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Abstract

This research was aimed to study the effect of chitosan on total polyphenol contents, anthocyanin
contents, antiradical properties and resistance of rice blast disease in Sung Yod Phatthalung rice
(Oryza sativar L.) cultivars. The chitosan was applied on rice leaves at concentrations of 50, 100
and 500 ppm compared with the control (without the chitosan and only adding a 0.025% acetic
acid, respectively). The result showed that 500 ppm of chitosan could significantly increase the
total polyphenol contents (220.75 mg GAE/100 g dry weight sample), anthocyanin contents (2.98
mg/100 g dry weight sample) and antiradical properties (83.15%) in the grain extracts of Sung Yod
Phatthalung rice. In addition, Necrosis test on rice leaves treated with 500 ppm of chitosans clearly
indicated the plant resistance againt Pyricularia grisea. Therefore, the future studies of chitosan
activation mechanism will give more valuable information that possible to be applied in the healthy

rice product development and fungal disease control.

Keywords: Rice; Chitosan; Antioxidant; Rice Blast Disease

* fanusyszamenlyswdlgdiannsedng sinuanpan.s@gmail.com 3. 08 2429 3106



RMUTP Research Journal, Vol. 10, No. 2, September 2016

1. unth

Trdednenimge Wuiusdaiuiag

Fininge Badudindednegienanivie

U

9713 QI (Geographical Indications) ﬁﬁ@ﬁuauﬁﬁ
sulaasunananeaIndiugaiedunans
Uszansnslushusamninazaammalasuins
Tagtanzegredaduiugdafifiansdngs
woausunlzenfiu (Anthocyanin) Tuysunags
dloWiguivdnaeiugdy o feauidy
w3t ansuaulnlssndudneglunguuesans

tUsenauWuedn (Phenolic Compound) ¥
Uszlardsasnamauazdautinisiiuayya

{
§a52 (Antioxidant) (Hu et al., 2003) agnals
Anna widnasdneaingeaslidnuauzdulan
wiunanedszns ualidesaufie Tidinen
wingefuiiuginafisauuaselsalus amauos
TsailiAnanniEeasn Pyricularia grisea fifiA214
snansalumsihansdnldaausszazduna
UTBINTN kaztivanennauTeeRutng
(muﬁﬂﬁ, 2548) U%nzuﬁl,%alﬁw‘hawmaﬁqm
fo U3naluwazs (eATa wazAMe, 2544)
Bonpiadazunsszunaldaluggiu e
ANNOIMNATIAINTY IANNZRANN TS VDY
B denalilufiunagadhmananoguen
fdmegnatsuna F9111309NANNLAY
nszaelumusnaly Siinsszuadigunss
azyhlidudmeluiige innsnsaulngls
snawdlunisgua vihlffesusaseduslag
szuvfing dnalddunumandndolige Tam
AudununInanuazNananss [3uilgwi
sanansznulpensestafnanmlumssiosnd
soslnglunanendou Wewssndisudunu

€

MInaRRa ST neA YT mAaUT U

Talazu Wululelndwesannsssnef
snunsaafnldanlafufiiina iy §izen
Adanyozdfaveslafiu lalaosuiused
U32nauraed@nidnniniy ey 1 wasuuas
ARBAAULEBIIRAZAALIETR Fetuile
Talnnusanefnaz g8 iNsIn w3 WARY
P39 siasivinvesiis wazdaunli
Aansiumulsalufis Jlalazuanansa
nazAuBufiaregiiquiusonisifinlanludis
(Pathogenesis) Tawn Chitinase, 3-glucanase,
Phytoalexins, Lignins kazduunsdufiieadag
AuwunupdBueesivs (Dzung, 2010) Jaqiiu
fatnlalasuanldmesunsinsasinady
\fesninasanisiadafvlauazn e
YDNND (LN WAZALUY, 2556) 100 AT
AME (2548) 31891470 NNSMBlAlATIUTTA
Inawesugwandaiuganssas 1 neulyn
wéaanudn 4 ase yildTinsazaumin U
BN waziundasaduindy uanant
Jefianseunstgndnauaanulalasiusng
8 nSuRpAnT InarhiiANue1ITIA Mwwn
AuEly wazANgeIBsFUnAT AT
(Lu et al, 2002) 9e19l5Anu Fsneanuddutias
innfzAunslElalasulumsiinySinues
mupyyadaszuazmamumulsalulugdludn
sy luenuaded Fahlelarusnyssndls
WaRnunazadlalasuifisay3unawauln-
Tgnfiu Usunafuedndenun wazaudF
nainusyyadasrludaiug dstneaimgg
naspauthlalaousndssyndlfiduinssdu
(Elicitor) Wﬁmﬁ”wéﬁﬂwmﬁmmﬁ”wqﬁ



