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Abstract

Jatropha curcas seed cake is a by-product generated from oil extraction
process of J. curcas seed and contains high protein. It, therefore, would be served as
a source of protein hydrolysate applied for plant growth stimulation. This research
work was aimed at studying plant growth promotion by protein hydrolysates obtained
from enzymatic and acid hydrolyses of protein isolated from J. curcas seed cake using
chilli (Capsicum annuum L.) seeds and Chinese kale as model plants. Results showed
that J. carcas seed cake sample in this study had a protein content of 23.5% (w/w).
Its protein isolation was carried out by suspending the seed cake in an alkaline
solution (pH 12) at 50°C for 3 hr. Protein was then precipitated under an acidic
condition (pH 4) or its isoelectric point. The study also showed protein isolation from
J. curcas seed cake was affected by pH, temperature, agitation time and salt
concentration and types, including solvent and alcohol concentration. J. curcas
protein hydrolyses were done by four proteolytic enzymes (Neutrase, Papain, Trypsin
and Pepsin) and acid (HCI) for 12 hours with various degrees of hydrolysis (3.8-
97.3%). Neutrase gave the highest degree of hydrolysis at 97.3%. Tested on chilli
seeds, their growth was considerably stimulated by the protein hydrolysate (30 ug
amino acid/ml) obtained from Neutrase digestion at 2 hours. The sample gave the
maximum germination percentage, radicle emergence percentage, seeding growth rate
and germination index of 75%, 96%, 4.53 and 7.84, respectively. It is expected that
peptides with molecular mass of 12-22 kDa in the hydrolysate may play an important
role in plant growth stimulation. In addition, the protein hydrolysate at the
concentrations of 10-50 pg amino acid/ml was able to stimulate the growth of Chinese
kale with their heights of 24-27 cm, their diameter of approximately 0.4 cm, their wet
and dry weights of 5.0-6.5 g and 0.4-0.6 g, respectively and their quality levels of 2.4-
2.7 as of 4. Therefore, the hydrolysate obtained from J. curcas protein digestion by

Neutrase at 2 hours would be a potent plant growth promoter.
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7NAA049 1INUUINNADANAADIAI 1Y Water bath tiigpsaals 1oy Tagitn1sgesin 95 oaen
I o (] { o 4 Qal 1 [ )
AT INUAID8191I01 0, 1, 2, 4, 6 uaz 12 ¥2lus tleduganisdosuaaziial 1
%] [l 3 QBI 9Yyq ¥ I ~ a 9 Y o 1 I [ 9
A1081900N910 Water bath @ena B WiBungamginesudlsumanuiunsa-a1aaae
g Y 9 J 9. 1 ] ] qu o y {
asazae TmRen laasonlas iudu 5 Tuars Iliareglugie 6.5-7.0 i lUumdsanen
~ a = 9 A ~ 3 < ] A
AzNOUNYUNYN 4 DIAUFALTIT AIBUTAUNIBY 12,000 xg WY 15 W MntiunudIulaie

a Jd 4 = [Y]
Anszviednlsznovved ldsauana

6.2 migesldsaudioonlemilisaed (@auladnin Kim et al., 2007; Pihlanto et al.,
2008)

msdesatoeulsiinasa (Neutrase, 0.8 Ulg, AUUANSE  Bacillus
amyloliquefaciens, Sigma-Aldrich, Denmark)) ou Tin3du (Trypsin, 3.3 U/g, 310 bovine
pancreas, Sigma-Addrich, Denmark) waztou Ty (Papain, 30,000 U/mg, NNSALND,
Merck KGaA, Germany) ¥1lasmisie3onTdsaudinen 1dfnnumdudn 1 wefidud wi) lu
158219 Phosphate buffer 15131 0.1 Tua1s fianwiunsa-eramiiy 7 Smsumsdesdas
Lﬂuhlcﬁﬁtﬂﬂfﬁu (Pepsin, 0.8-2.5 U/g, 910 porcine gastric mucosa, Merck KGaA, Germany) k!
Tasmsie3oneTsaufianududu 1 nesidus (wiv) Tuaisazaio Citrate phosphate buffer

Y 9 s A g ' VW
YU 0.1 Tllﬂﬁ mmmgﬂuﬂm—mqmmu 2.5



/a 9 9 sl o S aa Y 9
miazmmau"lcmmmimmmu 1 tlosiua (W/v) ﬁﬁazmm@u”l%mﬂmummu

L 4 4 S I 4
1 lesigud (wiv) nazansazargeu lsidulwdudu 1 nlesigud (wi) wisuluasazais
Y 9 s A 3 1 1w o o P
Phosphate buffer 19391 0.1 Tuais Nanwidunsa-aramidy 7 dwmsuarsazareenlasl
a S D 4
WUFwudu 1 wesidud (wiv) wsenluaisazane Citrate phosphate buffer 1¥uYU
¢ A I J 1 o
0.1 Twa1s Annudunsa-a1auniny 2.5
o ] 4 { [ [ [
Mmmsgesaatsldsaudreasazaraou lydinmsen Tasldoasiaiuszuinalisauy

