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Interspecific and Intergeneric Crossabilities of Eulophia macrobulbon

(Par. & Pchb. f.) Hook. f. and E. spectabilis (Dennst.) Suresh.

¢ aa 1 e [y ¢ a 1/ 0 1/
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Pongnatee Pintajam”, Chantalak Tiyayon” and Nuttha Potapohnw
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v Department of Plant and Soil Sciences, Faculty of Agriculture, Chiang Mai University, Chiang Mai 560200, Thailand

*Corresponding author: Email: natorchid@gmail.com

(Received: 14 March 2016; Accepted: 1 July 2016)

Abstract: Interspecific and intergeneric crossabilities of Eulophia macrobulbon (Par. & Rchb. f.) Hook. f. and E.
spectabilis (Dennst.) Suresh. were studied. Both terrestrial orchids were employed for intraspecific, interspecific,
and intergeneric hybridizations with Geodorum attenuatum Griff. and Spathoglottis affinis de Vries. It was found
that the percentage of intraspecific fruit set of these two species were 86.67 and 92.30%, respectively.
Interspecific crossability between E. macrobulbon x E. spectabilis was not successful whereas cross between
E. spectabilis x E. macrobulbon was 100% of fruit set. Crossability of E. macrobulbon x G. attenuatum and E.
spectabilis x G. aftenuatum were 21.43 and 100% of fruit set, respectively. Crosses between E. macrobulbon x
S. affinis and E. spectabilis x S. affinis were not found. Chromosome counting of root tip showed that

chromosome number of E. macrobulbon and E. spectabilis were 2n=48 and 2n=52, respectively.

Keywords: Breeding, chromosome number, hybridization, terrestrial orchids
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Figure 1 Terrestrial orchids used in hybridization: Eulophia macrobulbon (Par. & Rchb. f.) Hook. f. (A),

Eulophia spectabilis (Dennst.) Suresh. (B), Geodorum attenuatum Griff. (C), and Spathoglottis affinis

de Vries (D) (scale bar = 1 cm)
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Table 1 Percentage of fruit set, seed viability, and seed germination from intraspecific, interspecific, and

intergeneric hybridizations of Eulophia and others

Number of ~ Number Seed
Fruitset  Seed viability
Female plant Male plant hybridized  of seed ) %) germination
flowers pods (%)

E. macrobulbon  E. macrobulbon 15 13 86.67 87.22 +6.00 83.33 £15.27
E. spectabilis E. spectabilis 13 12 92.30 97.68 £7.10 95.50 £7.07
E. macrobulbon  E. spectabilis 20 0 0 a .
E. spectabilis E. macrobulbon 13 13 100 98.13 +1.77 86.25 +13.78
G. attenuatum E. macrobulbon 13 12 92.31 87.29 £7.85 57.50 £10.82
E. macrobulbon  G. attenuatum 14 3 21.43 0 0
G. attenuatum E. spectabilis 14 12 85.71 54.64 +2.73 24.00 £5.45
E. spectabilis G. aftenuatum 11 11 100 76.59 +17.88 16.67 £5.77
S. affinis E. macrobulbon 29 10 34.48 0 0
E. macrobulbon  S. affinis 12 0 0 - -
S. affinis E. spectabilis 26 0 0 - -
E. spectabilis S. affinis 29 0 0 . -

'Data unavailable due to no fruit set

Table 2 Chromosome number of Eulophia macrobulbon and E. spectabilis

Plant

Chromosome number

E. macrobulbon

E. spectabilis

48.07 £0.58
51.89 £0.63
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Figure 2 Somatic chromosomes in Eulophia macrobulbon root-tip cells collected at different times:
8:00 A.M. (A), 9:00 A.M. (B), 10:00 A.M. (C), and 11:00 A.M. (D) (scale bar =5 um)
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Figure 3 Somatic chromosomes in Eulophia spectabilis root-tip cells collected at different times:
8:00 A.M. (A), 9:00 A.M. (B), 10:00 A.M. (C), and 11:00 A.M. (D) (scale bar = 5 ym)
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Figure 4 Somatic chromosomes in Eulophia macrobulbon root-tip cells soaked in pre-treatment solution
at different durations: 12 hours. (A), 24 hours (B), and 48 hours (C) (scale bar = 5 uym)
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Figure 5 Somatic chromosomes in Eulophia spectabilis root-tip cells soaked in pre-treatment solution at

different durations: 12 hours. (A), 24 hours (B), and 48 hours (C) (scale bar = 5 um)
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Development of Male Sterile Green Chili Lines by Backcross Method
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Abstract: This experiment focus on development of green chili lines which is male sterile by backcross method
of chili varieties CA1445 and CA1450. They were crossed with male sterile varieties KY16 and PP32. The study
revealed that prospective genotypes, CA1445 and CA1450 varieties, were maintainer and stable. It was found
that the F1 hybrid (KY16BC,F,CA1445 x CA1448) gave the highest yield and fruit weight per plant. The second
high yielding varieties were F1 hybrid (KY16BC,F,CA1450 x CA1448) and commercial variety (MAEPING 80).
Yields of the three varieties were not significantly different. The yields of these varieties were significantly
difference from others F1 hybrids, the female parents, and male parents. However; they were not significantly
different from the female parent CA1447 and commercial variety (JAKRAPAT). The female parent
KY16BC,F,CA1450, KY16BC,F,CA1445, PP32BC,F,CA1450 and PP32BC,F,CA1445 showed positive and
significantly different of general combining ability for fruit number per plant, fruit weight, fruit length and fruit
width. The male parent CA1447, CA1448 and CA1449 showed positive and significantly different of general
combining ability for fruit number per plant, yield, fruit weight per plant and fruit length. Many of F1 hybrids
exhibited positive significantly different heterosis for yield, number per plant, fruit weight, fruit width, and fruit
length. The F1 hybrids, KY16BC,F,CA1445 x CA1448 and PP32BC,F,CA1445 x CA1448 could be used in the

future for the F1 hybrid development program.

Keywords: Chili, F1 hybrid, combining ability, heterosis
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adAlunsuanTeINanAn S1uaunAReHY 1 MTnNARIINNANIHA LAZAIINENIHA qnuandaf 1
KY16BC,F,CA1445 x CA1448 Uay PP32BC,F, 1445 x CA1448 iz wisulfifluiugnangnuas

a o

ANNATY: 1IN NUEENNAN  AYNANNNIDTWNNIMINGAR  PYINALALIBIGNNAN
AN gnuanlnsanAudnszmafidumiuignasuny

Taaguly lalnwar@nsoniviudeslutionaes

Wan (Capsicum  spp.)  tHuigluaad Peterson (1985) Wu31 WugnasunAsuANAmly

Solanaceae Tunasiialuasfouresidenn vl uasseenideaylulalvnaruuun S msms
(Purseglove, 1968) aniiluiaiAsgiatesszinag winefu fafiauduazlduansean WnA S ua LAz
e W fiusai nau wazdzesewns Wil 2553 § ingsnagnd dnenzmeauniuiadum ey
fufinzdgniinannile 474717 15 (nendadn wsilulalinandusansuiufesluilandeaiifed
nanmms, 2554) uRkaRARENESldfeanesiannn anndndnsassneiumiiuidaunedumi
fiaenenneudszima anadfzesdinewasgia - Haedea me:mimamLmﬁmﬁuﬁqﬂmmﬂﬁiuqﬂﬁﬁ
AN NEAT (2554) Uszwmalnadndaninuiaann Lwﬂﬁlﬂuuﬁuv{mm (Shifriss, 1997)  N13ANHA
fndszind Feustl 2552-2553 YAA Lad pArmgnananlunessanall wazauanusalu
889,523,000 U119 Lilasannaawlilainianaves namaernzanzasiy Wiedsdiuauananen
nanAnuazAnINTasHardainelulisna B9 sesnewdldnazlfignuani ddnwasiiauinies
Apanmsinemensiiuginiudies meldwdn  Wedle uazainnsdnmmanuisuresisngnuas
wuggnuamduniadenvilfiaglinin aunani  wodh gnuasdaf 1 Seziuannaiisugefundvau
HALANGY LAZATIMINAIINABINITVBIAAA WALLAR ludnenuzdanlueg 1 9S1uauRa dueanaen AN
Wufgnuansaune mazfedldusanulunmmen  gadiu Aruenans WuHAuTnanana timinuasie
inaawed] AU sangs msldudufitings bitd (Lee et al.1989) mmnwﬂumqummaﬂi”am
waf fumiludaadaiusqnuandasasfiununs  dieimunudiugiinmudaafifisnesiia ma

HARAY (Meshram et al, 1992) NIINARNAARUENEN
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(backcross method)
wnzwEavsnvuidaognuasdadl 1 id
anwoszaiiflumiudnuon 4 g lHun K16
CA1445, KY16 x CA1450, PP32 x CA1445 lay PP32
x CA1450 fluusisig uasnsnminaaaiuginm e
Erilumaii Auou 2 Wug 1un Wug CA1445 uas
CA1450
mémﬁmwmﬁmmﬁLLmﬂmﬁ@’mmfmmu nARE NG

AranfuarlgiAtans AnzinwAsA1IanT

uneiug aanlasanisdFudgeiugnin

wvrAngdadadivl Fetuswinuudaagnuasdad]
1 THanannisuaniugsend euiiugnad i
(A line) 19w 2 Wug 16U KY16 uaz PEPAC32 fiu
wngine A (B line) A wau 2 Wuf lHun
Wug CA1445 uaz CA1450 Fnnamaaesianiie
N1g9u N1ATTINTANGRTuaTUgi AR Az
NWAIANART 04 AU @156 uAZHNaUINNINSAS
uwHidiely uwavendeges i Nmuﬁuﬁfw'%ﬂv%mm‘[mﬁ
WARnannduszwinegnaasdafl 1 e dumiy
MUY 4 Wug AuRugIne WAL TunduaIuau 2
Wug 16un Wug CA1445 uaz CA1450 enAnwNEn
whiuinuaunaudaf 3 (BCF,) defuninfinua
uar WU UNAgN LAY ALNANTN WAZINAR AN
wio B ufituussdenadiamazann shdanind
Pangnsiaierssfuiugnasiludneninanned]
duniululainnanGs foedtnsmaaeuaudldds
mmmiummm{qﬁ' 1 (F,
(BC.F,) LL@”WHﬁN@Nﬂ@U“ﬁQV} 2 (BCF) a9 1A sl
Wuﬁwmmmmaumw 3 (BC,F) wu@nwmzmmmm}

) RUFHANNAUTIN 1

sl neoaasumuiddnuesnyainnisfiand
(Gulyas et al, 2006) NalsziluanMUzRLgNITH
PeNNeLg Al
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n. gnuand lifieny vise fondsnyllfing

W 30 Hu WAAIINAUN AR UTIDIGNNAN uﬁuﬁ
poupnansuzailunduluiiaeasailu msms
Lmkuﬁﬂﬁmluvlfﬂmwmsnu"mLﬂumum‘@ﬂﬂm (N)

. @nmmmﬂ@mwmmmm 30 Hu UARIIN
ﬁuw'awuqmmqﬂmmumuwmuqmnwmmq’mLﬂu
wi Tutlawedeaduilu MsMs  wazugnesslule
Inanduetadludng (N) sisadlungii (S)

A, gnuanfifiendisnguneiufioniod uaz

v ¥ ra al o U v 1 s '8
uefiufianlifadduiu wansdnfiuneiuiaes
d’ldd dl o | o
gnuaniidunauauanwuzamiuniuly
Hundaailu Msms waziugnasnlulamnandnena
lnln® (N) vizelumeiu (S)

nsuszidinanussalunIssINea
TR ugInuaundudad 3 7
anwosznAfundu aauan 4 viug 1Hun viug KY16
x CA1445, KY16 x CA1450, PP32 x CA1445 Ay
PP32 x CA1450 (luuaiviig Auiugineiing 3 Wug
16un Wug CA1447, CA1448 uaz CA1449 fluwe
g rasiunaeaiernanlgnuReudteuiy
WouNWug uazugn19An Auan 2 Wug 1dun g
Answesh uaz ulth 80 Vimmaasdlugar e
QWU 2556 A NHEUNTINARRILLLgNANY Tl Y
vaen Usziuarnannsalunissnsdalagld Line x
Tester Analysis ANNATUDY Kempthorne (1957) LAy
ATUITUAYNALSLTDIGNINAN (A1, 2545)

NANISANE

aannasdssiiuanisRugnassinag
wiUlPeAERAaaUANNRTIATEUIOYUDINTNHUE
Qnmwffvfa‘ﬁ' 1 Wuﬁ:mmzﬁ’u%‘ﬁ 1 Wuﬁ:mmzﬁ’u%‘ﬁ' 2
uazugnaundudad 3 Alfannnisugusiufssudng
winuudaawug Snwne il unduiug CA1445
uaz CA1450 uuitginagihadu viug Ky16 uaz
PP32 Win qnndndafl 1 g PP32 x CA1450 uax
PP32 x CA1445 \lunsiunnsiu Tnasug KY16
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CA1450 Hsiuldiflumiuuasiiuilumiuluiu ooy
fianfndiantias 10 fiu uavfionluifing 20 fiu uaz
IS4 [ ~1 o b4 | o o
KY16 x CA1445 Hsiulsiflumiuuazsiuilumii iy
Inensnydianfindianiion 8 fiu uazdianlifing 22 fiu
WUSNANNALTN 1 Wug PP32 xCA1450, PP32 x
CA1445 uaz KY16 x CA1445 \lumsiunnaulneisny
fianliFng doniig KY16 x CA1450 Hsiulaiflunsii
¥ | o o A a a b4 %
wazsiudluviutuiu Inesnyiensnd 5 fu uaziion
T35ng 25 fin douiuguanndudon 2 uaziuguan
naudan 3 nnugilumiunuanniiu neendionls
ARA (A13199 1)

D

nenReudieuiuggnuasdad 1 funeus
Wug waziugnsfnanuu 2 Wng 1Hun Wugansnesh
uaziaithe 80 ‘wm’nmmﬁmmw’%nﬁuﬁmmu?fwm
lunaul 2556  aglutas 2,499.92 4 9,785.60
Alansusels Teilaanuuansinsetnefiuddonng
a0 Imﬂ@ﬂnmmu%ﬁ' 1 KY16BC,F,CA1445 x CA1448
inanangagalundniugnaaeuiniy 9,785.60
Alansusiels delifannuunnsineenedidaddynig
anAnuWuguNtle 80 @.ﬂmm%‘ﬁ' 1
KY16BC,F,CA1450 x CA1448 LAz
PP32BC,F,CA1445 x CA1448 MfinanAnwinfy

Table 1 Fertility of pollen and stability of F1 hybrid and male parent chilies

Variety Number of plants Intermediate Stablility
Fertile Sterile (%) (%)

F1
KY16 x CA1450 - 208" + 1017 33.33 -
KY16 x CA1445 - 225 + 8l 26.67 -
PP32 x CA1450 - 308 -
PP32 x CA1445 - 308 -
BC1
KY16BC1F1CA1450 - 258 5| 16.67 83.33
KY16BC1F1CA1445 - 308 100
PP32BC1F1CA1450 - 308 100
PP32BC1F1CA1445 - 308 0 100
BC2
KY16BC2F1CA1450 - 308 0 100
KY16BC2F1CA1445 - 308 0 100
PP32BC2F1CA1450 - 308 0 100
PP32BC2F1CA1445 - 308 0 100
BC3
KY16BC3F1CA1450 - 308 0 100
KY16BC3F1CA1445 - 308 0 100
PP32BC3F1CA1450 - 308 0 100
PP32BC3F1CA1445 - 308 0 100

'S is sterile plants
’lis incompletely sterile plants with 5% normal pollen

3/Percentage of intermediate
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8025.60, 8,053.76 uar 7,687.68 nlanfusiels
ANNATAL WiTANNLANGNNaENHTRAN AN AT
Augnuandaulug W@Lmﬁuﬁjﬁwm WATWUS
ANINITA €91 KY16BC,F,CA1445  x CA1449 i
NAHARANTIAR Wi 2,506.24 AlanFusiels Taifl
AHUANANNAUEE NR B AN AN NAT AN LU WS
nywumm:w'@ﬁuﬁ CA1448 WA ANULANAITY
ateltBdATYNNalAnugnranaaulnng wenwug
wmAEUnAduluny meﬂ’uﬁm?é’ﬁﬁmm (mmq‘ﬁ' 2)

Table 2 Horticultural characteristics of chilies

QnNANEaT 1 KY16BC,F,CA1445 x CA1448
Wﬂyﬂuﬂﬂm@&i@ﬁuzﬂazﬁmhﬁnﬁuﬁmmuwiﬁu 2.32
Alansusiodiu Felifanuuansneeinediid Ao
anAiuRugulTe 80 Qﬂmu%‘ﬁ' 1
KY16BC,F,CA1450 X CA1448 Lae
PP32BC,F,CA1445 x CA1448 Aldiwinuasediu
winiu 1.90, 1.91 uaz 1.82 RlanFusesiu mNa AL
WA ANUANFNSRENRTEANATYNNaD AT UgNHAN
avulviny LL%JW‘L&’&%‘/HH’WLWﬂéLﬂuMﬁuﬁgﬁMNm WaWug

Variety Yield Fruit weight
(kg/rai) per plant (kg)

F1 hybrid
KY16BC3F1CA1450 x CA1447 5251.84 c-g" 124 c-g'
KY16BC3F1CA1450 x CA1448 8,053.76 Ab 1.91 ab
KY16BC3F1CA1450 x CA1449 4,125.44 e-h 0.98 e-h
KY16BC3F1CA1445 x CA1447 5,800.96 b-f 1.37 b-f
KY16BC3F1CA1445 x CA1448 9,785.60 a 232 a
KY16BC3F1CA1445 x CA1449 2,506.24 h 0.59 h
PP32BC3F1CA1450 x CA1447 6,321.92 b-e 1.50 b-e
PP32BC3F1CA1450 x CA1448 6,209.28 b-f 147 Db-f
PP32BC3F1CA1450 x CA1449 3,956.48 e-h 0.94 e-h
PP32BC3F1CA1445 x CA1447 6,899.20 bcd 1.63 bcd
PP32BC3F1CA1445 x CA1448 7,687.68 abc 1.82 abc
PP32BC3F1CA1445 x CA1449 3,139.84 g-h 0.74 g-h
Female parent
CA1450-7-10-32 4,590.08 d-h 1.09 d-h
CA1445-2-6-11 3,703.04 f-h 0.88 f-h
Male parent
CA1447-3-2-1 6,378.24 b-e 1.51 b-e
CA1448-2-9 2,449.92 h 0.58 h
CA1449-3-9-13-2 5,336.32 c-g 1.26 c-g
Commercial variety
JAKKRAPAT 6,828.80 bcd 1.62 bcd
MAE-PING 80 8,025.60 ab 1.90 ab

CV (%) 35.98 35.98

"Means with in the same column followed by different letters differ at P < 0.05 according to least significant difference
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WWAUNAMINNALAsAHUFININITA d9u
KY16BC,F,CA1445 x CA1449 lHitinminuasiosiug
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fgn windu 059 Alaniusesiu deliianuuansng
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(19197 2)
nsLlssfinarugnanselunisssaalulu
wlWug AT umdn wudn KY16BC,F,CA1450
Armanansnlunsmssaria i lumewanuuuR A
LLmﬂﬁm@ﬂ'wﬁﬁmi’]ﬁﬁyéqmmﬁﬁﬁum@hmumﬁ@
fiu KY16BC,F,CA1445 Hpanuansnsnlunigsusia
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Wl lunmnsonuundamuuansnseenaluad Ay

