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Number: CCMP96-RD-030, CCMP97-RD-101

Study of Germination Inhibition
of Cannabis Semen by Gamma
Irradiation(Final Report)

F. I. Chou

National Tsing Hua University

ABSTRACT

This project is based on the major research focuses 1-4 “study of the
germination activity of roasted Cannabis semen”, proposed by the Committee on
Chinese Medicine and Pharmacy, Department of Health, Executive Yuan. Cannabis
semen(CS), the dried seed of Cannabis sativa LINN., has been used as a traditional
Chinese medicine to enhance human health, and also has been considered as a
healthy supplemental dietary for pigeons. CS is subjected to the import restriction
by the examination of its germination activity in Taiwan. Most of CS is imported
from China, and it must be roasted for germination inhibition. However, some of the
imported CS still have germination activity, thus the commodities are encountered
by customhouse detention. Therefore, the control of germination activity of CS is
urgently required.

The aim of this 2-year research is to set up the optimal irradiation condition
for CS germination inhibition by the use of gamma irradiation. In this first year,
protocol for evaluating germination activity was set up. Effects of different
irradiation condition to germination inhibition was investigated. Results showed that
although parts of the roasted CS showed to sprout, but they presented the abnormal
germination since the plant could not have a good differentiation. Higher moisture
could enhance the efficiency of gamma ray induced germination inhibition. At
the second year project, because the procedure for entering the freshly harvested
or un-roasted CS was heavy and complicated, the samples have not imported.
Therefore, the roasted CS, mung beans and sesame were used for accessed the
germination activity before and after exposed to a serial doses of gamma radiation
in the cobalt-60 hot cell at National Tsing Hua University. Gamma irradiation
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was performed under various temperature and dose rates, and the irradiated seeds
were performed for germination efficiency and polyphenol oxidase activity tested.
The irradiated roasted CS was performed for composition analysis. Ames test was
used to determine the mutagenic potential of irradiated CS. Three months of post-
irradiation storage was also performed. Results showed that mung beans, sesame
cannot germinated normally after 4 kGy of irradiation, and the germination was
completely inhibited after 6 kGy of irradiation. This dose was also the one for
microbial decontamination of roasted CS. None obviously radiation effects on
chemical composition including of fatty acid distribution, acid values, peroxide
values of CS was investigated. Moreover, none mutagenic potential was detected
in irradiated CS. From our results, germination inhibition was certified by gamma
irradiation.

Keywords: Cannabis semen, Gamma irradiation, Germination inhibition
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< I k: ﬁﬁﬁi“‘ FI T oF%E o £ 450 mlz e m}ﬁ AR FL 2 T
Jpv iAo RE R E N kALY 0 LR Rk 6 -
A@Eivwxo.mmﬁ;;g %25 ml*e » 50 mlz 4 33 -k 2 20 fridn A
POANG F e PR F £ E o ed (BIF30f 2 %) S ERE
FEAG RIER Blico FEV25 (VA 0.ING § iR impHia i 2 &
) o

=k

Lo S URERET 2 EF A

HF LR EAOACE 7200 B &Nz R BT RS
FP-E 20250 mlEAGHL Y 0 4100 mlz e % o g R T BRYT
2 PE R EB Y o R REBIRGS :I-%—,p_,}%’—, B~ RS o RN
ZELE FITS )i‘::F?%.ﬁﬁhi (6 #4050 mlZz @ o R Y 2 A
T o L RN ER- = :réw’r’é’@_/,s i E ~ iﬁa%’ﬁii“‘ B ZIRSE
EHEI A o F 430 mUKFERE-F (32, VIVYR & » R 2 % 2% f2
{8 o 4r0.5 mlz 47 fo T‘“ﬁ“’;a/z VP14 4R o 4030 mlE F AR E
304 > Aeidkdsdgm A (SLPFEERE ) o M0.0INAL &AL SRR R
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FEROIELI A T iF- 30 Bk P E RS2 001N R L 4
R A