'
A

1 d 1w N
aotou lamidy 100:1 v/v) Lzaﬂ%’qquwmmzﬁu (Optimum temperature) UDILHAL
L o aan a = o (% A 4
u lailumshilaser @uugll 50 osswaBeadmsuou ladiuasduazion lailulu

a = o [ 4 a Jd a a ] Aaaa
uazgungll 37 esruaaded disuou leildFunazioulsiniUgu) Tasunlgaseruu

aaa

) < o [ o ~ Y 9
12 52 109 NUA9819%52 Taad 0, 1, 2, 4, 6, 8, 10 az 12 vigalRnservesou leiareniuion
~ a ~ I =} o y A ~ a
ngUvigu 90 DIFLE ALY L‘IJ‘L!L'JZ“ 10 UIN Llﬁ&’u'lhlﬂ{]ulﬁ'lﬂﬂ!Lﬂﬂ@]gﬂQUVIQmWﬂ“N 4 93
=) k4 A =} 09/1 <3 1 A a 4 4
IFUFY T AYLLTANIYN 12,000 xg UIU 15 UN QTﬂ‘Hulﬂ‘Uﬁ?uﬂlﬁlw@'Jmﬁ’]gﬁi’)\iﬂ‘llﬁgﬂﬂﬂell@\?
Tilsauana

a 4 J = o
7. ﬂ’li’)l,ﬂﬁ”]gWﬂﬂﬂﬂigﬂﬁ]ﬂ%@ﬂiﬂiﬁuﬁﬂ@

M3 UATILHITLAUYINTE0Y (Degree of hydrolysis) A3835 TNBS (Adler-Nissen,
1979) U511 T5AUAIBIT Lowry (Lowry et al., 1951) uazTunansaezii ludaszale3s

TNBS (Adler-Nissen, 1979)

= a a A [ a dy 9 o ] = 1%
8. ﬂ'liﬁﬂ‘]%l'lﬂ'liﬁ]iiymﬂiﬁﬂlﬂﬂw% (ma@mmmy) ﬂﬁﬂﬁﬁﬂﬂkiiﬂi@uﬁﬂﬂ

AnwimsniyaulavesisaleTdsduadanaiumduduvesnsaogiilu 30

[ 1 a Aaa = =) % 9 1 °y o'/ + = a A 7
luTnsnsuaeiiadans Wisueunuyaniuaulaun Winau feaise 30 Tadniululasiou
aolaaans) Tis@uananianism (Bio Life M80, Suboneyo Chemicals Pharmaceuticals,
Maharashtra, India) (30 TuIasnsuvesnsaeziiludeiiaaans) uaz TUsaun lurumsdosdie

4 [ a 1 A Aaa 9 <3 a dy @ J v A
Lﬂullglfll 30 UlllIﬂiﬂiﬂﬂlﬂﬂﬂﬁﬂﬂguiuﬂ@uaaaﬂi) TﬂﬁlﬁhﬂllaﬂWiﬂﬂlﬁHﬁ?ﬂWUﬁﬁ?!iﬂ

< .
(Capsicum annuum L.) WuNsduuuy NwNuMIsTNAaIuYY Completely Randomized
v
. ' o o <3 o
Design (CRD) Iﬂﬂll@lag‘liﬂﬂWﬁ‘ﬂﬂaﬂﬂ‘ﬂ']ﬂTiﬂﬂﬁ@\i 4 %1 9 a¥ 100 YA L!az‘UUﬁﬂWfﬂ
= ad U dy
NIANEINIUID ISTA (ISTA, 1999) AU
I 3 4 < . .
8.1 1105 1FUANINIDNYDUNAA (Germination percentage)
< v o a 9 an ) < qg.: Y 1
NZIAANUTWINAIYID Top of Blotter Iﬂﬂu1ﬂ§$ﬂ1'ﬂlw1$maﬂ 4 ¥Y ’m"lﬂuﬂam
a a qu’ < 3 o
NWAIFANUUIA 14.5x20.5x7 L“H‘L!G]Lll@]'f AMNUUINIUAAAIUUNTEATHINIZIUAAITUIUN 100
<] ' ' 1 = [ A a a aa o 1 Y

Lllaﬂ@]ﬂﬂaﬂﬂlla%iﬁﬁ1ﬁa$a”lﬂiﬂﬁﬁuﬁﬂﬂ ‘Vﬁi’]ﬂjﬂﬂ?'ﬂf’]llﬂi%”l@ﬁ 30 HaaaAg ﬂﬂﬁhﬂa@ﬂuﬂﬁ]

o A a 9 = Y a v o 9 Y
m”lﬂ’mmqmwﬂuwm (27 + 2 D3AUK QLY E) Tﬂﬂiﬁllﬁ\‘]@]”m‘ﬁiill%”lﬁ ATRVUUNUIUAUNAN

U
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aq o A o < = a v o % o A q9o Y
ﬂﬂﬁiu’ﬂ!‘ﬂ 14 ¥aImsnznaanazlsasumaun uNUINNAANIHNA LW@Gl‘]SﬂWHQmLﬂu
I3 J <}
Lﬂ@il%u@lﬂ’ﬂhﬂ@ﬂﬂl@\ima@
I3 J
8.2 105 IFUANTUNIIIN (Radicle emergence percentage)
o <} 1A v 9 v o 3 A [ F
MNITIWIINAAFURAYIINUUD 8.1 ATIVUUITUIUNAANLNGT N wmmw”lmwmsm
a a A o S a 2 o A @ < ) =
ponuszan 1 Haamas Nﬁﬂ‘]&lﬂwlﬂui}ﬂﬁﬂln DNIUN 14 nasmsmnzwaauazilseuiney
o o 3 o 0 < s d o
UUIMNaANIMNA Adaud e s suamsuNesIn
8.3 6A5IMINT YA TnueIAUNAT (Seedling growth rate : SGR)
o < 1 = Y] 9 v 12 9 I Y] 09./} =
NINTLWISLIUAALTULIAYINUVUD 8.1 LLGI"liJiJﬂﬁiﬁLLﬂ'QL‘}JuL’JﬁT 7 AU ADUUUUND
o 9 Y a o 9 Y a % dy 9 o 1 ~ A ~
UIUAUNAIYNA LLﬁSHHﬂ‘WTgﬁ‘HﬂﬁﬁJﬂ@]llW]ﬂblllmﬂQ@@ﬂ ummmummaa”lﬂaum