Fumuuaznalnnsilosiunuieeiiiofofu
a9 Pyricularia grisea finoliiAnlsaly (sl
suldfensthanusilaldumadentunis
muaumMaialsalulndludng wasimudrls
WHuowmsiiteguamsioly

2. 3smsfAn;n
2.1 msiasauahsazaalalasiu

Talagupuialutana 100 kDa wazd
%DD 1Ay 80 (Wako Pure Chemical
Industries, Ltd.) gnilazarslu 0.025%
AsAwaTAN (v/v) T9TiAnudiudiuwindu 50, 100
ey 500 ppm

2.2 msiasSaudIaehvItaaind

yinstgnddeineaimgelunszans
Tngutsmmaanseaniiu 5 49 S1uau 3 9
il gamaneansii 1 daniulalazuasou
Tudnipnudiudu 50 ppm qmmimamﬁ' 23m
wulalasuasuuludinnududy 100 ppm
gananeansil 3 danulalasuasulodn
AMULDNTYW 500 ppm ﬁmmﬁmamﬁ' 4 YNy
thifisseehadinasuuludn ganmaassdi 5
AU 0.025% NIALDTRN (v/v) NLNDE9LHEN
aswuludny Tapyngamameassazdanuas
sspuludmlugFinesiivindiudo 100 Jadans
waziinnsmuauUFinahfisaliluysanesd
winiuAa 100 faddns 1A 9 1w Wunan 3
oy ndsanntufuiAsmaadafilainas
wzUan uauadatauuneasiBen wan
FudnenefiunlaliTioamall 4 ssrwaidyd
AUNINRZYINMTIATIZH

NsasIBIMSIaINY uns.ws:ups UR 10 avufl 2 Auehau 2559

2.3 msanaaswnnuinid MSJIAS1AUSINTU
fWuoannbrua usruneulnlsendu na:
msfinnauutmsuayyadas:

2.3.1 msanaaINgnELAll Anwlas
ANIBVeYe JANs1 wazI3Wad (2553)

thneinanauiunsalalasrassn (1.0 N)
Tumuea (85:15 v/v) $R51adu 1:10 thun
sin3uneT (wv) waztsufieswindy 1 saunsa
Talasmas3n (4.0 N) thlvwendi 120 sausia
wifuan 24 Falue DUNN YD At
thansainumyuwised 4,500 mpm {unan
10 Wi waavinINIesasanan g Nylon
Membrane filter 0.45 lunsou 1 Ass Wvdwla
Bluredsfigamgll -20 pesrmnsaBua aund
AR

2.32 mAnsiSunaflusdntianun
anLdasaInIBvee Yodmanee et al. (2011)
Uhansadau 60 lulasdns Ruarsazany
Folin-ciocalteu Reagent 1:10 (v/v) U3uag
25 Tadans wanlidndu aeiely 2 wit 4
gamniivios anduldiu 0.0075% ansazans
Ipdsumsuaiun U3ias 2 Nadans wauld
iy dhludy flaamgl 50 esmsades
Wuna 16 wit wdmyaUiisendneihuds
Wuvar 5wt dildindinsganauasii
ANUEIAAY 760 Nm WAZAWIRALTUNG
fiupdnienanuasiogne lunileliadniu
suyasUInIALAAN LT BE MR 100
n3u Tagldnsmlanasgunsaunadn



RMUTP Research Journal, Vol. 10, No. 2, September 2016

2.3.3 n1s3AsI ke U N BTl
AnuUasannIduee Wnsn waziSnas (2553)

YnasaiauninAIn1IganauLaed
ANHEIAAY 535 nm WATAIUIMINUINI
woulnlzenfiu Tavuananaduriadnsuse
100 n3usiogetninuie deduanann
dun13 C = (A/g) x (vol/1000) x MW x (1/
e, n%1) x 108 (ila C fin Anw
dudurasuoulnloeniy, A fie Anisganau
wasfisnuls, & fia Molar Absorptivity, vol
o USuasiianunvesasata, way MW #@e
maImaqamm Cyanidine-3-glucoside = 449)