[

A9UsziiuANaIN T TN 39nFaYI T T AL

a
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vwA g unsdy wudn KY16BC,F,CA1450 &
sgnansnlunssssaria i lumananuuuE aena
LLﬁlﬂﬁiﬂQ@ﬂ’]dﬁﬁ/ﬂﬁﬁﬁméﬁﬂ%@ﬁﬁﬂﬂﬂ’%ﬂu’]umﬂﬁiﬂ
fiu KY16BC,F,CA1445 HANa1N130 TuN1999167
vl lumeuenuuuiiauuansnsesneiidn Ao
MIABRTRIEAMTNAEHA LAYAIINENING
PP32BC,F,CA1450 Hanuanunsalunissausarialyl
‘LumqurmLm‘uﬁm’mLLmnﬁi’m@fjwﬁﬁm@qﬁmﬁlqmq
AT AYDIRNUILHAFDFY WAz PP32BC,F,CA1445 |
A mdnansnlunssassaria i lumasanuuuaena
LLmnﬁm@ﬂ'Nﬁﬁﬂzﬁwﬁmﬁqmwmﬁﬁmmmmmm
(m‘mﬁ 3) AouneiugINAZLNG wudn CA1447-3-2-1

Table 3 Estimates of gca and sca effects for horticultural characteristics of chilies

Variety Yield Fruit weight  Fruitnumber  Fruit weight  Fruitlength  Fruit width
kg./rai per plant (kg.) per plant (9) (cm) (cm)
general combining ability, gca
KY16BC3F1CA1450 -1.17 0.00 4.81** -2.01* -0.69** -0.02
KY16BC3F1CA1445 219.41 0.05 -4.31%* 3.16™ 0.71** 0.09*
PP32BC3F1CA1450 -315.66 -0.08* 2.14* -2.55%* -1.00** -0.04
PP32BC3F1CA1445 97.39 0.02 -2.64** 1.40 0.98** -0.03
CA1447-3-2-1 256.96 0.06 1.03** 0.86 -0.25 0.04
CA1448-2-9 2122.56** 0.50** 18.69** -1.03 -0.13 -0.07*
CA1449-3-9-13-2 -2379.52** -0.56** -19.72%* 0.18 0.38** 0.03
specific combining ability, sca

KY16BC3F1CA1450 x CA1447 -815.467** -0.193** 1.861** -5.684 -2.459** -0.024
KY16BC3F1CA1450 x CA1448 120.853 0.029 -0.806 0.896 1.036** 0.083
KY16BC3F1CA1450 x CA1449 694.614* 0.164* -1.056* 4.787** 1.423** -0.059
KY16BC3F1CA1445 x CA1447 -486.933 -0.115 -2.694** 0.042 -1.043** 0.002
KY16BC3F1CA1445 x CA1448  1,632.107** 0.386™* 4.639** 3.539* 0.911** 0.098
KY16BC3F1CA1445 x CA1449 -1,145.175** -0.271** -1.944* -3.581* 0.132 -0.100
PP32BC3F1CA1450 x CA1447 569.066 0.135* 0.861 1.628 2717 -0.072
PP32BC3F1CA1450 x CA1448 -1,409.174** -0.334** -4.472% -2.759 -2.556** -0.132*
PP32BC3F1CA1450 x CA1449 840.174** 0.119** 3.611* 1.132 -0.161 0.203**
PP32BC3F1CA1445 x CA1447 733.333* 0.174* -0.028 4.014* 0.785* 0.094
PP32BC3F1CA1445 x CA1448 -343.787 -0.081 0.639 -1.676 0.609* -0.049
PP32BC3F1CA1445 x CA1449 -389.546 -0.092 -0.611 -2.338 -1.394** -0.044

*significant difference at P<0.05, ** significant difference at P<0.01
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flasugnunsolunissaudaia i lunnsnanuuud
m*mLermm'Nfﬂﬂ'wﬁﬁﬂé’]ﬁméqmmﬁﬁmmﬁmqum
safil CA1448-2-9 Hanuanansalunissansavialy
‘lumqmmmuﬁmwLmnsm@ﬂ'wﬁﬂm?qﬁméqmq
RRTeINaRARsels TnuTnuAses A1uLHARe Ry
WAZ CA1449-3-9-13-2 TA21NAN190 NN TTINAD
vl lmeuanuunl Ansumnsnsesinafitdn Anyde
NNADFVAIANHUSAINENIA (mm\‘rﬁ 3)
n9dsziiuAtruatuTnlunissansn
LANIZLATZANTDINANA R WL anmm%ﬁ 1
KY16BC,F,CA1450 x CA1449, KY16BC,F,CA1445 x
CA1448, PP32BC,F,CA1450 x  CA1449  uav
PP32BC,F,CA1445 x CA1447 panuanuisnlunis
PUNAUNANIZLAN AU LT AN UANAN B E 198
dedrAtynsaiaann 0 Tumneuan Savinuasiedy
WUGn QnRENTaTl 1 KY16BC,F,CA1450 x CA1449,
KY16BC,F,CA1445 x CA1448, PP32BC,F,CA1450 x
CA1447, PP32BC,F,CA1450 CA1449 U]y
PP32BC,F,CA1445 x CA1447 panuanuisnlunis
PUNAUNANIZLAN AU LT AN ULANAN B E 195

X

WedATUN1eadaan 0 TUmnauan A uaunasagiu
wudn gnuawafi 1 KY16BC,F CA1450 x CA1447,
KY16BC,F,CA1445 x CA1448 e
PP32BC,F,CA1450 x CA1449 fAuanunsalunis
FANALANNZIANZATLL LT AN LANFNgBE 193
ﬁﬂzﬁﬁﬁmmmaﬁﬁqmn 0'ldmreuan sminua
wudn gnuawafi 1 KY16BC,F CA1450 x CA1449,
KY16BC,F,CA1445 X CA1448 ac
PP32BC,F,CA1445 x CA1447 anugnunanlunns
sauA AN ZIANZasLL LT AN LANGNgaE 193
WadAynreatfmann 0 ldnasuan (miw‘ﬁ' 3)
ANHULAITNEIINANLIN Qﬂmmm%ﬁ' 1
KY16BC,F,CA1450 x CA1448, KY16BC,F1CA1450
x  CA1449, KY16BC,F,CA1445 x  CA1448,
PP32BC,F,CA1450 x CA1447, PP32BC,F,CA1445 x
CA1447 waz PP32BC,F,CA1445 x CA1448 i
ANANITaTUNNITINAY AN A ZagL U LT AN
uansvae1sldadAnynieadfnain 0 lunieuan
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ANWOUTAIINNTIINA UGN @.ﬂmmm%ﬁ 1
PP32BC,F,CA1450 x CA1449 Haauanunsnlung
FINFAIANIZLANZAIRU LR A HUANE19BE 198
WadAtyneanaann 0 lunnsuan (mmﬁ 3)
mﬁmmzﬁmmﬁwﬁummqnmu%ﬁ'1 i
wilandnAeAtTesiew WG AnunEiaNARLAz
sninsesulpn A A IgNHaNTEII N -44.55
9 218.08 iwasiius uanmnsaensiiadAunieana
Qnuanda?l 1 KY16BCF,CA1445 x CA1448 &
GRENGT ﬁ‘mmmﬁﬂ@mﬂmmu%ﬁ 1 PP32BC,F,CA1445
x  CA1448, KY16BC,F,CA1450 x  CA1448,
PP32BC,F,CA1450 x CA1448, PP32BC,F,CA1445 x
CA1447 uaz KY16BC,F,CA1445 x CA1447 %‘qm'm
ALALTIgNEANUANFNvaE 1R TR ATYN AR Ty
NNLAN ANBUEZAIURAS AU ANAY A LUTEN
ANHANTENIN -26.01 114 107.29 waSifus uansna
atnefTnd1Aydanicain @.ﬂmuﬂi‘“qﬁ' 1
KY16BC,F,CA1455 x CA1448 HANGI4M 789A3H1AD
ARAN KY16BC,F,CA1450 x CA1448,
PP32BC,F,CA1445 x CA1449, PP32BC,F,CA1450 x
CA1448, KY16BC,F,CA1450 X CA1447,
PP32BC,F,CA1450 x CA1447, PP32BC,F,CA1445 x
CA1447, KY16BC,F,CA1445 x CA1447 uaz
PP32BC,F,CA1450 x CA1449 S4panufiautes
anuanuansat WHsd1Ayneada lunisuan
zﬁ”mmxﬁyﬂuﬁﬂmﬁmmmﬁLﬁiumm@uﬂmmu FEUIN -
4593 f9 4785 e fidud gnuaudad 1
KY16BC,F,CA1445 x CA1448 HA4I4A 7998911
PP32BC,F,CA1445 x CA1448 hay
KY16BC,F,CA1450 x CA1448 Sapnnuiiaunes
gnuanuansat WHsd1Ayneaa lunisuan
ANHOILANINENINAN ANANALAUTBIGNNAN TEUIN
3451 A9 2061 tlafidud qnuaudad 1
KY16BC,F,CA1445 x CA1448 A4 9998911
PP32BC,F,CA1445 x CA1448, KY16BC,F,CA1450 x
CA1448 uay PP32BC,F,CA1445 x CA1447 %\‘iﬁ
AULANFANSReN T TIA A TYUNNED A lWuneuan Lag
ANBOUEAMNNEINRANATANIHALAUTBIGNHAN
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3ENI19 -60.95 119 18.65 LlaFLGus gnuandan 1
KY16BC,F,CA1445 x CA1448 HAN494M 7896331
KY16BC,F,CA1450 x CA1448, PP32BC,F,CA1445 x

Table 4 Heterosis of F1 hybrid chilies

CA1448, PP32BCF,CA1450 x  CA1449 uny
KY16BC,F,CA1445 x CA1447 Failannuuansinaating
TladAtymead @ lunneuan (AN3ed 4)

Heterosis (%Hp)

Fruit number  Fruit weight  Fruit length Fruit width

per plant (9) (cm) (cm)

Variety Yield Fruit weight
kg/rai per plant (kg)
KY16BC3F1CA1450 x CA1447 -4.24 -4.24  **

KY16BC3F1CA1450 x CA1448 128.80 ™ 128.80
KY16BC3F1CA1450 x CA1449 -16.88  ** -16.88
KY16BC3F1CA1445 x CA1447 156.08 ** 15.08
KY16BC3F1CA1445 x CA1448  218.08 **  218.08
KY16BC3F1CA1445 x CA1449 -44.55 ** -44.55
PP32BC3F1CA1450 x CA1447 15.28 15.28
PP32BC3F1CA1450 x CA1448 76.40 ** 76.40
PP32BC3F1CA1450 x CA1449 -20.28 ** -20.28
PP32BC3F1CA1445 x CA1447 36.87 ** 36.87
PP32BC3F1CA1445 x CA1448 149.89 ™ 149.89
PP32BC3F1CA1445 x CA1449 -30.63 ¥ -30.53

*k

*k

*k

*k

*k

*k

*k

*k

*k

*k

*k

7563 * -4593 ** -34.51 ** -60.95 **

106.90 ** 826 * 3.90 ** 9.35 **
217 -16.35 * -5.30 ** -9.06 **
40.11 *  -16.88 ** -12.08 ** 0.96 **
107.29 ** 47.85 20.61 ** 18.65 **
-26.01 ** -21.70 * 0.51 47
63.83 * -29.60 ** -3.39 ** -9.82 *
88.18 ** -8.43 -25.27 ** -2.44
8.70 = 2121 ** -17.39 ** 136 **
5480 ** -11.38 202 * -0.22
100.00 ** 18.39 ~ 20.34 ** 4.77 **
-16.61 ™  -2310 ** -7.98 ** -6.95 **

*significant difference at P<0.05, ** significant difference at P<0.01. %Hp is heterosis over mid-parents = (F1 - MP) 100/MP

Figure 1 Fruit characteristics of F1 hybrid varieties (a) KY16BC3F1CA1445 x CA1448, (b) KY16BC3F1CA1450 x

CA1448
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Effect of Paclobutrazol on Vegetative Growth of

Cleistocalyx nervosum var. paniala
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Abstract: Makiang (Cleistocalyx nervosum var. paniala) is a local fruit tree grown widely in northern Thailand.
Fresh fruit can be processed to many products. In addition, it contains antioxidant agents which can be utilized
in medicinal purpose. However, commercial cultivation of Makiang's orchard was rarely found. Naturally,
Makiang trees grow from seeds and they grow vigorously to very high trunk. Therefore, it is difficult to harvest.
This research aimed to study the effect of paclobutrazol (Pbz) on vegetative growth of Makiang tree. Experiment
was carried out at Mae Hia Agricultural Research, Demonstrative, and Training Center, Faculty of Agriculture,
Chiang Mai University. Three years old grafted Makiang trees were selected uniformly. The experimental design
was completely randomized design (CRD) with 5 replications and 4 Pbz soil drenching treatments; 0 (control),
1.5, 2.5, and 3.5 g a.i. per tree. The results showed that the Pbz treatments significantly reduced vegetative
growth. The 3.5 g a.i. treatment reduced canopy height approximately 30 percentage as compared to control.
Increasing in Pbz concentrations tended to have stronger effect on the reduction of canopy height, shoot length,
internode length, and leaf size. Furthermore, total chlorophyll contents in leaves tended to increase as
compared to control. In conclusion Pbz could control vegetative growth in Makiang tree by reducing plant
height. It can help cultural practice and harvesting more convenient and fruit qualities should be developed

commercially further.

Keywords: Growth retardants, gibberellin biosynthesis inhibitor, cell elongation
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Figure 1 Changes of Makiang trunk height after paclobutrazol treatments
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Figure 2 Shoots length of Makiang after paclobutrazol treatments

Table 1 Effect of paclobutrazol on internode length of Makiang shoots

Internode length (cm) in each month after treatments

Treatments

1 2 3 4
Control 1.86 3.92a" 431a 5.16 a
Paclobutrazol 1.50 g a.i. 1.80 2.32b 2.63 b 2.80 ab
Paclobutrazol 2.50 g a.i. 1.41 2.33Db 248 Db 2.65ab
Paclobutrazol 3.50 g a.i. 1.44 2.28b 2.39b 253b
F-test ns * * *
LSD 1.41 0.86 0.82 0.63

0.05

"Means in a column followed by different letters are significantly different ( p<0.05) by LSD,

ns = not significantly different
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Table 2 Effect of paclobutrazol on petiole length of Makiang leaves

Petiole length (cm) in each month after treatments

Treatments

1 2 3 4
Control 0.80 2.02a" 2.69 a 272 a
Paclobutrazol 1.50 g a.i. 0.82 097 b 1.81b 1.88b
Paclobutrazol 2.50 g a.i. 0.79 0.92b 1.57b 1.87b
Paclobutrazol 3.50 g a.i. 0.80 1.04 b 1.72b 1.78 b
F-test ns * * *
LSD 0.47 0.37 0.56 0.51

0.05

"Means in a column followed by different letters are significantly different ( p<0.05) by LSD

ns = not significantly different
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Table 3 Effect of paclobutrazol on leaf size of Makiang

Leaf length (cm)

Leaf width (cm)

Treatments Months after treatments Months after treatments
1 2 3 4 1 2 3 4
Control 2.87 911 18.01a" 18.86a 1.68 3.97 8.06 a 820 a
Paclobutrazol 1.50 g a.i. 273 467 13.74b 1554Db 1.58 2.01 6.23 b 712b
Paclobutrazol 2.50 g a.i. 289 446 11.78c 13.99c 1.41 1.88 6.04 b 6.75b
Paclobutrazol 3.50 g a.i. 2.41 522 12.83bc 1443 bc 1.36 2.25 6.77ab 6.63b
F-test ns ns * * ns ns * *
LSD , o 283 496 1.50 1.50 1.44 2.47 1.46 0.51
"Means in a column followed by different letters are significantly different ( p<0.05) by LSD
ns = not significantly different
Table 4 Changes of chlorophyll contents after paclobutrazol treatments
SPAD chlorophyll meter reading (SCMR)
Treatments Months after treatments
2 4
Control 62.01 41.33
Paclobutrazol 1.50 g a.i. 61.06 43.64
Paclobutrazol 2.50 g a.i. 62.35 45.83
Paclobutrazol 3.50 g a.i. 64.14 43.78
F-test ns ns
LSD 3.97 5.93

0.05

ns = not significantly different
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Callus and Shoot Induction from Endosperm of Immature Physic Nut Seed
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Abstract: This study aimed to find out the medium formula to induce callus and shoot from endosperm of
immature physic nut seed. The experiment was designed in CRD 5 treatments. Treatment 1; MS medium no
additives of plant growth regulators, Treatment 2; MS medium supplemented with 0.4 mg/l NAA and 2 mg/l GA,,
Treatment 3; MS medium supplemented with 1 mg/l BA and 2 mg/l GA,, Treatment 4, MS medium
supplemented with 0.4 mg/l NAA and 1 mg/l BA, and Treatment 5; MS medium supplemented with 0.4 mg/l
NAA, 1 mg/l BA, and 2 mg/l GA,. A total of twenty explants were cultured in each treatment. All culture were
incubated at 25 +2 °C, darkness for 24 hrs. The results found only treatment 4 (MS medium supplemented with
0.4 mg/l NAA and 1 mg/l BA) could inducted callus three weeks after subculture, showed the highest
percentage of callus as 70%, where all callus of other treatments were absence. The callus was friable yellow
and had diameter 2.0 centimeter of callus as average level. After transferring the callus from treatment 4 to MS
medium supplemented with 10 mg/l BA for shoot induction which incubated at 25 +2 °C, under light condition of

16 hrs/day, it was found that the young shoots could develop at 18 weeks after subculture.

Keywords: Immature seed, endosperm, callus induction, plant regeneration
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Table 1 Effect of NAA, GA, and BA on callus formation at three weeks induced from endosperm

explants of immature physic nut seed

Percentage of Diameter of Type of  Color of
Treatment Week 3 callus formation  callus formation ~ callus®  callus ¥
(%)1/ (Cm)z/
MS (Control)
0 - - -
MS+ 0.4 mg/l NAA
+2mg/l GA, 0 - - -
MS + 1 mg/l BA
+2mg/l GA, 0 - - -
MS + 0.4 mg/l NAA
+ 1 mg/l BA 70 2.0 F Y
MS + 0.4 mg/l NAA
+ 1 mg/l BA + 0 - - -
2mg/l GA,

" Mean calculated from 20 immature endosperm explants per treatment.
? Diameter of callus formation: absence of callus (-), less than 1.0 cm (poor), 1.0-2.0 cm (average), more than 2.0 cm (good)
¥ Type of or callus: friable callus (F)

“ Color of callus: yellow (Y)
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Figure 1 Callus from endosperm of immature physic nut seed on MS medium supplemented with 0.4 mg/l

a
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Phasitvilaitham and Pankasemsuk (2012) {EtING
41 81U19g AT MS il AnasALANNRaTeYAL TR
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YJa1uas3 (Thomas et al., 2000) &z (Chaturvedi
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(c)

NAA and 1 mg/l BA at three weeks after subculture (a), shoot from endosperm callus on MS

medium supplemented with 10 mg/l BA (b), and shoot characteristics on MS medium supplemented

with 0.5 mg/l BA combine 0.25 mg/l IBA at four weeks after subculture (c)
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Effect of Nitrogen on Cut Rose Quality in Potted Production
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Abstract: The effect of nitrogen on growth and development of cut rose was studied. Five levels of nitrogen
concentration i.e. 0, 50, 100, 200 and 300 mg/L were used. Nutrient solution was supplied to plant once a week
at 1 L/plant. The result showed that nitrogen concentration at 200 mg/L gave the best growth comparing with
other treatments. There were 5 flowers per plant with average 10.4 cm flower diameter, 63.2 cm stem length, 15
leaves /stem, 21.5 g fresh weight and 11.5 g dry weight. Flower derived from 200 mg/L of N. treatment was in
extra grade.