a = < o A c;y o Y Y Y Y o o
UNHYN 80 DIAUFAULFY Wuan 24 Glf’ﬂllx‘] IWDHIUINUNUURIVDIAUNAT HATUTUIATUIN

P

AMUTUNIT

_ DWgrowth
No.growth

SGR:
(% a a Y 9
SGR = ﬂﬁﬁ’lﬂ’liﬁ]ﬁﬂ]ﬂl@ﬂj@]ﬂ]@\?@ﬂﬂﬁ’l
S ey Yy 9 a
DW gI‘OWth = u’]WUﬂLLWQﬂJ@Q@uﬂa'lﬂﬂ@l
) 9 9 a
No.growth = UIUAUNAIUNA
8.4 A¥1IN15990 (Germination index : GI)
o < 1 =) o 9 v o 9 9 a [ [ 9
MM INIZIUAAUFUIAYINVUD 8.1 ﬁﬁﬁfﬂuﬂfﬂ'IU'guﬁuﬂa'l‘]Jﬂﬁnﬂ’)uﬁ]uﬂiu 14 U a1

WIAUIUSNTNNT

N
GI== (—)
D
GI = A¥1N15900
N =d9uudundnaluiunp
o I o <3
D = NUIUITUHAUNIZINAN
= =} (%
9. mIAnyINIaluanaved llsaudna
o = = (% d' Y ] =% I~ 1o
Mmsaneiwralwanavesldsauanan laannisdes TUsaunmnmaaaia
Sswneuduaisazatenznoullsfunounisdes uay Tsduananianisa Taels
o 1 AA a = " v A o 9 . [ 1
fredaniysna lUsavminune 50 luTasniy wauny [5x] Loading buffer 1udasiaiu 4:1
qg/l ) 9 31 A ~ a = ~ )
nindwni ldduluindeangumvgil 100 eeruaaod uiu 5 Wi wazii lwwoaluana

1a87% SDS-PAGE 494 Laemmli (1970)

11



== a a 9 Y 9 @ ' = @
10. fﬂ'iﬁﬂ‘H1fﬂiL"l]iﬂJULGI‘UTGIGUfNﬁuﬂZHWWJEJGI’J’E)EJNIﬂ‘iﬁuﬁﬂﬂ

nagoUNITTINTsAn TnvesduiyTagldAuaz il (Chinese kale; Brassica

o < o {1 '3
oleracea L. var. alboglabra Bailey) anelusauanannmamanaidl (Mdesalown ol

[ 1

A Yy 9 A N
Neutrase) VIﬂ’JWﬂJL"UiJ"UU"U?Nﬂi@’E]%?JIu 10 -50U13J1ﬂ‘iﬂiil@]’t)llﬁ

Y]

a =) =
a5 1Wssuneunuaga

a

!
a

'
a A a o

Y
aruqu ldun shnau fegiSe 30 dadnsululasudeiaddaas  fegSe (60 Taansy

q CIRT]

a

TuTasiudeiagaas) TUsauadanmamsa 30 lulasnsuvesnsaeziiludeiiaaans)
Tils@uadaniams (15 lulasnsuveansaezii luseiiaaans) uaz TUsauadanoumsees
4 1] a 1 a Aaa
deoulani 30 lulasnsuveansaez il Iudeiiadans)
a v v 9 < ¥ & o & M)
W3euNaInIAeNsIzannzt lunsgorumzilumal 5 M antiutennan
Y Y
aztazignaslunszon nszniaz 2 du uaazyan1snaaesiIn1inaasd 4 £1 $1az 4
2 Y Y
N3z samniu Tuagasalugiadiaunsy 40 Ju ASiaz 500 ml Ao 4x4 N5ED19 (1 YA
09/’ dy Y % L] =) [ Y] 9 Vo oA
nAavg) Mtlsnaedtede TlsAuananuganaaeuazganluaunn 9 7 34 1dun Jud o, 7,
[ Y
14, 21, 28 wazdui 35 151103 500 ml Ao 4x4 Nz0 MimadesluTewmIzs gungl
Und easuszeznm 40 Tuhimsaananaauaz Tuiinkan1595yaeMsIanugedIdu
Y b
(Height) Y11A81@U (Diameter) 1v1ingaa (Wet weight) 111m1iniia (Dry weight) 1aznainw

Y 9
VBIAUASUN

a 7Y ana
11. MIAATIZTHUDYANNADA
o a <Y aa a 4 . .
mmmmawwmagawNﬁamhﬂmi’;mawwmmuﬂiﬂmu Analysis of Variance
= = 1 A v an . 9
(ANOVA) uazifSoungun1magni1893 Duncan’s multiple range test (DMRT) a2011sun5Y

