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Abstract

The effect of gamma radiation on protein digestibility of Jatropha curcas press cake was investigated

using in vitro digestibility technique. Six varieties of Jatropha curcas seeds were subjected to cobalt-60 gamma



radiation at doses of 10-100 kGy. All treated seeds were defatted by screw press. In vitro protein digestibilities in
defatted seeds were assayed using trinitrobenzene sulphonic acid (TNBS) method, by which the contents of alpha-
amino induced from the function of enzymes were determined using L-alanine as a reference standard. It was
found that irradiation treatment at 60 kGy significantly increased the protein digestibility by 15-92%. Also, the
results showed that moisture, crude protein, fat and ash contents were unchanged by irradiation, whereas fiber was
significantly decreased (p < 0.05). Therefore, irradiation could serve as a possible processing method for protein

utilization improvement in defatted Jatropha curcas seeds before using as a protein supplement in animal feed.

Keywords: Jatropha curcas, gamma irradiation, in vitro protein digestibility

1. UNiN

<] 1o A A a 3’ o = =
MNVOINAAAYM  (Jatropha curcas) maodnnszuIumanaainiuluTofiwa 1
a v 1 1 o I o
YsinalilsAugededosas 2732 Juinduunadldsdund  aunsadwnidluemsdadla
' < I 1o o k4 a 9 a Y
a9 lsnamumaaaidalszneuaisamsiiuiazeansdm Invuzratosia laun phorbol ester,
. . . . : < Y [ JRA] v J
curcin, saponin, phytate LI¢ protease inhibitor’ aueNNILTUBUATIBADI 1M BVDIFA LA
v A 1 Y a a a v J o ] Y
Falimansznudoms ImanaauaznIRT Al Inueada? Tagaz ldavnamsdonlaueg
o [ ] o [ :ll < 1o A ) I
Tusaushlddad ldawnsoi lasus WlddseTonila  duiumnawdaayminagsir il
v J ] o w a J 09.: 1 [ { Y
PR TazAesrunIzuIUMIANanTpaamsimmaniuasliedluszauinlasads msan
a a o 1 o a 1% 3 I
YSinaensiensem s lasusdinanansanszilavaeds  msaesadunuunndludn
an & A a 9 < 1o Y3 A v
Mnilsiansoaamsnbuazasau Insuzveanaadyiiacld’  lesnnmsmiesadunuin
o Y D] o o ' Yy ¥ = )
aunsahldazain ldnadu wazamnsosnmquamelasug 1318 luvazgimsldaam

9 =~ 1 a Aa 4 da' 9 A g V) ~ (]
ﬁﬁ)uuwamﬂﬁmmmmﬂmazﬂu l.lii]ﬂmﬂuﬂﬁcl‘]fﬁﬁlﬂimL‘]J“L!G]’J‘ﬂ1ﬁ$ﬁ1fl‘ﬂ§ullﬂ YU NIA

Y
U

a = IS J Ao w 5 Ay aA
laTasnaninuaz Imdon laason laantinaneas Tnyuzdday luems UIVYUNING
s A a [ A a A 1 = A
Uszasnmolszlunavosssdunuan lumsmvlszaninmwmsdos Tdsau noimuaunInUn

I 1o a 1 Aa vAa . . g ey
TlsAulumnuaeais sematianmsdoslunios §IanT (in vitro protein digestibility)

U

d a
2. gUnsamaziEms

2.1 MIMeSIdudaayamazinanaIon1g
hidedamanaisn 6 meius 1dun NT, KUBP-16, KUBP-20, KUBP-27, KUBP 78-9
waz KUBP 80-3 lianeSadunuuuuu@eundunsua o, 10, 20, 30, 60 taz 100 nlangsd

9 A [TAR= 4 a o o w Qs: ) <
ABATOINBTITUNNN IAUOAA-60 GU’E'NUT]EJ‘V]VI)@IGD'W?J'@U (ﬂﬁm‘ﬂﬁ”l‘ﬂﬂ) 1N MNUUUUUAA



Y

o A1 v A 1 ~ :j L A ~ o w = @
aymnrummessdunuun lidiunszuiumstnhiudreniesiviniuuuunieda way
o < 1o k4 A Y v A Y 1
Wimnwaaaydnuadieniosuadiediaie Ilumsnaasssde 1