2.3.4 NMIATIREDUANENIIAUDYYA
da92m2875 DPPH Radical Scavenging
Capacity Assay

maaaaqu%ﬁwawa@m: DPPH
(2,2-Diphenyl-1-picrylhydrazyl) 1935999
s5UTTAIY wazAe (2555) Iaanstinansaiaun
1 85873 Fna13azany DPPH (0.1 mM) 3
faaans wanlddAudunar 30 Aund wan
vldiolludifie & grungfivios unan 30
i il fnfnnsganduuasiinanueind
517 nm lagld Absolute Ethanol i Blank
LaAIUIUMAIAINAINNID NI UDYLA
ey

2.4 msfinnwavevlalasudemsdudn
msm§tyﬁul'uuam‘§as1 dandavoin
JSuov Rodriuez et al. (2003)

YMANSUNERI1 Pyricularia grisea e
LAYNUUD1AS PDA (Potato Dextrose Agar)

figaumgf 27 sernsaBua Wuan 120 $alus
dasulfidumdosudy wiazaadesiu
ddasmdalwfianundudy 107 aUaise
fiadanswazineon Usines 25 Tulasans
WAealuems PDA fifidaunasaesialagny
AMUNTYW 50, 100, 500 ppm Waz 0.025%
nsapzdRn WisuWisuiuganiunuiilifinng
nawlalaruaduomns thldvufigamall 27

peFnAaya Wunal 72 Talie warinndu
HuAugNaNplaT

2.5 msfAnvimssnihiinamsdiumulsa
Tulniuovduthododnaawnap KavnszGu
doalalasiu danvavondsvov wsstti
na:inuy (2555)

yinnsunatadreadasuuludiaded
weangs fignnszduialalasu lashades
dav P. grisea finnudiudu 107 avasse
fa3505 s meaaswuludnesould uwsiaz
neadUsunns 10 laulasans laenearieiu
Uszanal 4 vea/mawin dmsummeasae
muauazlfinautasnide Tnsnunmesiu
wdsluwazidpliluruuiadsnaanndedy
KA 72 e Wisufisudnsazuas Inaung

PNUALNGA (Necrosis) yuludn

3. wamsfinva=anusiawa

3.1 wavovlalasudousinmuiWuaanionua
nazusnrunoulnlsentiu

MR NATBYlAlAT WA BUS U
FupanyianuawazySunawaun oy Tneld
Sanuansazaelalasuiidanudiudu 3 eau



79 50, 100 way 500 ppm HUNNelTNY W
nan 4 oy Winufisuiugaaiuauiilil
amilalasu wazld 0.025% nsnddn
wu Msnsdusislalasufinanududiu 500
ppm lnansduiign sesasundornudiudu
Talapufl 100 waz 50 ppm AuEFU aged
WaaAzy (P<0.05) %ﬁﬂﬁﬂi:ﬁuﬁaﬂﬂimmﬁ
Anadiudy 500 ppm snansansAulFiugn
FnfvSinaflusanfiomn wazU3unaueuln
Toenfiudintiudu 220.75 fiadnsunsawnaan
fio 100 Nuspehsinminuke (Lﬁuﬁu 2.16 Wi
deuBsudiauiuganuny) uaz 2.98 Taansu
9 100 nYuFNTNRITALS (L‘VA\IIQJ%U 2.11
win WWewSsuifisuiuganiunu) auaey
fenanalunnsnedl 1 dmsanansiudog
Talaufianududy 50 waz 100 ppm WF
USinauuSanaifiuaandianniisdiudiy 137.00
way 167.83 NaanjunIAknNaansa 100 A3
Fptheiminuie anusns wazssliSina
woulnlosnfuindudu 2.20 waz 2.50
fiadnsusa 100 n¥usmag1edindnuis
ANNAAD

anuanTIdes wandifudnlalasu
pnalUnszdunsiasuntaswoaouloiuay
sangnmaiitude Taglunszdgunisvineu
284 Phenylalanine Ammonialyase AT
Aun1sas1eansysznaufuaan (Phenolic
Compound) vnWiUSIaansUsenauuedn
ﬁwumﬁuﬁu (+871901 hazAY, 2556) 39
§eAAaDNAY Salachna and Zawadzniska
(2014) ﬁﬁﬂmm’jﬂﬂimmuﬁ’;am:ﬁum:mu

