglunseuiuns
viiny o Tagaimanganlunsminyseann 30
e9a1ngduniddosnisldaisuou 30 dause
lulmsiau 1 drlunisgesaaneingdunid dmsu
Saquitnifliluniavanesndad Wun i wunaldl
41 waglulsiuste Taeddamdiu 1:1:1:1 Taevuin
Tiauwalil wwdn uwazdn iWudunuvsaawems
Tun$adouidlulasiau Tuvaedluliuraduduues
afuoulutanmin /N Tansudu 48 Fadusn
Suduiidoudnegs Jsusnaniiionnuaunaueanis
wiinuds nistdimsemsannauiulasiliianvidn

fduwanvosmivousialulasiaus asfinnsgeyide

lulasaulugUvesuenlullogussenia uagaziin
nawgiule (Chandenduang, 2007) “Tfﬂ%Lﬂuﬂaym
aghannsensldrudmindeluadaseu dufuly
nsndndsdndusisadedisaugaves /N Wuddey
dwiugumgiivesdumdnnuitegluseduUiunans
w30y lurraulean (Mesophilic phase) lngil
gamgdoyd 25-40°. wazyarsduveunesluilan
(Thermophilic phase) 40-70°%. Wuaulug vilw
nsgesaarelululirouded saluiaviunumes
Tulduksroutrannidesaniidminiun dr N
e Tuvnugfiomsandu q wuitezdesaasly
melu 2 §Uai wawes O/N Tudwinuandy Figure 5
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Figure 5 Changes of C/N ratio during the composting process
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n1sgesaatedelianysal wiarusauluaguau
’Luuﬂaaﬂqmﬁa%’ﬂmmm?’fu wavrey 9 Uanuaeysne
amsliunAule (Tancho, 2015) a1nAuauTAved
Jed ldnuindeliardeseylasianiz N uay OM
d5U EC AANHNUNIININTIIUNNYANITNARDS
(Table 3) nAANTRwmaonayliamsaiFonls
Mutduvdd ilesaniinuautAvianiinaauin
vp9t)aBun3d (LDD, 2013) edivdsanmansiniey
vogdunisluniidounsimuindsgensildunin

' = ™

wingadismmemsiveuniony Jamunzdmsuns

a -

1 duTanusuusanu vl

q q

auuAnNNYRIRUlATY

193



PSANTIVYLATFNATUIVINTINYAT 41(2): 185-198

Prglvauianumanvausdonisimizan lnayeli
fuiunnidles ssutgeinalen wanassladnuiie
~ A H o - U av va o ~Na 8
yilade Urmin Tneumdnileddnueusla Jddena
aan Ludindu pH agluyag 6.5+0.5 Farganinen
H v a v | a =
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AUEIFU TAEAINIANTFIUYBIUTUIUNTATITN VDY
ihwiiniugeslaitiosnin¥esas 1 (LDD, 2013) Tassily
wdiminanfisinasfinendadinegsering 048-1.07%
(Tancho, 2006 )

Table 3 Characteristics of final compost under tree difference types of treatments

Treatments  pH C/N N oM EC The standard of compost
(%) (%)  (dS/cm) under The Fertilizer Act.*
T1 6.9 23 0.5 19.4 0.9343 pH (5.5-8.5)
T2 6.7 22 0.5 19.9 0.9567 C/N (=20), EC (<10 dS/cm)
T3 7.2 18 0.5 15.2 1.2260 OM (230%), N (19%)
*LDD (2013)
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Table 3 Satisfaction of 10 families sample group for using compost bins with immobilize microorganism

No. Issue X S.D. Meaning
1 Food waste and organic waste disposal 4.5 0.7 Excellent
2 Utilization of the compost 4.4 0.8 Excellent
3 Utilization of the fermented water a7 0.5 Excellent
a4 Suitable fermentation time 4.5 0.8 Excellent
5 No smell problems 4.3 0.9 Excellent
6 No insect problems 39 1.4 Good
7 No disease-carrying animals 4.6 0.7 Excellent
8 Bin style 4.4 0.8 Excellent
9 Bin appearance (overall) a7 0.5 Excellent
10 Out come from using bin (overall) 4.6 0.7 Excellent
Total 4.5 0.8 Excellent
A3UNAN13IY lneflgauuginasnnisnaansdegluyie 37.7-42.7°.
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The objective of this study was to measure the technical efficiency of rice production among

the farmers who were members of large field groups and those who were not members. The study
was conducted by employing the Data Envelopment Analysis (DEA) model with one output factor and
eight production factors, and the efficiency level was divided into five levels (lowest — highest). The
results showed that the economies of scale of both groups fell in decreasing returns to scale range. In
addition, the rice farmers who were members of the large plot group had slightly higher production
efficiency than that of the non-members (0.9213 > 0.9065). Notwithstanding that the majority of
farmers from both groups had the highest efficiency, the study conducted found that both groups of
farmers should reduce the use of production factors, namely the number of workers in production

and their agricultural monetary investment.

