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Abstract

Jatropha curcas is an economic important plant because of its several potential
industrial and medicinal uses. Its seed cake, a by-product generated from oil extraction process
of J. curcas seed, is rich in protein which could be used as an alternative protein source for the
food or feed industries. However, the seed cake contains toxic agents, phorbol esters, and also
anti-nutritional factors which are phytic acid, trypsin inhibitors, lectin and saponin. The
objectives of this study were to study the best condition to reduce toxin and anti-nutritional
factors of the J. curcas seed cake, and to study the functional properties of proteins isolated
from the J. curcas seed cake and its detoxified seed cake. To optimize the condition of toxin
and anti-nutritional factor reduction, the best condition was achieved by using 90% ethanol as a
solvent at a volume of 15 ml to 5 g of the seed cake with 4 time repeated extraction and 5 min
for each time, using a shaker at 150 rpm. Functional properties of proteins isolated from J.
curcas seed cake and the seed cake detoxified by ethanol extraction were studied. The
solubilities of both protein isolates were maximum and minimum at pHs of 12.0 and 4.0,
respectively. The water binding capacity of protein isolated from the seed cake was 2-fold
higher than that of protein isolated from the detoxified seed cake. The proteins from the seed
cake and the detoxified seed cake provided the oil binding capacities of 1.86 and 1.07 ml oil/g
protein, respectively. The foam capacities and stabilities including emulsion activities and
stabilities of both protein isolates were high in a range of basic pHs. Their foam and emulsion

stabilities decreased with increasing time.

Keywords : Jatropha curcas / seed cake / anti-nutritional factors / protein / functional

properties
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al; 9 1 o 14 Y 4 .
MuULa  5IUNINS FonIUea i'JiJﬂ'Uﬁ'ﬁI“lﬂaElllllaiﬂilfﬂuﬂ'liUﬂ!uﬁl!ﬁ$ﬂ31ﬂiﬂu%u (Martinez-

a

. . . o Y Y 4’4’ = [e) <3 =
Herrera et al., 2006) Trypsin inhibitor §NN1A1PAWANUIDUTUNYUNYY 121 C wWuar 25 wn

U

(Martinez-Herrera et al., 2006) ¥30ganaii 100°C ifluran 90 il wiegamgil 130/160°C Funan 60
it wieanufouniaiigumgil 160°C 1unan 120 wii sz I hnwdeusuiiszansamlunis
M8 Trypsin inhibitor AnAuTouL (Aderibigbe et al., 1997) Phytic acid Qﬂﬁmw]’lﬁigﬂﬁ)ﬂﬂﬁ)’m
msnesadii 10 KGy uazdruanudoulifinanenisant/Fuiaues Phytic acid (Aderibigbe et al., 1997;
Martinez-Herrera et al., 2006) 13318 Saponins aaadAeM3IFemuea UNUMIRILSIFUALTANY

fou'lulinanemsanilsuavuea Saponins FUNU (Aderibigbe et al., 1997; Martinez-Herrera et al., 2006)
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Phorbol esters ha5zu1as 50% Tagmmwizaunaunsin Iviesveuiiuiunais (deacidification) Hag
=S ?)’ %
M3Won@ue911IU (bleaching) (Haas and Mittelbach, 2000)
A A ¥ A A A S o A A = a 1 a o A @
ﬂﬂ!ﬁ'lﬂJ@]LGJNVI'L!"ITIEU’ENTl]ﬁ@]u%uﬂﬂ%"lﬂmﬁﬂ‘ﬁfgw%l,mgW%Tﬂiﬁu%uﬂ@TQ ] 91N DAUNADI D1
a <3 . .
aara wanrhe cowpea, chickpea, safflower, rapeseed, great northern bean, winged bean, faba bean, mucuna
bean, lupin seed LAY pigeon pea Qﬂﬂﬂﬂlﬂﬂﬂ Sathe 1182 Salunkhe (1981), Sathe tlazAd (1982a), Sathe
LazAMe (1982b), Abdel-Aal uazaAme (1986), Paredes-Lopez 181¢ Ordorica-Falomir (1986), Paredes-
Lopez UagAMy (1991), Mansour (asAME (1992), Fernandez-Quintela sagadle (1997), Mwasaru Lo
AU (1999), Tsaliki tlaznme (2002), Adebowale itag Lawal (2003) 4o Yu uagaa (2007)
Y £ Aov A A 9 = @ Y o [ = v A
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= 1 < 1o a 4 .
1. ﬁﬂmﬁ]mﬂmwTﬂﬁlﬂmmﬁlmmﬂmaﬂﬁym Iﬂflﬂ’li')&ﬂi’]gﬂuﬂﬂﬂigll'lﬂ! (proxnnate
. Y { . o 4
analysis) Taun Usuannuau (moisture content) Sua i (crude fat content) Suanbele (crude
Y .

fiber content) SIEFRGIIGE! (crude ash content) 3 Talsau (crude protein content) uazlsua

m3ilylamsa (carbohydrate content) @m'ﬁmimmgmmm AOAC (1995)

a 1 I 1 o a
2. ﬁﬂ‘l&l11EN1mﬁ'l‘iW‘]ellm$ﬁ15g]}'luﬂil!ﬂTﬂNTﬂGb"HWﬂﬁ'Gluﬂ?ﬂlﬂa@ﬁy‘ﬂ'l Iﬂﬂﬁ'ﬁW‘H!LaZ
9 ' Aa MY
ﬁTiS?V]TL!ﬂﬂ!ﬂWﬂNIﬂ%u1ﬂT§ﬂ’J!ﬂﬂ$ﬁhlﬂllﬂ
2.1 Phorbol ester AAL1/a991nIFN15UDY Hass 11 Mittelbach (2000)
2.2 Trypsin inhibitor AWITNI5VDI Kakade Liazame (1974)
2.3 Saponin ANITNITVOI Thilborg tiazAMe (1994)
2.4 Lectin MMUITA15U04 Gordon LA Marquardt (1974)
2.5 Phytic acid Aaulas91nITNIVON Vaintraub LA Lapteva (1995)
o o a <3 1o Y o ‘:y
3. ﬂ?iﬂT%ﬂﬁTiWHﬂluﬂTﬂWﬁﬂﬁyjﬂT 1‘;]5’3‘ﬁﬂ1§ﬂ\11!
ax A < 1o A a Yt o
3.1 ABNNWNYNIN TﬂﬂlﬂﬁEJﬂ"lﬂ!llaﬂﬁ'llluﬂT]JLlf]W]’E)8@%!1&8%114“?1’31%141!1@'“%?{%@
) I H 1 < o 1 A a I a
‘1J§$3J"Ii1l 0.5 ¥y. uﬂﬂmmmmﬂuszﬂznm 8 U, AA 9.00-17.00 U. INUAIDITNUNDUATIEUAITNY