= Jd < Yo
2.2 msfinpesnalszneumelaruzveandaayd

a s & <3 ' o o A v A A

Wnszrenlszneuna lnyuz lumaaaydmnaieiugiriunsmesadlsna - 60

a 4 4 Y g ana L4
waz 100 nlansd Uszneudle Tusau @ele ludu anusu wazd Tasdsimseriuuy
a, Y [ <3 1o { [ 1

U511 (proximate analysis) MM35999 AOAC” 1WfSsuriounanuiiodamanaydin luldni
MIN1G5IE

= ' +4 = < Yo

2.3 AnmanuannsalumsdesldvedlilsAunnmnmdaaiia

2.3.1 MR rnultienzyme7

g =3 1 a I

azanoeu lmidoslUsAunaazsiialy 50 mM phosphate buffer pH 8 laalwiinau
Yy 9 4 . . . Y A a o v
Wutuvesou Lol trypsin, chymotrypsin Iaig peptidase (N1AU 1.6, 3.1 Uag 1.3 UAANTUAD

Y
a Aaa o w [ % o 1 Aa d a (a
faaans Muavy vasnmiuhumanenssuveaeu lsiniUdulaeld N-O-benzoyl-DL-
I Aa

arginine-p-nitroanilide (BAPNA) 11U substrate MIWITNTVDY Runglruangsak8 pazas1ensm
WIATFIUVDI p-nitroaniline ANMTNIU 0.03-0.21 luTas Tuanoiiaaans

2.3.2 MINTIUAIDYN

v w 1 < 10 [ { a Aa o a

Fiedumnanddimiessdnuanda 20 Jadniu 1An 50 mM phosphate buffer pH 8
40 Haaaasiaz 0.5% chloramphenicol 200 Tulnsans v ldulu shaking incubator qmmﬁ 30

' 4 Y v
parnadod Wiy 24 %2 Tue niurh ldduluindeauiu 10 wAtazusn -80 oersalT
4
WK 10 W 1aLAN multienzyme 500 1uTasans 11111/1u1u shaking incubator DNATIUIY 24
o S o P, S a a A 7o
#2119 vt ldduluiudeauiu 10 wimesanaeu lasdsiavua
a J ll a8

2.3.3 Msaasiznmsges lUsau

a 4 [ =) @ 1 Aas .. . . )

Ans1zrimsoes 1Usanlua198191a87F trinitrobenzene sulphonic acid (TNBS) lagiin
feegnalude 2.3.2 200 Tulasdng ¥ 1AN 50 mM phosphate buffer pH 8 2 Jadans waz 0.1 %
TNBS 1 Haaaas Widiedns hhinlundaguuigil 60 ossmwaidod wiy 1 42103 18y 1 M HCI
v A A = ~ @ . Yy 9
Jammsganauuaan 420 wluwas WeuMeunUNIINIIATFIUYEN L-alanine ANMINTY
0.3-3.0 lulasTuasedadans wazdamanuamnsalumsgeslysauluniiieves pmol L-
alanine equivalent per g feed per trypsin activity

a d
2.4 MYAIATIZHYBYA

o 1 9 :} 1 o 9 A Y a 4

Riminaaesediaos 3 41 luudazmsnaasaimeyai ldundnszdianunlslsiu

Tae7s analysis of variance (ANOVA) vazifSeufeuAnasa183% Duncan’s new multiple range

test (DMRT) N3zAUTBA 1Ay 0.05



a d
3. HANIINAADIATIVTTY

|

d g < o
3.1 e9nilszneuNUg UM nvUZ VB INAATYM
a 4 J [ 1o 3 v J A v A
Msnsznenlszneunalnosuslumdaadms 6  @eiug  ARIuMInesed

9
a a 4 v a o 1 1
Usua 60 ag 100 Alansd wundesazvesdsuaTdsan Tuiu anudu uazidr daulng)