Keywords: technical efficiency, production rice, farmer, large scale rice field

UNANED mgdadeaunantn 1 fauUs uazladunisngn 8

fauUs wusszduUszansnimeendu 5 sedu (e

nsAnwiafeliifngusrasdifiodn  flan - winfige) nanisdnwinudn waldsdovuia
UsgavBamidanaianmsadndnveansnsnsiidy  (Economy of scale) ﬁﬂaamajuaaﬂuiwzmaié’sia
aundnnguuiuvadluguazinuasnsitldldanndn  wuinanas Tasinwasnsguandniiiduandnnguun

a

lnglduuudnaes Data Envelopment Analysis (DEA)  wladlugjiiuszaniamnisuanganinnunsnsgugn

199



P5ANTIVYLATFNASUIVINTINYAT 41(2): 199-209

F1aitlaildaninidnios (0.9213 > 0.9065)
inwasnsansngudn vy iussansnmseduann
i Lwimiﬂgﬂ%ﬂﬁu’qaaqﬂfjumw%’uamﬂ%mmmi
T¥dadansndn laun 9uiuussnuaulunisndn

LLaxﬁuamumqmimwm

Adfey:  UszdnSatnmiamata n1suantdn

WneRIng wikladlng
AU

Frndusyfiveniswazsilufigsegia
fdfyvesuszmalng TnmamizUgniuiuseime
lutnsimizgdgnuat w.a. 2561/62 ﬁﬁuﬁﬂqﬂ%n
WeUspmesin 59.98 d1uls dnanEnsau 25.18 Ay
Fraden TuvazfiUnisinzugnund wa. 2562/63
fftufinamnguan 61.20 S1uld ifindu 1.22 &1uls
AnduSesay 2.03 druNananTawiniu 24.06 a1usduy
PruUden anag 1.12 drudu Aedusesay 4.45 uay
Jufiundunninandnedodelianas Inednis
wnzUgn e 2561/62 enardmiads 420 nn./ls usilu
Ynsugugn w.e. 2562/63 IhnAnwas 393 nn.sels
anaa 27 nn./13 (Office of Agricultural Economics,
2019) Ygymidrulugreununsnsgugnd1iuiain
Yyyfsssued Juninisunnnu insieauunig
wAndnud gty luvngiisiandaduunldy
anas Inwnsnsuates1euliusenaue1dnsudig
wsgilanuuduevludewesseld vildfudinis
UgndnvesUsswmaiiuuilduanas

lnan1suszaulymnisvinnuaesnensng
fugndnnifuiianvnuiain 1) UssAnsamnisuan
vaunuasnsan dnslddadeniswdniilimunzay
i FldiRnnsUsEndAravuIn Samuununsns
Augndmiinslddadenmamdmnniiupnudndu wu

nwRINIFsanni1stdlewnll 400.33 un/ls asieil

12105 u /13 wazwdaWug 5816 uin/ls
TUAINTIWNYATNTAINITOAARUYUNISHEA LAY
579.54 u1n/ls (Cheamuangphan et al.,, 2016)
s iinunsnsldiadudiufuinn mszinunsns
fgnimanlvgifununsnsmedesdifufineugn
liinntin Taeiade 17.94 15/p%250u uariinir5ou
inwnsisdorar 97.43 fufidesnindiuau 1013
2) wandalifiaunm inumsnafugnindauiiugn
liinnuazusazeffidmnefiadwldnanangdian
Taglalldfinsimunuasguannmdn wandailld
Fadudnuaimadisiaiagadrguiy
danaviiinunsnsguandiuseaunaviayu
(Cheamuangphan et al., 2016)
mamiladudnnanisfinunsnsifiuing
Ugnduazlisunandauiniududuaetsesain
menziuesnideanie laglulnisinizugn w.e.
2562/63 fifufinianzUgnauieay 14.14 §uls
WiduanTnisimisugn wa. 2561/62 $1uau 033
&uls luvagAnsimizugn wa. 2561/62 165y
NandnsI 7.85 Audu Turauzidnisimizugn
W.A. 2562/63 ATUNaNEAT TN 7.52 A1udY anad
0.33 81U AU (Office of Agricultural Economics,
2019) eglstinulymvennuasnsgugndrluim
mamdefuifisrfuinunsnsgugninaadu fe
UszAnsainnisndauagsadiadendien vial
inwnsnsuszauamnisuenu faseviaudaty
it wazduunuasnsgugndnilifanuannsa
TunstrseniiAuundsiudfifugedu
L‘ﬁaL‘f]‘uﬂWSLLm%ﬂmﬁﬁﬁﬂﬂﬁnﬂgﬁSUUﬂﬁ

¥ v =

Ugnd1q Fgdsldmuungnsaiansuiuuse

Usgansninnisuandnd lnedaasulvinynsnsg
sunguiuvineasuuating Ineiidivune fs 1)
Wiudszansnmnisndanisugndn 2) aaduyunis
wanlaeBamdnnisuszndasieuinn 3) unandnuas