NsasIBIMSIaINY uns.ws:ups UR 10 avufl 2 Auehau 2559

asfidrdvesiislusziugad waziiaie
NIUATTUIUNINNETTING AL TIAN 13D
wasuudasluszdvluanafiisadasiong
LaneeanasEl upnantu SBun uazAn
(2556) Fanuinmalslalasnulumanszduns
wiiivlavesiudn onarlfiaamanszeu
Signal Transduction Pathway Laziinase
mIwasuulassasluuiis WewSuuieudy
garuAuilifissetadion (Inyse, 2550)

3.2 wavevlalmnudeaultmsuouyadas:

wAdwil#1den35 DPPH Radical
Scavenging Capacity Assay lummaaaum
suTRfMusyyadasy Terpaunaduian
snansalunsiuayyadasy Wosannduish
$1w dzann [Fnanlumainnziiiisnniss waz
snsmpngnssnInIavhuisenlagaseiveyya
B9z WU ANEEINIlUMITUDYYaBEIY
yosansainfildanuandafifinnanssdusie
Talaousunmseludn fnnudiudusne o &
ANULANF1DENTUHE1ATY (P<0.05) ANWARAY
Tusud 1 Tawnsnszdusielalasuiinay
Wiy 500 ppm Twesidusimatuieyya
DPPH annfign 399895170 100 waz 50 ppm
Auasy Bennsnszdudanlalagiuiinang
gy 50, 100 waz500 ppm fAUSIBUR
m3dueyya DPPH Wiy 75.25, 79.95
waz 83.15 wWasibus suandy Aadu 1.19,
1.27 wae 1.32 wi WeuSsudisniusaniuay

AINAAY



RMUTP Research Journal, Vol. 10, No. 2, September 2016 @

a1519f 1 wavaslalasnuiinnududusng o sevinafusdnianuauazySunaueulnloeniy

USuafuaannenua USuaaulnleseniiu

AN NTUYRNlAlATIU

(Radnsunsaunaansa 100 n5u  (faan3uss 100 nSUA2BE1NUN

(ppm) T T o
AIDLINUIRUNLLAN) RUNLRY)

0.0025% N3ARBHN 99.92+2.87° 1.34+0.15°
0 102.04+8.72° 1.41+0.33°

50 137.00+7.60° 2.20+0.08°

100 167.83+2.16° 2.50+0.17"

500 220.75+3.17° 2.98+0.11°

anuanTIdel wanslfiuinray
snansatumsfueyyadasziinnuauTus Y
USunadluedniianun nafe Aesidus
sAuAUeyyadaseann wnid3unadiusan
fanunsnalayansUszneuiueanuanssy
syyadasziifilaseasnenandsznausie
Aromatic Ring wnufidas Hydroxyl Group
fianunsaldduivayyadasld (Sittikijyothin
and Cherdwong charoen, 2011) Tuaue
WeiuanUasidudnsudvayyadaseas
Tafipuduius fvysuraweulnlosniu
dasanawaulnlsenfiuldlyasdusznaundn
yasansUsznavilueaniauaiinuluwdad

Fadnanings lfauiinsiueyyadaszi
LaADDNINTUDIALARANENTLTENBUTUD AN
siinduiinulusnsusznen Musdniemun 1wy
AIABIIAN NIANITN-AININ LazAIANTAAN
udu (Hu et al., 2003) Seansiinumaniitgns
Tumsduiueyya DPPH 18 lasansusulnls-
snfulumdnd1n aznueganzuinaiieide
Fuuenuazifiobetuluwindy (Abdel-Aal et
al, 2006) fadu MITZYANNANIUSITNI
audfAnsrueyyadasy wazUsunaueuls-
lgenfiu Swdudedimaneiiadananaiiady
Sy WisliiAnanuwiughaall



Nsa1sIIMsiiaddy uns.ws:uas Ui 10 a0ui 2 Augdu 2559

100
d e
¥
& 80 | < I —=)
=) T L
<, a °
& 60 | = t
=
& a0 |
‘—'
& 20 |
=
0
0.0025% 0 ppm 50 ppm 100 ppm 500 ppm
AIABEIAN
aududuveslalnuiu
gll‘?'i 1 wavaslalpmufinanududusng 9 fﬂ'ammmmiﬂi‘umiﬁma%aﬁmz
2.5
-=-0.0025% ASAaLIHN
E —0 ppm
< 20 |
e =50 ppm
e
z <100 ppm
=
i 1.5 ©-500 ppm
~C
§=
£ 1.0
=
&
E
e 05
00 1 1 1

