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ABSTRACT

Optimal germination conditions rendering the germinated brown rice with
highest total phenolic content and antioxidant activities of three cultivars of indigenous Southern
Thai brown rice including Chiang Phatthalung, Lepnok Pattani and Sangyod Phatthalung were
investigated. The highest total phenolic content and antioxidant activities including DPPH radical
scavenging activity, ABTS radical scavenging activity and ferric reducing antioxidant power
(FRAP) of the extracts from all three germinated brown rice were observed after germination by
soaking in water at 25 °C, which was higher than those soaked at 30, 35 and 40 °C and brown rice
without soaking (P<0.05). The optimum germination times of Chiang Phatthalung, Lepnok
Pattani, and Sangyod Phatthalung brown rice soaked in water (25 °C) were found at 12, 24 and 48
h, respectively. It was noticeable that Chiang Phatthalung brown rice and Chiang Phatthalung
germinated brown rice had the highest total phenolic content and antioxidant activities among all
three brown rice and germinated brown rice (P<0.05). Total phenolic content and antioxidant
activities of 50% ethanolic extracts of brown rice and germinated brown rice were higher than
those of water extracts and 95% ethanolic extracts (P<0.05), respectively. The major phenolic
acids of all three germinated brown rice as determined by High Performance Liquid
Chromatography (HPLC) technique in the descending order were p-coumaric acid, ferulic acid
and protocatechuic acid, respectively. In addition, germinated brown rice contained a greater
amount of major phenolic acids than brown rice (P<0.05). After all three brown rice and
germinated brown rice were cooked by conventional electric rice cooker, the amount of major
phenolic acids, total phenolic content and antioxidant activities were decreased (P<0.05).
Additionally, the lower hardness but higher stickiness were obtained in all three germinated
brown rice, compared with those of brown rice. Therefore, Chiang Phatthalung, Lepnok Pattani,

and Sangyod Phatthalung germinated brown rice could be the good sources of natural
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antioxidants for consumers. Furthermore, all three germinated brown rice, were softer and stickier

than brown rice, thereby meeting the acceptability of consumers.
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Lepnok Pattani Rice

Figure 1. Three recommended rice cultivating in Southern Thailand : Chiang Phatthalung,

Sangyod Phatthalung and Lepnok Pattani
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Figure 2. Structure of grain

17 : AINTIUA 393103 (2531)

9 A @

Y v A A A 3 = A Y A Ay 3 9
VIINADI ABD VIINWIUNITUATLWYIATIUAY LWﬂiﬁLﬂaﬂﬂﬂﬂMmaﬂﬂﬂﬁWQQ

[ 9y axo A

y A g A 9 o y &4
@@ﬂqﬂﬂigﬂﬂﬂﬂjﬂlﬂﬂﬂuluaﬂ fl]jaljﬂsll’l’gllazluaelﬂ’g UINUIVIINADIUHUINTIUNTTUITUA S

A (R éi’ 9 = A ) A 1w T A =~ ~
Gm”lﬂfuul,waau,mmmuamnﬁmn L‘JJ’E]‘LH?H‘Vi\ii]%iJﬁelﬂ’Ju1i‘]J‘]J5$‘VHu LLG]L?J’E]L“]J?EJ‘]JL‘VIEJ‘]J

L)

v 9 a

9 9 [ A Yo A A o 1 3 = A
ﬂ‘U‘ll'l'Jﬂﬁﬂﬁllﬁﬁﬂﬂ!ﬂ'lﬂ'l\i@'lﬁ'lﬁﬂllﬂ UNLWﬂQﬂTﬁTUqﬁLQSQLVIWHH FINTTDINITOU) LY



' % 1< 4 <} : a a
T luszninmsdaddnndeududinu Tasweduuaadsliiduloonnsge Tiaiiuuaz

A 1 "9 9 d! 9 = o a a 1 1 d‘
NAvLIBYUN uazﬁ]yﬂmnmqm"lﬂmﬂﬂmu l1#"113J°L.! ANTUULAZUIDTIAAING IUDIVTINIYN
9 3 (] o <3 = v X W 3 9 [ 1 o 3 [
GU'I’JL‘]J1!ﬁ’Juﬂ'lﬂﬂJuélJ@\‘]L‘JJaﬂﬂluﬂTiﬁﬂwuﬁ GINwmmlﬂusmuamueau@e”lﬂ ANHUAUATNIN

] 1 9 =< 9 v 9 Y [
eqﬁqﬁjﬂﬂlﬂqullﬁﬁqﬂﬁqqc] Gluellnellnmuﬂﬂﬂﬁwnﬂam AL AN Table 1

Table 1. Nutritive value of polished rice and brown rice (based on 100 g wet weight)

Composition rice brown rice
Water 68.44 73.09
Energy (Kcal) 130 111
Energy (KJ) 544 464
Protein (g) 2.69 2.58
Lipid (g) 0.28 0.90
Ash (g) 0.41 0.46
Carbohydrate (g) 28.17 22.96
Dietary Fiber (g) 04 1.8
Total sugar (g) 0.05 0.35
Calcium (mg) 10 10
Iron (mg) 1.2 0.42
Magnesium (mg) 12 43
Phosphorus (mg) 43 83
Potassium (mg) 35 43
Sodium (mg) 1 5
Zinc (mg) 0.49 0.63
Copper (mg) 0.069 0.100
Manganese (mg) 0.472 0.905
Selenium (mg) 7.5 9.8

17 : Juliano tag Villareal (1993)
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Table 2. Optimal germination temperature of some grains

plant Temperature ("C)

lowest optimum highest
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A Aa A . . 3 [ 1 & A o 9
AA1UD (vitamin  E) 32uM9815152n0 UG polyphenols 199 Gawuun luias fn wa'ldl

1) (Sies, 1991)
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dy 9Yq Yo A 9 a % 1 I Aq Yo o
ueNINT USDA 1A fiewvesarsaueendiatun uaisilddmsy
A g o A 2 a A & A a o o
BAD1YMINUINYIV0I01413 Taeszaomatdouids mananauny viemalasunlasd ou
3 Aaaa a o .
WHunan19nnseneendiady (Shahidi and Wanasundara, 1996)
a YV a U
3.2.1 ¥UAVDIT 1IN UBINTIATU
] a 9 A @ Y I 1 A 9
da1usauteriavesssarueongatu laiulseinnaieg Ae a15du
ponTATULgugl (Primary or chain-breaking antioxidants) #15A1UBONTIATUNAGYI]
a { a Q'{w
(Secondary  antioxidants) W?@ﬁﬁéﬁu%ﬁuyﬁ@ﬁ sEd JUYNTNU (Synergist antioxidants)

(Figure 6) (Rajalakshmi and Narasimhon, 1995)

Food Antioxidants .
Gallates ' Sulfites
Hydroquinone e OXY0ER S Ascorbic acid
[— Ph J Xygen Scavengers )
enols Trihydroxy butyrophenone Ascorby! palmitate
Primary Nordihydroguairetic acid . Erythorbic acid
Antioxidants Secondary / Synergistic
i Antioxidants
BHA Polyphosphates
BHT EDTA
———"Tindered' Phenols | TBH ; Tartaric acid
Tocoghcrols —— Chelating Agents Citsc acid
Gum Guaiac Cirate esters
Jonox Serics Phytic acid
Lecithin
Eth ; B e Thiodipropionic acid
Wiiceelidncous Atng;?oyrcrll?rn [y Amioxi?i?ms Dxtlauryi, ey
Primary Antioxidants | 1r)0y.c esters
Nitrites
L Miscellaneous An.nno ey
Antioxidants | Spice extracts
Flavonoids
Vitamin A
B-Carotene
Tea extracts
Zinc
Selenium

Figure 6. Type of food antioxidants

111 : Madhavi 11ag Salunkhe (1994)
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3.2.1.1 MsmuednBatuilgugil (Primary antioxidant)

Y
aaa 1

Y a o J [V a 4
’s’ﬂiﬁﬂ!@@ﬂ‘mﬂﬂﬂ!ﬂigLﬂ‘l/]ﬁ’ﬁnﬂiﬂEJ‘]JENﬂ'IiLﬂﬂ“]JQﬂiEJW]E]Lﬁ’G\‘I"UENE]H‘JJ“a