1U1INITADTD

200



Journal of Agri. Research & Extension 41(2): 199-209

LANEIULINSANT U UIANYATNTTINAD
Auitevhuudaslugdslivsyauanudiiawinnnaas
lnsUagtuussinalneiiinunswuasivgdiuiy 208
wias Amduiuf 0.17 a1uls Amdudasaz 0.29

X 4 o ] P S & =
YVBINUNUYNVNMININUA A UIRTUlszinu
AU ANSAINNITHERT VR NERTNTTILTUY
au1¥nnguuiwlasivngfivseansanitnunsilile
aundnusali MNUTLANTAINAITNENVDINEAST
a & a | ' ] Y 19
Mduaudnnquuinvaddngganitnuasnsnlaly
aunBnazviliinunsnsgugndnildldaundnaula
LATILLUISINIATINITUINVY DUILAINA LTLAA
LUINSUNISHRIUIANYAINANTHAATIIVDINUN
AAMNDABUUULANLNNTY wazyintid1nunenng

Ufsunisndsdnvesiguszauanudnia
Bandun1sidy

naudieg1enlglun1sine Ao INwAINS

v

fugnimlufmindeseuasnzie Ssdeduimin
Afmzugninanniigaaessdusivusnvesniamile
nauuu ngldianisdudiiegrauuuala (Purposive
sampling) IMngrudeyanzieuinynsnsguandn
V9IAUEITHI1ITINTATEITIOUATTINTANELEN
$1uam 1,200 119 wisdunwnsnsiiduandnngs
wwadlvg $1uau 600 918 uaginuasnsiilily
au1dnnauuindadivg 600 518 lnenszarengy
fregremudndiuvennunsnslusaasenine vl
Junisdrsradeyalusevlnisiwizugndiund
W.A.2562/2563 Faflduneunsitedelui
Fumeudl 1 mesravsnmuesn1snant
(Technical Efficiency: TE) Aiaszilagnislginaina
U939 Non-parametric %qaguuﬁugwumaq (Data
Envelopment Analysis: DEA) (Coelli and Battese
1996) Liasananansndnsgiinislitadudiuiiu

lngiUSeuiisuiungusiegnedu dduds Output

A a ¥ o U U v
Ao nandand12 (nn.) @msudauds Input Tawn

F1uiiAy Buasmudii Guf Usinaudaiug
Usinautoiadl garasiadl yadmingauitldamu
Tun1snadn wardIUIUKIIY (Omonona et al.,
2010; Bates and Flordeliza 2010; Jabbar and Akter,

2008: Saima et al., 2010) Fauuuiiassralli

\wsng maxZ = Y71 UrYri (1)
u
S m
Tod1n Zu,y,j—Zvixij <0 ¢
Sr=1 i=1
Dy =1 (3)
r=1
m
Zvi)gj =1 (@)
1
Bv; 20 (5)

Tnefl Z fie AzuuuUszansn ISR
YBUNBATNTHINUA v, Ao nananvdnd r ves
NEAINTIIBTN j wae r Ao ANt mnveIHaNER
giadi riflor=1 2 . sdw X, A Jadunisudn
¥iadl i veerISownensnsi j uas i do A1899
investasensnaneiad i le i = 1,2 ..., m
Tneludunouiiuenainaznsiusedudsyansam
AMsuanLagmsuieduIutadenisuandiuiiu
(Input slack) AilFarnuuudraesneldidvane fe
LasunandntviniAy (Output oriented) W #i©
FuUszavsvowanandail r uaz v fie duUszans
vouladen1swanaT i

Fupeudl 2 WsuifisuUsEansamnsuan
Younunsluksazngy lagagiiarsannslddadonis
nAn Jadedruiiu nandndiuiiu saudwaldne
YUINVBINTHAR LU TIATIZ R AN A0
M5LEUATuNITHER wagTUUNAIUIEAUUILANT AN

5 sydu Tdun UszAnsnmuniign (0.8001-1.0000

201



P5ANTIVYLATFNASUIVINTINYAT 41(2): 199-209
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202



Journal of Agri. Research & Extension 41(2): 199-209

Table 1 Variables of technical efficiency analysis

Variables Maximum Minimum Average S.D.