1281 (F2lue)

9Uf 2 waveslalapuipnadudusing o sensdugensadguoadea Pyricularia grisea



RMUTP Research Journal, Vol. 10, No. 2, September 2016

3.3 wavovlalasudemsdudomsiosyuov

oS Pyricularia grisea

\{flosan@es Pyricularia grisea iy
snmpuesmsialaalulndludng Fedena
TaanTesiainunsnsmelunsifuieinanan
dldanas fadudefinnudulyldiazduds
MRS YTedTifIaTazarelalasiy
Feihmsfnsuavaslalaousenssuganis
WIUDNTT P. grisea finoWAnlsatulng
Tudn wudn Talesnufinanududy 500 ppm
Thnagndensiadgmeadoniign Wona
sl 48 Falas wdsaniduidasanunsniasey
Talupnudududanans wigelinanssuda
fif doWsuiuganmaassdy q (GUR 2)
WULRYINUNITNAaDIYDY Rodriguez et al.
(2003) ARAw INavasANNTITulalaT s
mawsdulevesia P. grisea o Talaanu
firnududusans 500 ppm Tuly Huaduda
msasadulueadasn usnantu Junior
et al. (2014) Fanun Waannuly 24 F2las
L%@‘é’] Botrytis cinerea %Qﬂguﬂgﬁmﬁa%’l\‘i
ulafiansdudusaslalasusnnnii 500

(% v '

ppm kazaAnan1Iaeld Saudn danan

€)

Huly 24 Falue anudiuduredlalasnudiae
n71 100 ppmlsiﬁwaﬁiamiﬁuﬁﬁmim%ﬁy 2719
Anannsziuanudiduaslalasnuiitesiiu
10 densdudansasyreadosiasinng
fuiuslnensaiusssuanudutuveelalaou
i

Talasuazlysudanszuaumsasaduly
N38919 Germ Tube HazNT9ONVRNEUDT
de31 TnwnnsBunuidoduivas uim
Phospholipid Membrance &<ualiiin
U7 funus3vwing polycataonic apslalanuiy
Electronegative Charges maﬂLﬁaﬁu LBaa NNT
Waruuasisinarnldifiansslnavasddsiiu
PONININYUDNLTAA (59T WazAME, 2553)
waziaangluannaz Oxidative Stress vl
Baswnald uananntiu Talasnudefifdurig
Toanseiulaseadedidue vlddsueinung
A9MaRDANTAY MRNA wazasasslysiu
dﬂN&iﬁL%@ﬁWgﬁﬂﬁLﬁﬁg (Kauss et al., 1989)
satunuiteisadenidlalauiienududy
500 ppm lumssudanisiasyveados P.
grisea finpliAalsalulndlud

A15197 2 PUNAYDIANSLAR Necrosis inananeiu Wavsludnisealas@esn Pyricularia grisea A

Wiy 107 atasdefiagng Wuan 72 Fakus

FUALEURNAUENaN9YRINILAA Necosis (cm)

FANINAADY

| 24 Halug 48 Falug 72 Halug
fARUAN/INNAY 0.00 0.00 0.00
mmuau/l,%a 0.40 0.95 >1.0
Talanu 500 ppm/ife 0.20 0.20 0.30




3.4 wavovlalaswudomsinuhiiinans
dhumucdiolsalulikl

luns@nlalpsnusamsininiiiens
fumusalsaluludlud1n Taefiarsanain
YUADIANIHIA Necosis Fedanlfludnag
rumsnszdusielalasufinaududu 500
ppm $MARBUANIAR Necosis \flasanniiu
anduduiimnzaslunnssudanisady
ouEaT P. grisea WU dlananduly 24
Fluedanamiuilastaistuuuludnilasy
Talagnu Sapnadushaudnatsesnauaals
windu 0.2 wudiwns dwluludanlilasu
Talagrunudnfouiadungugna1seg
UIAUNAWINAD 0.4 wufiuns Wanainiull
48 uaz 72 F3lue Tawunaued ldurgugnans
awnauuluTAlasulalasy 500 ppm 16
WAy 0.2 way 0.3 WUfIAT euanny aiu
Tudaildlssulalasuinausveaduringud
PRIUALHALSYINATD 0.95 LAz >1.0 [BURIUAT
auadD uenanwy Sewu Tudnfinszdu
saelalaeu 500 ppm HaUVB9ASLARA
Necosis fidiau Inswadusnadiandaass
Ahena dugasusnatuiinaiugiden de
WisuWpniugaauauiiliiinisnssdusae
Talnpu wanelifiuinmaadnafinsinusiau
doslilldunslusadusnalndfesls dwu
m3tAn necosis vuludmiilifimanszduse
Talawny azfivualnguaznieeenitiSey q
wanslFuI s whidludislsrdy was
fafinsadgueadslusasasdradeels T
HAGDARABIAUANINARDIVEY NITA) LAZINGA
(2655) fviAnsnszduanudumuseida
P. botryosa @aglatasuvuluyzazne