SPSS Version 11.5 (SPSS Inc., Chicago, IL, USA)

a d
AANIINAABIUATNITIVITUNA

a s a 1 < 1
1. m’mmﬁwﬁmﬂﬂigﬂ@‘umﬂmﬁ ﬁ'Wi‘W‘]&lL!fl$ﬁ?ﬁﬁTHﬂﬂ!ﬂWﬂNTﬂﬂfH?ﬂWﬁﬂlﬂﬂﬂWﬂLllaﬂﬁ‘ialj

o

a
a J a =3 o A Y < 1o A
Waﬂ’]ﬁ')lﬂﬁ13ﬁﬂﬁu’]ﬂ!1ﬂﬁﬂu llellllu Lﬂﬂﬁlﬂ HAZIDIUDINININAATYA !Lﬁﬂﬁiu@’]i’mﬂ

[ =

% [ < 1o a =\ a A o A ag
1 ﬂ’)’é]fJNfﬂﬂmaﬂﬁﬂﬂ1ﬂﬂﬂﬂuﬂiu1m1ﬂﬁﬁuq3 (23.5%) uawﬂﬁmm%uuqq IHBDNINITNIT

u

@ oy % < 1o Y X o @ 3‘ % <
anariniueenanmanayi lsnmsiiudndie Screw press Fai1ldmsanaiiiuesnainwan

1o 1 S a = <3 1o = dyd 1 Y A Y
ﬁyjm”luﬁmyjim ﬂiiJWmTﬂﬁﬂmlaQmﬂLuaﬂﬁymﬂmmﬁﬁﬂmuuﬂﬂﬂamENﬂ‘UﬂtmmlfN
. T 1< a =
Devappa and Swamylingappa (2008) (t9g Makkar et al. (2008) ot lsnaudTuna Tsauly

< 1o 1
NININAATUAIDIIUANANIINT1YINUUYDI Makkar et al. (1998) ey Martinez-Herrera et al.
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J 1o

(2006) 111999INANUUANAIVBIIBRUTAYM 20z M s aY Tavesduald an1izau

E]

9 v
v Aa v o w <] o
g o1n e 5'31]1/]\1'3%ﬂ’]icluﬂ’]'iﬁﬂﬂu1ﬂuﬂ’lﬂlnaﬂﬁﬂ”ﬂ']

9 o a a 9 1 9 1 I
amsulsnaasiny IJ],@l,l,ﬂ Phorbol ester uazmmmﬂmﬂmnTﬂ%mmﬂumﬂmaﬂ

1o

a1 181A Trypsin inhibitor, Lectin, Phytic acid 18 Saponin uerasluas1adi 2 USina
Phorbol ester ‘ﬁw‘u“l,umﬂmﬁﬂayjﬁﬂumiﬁﬂmﬁyﬁm 0.73 me/e FelndiReatusIBUve
Devappa and Swamylingappa (2008) tag Chivandi et al. (2005) u@iﬁmiﬂuimqmém
Martinez-Herrera etal. (2006) 31697141/53101 Phorbol ester luminaaaijirnindszime
Mexico U1 3.85 mg/g DAY Makkar et al, (1997) 518914131181 Phorbol ester 1u1uaa

F4
1o 1 ] ] ] "o I~ 1 a
af10g1ur19 0.87-3.32 mg/g Yuiua1eUFUIAR1 921WU11/51101 Phorbol ester lunn

= v v 1

<] 1o 4 o v 1o a o 3/ Y
HAaAFUAIUUN VTN UTUDIFY A ﬁmazmszﬁméfnﬁym me'ﬁmiﬁUﬁﬂﬂumu@aﬂ%m

<] 1o
afaan

a <3 1o 1 5 Y a . .
UTu1al Phytic acid Tumamanaayfiiin 8.55% ¥elndiReanu/suia Phytic acid u

U

3 1o . 1
NNINAATYAIINTIYIIUUDI Makkar et al. (1998) 1lag Martinez-Herrera etal. (2006)
U313 Phytic acid Himgend Wereunulumnduvaesdelinlseum 1.5% (Martinez-

Herrera et al., 2006)

1o A 1

Y3119 Trypsin inhibitor Jumnmaaay@iian 7.42 TIU/g 1105180UAN 9 USia

Y

T
Trypsin inhibitor ﬁ‘wuﬂlumﬂmﬁﬂa‘gj@‘hﬁﬁumﬂsaiwﬁ’umu,ssi"lajwmaﬂﬁq 70 TIU/g (Chivandi et
al., 2005; Devappa and Swamylingappa, 2008) Iﬂﬁl‘ﬁﬂﬂﬂ§u1m Trypsin inhibitor ﬁwﬂu
Fafiafiamanaiaiu o1 dandeeiiySura Trypsin inhibitor 3,270 TIU/g (Stewart et al.,
2003) 118z Kidney H1/55310 8.2 TIU/g (Marzo et al., 2002)

USinm Lectin lumnudaayaiiian 13.15 wihemg FalndiRsatulusisauves
Makkar ctal. (1998) uaf NI ANUILED pea tazd1nd1 (Faba bean) (37.1 wag 118.8
HUIY/mg) mmsﬁqmﬁwﬁwuﬁluﬁamﬁm (3.2 ¥U28/mg) (Fernandez-Quintela et al., 1997)