Output

Y,: Rice yields (Kg.) 69,000.00 800.00 6,141.34 5,812.17
Input

Xi: Land (rai) 115.00 1.75 11.31 9.66
X,: Investment (Baht) 327,000.00 0.00 21,118.50 24,914.96
Xs: Loan for agriculture (Baht) 1,000,000.00 0.00 19,948.75 77,191.89
Xaq: Value assets (Baht) 4,594,400.00 0.00 130,448.63 330,803.07
Xs: Seed (kg) 1,600.00 20.00 120.38 173.07
Xe: Chemical fertilizer (kg) 5,250.00 0.00 348.06 434.04
X7: Chemical substance (Baht) 7,800.00 0.00 219.05 687.36
Xg: Labor (person) 51.00 0.00 9.53 7.52

Source: Calculation

Uszdnsnmniswandin
INNITHATIENUTEANTAINNITNEAT?
syyhaneasnsiluandnnguuudadngiuarlsly
au1din wuimsnantaveanensnsiluaundn
nauuuasingfiussansnmunnninnensnsilaily
aundnnguuinlasug Jsaziiuldandnaioves
Uszansaw (TE) vestnwasnsiiduaundnnguun
waslwgjuiniu 0.9213 snusfiinvasnsiildldaundn
nguuudasingfiduszansam (TE) ldeminfy
0.9065 laginwnsnsdulngvesnisugniniusiay

nauiivszaniamegluseduinniian sesasuide

ogluszduuinuaziunats auady wiiduditn
FunadndlowSeufisuaiUszansnam (TE) $auau
NYATNINIOEAEIUYDUAEATATIULAAEIEAU
UszAnsnm inunsnsnsaenguilianlszdnsamn
Aln&iAeeiy wanIUsEaNS A MeLNYAIATY
Tduandrafuninidn agelsiniy Weodwsizn
UsyAvBamnHanveannInTeansnguianiu
Tunmsan vilwsvinneasnsiuniawionsuuy
fUszavsnmnsnanluszdusnniigased TE e
Wiy 0.9139 (Table 2)
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Table 2 Level of efficiency

Efficiency Average technical efficiency
Level of score Meaning Large-scale rice field Large-scale rice field Total
member non-member
0.8001-1.0000 Highest 0.9527 0.9465 0.9497
0.6001-0.8000 High 0.7216 0.7382 0.7303
0.4001-0.6000 Medium 0.5093 0.5291 0.5232
0.2001-0.4000 Low 0.3950 0.2400 0.3175
Total 0.9213 0.9065 0.9139

Source: Calculation

Uadgdauiulunisnan
INNANITIATIZAUTZANTAINNITHER
wuinnuesnsiiduanndnnguuinvaddvgjaisan
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Yade fd1wu 6 519 Andudesar 1.00 viliuwde
nunsnsiilidesuiuantadudruAuios 195 e
Andusesas 32.50
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drulungasusvantadvdniudiunu 2 Jady way

3 J9de Wuierfunguuindasivg Felinwnsns

figasUsuandiuau 186 518 way 108 518 Andu
Sevaz 31.00 uay 18.00 mMuadu lngdnuiudady
duiAuiidesanuiniian fo $1uau 5 Jadewindy
Fandeinunsnsiilifesusuaniadunisnanarui
Wi 138 510 vieAnuteray 23.00 Wi
Fadulunmsiuvesnunsnsluiuiane
whnsanladunsnandiuiuasas 5 U9y uazdiu
Tngjazdosandadunisndndiuiu 2 Jads Fadl
FuaUSIUTIAY 306 518 Amdudesas 25.50
s89a311A0 antadeniswdndliuiu 3 Jade 91uiu
237 518 AnluSesay 19.75 daulde andade
duiu 4 Jade s1uau 177 519 Anlduseway 14.75
liTnensnsiilidestSuaniadonisudndiuiu
1w 333 918 AnvduSesay 27.75 (Table 3)

204



Journal of Agri. Research & Extension 41(2): 199-209

Table 3 Number of input slack

Number of input slack Large-scale rice field Large-scale rice field Total
member non-member
No. % No. % No. %
1 input slack 54 9.00 60 10.00 114 9.50
2 input slack 120 20.00 186 31.00 306 25.50
3 input slack 129 21.50 108 18.00 237 19.75
4 input slack 81 13.50 96 16.00 177 14.75
5 input slack 15 2.50 12 2.00 27 2.25
6 input slack 6 1.00 0 0.00 6 0.50
Farmer need to reduce 405 67.50 462 77.00 867 72.25
Farmer don’t to reduce 195 32.50 138 23.00 333 27.75

Source: Calculation
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naldsauun (Economy of Scale) ¥aIn1SHAR
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Table 4 Economy of Scale (Unit: Number of farmer)
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Level of Efficiency Large-scale rice field Large-scale rice field Total
member non-member
CRS IRS DRS CRS IRS DRS CRS IRS DRS
Highest 138 162 231 84 180 249 222 342 480
High 0 33 24 0 33 30 0 66 54
Medium 0 9 0 0 21 0 0 30 0
Low 0 3 0 0 3 0 0 6 0
Lowest 0 0 0 0 0 0 0 0 0
Total 138 207 255 84 237 279 222 444 534
Percent 23.00 34.50 42.50 14.00 39.50 46.50 18.50 37.00 44.50
Source: Calculation
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This study aimed to increase the potentiality of organic rice entrepreneurs by applying
participatory research. This participatory research study engaged 50 Dao Lom Deuan community
enterprise members in Sakon Nakhon province. The participants were learn transferred to enhance their
entrepreneurship through training, demonstrating, study visiting, and documentation. Four operational
learning courses were introduced: low cost organic rice production, glutinous rice product processing,
digital marketing, and sufficiency economy lifestyle. The community enterprise members were closely
followed up and advised by experts, enabling them to create a management system to produce and
sell organic rice, rice cereal bars, giant rice crispy cereal, and Vietnamese steamed glutinous rice in
online and offline markets. Furthermore, the existing products of this community were also developed
through this process to improve market sales, such as Hang rice, organic glutinous rice, and organic