NsasIBIMSIaINY uns.ws:ups UR 10 avufl 2 Auehau 2559

wanandunuingeinistdlalasiulunis
nszdumssathlfiAamsiunusaidaslu
Nynausin @Y 219W137 (Chinnapun and
Churngchow, 2006) A sl (Limpanavech
et al., 2008) wazaanWIL@y (Salachna and
Zawadzinska, 2014) wudu laulalasiu
vty elicitor Wiy PAMPs (Pathogen-
associated Molecular Patterns) Q:Iﬂmzﬁu
Aaln Signal Transduction Aaluadaudg
1ﬁé’ﬁmiwﬁmﬁm’~jm PR protein (Pathogen
related protein) @u Chitinase, Glucanase,
Peroxidase #3® Phytoalexin winliians
L%a‘m (W5 Wazlny, 2555)

4. asu

anMsAnsRazeslalsuiidfeySinu
Tuadnvianun Usinameulnlsentu audfinig
Mupyyadasy wazmasumusialsalulngdly
dndsineaings nodn Wefiuanuidudu
Talaou yiuands Siusunaiuedniianun
Usinauaulnlosndu wazandfnsmusyya
Saszindung1eivedddiosou sy
Aumaruey WanaseuduiBes Pyricularia
grisea wanslFRUEIANNAINTAANITU
NNTAIRY waTAUNIUNTRATlAIE4 (Necrosis)
vuludaldegedaay Aseduanududy
Talaw 1w 500 ppm

5. 1I9Na1S9DD

595 WAINBAS, Myaw egaTsal, Austiay
A9199, UaTaIFdAN §322). (2653). N138A

=3 v %
prgmsiuinfunanlasldlalagu.
MIENTITINTUALIRY UNITNIZUAT.



RMUTP Research Journal, Vol. 10, No. 2, September 2016

5(2): 139-151.

5N TR AR, Waalssu G, Aan
WA wazdn ina#s. (2555). Qméﬁwu
ponBiadusnefizioedu. n1sUszny
A nTanenmansuazinalulad ana
azusandoanie. Jufl 17 quanius
2565 tu viotszaulnanzaan aninendy
3A7aUa 571, auaINwsNil.

Supun wudad, sl SMRIIUNa was Wil
DFIAITAUNG. (2556). NATDIDDAINLA-
Tazusiansasyiiivlanaznalnnng
foaiunuosludraiug dangaimgs.
NIETNRVINYAYTINE. 16(3): 21-28.

1051 TIRFITIU WA PR iG] 813N4. (2553).
MTeedd USinailuedniianin uaz
Usurawoulslopfuludiaeiug
A9 9. NN5USTPUNINTBINTTYD
WNANEIdINBATANENT ATeTl 48
Fufl 3-5 nUANTUS 2553 A NAINNAE
AIAENT. NTIUNN.

w”uﬁﬂﬁ‘ wadniumall. (2548). LonaNT
AINNT: ANURAINRAY AT HUININANT
Wangasumulsalng. gudidednn
UATITEN: NTWITINTINLAS.

WIT DFAITAUNGA UATINLN DFIAIIAUNE.
(2555). WaUp<lALABIUABDNITTNYN
anudunuidesludusouuzazns.
NIENTNRINYALTINE. 15(3): 1-6.

Tngse) wauanane. (2550). Waveslalaziu
sonivlauazUSununananludn
Oryza sativa L. fugUvusnT 1. 3nentinus
ANPIFNERTNANTUAR. NTINNL

AN TUNNINENAE.

w1 Aszfinshing, mane qrblsy was
N3NNI RN INITU. (2556). WaTDY
Talazusiansifinduiuganv L dule
(Dioscorea membrenacea) Tuannilann
Ea. MnIaTInemanswazmalulad.
21(1): 11-18.