Keywords: Rose, growing rose in pot, fertilizer management, nitrogen
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Table 1 Effect of nitrogen on growth of cut rose

Treatment Shoot length Diameter of shoot

(ma/L of N) (cm) (cm) Leaves/shoot
control 26.7c 0.3d 7.00c
0 38.8b 04c 11.3b
50 42.7b 05¢c 13.6 ab
100 559a 06b 13.8 ab
200 63.2 a 0.8a 15.6 a
300 61.7 a 0.7b 15.2a

CV (%) 17.50 15.90 35.20

** Mean follow by same letter within column are not significant difference at P = 0.05 by least significant difference

Control = water only
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Figure 1 Effect of different nitrogen level on leaf quality, (A): leaf of plant supplied only water, (B-F):

leaves of plants supplied with 0, 50, 100, 200 and 300 mg/L of N, respectively

Table 2 Effect of nitrogen on flower quality of cut rose

Treatment (mg/L of N) Diameter of flower (cm) Fresh weight (g) Dry weight (g)

control 4.7c¢ 58d 41¢

0 49¢ 8.4 cd 6.5b

50 6.1 bc 9.0c 6.8Db

100 96 Db 13.7b 10.6 ab

200 104 a 215a 11.5a

300 104 a 19.6 a 11.6a

CV (%) 12.36 23.07 14.68

** Mean follow by same letter within column are not significant difference at P = 0.05 by least significant difference
Control = water only

Table 3 Effect of nitrogen on number of flowers per plant

Treatment (mg/L of N)

Number of flowers per plant (flowers)

control 21d
0 35¢c
50 3.9 bc
100 4.6 ab
200 50a
300 44a
CV (%) 21.16

** Mean follow by same letter within column are not significant difference at P = 0.05 by least significant difference

Control = water only
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9 10 11 12 13 14 15

Figure 2 Effect of different nitrogen level on cut rose quality, (A): flower of plant supplied only water, (B-

F): flowers of plants supplied with 0, 50, 100, 200 and 300 mg/L of N, respectively.
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Production of Virus-free Shallot Using Tissue Culture Techniques
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Abstract: Shallot cv. Ban-Hong, bulb seeds were collected from planting area of Ban Hong district, Lamphun
province. The samples were planted in sterile soil for 20 days under greenhouse condition before viral
symptoms on the leaves were evaluated. Five levels of disease severities were recorded in number 0-4 (no
symptom - severe symptoms). Results of the yellow stripe symptoms were detected on the leaves of all the
samples, no healthy normal sample was observed. Disease severities, level 2 was the most detected at 37%
followed by the level 1, 3 and 4 at 28.5, 18 and 16.5%, respectively. The virus types were diagnosed with
various techniques. The mechanical transmission using infectious leaf sap was first detected and the results
revealed local lesions on leaves of indexing hosts, Chenopodium amaranticolor, C. quinoa, Celosia argentea
and Cassia occidentalis after 14-20 days of inoculation. Secondly, the commercial POCy KIT was used for
serological diagnosis of Potyvirus, Odontoglossum ringspot virus (ORSV) and Cymbidium mosaic virus (CyMV).
Positive results for Potyvirus and CyMV in all tested samples were observed and then the positive result was
confirmed again by ELISA technique with Potyvirus antiserum from Agdia Elkhart, Indiana, USA. In addition,
virus particle was examined under transmission electron microscopy (TEM), flexuous particles of about 10 nm in
width and 600-760 nm in length of the particular group of Potyvirus were observed. Thus, meristem tip cultured
on MS medium was used to produce the virus-free plantlets. By excised the meristem tip from the bulbs and
then ELISA technique was used to evaluate the virus-free plantlets. Results showed 88% of the 0.5 mm
meristem tip excisions gave virus-free plantlets with the survival rate at 78.62%. Even, all of the 0.3 mm meristem
tip excisions revealed virus-free plant but only 16.78% of that was survived. In order to mass-produce the virus-
free plantlets, multiple shoot inductions were tested using various concentrations of plant growth regulators
supplemented in MS medium. Results revealed after cultured for 2 months, the 4.2 shoots per explant were
successfully developed on the medium supplemented with 2ip at the concentration of 1 ppm and the 2.3 shoots
per explant were induced in 0.5 ppm of the same plant growth regulators. On the other hand, shoot
multiplication trials on the media mixed with NAA at all concentration showed non significant number of shoot
per explant compared with control treatment.

Keywords: Potyvirus, shallot (Allium ascalonicum L.), tissue culture technique, virus-free plantlets
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Figure 1 Yellow stripe symptoms of shallot cv. Ban-Hong, severity levels rating at 0 =
2 =11-25%, 3 = 26-50% and 4 = 51-75% observing in total leave area per plant

1=1-10%,
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Table 1 Percentages of virus disease in various severity levels (0-4) in shallot cv. Ban-Hong after

planting for 20 days

disease severity level

Discovery percentage of disease severity (%)

0
1

A 0N

0.0
28.5
37.0
18.0
16.5
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Figure 2 Local lesions of indicator plants were induced by infectious sap of shallot cv. Ban-Hong.

Chenopodium amaranticolor showed chlorotic local lesions (A), Chenopodium quinoa (B),

Celosia argentea (C) and Cassia occidentalis (D) showed necrotic local lesions at 15-20 days

after inoculation.

352



nsuanvanLalaandalisaniamatinnisiniziasailaliia

L4 A o 4w ol
1NN Tedlefiedaulunjinazidaswiluduinna
uazanalyl agslafimu annistinfiuvenunsfiiasny
anilafiasnylaeaaniia 2 aunaundunaainis
Tsalafaunlunudnlduanaainislusng ile

al o v d' My o r_‘l” di a
nFeuauiufuneud i uneiaiiedamsny
Uas89n (NN 4) LATUaIaINN1IAIIREALNT
UaanlsnlaFa Potyvirus uaz CyMv mmmmummq
LBgNANEINLIN mw@uLmemmmmumﬂ@mm
e 03 Hadums WHaauiuLauRTiede
Potyvirus Waz CyMV Aalliesaz 100 dduiilaiEe
1IR3y IUIA 05 Nadluns A3esazaasnislanalsn
h5awiniusesay 88 UALAAUAUNNTINLNIULRS
Soliman et al. (2012) InudnaRvelaEiasy
Uarsgenganasanislasnannidalnia OYDV 89

a dJ 1 o d” dl a ¥ al
nezen Teudaeinnsaaiadiaasylanasenlid
WNALANANTONARAUMaN LAl aes e laFa lAatng
HusvAvianmudiazlidnsnisetisansn

3. meﬁnmgmemmsﬁmmzam’mmuﬁu
FanuAunaInaNLag

AINNIINARDLFATBNUT MS AAnans
paumunsadan W 2ip uaz NAA Fadeann
HrefunenuasaILL NS UR AzgRIRaAa N teT 3
Flunan 60 1 Wugn N33R 3 1Hin 2ip luenuns
Fupseii MS fisvAumnudivdin 1 Daanfusiedns
ANNITONITHUNITUANNDLRIF B BUNBN WA LA A
ﬂ'mwmnfamm'amwuﬂmﬂmmmnm Tmﬂuﬂmf]
mmmnn@m@amfmu 4.2 69A 3998NAD NITNART
2 Wi 2ip wmmmmu 0.5 uaamummm 18man
MSUANNALRAE 2.3 1an UAEialAa NAA mmumm
dindiu 0.1 faansusedAns ouri 2ip AszduAny
i 0.5 uae 1 TaANFuseARs navansAenIe
NAA finnuidiadin 0.1 Saanfusedns wudndumen
wasdinsumnnaifisadniiendsliuand1sanga
AILIAN (AN319F 2, N 5)

Figure 3 Electron micrograph, negative staining of Potyvirus particles in partially purified extract from

infectious leaf of shallot cv. Ban-Hong (x 30,000)

Figure 4 Growth and regeneration from meristem-tips of Shallot cv. Ban-Hong on MS medium at 1 day
(A), 15 days (B) and 60 days (C) after cultures. The healthy leaf (left-D) was observed after for 4

months comparing with systemic mosaic symptom of the infected control (right-D)
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Table 2 Effects of plant growth regulators supplemented in MS medium for multiple shoot induction of shallot

cv. Ban-Hong after the axillary shoots were cultured in vitro for 2 months

Treatment 2ip (mg/l) NAA (mg/l) Shoot number

1 - - 1.05 c¢*
2 - 0.1 110 ¢
3 0.5 - 230 b
4 1.0 - 4.25 a
5 0.5 0.1 1.10 ¢
6 1.0 0.1 1.30 ¢

CV 22.43

LSD 0.6165

*Means followed by the difference letters were significantly different at p < 0.05 by the least significant difference (LSD).

Figure 5 Shoots multiplication of shallot cv. Ban-Hong after 2 months cultured on MS medium free-

growth regulators (A), MS + 0.1 mg/l NAA (B),

MS + 0.5 mg/l 2ip (C), MS + 1 mg/l 2ip (D), MS

+ 0.5 mg/l 2ip + 0.1 mg/l NAA (E) and MS + 1 mg/l 2ip + 0.1 mg/l NAA (F)
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Abstract: Geographical Information Systems and remote sensing technologies, with maximum entropy (Maxent)
ecological niche modelling computer software, were used to create predictive risk maps for Phenacoccus
manihoti Matile-Ferrero in Northeastern and Eastern Thailand. The cassava pink mealybug populations were
surveyed in 255-cassava plantations covering Prachinburi, Rayong, Sa Kaeo and Nakhon Ratchasima during
June 2013 and January 2014. The total number of 204-georeferenced sites presenting P. manihoti and
environmental data from MODIS satellite imagery and 12 Automatic Weather Station (AWS) were compiled into
the species distribution modelling. The models identified low monthly rainfall at 100-135 mm., lower Land
surface temperature diurnal cycle (LSTD) range of temperature (-100 to -30 °C), and Normalized Difference
Vegetation Index (NDVI) between -0.3 and 0.6 are well-suited as the biological requirements of cassava pink
mealybug. The value of the Area Under Curve (AUC) lies at 0.981 indicated the model gives excellent
discrimination. Finally the risk areas at the district level in Nakhon Ratchasima, Prachin Buri, Sa Kaeo,

Chachoengsao, Chon Buri and Rayong were described in this study.

Keywords: Phenacoccus manihoti, cassava, Geographic Information Systems, ecological niche modelling
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Table 1 Mean rank of adult P. manihoti sampled on 10 cassava varieties from cassava plantations in

Prachin Buri, Rayong, Sa Kaeo and Nakhon Ratchasima

Cassava varieties Number of cassava plantation Mean rank
CMR 89 14 90.36a
KU 50 90 110.73a
Rayong 5 12 104.83a
Rayong 9 31 119.81a
Rayong 11 5 97.30a
Rayong 72 128.86a
Rayong 81 19 103.97a
Rayong 90 5 131.80a
Huay Bong 60 28 92.05a
Huay Bong 80 4 104.25a

Mean rank in the column followed by the same letters do not significantly difference (Chi-Square=6.402, df=9, P=0.699)

Average Sensitivity vs. 1 - Specificity for Phenacoccus_manihotti
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Figure 1 The average under the curve (AUC) for 15 Maxent runs. The mean AUC value of 0.981

suggests an excellent model.
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Figure 2 Average jackknife analysis results of training gain, test gain, and area under the curve (AUC)
for 15 Maxent runs presenting the most contributed environmental factors on P. manihoti

populations
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Response of Phenacoccus_manihotti to 07_rain

Logistic output (probability of presence)
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Abstract: The efficacy of aloe (Aloe vera L. Burm. f.) rind extracts on larva of diamondback moth (Plutella
xylostella L.) was found that ethanol soxhlet extraction was used against the diamondback moth. The repellency
of the extract to diamondback moth (5 hr) showed percentage repellency (PR) class of 3 (40.1-60.00%
repellency) when exposed to 1.0, 2.0 and 3.0% w/v and percentage repellency (PR) class of 4 (60.1-80.00%
repellency) when exposed to 4.0 and 5.0% w/v. The median antifeedant index; AFL,, (24 hr) was 2.97 % wiv. The
extract exhibited 100% mortility at concentration of 3.0 % w/v and median lethal dose (LD50)72 hr was 1.83%
w/v. Evaluations of detoxification enzymes namely; esterase and glutathione S-transferase in three generations
were assayed. Manipulative data showed the level of detoxification enzyme activity were not significantly
different.

Keywords: Aloe, diamondback moth, resistant, enzyme

unAngda: sz@ninmassasaninainidasndnumneasad (Aoe vera L. Burm. f) lunismoupuvuanledn
(Plutella xylostella L.) levhansaialngfioniueadngiazendian (Soxhlet extraction) LW@wmmumﬂ@ n3
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LC,, 7 72 daluawiniu 1.83% waznamsAnmnnuasuilasszivioulsiinaisfi 2 s fe wameisauas
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AFl = (1-T/C) x 100
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NIUANaLI4A (glutathione s-transferase) 178 CDNB-
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gagszmunladnianafs i inislasunlas 9
NEALIDEARIT

1. grsaneaNUARNINUUAIRTL
o Y ac 6 v [ %
anamagasganiiian tngldieniueaiil o
Navane Aqedanagau T-CM-050 Based on Food
and Chemical Toxicology (1999) WudN1FuNnULAU
791/ 11U (Anthraquinone) AMN&1Tan AL (crude
extract) Lﬂ@ﬂmqumwa‘vmuﬂ?mm 27.38
wadidus (umuﬂ/u’muﬂ wiw) vathiflasanngnsd
an mimmmﬂmmmmwnmuu%aghgﬂmmLL@u
ns1A3 T Inalalas (Anthraquinone  glycoside)
(amatl, 2537) nisaralatdbaaniianng Ui 80
BIANIAITEA (Du et al, 1998) R9a1N130azAN M
=2 @ o o Aoy
wyueatalufinazaneindq 155

2. NM9nadaulsz@nEnInaaIg1saN AN
waandumeassinanuaulann

2.1 wanNITANEUILANENINUR94194T A
anitaendnumeaszdlunislavuenledn wudnans
afpiluasenislanuenladinded 2 vindesidusnng
lawnu 5 dalus WedtaszsiAnanuLanm19aes
wleafidusinnslavuenladn Ineld One-way ANOVA
fluasanasd 1

laszzinm 5 99l seAunslaunasat]u
svA1 3 flesinimegeufuansaTafisz LAY
diardins 1.0, 2.0 uaz 3.0% wiv uazeeluszd 4 s
AN 4.0 uaz 5.0% wiv IneAniedeleFiFus
maldsmenlaingeqaiie 73.33 £3.33 iweidus A
5YAU 5% UaUNIA Uil A A Raaingudann
an8A (alkaloid) ﬁqw’%rlﬂumm g luansamanlauas
Huiwszanairessiatodiia At luan nsssuais
1ﬁmuﬂfhﬂ@iuﬁyﬂﬁw@muuﬂ (essential oils) ANNHA
MsfnEtlss@nE anmlunnaifhignslaumasesingiy
nanszinaainluygA1alda Eucalyptus
camaldulensis Dehnh siaviuaunszyiin Spodoptera
litura (Fabricius) Wuq1 Usz@vanwlunslaanaaiie
wandwll wazdleldinan 5 datua wueugnlaiies
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45-72 Wafidus (Aangsnd wazandy, 2550) FauAnang
Azt niLlaandumnassidisand A fad
dlananelyl wazansieunsn s luuiiAaau
AL UNAUN19UIN (acute  oral
NNN91 5000 Haaniu/Mlaniu (Anthraquinone Fact
Sheet, 1998) 'ffiq%Lﬂuﬁum‘mﬁuzﬁ“ﬁlfiﬁ”ﬂqqﬂﬁaﬂum
22 NANNTANENUTLANENINTR9413AT A

toxicity) LD,,

anaand unieasd lunns8ugIn1 N 1B MLe L
learnlaelddanaaeuuuuqunly fMuvueuladnden 2
o d‘, dl a ell v v v
AmadanLnnIsnuNgly 24 falnelng lEanudindu
5 sYAUNUATRNNTETUSanI1IAu (AFI) qadn 82.60%
uazdlAn AFl,  2.97% Wathdiayandinszibion
probit analysis (MW 1) Betlsr@nsninlunisdusa
A3nLeMNsTeInLe Wl NAnan 24 dalug [iNTL
d‘ v v o A 1 Dd‘
WHAAMNENTULANA1TAN ARNILARNI 1WA TN
Wl unnmege LN

Table1

ANNFANHINLIN AN NTUIR98178T R
anaandnumsaszdinnn linanisdusanisnuaes
wuanledngegai 24 499 e 5 wlafiius (wv) &
AnsisUTansnuwingy 82.60 wlasifusiuazAinu
v v o = | v o g a
Windureaanrannannilasninumeaszidnnnline
nafiuganisiuaesrueuladnangai 24 4l Aa 1
wasidud (wh) HensanRduganisAuwindy 15.01
WAZANNNT regression AR y= 16.364X + 1.338 AN
AFl,, winiu 297 wafidusd (wv) Wetidiayann
Apmeiiagld probit analysis LAANIILAUNIIAT UL
uarauiusauiuesAlszneumaaisanluiiu
(saponin) kA ﬂ@:u triterpenoids (Waller et al., 1978)
Ay o & ' ol e
nfannisarinaniaenduneassdindonalunig
fuganisiuensreanuauladni 24 Falug
wheuieunanis@nmlss@nsninlunisduganng
Auansresuenlainitaunastinaui e lFfuans
anpnRenianialungueaniaess Tiinaw o s

Percentage of repellency rate and level of repellent of aloe (Aloe vera) rind extract to diamondback

moth (Plutella xylostella L.) at different concentrations at 1, 2, 3, 4 and 5 hr.