jasmine rice. The results revealed that the targeted members had gained knowledge and increased their
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entrepreneurship after knowledge transfer. They could produce processing products to earn better

income after the harvest season. The average monthly income of participants had shifted from 2,368

Baht per person to 2,818 Bahts per person, accounting for 450 Baht per person or 19%.

Keywords: glutinous rice, learning, enterprise, organic rice, digital marketing
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Table 1 The knowledge score of participants in community enterprises

n=50

Knowledge

Before After

(65 scores) (65 scores)

Reduce organic rice production cost (20 scores) 13 18
Processing of rice products (20 scores) 12 18
Digital marketing (15 scores) 7 13
Sufficiency Economy Theory (10 scores) 5 8

Scores 37 57
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Table 2 The correlation coefficient of the variables

Participation Understanding level Knowledge
Training Demonstration  Study  Documents
visit

Participation 1.000 0.290* 0.158 0.329* 0.145 0.602**
Knowledge 0.290* 1.000 0.563** 0.449** 0.322* 0.068
Training 0.158 0.563** 1.000 0.618** 0.538** 0.157
Demonstration 0.329* 0.449** 0.618** 1.000 0.477** 0.032
Study Visit 0.145 0.322* 0.538** 0.477** 1.000 0.310%
Documents 0.602** 0.068 0.157 0.032 0.310* 1.000

**Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 level (2-tailed).
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The objective of this investigation was to develop brand design and packaging for dried fish
products, which were produced by a community enterprise group of Thai River Sprat fish producers
for sale situated in Ubon Ratchathani province. The study also soughted to investigate the nutritional
composition of these dried fish products and closely examine the linked production costs. Brand
designs were developed in three distinct formats, and packaging designs were crafted, considering
factors such as color schemes, graphical elements, and nutritional information. Nutritional labels, in
both comprehensive and Guideline Daily Amounts (GDAs) formats, were devised for three different
packaging options. Consumer satisfaction was evaluated through a randomly selected group of 100
participants. The outcomes of this research reveal that the second brand design format, which
represents the community enterprise group of Thai Sprat Fish producers for sale, adeptly conveys the
narrative and identity of the group. Regarding packaging format, the first alternative garnered the
highest satisfaction rating, scoring 4.26+0.77. This particular packaging design featured an aluminum foil
bag measuring 16x24 cm, encompassing 150 grams of dried fish. In terms of nutritional analysis for
labeling purposes, the study identified that per 100 grams of the product, there was 1,941.170
milligsrams of calcium, constituting 60% of the Thai Recommended Daily Intake (RDI). In addition, the
examination of contaminants demonstrated the absence of cadmium, lead, or arsenic. Mercury was
detected in a minute amount of 0.072 milligrams per kilogram, which adhered to the criteria

stipulated by the Thai Industrial Standards Institute regulations (TISI 6/2006). The estimated
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production cost for the dried fish product approximated at 31 Baht per bag. The inclusion of a

transparent window on the packaging significantly heightened consumer satisfaction, resulting in a score

of 4.80+0.31.

Keywords: brand design, packaging, dried fish
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(A) Brand design type 1 (B) Brand design type 2 (C) Brand design type 3

Figure 1 Brand design of the Thai River Sprat product from the community participation

Table 1 The results of the brand designs satisfaction survey of the Thai River Sprat product (N=30)

List Satisfaction level

Type 1 Type 2 Type 3
(X+S.D.) (X+S.D.) (X+S.D.)

1. An easily recognizable and visually appealing brand 3.30£0.57 4.17+0.87 3.231+0.94
design
2. The brand design possesses a unique identity. 3.43+0.73 4.20+0.85 3.47+0.86

3. The brand design conveys meaning and aligns with the ~ 3.37£0.61 4.23+0.82 3.27£0.87

community enterprise group.