a Y 4

a Y A ad o a ) Y a v
gaszIaoms i lalasnuniedianasounvoyyaddszuazin I naaduaiinan11unIA7
. . . 9 a o A [ 1 49’ Y A
(Rajalakshmi and Narasgimhon, 1995) t‘nmmaaﬂmmumgiuﬂqnﬂmm #1515z nounil
1=y ' ~ . = ~
wyﬂuaaﬁluimaqamu U010 (butylated hydroxyanisole) Ud¥N (butylated hydroxytoluene)
Al10vA2 (rerr-butylhydroquinone) In TafseanazIindlaasendailuean
. ! 9 3| 9 a v A o
(polyhydroxyphenolic) {¥U Lnatan (gallates) Tagve Inaluasauesndiatunszaunnw
Y Y o < a oA o Y 9 . . .
wmumuazﬂmmﬂuiﬂmaﬂmmummz@ummmmuqa (Rajalakshmi and Narasimhon,
1995)
v a U a a . . Y a %
3.2.1.2 M19MNUBDNBIATUNALHN (secondary antioxidants) HALTIIAIHIDNHBIAT U
v d
Nasu q‘n’% gy (synergist antioxidants)
mié’ﬁuaaﬂ@mci?unﬁagﬁ (Secondary 130 preventive antioxidants) WU NIA
{ aa 4 14
thiodipropionic L@¢ dilauryl thiodipropionate Inthiaawananeseon lasa (lipid peroxide
.. Y A o 4 9 A @ . . .
decomposition) ”lmﬂuwammmqﬂmﬂmmmmm (Rajalakshmi and Narasimhon, 1995)
a Q'{w qa/l A A A a
msasugninu Ae asiveg llmuviemsunanssuvesnmsdueyyaddsy
UBNHTID9INNINTTUMITAIUPDATIAFUVDIAITUIBY (Shahidi and Wanasundara, 1992)
] 9 I 1 [] A Y a A aAa 4
annsoutivesn lailungulvaq Ao @A13U00NFIIU (oxygen scavengers ) NIDA1TIAG
. 1 A I a [ 4 aa v W
(reducing agents) U nsAUEAARIUN HoaApsUathalian 4a lid azdinsown uazdy
Tawne (Chelator) 1¥u nsagasn Inanomva naznsawiau lawiiunaszozdasn (@aw)
d' a QJQJ =) o 1 1 9 [ = a
asfdsugninuiina lnmsiaunatseda wu 1w lalasnudveyyailuenda Tasn1s
[ 4 [ [
nasuglarsdweengadulgugd asiuauisaldarsiuednlanszauanudududig
A a a = 9 Aa o I Y A A SAa I
Welimamuarsiasugnin 1l lunaasuaidae Tasarsiasugninlianmiunsalunais
k4 b4
uu%ma‘lﬁ’miéfmaaﬂmﬂ%uﬂguauﬁmmmmmﬂﬁu (Rajalakshmi and Narasimhon,
1995)
dyo/ = Ao I 9 a o A .
wonanidilasdsznoundalluaisdiuosnsiadudus (miscellancous
o [l [] 4 4 a {
antioxidants) f1081u%U WarTauess a1slsznevuvesrarliussanazniaeziilu Iuthn
] = o Y a v a Y a v A a a"'w 1 ] 9
uReIRUAITIIURNFTUguglnazdrsAuesnFa s U NNy dauluges 141y
[ g { { 1 a o 1
nsaueuinuie Tasivinnasudullsduldegluzduedluainoonlaan la

a aaa [ 3 A ' 1=
Lﬂﬂﬂgﬂi‘(’J'Il,!,ﬁgfl]“]JUlE]’GE]L!"U@QIﬁ'HZTﬂﬂLﬂW'IZ'lE]E]E]L!eUE]QLWﬁﬂ‘ﬂvlllﬁhfah NoILUAN U

4 dal 9 ~ ~ I @ . @
Iﬂ‘]J?Ja‘VI uaﬂmnummuﬂiwuuazuﬂiwuamuwaiumﬁm singlet oxygen “ﬂ’i)x‘]ﬂuﬂTE
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4 o [ 1% @ 3
a$19lalasnlosoon lsadnaie (Rajalakshmi and Narasimhon, 1995) audansdauisaduda
aAan a o o { a 4 o o 1 <
Ufnsereendiaduves luduiusnabedurad la lagnstlesiululdmanawisodn 'l
1 aaa 9 aa A =\ o & Y] I'd a 4
5lRnsenld wazgdiisntanusuiulumsdunsiziuazionssuuesngat s Teunlesoon
a £ & <Y a [ 4 J 4 a
Fad Fuiluou laidwesndadunielumad uennnioulmingIndeondnduazmana
{ o w a [} J o
aininlumssidasendunazilesnumsazanvedlalaslosoonlaansolalasou
J 4 o @
nloseon lud mudid (Rajalakshmi and Narasimhon, 1995)
3.2.2 nalnmsMnuveIasmMueanFIAt Y

1. m‘iﬁ15ﬂﬁi§ﬁaaﬁ'§$ (Radical scavenger)

9
=<

TasmslifezaenlaTaswunsedidnaseufveyyadassinatunnlgisen
DONFIAYTU c?;ﬂé"ssl31ﬂ1516f1’1ﬁ1ﬂ§ﬁ§mﬁmwa§ﬁﬁzﬂm?aﬂiwemﬁsﬁ?qéfusvﬁﬂéu‘lajﬁwz
W luiunse Tusdu vildugaseeendinduliduiude 11 (Rajalakshmi and Narasimhon,
1995)
Msiilalasou (Hydrogen donor)
ROO° + AH, ——» ROOH + AH°
RO’ +AH, —» ROH + AH’
AH*+AH® —» A+AH,
Msl¥ionAseu (Electron donor)
ROO’ + AH, — (AH, - ROOY’

(AH, - ROO) +ROO° —> HAAfUHANLIANUAIAI

Jd d
2. msaawasieseanlua (Peroxide decomposer)
asilsznevilueanuierila eiiu lalsleIwswletin uaz nsalsToTnsi
a o { aa 4 o a [ 4 1 Y] 1
Toiin Kuvhi Taemsaatananlosoon lad Iinansausiganieniinnunsd wu
= a2 7 o
1OANDEDA A 1AL LazLead 1ga (Namiki, 1990)
3. M3UPONHIDU (Singlet oxygen quencher)
1 J I a a @ @
Gordon (2001) Na1971 Photo-oxidation tHunisiiaeendatuves luiuTaell
= .. I @ 1 A a % a 1 o 3
ueranagdl sensitizer 1 uAns 9 1losnTuanzinansalviuuazeondiauazogaieszaudu
wasnuny Taensa luiiuszedh singlet state TuvazNoanFauazegi triplet state 1ng

4
aaa a 9
Ufnsezinatiula 2 uuu fe
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q' a ~ .. 1 ~ 1 qazl . Yo
HYUN 1 NAVINNIIN sensitizer ( Sens) ‘I/]’OQGLL!“HL! singlet state lJlﬂi“l_l‘m‘i
v Yy 4 ' . { ) o .
nszquainueralilasulioglugy exited state (‘Sens®) nazulasuliogludgumndaa wiplet

v A

3 £ A ) Y t% 1A I a T
state ("Sens*) Glf\“li]%!,'HuEJTL!111’[ﬂiﬂUleU‘JJ‘Llhl‘JJE]llﬁﬁlﬂﬂlﬂuﬂﬁyﬁﬂﬁigiﬂﬂﬂ1iﬁﬂWTL!'E]ZG]’E]‘JJ

4 E4
=

ad 8 a { a o aan [ a Y [
"laimmuw%amﬂmaucﬁawy‘aeﬁizﬁmmummmmﬂgﬂimﬂuaeﬂ%muﬁlu%uwawm

triplet state ('0,) 1@ Tasassnaneilumsisznoulalasnlosoonlaa

1 1 3
Sens+ hy —» Sens* —» Sens*
3 . .

Sens* + LH —» intermediate

Intermediate + 3O2 —_» 'Sens+LOOH

uuuA 2 1HAINN5N sensitizer N 1ASUMINIZdUMINUA TR INg1 excited
ugj [} . 3 9 1 [Y] 9 1 a 09/’ [}
state TUFUNWAIIU triplet state (‘Sens*) udIn1enoanasulaun eendonludundny
] 9 ]
triplet state (‘0,) ¥nleonduasuldogludundeau singlet ('0,) Faamrsatlfnse
o o 12 o A l na/l dy P4
nunsa lutiu lidudnegluduillaTasasa

3

hv (0)

2

1 1 3 1 1
Sens — Sens* —» Sens* — 0O, + Sens

lLH

LOOH

= = J = v o a .
unlsnu ualsnuosa nazuean1Inlailsea awisadudenising singlet
Y
[ Aa aa a Y 4
oxygen 14 (Jadhav ez al., 1995) 1wd1-un lsivansadudamsinaanaoondiasu Taoey Tod
Y
uyuivesngiaa 1a lasvzn llduda luldine singlet oxygen (Rajalakshmi and Narasimhon,
1996)
U g’l o d
4. msduganm s auveaou i (Enzyme inhibitor)
4 A I &~ A = A o £
ou'lal lanend It weu lodnnulunseuns, utliad vaziadn a9
9 a a [ &% A [ =3 4 4
aunsonszqumsnaeendatuved luiubidudrauelalasulesoonloa Jadhav e al,
4 < { 1 9
1995) luluanavesouladilsznoudroman 1 ezaouiioglugilves Fe(l) ¥99zgn
a o 1 @ 4 4 o
pond lad inegluglues Fe () 1aTagnsalugulaTasuloseon ladnielalasmuiles

Y Y ' '
ponlaa nailu Lox-Fe mmnduasadundunsaluiulududinzd iy Taslalasou

J o

] = J aa 1A a g
91013 methylene ﬂz@‘ﬂmaaﬂ”lﬂuaz Fe(I1I) mamu”qumzQﬂmwﬂaumagm Fe(ID) tintiu
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{ a 4 a 1
enzyme-alkyl radical complex (LOX-Fe’ - L) id1u13ngnoond lad 14 Iageongaulioglu
a I v o 1
51999 LOX-Fe’ - LOO" inailuiginsae 11 (Gordon, 2001)
Y
A58 1U00NFIAF UV HAdINITadUdan1sitaruyeateu e
== T w o aaa Y] egj 9 A % 4 =
ladendmauvunasiulumsigasenuasasdu e nialvdulelaslesoon ladnio
4 4 ] a a
laTasulosoonled (Li and Xie, 2000) 1954 Tito¥te Uewh Niwyal Inlatlsea Insia
J
unatan tazwa19uesa (Chen et al., 1992)
d
5. M3@INGNTNY (Synergistic)
(%) a Aa J U dy ) 9 A 9 o
MsdveenBIoU HazmMsIadd lagasnguilazdminnld lalasouny