U311 Saponin lumnwaasayjdiiian 27.82 pg/g 18101 1us1097109 Martinez-
Herrera et al. (2006) 1Usgu194 1,800 191 wUSinainuidinusinainulumodamdes
(Makkar et al., 1998)

@ @

J <3 1o a
@\Tﬂ1J5$ﬂf)‘U‘VHQLﬂﬁcluﬂWﬂliJaﬂﬁUﬂ’]ﬁaﬂﬂWﬂﬂ’]ﬁﬁﬂﬂﬁWﬁWB Phorbol ester f)f]ﬂéljjﬂ

U

=

S 3 4 ~ 5 1 a =3 ] 1 I ] 1
NMUa 90 losiFud uaailuaisnen 1 FanundsuaTlsau linanaisaindiegranou
@ 1 < a o A a A Y] A (]
m3ana 0619 lsnawilsuna luiiunazive lvanasnin@u iiesnn luiiuuazive levrsdrugn
afauazazatelueniueandouiua13iy Phorbol ester dmSuSuIM@THYLAZaTAIU
1 < 1o [ [ a {

AN T3NS IuMNAAaAIMAa1INNIaNAa13 WY Phorbol ester iaaalun13199 2
5 1 @ a < 1o

FINUNUONVINBNIUDATAAAITNY Phorbol ester DONIINNININAATYA A tONIUDA
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detreaalTuiauarsaunua1n1e IayuINISNNBUA (Trypsin inhibitor, Phytic acid,

. . :l} dy < @ ' Ja . .
Lectin 10 Sapomn) mummﬂumiwmimﬂa1aaza1ﬂ"lﬂﬂiugaw1uaa (Chivandi et al.,
2004)

<] o A [ a
2. ﬂ'liﬁﬂ‘]ﬂ?ﬂ'lillﬂﬂiﬂ‘iauﬂ'lﬂﬂ'lﬂlilaﬂﬁﬂ”ﬂ'lﬂﬁﬂ@ﬁ'lﬂ/\ﬂel Phorbol ester ’E]’E']ﬂl,l,'g'i

o A 1 < 1o J a a
fadeniinademsuenllsaunnmawanaayat 1dun pH gangil nat Usuaundeuas

-~ a o = =
mMsanaznou Tlsau ﬂﬂllﬁﬂﬂ‘lugﬂ‘ﬂ 1-4 11agN1319N 3

= N 1Y = <3 1o ' 1Y A a
pH Tnagemsaniallsausenainmnwaaaijdrediaunndaaslugdin 1 Usua
@ <] 1o { { 1 1%
TisAugnanasenainminwaaayaitiosnga pH Tusae 4.0-43 Tusdugnanalauinlu
4 2 S o < 1o Yt g P
anz pH Ngeau szmunllsdulumnuaaayiramnsoazate laa luannziihuuduazi
pH 12 wa'ldvesmsenialisAulingaga (81.7%)
e o id 4 o 2
gungiiinademsana llsAueenanmawaaayd U7 2) Tauiloguugiigeiu

E]

@ < 1o a 1
Tﬂiﬁugﬂﬁﬂﬂaaﬂmﬂmﬂmaﬂﬁmﬂé’fﬁﬁuw%qmwgmﬁwammiasmwaﬂﬂiau 210

U

v
=S <Al 3 =

Y ] 3
msfnuil malavesmsanaldsauiian luuanavedelitioddyiandedu 95% (p >
A a ' ° A A _ o A v o 2
0.05) 1pgungigan1 50°C Tashgungi 50°C Hawa ldvesmaanalisau 84.6%
v A 1 @ = <3 1o A A A
i‘”EJ$L’mWﬂlﬁlﬁﬂﬁﬁﬂﬂiJNaGl’e’]ﬂh‘ﬁﬂ@T‘]Jiﬁuﬁ]ﬁ)ﬂi]1ﬂﬂ1ﬂmaﬂﬁﬂﬂ1 (319 3) oy
sreznamsana lUsavag awaaﬂmﬂmnma@ﬁummﬂmu amq”liﬂmmmgﬁmzaznm
veamsafinunnd1 3 ¥ Tus waldvesnsasalysduia liuanmsesaiisd dafinnm
iFoifu 95% (p > 0.05)
A A 1 Y] 2 < 1o VY A a
naelinanenisana llsaueennnmnwandydnguiuaaaaslugli 4 Usum
[ <3 1o { 4 1 4 A
TisAugnanasenainmnmaadydidesigaie lifinde omuanududuveunioe
a = @ I 1o dgl A Y 9 A
YsuaTshugnanasenainmnudadyfiuinduaugegananududuvounio 10%
1 1< A A Y 9 A dgl 1 a = @
o619 lsfeuieriuaNududuvo undegaliu (1nn1 10%) UsnaTsaugnanasenain
< 1o A
MNAAAYAITUAAA
dmsunsanazneuTlsiunnmsazaeTusduiiafaeennnmnmdaaysidae
an [ ~ < 1 9 . Y
333 (13199 3) 121 u3131% 80% Ammonium sulfate IHamMsAnAznow 1A A
(99.1%) 589A9N1A0IT Isoelectric point (pH 4) HALAT 318 2a18 Ethanol 1Ay Acetone
o w =2 = <] 1o dySI an . .
Ay wamsanyImMsuen TUsaneonvnnnmaaay@iiinie3s Isoelectric point (pH 4)
1nAIAB9AUII189IUVBY Devappa and Swamylingappa (2008) Fa1935n158enalunsuen
Tﬂsaumﬂmﬂmé‘ﬂaﬁﬁw (ghani-pressed 182 dehulled defatted Jatropha meals) 185231 70-