Y 1 A A < 1o
Ltﬂzﬁﬁ@nuﬂmﬂ”m”lﬂIﬂﬂfu”lﬂﬁ‘mﬁa@‘luﬂWﬂmﬂﬂE‘T‘]al,ﬂ”l

ad = = [ 1 [ dy
3.2 33manil TasdAnyfadeaian aall
- ¥iiaveIiviazale 1aun Methanol, Ethanol, Dichloromethane (AMITUYY 50%,
Y
70%, 90%, 95% LA 99.5% (v/v)) Uagul
-Smasvesddaiazane 1dun 15, 20 uag 25 wa.
Y Y
- UATIVRIMIane 18U 1,2, 3, 4 1ag 5 As
o 9 ~
-szeznanlumsanaldun s, 10, 15 1ag 30 U1N
3 A ] Y 1 1 )=}
-anus I lumsen 18un 150, 200, 250 1ag 300 SoUADUIN
< o ] A A ' a 9 1 ~ A < 1o
Mufvdie NI NI NELa IR UgUAIN Inumsimas lumnwaaaye
A asm Ao w A A ~ 3 1o A
4. 1@enituazanmzimiamsnunigalumsesoumnuwaadyslsiannaisiy
) [ [ =S = d' d' [ =3 <3 1" o [ dy
dmSumsanaldsdu TasAnianngimmnzauigalumsanaldsduannmnuaadid aeil
= 1 = o < To o 3 )
4.1 fAnwmaves pH aesunalisAuana Taenaumnuaaaysinuiiinaulu
8951891 1 a8 10 (W/V) 1U51a1 pH 114939 2.0-12.0 @38 0.1 M NaOH ua 0.1 M HCI naulriniu
< & ~ A o Z . o 1 A < g
e 1952 Tue Nguugi 30°C 91U centrifuge A1502A1WAIDE1INANNTITOU 2,000xg 11U

30 W wazdnazilsunaldsdulumsazareainle (Lowry etal, 1951)
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42 fAnvnavesgungiaelsualilsauana Tag@enal pH naunsoana llsau
I8gagaoindo 4.1 Taoldgaungilumsanagae 30-80°C ImsgriSualsdulumsazareaiula
(Lowry et al., 1951)

= 1 = 3 A 1 Qd’

43 Anvmavesszeznawelsualisauana Tagdena pH uazgau)inausg
analUsauldgegaainde 4.1 uay 42 Tagl¥szoznarlumsana 1,3 uay 15 3. Ansgil5ina
Tdsauluasazaroaiuld (Lowry etal., 1951)
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5. analdsaunnmawaaaydwazmnmaadymasaasiy  Tagldanznangann
Y
msdnelude 4. vimindSua pH vesansazaneldsauaiulalill pH 4.0 ade 0.1 M HCI
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<3| A A le) A = . o oA <3
mwdluna 20 Wi Agurgh 30°C oanaznouldsiu uag centrifuge M1TOZMBAIDINNAINIG?
2 3 : { { o <
591 2,000xg Wuna 30 Wi tuazneuTdsiu FenznouTdsauilane TUsaunana ldaanmnuan
a1jen
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6. dAnwesnsznovvesTisaunana ldninmnwaadydmazmnwaadiilaoaasiy
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mmsfSeumsuesndsenevaeslisaunana laninne 2 uras 1dun USualdsdu siiauaziSunm
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7. dnvnuauiadaiinveslUsaunanalannmnwaaayduagmnmaadiydn)aos
a o =1 v A 9 d' =3 d' (% 9 g’; 1 g’/ dy A A Y d'
sy simafFouiieuaaauiaraiinvesTdsaunanalannns 2 unamstaaauiadmrn
voaTisaunshimsans ldun

7.1 auduiianIazale (Protein solubility) Tagyiinmsmimimsazatsved lsauana

o

) .
VINMNAAYAIN pH 2.0-12.0
Y Y

7.2 mmmmmﬁlumﬁ@M‘umuagumu (Water and oil binding capacities)IﬂEJu”l
= [ <3 1o Y Y v o g A k) %‘ o =
Tsauanannmawaaayswauliinnunui menaasuanuawnsalumsgui uazillsau
[ <3 1o v @ %’ v o 4 ] ]
anannmnmaaaydnaulidtunuihiunmaes imenageuanuansnlumsgadu luduues
Tdsauaudsnsnaadasain Beuchat (1997) 1ag Chakraborty (1986)
a . o 2 [ <] 1 o
73 anuansalumsinanes (Foam capacity) Tagti Tisauanannmnmaaaije
Y 1 (] @ ° 4 y 4 o a
pawi USuan pH w39 2.0-12.0 auldidinusaziiduasestiuiior 1¥inanes tdmaasuaiy
5mMsNaalanin Makri Lazaae (2005)
7.4 ANUAIAIYDINBY (Foam stability) Iagrhddea1ai laninmsnaaeuanuaunse
a tg’ s}d' a9 S o d‘ 1 an
Tunmsinavles MeneIAngavigiies w15, 30, 45 naz 60 w17 Fa1f51asHoNNAIA 9 AWITMS
d' QU .
Naauilag91n Makri taznag (2005)
a a o q'.l ] N <
7.5 anuasalumsinaiasu (Emulsion activity) lagiildsauananmnwan
1 o -7 (%] g - 1 1 % = 901 " Q'l o
ayamanIdisnunnd USua pH g9 2.0-12.0 aulddhng @uiniuaamaes udni

. A o -4 3 av & an A o
centrifuge !,‘W6ﬂTL!’JmLﬂ@il"’]ﬂ‘l&@]ﬂﬂhlﬂﬂ@hﬁ%u GﬂiJ’J‘ﬁﬂﬁ‘I/]ﬂﬂLlﬂﬁﬂiﬂﬂ Naczk tiazaue (1985)
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7.6 ANUAIRIVOIBNATY (Emulsion stability) Tagiidieenain ldninnmsnaaeu
A av o Y Y A a [e) g Y = a g o
anwawnsalumsinastasu 1l ianuieunguugi 85°C minuuseliidusudegurgiveos duiw

° s3d o o aov O as Ao
ﬂTL!'Jﬂ!Lﬂ'ﬁ]il%u@ﬂ’)’lmﬂﬂ@ﬁmﬂﬂ@ua%u G]’lll')‘ﬁﬂ’lﬁﬂﬂﬂllﬂﬁ\ﬁ]’lﬂ Naczk tiazame (1985)
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HAaN1INAADIATNITIVIIUNA

1. PSanadistiu msiivrazansugammalasinmslumnmdaaien

< 1 o I 4 % o [ §
mnwaaeaysi ldsauiluesilsznovlszanm 23.5% (Tastiminuia) dwaaslumsien 1
[ o % a < ]
naziifsualndiResnusieauues Makkar tazame (2008) dMivlsmnsaezil Tuvesmnandiy)
° ~ 1 Ao ' 7 o Y . .
A1 (AN 2) WU UMSINIUNUNNNHUA LAY FAO/WHO (1991) antdut/Iunal methionine uay

cystine

a 4 a v <3 1 o 1
Hams RS zilsnamsisraza s AN Insnms lumnwaadys naasluaisie
a < 1o A =< 1 ~
1 615WY Phorbol esters TumMAaaa el 0.73 mg/g F3ganNUTmagaganvynaaoaains
1 1 1< { J
nu1A (0.09 mg/g) (Aregheore et al., 2003) LABE1413AMN Phorbol esters MMUTLIuaiaeninlunn