Mean'+SD of percentage of repellency rate in each hour (%)

Concentration

1 2 3 4 5
(% wiv)
(level of repellent)
1.0 3.33°+3.33 10.00 *+5.77 20.00 °+5.77 20.00 °+5.77  43.33 °+3.33 (3)
2.0 20.00°+11.55  20.00 +11.55 26.67 *+6.67  33.33°+6.67 53.33 °+3.33 (3)
3.0 26.67 "+8.82  33.33°+6.67 40.00 °+5.77  40.00 "+5.77  50.00 *°+5.77 (3)
4.0 16.67 "+6.67 33.33°+3.33  33.33 *+6.67 56.67 “+3.33  63.33 “+3.33 (4)
5.0 26.67°+8.82  36.67°+8.82 46.67°+3.33  60.00°+577 73.33%%3.33(4)
"Means with different letters in the same column are significantly different (P<0.05)
100 Regression: y = 16.364x + 1.338
T 80 AFl,,=2.97 %
2 60
[o]
T 40
£ 20
c
<< O 1 T T T T T 1
0 1 2 3 4 5 §]

Concentration % (wiv)

Figure 1 The efficacy ofaloe (Aloe vera) rind extract on antifeedant index (AFI) of diamondback moth

(Plutellaxylostella L.) for 24 hr.
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a3 2 $alue Wuulefifudnisane? 72 dalued
AdiNdusing o wuledEusinismaaseAuIning
% Abbott's formula (Finney, 1978) HAN LC,, 1.83%
Lﬁﬂﬁﬁ@;ﬂ@uﬁ,mww“ﬂmﬂﬁ probit analysis (AW
7i2)

ANNFANHINLIN AN NTUIR98178T R
= 1 azdy o £ L%
anlaandnureasydidl inlsrueulenane 100%
A8 3% (W) UWATWUAN LC, 1.83% (wi) N1siiueu
919 T usan Winuauladnmalaniely 72
dalus Wasunanamuanianieaiileagnaatuding
sneazgnsaad iiluieunsiues (Anthranol) @
seepassieanld (anatl, 2537) viseBnammuil
£l a = o 1 o a
ABLOWNIAT 1 IR nan 1 1inalnnnsinanaansie
Tuwmuaulanifaniswiantinlasaeulainians
AuaasansulantaanluBuotiaeivll daesne
wauazngenlslau wa-nauameasa Daduilunaln
o ~ = o gy |aca =

wanveuNAsazgninteni U Tewaeuulas
T iieniang Al uiwresasudaniasy (Yu,
1984) Aariuawinlinuenlednliannsolddnes 15
Tunamsarudan nuauladnsanniaazinig
witlenin liAansasenlsiinate e Bunnmunn
nanarn1ae9gswlantasneaanllauliainisani
o ¥R o $% :; d’j % 1 1
dumsneliinaiumals wasiatmeuladinlugusialil
- o & Al v
ranuauladnlununaw - 8199241904519
FAUNTUADATAN A LA LANFA9AY AINANITNAZ DL
se@nsnmaasanssinunasngulaezlug (diamide)
(CTPR)

A8 chlorantraniliprole siavuauladnann

o o {7y Morality parcentage
Regrerrion line
o -
e Feqression ¥ = 27 005XH) 573 /
X -
o
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Concentration (%) (w/v)

Figure 2 The efficacy of aloe (Aloe vera.) rind extract at various concentrations on mortality percentage of
diamondback moth (Plutella xylostella L.) for 72 hr.
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dszarnsdaudamdoaluduazgnosnyslu
HeelJiRnInLdNAn LG, Wiy 01191 uaz
7.1484 ppm LapsvinvuanladnaInlszaingaanin
AT IR AMNAUNUFaAN3 CTPR 1y 60 inaes
wiawlgdnanndszansdandadasla ( (NOwou uaz
IEANEN, 2557) Lummnuu@u‘lﬂmLLmkumm
N7A319ANNEUNIBR AN TLAT T AN aTUATY
sraiznauaziBununslansailunnstlesiunidnm
LAY

3. nan13AnszAUeultdina e AEaas
uu@u‘lﬂﬁﬂg‘u‘ﬁ' 1, 2 waz3 edmmzirnen
wANFNgaRLTNNNIEAIALIE (esterase) IneldE One -
way ANOVA liuasamsnedi 2 dnuszaungmnlsleu
a-nIuamaisa 1eaeuladn g"u‘ﬁ' 1,2 unz 3 iile
AwrnziAAuLanssiaglE One - way ANOVA
Winasamnaned 3

m@u’m@m”l.ﬁ‘llﬂu \ad NITUANBLIAUD
Mumﬂ,ﬂmnmw 1,2 U8 3 m@mmﬂmmmummnm
anitaandnumsaszdinaudisdiv 0.00, 1.50, 2.00
WAy 2.25% (wh) H1ALAT LA R AT A LAY
05T 95% MNeaRRTIszAUANNITEsL 95% An
wsnsinaes Banngalsleu wa-nsuamaisa Tog
1% One - way ANOVANLTN1ERNungmnlslen a-
NIUANBLIA m@wu@u’l,mi’nﬁjuﬁ 1, 2 uax 3 7A
foapziitguaisannainilaandiumisasyifingi
WisdisuRearu i AnsuuanFnaiu

ANNIIANHINLINENTAT AANNLLABNT 11
wased fuaseniswasuulasszsueulmians
Wit A9 LadNaLed  (esterase) waznganlalow lag-
nauaaisalnenudneulaiieaesaiainns
wlAsuuaufindu Yo (1984) Enanndniilounas
IR5Fuansainaniaazin unasinnsasnaanlsd

Table 2 Esterase in diamondback moth (Plutella xylostella L.) fed with aloe extract-coated Chinese kale

(Brassica oleracea.)

Mean'+ SD of esterase (n mole)

Concentration % (w/v)

F1 F2 F3

0.00 5.47°+0.09 5.47°+0.14 5.45°+0.16
1.50 7.29°+0.53 7.32°+0.24 7.21%°+0.51
2.00 9.47°+0.72 9.43°+0.67 9.40°+0.48
2.25 11.03°+0.38 11.02°+0.31 10.97 "+0.92

'Means with different letters in the same column are significantly different (P<0.05)

Table 3 Glutathione S-transferase in diamondback moth (Plutella xylostella L.) fed with aloe extract-

coated Chinese kale (Brassica oleracea.)

Mean'+ SD of glutathione S-transferase (n mole)

Concentration(%)(w/v)

F1 F2 F3

0.00 0.59 °+0.03 0.59 “+0.06 0.55 “+0.06
1.50 0.63 *°+0.04 0.62 **+0.01 0.62 *°+0.02
2.00 0.71 *°+0.09 0.70 **+0.02 0.69 *+0.04
2.25 0.78 °+0.08 0.78°+0.09 0.76 °+0.02

'Means with different letters in the same column and roll are significantly different (P<0.05)
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Abstract: On field trials were conducted in Moringa seeding area at Prince Chackraband Pensiri Center for Plant
Development, Chiang Rai, during January-December 2014. Fifteen isolates of phosphate solubilizing bacteria
were collected which the highest clear zone on Czapek medium at 1.25 cm of Isolate 14. The isolate 14 was
chosen in medium for treatment with 1 x 10° CFU/m using Randomized Complete Block Design (RCBD). The
experiment consisted of 4 treatments; 1) control, 2) Dolomite (100 kg rai’ﬂ), 3) Rock Phosphate (50 kg rai’1) and
4) Rock Phosphate (50 kg rai”) plus Phosphate solubilizing bacteria (PSB-Isolate 14) with 4 replications. Results
of the study showed that all soil amendment application provided higher soil reaction (pH) under moringa
canopies than control treatment at 3 and 6 months after applied. Organic matter is ranging from 3.80 to 2.83%
at 3 months after treated and 3.86 to 3.25 at 6 months after treated, on top and subsoil respectively but not
significant among treatments. Rock phosphate combining with PSB-islolate 14 caused the highest extractable P
on topsoil at 58 mgP kg4 at 3 months after treated (P<0.05). The application of dolomite 100 kg rai’ provided
the highest value of extractable Ca 1,640 and 1,214 mgCa kg'1 at 3 and 6 months after treated respectively
(P<0.01). On the other hand, extractable K, Mg and trace elements were not significant both in top and subsoil

under moringa canopies at 3 and 6 months after treated.

Keywords: Soil amendment, phosphate solubilizing bacteria, moringa
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Table 1 Solubilization Index (SI) of the selected PSB strains during 7 days of incubation

Isolate Number

Solubilization Index (SI)

Isolate 1 0.20
Isolate 2 0.44
Isolate 3 0.70
Isolate 4 1.94
Isolate 5 2.10
Isolate 6 1.80
Isolate 7 1.90
Isolate 8 0.70
Isolate 9 0.58
Isolate 10 2.30
Isolate 11 1.70
Isolate 12 1.30
Isolate 13 0.40
Isolate 14 2.50
Isolate 15 0.50
Table 2 Soil properties before applied

oM P K Ca Mg Mn Fe Cu Zn
soil depth pH p

(%) (mg kg )
0-15cm 5.10 351 20 183 1,087 87 116 90 3.7 0.9
15-30 cm 5.28 293 11 130 913 85 102 87 3.6 0.8
Mean 5.19 322 16 156 1,000 86 109 88 3.7 0.8
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1 o o dl 1 & val | 1
nudansUN i alaluidenaliin Anaonudlunse-Ang
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a3 2 fsNnuduradagwudiafunlaiu
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Wudmﬂrﬁﬁuwm@@\ﬂﬂﬁmmumnﬁhﬂummaﬁ mel
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mgMn kg 1EsnaumanfaialiluauiiAedsegy
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Burudinzdataléluauieandinisldsaudiy
qauviael walidmonuuansinslunsadAduynanfy
naaey dausnfunauANnLRadanzAaTe1H
ﬁuﬁ"rﬁ'qm agesEAUANNANAS 0.74 mgZn kg lu
AUTTALLU LAY 0.71 mgZn kg MAUTZALANS
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Fn3UnAaed 6 teu wudndifes B auaa @ aud
afn 1A uAUIZAY 0-15 LT LRI AT AN
wansinslumeadia tnesnsuiildulatalaidanali
hannuupaideniiain i lufugefigaie 1,214 mgCa
kg Gefipanuunndnglunisadfisunnafunaaes
(P<0.05) aniiusnFui ldiunagmngns 50 nn/ls
(1,136 mgCa kg”) susi BunouuAaE s as sy
Fusnfiganuludinfuasuauie 711 mgCa kg’
dvfuAusrALanedl hunnueadesiainlélumn
\wAzalf 463 mgCa kg AnFuiiauauiltiunn
wAALTEEN %ﬁmimuﬁwﬁlwﬁqmﬁ@ 434 mgCa kg’
anefinnsldlnlalusidenald Bunauaa@anfiats
¥ Augeiigaie 505 mgCa kg wimniiumeaas
Taiflannuumnsnalunneada dviuAianuilunge-
pnsresullinseiunzguiiszdunatuin 0-30
WuRLAg 2glutae 5.08-5.78 TnanwudannaiFu
naaedliiAuLAnANluNaa R 10t
Auwrdadng lddAnuussuwanluneat Asenangsnu
naaasluRwisaessziulnedwneTngiaer lutas
2.85-4.20% (0-30 LAUBFLNAT) wananniun
Weaa3afiatnlEluRuisgesrsiulifinnuuansng
TunnaaBiR By dusuLiunnmeane SaanalE lu
RuszAUAUUL NUdRFURldAune s pgan Ty
Aeqdwindilunmmeaneiananalilufugeign
AR 20mgP kg' 1usiinnsldfiuneamnfiednsing
AenfiBnameaneiaiaialiluauiies 19 mgp
kg AnFupauRuiliunmumesveiafiaa i lufus
‘1’7{@‘@5@ 13mgP kg’ %mmﬁﬁuwm@@\ﬂsjﬁmw
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Table 3 Soil properties under moringa canopies after applied soil amendment and phosphate
solubilizing bacteria at 3 months

oM P K Ca Mg Mn Fe Cu Zn
Treatment pH »

(%) mg kg
Top soil 0-15¢cm
Control 552 3.84 23b 250 965b 137 111 67 443 0.74
Dolomite 578 3.50 25b 288 1,640a 157 98 75 3.91 0.95
Rock P 559 3.77 30b 316 1,533a 130 105 77 421 0.89
Rock P+ PSB 573 4.09 58a 303 1,403ab 159 106 75 412 0.98
Grand Mean 565 3.80 34 289 1,385 146 105 73 417 0.89
F-test ns ns * ns * ns ns ns ns ns
Ccv 436 1130 34.84 2288 21.67 1452 1477 11.06 8.48 13.89
Sub soil 15-30 cm
Control 529 227 17 179 895 117 103 69 443 0.71
Dolomite 5563 2.67 15 180 1,017 118 78 77 3.35 0.91
Rock P 5.42 3.10 23 168 964 116 93 81 420 091
Rock P+ PSB 530 3.29 24 175 970 119 104 75 425 1.09
Grand Mean 539 283 20 175 962 118 94 75 4.06 0.91
F-test ns ns ns ns ns ns ns ns ns ns
CcVv 490 2571 2722 1091 18.10 7.23 2350 13.15 19.99 7.37

Mean in the same column followed by different letters were different significantly by LSD **=0.01, *=0.05 and ns=

Nonsianificant
uAnAnalumead i FrusuiBunnmeanesanainl
Turuszauaeflidfmauuananelunieain
RensuRussUlne ARl Runea ALY
AeqawidiBinnmeareTananalilunugeiian
%awuﬁmmﬂmﬂﬁm%ﬁm%mﬁ 17 mgP kg da1
FnsuRlaRuneamn teetn A endana 1t B
WaanasaRanalluAuies 15 mgP kg A5
paupuiBannmagvieTs fiadn i luAusfigaie 8
mgP kg %mn&’iﬁuwmmiﬂﬁmmLLMﬂﬁiN‘LuWN
anm

‘Jﬁmmimm@L?ﬁﬂuﬁmﬁmimuam:ﬁwuﬁ
mmmmw 128 mgK kg Fn5ui ldAuadms
fmm‘ummaummmm%uﬁmmﬁwmeemwmm
1@11&@1423&1/1@@% 128 mgK kg LmeiuﬂmﬂJu
lalwmuunaidninaGoiiainlianfigaie 112
mgK kg’ a0z luRusyiUans FAneAaeiunm
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TnunadanfiatelFluAnegi 60 mgk kg' n1sldyu
Tmiaiuﬁ danalinBunnunadesiatnlilunua
mwmrﬁm 74 mgK kg’ "anusiinsldfiunegwingan iy
Lfnmaumﬂmmslmﬁ‘mm‘ﬁmmmsmumnmim“l,umu
mmmgw 61 mgK kg eﬁmnmawmmimumm
uansnelumead B ausn@anfiasa s lumy
i:ﬁuuuﬁmm?{mﬁ 67 mgMg kg IniERAUIZAL
zifmﬁrﬁhmﬁﬂ@ﬁ 54 mgMg kg ?ﬁmﬂrﬁ’ﬁwmm Tad
Hanuunnsneluneada
‘Lﬁmmmammmﬁu%ﬁmimuﬁu W90
hanouuenfafaralFuiu sziuuuilenadsesi
72mgMn kg Arsuiilafuneawinesetinaiiend
s iafiafali luiu geiigaia 76 mghin
kg'  nArFunaassliiinanuuansdrelunieais
WBsnoumdnfiaial§lumn sshuunuasRuss sl
m@?imgﬁ 122 Uag 169 mgFe kg BN DIBLAST]
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aria e lumwisaearssy Hutiatin i uRan1am et
= o o alg ya | v & a A e

e AU ldiuneamasaniumeqausd ifsunn
nedussnann i luhugengalunuisaasseiuiianeg
#1423 mgCu kg™ luAusZALILY WAz 4.36 mgCu kg
luhnszauang aauafunldyulala luidBunn

A o yyg a o o o o =2 A

nesunnaialiluRuaNge MiaesssitaNanae
363mgCu kg TuAuszALLU LAz 3.04 mgCu kg
TuRuszsuane Bnudanydnanaldluaunasld

An3U 6 aunudnAFunldyulalaluiddonnn
o S o Wyg a A o o <
Aang@nanalfiluhugangeivandszdunnuanae
2.60 mgZn kg luAUTZALLY waz 1.20 mgZn kg™
AuseAlang dousnFumauaunLL BN udIns@nanin
THluAUANgaTIvaassTAUAINANAD 1.52 mgZn
kg' TuAUsZAULY Uaz 0.65 mgZn kg TuAUIZAL
AN (AN97199 4)

Table 4 Soil properties under moringa canopies after applied soil amendment and phosphate
solubilizing bacteria at 6 months

oM P K Ca Mg Mn Fe Cu Zn
Treatment pH ;

(%) mg kg

Top soil 0-15¢cm
Control 5.45 3.78 13 130 711c 68 74 108 4.15 1.52
Dolomite 5.78 3.50 18 112 1,214a 71 62 92 3.63 260
Rock P 5.70 3.98 19 127 1,136ab 68 76 133 405 218
Rock P+PSB 5.75 4.20 20 142 864bc 61 75 156 4.23 213
Grand Mean 5.67 3.86 17.4 128 981 67 72 122 4.01 2.10
F-test ns ns ns ns * ns ns ns ns ns
Ccv 4.71 8.20 23.19 2017 14.04 17.34 14.06 15.89 11.35 39.17
Sub soil 15-30 cm

Control 5.08 333 8 72 434 55 68 106 436 0.65
Dolomite 5.43 2.85 12 74 457 54 48 97 3.04 1.20
Rock P 5.25 3.28 15 68 505 55 70 116 420  0.81
Rock P+PSB 5.33 3.55 17 61 457 53 79 169 463 0.86
Grand Mean 5.27 3.25 13.1 69 463 54 66 122 405 0.88
F-test ns ns ns ns ns ns ns ns ns ns
CcVv 5.20 17.07 3593 12.08 15.02 9.78 21.74 2554 2222 27.03

Mean in the same column followed by different letters were different significantly by LSD **=0.01, *=0.05 and ns=

Nonsignificant
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ﬂ’??ﬂﬂL@ﬂﬂLm'ﬂLLUﬂV}L?HVIN ANNAINNT LU

=3 o

nisazaeaaimn il asnanuaa v ugNE s AN
ﬂuﬂwwmwuﬁwmmwuﬁmmm pualilonn a1une
RS LEIC CRERH
ArHANnsadaeeas avsn 15 Talsian T
lelnian? 14 flerauanansalunsazaneveamn
figplneilandunlazavaaesdn Solubiization Index
(sl) zgq‘ﬁlzgmﬁ@ 2,50 FennaAnaelg e sTaL
r:TuLLﬂa?mmmwmeé’@umemmﬁmm@mauﬁﬁ
(auNg, 2549; Ashara et al., 2007; Chung et al., 2005)
annuanamanesLd AL s gnuzsueuiing
fipnulunsadnieiiFntieandn 5.50 wudmedanas
Aulaanisindanyu 2 9iin Ae Tnlaludd uasiiu
weawafinuinliiAnAaandlunse-seeRuszALLY
LL@;’aui‘xﬁU@"NLﬁNQﬁ”uL@Gﬂﬁ@ELﬁ’mﬁﬂuﬁurﬁ’ﬁ‘/u
AILANUAIANLATARAINA1IUAIAIN 3 1HBULAT 6
e InsiunatAlAauLanITARITALLIY (0-15
IURLNAT) ARAARBIILNUNAAEIT8Y Chen et al.
(2006) daviamsldjulnlalaf waz Auneamnun
UFuilgenunsn wazannstednaiunaumaanesad
dudselamdlununae mi“amnﬂw‘fmﬂ?”mgqﬁuﬁ

uuwummmﬂw Lﬁ‘F;I‘VlZJ

ARTIFN 7] ANNATT 2 LAY 4 AUm9f wananiiei
wudinisldiuneaiasoniuqaunsdnd
AHaNNTn NN seasnagm RN uan 1A AN
nan-fnegeluanilasluszey 3 1hau udnauanas
Tutnaszery 6 1AaLMAIRN TAANTUAINATD TIAH
o . - R
waguulasrasarauilungsa-aneaietianaln At
AanfanssnaesqaunsdinlidTuauing
miuauima@ﬂvlfmummmumnwwmmwrmi'u
au I LLm”LmJmmmmmuummqmumu@u 7 ViU
Lﬁuﬁm@uMﬂqmq‘wwmwmﬂmmﬂauﬂ;munﬂ
o o i\ ' = a A o
mi‘uvl,uummmiuﬂ@wuﬂmmmﬂ?mm@ummmq
woluAuszALULazRAuszALaNateldad Aty Toe
NAN1INAARdAIna1al NallluRAn1amaaduiu
971891184 Srivastana et al. (2003) ANUN wUAT P8
! e . o v o I3
Nad phosphate solubilizing azmliArAuungs
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Effect of Replacement of Soybean Meal with Giant Mimosa on Growth,

Carcass and Meat Quality of Japanese Quails
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Abstract: This study aimed to investigate the effect of supplementing different levels of giant mimosa replaced
soybean meal on some growth, carcass and meat quality traits of Japanese quails. The experiment was carried
on one hundred and sixty 21-day old male birds which randomly divided into 4 treatment groups fed with
different experimental diets: control group (T1) and the diet replacing soybean meal with 2, 4 or 6% of giant
mimosa (T2, T3 and T4, respectively). There were 4 replicates of each treatment (10 birds per replicate). The
results showed that the growth performance of T2, T3 and T4 were not statistically significantly different
compared with control group (p>0.05). The T1 group had the significant highest values of live weight (p<0.05),
whereas, the T3 group tended to have more carcass yield than the others. The meat of T2 showed the maximum
L*, while the highest a* and b* were found in T3 meat (p<0.05). Considering water holding capacity, the
minimum drip or thawing losses was found in T3 and T4, respectively (p<0.05). The present results indicated
that replacement of soybean meal with 4% giant mimosa tended to improve carcass characteristics and meat

quality without adverse effects on growth performance in Japanese quails.