77%
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v '
o ' ~

b4
iuanymsuenldsavesnainmnwaaaymiivh 11 luduaeude T 1dun ms
A

a

19 pH i1fy 12 Ngamgl 50°C wiu 3 $3TuaTag lu@uinde NaCl 1osnnndoe1vdwada

Aunmvesllsau nazmsanaznonTisAunsztide pH 1910 4 11109910115 1% Ammonium

=9
sulfate HAUNUG

q U

wamsnaszHUSualdsau lufu mele uazidwesaznou Tsaunuen laannn

a1 uaaaluasai 4 azneuTusAulUSnaTdsAuge (90%) Fediarigananlumn

waad

[
dam)
< 1o 1 A J o
wasayslszna 4w Usmna TdsAuluaznouTusdulumsAnpiilndifsstuseauue
Devappa and Swamylingappa (2008) #awuisuaTdsauluazneullsAuiiagalszuim
1 < o o 4 < o o
89% 0614 15nauaznou TusAudansd luiiu (Wsvana 7%) welouaviduiisuanios d1msy
USIaa1s iy Phorbol ester tazansauguAImIa lnyuinmsluaznoulusaunaasluaisieh
<3 1 A A Yy 1 a . dy = 1
s azmunaznou TUsAunuen @ lulia13iy Phorbol ester 11ag Lectin HONINHILIAUI
Y
o @ a I
Tuneunsuen lysaudsant/Suia Phytic acid 11a Saponin Tuaznouldsau erudlumse
m3uen TUsAuA18n1515D pH %119 Phytic acid 1182 Saponin 1edIuazaeluaisazais
' I a 1 % Y
Wwan3ensa 0619 150A1WTU1 Trypsin inhibitor HA1GIFIAAI8AUT109TUYD Makkar et al.
A .. . P4 = % A A
(2008) 111849910 Trypsin inhibitor 919aTABUAzANAzNOW 1A luaAIzReIN D TUsAUDUY Y4
3 1o
MAAAAM
a a a [ { < 10 {
Usinunsaezd Turiaas q vesldsauiuen lannmnwaaays waasluaisei 6

< 1 a a a o & qa/, . . . A9 1 a
ﬂzmumﬂimmﬂmazuiuwumuﬂumwm (Total essential amino acid) Mﬂ1u®ﬂﬂ'ﬂﬂ5u1m

A3 Tnansnez 185ud et muaTag FAO/WHO (1991) uaasienmninues lsauniuena
I 1o 1 ) o 4 Aa
nnmnwaadysion limunzdmsuionsus Inaveawyud
=2 1 =S 4 = @
3. msfinimsges ldsauazesnlsenevveslisauana
1 d { $ 1 Q'J
mildnsaauisodesTsauldsiasiganazangalusae 2-3 ¥ lususnlae
v v 4
F9NAINHAVDL Degree of hydrolysis tazdSunansaozd Tuimiutuluai06195e1I19n3
1 ~ ~ 4 [ =S Y 3 A aa A = Y
doe (31U 5 1az 6) Tuvnziitou lal Neutrase dov T sau lasiaiinganazangalooui
¢ a A o & @ ' { {
ou lasdatiaou o Netitoulad Trypsin doallsdulddooniga (319 5 uaz 6) Tunmsauwa
[ a9 J g a = @ .
mseev TUsAualensauazion ladiduluiamafeanus1e91uved Li et al. (2005) 11 Lee et
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Table 1 Chemical compositions of J. curcas seed cake and phorbol ester-free J.

curcas seed cake (on dry matter basis)

Composition (%, w/w) J. curcas seed cake' Phorbol ester-free J.

curcas seed cake'

Crude fat 14.84 £0.52 8.64 £1.66
Crude fiber 11.00 £ 1.65 8.24+0.26
Crude ash 7.76 £ 0.05 6.44+0.16
Crude protein 23.51+1.50 23.04 +1.04

' Means = standard deviation of triplicate determinations

Table 2 Toxin and antinutritional factors in J. curcas seed cake and phorbol ester-free

J. curcas seed cake (on dry matter basis)

Components J. curcas seed cake' Phorbol ester-free J.

1
curcas seed cake

Phorbol esters (mg/g)* 0.73 £ 0.06 ND®
Phytic acid (%, w/w) 8.55+0.51 1.87+0.11
Trypsin inhibitor (TIU"/g) 742+ 1.64 1.12+0.09
Lectin activity (HU/mg protein) 13.15+ 045 ND*
Saponin ¢ (ug/g) 27.82+0.68 10.04 + 0.60

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

® Trypsin inhibitor units

¢ Heamagglutinating units

4 Diosgenin equivalent

®Not detected
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Table 3 Effect of precipitation method on protein isolation of J. curcas seed cake

precipitation method Initial protein Precipitated Precipitation
(2) protein (g) yield (%)
Isoelectric point (pH 4) 4.61 3.27 70.8
40% acetone 4.61 2.84 61.6
40% ethanol 4.61 3.02 65.6
80% ammonium sulfate 4.61 4.57 99.1
90 T 25
80
70 | T 20
60 - :\O\
g s + 15 ‘g
= £ 7‘3
a 40 1 16 ey
ERE
3 i
E 20 15
K 10 4
0 T T T T T 0
(0] 2 4 pH 8 10 12 14