= Aa

< 1 o o A 9 v A .
AATYATYINUTOU fJﬂL'JufmeWuﬁﬂulNNWE%1ﬂﬂﬁzlﬂﬁ Mexico (Marker et al., 1998)

d' = a 9 1 < o
MAMTNNN 1 ﬂ?mmiﬂmu ﬁ?iW‘H!LﬁZﬁWiﬁ'luﬂmﬂ1ﬂNIJ‘I“HH'IﬂTi"UENﬂWﬂHJﬁﬂﬁHﬂ'I

Components Content
Crude protein (%, w/w) 23515
Phorbol esters (mg/g dry sample)? 0.73 £ 0.06
Phytic acid (%, w/w) 8.55+0.51
Trypsin inhibitor (T1U%/g dry sample) 7.42 +1.64
Lectin activity (HU*/mg protein) 13.15+0.45
Saponin® (ug/g dry sample) 27.82 +0.68

I Means + standard deviation of triplicate determinations
2 Equivalent to phorbol 12-myristate, 13 acetate

* Trypsin inhibitor units

* Heamagglutinating units

> Diosgenin equivalents

v
%

) (% 1 <3 1o A 1 . .
dmSuilSunaasduguamalaynmslumnwaaaysmanua 4 wiia 1dun Phytic acid,

T o A

N
1 < 1w
Trypsin inhibitor, Lectin (8¢ Saponin WUIININLUAAL ICRESIERRLN Trypsin inhibitor (& Lectin (110U

U
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, o o 43 v 1 4
7.42 TIU/g sample 182 13.15 HU/mg protein MUa1AU (131N 1) HTunadssnnnnulunin
< 1 o Rz a . . . <3 1 o
maﬂﬁymmﬂwuﬁﬁm (Marker et al., 1998) HANIAATIZH Phytic acid 8 Saponin Glumﬂma@ﬁu“m
WuNTYTu 8.55% tay 27.82 pg/g sample awd1ay (13199 1) FeladiReenuySuns Phytic acid

{ I 1o @ 4
uag Saponin MMy lunnaaaydaewigou 9 (Marker et al., 1998)

d' a < 1o
7113190 2 ﬂ%iﬂﬂ!ﬂiﬂﬂ%uiumﬁ)ﬂﬂ1ﬂmﬁﬂﬁu91

Amino acid J. curcas seed cake' FAO/WHO
(g amino acid/100 g seed cake) reference value?
(9/100 g)

Essential

Methionine 2.37 2.5°
Cystine 1.10

Tyrosine 0.31 6.3*
Phenylalanine 0.77

Isoleucine 0.73 2.8
Leucine 1.30 6.6
Valine 0.90 35
Histidine 0.45 1.9
Threonine 0.73 3.4
Lysine 0.86 5.8
Total essential amino acids 9.52 32.8

Non-essential

Aspartic acid 1.82
Serine 0.93
Glutamic acid 3.20
Glycine 0.83
Arginine 2.31
Alanine 6.25
Proline 2.69

1 All values are means of duplicate determinations.
2FAO/WHO. Protein quality evaluation, Daily requirements for human adults, 1991
3 Methionine + cystine

* Tyrosine + phenylalanine
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2. mamdaansiilumna@aayd
ad
2.1 J/EMIME/MN

msAnywavesnuiounnuaaaaels Iam T BLazasAIUAMA M TnyuIms Tunn
3 1o ' < To A1 3 . ¥
waadys wun mamaagyandumsanuaaiunanu 8 su. awnsoaaliina Lectin 14
Y
9] a I
Navua (rseanasnaili 100%) azaalSunal Phorbol esters, Phytic acid, Trypsin inhibitor t8% Saponin

1 a o w @ {
1@dun9du viseananaiiy 29%, 13%, 20% uag 74% auaiay aaaadluaisian 3

v
S

3 a 9 ' < 1o
ﬂ]§1\1ﬁ3 ﬂ%lﬂma"liwyuagﬁ“]iG]’]uﬂmﬂ']cVnQiﬂ%u']ﬂ’lileﬂQﬂ’]ﬂuJaﬂﬁﬂﬂ'] WIHNTTATNLAR

U

Components Content’
Phorbol esters (mg/g dry sample)? 0.52 £ 0.09
Phytic acid (%, w/w) 7.40£0.05
Trypsin inhibitor (T1U%/g dry sample) 5.96 + 0.98
Lectin activity (HU*/mg protein) ND
Saponin® (ug/g dry sample) 20.60 £ 0.50

I Means + standard deviation of triplicate determinations
2 Equivalent to phorbol 12-myristate, 13 acetate

3 Trypsin inhibitor units

* Heamagglutinating units

> Diosgenin equivalents

ND: Not detected

2.2 35manad

MIANHINAVDIFHAR Az ABLAZ AN NTUVDIR Az aerian1e Jumsana Phorbol
esters taaanaluasad 4 wudnhndu liannsnaia Phorbol esters @31 Methanol 100% 1@ Ethanol
90% 1331715 20 ml AFAT 5 AT9 UARLATIIY 5 1T Az dBIRE B ANE 1501 250 TOUAD
u1# @1150anA Phorbol esters 99ANNMANAAAYAT 0.47 LAY 0.43 mg/g MNAIND Tuvagiins 19
Dichloromethane Hia ST @ 1M58a7A Phorbol esters 141708n311131% Methanol 1az Ethanol
Sudenl¥ Ethanol 90 % Fudarhazaiolumsana Phorbol esters titoanuasududelyl iosan

Q‘ A 1

apansao @13 I0u1nN10 3 1% Methanol
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4 a Y 9 v o 1 4 (% < ]
ﬂ"l§1ﬂﬁ 4 Nﬁ"ll’f]chﬁﬂlﬂl,m$ﬂ'3'lllléllNﬂluﬂlﬁ]ﬁ@]’)ﬂTaZﬁWU@@lﬁN’lm Phorbol esters ﬁ’ﬁﬂﬂﬂ1ﬂﬂ1ﬂmﬁﬂﬁﬂ”

o

i
Concentration Phorbol esters (mg phorbol esters'/g dry sample)®
(%, VIV) Methanol Ethanol Dichloromethane  Distilled water
50 0.08* + 0.02 0.09% + 0.02 0.04* +0.01 NA
70 0.27° +0.09 0.20° +0.02 0.03*+0.01 NA
90 0.36" + 0.05 0.43" £ 0.00 0.03% £ 0.02 NA
95 NA 0.35°+0.04 NA NA
99.5 0.47° £ 0.00 NA 0.08° +0.01 NA
100 NA NA NA ND
Mean values with different letters (a, b,...) in the same column are significantly different
(p<0.05).
NA: Not analysed ND: Not detected

L Equivalent to phorbol 12-myristate13-acetate (1311Aa833 Phorbol esters SURM 11D 0.45 mg/e)

2 Mean + SD of triplicate analyses

MIANYINAVDILITUINT Ethanol 90 % Mz eaulun1sana Phorbol esters WU1A15 19 Ethanol
[ %’ g)/ 1 g’; [ 4 1 H <3
U51195 15, 20 HaE 25 ml ARAN 5 AT WU 5 WINABASI LAZIVEAILATDAVEINANVISITOU 250
] = @ ~ [ @ 1 A v o v A @ A &
sOUADUIN @W1T0ANA Phorbol esters 1@ luSanaiuanaanuedis hifhisdnanseauanudenu
95% Tae1/310 Phorbol esters Nerna latiA10g1u%19 0.41 - 0.43 mg/g (U7 1) Tu@onlH Ethanol 90 %