Aa A 9

pyyaluenda lasnalasuglasdueendgaduilguginsoh llivesndnudase Tao

Q
4

dAa JdAa a a an [ a [
nsaueanesinuazueanestathainansaliasugnisiuduasduesndiadullgu
Qﬁ TasmwiznuInlailsoa (Rajalakshmi and Narasimhon, 1995)
[y v o (] < P ] o Y Ao o
msdulane a19uTarzazeglugives aoumangiaed ivihnsudy
a o [] < 9 4 [l Y] a @
Taviz T1500nFUaAUs (FY 1HAN LAZNDIAY Gﬁwﬂﬁ’waquﬁai%’nuﬂuﬁm?ﬁuaaﬂmwu
Ugugiivazdrdvesnagiou vliemsiinauneda (Rajalakshmi and Narasimhon, 1995)
3.2.3 UHAIUDITTAIHRRNTIAT U

1 1 a o { o I 1 ]
gunsautinrasvesarsauesngasun 1y luilvgiiuldiu 2 nqulvajg

LYY d 1 1 3 '
3.2.3.1 M1SMU00NBIATUTUATIZH (synthetic antioxidant) mu“lwauuﬂuﬂqu oY
v =~ 9 ~ A A A a a a a
wuﬁmamuaaﬂixﬂaumﬂ fewhn Do NUwFA7 Tnsia sonia Laz lawdaunaan
Y . . . . £ v A o o P
111UAY (Rajalakshmi and Narasimhon, 1995) (Figure 7) Fegsiueandiatuduniz 14

[l I~ a Y] dy
uuadly 2 wia a9t

9
[

. . A A wva v o A @
. Proper antioxidants ﬂ’é]ﬁﬁ“l/liJﬁlliJmﬂu@nt’J‘U‘c’N‘I/I‘JJﬂa"lﬂﬂﬁﬂfNﬂuﬂﬁ

'
a =

a a o Y Y % I A a A o a d?l @
INADDNFLATUAIYAIVDIUULDON Lﬂumim@maﬁll‘iJ!,wmmmeuyaemwmmuwmmﬂ

= o

a J 4 a I~ VA 1 0911
amsounsdidelalasnuldudq e ldinaluaisInunadosnin Jveausodudanis

a aAaa n Y o 1 = ] = = = d' [ 0911
Lﬂﬂﬂgﬂiﬂ'l@lﬂj“h’ulﬂ fedNd1sUsenovvesuea sy Dowte taz Uosn NaIWIT0IVHY

a

a o a a % Y v . & J =
msmﬂmgaga’e‘]ﬁsx!,Lazﬂmﬂumim%eﬂmm%u%m Figure 8 (Sykes, 1995) ga1losoendy
Awv A a dgl aaa a v W ~ A A = <3|
Llﬁ@Iﬂﬁ1’]Lﬂﬂéll1!ﬁ]']ﬂTJ§]ﬂﬁﬂ?ﬂﬂﬂ“ﬁlﬂ%uﬁﬂ@%ﬁ@ﬂqﬁiﬂﬁlﬂ‘Llﬂ']ﬂ Ue¥o M50 Vv natetdu

J J a [V 4 = A = A
"laTan@seaﬂ"l«muaz@uya@ﬁsmm@uwuﬁﬂlmV\luaaﬂmﬁﬂﬂsﬂwwqq LHBDNVTINAAUDN

4 1 1 a YR v 09)1 Aaaa ] a a o Y
Lﬂﬂmuummzmmmmagammﬁiﬂ@ %\‘IEJ‘UEJ\‘HJQﬂ'i‘(’ﬂ@.ﬂi"lf"ll’ﬂ\‘]ﬂ?ﬁlﬂﬂﬂﬂﬂ“ﬁm“ﬁullﬂ
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. Hydroperoxide stabilizers 11ua13naietleeiuliliasisznenlalas
4 J o o a ' v J =
woeseon leaaaredniluoyyadaszivu arsdsznoveyiusvesiuea a1sisznou

a

aan A aa 4 A o =~ A a a
uaaaaﬂmamiﬂizﬂaumumaﬂ (MTUDUNADNUINURIULUUFU) %u"laimmwvuﬂmﬂﬂu

U

a

£ 4 = v A a a @ [ 1 aan @ 1 o
GINUJ’E]5’0@ﬂ‘;lﬂli@]ﬂﬁ‘VILﬂﬂfl]'lﬂﬂ'liﬁ]’i]ﬂ“lﬂﬂ‘lfuVl‘JJ'JENUl'N]@‘]JQﬂiﬂ'llI'IﬂHﬂ UANAITUITNUNIS
.. A Y o aaa @ o A o

IS NAIN (selectwlty) Gluﬂ’li!a'E]ﬂ!‘ll'l‘ﬂ'l‘]JQﬂiEJ'lﬂ‘]Jhlé’IIﬂilfl]uGU@\‘IWH‘ﬁg C-H ’L:‘N‘JJ'lﬂi]zl,aE]ﬂ‘l/]']
v Y [

Ugnsenulalasnuidumiisnasgivesasisznoueadanuaziuudanniiu 11e991n

@ A o [ J [ @ A~ Y a o

WUTL C-H TWI'ILLW‘LNﬂﬁﬂa’l’]hllll,!fllﬂlliﬂiﬂf‘lUﬂ mamﬂ”leﬂmﬁ]u”lﬂummmmmmﬂumma

a A = a g J s A .
saszhtianuadesgunsizansamaiiuenslalasuloseon ladnados (Figure 9)

OH CO (CH,)y CH;,

OH
" C(CH3);3 S
|
= C(CH3); -
CH; CH, OH

(@ (b)
Butylated hydroxyanisole (a) 3-BHA (b) 2-BHA Trihydroxy butyrophenone
COOR OH
(CH3),C C(CHj3);
HO OH
OH CH,
R:CH, Propyl gallate Butylated hydroxytoluene
CH,, Octyl gallate
C,,H,; Dodecyl gallate
Gallates
OH OH
TRy
i —
OH CH,OH
Tertiary Butyl hydroquinone Ionox-100

Figure 7 Synthetic antioxidants

i Rajalakshmi (48 Narasimhon (1995)
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OH H
(CHC C(CHy); C(CHy),
CH, OCH,
2,6-ditert-butyl-4-methylphenol 2-tert-butyl-4-methoxyphenol
(BHT) (BHA)
(‘- -
ﬂ\ (7Y ooR O é } é
R R L -
CH CH,
o + ’ presistant cadical
ROOH
Figure 8. Antioxidant reagents and mechanism
~
N1 : Sykes (1995)
OH 00H H,G-O0H
' i
CHy=CH-CH,
tertiary allylic benzylic

Figure 9. Hydroperoxide stabilizers

11 : Sykes (1995)

3232 @150 119N TIATUEIINYIA (natural  antioxidant) a9 uaisdiu
a [ 1 dy Yo a 1 9 a o [ 4 d’ Y
pongatulunguillasuanuidenuinnnasdiuesndasudunsizdiilonina15au
a o o I A 1 [ = = 1 dy 1 Y a 3 o
DONFATUFUATIEHNNEADT 19N 18 1R8N TIBIUNMTANEINUNEITNINEND IHNANLIS In
A AAa . [ v Y a [ a 1 =
91%70 (Karpinska et al., 2000) #2086 1NT15AUDONFIAFUTITNIA 13U In ladsea nia
Ja A A A 4 a aa I Y . .
ueaABsUn NIAFAIN nsalan nsan1snisn uazveavhnaalaay (Judy (Rajalakshmi
. Y 9 a o Aaa 1 ] 3 I
and Narasimhon, 1995) UenIINHAITAULENFIATUTTTUNANNUAIU T uans
Aa H ] 4 a a a I 9
Usgneuuedniinuluiweu drsdsznourarlruesa nsagurin nazguisu 1Wudu
. g aa va Y a @ 1 1
(Shahidi and Wanasndara, 1992) Iasa 13 lusssumaniauiadluamsaueongagudiulvg
= Y 1 = a [ na/l
tanuansalumslilalasmuvesny oH luasiszneviluednanuawnsalumsduda
Y Y
nmsnaeenFaduvesasiuegiudwmisaz s uiruveny lensongasiunalnseds
Y

ouq vosluana (Hall, 2001) ¢ail
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n. a13ngu 1uluHuea (monophenol) az nsaNUBAN (phenolic acid) WLLN

Tuiyasynatilauiaduaisuoudosnsuaui1d 15y Tnlaflseauaz Inla'lasduea

v
a 1 =~

. 2 9 Y . { I q Y
(tocotrienols)  #4% TA54a319614 Figure 10 Tasasilsznoviuednniivgunuindlumy1d
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ad 1 Il a ] a Il a Il a
LANATOU 1FU mg"lamaﬂcm (-OH) wywnonya (-OCH,) ¥yna (-CH,) viyjtona (-C,H,)

'
1 o '

A 1 o A A 1
W30 t-butyl (-C(CH,),) peNA U003 1N (ortho) ¥15@ W91 (para) ISIWUAIANNTINTH

U

Y Y
lumsdudamanaeensasy Tasiis1ea1uNANNaINTa lUN15FUIINITINADNFIATLUD
=1 a 1 Y] J a a [Y] ; a a
aslszneviueanlungu eyiusvesnsaguiiin anasaall nsauamlan >nsamlegan >
a d' a A ] I~ ] A A o [l o =3 a
NIANISIPUITN 1103910 Nsauadniviy OH Hunununndwmisens Inveslueanain

a A

. A o ] A o Y a o Y 1
Figure 11 And e R, n5e R, Mldinaiuse lalasmumeluTuanald diunsamogani
' A = ya d P ' =2 A v o a
WiJ“LWlUVIHJH OCH, “ﬁﬂalﬁﬂlaﬂﬁﬁ@u]l@u@ﬂﬂ'n OH ﬁ]\‘]llﬂ')']ll?ﬂll1331uﬂ15ﬂ°ﬂ8¢]ﬂ13lﬂﬂ
a [ Y Y 1 1 Aa (= [ ya I3 I 1 AA o 1
@@ﬂ“]ﬂﬂ‘lfullﬂu@ﬂﬂ'l'l ﬁ?uﬂﬁﬂW'lﬁ'lﬂll'l'iﬂll‘llllﬁllualw/ﬂlaﬂﬁﬁﬂutﬂuﬁyl!ﬂuﬂﬂﬁﬂlﬁuﬂ