4. Selecting colors creatively and thoughtfully 3.47+0.51 4.10£0.76 3.37%0.81
5. Choosing complementary typography for the brand 3.40+0.62 4.27+0.58 3.33+1.03
design
Total 3.4310.61  4.1910.78  3.3310.90
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(A) Packaging type 1

(B) Packaging type 2

(C) Packaging type 3

Figure 2 The packaging design of the dried fish (C. aesarmensis) product in 3 types; (A) packaging type 1,

(B) packaging type 2 and (C) packaging type 3
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Table 2 The first of graphic designs satisfaction survey in packaging of the Thai River Sprat product

(N=100)
List Graphic designs satisfaction (X+S.D.)
Type 1 Type 2 Type 3
1. The packaging design are attractive, eye-catching and 4.24+0.72° 3.90£0.99° 3.74+0.95°
the brand styling create recognition.
2. Suitable shape for using 4.4240.72° 4.04+0.91° 4.00+0.89°
3. The correlation between graphic design and product 4.1740.78% 4.83+£0.96° 3.75+0.80°
4. It conveys the identity of the community enterprise group  4.26£0.72  3.79£0.90  3.75+0.86
for consumers to easily recognizable
5. Colors and graphic designs can convince customers 4.2240.73  3.84+0.95 3.71£0.90
to purchase a product.
6. Suitable price for the colors and characteristics of 4.22+0.78  4.03+0.86  3.83%+0.88
packaging
7. Format and font size on the packaging are clearly 4.22+0.73 3924094  3.684+0.92
readability.
8. Packages offer consumer convenience, easy opening, 4.47+£0.75 4.06£091  3.99+0.95
and the ability to keep after opened.
9. Clear materials that customers can see the product 4.10+£1.03  3.90+1.00 3.62+0.99
inside.
10. Enhancing product satisfaction by using illustrations 4.24+0.78 3.93+1.00 3.72+0.88

Value are showed as mean+S.D.

Han1sUseLliuauianalavesussiud
wAnSuTiUaEufouLt afedl 2 (Table 3) Wuns
vhussyfmsiguuuud 1 anndetausiuy 1dud Wa
vilnanaziAvdudiduindeldazain JUnss
finnmvnzaslunisldon defsendnunivesngy
FamAaguvunguiranUardauiuiedimineuiel
AuTlnaandaladne (Figure 3) WBBNLUULATHAILN
Tianysnidetu antduiluvssfiunnufionela

Wetudunnguilnanal Sy 100 AU wan AN

nud1 guilanrdanuianelalagsiudeussysiue
wAnSarivandumeouwidlussduainniign feade
windy 4.88 1ilefiansanseiiu wuiildedsely
sefunnfiaannde Besdrfunudadeainunly
Woy e junseanumizanlunisldau iy
flawolasgiuanniign (X=4.96) fmmmsanuvesd
amaneusstast laau Uide (X=4.94) sUuuy
LarauIndnwsi M luussy Sl i olwaiuiso

Laiued9TaaUY (X=4.94) WauslnakaztAuaum

228



Journal of Agri. Research & Extension 41(2): 219-235

drufindeldaznin (X=4.94) Anuduiudiusening
nEa i vatud e Uit uns i ng eenuuy
(X=4.92) dofaiendnualvesnguiamAagumungs
rﬁwﬁmﬂm%’aLLﬁaLﬁaaﬁ'mmaLﬁa‘lﬁsﬁu‘%‘lmmﬁﬂﬁdw

(X=0.88) N15A 451ANNUILAUNUA NWY ALAY

sUnuuUsst il (X=4.88) senuutlauise
wpaiundnsusineluvedlaognatnau (X=4.80)
T¥nmusznauii easrsarnudnelali Fudud
(X=4.78) wazussyiugianuiiaula azaanuay
WNATIEUALS (X=4.78) puaIAu

Table 3 The second of packaging satisfaction survey in the Thai River Sprat product (N=100)

List X S.D. Description
1. The packaging design are attractive, eye-catching and
4.78 0.41  Highly satisfied
the brand styling create recognition.
2. Suitable shape for using 4.96 0.19  Highly satisfied
3. The correlation between graphic design and product 4.92 0.27  Highly satisfied
4. It conveys the identity of the community enterprise group
4.88 0.32  Highly satisfied
for consumers to easily recognizable.
5. Colors and graphic designs can convince customers to
4.94 0.24  Highly satisfied
purchase a product.
6. Suitable price for the colors and characteristics of packaging 4.88 0.32 Highly satisfied
7. Format and font size on the packaging are clearly
4.94 0.30  Highly satisfied
readability.
8. Packages offer consumer convenience, easy opening,
4.94 0.24  Highly satisfied
and the ability to keep after opened.
9. Clear materials that customers can see the product
4.80 0.40  Highly satisfied
inside.
10. Enhancing product satisfaction by using illustrations 4.78 0.41 Highly satisfied
Total 4.88 0.31  Highly satisfied
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Figure 3 The final approved packaging design of the Thai River Sprat product
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wasuavan 432.22 Alaueaed Tusfurimun 22.38
nsu lAaamesea 548.29 taansu TUSAU 57.40 N5y

ansTulamsaiavun 0.30 n¥u wdn 1.883 fadn3y
wazldn 11.69 NSy (Table 4) uagladnvinguuuy
2871 lAYUINSUUUALLALAaINTATUINISUUIALD
(GDA) wanA U Ua1BIun18UWAs (Figure 4) uazwa
mMsanaineiansduilon wuiwsislinuuandion
Usen uazansylugueiiunid waznunz U5
0072 dadnsu/Alansy s’zfqmiﬂul,ﬂyaunﬂm”aﬁ
MnsAnerdusuiatosninue i mwuaniy
WRTFIUNGASTIYLYY (TISI 6/2006) (Table 5)