X d { { 4 v U 4 1
151195 15 ml FauiluiSuasifosiiqe on1sana Phorbol esters Tumsnyiladeduae lil

@ . 0.4266' 0.4305"

= 0.5 ~ 0.4113

& T I 1

> 04 - T | 1

S

(@]

> 0.3 o

E

wn

E 0.2

38

> 0.1 +

=

o

ron 0 | | ,Volume of ethanol

(Wa)

15 20 25

4 [ < 1o
3UN 1 Havea1/53195 Ethanol Tumsanaee1/5unas Phorbol esters YaamnIuaAaA1

Mean values with different letters (a, b, ...) are significantly different (p<0.05).
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[ g’/ A [ A 9
HOVBITIUIUATINMINZ AN IUMIARAa Phorbol esters taadlugli 2 Tagly Ethanol 90%
[ Eol 3’, = g‘; "9 A oA <3 [ =1
31195 15 ml @nAL 1-5 AT UIY 5 UINABATI LAZIVEIAIBATOAVIINANIGITOY 250 TOUABUIN

' o ¥ ' o o . v 2 ¥
WUNMTANANET 1 A Illli"fuﬂ'iﬂﬁﬂﬂ Phorbol esters 6@ﬂﬂ1ﬂ@]3681\1]1¢9]) TIUMITTANAL 2 LIaS 3 AN

[

#115080A Phorbol esters 18 1uifS1na 0.25 1az 0.28 mg/g mud1ay laguanateanuees Lifiivdday

9

[ 1 ] H v v Vo
ﬁizﬂummg%mu 95% luvuzNMsanasl 4 az 5 A9 WULSUI Phorbol esters (MAY 0.43 1A

]
o v A

o é 1 d' 9 1 [ [} A o v d' < =S A 9 [
0.41 mg/g AMUAINY cmmm"lmmwmﬂuafmﬂuuuﬂmﬂmmmummmuu 95% enlEmsana

Y 9 ) ) '
%1 4 A59 NoAny 1T dsdUae 11)

> ¢ ¢

@ 0.4322 0.4113

g 0.5

S I I

> 04 4 b 1

D

S 0.3 - T

£ I I

wn

g 0.2 -

3

5 0.1 - .

2 o0 | | : : . Repeated

[a .

extraction

1 2 3 4 5

v Y
o 1Y 1Y 1 I~ 1 o
i 2 wavesTwauasalumsanadeSual Phorbol esters YoannImaAaji

Mean values with different letters (a, b, ...) are significantly different (p<0.05).

a 4 ~ [ [
MINATIZHHAVDITZozIa N 15 UM Iana Phorbol esters WUA1N13 1% Ethanol 90% 1511013 15
@ g 3’; 1 Z’, ] 4 ] A I~ ]

ml @791 4 A53 1919@1 5, 10, 15 4AZ 30 WINABATI LAZIVEIAIVIATOIVENANNIZITOU 250 TOUND
~ [ [ td' é 1 [ ] A v o W d’
W1 @1N30aNnA Phorbol esters 1@ 14329 0.43 — 0.45 mg/g (3UN 3) Fawanannues luliednan

[ zﬁ‘ o =R A 9 [ = g‘/ o 1Y = [ Lﬂ' 1
FTAUANMUFDIU 95 % dudonlFizezarlumsana 5 wiAdense dmsumsanyifadedude

A S Y A A o
LL!’BN%']ﬂHJ“LJ‘igﬂZL?ﬁWﬂﬂﬂﬂ@ﬂﬂﬁWNﬁﬂ’c’fﬂﬂ Phorbol esters

) [ < 4 ' @ 1
ﬁTﬁi‘UWﬁsll’f)\iﬂ’ﬂmﬁ’Jif]‘]JﬂJ’fNLﬂ%@\‘]HlﬂﬂL!ﬂTﬁﬁﬂﬂ Phorbol esters W‘]J’Nﬂ'lﬁclslafj Ethanol 90%
o 2 & Y A ? vy A A <
U51105 15 ml gnas 4 ASY Glsmm 5 UHINEODATN LASIVYINWYLATOUVITNAIINLGITOY 150, 200, 250,
1 = 3 Y A =< 1 [ [} 2 v o w
300 59UADUIN AINTDENA Phorbol esters ‘lﬂ 0.43 — 0.44 mg/g (gﬂ‘ﬂ 4) “BQLL@]ﬂ@]Nﬂu@EJNUinJuEJﬁWﬂﬂJU
A4 o 4 4 = A ) < o ' a2 A < 3
NITAVANUYDUU 95 % fiNLai’]ﬂGlGIfﬂ’NZJL'i’JifJ‘}JGluﬂﬁﬁﬂﬂ 150 59UADUIN 1BIINYUANNIGITOU

osgalumsena Phorbol esters



18

6\ a

= 0.4322° 0.4345" 0.4412° 0.4496

E 05 -

(5]

>

S 0.4

o

g 0.3 -

®

S 02 A

3

_g 0.1 —

2

a 0 | I I , Time (min)
5 10 15 30

y { v 1 <3 1o
310 3 wavesszeznan 1 lumsanaaoi3ua Phorbol esters YOIMAWAATLAT

Mean values with different letters (a, b, ...) are significantly different (p<0.05).
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2) 019 lsna 1w YSunmnsaezii TuvesnnuaaaMaInIsanaaie Ethanol HMdniunamiiiivua

Tag FAO/WHO (1991) 813413319 methionine 11ay cystine

a 4 a 9 v <3 1 o A
HaMIARIEHUTINUMINBLAzsIUAUAINI InBNM TUMAaaayam  (M3n - 5)
<3 1 o w a {
paaelyifiud MsMIAaIINEA20 Ethanol Tuaanzimunzan amisnaat/5unss Phorbol esters tag
. = v A ' F2 A a I dy . . . . .
Lectin 9a5zavi liausonsranyla (M30anasnaili 100%) UBNINU Phytic acid, Trypsin inhibitor
1ae Saponin WUNNUSIMaAaUdOiT 1.87%, 1.12 TIU/g sample 1z 10.04 pg/g sample auday

a g o w
ﬁ%ﬂaﬂﬁﬁ‘ﬂﬂlﬂu 78%, 85% LAY 64% A1UaA1AY

d' = a 9 1 < 1 o [ v 9
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Ethanol

Components Content’
Crude protein (%, w/w) 23.0x1.0
Phorbol esters (mg/g dry sample)? ND?
Phytic acid (%, w/w) 1.87+£0.11
Trypsin inhibitor (TIU*g dry sample) 1.12 +0.09
Lectin activity (HU>/mg protein) ND?
Saponin® (ug/g dry sample) 10.04 £ 0.60

I Means + standard deviation of triplicate determinations
2 Equivalent to phorbol 12-myristate, 13 acetate

¥ND: Not detected

*Trypsin inhibitor units

® Heamagglutinating units

® Diosgenin equivalents

Y
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] 4 2 o w 1 < ]
DINANYIU IINIAIWITONIIA Phytic acid, Trypsin inhibitor [LAE Saponin llﬁl‘]_l"l\iﬁ’lu nnanel)
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H = I 1 o [ [
A15197 6 ﬂaﬁﬂﬂlﬂiﬂ’f)$iJIuEU’E)\‘lﬂTﬂmaﬂﬁ‘]J“ﬂ'lﬁﬁﬁﬂ']ﬁﬁﬂﬂﬁ’)ﬂ Ethanol

Amino acid Content" FAO/WHO
(g amino acid/100 g seed cake) reference value?
(9/100 g)
Essential
Methionine 2.21 2.5°
Cystine 1.02
Tyrosine 0.36 6.3*
Phenylalanine 0.69
Isoleucine 0.63 2.8
Leucine 1.14 6.6
Valine 0.78 35
Histidine 0.35 1.9
Threonine 0.66 3.4
Lysine 0.55 5.8
Total essential amino acids 8.39 32.8
Non-essential
Aspartic acid 1.54
Serine 0.81
Glutamic acid 2.50
Glycine 0.74
Arginine 1.71
Alanine 5.82
Proline 242

L All values are means of duplicate determinations.