Keywords: Japanese quails, giant mimosa, growth, carcass, meat quality
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panilu 4 NFUNIINAAEY NININARRITINGNAY 4
7 Az 10 59 AINNFALNLUNNALIUIA 10X60X40
IUANAT AWK 16 N33 lulssieuuuuiila goungi
melulssFaunlsiumugumnginiauenisigen
HAuadawiniy 27.2 °C Tnednn3dansnuNnsgy
WiureansudAdnd nesnsranensuazaunsnl un

. P Wy g Ay
neeyiyLunnguldiuenmsiugnunidninauay
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MSLATEN LAZNN9ILATIZRaIAlsEnaUNIaLAN
aaslugsugnsuiatlu

iy luesudnifasnviudludugn 1 UAa
ﬂﬂﬂ@uﬁﬁﬂu (Beschickung-Loading Modell 100-
800, Memmert) ﬁfqmmﬁ 60 °C lwaan 48 i
antinnsusaziBea s nEeLidaeLAtes
upasiewtitluan lugrsememaaassell
LL@:ﬁﬂmmjur;fTQfaﬂ'wvl,ummﬂ"ﬂﬁuﬁaﬂulﬁ@ﬂﬂﬂ
AAMZINBIAUIZNAUNIUAT AR TNNT989 AOAC
(2011)  HAN1FILATIZENUIN Tues U uitatly
Usznavlfieadnguite (dry matter) 99.86% Tulshin
(crude protein) 21.85% Lﬁ‘@el,ﬂ (crude fiber) 24.90%
lasiu (ether extract) 6.46% L8N (ash) 6.93% WAY
AsTulawmsm (nitrogen-free extract) 39.72%

NANNTNARDY WATANHUSTNVINNNSANEN
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nannsguunnsznidgduliliiuainis
NARBINUANANNAL 4 gns An NN lFFuasng
- ' | Al v PRy
WsangNAILAN (T1) ngunlifuatmsidnmaunu
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nndamasasae lussugnifuitalunsefiu 2, 4 uay 6
wlasidus (T2, T3 uaz T4 mNaNAL) (A9199 1) Taed
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TsRusnluenmswingu 21,67, 21.22, 20.78 uay
20.34 1esidus muanay uaziinasnulitiasndn
2000 Alaupasisenianiuetmis finnmaaesiy
sreizionn 28 S Taevinnnatiudiniwindaunnzn
m‘jﬁu LL@&ﬁNﬁm@ﬁMﬁ?ﬁﬁuﬂﬂ 7 U AARATIAIZIIN
ANARed et A ua NI TR N 1
(body weight gain, BWG) fa“mﬂma*w?‘mgﬁuimmﬁ'ﬂ
FadU (average daily gain, ADG) RuNnaN AL
(feed Fl) g
conversion ratio, FCR) Lmvmuwummmimm (feed

intake, AMIINTLANWINUN (feed
cost per head, FCH) memmmwmm mmmu
uﬂmvmmﬂmfmLme@umiwmmnmum 20 m
(em@,, 5 1) ¥insenevnafiunan 12 dalis anniias
NINTHUIUATTINAZTINANNAITN19U89 Genchev
and Mihaylov (2008) iiavinistlszfiudnsnesann
1¥ur siminT@3nneusin (body live weight, BLW)
dwinann (carcass weight, CW) uazidadidusan
(carcass vyield, CY) LLﬂzﬁ/ﬂHﬂwﬂﬂ«m’]WLﬁ”’aﬂﬁ’mﬂ
1Bun Anannuiflunsa-snsesie (pH) (Five Easy
Plus, Mettler-Toledo, Switzerland) ammlﬁ/@ (meat
color: L*, a* and b*) (Color Quest XE, Hunter Lab,
USA) Tmeiminnnsdanie i 45 uniindanisen wazan
mmmmmlumiﬁuf’] (water holding capacity) %\‘1
ﬁmimqmﬂmmaqmL%mfwmuﬁu (drip loss, DL)
u,mﬁwmm;tyLﬁﬂifwzﬁ“\imnﬂﬂmmm (thawing loss,
TL) muAsnsesdtyde (2555)

MIAATIEANNRD A
nnsnsidieyafiaedinidinazianu
wil91l99muLLNN R e (one-way analysis of variance,
ANOVA)
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ATNGHUNTNARDILULENANY Tl

LiﬁﬂmﬁﬂummLLmnﬁiNﬂJmﬂ'wLaﬁlﬂw,wimmiumi
NAABIAEREN1INARULLUNA LTSN BIAULA
(Duncan’s new multiple range test, DMRT) ﬁ?::ﬁ‘]_l
ednAny  0.05 Ineldldsunsudni3agl R (R Core
Team, 2015)
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Table 1 Ingredients of experimental diets

Experimental diet’

Ingredient (%, as-fed basis)

T1 T2 T3 T4
Corn 29.00 29.00 29.00 29.00
Rice bran 28.47 28.47 28.47 28.47
Soybean meal 25.00 23.00 21.00 19.00
Fish meal 10.00 10.00 10.00 10.00
Giant mimosa 0.00 2.00 4.00 6.00
Animal Fat 5.00 5.00 5.00 5.00
Dicalcium phosphate 1.00 1.00 1.00 1.00
Vitamin-mineral premix2 1.00 1.00 1.00 1.00
D-Methionine 0.28 0.28 0.28 0.28
L-Lysine 0.20 0.20 0.20 0.20
Sodium chloride 0.05 0.05 0.05 0.05

" T1 = basal diet (control); T2, T3, T4 = diet replacing soybean meal with different levels of giant mimosa (2, 4 and 6%,

respectively)

? Provided per kg of diet: 36,000 IU vitamin A; 7,200 IU vitamin D3; 10.8 mg vitamin E; 3.6 mg vitamin K3; 0.36 mg vitamin

B1; 7.65 mg vitamin B2; 63 mg nicotinic acid; 10 mg calcium pantothenate; 0.09 mg vitamin B6; 1,250 mg choline

chloride; 10 mg Fe; 20 mg Mn; 20 mg Zn

NANTITANHLAZIANTDL

AnwuzNMgasuLALle
HATAINNINAUNLANNE A DS Eae e s
ﬂﬂmmqﬂumamimmmu‘lﬁmmuﬂmvmmﬂumm
FIPNT19R 2 HANIANHINLIN unnivmmﬂuwimu
aWNsTR N IMALTNNEA R e lues N udia
ﬂuﬁ'im”u 2 e ﬁLLuQIﬁNﬁﬂtﬁﬁyﬁﬂﬂ/ﬂﬁ'}Lﬂgﬂ
0.0900) wsiLile
Wmammwuunmmwmu wazemsnaLas AL ls

meummiwmaummm (o}

lRAATUNLN "l,uumwumnmw'mn@mu y
Tun194dA (p>0.05) mmmnunmmwmﬂuw‘lﬂu
AMsAnEAT R imInAE e Fudunimaan
Aeudnenndenteudauiuunnsgniduly
ANsANENBL I ﬁ@waﬁmﬁ’u (3 &1a9f) (Adeogun
and Adeoye, 2004; Ozbey and Ozcelik, 2004;
Sartowska et al., 2015)adﬁdwﬂﬁﬂﬁﬁyﬁwﬁ/ﬂﬁqmgﬂ
leAuganimageuilanan Ae 14531 n5u Tailen
g/ lutng 138.50 Dia 151.25 nFu esanninmings
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ﬁnmuﬂmxmtﬁ'ﬁu'lmwimﬁﬂmﬁﬁmwﬁuﬁuﬂu
fenaneaiuluszAulunaneiage (Adeogun and
Adeoye, 2004) st RN e IR IRsUNNIZM
tﬁ'ﬂuiuumvﬂ@'uiﬂﬁmwumn&hﬁﬁulummﬁﬁ
(p>0 05) mu,mnmw*mﬂ']imﬂmmmmenm (2528)
10, 15
uaz 20 wefiius agluanmsunngent Inawudnun

V]V]’Wﬂ’]ﬁ‘ﬁﬂ‘i:f’m’ﬁ‘m@ﬁ\lbl,ﬂﬂi"milﬂ‘]&fﬂﬁ‘uﬁ‘]_l 5,

nazmlunguildns ¥l sudndfisziugedud
wualiufiaziuenunsifiunniou wiilefiarsmn
ﬁ%mmmm?ﬁ'ﬁwﬂmunmzmnzﬂuﬁ?’ﬂmmmﬁﬂﬁ 5
e fidusd (1m’ﬁLﬁmﬁ”mzﬁuﬁ‘lﬁumaﬁﬂmmé{‘iﬁ”)
I%H
49515 NN ANANAU) LHARATUIBAIINITWAN

wudn AAlndRaeiunguALAN (512.84

siwinnudn unnagmdungaitlSuensiianag
naunuNndmae s lues s nuitelufisei 2,
408z 6 tadidus ﬁﬁm%ﬂ’]ﬂmﬂﬁyﬁﬁﬁﬂiﬁilﬂ"]x‘l"ﬂﬂ
ﬂ@mmmu‘lu‘wwmm (p>0.05) AT ANRANG
miﬂﬂwwmmuﬁﬂm (2528) fﬂqﬁﬁhmum 443 94
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Table 2 Growth performance of Japanese quails fed different experimental diets in the period from 22 to

49 days of age

Trait TreatmentT SEM p-value
T1 T2 T3 T4
Initial body weight (g) 59.35 58.80 59.12 59.18 0.250 0.9287
Final body weight (g) 149.75 138.50 149.75 151.25 2.164 0.0900
Body weight gain (g) 90.45 79.70 82.68 92.08 2.428 0.2118
Average daily gain (g/d) 3.23 2.85 2.96 3.29 0.087 0.2116
Feed intake (g) 505.14 497.10 499.09 494.87 10.597 0.9908
Feed conversion ratio 5.56 6.18 6.01 5.35 0.172 0.3076
Feed cost per head (baht) 2.08 2.01 1.98 1.92 0.046 0.6779

* T1 = basal diet (control); T2, T3, T4 = diet replacing soybean meal with different levels of giant mimosa (2, 4 and 6%, respectively)

8¢9 1sAANANITONINNNINARVBIUNNTENN

P = o a4 o ' =
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(Soares et al., 2003; Elangovan et al., 2004; Rabie
and El-Maaty, 2015) iailanaflunaliiesunannnisg
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] % ] % =l =
nnssiaelAaaea1nns waznisseslivealysAud
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et 2004)
anuanianlunisides (Ozbey and Ozcelik, 2004)
FINDNAUNAINNNUENITH (genetic background) 184
WNNIENEYL]U (Alkan et al, 2010; Jatoi et al., 2015;

Ozbey and Ozcelik, 2004) 1Tl

WaRasunfiunuAtaim s g lunisiass

WAaw11lua 119 (Elangovan al.,
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(Alkan et al., 2010; Denli et al., 2004; Narinc et al.,
2014)  Teedulefidudainaasunnsznictuly
= :/, d’ld 1 v a o dl VYo
nsAnEATaRT AN lnA A UNANIEN N IR FURNYN g
prp o Ay - .
AR maLnunndawanediag il (Wolffia meal)
N3zev 25, 50 uaz 75 wwladidus (Chantiratikul et al.,
2010) wazunnIEn R lAFuanusiinnsLai NNy
wanszimeanirayulnsluiunn 60 Hadniusie
Alanfuea1uis Denli et 2004) aginalsiniu
wafidudainlunisAneafalilAngandaung
nN9ANEN (Alkan et al., 2010; Ozbey and Ozcelik,
2004; Sarigicek et al., 2005)
ANINN 4 UAPNANHOUTADINITWI NN
J A nee 4 L e 4
nszmdtjuidalifueinnmaassiunnsnei 9

al.,

! ! dlgl = ' |
Wudn A1 pH 2e9iievesunnssmituluusiazngud
ANNLANATWaE R Tad1ATYN19aif (p<0.05)
Tna7ilieveaunnssniyunguaquaui Al pH

mign uazilevemnnszdluii e msiting
‘vmmemnﬁ'”qmﬁmé”mﬂmmuﬂ“ﬂﬁ 2 ilafifius Nan
pH mmm mmmm@mﬂumiﬂnwwm Narinc et al.
(2013) Tisrea1udn A pH g04il Lmvmuuﬂmmm
unnIENT AL LT AR sl d
Wignasu (r, = -0.28) Lm”aﬂwmvﬂafmg r, = -0.26)
@mq"l@ﬂwmm@‘w"[mmnmmm:m‘lumqum@mmmﬂu
Vlmﬂuﬂ’]i'a"mmu% (pH = 6.17, Genchev et al.,
2008; pH = 5.88 14 6. 00, Genchev et al., 2010; pH =
5.94, Narinc et al,, 2013) waziAnlndLAeaiuan pH
snfresiiadndiin mmmﬂuma 6.02 114 6.41 9193l
Flusaliiaanainnnsiinnizindaiaudsnne (gor
mortis) 184477 dananliiAn pH  anasaInanIn
AnxLiunans waziAnegludesdsnann (dydy,
2555; Genchev et al., 2010) A1 pH eaiitaunnszy
Fauansliiuuun A NdNAUS T UAIANAT NS

Table 3 Carcass characteristics of Japanese quails fed different experimental diets

Treatment-r
Trait SEM p-value
T1 T2 T3 T4
Live weight (g) 155.67° 103.62° 147.40° 140.95° 5216  <0.0001
Carcass weight (g) 126.08° 78.34° 119.44%° 112.26" 4864  <0.0001
Carcass yield (%) 80.99° 75.60° 81.02° 79.62° 0.769 0.0185

ab,cd

T

Different superscripts within each row are significantly different (p<0.05)

= basal diet (control); T2, T3, T4 = diet replacing soybean meal with different levels of giant mimosa (2, 4 and 6%, respectively)

Table 4 Meat quality traits of Japanese quails fed different experimental diets

TreatmentJr
Trait SEM p-value
T T2 T3 T4
pH 5.95° 6.70° 6.30° 6.04°  0.075 <0.0001
Meat color
L* 37.97° 42 .48° 39.07% 40.09°  0.500  0.0010
a* 7.09° 4.05° 9.20° 7.30° 0505 <0.0001
b* 7.69° 7.34° 9.52° 8.10° 0258  0.0021
Water holding capacity (%)
Drip loss 6.91° 7.08° 5.03° 5.45°  0.231  <0.0001
Thawing loss 2.45° 5.79° 2.38° 0.90° 0464 <0.0001

ab,c

T
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“ Different superscripts within each row are significantly different (p<0.05)

= basal diet (control); T2, T3, T4 = diet replacing soybean meal with different levels of giant mimosa (2, 4 and 6%, respectively)
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Abstract: The objective of this study was to estimate production cost and return from raising cows to produce
calves and fattening cattle of small scale farmers in Wat Bot and Phrom Phiram district, Phitsanulok province
from 115 farms. The purposive sample used in this study. Total cost and income of fattening cattle and raising
cows to produce calves was statistical analyzed. Results showed that total cost and income for fattening cattle
and raising cows to produce calves were 36,082.86 +20,514.87 and 18,898.45 +10,152.28, and 50,725.00
+35,871.35 and 28,440.23 +11,241.10 baht per head, respectively. So that net return for fattening cattle and
raising cows to produce calves were 14,642.14 +5,814.98 and 9,541.78 +2,548.59 baht per head. However,
considering only net cash return for fattening cattle and raising cows to produce calves were
19,207.81+7,243.85 and 15,266.71+9,412.54 baht per head, respectively.

Keywords: Profit, fattening cattle, cost
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1. ﬁunumzmmuLmu‘lumi@”mLL:JLﬁ"a
HARQN AMNANIANHINLLN HFAWUIINTDINIINAR
Tniifaviavan winiu 18,898.45 £10,152.28 Lmstesia
SeRnifluduan wifu 13,173.52 £9547.32 Lmsie
i Tl uRuan winiu 5,724.93 +1,154.10 umsiesa

nRsnaRinnsa ndnalaiie winafy 28,440.23
1124110 Usiada safuasiinlaqrasan wiiy
9,541.78 +2,548.59 1msiafa uazfifuuan Wiy
15,266.71 £9,412.54 L'NFDFN (mm\ﬁi 1)

2. ﬁunmmm@m'ﬂuLmuluma‘ﬁyﬂq‘imu
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WluRuan 31,517.19  +19,471.56 umsiasa Tl

Table 1 Cost and return from raising cows to produce calves cattle of small scale farmers

. Cash cost Non cash cost
Variable Total Percentage
(Baht/ head) (Baht/ head)
Variable cost 10,492.19 £3,918.24 488.99 +383.11 10,981.18 £4,112.08 58.11
- Concentrate 2,118.56 £1,581.10 - 2,118.56 £1,581.10 11.21
- Roughage 2,853.80 £1,831.52 83.25 +20.41 2,937.05 £1,567.21 15.54
- Mineral 286.13 +50.98 - 286.13 £50.98 1.51
- Supplement 1,919.17 £832.50 - 1,919.17 £832.50 10.16
- Labor 46.80 £10.54 152.54 +50.21 199.34 +115.95 1.05
- Veterinary and
151.47 +89.47 - 151.47 £89.47 0.80
Medical
- Breeding 368.12 £156.87 - 368.12 £156.87 1.95
- Water 12.80 £5.32 - 12.80 £5.32 0.07
- Electricity 11.88 £9.57 - 11.88 £9.57 0.06
- Fuel 2,723.46 £1,254.20 - 2,723.46 £1,254.20 14.41
- Investment
opportunity - 253.20 £157.56 253.20 £157.56 1.34
0.42%
Fixed cost 2,681.33 £674.21 5,235.94 +558.12 7,917.27 +986.41 41.89
- Land using 2,681.33 £942.87 944.66 +521.52 3,625.99 +1,014.23 19.19
- Housing
- 368.00 +124.21 368.00 +124.21 1.95
depreciation
- Breeder
o - 3,464.96 +881.12 3,464.96 +881.12 18.33
depreciation
- Breeder
- 458.32 +67.02 458.32 +67.02 2.43
opportunity
Total costs 13,173.52 £9,547.32 5,724.93 +1,154.10 18,898.45 +10,152.28 100.00
Income 28,440.23 +11,241.10 - 28,440.23 +11,241.10 150.49
Profit 15,266.71 £9,412.54 - 9,541.78 +2,548.59 50.49
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Table 2 Cost and return from raising cows to produce fattening cattle of small scale farmers

Cash cost

Non cash cost

Variable Total Percentage
(Baht/ head) (Baht/ head)
Variable cost 31,517.19 £10,567.23 31.87 £10.41 31,549.06 £11,423.17 87.44
- Concentrate 25,000.00 +15,832.71 - 25,000.00 +15,832.71 69.28
- Roughage 4,692.86 £3,541.23 - 4,692.86 £3,541.23 13.01
- Mineral 416.78 £189.57 - 416.78 £189.57 1.16
- Supplement 39.16 £10.54 - 39.16 £10.54 0.11
- Labor 389.61 £102.78 - 389.61 £102.78 1.08
- Veterinary and
760.56 +£523.71 9.52 £0.25 770.08 £698.23 2.13

Medical
- Breeding 52.35 +23.12 - 52.35 +23.12 0.15
- Water 49.72 £10.52 - 49.72 £10.52 0.14
- Electricity 2.45 +0.87 - 2.45 +0.87 0.01
- Fuel 113.7 £50.21 - 113.7 £50.21 0.32
- Investment

- 22.35 +0.54 22.35 +.54 0.06
opportunity 0.42%
Fixed cost - 4,533.80 +2,378.11 4,533.80 £2,378.11 12.56
- Land using - 172.69 £84.72 172.69 £84.72 0.48
- Housing

- 4,361.11 £3,213.75 4,361.11 £3,213.75 12.09

depreciation

Total costs 31,517.19 £19,471.56 4,565.67 £2,101.56  36,082.86 +£20,514.87  100.00
Income 50,725.00 £35,871.35 - 50,725.00 £35,871.35  140.58
Total costs 19,207.81 £7,243.85 - 14,642.14 £5,814.98 40.58
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Abstract: The purpose of this study was to characterize the model of commercial aquaculture, the problems and
trends in the development of freshwater fish aquaculture in Pongluang Village, Wiangchai Subdisttrict,
Wiangchai District, Chiang Rai Province. The sample group was ten farmers who marketed many types of
fingerling fish in Pongluang Village. The research tools used in this study were questionnaires, interview and
seminar to brainstorm for further development of fisheries business in Pongluang Village. The data were
analyzed by using percent, means and content analysis.