4 = 2K A @ 3 a a o Y Y A Ju
ﬂﬂﬁiﬂﬂlﬂﬂwu@aﬂ%\‘]llﬂ'Nllﬁ'liﬂﬁfl“ll!fﬂﬁfJ‘]JﬂﬁﬂTﬁLﬂﬂﬂﬂﬂ“ﬁlﬂ%uqﬂuﬂﬂﬂq@ HONITNUEUI

k4
1 1 v a a J v W a a o ' 1
WU NRUOUNUTUDINTATUINN ﬁﬂ?ﬂ'ﬂllﬁ']il']ﬁﬂ11!ﬂ138ﬂ8\1ﬂ15lﬂﬂ@@ﬂ“]flﬂ“b’uiﬂﬂﬂ')'lﬂﬁ]ﬂ

q

[ 4 a 4 a a 1 a @
pywusnsawu w80 1Hieenn nsaguiniivgueada (C=C-C) luTnsead 1989 Figure 11

R, By Ry Ry
HO.
o CH. [} CH
CH, ? e 3
Ry 0 R p L, M CH,
i

Ry ¥ H Clly COHy

& H H 5
weopheral R: M ujf___
locatricnol k. M\/\)\/\A

Figure 10. Sample of tocophenol and tocotrienol

17 : Hall (2001)
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H H
Ra Ry R! R,
CH=CH-COOH COOH

cinnamic acid derivertives benzoic acid derivertives
compound K, ‘R compound R, R,
p-cinnamic acid H H p-hydroxy benzoic acid H H
feruic acid H OCH; vaniilic acid H OCH,4
sinapic acid OCH;  QCH, syringic acid OCH;  QCH,
caffeic acid OH H gallic acid OH OH

Figure 11. Phenol compound with different substituted group

117 : Hall (2001)

v = d . 2 A 1 v v W A A
V. manmmiwueﬂﬂ (carotenoids) FAUNUTLATAUNUNUTEIAYINTOTEUU
9 IS A o qazl a a o o 9y Y]
ﬂ@uﬂ!ﬂﬁiuiﬂiiﬁi1ﬁ L‘]Juﬁ"li‘ﬂﬁ"liﬂiﬂEJ‘]JENﬂTiLﬂﬂﬁlﬁlﬂcﬂm%uﬂJ@{lUlﬂlhuvlﬂﬂiﬂﬂi]llﬂ‘]J

nleseongusanaveenia luiu (LO0) Ml liawnsaialfisedeli1d0n (Figure 12)

Figure 12. Trapping of peroxyl radical by carotenoids

31 : Hall (2001)

J d . I VoA ~ A K
a. msnguaauesa (flavonoids) 1 unguitnumniigalusssuana Fanuy
' g 0 < s
unuNNEIUVeINTAILATIN 810U 1y aenuazma 1uas19a TuisvarTaueeaiu
a -4 a 4 3 a
d15oun3dUszianInailuea (polyphenol) 3 lassadranugrwiduladialnsinu
. = [ Y J A 2 o 09)1
(diphenylpropane) ¥N159915389AMUY C6-C3-C6 WanTruseatluasniautialumsgudins
a Aaaa a v Ao o 3 g’ Y
nalffseeengedunaninluenisszan lviunag lviiunaini Tassairwvesaslu

1 S A 9 Y] [ 3 a Aaan a [ d? (Y 1 A a
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(a) (b (€}

Figure 13. Structure of active antioxidants in flavonoid compounds

117 : Shi wazAw (2001)
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Isoflavones biochanin A OCH; OH OH

formononetin ~ OCH; H OH

Figure 14. Structure of isoflavone compounds

17 : Hall (2001)
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P-sitosterol stigmasterol

Figure 15. Structure of phytosterol

31 : Hall (2001)
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Table 3. Proximate compositions of brown rice and germinated brown rice (% dry basis)

Chiang Phatthalung Lepnok Pattani Sangyod Phatthalung

BR GBR BR GBR BR GBR

Moisture  13.5540.005"  10.56+0.002° 11.52+0.001° 10.68+0.003° 12.10£0.004" 10.84+0.001"
Protein  6.87+0.002°  7.00£0.004'  7.50£0.011°  7.64+0.008"  9.44x0.011°  9.99+0.001°
Lipid  2.764£0.001"  2.90+0.001°  2.70+0.009"  3.0240.005"  2.79+0.009°  3.25+0.005"
Ash 1.50£0.001"  1.200.001"  1.36£0.001°  1.21£0.006°  1.52+0.020°  1.36+0.004"

Fiber  21.60£0.006" 20.34+0.008° 21.33£0.002" 19.66+0.001° 21.22+0.003" 19.52+0.002"

Value are given as mean + SD from triplicate
Different superscripts in the same row indicate significant difference (P<0.05)
BR = brown rice

GBR = germinated brown rice
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Figure 16. Effect of various extraction solvents on total phenolic content of brown rice extracts

(A) and germinated brown rice extracts (B)
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Figure 19. Total phenolic content (A), DPPH radical scavenging activity (B), ABTS radical

scavenging activity (C) and FRAP assay (D) of Chiang Phatthalung, Lepnok Pattani

and Sangyod Phatthalung after germination by soaking in water at various

temperature for 24 h



48

200 - —#— Chiang Phatthalung
—i—Lepnok Pattani

/ \ —— Sangyod FPhathalung

150

100

n
=
|

Total phenolic content
(mmelFAE/100gsample)

1 2 4 6 12 24 36 48 brown rice

soaking time (h)

Figure 20. Total phenolic content of brown rice including Chiang Phatthalung, Lepnok Pattani
and Sangyod Phatthalung after germination by soaking in water (25°C) at various

times

[ ]
o
|

—4— Chiang Phathalung
—— Lepnok Pattani

—— Sangyod FPhatthalung

10 -

DPPH radical scavenging activity
(mmelFAE/100gsample)

1 2 4 6 12 24 36 48 brown rice
soaking time (h)
Figure 21. DPPH radical scavenging activity of brown rice including Chiang Phatthalung, Lepnok
Pattani and Sangyod Phatthalung after germination by soaking in water (25°C) at

various times
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Figurec 22. ABTS radical scavenging activity of brown rice including Chiang Phatthalung,
Lepnok Pattani and Sangyod Phatthalung after germination by soaking in water

(25°C) at various times
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Figure 23. FRAP of brown rice including Chiang Phatthalung, Lepnok Pattani and Sangyod

Phatthalung after germination by soaking in water (25°C) at various times
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ININTY (Granito LAZAME, 2008)

Table 4. Phenolic acid compositions of Chiang Phatthalung brown rice and germinated brown

rice (mg/100g sample)
Phenolic acid Brown rice Germinated brown rice
protocatechuic acid 0.145+0.005" 0.18140.001"
p-coumaric acid 0.27040.002" 0.293+0.003"
ferulic acid N/D 0.249+0.007"
total 0.415" 0.723"

Value are given as mean + SD from triplicate, N/D = Non detectable

Different superscripts in the same row indicate significant difference (P<0.05)

Table 5. Phenolic acid compositions of Lepnok Pattani brown rice and germinated brown rice

(mg/100g sample)
Phenolic acid Brown rice Germinated brown rice
protocatechuic acid 0.088+0.003" 0.092+0.002"
p-coumaric acid 0.13840.002" 0.153+0.001°
ferulic acid N/D 0.139+0.001"
total 0.226" 0.384"

Value are given as mean + SD from triplicate, N/D = Non detectable

Different superscripts in the same row indicate significant difference (P<0.05)
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Table 6. Phenolic acid compositions of Sangyod Phatthalung brown rice and germinated brown

rice (mg/100g sample)
Phenolic acid Brown rice Germinated brown rice
protocatechuic acid 0.110£0.004" 0.13440.001"
p-coumaric acid 0.189+0.001" 0.216+0.002"
ferulic acid 0.159+0.003" 0.166+0.004"
total 0.458" 0.516'

Value are given as mean + SD from triplicate

Different superscripts in the same row indicate significant difference (P<0.05)
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Figure 24. Total phenolic content of Chiang Phatthalung, Lepnok Pattani and Sangyod

Phatthalung brown rice and germinated brown rice as affected by cooking
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Figure 25. DPPH radical scavenging activity of Chiang Phatthalung, Lepnok Pattani and

Sangyod Phatthalung brown rice and germinated brown rice as affected by cooking
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Figure 26. ABTS radical scavenging activity of Chiang Phatthalung, Lepnok Pattani and Sangyod

Phatthalung brown rice and germinated brown rice as affected by cooking
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Figure 27. FRAP of Chiang Phatthalung, Lepnok Pattani and Sangyod Phatthalung brown rice

and germinated brown rice as affected by cooking
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(Granito et al., 2008)