2FAO/WHO. Protein quality evaluation, Daily requirements for human adults, 1991

3 Methionine + cystine

* Tyrosine + phenylalanine
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! Means + standard deviation of triplicate determinations
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MANUIN

MARUIN N MIAIBHAITIAN
1. matasenasilumsinnzidsnalylsauds Kjeldahl (AOAC, 1995)
1.1 13a%a18 Mix indicator

Herl Methyl red 0.2 151 U Methylene blue 0.1 ¥4 114 Ethanol Wty 75 ileiGud 100 dadans

1.2 59T (Catalyst)

Wal Copper sulphate (CuSO,.5H,0) 1 N34 A1 Potassium sulphate (K,SO,) 4 N7

. . - 4
1.3 a1582a18 Boric acid 1909 4 o515 ud (w/v)

Y '
azan® Boric acid 40 031 TwiinaudsulSuies1ild 1,000 adans

1.4 91582810 NaOH 1uau 40 1lodidua (w/v)

¥ Y =) an
aza18 NaOH 400 n31 Tuiindu U5uSuas 1w 1d 1,000 iadans

DY ¢
1.5 e15aza1e HCLiuUy 0.1 Tuas

A Aaa g ) [ A Aaa
NauaNsazals HCI 8.58 Haaans aslwinay Y5ui3ias 114 1,000 Taaans

2. matasenasilumsinnzidsnaldsauds Lowry (Lowry et al, 1951)
9y 9 J 3 4
2.1 81502819 A : 1502819 CuSO,.5H,0 tudiu 1 1loSisud (w/v)

azae Cus0,.5H,0 1 n5u Tuhnau diulfnes 1414 100 Tadans

Y 9 J I J
2.2 M5azany B : 8130318 KNaO,C,H,.4H,0 194U 2 1osidud (w/v)

azae KNaO,C,H, 4H,0 2 niu Tuthnau U5u1/511a519 14 100 Tadans

2.3 @1582010 C : @1582810 NaOH 1vuafu 1 Tuans 1u Na,CO, i 2 nlosidud (wiv)

¥ Y =) an
aza19 NaOH 4 n3u 11ag Na,CO, 20 n5u luhnau UsuilSuas 11k 1,000 iaddas

2.4 e1302a18 Copper reagent
navaIsazale A 1Usuias 1 Yaaans a1sazate B 1U5u1as 1 Uaaaas uazaisazals C U5uas 48

Unaans
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2.5 ®1702018019331U Bovine serum albumin
8218 Bovine serum albumin 0.05 n¥ Tuthindu Y5ud5uas 1 100 faddas drevandlfy
YSuasauia 100 Hadans 1¢ldesazaron1nsgIu Bovine serum albumin iy 500 lulnsniuae

a aa I
Haaans 1y Stock solution

n3. mi!ﬂ%ﬂNﬁ]ilﬂmuﬂﬁalﬂiwﬁﬂ%N]m Trypsin inhibitor (Kakade et al., 1974)

. Yy 9 a A 4 I 1 ~ = Yy Y a a 4
3.1 9159¥a1¥ Tris buffer 1YUUU 50 naaiums ﬂ’)'llll,‘]J‘Nﬂi@-ﬂ'l\W] 8.2 Llagy CaC12 Uy 10 Nﬁﬁilla'li
ayao Tris-HCl 6.057 n3u luaisazats CaCl, 1Wud 10 Haa lwans (CaCl, 147 n$u lusinau 1,000

Aa aa o I ¥ Aa aa 1 I 1 1w
Haaans) Usu1Sunas1ila 1,000 aaans aanuilunsa-a1e miny 8.2

3.2 AIA9AU (Substrate solution)

a o Y

92018 Benzoyl-DL-arginine-p-nitroanilide hydrochloride (BAPNA) 40 Hadnsu A Dimethylsulfoxide

a

A Aana gz a . I J ~ = A = 9
U511a3 1 Uadans NNUUAN Tris buffer anutunsa-A1en 8.2 FIUPUUYU 37 IR UFALHY %ul’lﬂ

U

Y
511035 100 Hadaas (asesen 13 l4ne )

3.3 Trypsin solution
2210 Crystalline porcine trypsin 0.01 A5y Tuasazais HCLwwdu 1 Tadluans Wl cacl, gy 2.5

A A 4 v 1A A aa < 24 a =
maium‘s (0.2775 NTUNDANT) 51105 50 Haaans NUTTASAIUNYUN YN 5 DIFTALTYE

N4. MISIAIBNET mﬁlumﬁmswﬁﬂ%mm Phytic acid (Vaintraub taZ Lapteva, 1995)
4.1 Wade’s Reagent

Y 9 A . . . Y 9 -4
Naua1TaEanY FeC13.6H20 IuUY 0.03 1Wosisua N Sulfosalicylic acid UNUY 0.3 SIRHE RS 114

DATIAIU 1 90 1

42 d1582a19 HCLuau 2.4 11lo51due (viv)

Y v
NAUETazaNe HC 32.4 Haaans adluinnau Usudsuas i la 500 Haaans

4.3 913092A19NINIFIU Phytic acid
o g < [ I A Aaa [
2218 Phytic acid 0.05 A5uluihnau USuisuasdlu 100 TadansluwiadsuiSinas ldanumiudu

[ 1 A Aaa A YA 9y 9 [ 1 A Aaa
VBIT1TDEAY 500 lllliﬂiﬂiil@f’]llﬁﬁaﬁi RN IHIAIUNTY 0-50 hlﬂJIﬂiﬂﬁJ@@iJaaﬁ@]i

a d
05, MIAseNaSIANI UM INIIZHIYS I Lectin (Gordon ttay Marquardt, 1974)

5.1 Phosphate buffer saline (PBS)
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aza10 NaCl 8 N3, KC1 0.2 n§u, Na,HPO, 1.44 n§u ag K,HPO, 0.24 n5u luthnau USuiSuines v

A aa 1 < ' ' v
14 1,000 Hiaaans Arnnuilunsa-a1e widy 7

<
5.2 msazatoendudy 1 1WoSidugd (1%RCB) (vAv)
andsazaIoion 0.5 aaans A28 Phosphate buffer saline 50 Haaans Iaeth T Tuvesngungil 4