= ' ) aa v A A o ' ~ V9
hliJiJﬂ’JTJJl,mﬂG]Nﬂu“l/INﬁﬂGﬂu‘Iqﬂﬁ’1ﬁlWH‘]§L3J?JL‘V]EJ‘lJﬂ‘]JﬂQ3Jﬂ’J‘]Jﬂ3J (Table 1) luﬂJmZ‘VI‘WU’N 308

o

a A [ ] A (= a 4 1 A v o w
ﬁ3ﬂlﬁ]ﬁﬂill'lmlﬁlﬁ]iﬂiumaﬂﬁﬂ”ﬂ'lﬂN'luﬂ'liﬂﬁliﬂﬁ 60 taz 100 ﬂiﬁlﬂiﬁl ﬁﬂﬁ\ii’]‘(’lNNuﬂﬁ'WﬂﬂJ

=

aa A ~ ) 1 [ A ~ I v A o Y a Y
neadAloMIUAUNQUAILAN  FITzAUVBUTe leNanaullunanTIdi liinamIdalsa?
v941n5398319 (depolymerization) AZMTAABAIVIANTY (delignification)’ uazdasirlviduly

. Y g ¢ o o ¢ > a v 1 ) <
VYOINY (cellulosic fiber) FuTuoaflsznounanlumiswadwiunamsuaninde® ag1alsn

I o a & 1o = a S 1 ' = g
ANNIZLUUINITRIYINANAATUAIFIDT 100 ﬂImﬂiﬂ hlﬂJﬁJWﬁGl@Tﬂﬁ@lu “ﬁilﬂu@iﬂﬂﬁ%ﬂﬂﬂﬂN

Ao o A A & ) : s &
Iﬂ“l)'u$ﬂﬁ1ﬂﬂluﬂﬁjﬂ%uﬂﬁuﬁiuﬂﬁﬁﬂHWﬂi\iu

3.2 anumansalumsged lavedldsaulumnmaaaisn
<

_Y

1 9 = 1o J o A v
ﬂfﬂ‘llﬁ"liﬂiﬂmluﬂﬁEJ@EJhlﬂ511ﬂﬂiﬂiﬁuiﬂﬂﬂTﬂmﬁﬂﬁy’ﬂHmazfﬂﬂwuﬁ“ﬂFﬂuﬂ"ﬁﬂmiﬂﬁ

1 L] Y A A Q' tg =) [ dd’ Q‘ ‘i?’
aaalu Table 2 W‘]J’J"Iﬂfﬂllﬁ"lll”l'iiﬂuﬂﬁﬂﬂﬂulﬂﬂlﬂﬂiﬂiﬁuﬂﬂ1LW3J"1I1!£3|"I§J‘]J§3JTE1!§\1@'TILW1151]‘L!ﬁ]"lﬂ

] v
To a1

= a 4 1 3 v Ao 1 a 4 9 1 a v
10 99 60 nlamnsd ua lumMnARgUMNHIUNITRIBSITAINI 60 nlanse llﬂllﬂ Usunwsea 10,

U

Y 9 '
v A

20 uaz 30 nlansd lumsdnmiaseil linumadeundasuesmsdes lduealilsauediil

aa

] 1 1 E4
WedAymeadalofeunudleded lumumsnieiid  Fwwaminaaesiideandoanunis
Y ] 9 [] d' ] v A a a 4 1
naaodludregndnvhanmumsnessduouunlsne 0, 10 uaz 50 Nlansd wuN
anwansalumsdesldvealilsauandnrhaliadesas 70.5, 71.0 uaz 70.3 swdwn" uay
o A < 1o o v J I a A (a v a a 4 1
MIMETITMNNAAAYA 119U 4 MeufaInsemening In NFuasd 10 Alansd wun

"9 1 Y = Y a A = 1 (% an (% 1
ﬂ'liﬂElﬁ$ﬂ1iﬂ@ﬂllﬂeUﬂﬂiﬂiﬁuiuWﬂﬁﬂ;]Uﬁﬂﬁ ]lllllﬂ’ﬂlllmf‘l@]Nﬂu‘VlNﬁ'ﬂGﬁﬂﬂG]’J@EJNﬂWﬂ

]
o A

3 ] (BN =) &£ I FI v a o 09/’ a (a <
waaaymn ludumsaiessd®  dwermdullidnszdunnssvvesmsdudinsUsulumwaa