Table 7. Phenolic acid compositions of Chiang Phatthalung brown rice and germinated brown

rice (mg/100g sample) as affected by cooking

Phenolic compounds Rice sample

BR Cooked-BR GBR Cooked-GBR

protocatechuic acid ~ 0.145+0.002°  0.138+0.004" 0.181£0.002°  0.173+0.003°

p-coumaric acid 0.270£0.001°  0.247+0.004° 0.293+0.002" 0.285+0.002"
ferulic acid N/D N/D 0.249+0.01° 0.189+0.002"
total 0.415° 0.385° 0.723" 0.647"

Value are given as mean + SD from triplicate, N/D = Non detectable
Different superscripts in the same row indicate significant difference (P<0.05)

BR = brown rice, GBR = germinated brown rice
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Table 8. Phenolic acid compositions of Lepnok Pattani brown rice and germinated brown rice

(mg/100g sample) as affected by cooking

Phenolic compounds Rice sample
BR Cooked-BR GBR Cooked-GBR
protocatechuic acid ~ 0.088+0.002°  0.080+0.002" 0.092+0.002" 0.0660.004°

p-coumaric acid 0.138+0.002°  0.132+0.003" 0.153+0.001°
ferulic acid N/D N/D 0.139+0.001"
total 0.226° 0.212° 0.384"

0.128+0.001°
0.110+0.002"
0.304°

Value are given as mean + SD from triplicate, N/D = Non detectable

Different superscripts in the same row indicate significant difference (P<0.05)

BR = brown rice, GBR = germinated brown rice

Table 9. Phenolic acid compositions of Sangyod Patthalung brown rice and germinated brown

rice (mg/100g sample) as affected by cooking

Phenolic compounds Rice sample

BR Cooked-BR GBR

Cooked-GBR

protocatechuic acid ~ 0.110£0.001°  0.1100.002° 0.134+0.001°

p-coumaric acid 0.189+0.001°  0.186+0.001° 0.247+0.004"
ferulic acid 0.159+0.003" 0.143+0.004° 0.185+0.002"
total 0.458° 0.439° 0.566"

0.118+0.003"
0.216+0.002"
0.166+0.002"

0.500"

Value are given as mean + SD from triplicate
Different superscripts in the same row indicate significant difference (P<0.05)

BR = brown rice, GBR = germinated brown rice
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Table 10. Hardness and stickiness of cooked brown rice and germinated brown rice

Rice sample Hardness (N) Stickiness (N/s)
Cooked CP-BR 46.646+2.844" 0.264+0.124°
Cooked CP-GBR 39.076+1.026" 0.420+0.281°
Cooked LP-BR 35.497+2.168° 0.947+0.493"
Cooked LP-GBR 29.852+0.781° 1.733+0.279"
Cooked SP-BR 30.938+1.111° 0.50120.387
Cooked SP-GBR 27.75141.336° 0.881+0.754"

Value are given as mean + SD from triplicate
Different superscripts in the same column indicate significant difference (P<0.05)
CP = Chiang Phatthalung, LP = Lepnok Pattani, SP = Sangyod Phatthalung

BR = brown rice, GBR = germinated brown rice
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Germinated brown rice

Figure 28. Appearance of Chiang Patthalung (A), Lepnok Pattani (B) and Sangyod Patthalung

(C) brown rice and germinated brown rice after cooking
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q @

FammsganaunaIinNueIAaY 520 W Tumas
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5. MINIUIN
ad o o 1 = (% % =) =} = 1
’J“ﬁﬂ'liﬂ'luﬁ]m“ﬂ'll‘lfumﬂﬁﬂuﬂﬂﬂ1§ﬂ§ll'lmﬁ"l§ﬂ5$ﬂ@ﬂ1/\|u@ﬁﬂll@]
9 v o J 1 1 A A Y 9 1
’L’fiNﬂi'l‘V‘Iﬂ’J'IiJ’L’fiJWH‘ﬁi%W’JNﬂ'Iﬂ1§@@ﬂﬁul!ﬁ'\iﬂﬂﬂ'mﬁlw’]lu@n\?c] UYDIF1TaT Y
o Y Y v Ay Y
llW]iiTL!ﬂ‘]J log AITUEVUUUA N mmmizawmmgmumiwqmmﬂﬂﬁlugﬂ

mmol YAV ferulic acid (mmolFAE/100g sample)

3. MINATELNANTINNIAIUBINTIATY ABTS radical scavenging activity (Aautasain

Binsan et al., 2008)

gilnsai
1. luTasdalevuna 10-200 waz 20-1000 lulasans
2. Microplate YU 96 HQU

3. 1A709 Microplate Reader

Ml
1. ABTS radical cation (ABTS+)
2. Potassium persulphate
3. Ferulic acid

5. Methanol

ad
MY
1. MSASENETazaINIAIGIY ferulic acid
. . = Y F )
1502100195511 ferulic acid 10381 ¥ A NI 0 25 50 75 100
4 I~ )
150 taz 200 luTas Tuas Tagldemueaitludiiiazare
2. MSINYNETAIDEL
w3 eudee lnuaNududu 3000 lulasnsuiiaaans Usuias 2
Aa Aaa 9 g’ o <3| ¥ o
Haaans laglmimaudludiriazaie
3. MSMssNaITazale ABTS'
~ +q YA Yy v A a P o + o
3.1 19381 ABTS IMUAMNMNTY 7.4 Haa luais 1agwa ABTS' 0.0203 A5 azale

Y v
wazlSulSuasdlreinaulnld s Tadans
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4

3.2 19383 Potassium persulphate 1A NWINTY 2.6 Tadlua1s Taeda Potassium

a

Y '
persulphate 0.0035 n5¥ azaeuazlsulsuasdreindulila s Tadans

v
a

3.3 thansazaneludo 3.1 uaz 3.2 wawiulugasdn 1:1 dane3fgamaifes
unan 12-16 92T

3.4 ndaniuliamsyate ABTS 1 fiadans adluwmuealSinas 25 fadans
werlfidhdund i luSammsganduuasiinnuenadu 734w Tuwas wwndeg

T&mmsganaues 1.1+0.02

4.3EMInaagoy
a [ 1 A a 1 . 9 a
4.1 AueNIAIRENKToaITaza1eIA3T1Y 10 TuTasans Talu microplate udnuan
A A 9 a ' a
a1sazarwved ABTS msen13 190 Tulasdas ua blank @uwniveand ljunu
a150¥019 ABTS
g &y ay g ] Y o o 1 {
4.2 s Ningangiideuiiunar 120 wi Tudde udnirhliamimsganauuaan

ﬂ’J'llIEJ'I’Jﬂau 734 W Tuuas

5. MIAIUIN
an o o 1 ~ ] o a =t a 3 Y
AFMIAIAR BRI UNuMsUSuIaa1slseneuNusaniavuandn

100N 181431 mmol euyaves ferulic acid (mmolFAE/100g sample)

4. MINATOVNINITINNIAUOONBIATH Ferric reducing antioxidant power (FRAP) (Aauilas

210 Benzie 1tay Strain (1996))

i3l

ARG
1.
2.
3.

1. TuTastlavuna 10-200 uag 20-1000 luTasans
2. Microplate YU1A 96 HAU
3. 1A309 Microplate Reader

4. water bath

Iron (IIT) Chloride Hexahydrate (FeCl, - 6H,0)
Acetic Acid

Sodium Acetate
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5.

6.

ad
IBNT
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Iron (II) sulfate heptahydrate (FeSO, - 7H,0)
Hydrochloric Acid

2, 4, 6-tri (2-pyridyl)-tri-azine (TPTZ)

1. MSINSENTI3aZAENINIGIU FeSO, . 7TH,0
= Y 9y 9
130221901059 FeSO, . 7H,0 asenliianududu o 100 200
4 A aa g} 3 v o
400 uaz 500 luTas Tuans anududuaz 2 Haaans TaglHnindudiiazae
2. MSINYNEITAIDELS
wseudee lnuaNududu 1500 lulasnsuiiaaans Usuas 2
a aa 9 g’ o 3| ¥ o
Haaaas laglwimawiludiniiazare
3. mMsm3snaIsazale FRAP reagent
= Iy 9 9J a A 4 o'/
3.1 MININ FeCl, - 6H,0 1HTANUaNdY 20 Had luars Tagd FeCl, - 6H,0
Y 1
0.0270 n3u ud15ulsasdeingu 5 iaaans

= =\ a A 4 M
3.2 M5IAT8N Acetate buffer 1HNANUTNTY 300 Haalua1s pH 3.6 laeds

v v
Sodium Acetate 2.4609 n5¥ azaredlgrinauud i JUSy pH @18 Acetic Acid U
Y v
18 pH 3.6 15v51asdreinauli1a 100 Taddns
a A 14 a
3.3 M31A38Y Hydrochloric  Acid 1#ianududu 40 dJadluas Tasthiia
1 Y
Hydrochloric Acid Afumsnaualetiiludasidiu 1:1 w1 0.66 adans udisy
Y v
YSesdeinauli1d 100 Tadans
a Yo ] a a 7 o o
3.4msmsen TPTZ Inianududu 10 Jadluars laess TPTZ 0.0156 n5u
4 a A 4 [ a
aza181u Hydrochloric Acid Afianududu 40 Jadluas udrsudSinaslila s
Hananas
) Aa a 4 a Aa Aaa [
3.5 1asazate TPTZ ANududy 10 Hadluats USuag 2.5 adans wauny
a A J 1a a aa
21582810 FeCl,.6H,0 ANuaudy 20 Had lua1s 1USuas 2.5 Taddas uazarsazao
Yy 9 a A I a A Aaa Y o ]