Fig. 1 Effect of pH on protein extraction from J. curcas seed cake
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Fig. 2 Effect of temperature on protein extraction from J. curcas seed cake
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Fig. 3 Effect of extraction time on protein extraction from J. curcas seed cake

22



+ + 8
/-O\ %
s + 6
= —
2 X
> N—
= T4 £
2 154 2
Q
8 10 5:
B +2
8a} 5 4

0 ‘ ‘ ‘ ‘ ‘ ‘ 0

0 5 10 15 20 25 30 35

NaCl concentration (%)

Fig. 4 Effect of salt concentration on protein extraction from J. curcas seed cake

Degree of hydrolysis (%)

Time (hr.)

o)

= Nentrase

=i P epsin

iy P apain

e Ty ypsin

—0—HCl

Fig. 5 Degree of hydrolysis of protein isolated from J. curcas seed cake

by HCI and enzymatic hydrolyses

23



Table 4 Chemical compositions of protein isolate obtained from phorbol ester-free J.

curcas seed cake (on dry matter basis)

Composition (%, w/w) Protein isolate'
Crude fat 7.15+0.36
Crude fiber 0.74 +£0.10
Crude ash 1.76 £ 0.09
Crude protein 89.02 + 1.83

' Means = standard deviation of triplicate determinations

Table 5 Toxin and antinutritional factors in protein isolate obtained from phorbol

ester-free J. curcas seed cake (on dry matter basis)

Components Protein isolate’
Phorbol esters (mg/g)* ND*®
Phytic acid (%, w/w) 0.03 £0.00
Trypsin inhibitor (TIU"/g) 8.36 + 0.03
Lectin activity (HU/mg protein) ND*®
Saponind (ng/g) 2.04 £0.01

" Means + standard deviation of triplicate determinations
2 ND: not detected.

*Equivalent to phorbol 12-myristate,13 acetate

b Trypsin inhibitor units

¢ Heamagglutinating units

d Diosgenin equivalent

“Not detected
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Table 6 Amino acid profile of protein isolate obtained from phorbol ester-free J. curcas seed

cake (on dry matter basis)

Amino acid

(g amino acid/100 g protein isolate)

Protein isolate '

FAO/WHO

reference value® (g/100 g)

Essential
Methionine
Cystine
Tyrosine
Phenylalanine
Isoleucine
Leucine
Valine
Histidine
Threonine
Lysine
Total essential amino acids
Non-essential
Aspartic acid
Serine
Glutamic acid
Glycine
Arginine
Alanine

Proline

4.86

1.98

1.26

2.07

1.90

3.29

2.23

1.05

1.81

1.60

22.05

4.94

2.56

8.73

2.15

6.45

2.29

2.08

2.5°

6.3

2.8
6.6
3.5
1.9
34
5.8

32.8

" All values are means of duplicate determinations.

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

3 Methionine + cystine

* Tyrosine + phenylalanine
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from enzymatic and acid hydrolyses of protein isolated from phorbol ester-free J.

curcas seed cake with their controls
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Fig. 9 Radicle emergence percentage of chilli seed tested by protein hydrolysates

obtained from enzymatic and acid hydrolyses of protein isolated from phorbol ester-

free J. curcas seed cake with their controls
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Fig. 10 Seedling growth rate of chilli seed tested by protein hydrolysates obtained
from enzymatic and acid hydrolyses of protein isolated from phorbol ester-free J.

curcas seed cake with their controls
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Fig. 11 Germination index of chilli seed tested by protein hydrolysates obtained from
enzymatic and acid hydrolyses of protein isolated from phorbol ester-free J. curcas

seed cake with their controls
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Fig. 12 SDS-PAGE of protein hydrolysates obtained from enzymatic digestion of
protein isolated from phorbol ester-free J. curcas seed cake with Neutrase at various
digestion time

Lane 1 Protein isolated from J. curcas seed cake without digestion (Control)

Lane 2 Protein hydrolysate obtained from Neutrase digestion of protein at 0 hr
(Control)

Lane 3 Commercial protein hydrolysate (Control)

Lane 4 Protein hydrolysate obtained from Neutrase digestion of protein at 2 hr

Lane 5 Protein hydrolysate obtained from Neutrase digestion of protein at 4 hr

Lane 6 Protein hydrolysate obtained from Neutrase digestion of protein at 12
hr

Lane 7 Standard proteins containing Myosin (209 kDa), B-galactosidase (124 kDa),
Bovine serum albumin (80 kDa), Ovalbumin (49.1 kDa), Carbonic anhydrase
(34.8 kDa), Soybean trypsin inhibitor (28.9 kDa), Lysozyme (20.6 kDa) and Aprotinin
(7.1 kDa)
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A: Water (Control) B: Urea (Control)

C: Bio Life M80 (Control) D: Protein (Control)

E: Neutrase 2 hr. F: Papain 2 hr

G: Trypsin 2 hr H: Pepsin 2 hr

e
-

I: HC1 2 hr J: Phosphate buffer pH7 (Control)