42190 YelaAliTuns, ind uaariisuns was
F&9 gosannu. (2548). navaslalasy
sanatasiulnuazNananueen g
qNIIULS 1. MIUITINNNNITINNTVD
WNANENAENEAIANEnT ASell 43 Sufl
1-4 N.N.2548. U WATINNAU YA TANERS.
NTIUNN.

BATIR TIWIAAT, AU AITNATI LAY
Bazems éﬁum (2544). INYANERITBAZ
wealuladdudnlng: waluladfinniu
AMSUTUY TSI M. Audiusiaingsu
wazwmaluladdranuriennd &iinau
WAL AN ans Lazmalulad wiesa.
NTIUNN.

Abdel-Aal E-SM., J.C. Young, and I. Rabalski.
(2006). Anthocyanin composition in
black, blue, pink, purple, and red cereal
grains. Journal of Agricultural and Food
Chemistry. 54(13): 4696-4704.

Abdel-Hameed, E.S. (2009). Total phenolic
contents and free radical scavenging
activity of certain Egyptian Ficus
species leaf samples. Food Chemistry,
114(4): 1271-1277.

Chinnapun, D. and N. Churngchow. (2006).
Defense responses in Hevea brasiliensis

induced by polypeptide elicitors



secreted by Phytophthora palmivora.
Agricultural Science Journal. 37(6):
1035-1038.

Dzung, A.D., V.T.P. Khanh and T.T. Dzung.
(2010). Research on impact of chitosan
oligomer on biophysical characteristics,
growth, development and drought
resisistance of coffee. Carbohydrate
Polymers. 84(2): 751-755.

Hu, C., J. Zawistowski, W. Ling and D.D.
Kitts. (2003). Black rice (Oryza sativa
L. indica) pigmented fraction suppresses
both reactive oxygen species and nitric
oxide in chemical and biological model
systems. Journal of Agricultural and
Food Chemistry. 51(18): 5271-5277.

Junior, S.5, N.P.. Stamford, M.A.B. Lima,
T.M.S. Arnaud, M.M. Pintado and
B.F. Sarmento. (2014). Characterization
and inhibitory activity of chitosan on
hyphae growth and morphology of
Botrytis cinerea plant pathogen.
International Journal of Applied
Research in Natural Products. 7(4):
31-38.

Kauss, H., W. Jeblick and A. Domard. (1989).
The degrees of polymerization and
N-macetilation of chitosan determine its
ability elicit callose formation in
suspension cells and protoplasts of
Catharanthus roseus. Planta. 178(3):
385-392.

Limpanavech, P., S. Chaiyasuta, R.
Vongpromek, R. Pichyangkura, C.

NsasIBIMSIaINY uns.ws:ups UR 10 avufl 2 Auehau 2559

Khunwasi, S. Chadchawan, P. Lotrakul,
R. Bunjongrat, A. Chaidee and T.
Bangyeekhun. (2008). Chitosan effects
on floral production, gene expression
and anatomical changes in the
Dendrobium orchid. Scientia
Horticulture. 116: 65-72.

Lu, J., C. Zhang, G. Hou, J. Zhang, C. Wan,
G. Shen, J. Zhang, H. Zhou, Y. Zhu,
and T. Hou. (2002). The biological
effects of chitosan on rice growth. Acta
Agriculure Shanghai. 18(4): 31-34.

Rodriguez, A.T., M.A. Ramirez, M.C.
Napoles, R. Marquez, and R.M.
Cardenas. (2003). Antifungal activity of
chitosan and one of its hydrolysates
on Pyricularia grisea, sacc. Fungus.
Cultivos Tropicales. 24(2): 85-88.

Salachna, P and A. Zawadzinska. (2014).
Effect of chitosan on plant growth,
flowering and corms vyield of potted
freesia. Journal of Ecological
Engineering. 15(3): 97-102.

Sittikijyothin, W. and D. Cherdwongcharoen
suk. (2011). Free radical scavenging
activity of seed coat extracts of sweet
and sour tamarinds. Burapha Science
Journal. 16(1): 47-55.

Yodmanee, S., P. Pakdeechanuan and T.T.
Karrila. (2011). Physical, chemical and
antioxidant properties of pigmented
rice grown in Southern Thailand.
International Food Research Journal.
18(3): 901-906.