Acetate buffer AU 300 Had Tuars Usuas 25 aaans udnirlduulu water

a =

{ 3
bath QKA 37 0IAUTATo 111U0a1 30 UIN

QU
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4. JBMINATOU
a o ' a 1 . Y
4.1 PuAIA0e19/asazaenInggIu 30 1ulnsans lalunqu microplate 1147
a { Y a 1 a
IANE132a18 FRAP reagent Nia3on'13 270 1uTA58A5 1A blank 1AN Acetate buffer a3

l1lunuarsazars FRAP reagent

o &y Ay g Y o o 1 {
4.2 s Nngarigideutiunal 30 w1 Tunillia udnilliadimsganauuaan

ﬂ’J'llIEJ'I’Jﬂau 595 wlumag

5. MSAIUIN
an o o [l = v W A ~ a 3
AFMsAUIURBFURINUNUNTUTVIaE15senouWue AN

WuANa151891uA17 18 1u31) mmol du3yavea FeSO, (mmolFE/100g sample)
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Figure 29. uﬁmaﬂymzm?m’;mﬁzwaﬂyngﬁaammm%'nmqﬂ (Texture analyzer)
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MANUIN A HaMIANEIFHAVaIR I azmwananmnzanlumMIanav1INA09
Y Y Y =Y =~ a g'J a
nazvnaesenaelsuaasdszneuueannanuataznanisy

MIMNUDNTBIATU

d‘ a d a = a 09)1 9 9 09)1
MINIMARNUINT A-1 M5 AATIEHUT a5 UsenouN AN TN HNATDIUIINADINIE 1Y

v JY v o [ a 1
TIINUTAWAINASAYTANATUANN

GREL N1 Usnaasisenouilueaniiaviug (mmol FAE /100g sample)
9 dy Y] 9 < ~ 9 v J @
GUTJLQEJ{IW‘WQQ "U'l')lﬁlluﬂ{lﬁﬁ'lu 6IJ'I’J’L‘N"]J’WfJfF"’I‘i/‘l‘l/]f]ixi
bC bB bA
0% Ethanol 26.051+0.073 36.663+0.151 54.911+0.074
B C A
50% Ethanol 120.837+0.844" 66.660£0.104" 125.400+0.165
95% Ethanol cC cB cA
o 0.8900.009 4.718+.042 12.760+0.095

Values are given as mean + SD from triplicate
Different superscripts in the same column indicate significant difference (P<0.05)

Different superscripts in the same row indicate significant difference (P<0.05)

H a Ja 9 a v 9 a .
ﬂ1§1ﬁﬂ]ﬂwu3ﬂﬁ -2 ﬂ’ljjlﬂi’lgﬂﬂﬂﬂﬁﬁj\lﬂ’lﬁﬁ’luaaﬂcﬁlﬂmuﬂjﬂjﬁ DPPH radical

. .. Y Y 4 v JY v o o
scavenging activity "U@\‘iGUTJﬂaE]\TV]\1ﬁ’lﬂﬁ’lﬂwu‘ﬁﬂ’gﬂﬁjﬂ']aga'lﬂﬁﬂﬂ

FUAN
3N DPPH radical scavenging activity (mmol FAE /100g sample)
9 dy Y] 9 < ~ 9 v J @
GU'I’JLﬂEJQWV]QQ "]J'I'Jmlluﬂ{lﬁﬁ'lu GUTJﬁ\“I"UWfJ@’IW‘WQQ
bC bB bA
0% Ethanol 1.493+0.013 2.458+0.023 5.859+0.048
B C A
50% Ethanol 12.286+0.314" 2.946+0.024" 20.645+0.097
C B A
95% Ethanol 0.170£0.004" 0.4890.005" 0.87240.092°

Values are given as mean + SD from triplicate
Different superscripts in the same column indicate significant difference (P<0.05)

Different superscripts in the same row indicate significant difference (P<0.05)
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~ a 7 (a ~ a o ) ) o
MINNNIANUINN A-3 ﬂ'li')l,ﬂﬁ'lg?ﬁjiu'lmﬁ'liﬂigﬂE]'LI‘V‘I"LJ'E]aﬂﬂ\‘lﬂﬂ@ﬂl@\ﬂﬂ’)ﬂa@ﬁﬁ@ﬂﬂﬂ

v Y v o [ a 1
TUAYNUTAYAINMAS YT NATUAN N

fsana USuuarsdsznouiueaniiarua (mmol FAE /100g sample)
9 dy Y] 9 < ~ 9 v J @
1 UNBINNG P@uunilamil  Adreang
bC bB bA
0% Ethanol 50.923+0.366 55.673+0.453 69.574+0.453
B C A
50% Ethanol 133.788+0.151" 86.700+0.208" 272.580+0.919"
95% Ethanol 3156:t0009cc 10838:|:012ch 17985:|:033OCA

Values are given as mean + SD from triplicate
Different superscripts in the same column indicate significant difference (P<0.05)

Different superscripts in the same row indicate significant difference (P<0.05)

MINMANUINT A-4  MITAATIZHNINTIUMTAIUOONTIATUAI8TS DPPH radical

@

Y
@ o o o
scavenging activity Y94919020390ANId N8N UTAeA W 1azae

q

ANATHANE
TIaNA DPPH radical scavenging activity (mmol FAE /100g sample)
9 dy Y] 9 < ~ 9 v J @
GU'I’JLﬂEJ{IWV]QQ "]J'I'J!,alluﬂ“ﬂﬁﬁ'lu 6lJ'l’J’(?f\‘I"]J“YYfJf?I‘V‘I‘I/]f]'\i
bC bB bA
0% Ethanol 0.880+0.041 6.8500.310 15.034+0.123
B C A
50% Ethanol 16.281+0.400 9.054+0.129" 29.447+0.419"
C B A
95% Ethanol 0.243+0.001° 0.962+0.031° 1.68140.443°

Values are given as mean + SD from triplicate
Different superscripts in the same column indicate significant difference (P<0.05)

Different superscripts in the same row indicate significant difference (P<0.05)
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NANUIN 9 HAVBIRMHYNIzHIINMInraadInwuaisdsznevWuednuas

DINTIUNMIMUBINBIATU

d‘ a d A = a 09)1 9 9 09)1
MINMANUINND 8-1 M5 AATIEHITnaasUsenouN AN I nNAT0IU1INADINIE 1Y

o A o Y ' g} = A < o
aeiugon Insen Tasusluimgurigiiaie 1Wumal 24 4319

PUNYNTLNINMS USinaasisenouiluedniianua (mmol FAE/100g sample)
' = 9 dal @ 9 3 =~ 9 v @

U (DR UF AT E) 11URBINNG Imavunilaail VFIVHIANNG

25 aC aA aB
72.025+0.547 90.535+0.380 86.224+0.258

30 bB dc bA
69.115+0.562 66.747+0.544 74.786+0.197

35 cC cA bB
63.711+0.547 76.202+0.230 74.270+0.269

40 dc bA cB
54.774+0.270 80.778+0.603 72.679+0.903

3 ¢ C B A
UINARY 56.603+0.603° 56.991:£0.530° 67.149+0.680°

Values are given as mean = SD from triplicate
Different superscripts in the same column indicate significant difference (P<0.05)

Different superscripts in the same row indicate significant difference (P<0.05)
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H a Ia Y a @ . .
ﬂ1§1ﬁﬂ]ﬂwu3ﬂﬁ 32 MITAUATICHNINTTUNITATUDBNYIAYY DPPH radical scavenging
.. Y 9 091} o A o Y ] gl A
activity Gll't’]\ﬁﬂ?ﬂﬁ@\‘lcﬂ\‘lﬁ'lﬂJﬁ’lfJWH‘ﬁ‘Lll@%’lcl,WQ@ﬂjﬂﬂl!%iuu'llﬂ

a I o
UNHUAN Lﬂunm 24 G])"JI?J\‘I

Qmwgﬁizwdwmi DPPH radical scavenging activity (mmol FAE/100g sample)
v IS 9 dy @ 9 < Y = 9 v J @
LL“H(@\‘Iﬁ'llclfalclfﬂﬁ) 6U'I’JL’REJ{I‘V‘H/'I'@1\3 6111’JLa‘]JumJﬁmu "]J'I'JENGUWEJ@WTIQQ
25 aB aA bC
8.858+0.168 9.997+0.036 5.989+0.076
30 bB bA bB
6.338+0.040 7.139+0.090 6.091+0.059
35 bB cB aA
6.233+0.099 6.453+0.108 7.330+0.046
40 cC cC aA
4.376+0.016 4.376+0.016 7.423+0.047
4 Y bA C B
1INADY 6.200+0.023 4.363+0.028° 4.738+0.184°

Values are given as mean + SD from triplicate
Different superscripts in the same column indicate significant difference (£<0.05)

Different superscripts in the same row indicate significant difference (P<0.05)

H a da a [
MINMANKINN 93 MITIATILHNINTTUMIAIUBBNTIATY ABTS radical scavenging
L. ) vy o A o 9w \ 24
activity ¥0391Ind0INIa e ugiUei 1vsen Taouslutim

aa 1< o
BUNIUAN Wunan 24 $21u9

qmwaﬁi UINNT ABTS radical scavenging activity (mmol FAE/100g sample)
] ~ Y dy o Y <3 = 9 v o
TGN GISTG)) VTIRGINNQ ﬂl??tﬁﬂﬂﬂﬂ@]ﬁ?ﬂ ‘llTJﬁ\?"’U‘I’ifJﬂW“VIQ\‘]
25 aC aA aB
15.300+0.048 21.407+0.092 18.226+0.054
30 bC dB bA
14.957+0.018 15.845+0.060 16.437+0.052
35 cC cA cB
13.564+0.054 17.585+0.017 16.136+0.065
40 dc bA dB
12.878+0.031 18.028+0.136 14.012+0.077
Y ¥ C A B
UINADY 9.7610.031° 11.61120.109° 10.260+0.094°