; : 2 y g
DIAITATOE A01TUNIB 1,050 xg WU 3 w17 gadaulane aredh 3 A5

6. M3ta3aua sl uMsIAI12¥U330% Saponins (Thilborg et. al., 1994)
6.1 A15aza8 A

el p-anisaldehyde 0.5 Ja@an5 NU Ethyl acetate 99.5 Haaans

6.2 7150019 B

Wefy Sulfuric acid 50 ¥a@ans NU Ethyl acetate 50 Uadan3

6.3 A150¥A18UINTF1U Diosgenin
. . 7 Yy 9 I < J Y 3 a aa 9
a2a19 Diosgenin 0.005 n5U 11 Methanol tudu 80 wosisua Usvdsuasiu 10 Hadans lanaw

Yy 9 @ 1 A Aaa A YA Yy 9 o 1 Aa aa
FINUHUDIFITAS DY 500 Lluiﬂiﬂiﬂ@]ﬂllaaa@i Lﬂ@ﬁnﬂiﬁﬂﬂfniﬂmuﬂlu 0-50 llll]ﬂjﬂill@@llaaaﬁﬁ

n7. m‘sm%ﬂmnsmﬁ“lum‘ﬁmiwﬁﬂ‘%mm Phorbol esters (Haas itaz Mittelbach, 2000)
7.1 Ethanol Wuvu 90 1nlosidus (viv)

Y Y -4 A aa v A Y 3 & o ¥
NAUETazan8 Ethanol Wyt 95 11la31dud 1Suas 1,985 adaas Usuisuasdrerindulnld 2,000

Uaaans

7.2 8134107314 Phorbol esters (Phorbol-12-Myristate 13-Acetate)
1AN Methanol 1 iiadans aslua13u1Asg1U Phorbol esters 5 daansu v¢ lde15aza10 Phorbol-

12-Myristate 13-Acetate 5,000 luTlnsnsuneiiaaans 11 Stock solution

G IS Iy < Vo
ns. msamﬂu’mimaﬂummﬂniﬂmumnmmmﬂaym
9 9 s
8.1 91992078 NaOH (Yuvu 1 Tuas

Y '
aza1®s NaOH 40 51 Turihnau UsuaSuasliilad 1,000 adans

8.2 HCl a1 Tuans

Wary HCI 82.85 Haaans adlurihnay UsulSunas 1914 1,000 Haaans
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MANUIN U ITMIIATIZH
a d &'
V1. M5INTHUTINUANNFU (AOAC, 1995)
L, ¥ v 9 [ a A H Y] v
1.1 Faimindlegwuaazioen 2 n5u laludeeglidieuirmumseuniaaznsuniminmivou
Y ' 9 A A = IS o
1.2 oULHIAI08 19 IUugoUNgUHgl 105 3R warsae 1unan 3 42 1u9

Y
o Y

o w1 yL v X 4 ¥ o gy A
1.3 u’lﬁﬂ]@fﬂﬂ@@ﬂﬂWﬂﬂﬂ\?VL'ﬂﬁLﬂuﬁlUIﬂﬂﬂ‘ﬂ'ﬂu‘FH !,Lazﬁmumuﬂ%uﬂizm"lﬂum NANN

k4
ﬁ?ﬂ?ﬂ!ﬂ’)"lll%uﬁﬂﬂﬁllﬂﬁ

W1-Wo

Mositure (%) =
Ws

A ¥ v 9 Aa A [ [
1o Wo=UIMUNDIYDQUIUINYIaNDU (ny)
E4 1 1 [

Ws=UHUNNIDINNOUDY (NTU)

¥ ] a 4 ol
Wi= Ll"l“l’iLlﬂ@?]i’]EJNLLE‘]%‘ESII’JEJ@QMTJEJMﬂEN’E]‘U (")

v2. mynerivTinaldsAulaeds Kjeldahl (AOAC, 1995)
Fmsuanerdsnaldsawdudsntenldunsevlsua lulasnu Taenmsalasuarslulasou

4 Id a d A a
UN3§ (Organic nitrogen) T¥iHunonTuile (NH,) udrins1zwiSunauen Tudiod103% Volumertric

@)D

A . . a 4 Y as . = 3'/ [ dy A
130 Colorimertric M3 AT zHUS e TuTanuae7s Kjeldahl HUUADUAIU AD

2.1 M35¢08
2.1.1 W081911in 1 n5u laluvasados
2.1.2 1AW Catalyst 0.5 n5W waznsagaysaudulsuing 25 Taaans

' @ oA a ~ Y a A 2 ] £ o
2.1.3 doadregeNguvgil 420 esruradod wu ldmsazaed@aodla a3 1diuludganiu

2.2 M5nau

a g < [] A Q 9 =Y A aa Y Y S < 4
2.2.1 wuinnavadluvasageeNdunallsuas 75 Haaans tag NaOH WuvY 40 tlesiguailsungsg
100 Yaaans

2.2.2 apnaendoainunsesnay Tasliamtaremedroniisguluvingauynd Boric acidiiudu 4
L o Aa aa a . . .
Wosigua Usuas 25 Haaans uaztdy Mixed indicator 2-3 Hea
] =
2.2.3 nawiumal 4 wn
2.3 M3 laasn

{ o J o
2.3.1 lawpsnensazaned 140y HC1 uasgiu udu 0.1 Tua1s aunsznsladsuyved Methylred
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2.3.2 M Blank (5udgrnumsnaasstedy Iagliladiests 1fSuasms lawinued Blank i

HC1 1na5514 aveenandiuasildlums lamsndaedna

Aurafsua ldsauanaums

(Va-V;) xCx1.4007
W

N (%) =

Protein (%) = N (%) x Conversion factor

de N =15ualuTasau (%)

v, = Binasasazmenasgu 1,50, 119 lamsamsazmediedis (Tadans)
v, - mnasesazasnasgu 1,50, i1191amsa Blank (Fadans)

C =anudiutuvesasazaioninsgiu 1,80, (Tuand)

W = 1hmindaedh (N5Y)

6.25= Conversion factor

w3. maaszridSinaluiiuids Soxhlet (AOAC, 1995)
2.1 ¥4920819%1 N 2 N5U lalunudia (Thimble)
2.2 1ifiundia (Thimble) lalugauenana (Extraction unit) ¥oun509ana luaju (Soxhlet apparatus)

2.3 1A% Petroleum ether 100 Jaaans

9 H v
2.4 Asgungimsanai 60 esmuwaied Haa1lumsana s 47 Tuavsovunamsanaduysol

a 4 4 y 2 [ o {
2.5 33mol Tas1doudines (Petroleum cther) Tuiinine’ Tagsasna13lugganiu udrdoungumngi

100 oesusaFod (Humnat 1-2 $2Tu9

L Y3 X ¥ o A [l
2.6 'J'lﬂmqllﬂﬁ!ﬂu{luiﬂﬂﬂﬂmﬂ%u FIUTIUUDNUUUDU

Murutfsuna lviunnauns

W1-Wo

S

Fat (%) =

4 4 1 4
Lﬁf) Wo= 141N flask t1lan (h3Y)
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Wi = 111100 flask tag Tvaiu (A5Y)