The results showed that (1) the perspective was nursery fish. Aimost the farmers raised one centimeter
(fries) to grower sized about 2-5 centimeters (called fingerling). Then sold to the farmers who raised that fish for
consumption. The Pongluang farmers bred the Nile tilapia, small scale mud carp, and common silver barb. The
other fingerlings were bought from the other farms, then were raised to 2-5 centimeters in length which called
nursery. The fingerlings were catfish, walking catfish, common carp, striped snakehead fish, Thai silver barb,
Chinese carp, rohu, small scale mud carp, Mekong giant catfish, Gourami, Jullien’s mud carp, fancy carp,
greater black shark, Java tilapia, snaked skin Gourami, spotted feather carp, Asian redtail catfish, goby and
moonlight Gourami. (2) Most of the problems were high price of fish feed and climatic changes (3) The suitable
development trend in Pongluang fish culture were to increase the variety of fingerlings, regulary quality sized

fingerling and good marketing.

Keywords: Commercial fish culture, nursing fish
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; & -
msdsaagluuumsinziaeslandenndiadly

[ 3 e s s s
ﬂgmuﬂmma Analdeste 2anInLTaese

wnzufgnianlfiesiisienas 70 awinsesasunAe
daruaiamiziugeandesay 40 uazlunig
wnziuflaniiAnldanagedenas 30 mmsﬁ'u y
Hun annwandenlaimnnzan lidwailunig
wnsiugLan LmemeLﬂﬁuﬁﬁﬁ@mmw s

dumaunistrgnilaresnuasnstiutlan

mnmiﬁﬂmwudﬁmwmm%LW’mﬁymﬂm
finutkvans Sdumeunswnzdasgnian Fugasly
N 2

) mstwwxﬁuéﬂm 138 mﬁ;agnﬂm
EYaL gl uwﬂn%mfuﬁmﬂwwzﬁuﬁﬂmmwﬁmLfaq
ﬂ@’]‘ﬁlLﬂ‘]:rﬁliﬂ'j‘ﬁﬁuﬂ\m@'NﬁWﬂ’]iLW’]zﬁuﬁf‘lﬁLLTi 1an
fia damziieuuazlaiwiadund Insiiweusinug
Bealutenu Lﬁ'm:v‘hmwmuﬁuﬁﬁ%ma@ﬁuu
mﬁmﬂﬂﬁ@iﬂqﬁuﬁuﬁ:ﬁmmLWﬁL@?mLﬁuﬁ DR
Aeedaeiilutenan fmsnaniuguazandd then
ﬂ@fﬁ?‘itﬁmmwumluﬂﬂmma Lwiﬂmvﬂ”uﬁ%'u y
inumsnsazlimnziugies widaanialusaune
nang tugndanauimaniaainenalaiiy

1 1uFLaAg W AeseyLIaluLaRY W NaT
dealutenu mezidnsnmaasaiuinonda qn
daudeusendn HamnesssanmunnanIaaesly
Al N =
daduud Weadesgniatauiinoineintlsenim
= =< 9 A o o o ,
2 wufmmg AstinellueTmwiinewsendpdme
(2) mawssantany tgniladugaunise
gnianauadnniugesnaInv I RUE AN
Tutlefusvezioan 1 ke ANIng 3 inaliignian
Wwrnyiulndiavuenalszunn 2-5 uRmas Lazl
A NWTaLI Hawesagiane nssisantelaanig
pnda 12 Ju lsejuanaiesinmelsa venlddign
daroswsnilutenu dasenunaiinisliiannagnian
wan M Uantlu Srazidanvseigenliny wegn
datnduaznlasuiluliionmedagihivediaains
N TsRuga 40 wesidus
(B)n1sLATENLATLNUALNAWNSD
g uaasunnd 4 lnetneinnludesenli
wue enuaniies@alsn ndsanILE Aoetineg
ufind1seanfonn Ussqunarena it s
° dl d’l % -ﬂlil o v ﬂl
ugniainiaesliniuauiansesnisundiliiniese
msave IeeueaniTuiigeing o

propagation and/or fries

purchase fries from nursing in

another farm earthen pond

fingerlings packaging
nursing in for
concrete tank sale

Figure 2 Flowchart of nursery system in aquaculture fish farming business in Ban Pongluang

Figure 3 The characteristic of nursery fingerlings both in cage culture and mud pond culture
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Figure 6 Local fingerlings distributor in Pongluang Village
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Table 1 The level of problems in aquaculture fish farming business, Ban Pongluang

Type of problem Frequency Level
Water quality 1.9 Moderate
Feed and feeding 2.3 High
Breeding selection 1.6 Moderate
Nursery management 2.1 High
Diseases prevention and treatment 1.7 Moderate
Farm management 1.7 Moderate
Environment (climate) 2.2 High
Total 1.9 Moderate
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Effects of Phospholipid Concentration and Mixing Methods on Properties of

Astaxanthin Extract-loaded Liposomes
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Abstract: This study was aimed to improve stability of natural astaxanthin extracted from white shrimp shells
(Litopenaeus vannamei) by using liposomal encapsulation technique. Three different concentrations of
phospholipids at 0.8, 1.6 and 2.0% w/v together with two different mixing methods including homogenization
and sonication were employed. Astaxanthin extract-loaded liposomes were investigated for entrapment
efficiency (%EE), antioxidant activity determined by DPPH (2, 2-diphenyl-1-picryl-hydrazyl) radical scavenging
capacity and ferrous metal ion chelating activity, morphology of liposomes by using transmission electron
microscopy (TEM) and properties changing during 8 weeks storage at 4 °C. It was found that %EE of liposomes
prepared from 2.0% w/v phospholipids and mixed by sonication revealed the least decrease of %EE as
compared to that of day 0. Antioxidant activity to eradicate DPPH free radicals and metal ion chelating activity
of free astaxanthin was decreased by 76.7% and 56%, respectively which was much lower than that
encapsulated in liposomes of all treatments as compared to that of day 0. TEM image of astaxanthin extract-
loaded liposomes prepared by sonication demonstrated a lamellar structure. The results suggest the potential

use of liposomal encapsulation to protect astaxanthin properties for further application.

Keywords: Astaxanthin, liposome, antioxidant, white shrimp shell
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Figure 1 Chromatogram of (a) astaxanthin extract from white shrimp shell and (b) astaxanthin standard
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Figure 2 Transmission electron microscope images of liposomes (magnification: 60000x)

(a) liposome made from phospholipid 2.0 %w/v and mixed with homogenizer

(b) liposome made from phospholipid 2.0 %w/v and mixed with sonicator
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Abstract: The research aim was to investigate bioactive compounds and analyse antioxidant capacities and
total phenolic content of five common Thai edible flowers, including Marigold (Tagetes erecta L.), Paper flower
(Bougainvillea hybrid), Ixora (Ixora chinensis Lamk), Cape Jasmine (Gardenia jasminoides Ellis) and Damask
Rose (Rosa damascene). Dried samples were serially extracted with hexane, dichloromethane and methanol
and the bioactive compounds were separated and quantitatively identified using Thin Layer Chromatography
(TLC). The extracts were then analysed for antioxidant activity by 2,2-diphenyl-1-picryhydrazyl (DPPH) radical
scavenging capacity assay and Trolox Equivalent Antioxidant Capacity (TEAC). Total phenolics content was
also assessed. The results illustrated that among the extracting solvent used, yields of methanolic extracts was
the highest (8-12%) in all flowers. Staining with the specific solutions, flavonoids and phenolic compounds in
methanol extracts were also detected by TLC from all flower types. These same extracts were analysed for
antioxidant potential and total phenolic content. Paper flower, Ixora and Damask Rose gave the highest values
of DPPH radical scavenging activity (90%) (p < 0.05). All samples had more than 90% inhibition of free radical
activity and equivalent to trolox approximately 17 mg/g sample tested by TEAC assay. Moreover, the greatest

amount of total phenolic content was from Damask Rose (31.91 mg GAE/ g sample) (p < 0.05).

Keywords: Antioxidants, antioxidant activity determination, total phenolic
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maedenviiigslnedaqiulfeonaaula lusenlsl  Gulhell vy fiesde tanties pawld Wudiu v
fissndngaiiasing 1 AflgnaniRiduaisfueyya  eniflesnandnaniwlunisfinuqainaesnen'd
BB %am'ﬂﬂiﬁuﬁi@mﬁmﬁ@mmm\immm@mw et (Boonyaprapatsara, 2000; Vachirasup,
Fuayyadasziiuandaiuly (qine,  2548)  1995) fmesusenliifififanssunefinueusadas
u@ﬂmn‘fﬁumﬂiﬁﬁqﬁﬁqmQmmwﬁﬂ 51907907 49 Wun aendin nuaty 11 243 wa way Uad lnad
304 uazansTiutlsslamiiosnanne (Shiet al, 2008;  A1028, 0.22, 0.21, 0.1, 0.10 WAL 0.09 MM Trolox
Kaisoon et al., 2011) equivalent / g of fresh weight ATNAIAL (@fr@uﬁ
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N5IATIBAMENTAATYLAZONENITARAIUAYYADATT
raspanlinuliuneaiin

uazANLY, 2553) dauneniladiin pensnaiiesuazaan
Wadaudlinuae

mu%@“ﬂLﬁ'mﬁ"umm‘?ﬁﬁﬂﬂummiﬁ
sudsznuliaesinedefioglainnndn fafuly
mu%”ﬂ"f:ﬁfj"mqﬂnmﬁLﬁ'@ﬁﬂmﬁmmmaﬁﬂﬁm
uazm AN lunsfinuayyadasylunenliilng
Auls L‘ﬁlfaLﬂu%mg@ﬁ”ugma?ﬁﬁmmﬁﬁﬂLﬁlmﬁ"u
2IUNTQUNIN (functional  food) TuauAmn waziily
Yayadwiufisinafiaziudsznusenldful vie
nstudludoulseneulundnAnuinaa nLsIqna
(ready to eat salad mix) Lﬁmﬁmﬂ@ﬁﬂﬁmmmi
Uszinmadn 1w

o aa
adnsaluaglsns

1. MELATENLAZNITAN ARIDENING
dnsiusetsnenliRulER1syney

8111981 5 98m lAuA AenmA1qi3ea (Marigold:

Tagetes erecta L.) m@mﬁm% (Paper flower:

Bougainvillea  hybrid) panidu (Ixora:  Lxora

chinensis Lamk) maﬂwm%@u (Cape Jasmine:
Gardenia jasminoides Ellis) LazAaNnAaILuany
(Damask Rose: Rosa damascene) \iufaaeingl
i Aengadaslu lussasaanumudai
(fully open stage) Tnelfanzdaunaunantesnan’d
TR ﬁﬁmmLLﬁ\a‘ﬁ'amuﬂﬁ 60 BaFALIALTYEA L‘ﬂu
1A 24 m‘lﬁmaummmﬂu N1 5% mamumw
THduunlfiaziden mﬂuummmﬂmmifaaﬂqm
fogdnnialianity  laraelsiliny uasiuniuea
ANUANGL (serial extraction) AaudATlLANA 1 Fae
gmadqumantil : a19uad (1: 20) wiRalEiEhunan 24
%Tm N984LAINTNBAN NNIAN AR TIANTRARE
3 pss mm‘vmwzmmvl,mm 3°nummm1ﬂmuml,m
mmmmi“’mmmnl,uuuuu(rotary evaporator)

NN 40 aeATaITaA (AAulasaindtaes win
Funs wavansy, 2549) lHa19adaneny (crude
extract) BAZANTKIUMNFDEATNANARUIBIANTAN A (%

yield) (Lagu and Frederick, 2012) LAZNLANTAN A
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'
=

Aoy a
peun A BN anmni

q L]
|

20 aALTALTedsveIzIIAn T
a A = v o o a 6 1
A 1 mew e ldusunimwasisall

2. MeAUNTRAURIANSENAAQLAE Thin Layer
Chromatography

gsanavenuEne  aAaelslmny uay
WU (0.5 N5N)
FeailiBunas 1 Haaans anntsinllauunm
anadAtyfaen g lasunIananuduLng (TLC) Tnatin

azgnazaeluAinaza e

ansazaeldannisazanadnesarnazatenBunms
10 lulnsams luvemasusiels TLC (TLC silica gel 60
F254, Merck) Lmzﬂﬂﬂa‘hLLuﬂmafafaﬂqw%rz%qﬁm
Tnaansainiainieanioy uarlnnaelsdmy 1
FazansipReun (mobile phase) Aaalsnasn : 1B
LRTLAR : NIANRTNN B8mINEIUS5 : 4 : 1 (Malbasa
ef al, 2004) gnsaRATanAGaLIMIUes 1HAan
aanelAReudl Analsvasy - lafia WeFiam | Wn1ueq
- n9ANBsHN ARIEI 514 2 1 (AaLlasannisaes
Malbasa et al., 2004)

mmfuﬁﬁmmmaﬁLmﬂ:ﬁmnfojmmiﬁﬁﬁy
saselalil

2.1 msmsetivnasianlauass Tneld
ANgaLlasTAne@n7aTane Aluminium Chloride (AICL,)
udavildaaneluas UV Aensenneds 360 wily
2015) wandanslungu Wanla
uatifazsngunudmaesisedds

22015315115 sznauWuaian

LRT (Touchstone,

peaagaulnaninisallsdfaaansazang Ferric
Chloride 1%1umm”mmmmum ﬁyﬁ 101 NN
anslszneutlssinviluenas iR ARt Riainsiy (Stahl,
1969)

msmeqqaaqu%'msﬁwagHaﬁmz
TnensannutinenfAfat (DPPH reagent) Ingl
MsRANUNEN AR (%/M‘LH 2550) ﬁqﬁyammmﬁm
mumaﬂ@\muumu TLC mnuu@mmu TLC lugzuusa
FALANELAREUTIINNN93ANLLINEN DPPH Aonadiaiy
0.8 Dadluans Wiviawsiu TLC Aluansariaiianstinu
ayyasasziiluasdilszney  azfinqaddamanans
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Flowers

Hexane

Hexane extract

Rejidue

| Dichloromethane

Dichloromethane extract

Methanol extract

Residue

| Methanol

Residue

Figure 1 Serial extraction of edible flowers with hexane, dichloromethane and methanol

3. MFIATIERUIANNAINITORIUAYYADATE
uazilSanasnsnannuadn

3.1 miwmmaquéﬁmwga%mx%m
ABN9Na8aYYABAsy DPPH (Molan et al, 2009;
2011) WrAneg9asanalsNImg
25 lulasams 1AW DPPH (0.2 Hadluand DPPH lu
95% tannuaa) 250 ulnsans s lufisinunm 30 w

aniuinlldnAn1sgAnanuaIiAINENIAAY

Duan et al

517 W luumg ﬁWuqmmmmminé’uﬂ{mwﬂ@%ix
DPPH

AMNGMT DPPH radical scavenging activity % =
[1-(A sample/A blank)] x100
| AnagANALugsi o lFves
Fnaeing A

da A sample

] d Ao
mm?@]mﬂ@mm\‘m 1@"]]@\7
DPPH

A blank

3.2 Trolox Equivalent Antioxidant Capacity
(TEAC)

WITENANTAZANLOYNADATY ABTS (ABTS)
Windis (stock solution) Teeign ABTS 7 Radlnand
o Tunadanulediame (K,S,0,) 245 Jaaluas
valuidaiflunm 1 AudelimasivliTeem
GERNGGTE

Fpenviiansazane ABTS  Windisn
‘waanlagld sodium phosphate buffer (PBS, pH 7.4)
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WiflAnaganAuuas 0.40 fipnuenapAl 734 nm
HnansanaBunms 10 lulasans ananiuansazane
ABTS™ FiReanaudatiunns 200 lulasans Ll
Tuifiaifluam 6 wiiiainiadasneganauuas
vfineluaa 1w Aeuenanay 734 wluans
(Sommano et al., 2013)

3.3 N93 AT BN LEN THUeANTanaA
(total phenolics content) 1pe11%3% Folin-Ciocalteau
Reagent 141381 AMQ8EN9NNARANIAQEANTAT A
T d Emgau 1: 10 dsnedwfiuims 200
lulnsams wanriu 10% Folin Ciocalteu reagent 200
lulasans 79l 1 uni walnAsyluarFueius
(Na,CO,) Audindn 700 Hadluand 1Fums 800
lulnsans nanlifidnduiials 2 faluarinlsmAanas
ponAuLas 765 untums e ldnsaunadniuans
WM (TAudindin 20-500 Hadniusedns)
LmzﬁmmmLﬂmf’mﬁmﬂuﬁaam"mmgmmmm
wnaanlufaaeng 1 nfu (mg GAE/ ¢
(Sommano et al., 2013)

sample)

4. MTIATIERTDNANNEDH
Amnzifayalaellisunsy SPSS e
AATeiA Ll 99u (analysis  of

ANOVA) LL‘LI‘]_I completely randomized de3|gn (CRD)

variance,

mmuS 5]]’1 LL@“’L'LG‘F;IUW]EIUW]L’?),@EI ‘Vli"“ﬁ‘]_lﬂ']’]ll
L‘Hﬂ&l‘l&?ﬂﬂ@&’ 95
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NANITNANRAY

NSANENANFAN ARDLNNNTNLUNIEAN

NMIILATITINNLTNIUA AT AGATIN 8
g3annannaantyl 5 1ia WuIINIARAABNANR G
b % v o 2% dl v
fogamuealiftBunnansainganinagagaiesas
12 999898"AA AENNUATLNDLY ABNWaINN Aenidx
uazABNWATAW ANNAIAL NNIANASALELENITY ABN