Values are given as mean + SD from triplicate
Different superscripts in the same column indicate significant difference (P<0.05)

Different superscripts in the same row indicate significant difference (P<0.05)
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v 4
a Ja 9 a o 9y Y o
ﬂ1§Nﬂ1ﬂN‘u3ﬂ‘ﬁ -4 NTUATIZUNINTTUNITATUDDNHIAYY FRAP UDIV1INADINIT Y

o A o Y ' gl ~ a | o
deiugiiom 1nsen Tasuyluihngargiiaiee wuna 24 4279

U

QUNUNNILHINMT FRAP (mmol FE /100g sample)
] = 9 dy Y] 9 < [y, = 9 v d @
UF(BIAUB AT E) T1UNBINNG avunilaaiil INFIVHIANNG
25 aC aA aB
27.109+0.028 34.023+0.067 29.090+0.137
30 bB bA bC
25.495+0.121 28.793+0.071 24.618+0.061
35 dC cA cB
22.713+0.121 26.905+0.117 23.0044+0.100
40 cB dA dC
23.736+0.127 25.110+0.139 21.470+0.119
E 4 B A C
UINADY 18.940+0.127° 24.072+0.048 18.41240.336

Values are given as mean =+ SD from triplicate
Different superscripts in the same column indicate significant difference (P<0.05)

Different superscripts in the same row indicate significant difference (P<0.05)
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v TY Y \ =Y = a
MAKNUIN N WAVDINANTZHIIMSuBVINaeInalSinaasdszneuilueanuaz
DINTIUNMIMUBONTIATU

d‘ a d A = a 09)1 9 9 09)1
MINMARNUINT N-1 M5 AATIEHUTaa5Us2nouNUeAN TN HNATDIUIINADINIT 1Y

o 4 d‘ o Y 1 3’ d' 1
aenugieinsen Tagusluiimmaiaig

ANTEHINMTUY USinaasisenouiluedniianua (mmol FAE/100g sample)

(2 1309) NRNG fhaduunilaanil Fndsdvoatings
0 88.768+1.021 101.844+0.120" 125.321+2.389*
1 95.935+0.107™ 100.526+4.784* 96.535+1.793™
2 89.510+0.283% 83.124+3.848°C 109.449+1.195"
4 89.880+0.466°C 94.980+0.120" 127.539+1.365
6 101.248+2.780" 107.460+2.185™ 100.574+1.877"
12 101.804+1.297" 124.585+1.561* 79.923+0.341%°
24 97.912+0.185™ 146.841+0.120* 127.710£0.171"
36 92.104+4.170" 130.617+0.523™ 135.390+2.048™"
48 90.807+0.651" 93.940+3.433™ 165.939+1.024**

Values are given as mean + SD from triplicate
Different superscripts in the same column indicate significant difference (£<0.05)

Different superscripts in the same row indicate significant difference (P<0.05)
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H a Ia 9 a2 @ . .
ﬂ1§1ﬁﬂ]ﬂwu3ﬂﬁ N2 NITAUATICHNINTTUNITATUDBNYIAYY DPPH radical scavenging

.. Y Y 3 o A o 9 ] 2’ A
activity m@qm13ﬂﬁaqw3ﬁ1uﬁ1ﬂwuﬁlu@(Vl’lﬁlﬁqaﬂiﬂﬂl!ﬂf&luu']%lja’l

A3
DATEHINMTUY DPPH radical scavenging activity (mmol FAE/100g sample)
(#2139) RN fhauduunilaanil Fndsdvoatings

0 fA B ic
13.210+0.160 11.276+0.100 7.984+0.046

1 bA cA bB
17.673+0.059 18.353+0.107 15.686+0.158

2 eB cA eC
14.698+0.131 18.247+0.212 10.619+0.124

4 dB cA dc
15.250+0.089 18.211+0.061 12.403+0.042

6 cA dA cB
16.450+0.287 17.519+0.204 12.548+0.042

12 aA bA aA
18.953+0.229 19.043+0.170 18.213+0.061

24 cB aA fC
16.641+0.097 20.862+0.243 10.9124+0.037

36 fB dA eC
13.390+0.045 17.620+0.103 10.235+0.034

48 ¢B eA hC
12.981+0.116 16.949+0.057 8.935+0.060

Values are given as mean + SD from triplicate
Different superscripts in the same column indicate significant difference (P<0.05)

Different superscripts in the same row indicate significant difference (P<0.05)
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H a Ia 9 a2 @ . .
ﬂ1§1ﬁﬂ]ﬂwu3ﬂﬁ -3 NITAUATICHNINTTUNITATUDBNYIAYY ABTS radical scavenging

.. Y Y 3 o A o 9 ] 2’ A
activity m@qm13ﬂﬁaqw3ﬁ1uﬁ1ﬂwuﬁlu@(Vl’lﬁlﬁqaﬂiﬂﬂl!ﬂf&luu']%lja’l

A3
NATEHINMITUY ABTS radical scavenging activity (mmol FAE /100g sample)
(#2139) Reinga fhaduunilaanil Fndsdvoatings
C A B
0 19.314+0.382 22.703+0.839° 20.570+0.032
B A C
1 22.940+0.087 26.707+0.039° 21.818+0.096
2 dB fA eC
22.337+0.035 25.394+0.839 21.882+0.032
4 dB cdA eC
22.407+0.035 27.994+0.156 21.956+0.037
6 bB cA eC
24.283+0.035 28.657+0.195 22.095+0.848
B bA dcC
12 25.337+0.400" 30.386+0.215 22.852+0.144
B A B
24 23.206+0.104 33.44140.254" 23.439+0.081°
C bA bB
36 23.067+0.104° 29.684+0.023 27.322+0.096
48 dc dB aA
22.546+0.069 27.526+0.156 28.356+0.018

Values are given as mean + SD from triplicate
Different superscripts in the same column indicate significant difference (P<0.05)

Different superscripts in the same row indicate significant difference (P<0.05)
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v 4
a Ja 9 a o 9y Y o
ﬂ1§N<ﬂ1ﬂN‘u3ﬂ‘ﬁ N-4 DITUATIZUNINTTUNITATUDONHIAYY FRAP UDIV1INADINIT Y

o JA o q ' 24 !
aeiugiiom nsen Tasuyluihnnainie

NATEHINMIUY FRAP (mmol FE /100g sample)
(1 Tu9) ReINga fhaduunilaanil dndeinoning
0 dC efB bA
28.126+0.040 31.551+0.424 41.784+0.384
C B A
1 28.61540.023° 31.149+0.112 34.689+0.021°
C deB dA
2 26.669+0.023 32.293+1.137 35.408+0.183
4 dc dB cA
28.179+0.023 32.41240.134 39.017+0.201
6 bB B cA
30.694+0.023 30.748+0.201 39.029+0.293
12 aC bA B
31.117+0.023 35.859+0.157 32.77340.512
fC B A
24 25.98140.079 37.404+0.045" 38.688+0.056
fC B A
36 25.862+0.079 33.705+0.446 38.55440.146
48 egC B aA
24.869+0.596 30.927+0.201 50.33040.695

Values are given as mean + SD from triplicate
Different superscripts in the same column indicate significant difference (P<0.05)

Different superscripts in the same row indicate significant difference (P<0.05)
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MIIMANUINT 9-1 HVBIMIHIgRIMNADaazd1IndwenAlSINMa1Tsene

o a2
Nuoannaviue

17 Usnaasisenouilueaniiaviug (mmol FAE /100g sample)

9 dy o 9 < ~ 9 v o o
VTARYINNG ﬂ]leauuﬂ{lﬁﬁ']u VITIVHIANNY

f1indes 62.672£0.268°  33.362:0.083 82.082:0.401"
f1indeasen 75.893£0.077"  43.106:0.072" 97.152+0.737""
fandosagn 59.81340.077 33.458+0.144°C 79.49740.470""
H1undeasenipagn 75.357£0.077 42.890+0.360" 90.0630.337

Values are given as mean =+ SD from triplicate
Different superscripts in the same column indicate significant difference (P<0.05)

Different superscripts in the same row indicate significant difference (P<0.05)

MINIMANUINT 9-2 HEVBINTHIGNT1INADUAZI1INADIIBNABNINTTUNTATY

20NTIAYYU DPPH radical scavenging activity

17 DPPH radical scavenging activity (mmol FAE /100g sample)

9 dy o 9 < ~ 9 v o o
VTARYINNG ﬂ]leauuﬂ{lﬁﬁ']u VITIVHIANNY

H1indes 6.587£0.169° 3.82440.015° 724440157
P1indeten 9.666+0.399" 4.941:0214" 10.528+0.024""
tndearan 6.233£0.038" 3.76420.015° 6.85140.337"
t1ndessonyagn 8.46240.100" 4.0300.009° 9.380+0.093

Values are given as mean = SD from triplicate
Different superscripts in the same column indicate significant difference (£<0.05)

Different superscripts in the same row indicate significant difference (P<0.05)
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Y 9 Y Y Y 1A Y
ﬂ1§1ﬁﬂ]ﬂwu3ﬂﬁ -3 Na"U@\iﬂ’liﬂ\?ﬁfﬂﬂl’l?ﬂﬁ@\ulagﬂl'I’Jﬂa@\i\iﬂﬂﬁﬁlﬂi]ﬂiiﬂﬂ'liﬁ'lu