%’ v o ] L:' EX (% [}
Ws= 1hninaeganlglumsana (nSy)

d
4. M3 INzHIYSINad (AOAC, 1995)
a a ~ a = < 2 Yq ¥ I A a g o
4.1 wagHdalumumniguugidl 550 osruaaidod wiul 52 Tue N1 1dungurgiites dam
Y H 1 a A
minu U UYeIA B A
v o ' @ @ ' A a ° 9 = @
4.2 Hagre19niin 1 n5u laagmda hllwndeazinessuaiunug
o 1 ~ a ~ I < A o Y Y A
4.3 niednalue gl 550 osruwadod iunan 2-3 521w wienszne ladidan

a

Qs} 9 v a a a 9 o
4.4 m”l’i"l,w'l@qmmmﬂizmm 100 E]\iﬁ%“]fal%ﬂﬁ ﬂﬂvhﬂgcmua UAIUIDBNIINIAUN

k)

] Y

LK% ] { ¥ Q'l 90‘ 4 { )
4.5 ladednsiwnadwuda luTogannudu sanmivaindnuiueu

o Y
Muplsnaonnaums

W1-Wo

Mositure (%) =
Ws

4 ¥ a A v 4
Lﬁﬁ] Wo= UM UNAFHUANAIN ("3N)

y ] 1 3
Ws=H1MUNAIBYNNDULNT (NTN)

¥ 1 a A QU o
Wi=UIMUNAIDYNLASAFHUATAIUN (NIY)

d Al
¥5. MyunzidfSanastely (AOAC, 1995)
v o [ o o 1 ~ Jd a Y 9 14 A aa 9
5.1 PIAIDYNWYIUN 1 NTY Glﬁclu‘ﬂﬂlﬂ@i 1Y H2SO4 tunuu 0.1275 Tmm' ﬂafill'l@i 200 ¥aaans ANUIU 3
N
1 ] { %’ o ] Y ] 901 ]
5.2 NIDNAIVYIWHNIUNTEATYNTDI Whatman No.4 ﬁmmumuﬂuuuauuﬁ"s ic%}NmeEmﬁ}aauuﬁa@mu
Y
ATEATYNTOITDIATI
Y o [} ~ g’; Y 9 S 3 4 Aa aa 3 =\
5.3 GlﬁJﬂ?ﬂﬂW\?@ﬂﬂi\ﬂu NaOH 134y 1.25 1osigua Usuiag 200 Hagans 1turar 30 un
] ] ! ¥ o ' o ] ¥ ]
5.4 NT9INIDYINNIUNTEAIYNTDI Whatman No.4 ﬁmmumummu@uuﬁ/ﬂ g’]ﬂﬂ')@ﬂ?\iﬁ')ﬂll']iﬁﬂﬂ?l"lu
Y
NITATHNIDITDIATI
9 ~ A = g‘/ 9 3 4 Aa aa 9 [
5.5 aNMNNKARDYDNTDIATIAIYFITASAY Ethanol 95 1losisua USuias 200 aaans arnony
A A J o Y o Y @
ONABINDT 3 AT u,amflﬂizmﬂs!u@ﬂﬂmu

Y

9 ) oA A 9 A a =~ < @ 2 92
5.6 9‘]_1LL‘VNfnﬂgl’Jf’]ﬂ?\iﬂ!ﬁﬁ@lﬂ@@ﬂﬂ@qﬂ!ﬂ{]ﬂ 105 o3y !‘]Jumﬁ”l 1 51)"311]\1 T]Qiﬂlﬂuclu

A ) ¥ v 3 A
Iﬂﬂﬂﬂ'ﬂilclﬂl mumummmumw%umuﬂﬂm
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a

J @ o ] a A { ¥ Y ] {
5.7 mﬂmmﬂmammcluﬂgmuaﬁmmumummuauué’a mﬂumumﬁ’qmwgu 600 9371

= I o A o Y Y
Ll e Lﬂunm 3 Gmemamzm”lmmmmmn

2 Y3 dy o ’J v A [l A 9
5.8 nalmguluTagannuau saimminiuiueuvesninlenla

o A’
mMuulsuaugelovinguns

W1-Wo

S

Mositure (%) =

4 E4 =) U QU
3o Wo= WIHUUNAFHUANAUN (NTN)

y 1 1 U
Ws=UTHUNNIDYNNOUINT (NTN)

Y ) a A X o
Wi=UIMUNATIDY NS A FUANAIUN (NIW)

a J

V6. M3 INHYI I Trypsin inhibitor (Kakade, 1974)

Y 1 QJ 1 1 a an a 9°’ Q'J a an ) 1
6.1 BINIDYIN 2 NIV Glﬁiuﬂ]’)ﬂgﬂ%ﬂ‘l@ﬂ]u"lﬂ 250 WaaaAT ILUUINAY 25 Uaaang LGUEHS;]}’JEJ Shaker i

3 ' A d o
AMNISITOV 250 5OUADUIN tTunan 1 a1 Tue

a . . A Aaa Qy 9 =
6.2 1A Tris buffer solution Y1195 25 Haaans cI/Nll’J 3UM
6.3 N504ATATAYABATOS Vacuum pump Tae1¥n52AENT09 Whatman no. 1

<} ' . ~ a d . . . = % 1
6.4 nvasaza1edIula (Extract solution) fuen 1@ T nses Trypsin inhibitor TABIN3 JUAIDE ALY

) v ) 9

ATNNIANUIN V.1 mmmi@ﬂﬂﬁuﬂﬁuumﬁmmfn’mﬁu 410 W luwwas mudsdsSuaeasaues

9
v v

4 . I [l J . A .. . 1 ¥ L]
tou lasad Trypsin paauiunileveaon lai Trypsin NYNYVEN (Trypsin inhibitor: TIU) Ao MmNy

U

Y
NFNVDIAIBE (TIU/g dry sample) Adil
RN LISIEF TR Trypsin inhibitor 91NTUNIT

TIU/g dry sample = (A, —A)—-(A,—A)x 100

v W

Y ]
IV UNAIDYIY (g)



4 o 1 a 4
A15199 V.1 MIATOUAIDE19UATIZH Trypsin inhibitor

Volume (ml)
Step Solution Control Sample
a b c d
1 Water 1 1 0.7 0.7
2 BAPNA 2 2 2 2
3 Extract solution - - 0.3 0.3
4 Trypsin - 0.5 - 0.5
Warm the mixture in water bath at 37°C for 10 min
5 30% Acetic acid 0.5 0.5 0.5 0.5
6 Trypsin 0.5 - 0.5 -
Total Volume 4 4 4 4

a J T o
7. Mzl Phytic acid °lumnmﬁﬂaym (Vaintraub ttaz Lapteva, 1995)

o < 1o o ' ' A aa
7.1 samnwandis 0.5 n5u Taluvaagdauy vuia 250 Hadans

39

A Yy 9 sl a aa vy A A 3
7.2 WUF1ITALY HCl 1 UWa9U 2.4 Lﬂ@ﬁl“ﬁuﬁ ‘ﬂaﬁﬂﬁﬁ 10 UaaanT WINN8IATDY Shaker NAIULIITDU

v a Q) o
250 soUadUIN 1Wua 2 GH'JINQ

4 < U
7.3 N509815A2A1UAATOI Vacuum pump 1081¥N32A1HATEY Whatman no.1 tnuansazaieaula