1o w = o A 1 < Y1 oo 1 Y = @ 1 A v ]
ayidensliszauigeed Wuwaldmidniimsdos laveslusauludedienriumsniesedla
HANANAINNGUAIUAN

v A A (a a J A 1 = A
MInesaaunuInMlsne 60 dlamsdvemuanuaisolumsges lisauie

=~ =} @ 1 A = =) a S R o a ' a

nfSeumeununguaiuguuasines @5 10, 20 tag 30 nlansd Faduivgunlsu

v A a a a

a -4 1 o o 4
§9@ 60 fTansd ondinanonuszuod ldsaulaoiln ldsAuniilasadrauunaeniinazade-
Aa A =\ . 12 A [ Y Y] @ ng a (A o 9
QUINAMITANNW  (denaturation)” %30 o1vdIWaliszAUveIcIdUTINITUFuanas ilv
1 vy a A ; 1 I 1 v A (A&
anuansalumsdesldvesTsanliagean egelsimmumuin msmefidunmnilsna

a 4 1= 1 A 1 =S A = = o A a a
100 N lanse 'lmwamﬂmwm3mmmmiumssjaaiﬂmummﬂmmﬂﬂﬂuwﬂimm 60 nla



9 4
-4 v A

A a o A a 1 Y a A o . .
EL 1/1quamummmﬂﬂimmimﬂqqmu"lﬂmwa“lwmﬂﬂmﬂfauﬂu (cross linking) (1@

v @ . 9
FIAINU (aggregation) V01 IATIdiMelu Tuanavea llsau”

4. aq)

v A

a a o ] Q' 1
Faaununlsinar 60 waz 100 Alansd aemuaNuaTalumsdeslsaulunin

< ] o o a

o Y dg} 9 ] A o a 4‘ = [ 1 [ < a
LllﬁﬂfT”LIﬂ”lclfﬁq\i"lluhlﬂ'f)fﬂ\uluﬂﬁ”lﬂiyﬂ"l\iﬁﬂﬁluﬂﬁﬂﬂﬂﬂ“]_lﬂ@}lﬂ?”ﬂﬂll i’)fJ"I\illﬁﬂﬁnll‘]Jﬁll"lm

U

'
v A a Y

-4 ' a Il = d?’ A A o a v a J
$a@ 100 Alansd luawnsamiumsdesTisauligeiudeiisuiulsmussd 60 Alansd
[ 3 a v a IR I a A 1 A Il =
AWINTINSE 60 Alansd Juluilsnanminzaudemaiuanuansolumsdesllsau

3 1o ] ' { J <] 1o y
Tumnwaaajirlae lilinasemsnlasunilasesdlsznounaTasus lumdaayar  1iiesan

U

ax v o 9 1o & 9 o | o ' A
I5NITNIYIIA mmiam"lﬂﬂinazum 9 ngvllli]1&‘]Juﬁﬁ]\‘]01ﬁflﬂ§3‘ﬂ’3umiEJIJG]’J?JEJNLW?JE]H

Y
v o

axd ax v A <] 1o =2 & A £ A Y (v '
50U mumﬁmmwﬂmmumma@ﬁum Ngﬂumamaﬂwuwam1531%1J5‘1J1,Lms€;mﬂ1w
3

yoamnmaaayjir e 1 14 unvdeTdsaudmsuomnsdadldaelu

5. paanssnilszmea

E2
auatell lasunuaiuayumsitennaniuitonag WU I N0 EAS-

4 9 = Y o =g 4 A o
mans moldlnsamng-loTodiwa aazdidevovounszan oMU doudlial quiite
9 9 [ 1 a v A =5 A oA 9 9 Y A 4 ~ Y
P InauazdITharend  aniuaunItunsadadmemsauauaziannnsmans v

< 1o o
ANVOYIATIZHINARA Ao UE KU BP-16, KU BP-20, KU BP-27, KU BP 78-9 1tag KU BP
s v & a s Aq ¥ s & 1o o .
80-3 uazeMIdguand gnina lnyad Alianueywniziwdaadraieiug NT (non-toxic)
a o o o Aq ¥ J v A W v v Aav
vsnlelwasou (Uszmalne) Srnanldanueyaizinaieiiddedis ey aoniuitenyas

v 9

a a A A zﬂy A = g; o 3 1o
AIAINTTU NTUIBINITINHAT ‘VIL’f)fJL“I/\I’E)Lﬂi?J\?‘]JUHWMulhaﬂﬁ‘UuQW



Table 1 Chemical composition of 6 varieties of Jatropha curcus seeds irradiated

at 60 and 100 kGy compared to unirradiated seeds (control)*.