Fig. 13 Growth of chilli seed at day 14 tested by protein hydrolysates obtained from
enzymatic and acid hydrolyses of protein isolated from phorbol ester-free J.
curcas seed cake with their controls (A = Water, B = Urea, C = Commercial
protein hydrolysate, D = Protein without enzymatic digestion, E = Protein
hydrolysate obtained by Neutrase digestion at 2 hr, F = Protein hydrolysate
obtained by Papain digestion at 2 hr, G = Protein hydrolysate obtained by Trypsin
digestion at 2 hr, H = Protein hydrolysate obtained by Pepsin digestion at 2 hr, [ =
Protein hydrolysate obtained by HCI digestion at 2 hr, J = Phosphate buffer pH 7)
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Fig. 14 Height of Chinese kale tested by protein hydrolysates obtained from Neutrase
hydrolysis of protein isolated from phorbol ester-free J. curcas seed cake with their
controls (1= Protein without enzymatic digestion; 2 = Urea (30 mg/ml); 3 = Urea

(60 mg/ml); 4 = Commercial protein hydrolysate (30 pug amino acid/ml); 5 =
Commercial protein hydrolysate (15 pg amino acid/ml); 6 = Water; 7 = Protein
hydrolysate at 10 pg amino acid/ml; 8 = Protein hydrolysate at 20 pug amino acid/ml;
9 = Protein hydrolysate at 30 ug amino acid/ml; 10 = Protein hydrolysate at 40 ug

amino acid/ml; 11 = Protein hydrolysate at 50 pug amino acid/ml)
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Fig. 15 Quality value/index of Chinese kale tested by protein hydrolysates obtained from
Neutrase hydrolysis of protein isolated from phorbol ester-free J. curcas seed cake with their
controls (1= Protein without enzymatic digestion; 2 = Urea (30 mg/ml); 3 = Urea

(60 mg/ml); 4 = Commercial protein hydrolysate (30 pug amino acid/ml); 5 =
Commercial protein hydrolysate (15 pg amino acid/ml); 6 = Water; 7 = Protein
hydrolysate at 10 ug amino acid/ml; 8 = Protein hydrolysate at 20 pug amino acid/ml;
9 = Protein hydrolysate at 30 ug amino acid/ml; 10 = Protein hydrolysate at 40 ug

amino acid/ml; 11 = Protein hydrolysate at 50 pg amino acid/ml)
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Fig. 16 Diameter of Chinese kale tested by protein hydrolysates obtained from Neutrase
hydrolysis of protein isolated from phorbol ester-free J. curcas seed cake with their controls
(1= Protein without enzymatic digestion; 2 = Urea (30 mg/ml); 3 = Urea (60 mg/ml);
4 = Commercial protein hydrolysate (30 pg amino acid/ml); 5 = Commercial protein
hydrolysate (15 pg amino acid/ml); 6 = Water; 7 = Protein hydrolysate at 10 ug
amino acid/ml; 8 = Protein hydrolysate at 20 pg amino acid/ml; 9 = Protein
hydrolysate at 30 pg amino acid/ml; 10 = Protein hydrolysate at 40 pg amino acid/ml;
11 = Protein hydrolysate at 50 ug amino acid/ml)
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Fig. 17 Wet weight of Chinese kale tested by protein hydrolysates obtained from
Neutrase hydrolysis of protein isolated from phorbol ester-free J. curcas seed cake with their
controls (1= Protein without enzymatic digestion; 2 = Urea (30 mg/ml); 3 = Urea

(60 mg/ml); 4 = Commercial protein hydrolysate (30 pg amino acid/ml); 5 =
Commercial protein hydrolysate (15 pg amino acid/ml); 6 = Water; 7 = Protein
hydrolysate at 10 pg amino acid/ml; 8 = Protein hydrolysate at 20 pug amino acid/ml;
9 = Protein hydrolysate at 30 pg amino acid/ml; 10 = Protein hydrolysate at 40 pg

amino acid/ml; 11 = Protein hydrolysate at 50 pg amino acid/ml)
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Fig. 18 Dry weight of Chinese kale tested by protein hydrolysates obtained from Neutrase
hydrolysis of protein isolated from phorbol ester-free J. curcas seed cake with their controls
(1= Protein without enzymatic digestion; 2 = Urea (30 mg/ml); 3 = Urea (60 mg/ml);
4 = Commercial protein hydrolysate (30 pg amino acid/ml); 5 = Commercial protein
hydrolysate (15 pg amino acid/ml); 6 = Water; 7 = Protein hydrolysate at

10 pg amino acid/ml; 8 = Protein hydrolysate at 20 pug amino acid/ml; 9 = Protein
hydrolysate at 30 ug amino acid/ml; 10 = Protein hydrolysate at 40 ug amino acid/ml;
11 = Protein hydrolysate at 50 pug amino acid/ml)
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Fig. 19 Growth of Chinese kale on day 40 tested by protein hydrolysates obtained from

Neutrase hydrolysis of protein isolated from phorbol ester-free J. curcas seed cake with their
controls (1= Protein without enzymatic digestion; 2 = Urea (30 mg/ml); 3 = Urea

(60 mg/ml); 4 = Commercial protein hydrolysate (30 pg amino acid/ml); 5 =
Commercial protein hydrolysate (15 pg amino acid/ml); 6 = Water; 7 = Protein
hydrolysate at 10 pg amino acid/ml; 8 = Protein hydrolysate at 20 pg amino acid/ml;
9 = Protein hydrolysate at 30 png amino acid/ml; 10 = Protein hydrolysate at 40 ug

amino acid/ml; 11 = Protein hydrolysate at 50 pug amino acid/ml)
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