Table 4 Nutritive values in the Thai River Sprat product

Nutrient Per 100 gram Amount per serving %RDI
Total calories (kcal) 432.22 110 -
Colories from fat (kcal) 201.42 50 -
Total fat (g) 22.38 6 9
Saturated fat (g) 11.41 3 15
Cholesterol (mg) 548.29 135 a5
Protein (g) 57.40 14 -
Total carbohydrate (g) 0.30 0 0

230



Journal of Agri. Research & Extension 41(2): 219-235

Table 4 (Continued)

Nutrient

Per 100 gram

Amount per serving

%RDI

Dietary fiber (g)
Sugar (g)
Sodium (mg)
Vitamin A (ug)
Vitamin B1 (mg)
Vitamin B2 (mg)
Calcium (mg)
Iron (mg)

Ash (g)
Moisture (g)

0.21
0.00
252.139
Not detected
Not detected
Not detected
1,941.170
1.883
11.69
8.23

0

0

65
(0.00)
(0.00)
(0.00)

(485.29)

(0.47)

o v
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=
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Figure 4 Nutrition facts and guideline daily amounts (GDA) labels
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(Guideline Daily Amounts (GDA) label)

of the dried fish (C. aesarnesis) product
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Table 5 Analysis of inorganic contaminants and residues in the Thai River Sprat product

Heavy metals Limits of quantification* Thai River Sprat product (mg/kg)
Cadmium (Cd) < 2 mg/kg Not detected
Lead (Pb) < 1 mg/kg 0.072
Mercury (Hg) < 0.5 mg/ke Not detected
Inorganic Arsenic (As) < 2 mg/kg Not detected
*TISI. (2006).
5) AUNUNSHARNEATUNUANTIAITDULAS unsien ludTuiaie 150 NSy w38 207 U1/

Uan@auiiauwiis 99uu 1,333 3 wudi Alansy MNAaInN1svELNaLINlsNso8ay 20 A5
AUNUNTHARYVBIHANS I UATIBULIRYN 31 eegil 37 umsiege wse 250 uw/Alansu (Table 6)

Table 6 Calculation of raw material costs of the Thai River Sprat product

List Amount (Baht)
Raw materials: minnow (fresh) 1,000 kg, 30 Baht/kg 30,000
Packaging 4.90 Baht/piece (1,333 piece x 4.90 Baht) 6,531.70
Total 36,531.70
Direct cost (labor cost) 3,600
Other expenditures (water supply, electricity, rent) 120
Total production cost 40,251.70
AUNUNITNERFBVIIIY IIMUaTIMIB UL
= AUNUNITNENTIY = AunNUUaTIUAIBUWL X (1 + 0.20)
USUuUNISHER =30.19 X 1.20
AUNUNTHEAUAITIMNIB UL = 36.22 UM
= 40,251.70 Fau v FeenuuAIIANTINU sUang e
1,333 ayulnssions = 37 um
= 30.19 um

msﬂ"mumwmﬁmmEJU@']S’B’;LLﬁa@ULLﬁm'aqq

#eIn1sibssesay 20
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Figure 5 Delivery and transfer technical knowledge to operate

the continuous sealer nitrogen filling machine
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The characteristics of graduates that satisfy employers are an essential consideration for universities,
as it contributes to the successful cultivation of students into graduates meeting the expectations of businesses.
Therefore, this research focused on studying employer satisfaction and comparing the satisfaction of employers
with graduates exhibiting different characteristics. Data was collected through questionnaires from representatives
of 117 agricultural technology-related enterprises affiliated with the Faculty of Agro-industrial Technology,
Rajamangala University of Technology Tawan-ok. Statistical analyses, including descriptive statistics, t-tests, and
F-tests, were employed to compare data categorized into two and more than two groups. The research findings
revealed that the sample group of employers consisted of 53.00% males and 47.00% females, with 75.20%
from private organizations, 53.80% being business owners, and 54.70% collaborating with graduates for 6

months to 1 year. Overall, employers expressed high satisfaction with graduates majoring in Agricultural
Technology (X=4.32). When examined by specific skill areas, interpersonal and responsibility-related skills

received the highest satisfaction scores (X =4.58), while skills in numerical analysis, communication, and

information technology usage were rated at the lowest level (X =3.97). However, significant statistical
differences in satisfaction were found between employers of different genders and those with varying

relationships with graduates in different statuses at a 0.01 significance level.