Chemical Variety Control (0 kGy) 60 kGy 100 kGy
composition
% Protein NT 17.47+0.12" 17.39+0.09° 17.51+0.18"
KU BP-16 20.16+0.61" 20.12+0.19° 18.91+0.15"
KU BP-20 17.89+0.11° 17.99+0.33" 17.68+0.26"
KU BP-27 19.45+0.29" 18.99+0.28" 20.04+0.14"
KU BP 78-9 19.60+0.18" 20.16+0.30" 20.31+0.05"
KU BP 80-3 15.7240.52° 14.99+0.09° 14.81+0.13"
% Crude fiber NT 33.99+0.45" 30.44+0.54" 27.29+0.26°
KU BP-16 33.83+0.19" 30.95+0.58" 28.06+1.17°
KU BP-20 34.5840.27" 30.40+0.28" 30.05+0.03"
KU BP-27 34.1840.52° 31.37+0.39" 30.53+0.67"
KU BP 78-9 34.80+0.24" 30.7740.58" 30.54+0.15"
KU BP 80-3 37.6540.64" 33.75+1.50" 32.9740.18"
% Fat NT 35.67+0.85"" 33.27£1.16" 36.76+0.64"
KU BP-16 30.34+0.24" 30.56+0.20" 33.08+0.66"
KU BP-20 30.77+1.12° 36.20+0.45 " 35.95+0.15"
KU BP-27 32.63+0.82"° 32.19+1.20" 33.23+0.27"
KU BP 78-9 36.44+0.15" 34.75+0.27" 35.99+0.42"
KU BP 80-3 37.10+0.51° 35.90+0.36" 37.0740.97°
% Moisture NT 4.45+0.07" 3.70+0.04° 4.62+0.02"
KU BP-16 5.85+0.17" 4.64+0.25" 5.16+0.10"
KU BP-20 5.48+0.01" 4.31+0.04° 4.80+0.02"
KU BP-27 5.30£0.05° 3.69+0.10" 5.13+£0.04°
KU BP 78-9 4.67+0.06" 4.030.06" 4.68+0.03"
KU BP 80-3 4.97+0.02° 4.41+0.09" 4.62+0.04"
% Ash NT 4.76+0.37° 4.16+0.02" 4.45+0.18"
KU BP-16 4.89+0.02" 4.83+£0.04" 4.82+0.02"
KU BP-20 4.49+0.03" 4.48+0.02° 4.57+0.01°
KU BP-27 4.58+0.34" 4.19+0.02" 4.46+0.03"
KU BP 78-9 3.37+0.03" 3.80+0.02"° 3.97+0.02"
KU BP 80-3 4.2940.02" 4.36+0.01"" 4.460.05"

*Mean + SE in the same row with different superscript letters are significantly different (p < 0.05).




Table 2. Effect of gamma radiation on in vitro protein digestibility of 6 varieties of

Jatropha curcus seeds.

In vitro protein digestibility*
Variety (umol L-alanine equivalent per g feed per trypsin activity)
Absorbed dose (kGy)
Control (0) 10 20 30 60 100

NT 54.94+0.11° |55.1541.56" | 58.11+1.36" | 58.33+3.04° | 67.79+1.76" | 58.53+0.43"
KU BP- | 56.35+1.57° | 57.59+1.56™° | 60.40+3.19°° | 63.29+0.88" | 74.30+2.07" | 71.63+0.71"
16

KU BP- | 44.03+1.80" | 45.38+1.46" | 46.78+1.74" | 49.20+2.84" | 57.38+2.22" | 62.91+1.28"
20

KU BP- | 65.8240.62" | 68.90+2.21" | 69.33+1.73" | 69.59+0.46" | 76.03+0.54°" | 78.11+0.78"
27

KUBP | 65.2042.40° | 70.3241.05"° | 70.8122.04°° | 71.7240.90" | 87.96+0.46" | 84.74+0.97"
78-9

KUBP | 45.85+2.35°| 45.4243.11° | 48.38+1.27"°| 53.9843.25" | 88.46+2.95" | 87.63+1.85"
80-3

*Mean + SE in the same row with different superscript letters are significantly different (p < 0.05).
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