7.4 thasazaediulaiffinaes 3 1088y AN Wade reagent 51105 1 addas Janimsganaunau

HEaNAMNEIAAY 500 U TUIAT

7.5 i lamfSunan Phytic acid 11nn51l1A 531U 1105 1MluIA31UU09 Phytic acid Taeldaisaza

Phytic acid NN 0-50 TulnsnSuneiianans Weunswserd a1 0D 500 W1luwAs UazAIy

IuAU Phytic acid Asaaaluginianuan .1

Phytic acid (g/g dry sample) =

AOD 500 x YSuasnsanlFana (ml) x Dilution

Slope x H111NA20813 (g) x 1000 x 10°
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y =-0.0038x + 0.3793

R*=0.9823

ODs00

0.0

0 20 40 60 80 100 120

Concentration (mg/ml)

317 4.1 N30 3 §1UVD4 Phytic acid

U

a d o
¥8. MINAT12HY33Y Lectin “lumnmﬁmry:m (Gordon ttay Marquardt, 1974)
v W [l o Aa A aa 1 4 { 3
8.1 %9679819 1 n5Y a1y Flask 1A1 Phosphate buffer sarine 20 Jaaan7 1VE1A81AT 09 Shaker NAINITH
[ = ~{ <
591 150 SouaouN Huar 2 ¥ 1ug
8.2 1Ml eauenaznouUaI8LT 11 I8 1,430 xg WU 20 1A
I~ 1 o a o [ a . . . o .
8.3 muaulauiimsinge lasveaasana 50 1ulasans aelu Microtitration plate 1 Serial
. . v J Y . A 9 9J - J A
dilution 9€31897U 1:2 A28 Normal saline LASHIAT1TIALAULADALVUUY 1 Lﬂﬁ]il“ﬁu@ ‘lJ‘JilW]i 50
a . . . oA a9 < o v R o U Ao A
luTnsans aslu Microtitration plate uNguvgineuilunal 12 ¥1lus Tufinoasidiunmngavos

U

A 1 . a o Y A a
199A$® Normal saline i lviasananisanaznou

a d o
¥9. M3UATIZHLUIINY Saponin TumMpmaaaya (Thiborg et al., 1994)
9.1 uaddeealiaziBen Fadreeramin 0.5 5y aalumwue
a Y 9 J 14 Aa aa (] . 9 2 [l 1
9.2 1AN Methanol 1uUU 80 t1losua YSuas 20 Jadans (e Overnight AIULATOUVE 200 FOUAD
=
Wi
Y A )
9.3 NTDONTTALAYAIYLATON Vacuum pump Taol¥n52A 181509 Whatman no.1
< ' v Y Y 9 s 2 @ A aa g
9.4 NVEIsazaeaIU g a19nZNBUAIY Methanol 1N 80 WosiFua 151105 5 Haaans 3 A9
1< 1 [ I Aa a s 3 4
9.5 nsesasazmenazinuduld USuiSmnasgameniiu 25 indas A28 Methanol Wty 80 nlossud

) o Ay Y a J A . o [ an U a
9.6 ¥hensanan Ia 13ns1e¥dSuna Saponin - Tasiihansana 2 dadaas laasluvasanaass Ay

A3aza1Y A tag B (MANUIN N6) 81az 1 Haaans e i
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1 a = A A ya ~ g’/ g’; Qy Y3 A w1
9.7 Uunguugil 60 vsrm AT 10 WA 1o Tinad vntduasn I MuuIY 10 WIH Tasims
A A Y A ) a a <
AANAUAAULIETIAIY Spectrophotometer ATINBIAAU 430 W TUINAT 19 Ethyl acetate 2 Aaaans 11
Reagent blank 1% Diosgenin 1195314 @519n51011a3 514 AA11duTUA19 9 Y99 Diosgenin aaaaslu

gUaAnuIn v.2

1.0 ~
0.8 L
=) 0.6 .
)
E y=10.0213x
© 04
: R2=0.9741
0.2
0.0 T T T T T T 1
0 5 10 15 20 25 30 35 40 45

Concentration (mg/ml)

31 4.2 N31911193§14UBI Diosgenin

W10. mﬁmswﬁﬂ%mm Phorbol esters (Haas itay Mittelbach, 2000)

10.1 Fadrodumnmiaaysrs ndu aslunvug 1Gu 90% Ethanol 15 Hadans wideaTouu
ANWISITOV 150 FOUABUIN U 5 W19

10.2 N5BIENTAZAIRIOIAT DY Vacuum pump iRva1sazatedulaludnned uaziimamaai i
MADNINMINTEIIFNUMTARATA 3 ASe

103 Humsazansainlananuas LT 521 Ethanol :MnaNsazavaInla 4961A399 Vacuum oven
wnsenaraeduvewidaduiinnes iy Methanol 1 Hadans avluiinnes auldvewdazare
uazienIazaea08191 1A 1LY 1987 HPLC

10.4 a9 9l11AsgMVeIATAZA1IATIIY Phorbol-12-Myristate-13-Acetate iA1UTY 5 25 50

uaz 100 Tulnsniuaeiiagans awaaluginianuin v.3
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Tagldan12z HPLC fail

Column : Reversed phase chromatography : Inertsil “ODS-3 4.6 x 250 mm

Mobile phase : Acetonitrile : water (80 : 20)

Flow rate : 1.3 ml/min

Temperature : 25°C

Detector : 280 nm

900000 - y = 8152x
800000 -
700000 -
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500000 -
400000 -
300000 -
200000 -
100000 -
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0 20 40 60 80 100 120

Amount(ppm)

Area

sUf v.3 ﬂswxlmmgmmm Phorbol-12-Myristate-13-Acetate

U

fI0819MaAINaNI3INT1ZH Phorbol esters fag1l 4.4 nag v.5

Peak 1
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Inin

1 { [ 3 1 o J (%
31 v.4 TnsinTasunsuneaIngueans Phorbol esters Nanannmnandineuanadle Ethanol
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malJ
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] 2 4 5 g 10 12 4 min

1 H [ 3 () [ [
51 4.5 Tnsan Tasunsunaasngues Phorbol esters NANAINNINWAATAINAIANAAIY Ethanol

v11. M3IANHUSinaldsAuds Lowry (Lowry et al, 1951)

11.1 1hdred1asazars Tdsauadanianusuduimunzandsuas 1 iaaanslaluvasanaass

S Y

Y v '
11.2 1ANA1582a10 Copper reagent Uinas 2 Hadans wanlimdnuasnginguvgidesuiu 10 i

E]

o 2'14’119)5

AZIANA1582a18 Folin-ciocalteau 51105 0.2 Haaans wanlidnuasingldnguvgiides uiu 30
UIN fawm%uﬁw"lﬂﬁ’ﬂﬂ'wmi@ﬂﬂﬁuumﬁmmanﬂﬁu 750 w1 Tumas daridsus Tdsauluy
arvazag Tlsauana MeununsMu1as 11 Bovine serum albumin
113 #319n5191105914 Bovine serum albumin finaududy 0-500 Tulasniudefiadans A
nandlugimanuin .6
14 -
12
10

y = 0.0023x
0.6 4 Rz = 0.9908

OD750
<

0.0 I I I I 1 1

0 100 200 300 400 500 600

Concentration(mg/ml)

311 4.6 N3111913§11U909 Bovine serum albumin

Y