= ¥ o dl v

paesliiiunuansaingagasenss 10 9098917
1un pannuaiuneny aeniwesiin nennadeuuas
ABNIN ANNAIAL

] o Y = =

dounnsannsaglamaelslmuliBunoans

o v A & =~ o v

anatioangn ABNA1EeY HilTunuansainsenay 7
seeaNHnAe Aaniesiin pennuaLNany Aanyaden
wazaNdN Aaugnliminem 1

NN9IMMUNTUALRIRITANAAILAE Thin  Layer
Chromatography

AMNNIRTIAaaLIANIA ATy Tuasan aLanLEu
v aca 1 o o o £
fneRs TLC ”luwumimmm‘Lun@uWu@Mum@ﬂTumn
Aim (mwm 2) mmmmmnumamﬂ?mmmi
Fuedniauun (3197 5) iiiesannluansaiaEnim
flansfluednianunluBunatiendleianiugsi
aimfas W ueakarianaalsiiny  wazlinugns
nquNANTauR e A lUANTAN ARIELENLEUIRIADN

- A o e = '

AaiFes Werinsallstfasanmaaasaslilng
WOLIANIAANANY (NN 3)

muma‘mm%@uqmﬁmaﬁm@%a@m‘:"um
asarmannmenliivi 5 1ialag 1 ansazane il
nsanim 3 0 W wneou lnaselsiny wazund
UeA wudﬁmmﬁmmnrﬂﬂﬂiﬁlmﬁmxmﬂﬁ%mﬁmﬂ
THARANIINBNAWANIAINANIH1UBABATE s
ganARasTUNIMARRSTINLINaNsaTATaanantiily
wynuea Wangluananed 3 Sanuaunsalunnsdinu
@%@mv@q%mﬁﬁ@mz 90 agiansendanaily
29N31UATAREALLINITLARAUT ULLEY TLC
saaaannAeludnsanalanraalsimuuazianiay
ANNANAL (mwﬁ' 4)

nsiasziugnizasansdiAglunisiiy
AYNRDATE

AINNNINARBLANAINTOTUNNIATUR YA
BaszkaeiAs DPPH (An919f 3) wusnnisarianan'dl
Fsansazaneamuea ansafaiiiBungadio
auyadasTgaigasesasnAenisaiadaelnnaels
Hmu uaznisanpsoaansulitiunnanssiuaiya
arztinnfign ansafmanaanuaiuuen aendx
uazaenmaiasfiataianimiuen fanuaunmnlu
NIFUDUYABATTAINF0HAL 90  TEIAINIABAEN
o basas 62 uazmannedierienas 37

luansainsaslaaaelsdimu Anssiiu
AU AT ATZIDIMINITENTI1FREAT 23-30 BNLTUAEN
nuanuNangfesar 67 dewluansadmaniai HA1ng
Fruenyadastlienfigaazindenay 12-17 andiulu
panwmiiauisasaz 4

Table 1 Yield (%) of 5 Thai edible flowers extracted with hexane, dichloromethane and methanol

Yield (%)
Samples
Hexane Dichloromethane Methanol
Marigold 10.02 +0.48 7.01° +0.77 12.21 £0.96
Paper flower 7.79 £0.11 5.98 +0.46 10.05°+0.41
Ixora 5.42 £+0.16 3.56° +0.27 9.43°+0.57
Cape Jasmine 5.69 £0.19 3.78° +0.33 8.18° +0.64
Damask Rose 8.06 £0.22 4.98° +0.21 11.54° +0.89

Values are means of three replications + standard error.

Values within a column followed by the same upper case letter are not significantly different (P 2 0.05)
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Hexane extract Dichloromethane extract Methanol extract
Figure 2 Detection of phenolic compounds on TLC after sprayed with 1% (v/v) ferric chloride reagent of

(1) Marigold (2) Paper flower (3) Ixora (4) Cape Jasmine and (5) Damask Rose extracted with

hexane, dichloromethane and methanol respectively

tr 2 3 4 5 1 2 3 4 5

Hexane extract Dichloromethane extract Methanol extract
Figure 3 Detection of flavonoids on TLC after sprayed with aluminium chloride and viewed under UV
light (360 nm) of (1) Marigold (2) Paper flower (3) Ixora (4) Cape Jasmine and (5) Damask

Rose extracted with hexane, dichloromethane and methanol respectively

N1INARBLANDATUENYABAIA28TT tolox  ANA NI luNNIdRayy AR assiBLmniLans

equivalent antioxidant capacity (TEAC) (ﬁﬂﬁ‘ﬁ\‘i‘ﬁ 4) trolox  UszN0l 5 NaanSNARA29E N 1 NFN LAy
wudnasiafoglnpaelslmusesnennadenuazaan mmmmmffuﬂgﬂ@%@%m:’é@m: 27-30 @auluans
SN ﬁm’mmmm%f“f\m%@%m: (% Inhibition) atmdaeynueateananlsivi 5 1ila fAugne
Sataz 91 UAz 55 UAzHANAINI0 UNN3I9RRYYA ffuﬂ%@w@%m: (% Inhibition) N1NN3158818% 90 LAy
Baszeuwiniuans Trolox 16 uaz 10 Haan3usa Haruainnsnlunisudneyyasassiiaumniuans
fetne 1 nfunuandy doulunenldiafiaawud] trolox Ugszuntu 17 Haanfusamqae1y 1 nfu
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1 2 3 a 5 1 2 3 : i 2 3 a 5
Hexane extract Dichloromethane extract Methanol extract
Figure 4 Detection of antioxidant potentials on TLC after sprayed with DPPH reagent of (1) Marigold (2)
Paper flower (3) Ixora (4) Cape Jasmine and (5) Damask Rose extracted with hexane,

dichloromethane and methanol respectively

Table 2 Detection of bioactive compounds on TLC of 5 Thai edible flowers extracted with hexane,

dichloromethane and methanol

Samples Test Hexane Dichloromethane Methanol
extract extract extract

Marigold Flavonoids - + +
Phenols - + +

DPPH + + +

Paper flower Flavonoids + + +
Phenols - + +

DPPH + + +

Ixora Flavonoids + + +
Phenols - + +

DPPH + + +

Cape jasmine Flavonoids + + +
Phenols - - +

DPPH + + +

Damask Rose Flavonoids + + +
Phenols - + +

DPPH + + +

+ detected - not detected
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Table 3 DPPH Radical

dichloromethane and methanol

Scavenging

Capacity

of 5 Thai edible flowers extracted with hexane,

% Radical Scavenging

Samples
Hexane Dichloromethane Methanol
Marigold 15.54° +2.93 24.44° +0.49 90.24 +0.37
Paper flower 11.79 +2.63 23.70° +0.31 62.44° +0.85
Ixora 17.31° £2.14 30.09° +1.89 90.07° +0.61
Cape Jasmine 41.28% +2.93 29.92" +0.55 37.61° £2.26
Damask Rose 15.76° +2.75 67.75° +1.77 90.76° +0.12

Values are means of three replications + standard error

Values within a column followed by the same upper case letter are not significantly different (P 2 0.05)

Table 4 Trolox Equivalent Antioxidant Capacity (TEAC) of 5 Thai edible flowers extracted with hexane,

dichloromethane and methanol

Hexane Dichloromethane Methanol
Samples % Inhibition Trolox % Inhibition Trolox % Inhibition Trolox
(mg/g sample) (mg/g sample) (mg/g sample)
Marigold 0 0 28.25° +4.45 5.34°+0.81 94.72 £0.21 17.45 +0.04
Paper flower 0 0 30.33° +1.92 5.72° +0.35 93.65 £1.03 17.25 +0.19
Ixora 0 0 55.23°+1.78  10.26"+0.32  95.11+0.07 17.52 +0.01
Cape Jasmine 0 0 91.62" +0.89 16.88° +0.16 92.93 +0.55 17.12 +0.10
Damask Rose 46.90 +1.37 8.74 +0.25 26.99° +2.26 5.11° +0.41 94.48 +0.55 17.40 +0.10

Values are means of three replications + standard error

Values within a column followed by the same upper case letter are not significantly different (P 2 0.05)

Eanuasnannuaan
AINN193LATIEHAIINg N U A Niauun
(113197 5) Wusnsanafaunuaaliiaisngu
. oa A A a4 e e d a -
WueAngangalanauiuansainay Aasnguiue
ANTTUING 25-31 mgGAE/g  sample WUA1INURA
anlunannuatunenyganign 31.91 +0.09 mgGAE/g
o Y Y = v 1 =
sample nsarinnenlfifoslanaalslimuliiansnguil
UAANIZUIN 3-23 mgGAE/g sample Tagwuluman
Winnnfign 2341 +0.47 mgGAE/g sample WATWLI
lunennuaiunenyfiesiqan 3.06 +0.11 mgGAE/g
sample daunnsainfaeianauliansnguiuaan
ineignszning 1-5 mgGAE/g sample  LafeUAL
nnaanipdaeaniunas laaalslinu
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a o
dgduaziangol

panliifluunasdAnyrasansfinuayya
BaszinylusssuTA phenolic acids  Wanla-
uers  waulnloeniiu uazanstsznaufluedniu
(Kaur et al, 2006; Youwei et al, 2008) N13&nm
ansdndyiadluitalaaldfainasareduntd
(organic  solvent) ﬁﬁﬂuﬁiuﬁwﬁulﬁ EGEAM
e wnnues wnimu Uinnaendmes eiaued-
AR LAY ANTARALEANOED A HEN TN
(Hydroalcoholic mixtures) (Peschel et al., 2006;
Bushra et al, 2009) T12NIUN1TIRLVBIINNU LAY
ALY 2556; WITUWATAILY 2556 LENIN1TNARELIANT
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Table 5 Total phenolics content of 5 Thai edible flowers extracted with hexane, dichloromethane and

methanol
Total Phenolic contents (MgGAE / g sample)
Samples
Hexane Dichloromethane Methanol
Marigold 2.04° £0.48 13.18° £1.07 29.23° +0.28
Paper flower 5.75% +0.11 8.32° +1.12 26.79° +0.24
Ixora 2.18" +0.66 23.41% +0.47 28.96" +0.16
Cape Jasmine 1.42° £0.09 6.58" +0.53 24.34% +0.40
Damask Rose 1.83°+0.22 3.06° +0.11 31.91% +0.09

Values are means of three replications + standard error

Values within a column followed by the same upper case letter are not significantly different (P 2 0.05)

fnuanyadaszlunenliifulffcaoniuaanudni
FH0ANIFUR L AT AT
Adelnnaedlifinazane 31l
fuansi ¥ aiafiflaanuifudaunndraiulae
Beeanduarniiidatienlildaunn THud niy
Ianaalsling LaZIINILea AINNIINARBINLIIINNG
mﬁmﬁmmmumiﬁﬁmmmmammmmﬁmqqﬁ'qm
s09nnNARENITULALlanAeTIE M TenanARTaaNs
afpR A NLANAeTudegTuTTingnsh ldatnuaz
mwﬁfﬂumi@ﬁmmaﬁﬁqﬁmmﬂdwﬁm ] VBING
(Sultana et al., 2009) miﬁ’]ﬁfﬁwﬂumeﬂiﬁ Eis!
ANIFUBYYABATY m?ﬂﬁ?‘”ﬂ‘ﬂlﬁ\lu‘ﬂaﬂ maﬂ?vmu
wanlaueas mmmﬂumm (polar compounds) LN@
mnmmmumummumm AALNI0AR PR IVANT]
panNNIANFReE 9T IH NnnndanuLaslnAae-
lsflnu SeinlidBannfenazaasanaaingandd G
mmﬂﬁmﬁumimmm%me:ﬁqm%fmiﬁmwsg@
84249835 DPPH waz TEAC WLMNANTAT AT UeA
yaananliiv 5 THinTiLFunnuansLe AN 25-31
mgGAE / g sample ) zgqnfmﬁmﬁﬂmﬁﬂuﬁumi
anpanuanan ledszunns 50-100 Wi (§3un3 uas
38, 2558) WaTHANANNNIDH LB ABATE DPPH
Yeaay 90 lwn1zlunenmANiFes aenduuazaen
NUATLNATYULAZAINAINIID IWNNIF ey AB ATy
¥ae3 TEAC wmamenliiia 5 Tiimsnnndnsatas 90
anaedenenlimnaiiafivina et
fmsz%ﬂﬁr;yLmzqw%rma‘ﬁm@%a%mumﬂﬁhﬁu Toel
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wWrauiauluansaimuniuea wudn aannuay-
wany Aendiu AINAIEeN ﬁqwaﬁrél,umaﬁifaﬁm'aw@
Barzgalndineiu sasasnAenenilesdin uazaan
Waiau jaianaitesnaniBannsed nolumanldid
denasiaiiunuasiueyyadarzivaanaiety
LANNTIREURS Youwei el al, (2008) R1ERANN9ANEA
ansfinuayyadaszlunanldnesdszimaaunudn
panldlunguauns Jar9fi1ueyyadascuay
@ﬁiﬂi:ﬂ@ﬁ\lumqqndﬁﬂ@iuﬁﬁluj IREARMBEIR TN
Kaisoon et al. (2012) $1891u311uA8NAN2 50
(Tagetes  erecta) Han3sznavueangandn nan
e panmanszattuazaenwasTN sz 0l
2w

AnEanIIAMZiaNIdAtyanaan i
e 5 ailanudneenliivliaiidnanwiluaims
U (fuctional food) HiFNNuaTAWeANUALH
ANNANNSOR LB ABAsYY iU panMALNETY
panduuazaenanaiies aenliifulfindniiduan
mradenuileliunfuilnainliidudaudlszney
i lewng wazamansaen LA ARl
annstszinninls

LANAITANDY

Saun Bunsyinenl. 2550 (WNWASSA 2). N9

ATIAAALLATNITANALENATTAIATYANN
a a 'S ¥
anulng. uoAlv Wi, ngane. 215 wiln.
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Production of Formic Acid from Representative Food Waste Under Autoclave

Conditions
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Abstract: Representative food waste containing cooked rice, pork sirloin and vegetable oil which weight
percentage of composition was approximately 33.33% (w/w) each. The representative food waste heated under
autoclave conditions (121 °C, 101.3 kPa) could produce formic acid while acetic acid was not detected. Using
either H,O, or NaOH alone could accelerate the breakdown of reprehensive food waste into formic acid.
Increasing concentration of H,O, increased amount of formic acid. When the concentration of H,0, was higher
than 0.09 % (w/w), the yield of formic acid decreased. The higher amount of H,O, decomposed compounds
such as formic acid into CO, or CO leading to the reduction of formic acid content. The degradation of
reprehensive food waste using NaOH was higher than that using H,O,. Higher amount of NaOH increased the
amount of formic acid. The concentration of NaOH was larger than 0.5 M resulting in a decrease in formic acid
quantity. The NaOH could react with amino acids and lipids to form amino acid salts and soap products via
neutralization reaction and saponification reaction, respectively, leading to a reduction in NaOH content. A
longer time for the degradation of representative food waste under autoclave conditions increased the yield of
formic acid. The degradation of reprehensive food waste using NaOH alone was higher than that using H,O,
alone or using both H,0, and NaOH, respectively. The main mechanism of chemical reactions for formic acid
production using both NaOH and H,O, under autoclave conditions (121 °C, 101.3 kPa) will be researched
further.

Keywords: Food waste, autoclave, formic acid, acetic acid, sodium hydroxide, hydrogen peroxide
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UNAREa: ﬁTf;Lmumwmmiﬁﬂa:n@ué’qmgﬁfnzgﬂ m’f‘:@mzﬁvuwaﬂmi@ﬁ uasrinuitr i Ranniednsadienas 33.33
Tnativin dielEFunnnaauneléanosusiatissle (121 asAALEed waz 101.3 Alal4ana) @ NNsaNam
n3ANasNn (formic acid) anueTinameyEin (acetic acid) ldannsansaanyls ¥ H,0, uaz NaOH g1unsndon
dananiumursanslldunsanesinly Tnadleduaudadune H,0, Rnaunsewes-finfidanaansl
AARssNd LLm'Lﬁ@m’mL%ugﬁulﬁmg\mfiﬂ’é@ﬂm 0090 Tneiwin wudnBanmnsanesiin anad iesann
1Bunns H.0, fnnusnansagiasaansansLisznavigu naswesiinluilufng Co, vite CO snniusewaliiiunm
naanafiinanadldl NaOH atunsnidanIstiasaafounuAEaIngiFinInNnga H,0, dlaifinpuidindures
NaOH Lﬁémmmmmﬁnﬁﬂ@mmﬂﬁﬁm"]Lﬁumﬁyw,wiLﬁfam’ml,%u%’mm NaOH §4n41 0.5 M wudnifFnneu
nesmasTinanad iiesann NaOH mmmmﬂgﬂimﬂum‘m@vuiumvimmu”l,m Hhunasrasnsnaziuuazarjtiiu
17j7i7e neutralization meﬂgm‘mmﬂ@ummu (saponification) MNANAU mmm‘lmﬂmmmmmmﬁmm
NaOH tilesinlildaeimanesuniAsens thunmnsanesinfiliasanas analunistiossaemunes
awnsmeliannendiethsnlaundy 1Bunnnn wesindilEnniu Tnannsl NaOH anansnuaansavastinls
wnnINglE H,0, vizanisliisaniusendns NaOH way H,0, auadu nalndnAtyresdjisenndidwiunig
LARNIANasTIN iHield NaOH fauru H,0, meldanasdiaiiesale (121 a9 mades waz 101.3 dlalnaana)
faafinsAnesely

AEATY: Wnenug udiailednla naanaiin nsnazdnn Tnnewlansanlas lalasawiledaanlas

AN Tugtlraslapannafiun  (sodium formate) waz

THReNaLEmN (sodium acetate) (Onwudili  and

nsuanfanasuetgu lalasian (H)  Williams, 2010) Lﬁ@ﬁmilﬁmﬁqLédﬂﬁﬁ?ﬂﬂﬁﬁlﬁﬂﬂﬁ—
wazdlnu (CH,) ﬁaaﬁ%”lﬂ‘llmtma%m@l,lﬁm%?\lLﬂfffu nranlad (NaOH) Aannslalasmeueaufadiladud

(hydrothermal gasifictaion) mz@mqv@muﬂmm”mm HiAnAadalfAzensantanadeniddanila (alkal
mummm@mm’wmﬂqmmuﬂmummuﬂmm v ImRenlansenlas (NaOH) waadeslansanlas
nandnIdaunNne (Eliot, 2008; Onwudii  and (Ca(OH,) wunaidenlansanlas (KOH) ety
Williams, 2010; Muangrat et al., 2012) 1iiasannl¥iin MafiBuaesa s sz N AR IR aE ATy

fugsiiazanafisnan gn uazlaifuiwiy uazdaesaLzensNaRAewaulELRNMNN
Aawnden Fasananinuwaeudang (omass) i 3 dedoulugyAnudnlnideslansenlafanunsagat
ﬁmw%yum 1 (N1NN2N %e8az 85)  (Elliott, 2008: wetAseneweiinady (water-gas shift reaction;
Chang and Hsu, 2008) WiuArmnwawnulaglaifiesd  CO + HO — CO, + H) dwalilftiuinfing
Fumauneinuiidanatsannas sl lalnsianiiannaely