Keywords: satisfaction, entrepreneur, graduate of agricultural technology program
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Table 1 The personal data of the respondents

Personal data Frequency Percentage

Gender

Male 62 53.00

Female 55 47.00
Types of organization

Government 29 24.80

Private 88 75.20
The relationship to graduate

Supervisors 38 32.50

Entrepreneurs 63 53.80

Managers 16 13.70
The working period to together with graduate

> 6 months a4 37.60

6 months — 1 year 64 54.70

1 -2 year 9 7.7

duil 2 mwiftswelavesifuszneunisitiive
Jaudinveearv1ignnaluladnisinuns aueg
walulagdenainnssun1sinyas 4n1Inende
walulagsivusaangiuean WuIEUsEnaunIs
datnuwanelanenuadnuvududnveanun

walulagnisinensaiuaua Ny naUseasa

Tunmseglusedu 1n (X=4.32) lnegusenauns
fanuianelageiigainuauiivudnlusuiney
ANFUNUT TENT1UARALAEAINUT U AYBY
(X=4.58) hagauin¥enIsiATIeN8d1a 13
doa1s uaznisldmaluladansaume aglusyéiu

'
[

filan (X=3.97) (Table 2)
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Table 2 Entrepreneur’s satisfaction towards graduate characteristics

Graduate characteristics X S.D. Level

1. Ethics 4.43 0.52 High

2. Knowledge 4.47 0.42 High

3. Cognitive skills 4.19 0.59 hHigh
4. Interpersonal skills and responsibility 4.58 0.63 Very High

5. Numerical analysis, and information 3.97 0.69 High

and communication skills
6. Moral and professional ethics 4.30 0.61 High
Total 4.32 0.57 High

druil 3 msAnvuuTeufisuseiuaing
fanelavewjUsEnoun1sinangua N sedudin
arvdvnnalulagnisinunslu 6 Audanvue Wa
nsAny MU gusenaumsmayy Augusznaunis

a a o = a ! Y]
LWﬂ‘WQJ]Q@JﬂgLLu‘ULQaﬂigWUQFJWNWQWQIQWLL@ﬂquﬂu

ot alsdAnmeadif 0.01 Tugudnuazdiy
ANSITUITLTTTUNLIN WAL lagrlUsznaunising
niadazuuuadunnuianeladetadindunns Ty
FFsTIHAINIEUTENBUNTINAYIE (Table 3)

Table 3 Comparison of the satisfaction level of male and female entrepreneurs towards graduates’

characteristics

Graduate characteristics Gender t P
Male (n=62) Female (n=55)
X S.D. X S.D.
1. Ethics 4.31 0.54 4.57 0.46 -2.66 0.009**
2. Knowledge 4.45 0.41 4.49 0.43 -0.55 0.582
3. Cognitive skills 4.16 0.63 4.23 0.55 -0.67 0.499
4. Interpersonal skills and 4.48 0.66 4.68 0.58 -1.69 0.092
responsibility
5. Numerical analysis, and information 3.91 0.70 4.04 0.69 -0.95 0.340
and communication skills
6. Moral and professional ethics 4.25 0.64 4.35 0.59 -0.84 0.403
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Table 4 Comparison of the satisfaction level of entrepreneurs having difference relationship to graduates

towards graduates’ characteristics

Graduate characteristics The relationship of entrepreneurs to graduates F
Supervisors Entrepreneurs Managers
(n=38) (n=63) (n=16)
X S.D. X S.D. X S.D.
1. Ethics 437 0.49 4.56 0.55 4.46 499 0417
2. Knowledge 4.48 0.45 4.45 0.40 4.51 0.42  0.140
3. Cognitive skills 4.16 0.60 4.21 0.59 4.20 0.60  0.070
4. Interpersonal skills and 4.54 0.64 4.60 0.64 a.57 0.61 0.122
responsibility
5. Numerical analysis, and information 4.00 0.67 3.95 0.70 4.02 0.76 0.096
and communication skills
6. Moral and professional ethics 4.25 0.60 4.31 0.62 4.37 0.67 0.261
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Abstract

Environmental work was the challenging factors to the distribution of administration authority,
which was the fundamental roots of nation. The enacting of legislation or policy making for environment
such as light pollution from agricultural activities which affected the health of human and animals
including ecosystem within the designated area. However, there was no law regarding the protection of
environment in such matter. The related direct legislation covered only human part. The current
legislative enactment still lacks legal sense in protecting new forms of pollution to accommodate future
problems. Author suggests the to elevate the issues to the national level and define the “agricultural
lisht pollution” with nominal standard of the lighting level which caused hazard based on each local
area. There should be registration channel for complaints and remedy of the certain environmental
issue in a promptly manner, including rules of penalty, fines and fees regarding the agricultural business
which causes light pollution including the cost of environmental recovery in which the source needs to

pay (Polluters Pay Principle: PPP).
Keywords: suggestive policy, agricultural activity, light pollution, local law
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