2ONFIATY ABTS radical sc avenging activity

17 ABTS radical scavenging activity (mmol FAE /100g sample)
9 dy Y] 9 <3 = 9 v J @
GUTJHIENWVIQQ ‘llnlﬁﬂuﬂ'ﬂ@ﬁTu "’UTJﬁQ‘UWEJﬂWVIE]Q
E 4 B C A
U1INADY 7.33240.239° 4.224+0.082° 8.07140.115°
E E4 B C A
U11INADII0N 9.068+0.096" 5.366+0.093" 11.348+0.023"
4 g dA dB dA
UMINABINIEAN 6.643+0.450 3.36440.046 6.813+0.031
4 2 bB bC bA
V1INABNBNYIAN 8.194+0.182 4.560+0.036 10.099+0.015

Values are given as mean = SD from triplicate

Different superscripts in the same column indicate significant difference (P<0.05)

Different superscripts in the same row indicate significant difference (P<0.05)

MINIMANUINT 9-4 HAVBINTHIGNT1INADIAZT1INADIIBNABNINTTUNTATY

0NFIAYY FRAP

17 FRAP (mmol FE/100g sample)

9 dy Y] 9 <3 = 9 o o @

6UTJK'EIEN‘I/\WIE]Q matauuﬂﬂ@mu "’UHﬁQﬂlﬁﬂﬂWVIQQ
¥ E4 B bC A
1Inaod 11.386+0.134° 6.42640.054 13.336+0.089"
¥ S B C A
U11INADII0N 13.798+0.112" 8.782+0.084" 17.443+0.294"
4 2 bB C dA
V1INABIVIAN 11.892+0.013 5.42240.012° 11.42840.089
4 2 bB dc bA
V1INABWBNYIAN 11.974+0.168 5.298+0.042 14.39440.010

Values are given as mean + SD from triplicate

Different superscripts in the same column indicate significant difference (P<0.05)

Different superscripts in the same row indicate significant difference (P<0.05)
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MARUIN ¥ Haas3osaznIwenvestINdeuilonInendIsan1IzA 1

v 4 1
M51MANUINT 3-1 LEAI3DAZNITIONVBITIINADIIA A IBNUT NN TEHIINS

A9
gUNQN SovazuoIn1sen
GNRIEHICEL)! %’nﬁi&mﬁmqa ruduunilamil Fdeinening
25 98 98 99
30 98 98 98
35 99 98 99
40 98 98 99

v k4 1
M51NANUINT ¥-2 LEAI3D0AZNITIONVBIT1INADIIA WA IBNUE NTLOZNATEHINMS

LFA99)
nan fooazunInzIon
(#1Tu4) ﬂsfnﬁiﬂaﬁmqa fhaduunilaanil Fdadveniings

1 100 98 99
2 99 98 100
4 99 98 98
6 98 99 98
12 99 99 99
24 98 98 99
36 98 98 100
48 99 98 98
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d' I3 = 9J 9 v J [ d' 1 gl a
MANUINATIIIN FB-1 @Qﬂﬂi$ﬂ’é]‘]J“VINLﬂiJ‘U’EN‘UnﬂaﬂﬂﬁﬁﬂlﬁﬂﬂWﬂq%mmWiuuWﬂ WYY

q

A199) a1 24 52139 (% dry basis)

Proximate Soaking temperature (°C)
compositions 25 30 35 40
: b b
Moisture 11.14210.002a 11.31310.001a 10.459+0.003 9.949+0.010
Protein a a a a
9.471+0.005 9.523+0.001 9.440+0.005 9.495+0.002
Li id a a a a
p 3.133+0.001 3.209+0.003 3.151+0.007 3.155+0.040
Ash a a b b
1.541+0.003 1.460+0.008 1.32740.010 1.331+0.027
Fiber ¢ a b a
20.089+0.017 20.466+0.009 20.270+0.020 20.485+0.035

Values are given as mean = SD from triplicate

Different superscripts in the same row indicate significant difference (P<0.05)

a

A J = 9 Y dy o A ' 09/ A
MANUINAITINN AB-2 @Qﬂﬂigﬂ@ﬂ%']\ilﬂnﬂl@Qﬂn’gﬂa@QlﬂENWT]@'QHJ@LLTGLUH’IWQQJWJ]N

U

A199) a1 24 $2 149 (% dry basis)

Proximate Soaking temperature ("C)
compositions 25 30 35 40
: b
Moisture 1147840011 11282+0.012°  11.092£0.020  10.336+0.005
Protein a a a a
6.635+0.001 6.621+0.010 6.757+0.040 6.843+0.003
L1 1d a a a a
p 3.164+0.005 3.157+0.001 3.182+0.006 3.175+0.010
Ash a a b b
1.205+£0.010 1.136+0.007 0.881+0.030 0.922+0.011
Fiber b a a b
20.253+0.050 20.542+0.009 20.665+0.010 20.394+0.021

Values are given as mean + SD from triplicate

Different superscripts in the same row indicate significant difference (P<0.05)
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a

a J =) 9 9y < A A ' 3’ A
MANUINATITINN HB-3 mﬂﬂizﬂeumqmmawnﬂamu,auuﬂﬂﬁmummwiuumqmwﬂu

U

A199) a1 24 $2 139 (% dry basis)

Proximate Soaking temperature ("C)
compositions 25 30 35 40
: b
Moisture 11.84840.020° 1132200090 11.101£0.022°  10.068+0.005
Protein b b a a
7.369+0.005 7.334+0.010 7.490+0.009 7.561+0.006
Lipid 2 2 2 2
p 3.273+0.007 3.238+0.014 3.214+0.007 3.203+0.002
Ash a a a a
1.389+0.010 1.335+0.019 1.379+0.010 1.351+0.015
Fiber b b a ¢
20.621+0.030 20.651+0.006 20.891+0.001 20.358+0.030

Values are given as mean + SD from triplicate

Different superscripts in the same row indicate significant difference (P<0.05)
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MANHINAITINN B4 @Qﬂﬂigﬂ@‘U“VnQLﬂlJGU’fNGUTJﬂa@Qﬁqmﬁﬂ@]w%q@luﬂl!“ﬁﬁluu'lﬂ35851’3'&11@”\1‘] (% dry basis)
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Proximate Soaking time (h)
compositions 1 2 4 6 12 24 36 48
Moisture c c b c b a a a
9.29540.002°  9.47840.010°  9.93740.008  9.40840.005.  10.036£0.011  10.431£0.020°  10.540+0.002 10.83540.009
Protein b b b b b a a a
9217+0.010°  9.22040.001  9.210£0.003  9.458+£0.002  9.427+0.006  9.653+0.001  9.865+0.002 9.987+0.001
Li ld b b b b b b a a
p 2.876£0.008  2.966+0.007  2.942+0.004  2.987+0.002  3.035£0.007  3.045£0.001  3.222+0.003 3.246+0.005
Ash a a a a a a b b
1.644-0.001 1.590+0.001 1.593+0.001 1.526+0.001 1.525+0.005 1.4620.002"  1.406+0.003 1.357+0.004
. b b b b
Fiber 20.705£0.005  20.265£0.005  20.263+0.001  20.290+0.001  20.179+0.006  20.059+0.003  20.083x0.001°  19.517+0.002°

Values are given as mean + SD from triplicate

Different superscripts in the same row indicate significant difference (P<0.05)
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Proximate Soaking time (h)
compositions 1 2 6 12 24 36 48
Moisture b b b a a a a a
9.282+0.002 10.043+0.010 10.439+0.009 10.652+0.005 10.557+0.011 10.783+0.002 10.988+0.020 11.050+0.004
Protein b b b b a a a a
6.711+0.001 6.799+0.002 6.802+0.005 6.801+0.002 6.997+0.004 6.971+0.011 6.985+0.008 6.957+0.008
Lipid c c c c c b b a
p 2.769+0.001 2.779+0.003 2.756+0.005 2.860+0.002 2.903+0.001 3.025+0.001 3.081+0.004 3.293+0.005
Ash a a a a b b b b
1.434+0.005 1.462+0.003 1.389+0.001 1.378+0.001 1.189+0.001 1.018+0.009 0.964+0.001 0.888+0.002
: b b b d d
Fiber 20.005ﬂ:0.007C 20.303+0.004 20.816i0.00221 20.599+0.010 20.336+0.008 20. 194i0.005C 19.794+0.002 19.758+0.001

Values are given as mean + SD from triplicate

Different superscripts in the same row indicate significant difference (P<0.05)
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MANHINAIIINN B-9 @Qﬂﬂi%ﬂ’e]‘U“VINLﬂiJ‘lIfN‘UTJﬂaﬂﬂlﬁﬂuﬂﬂ@ﬂ1umfJL!“ﬂuuTVIi%EJ%L’JaWING] (% dry basis)
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Proximate Soaking time (h)
compositions 1 2 4 6 12 24 36 48
Moisture b b b a b a a a
9.620+0.005 9.897+0.002 10.279+0.020 10.584+0.006 10.382+0.010 10.681+0.009 10.723+0.011 11.134+0.004
Protein c c c c c b b a
7.243+0.001 7.390+0.003 7.336+0.010 7.333+0.002 7.351+0.001 7.642+0.008 7.657+0.006 7.994+0.002
Lipid b b a a a a a a
p 2.726+0.001 2.8524+0.004 2.9314+0.005 2.950+0.007 2.961+0.004 3.023+0.005 3.050+0.009 3.179+0.010
Ash a a a a a b b b
1.616+0.002 1.610+0.005 1.627+0.001 1.628+0.009 1.515+0.008 1.207+0.006 1.262+0.001 1.149+0.011
Fiber b b a a b c c
20.073+0.002 20.044=+0.002 20.283+0.011 20.586+0.010 20.013+0.009 19.660+0.001 19.683+0.008

19.608+0.001°

Values are given as mean + SD from triplicate

Different superscripts in the same row indicate significant difference (P<0.05)
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