01N (Elliott, 2008; Onwudili and Wiliams, 2010; e s (food wastes) TilEanATaEeu
Muangrat et al., 2012) miﬂivnfaumnmqmmmw ARAIAN9ITEIIUBINIFN ] WAZAINNITUIUNIS
AU (gasifiable intermediate compounds) W@’mm‘w AN 7] Iua‘mmuﬂiiM@’WiﬁﬁﬁﬂﬂMLﬁuﬁyuéﬂﬂ y
gunr0un I E NN sR@RANTNA99 Y 11 nsane RN ‘luﬂfmﬁuﬁﬂ?mmmm senauduyize (organic
(formic acid) NIARZTRAN (acetic acid) NIABANTIAN compounds) ‘1’7{ﬁau%wzﬂqLﬁuﬁ”wm@%mwiﬁ
(oxalic acid) nsauamsn (lactic acid) (Onwudili and (soluble sugars) Wil (starch) @il (lipid) vigeluaiu
Williams, 2010; Jin et al., 2008; Yun et al., 2010) 399 (fat) Tﬂ@mu (protein) L%@@‘I@@ (cellulose) uay
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nsuannsanasinanAunuAra snglaan1azusiaileanla

mﬁﬂa‘:ﬂ@uﬁ'uj (ANNNA  WATENINA, 2559,
Elbeshbishy et al., 2011) FathuAsanNs @t
U uuasraInndue (carbon source) aLan
AanastuinTlalanawiedmuld wenani
AR T AR AN Tt AR LA IR INHAR
nsanlasinuaznsnasdanly dansanesinuaznsn
avdnna N raluunaananinglalnsaunazdinu
Tnealalasimesueaufadiintuiifinsanila 1y
tmipanlansenlas Inunadanlansenlas
waadeslansantas (Muangrat et al, 2010) lusin
atinslsfmunszuaunislalasmesueauf Gl
waazldiindanilafeqldguuginauiiegs
(11NN91 200 BarATAEEd) (Kruse, 2008) Tunnseias
mmﬁLm:rmu’mﬂummizﬂ@uzﬁﬁﬁtyﬁl%lummam
ANINAU

mn%ngﬂ@%qﬁuﬁﬁmmammfumuﬁ@m
32nnsdesaaneiAwatnsliifuanslsenau s
anmpfisndaglianunsoyssudanseruiifosldlu
nszuaunislalnsimesueauiadilindu Taele’ls
miﬂixn@umﬂ%m‘ﬂumiﬂ@mmﬂﬁ'fqmmﬁﬁ:ﬁwzﬁf;
fvinnnsdasiellfaiunovaedlalname fuaaui aai-
indusiely) faiuniAdeiasinnnsAnenanaivll
IATunnsuanuazynBununsanesinuaznsnezsn
annFuLAnasAneldanazuiialidale (121
BIANTATEA Laz 101.3 Niatanna) neudingseuy
lalnsmesueaufadilindu deteyaillfarusn
vl %iennseenuuunszuaulalasinesueauiia
FaduLLLsa iiassiell uiennIAnEaranaes
Inhanlansenlas lalasiaunlefeanlss (H,0,) uay
1an AfHarenINARNIANeNLAZNIARE AN

L4 ada
adnsaluaglaans

1. A8NMIALEUNNGISE

1.1 FUWNULARAUNT (representative  food
waste) i d1agn  (Earnfiunzaan a1neias
Fandaeslug) L’f':@mﬂﬁuuﬂﬂmiaﬁ (Tesco Lotus,
BUNDUNA S9N T e 11 ) Vst (Tesco Lotus,
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wazbAEa1g (199
DIMNIAUTYRANANITINEAT NINAET e 1)
ﬁqmﬂmﬁqﬁfqmmﬁ 105 aaAaaidaa (el 24
Falu e uF LN ULAEEI M TUT (dried
representative food waste) LAZLAANMNTIIA (dried
food waste) ANNANAL

1.2 NM33ANLTANANLTAN AN 108U

NN 9T AT eraluy)

LABRIMITUTN LASLABANUNIUAN  A28N193LATIZH
Imeitlszunnd (proximate analysis) AAWLAIAINATYIR
ASTM (2012) Az USEPA (2001)
InadszanniAaniaemeimnlasedseesAlsenay
ga920elduA ALAY  (moisture) daudiifluans
J¥LUel (volatile matter) m'j(ﬂ_lfauﬂﬁ]l (fixed carbon)
LAZLEN (ash)

1.3 59 Lman:ﬁﬁuqmﬁm (ultimate analysis)

N199LATIZH

PAIAINULABDINNTHIN WAZLATDINNTHIN A Ak Ag
ANNATURI ASTM (2008) wazr ASTM (2009) sl
wgnasEan1sdAssifuliuisesareevsin
5119 7 1 C, H, N, S uaz O
1.4 P39 ZFINLBRANNT UL BN
YRIFLNULATDIUITLAILALLARBIA T (ASTM,
2007)
15AnutTadeNNnasani1sanansanes-
ANUAZNIABETANT LHANNFIDENFIUNULAEAINNT
wazlAa1ung (1 1.1) nalfaniozuiiailasnla
(autoclave) (E1%1@ LabTech §u LAC-5040S) 1§iun
Audnduraslmaanlansanlas (NaOH) AN
dWnduaedlalasauledeanlds (H,0,) wazioanly
sl Nsaun e liannzuiieilednla  wizew
FaEi NI UL A AN FLALLAAININ NN AN LAY
T a = 6 g &
Tdnlnpenlansenlasuaslalnsauilesannlas
v o 3 1 121 = v 1 a a v
wanunFaateRwraN 1A ldaaluanntialnatin waa
2 dJ o v U % 2
vssqadlundaiiednle linnuFaunelsianinznie
Hagnlawlwnan 15, 30 WaY 60 W ANAIAU LA
ANNANZANIUUA L anntutinfqetineeananuiie
4. D ee e A ~e 4
Hednlauarilaaalififiuasiguugivies nauin
sinating A ziniiuininsaneitn nanazamn
uazhng L H,, CO uaz CO, Hlupu
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151 ns3As e aianazi U uAnad
WAR LA

TNARRLNAUNUABEINTUAS AR UITN
Yinneussqad e ndenauailszann 15 Haaans i
mbeu Haniindnfaaenambeu Waliannusenuly
anfinualiuge tnesnannudieiednla uaz
ﬂdﬂﬂ‘lﬁ@u‘ﬁ'qmuqﬁﬁmﬁ@umﬁLm'}:;ﬁ dlavians
'3Lmq:ﬁﬁwﬁdﬁ’uﬁu%mmmmzﬁthtﬁ@@mﬁ”wﬁ
LARlE uinandineaufalasninanaw (GC Bt
Agilent 7890A, 131 Agilent Technologies tszine
ne andm)  IealdawmAmes (detector)
TCD) mmx‘ﬁ'
lalasanFuenuing (C,-C,) m39ad TasAtecuRa
IasunInsnaldamawmas (detector) wuLLanlan
(flame ionization detector: FID) (ASTM, 2010)

1.52n5aAzivdsununsanadinuas
NIAALTFAN

aaa
wUUNEA

(thermal  conductivity —detector:

UNF20E N9 UNULAR BN M TUAZLAERN NS
UFINN931AT =T TAL RN RN TR RAR LS 1N
AnmsimEununIanadinuasnnesIAnANNa s
In house method (ASTM, 2012) 9&1']?.|Lﬂdilm GC (GC
71 Agilent  7890A, 1i3®N Agilent Technologies
Usemelng andm)

NANISANHILAZIANTO

nsAnERae lFnINTR ez ANt AN19LAR
proximate analysis Waz ultimate analysis 22969LNY
(AN LAZLAE1NT InefaunLAeNNsR1E Y
nsdnsAednegn (uiueaendu Geuazlng
ﬁﬂuﬁmﬂm) Winiu 60.67) Lf@ﬂgﬁuuﬂﬂmiaﬁ
(ﬂ?mmmw%yu G\@m:‘ﬂmﬂfwﬁmﬂm) WAy
74.25) Lmzﬁ”wﬁuﬁm (ﬂ?mmmm%yu Gouazlne
ﬁ”mﬁm‘ﬂﬂﬂ) WAL 0.00) NAUNITNAABIE AL
AANEFAIUNULABRIUNTUAS AR TNNa L H a9
wilatldnletu vATEAWnNA s sTauTAN
T proximate analysis LWaE ultimate analysis 184
FAUNLUAHR N ULASL AU (MR NELUT R
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o) 105 asAaaiaa Waan 24 dalug) e
Funaneseine A15uauaI L1 LazAINTU
9919516 C, H, N, S uaz O Niiluasfilsznaudidny
oA ¥ = ! X2 o %
dnfununndesinaslanaudsinfounuiee
amnsuaziAresnntesaailunsavaiinuas
nsnazdannaliianinzudiaiiednle uananans
ARAENIN 1 Sewudndnagn Wanyduuan
alad waziAranmng HlsuiafueupAsininndd
v Y v R4 o 5 4
Seuay 80 uaziBunauiintiaandndesas 5 Adtiudiig
an Wanyduuanalas uaziAnaiing usionaand
UIHIUANT LA GINA N0 UNAIUBIN AT

Aa o o P A aa
wazansdsznauiAlNdnAty s 1dunIndgatin
(levulinic acid) NIAWBTNNUAZNIARLTFN (Huber et
al, 2006; Corma et al., 2007) \[lufiu & miuim
a1nsReLAEa NI AN Tsvan stz gRAUNgTH
NEA9 Nanendedealud (mn9ned 1)

1. msAnnEnunsanasinuaznsnasdnn
AMNAWNULABRIUNG

atinelsfin UL aanTuABUN1 0L
fanting LAdE HMeesaatadaaianiafieuann
‘L‘i’mfiﬂuﬁqwhﬁummLwi@:ﬁqmjwﬁﬁwmiﬁﬂm
FaneinaaniinanFies & furimiinudia 20 il waw
vindu 300 TaRART TTAENNIFN 1 TaaARTTes
lalnsiaunlefoentas (H,0) Aflanuduiiianas
30 Taeiinsietsunns  viseay 1 daAaasIes
asazanalnnenlansenlas (NaOH) AnNdindy
1 Tand waamnmsldaaedneasluananiagustlaca i
aiin whadwiietlnlefigruund 121 asrniTaiFes
uaz 101.3 dlathama  Wuwwan 60 WA wanng
Arrzdaudnduvaeansanasinuaznsaesdmin
LAPIFIANINT 2

ANNANTIT 2 WU lunan1az1e9nng
nAARIFatITanNAgN T nARNTANe SN AT
g 121 asmgaisa uay 101.3 Alathania
Tneflanazsananniingalinunsnez@in atnglsd
ANNT TR YR Ami et al. (2007) 1EAN=IUN
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Table 1 Proximate analysis and ultimate analysis of representative food waste and dried food waste

Proximate Analysisa (%dry basis)

Ultimate Analysis®

Samples Moisture Volatile Fixed
Ash C H N S O
content compound carbon
cooked rice 2.78 4.87 90.76 1.59 54.6 7.28 12.0 0.85 13.7
pork sirloin 7.07 4.01 84.6 4.32 42.0 6.27 1.71 0.145 31.9
vegetable oil - 99.7 0.30 - 775 11.5° 1.16" -° 9.90"
Food waste 3.50 4.46 89.2 2.85 50.2 6.91 3.35 0.31 23.4

aweight percent on dry basis, ® The Center for Scientific and Technological Equipment, Suranaree University of Technology

could not analyse C, H, N, S and O values of vegetable oil. Therefore the results referred to previous research “Reactions of

different food classes during subcritical water gasification for hydrogen gas production” (Muangrat et al., 2012)

Table 2 Quantity of formic acid and acetic acid produced from representative food waste samples

Samples

Formic acid (ppm) Acetic acid (ppm)

—

. cooked rice + water

. cooked rice + water + H,O,

. cooked rice + water + NaOH

. cooked rice + water + H,0, + NaOH
. pork sirloin + water

. pork sirloin + water + H,0,

. pork sirloin + water + NaOH

. pork sirloin + water + H,O,, + NaOH

© 0O N OO o b~ w0 DN

. vegetable oil + water
10. vegetable oil + water + H,0,
11. vegetable oil + water + NaOH

12. vegetable oil + water + H,O, + NaOH

136.04 +0.05° nd
129.36 +1.43° nd
399.02 +0.02° nd
551.60 +1.99° nd
72.79 0.15° nd
89.74 +1.05 nd
90.26 +0.36' nd
79.50 +0.71 nd
93.81 £1.14" nd
112.11 +0.16° nd
105.39 +0.01' nd
97.21 +0.30° nd

nd is not detected. The different letters within the same column state significant differences of the mean values (P<0.05)

goumndl 105 eerniaied aniuisnualiiaun
40 W (mesh) Fanataiild 05 nfuNAanng
lalnslafia (hydrolysis) ANANNIAFATTIN (sulfuric
acid, H,50,) Anudindubesar 72 dFNau 5
fadams auliidinfudlune 1 dalus ﬁqmuqﬁ 30
asraldes  arsazaneildinlillfaansteuss
mefanazwiieilalefiguugfl 121 esrnzaidae
e 1 495 HaNNIMARBINLANENSATANLAT AT
TFfanssznaunandrAtymranglaa (glucose) antiu
(lignin) uazltlaa (xylose) eeaz 36, 27 WA 20
AUANTD InuETinsne=FRAnT edtesay 5.7 § sy
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mAseRAnmeaedunfailllEgnsautlunsdes
faativriew guugiinld 121 espnuaifon Ssenall
dWeamelunistesaaesiaethaielilinsnesdin
BANHN ﬁqgum%zﬁmLﬁufqmmmﬁqqmﬂ%mﬁﬂ
ANNYDINIARZTHNAANN (Hao et al., 2003)
HannIMAaaslumaed 2 wud1 HO, uas
NaOH anunsngiasigatedinagn L’f':amﬂ wazTinsTt
ienamnsanesfinly dwiusetnsinagniiinng
AN NaOH 99811 H,0, dagnansaiia unneanse
W@%ﬁmmzﬁiﬁmmmnﬂdwﬁq@ﬂ'wLf:@MHLL@mfwﬁu
et v0uzFinnsl4 NaOH $auriu H,0, iAnadlusneting
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Lu@mLmeuuwmﬂmﬂgmiﬂmmmeﬁmmﬂm
neavlaiin  enailesanniiailenyuastindun g
fqamqﬁﬂ?‘i‘l’*ﬁ‘lumm@mmmpmwWwLﬂuVLﬂVme
paansamasTinEluBunadinngn anva NaOH €3
mmimﬁ’]ﬂﬁﬁ?ﬁwﬁumm@zmﬂwﬁ@mﬂm"mﬂﬁ'ﬁ?m
neutralization (Elliott, 2008) uazsinlfizeniunsa
duisuisRaduay i §iRenadeiiiliadu
(saponification) (Eliott, 2008) Asinligryide NaOH
fidnelunnstiessanamasneliinareuniunsanas
AnviseloAeunasiun (HCOONa) (Muangrat et al.,
2010) 55'\1Lﬂumiﬁﬁﬁﬁyﬁmmmﬁﬂﬂmamﬁ’v’n H, (%\‘1
Ihasunalindiesaly)

2. nsAnEwILENIuAIEN AR NANULAL
swasARaINTg RNz a e A ba
Fo = @ A a ny

UBNANREIAN WU UR N RER THAN

FetNedNNgNNANEIAINANIINT 2 NIRIIATATIEI

iauazafunnfafindnld usnmasened 3

uansAnEn A9 3 nuinaiEa H0,
anuanuan C0, lannndnaniazau mmmmmm
H,0, $ufiU NaOH Mnliisnniaes CO, anas i
a7 NaOH Yilff3enriu co, 1iflu NaHCOo,
(NaOH + CO, —> NaHCO,) dalsidaeafasuas
NadfiensialfiiuNa,CO, (NaHCO, + NaOH —
Na,CO, + H,0) usfilluBunaiitiernnauliena
FI39ANL NaHCO, Uz Na,CO, lifnanisiinsiiiag
XRD fiuanslunnii 1

QNN 1 WATANINRENLUSRENT (X-
ray Diffraction; XRD) {lunnsm9aadiasziianssiantng
wuulnnans (non-destructive method)  Iaeld
wnmMsAuLLTes AEndannasmuAaviinudntes
maﬁfmﬂ'wﬁluummmuLLmnﬁiNﬁu NAMSAATIZIT
i lduReuieuigueyaunnsguilassy
0N1A9ALTTNBLRIANTAIBE N aiAdeill
WeuATmAARINAIINIAIIaNY NaHCO,
Na,CO, whtl9tinIngaadiasnzilainaunaiiung
(HCOOH + NaOH —> HCOONa + H,0) duiflu
intermediate compound ﬁmﬁmmﬁﬁmmamﬁw H,
(6NaCOOH + 6H,0 —> 6H, + 6NaHCO,) uan?
Suarzilmiaamaiun (HCOONa) Kaeieias XRD
(mwﬁ 1) ﬂmﬂ{]dﬂﬂmmmmwwuimﬁwﬂﬁmm
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agialafimunIaFn NaOH $9ufiy H,0, a9
Mmmimﬂ'@ﬂmmﬂ%wqﬂLﬂuﬂmwﬁﬁmquﬁyﬁq
WAR CO s CO Mramldanansminannan H, 5 ing
tuLf)isen water-gas shift reaction (CO + H,0 —
CO, + H,) (Elliott, 2008; Muangrat et al., 2010) Wl
Bannufing H, Aldanningnisdelfinaeunals
anzufiatiesalafigmnd 121 esnsaidea uas

(1334

101.3 Alathanna arailtiasnnn awinlitldwuniog H,
4 R T 4
AnsadafeAseaanRalasnIngns i (nn319% 3)
A 1 Yo ] a o v d‘ %
wsananalfidliamnsondaing H, aandinagnideli
o o Y £ o ~ a

anuFaunalfianiazuiietlsdnlanguugi 121
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Table 3 Gases produced from cooked rice samples under autoclave condition of 121 °C (101.3 kPa) for

60 min
Samples O (%V/v) 0O, (%v/v) 0, (%v/v) N, (%viv)
1. cooked rice + water - 0.06 +0.00°  29.04 +0.08°  70.90 +0.14"
2. cooked rice + water + H,0, - 0.22+0.01°  29.18+0.07° 70.60 +0.21™
3. cooked rice + water + NaOH - 0.06 £0.00°  29.19+0.04°  70.25 £0.05°
4. cooked rice + water + H,0, + NaOH ~ 0.06+0.01  0.08 +0.00°  27.81+0.06" 70.74 +0.13"

The different letters within the same column state significant differences of the mean values (P<0.05)
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Figure 1 XRD scans from dried cooked rice samples when were cooked with (a) 1ml of H,0, 30% (w/w)
(b) 1ml of H,0, 30% (w/w) added 1ml of 1M NaOH solution under autoclave condition of
121 °C (101.3 kPa) for 60 min.
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Figure 2 Concentration of formic acid at different concentrations of H,0, when representative food waste

heated under autoclave condition of 121 °C (101.3 kPa) for 60 min.
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Figure 3 Concentration of formic acid at different concentrations of NaOH when representative food

waste heated under autoclave condition of 121 °C (101.3 kPa) for 60 min.

fazmu‘LuLﬁ”@mﬂﬁimﬂﬁﬁ?m neutralization (Elliott, 33 ansnwaraurainaliuinnsanas
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Figure 4 Concentration of formic acid at different times when representative food waste heated under
autoclave condition of H,0, 0.09% (w/w) and 121°C (101.3 kPa)
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Figure 5 Concentration of formic acid at different times when representative food waste heated under
autoclave condition of NaOH 1 M and 121 °C (101.3 kPa)
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