‘3-

Lz RRAEFR .,é(Ames test)®
RBARRE I M2 P RBERFEDNAR %) ”E”hﬁ*ﬁ
r%f%“#za&ﬂm% 2HPEGERE o H Y 0 Ames test® B ¥ R PR R
B> 22— > B3 HE R s EARTREE o R E TR
2_Salmonella typhimurium(TAFR) AR &2 p (7 & = 2orf ¥ L5 7
REM > AF %E* TAI00Z Rl Fjth > TA100*ThisG467= % & 4 R
% > hisG gene 7 7 histidine2 & = % - B2 % 0 Fl3 4 > H #-GGG-
(proline) B~ ¥ % -GAG-(leucine) » #7 12 TA100F * k ¥ /p|i¢ = base-pairP~
RAT* R GH o F BT T 233 & A ¥ 4F L histidinedt Kotk & & 977
2_histidine » F]p#* © 3 > #p %}}lb‘_'}wﬁ RRLAFRE AL c FRIBRE S
N S P S s
%&ﬁ%ﬁ%ﬂ°?%ﬁﬁwd9Mm(%ﬁﬂwWiﬂm%)’iﬁé
BB SR R T 0 T AR B AL B RN BT AR & R KB b
(Procarcinogens) » (5 d SRR M FE £ 2 W e F] 3 ni®* 18> RS
RRFEZAFHAEL T2 F M E A Rk o
HR &AL
(- ) **2 mL soft agarp 4¢ » 0.1 mLf§ & i i 2 TAF R > £20.1 mL= P[4k
&% 0.2 mL 0.5 mM Histidine/biotinj3 /% & & o
(=) FEAD LT - 24205 mL S-9 Mix» ¥ - 27 4175 ¥k
& R L3593 {4 v I L B 4 2 minimal agar} - S-9 Mix 24°C
TRFFAS P A YRy R ATERY AR 22
SOMIXETZ R 47 £4F% % o
(=) #softagars® 7] > *+37°Cig] & 1 % 48| pF s - fic A e

L3N
7N

Lu o B SRS FEEA
() &9 ?‘&:ﬂhﬂ w %
S HBS oA S EIEE S RS EIIZ Z RS R [;]J\
Pkl (160 FF) 6 nFAHE%E },%/F—T— v 4~ 25 ml 0.1M
phosphate buffer(pH 7.0) » #-4k 5% 7k P 10325 #7908, 18 >
10000 xg &t~ 204 48 > #7{F 2 P FiR WL v TR ER o 1Y
Bradford protein—binding assay:& {7 #-v %‘r TE M TR

F1%* Coomassie Brilliant Blue G-250%% F-v B 5% & chdF i > § G-250
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B HEER 0 G250 d ¢ e d R = 5 Ed 0 3595 nm
AT E O PIER R E o BB E iR S G-2508 F-v %‘r"‘b
T e (4 ]2/\, %) é_i G-250-3-v F4F &
(complex)™ fip iR P MIFRL DEFEF (91 ) o 55%7‘53?

Y
lﬁ. .

1. BSAHE &2 &) e8] &

Label 0 1 2 3 4 5
BSA(100 pg/ml)(ul) 0 100 200 300 400 500
Citrate buffer(10mM)(ul) 500 400 300 200 100 0
SR AR (D) 500 500 500 500 500 500
B 3k R (ug/ml) 0 20 40 60 80 100

2. k& el & 0 #-F-d e %% v phosphate buffer(pH 7.0) i A 18
10X ~ 20X ~ 50X ~ 100X ~ 200X % 500X -

3. e (3 @3 -k 4 » — i»Bio-Rad Dye reagent » & &£ 353 {4 » 3%
g ¢ e~ SmL ff# 8 2 Dye reagent® 100 uLAfFfF 8 2. 30 e
:";‘u’% » AN E R T RE BS5~104 a1 0 1 A kSR B Rl e A R £ 595
nm2_v¥x 3k @ o

(=) KPR =BT A K47 2
B & A~ 9 (separating gel) > d BIF PR G R A YR

PO(N8AR) b D A EAREL G BRT o FRHMRFLIL

F B W(stacking gel) X 2 T dE ~ it 0 EARY FTALEETRA

EAF -

%191 T A K 172 (SDS-PAGE electrophoresis) # 5 # 3¢

1.t &g @ #-{F Rl 2 F-v B e X B~ 0.1 M phosphate buffer(pH
7.0)# 18 & 4p I JE B 0 4v ~ sample buffer® 10% SDS(#2 #& &+ &
51:01) 3100°CRip? £54 4818 > 2 T3~ 2’1"}4 PORER o

2. T AR AT CRFRIR &0 100 plengt A B o~ R P 0 K
BT o 15 mA 0 F k&1 i stacking gelif I1| 2 separating gel 2.
Bod PE fte & L0230 mA o T Bl (dye)2 4p T ALiE gy AT
EENURTARAN:= il " BN (PN - S SRR 1K) R L AN

3. B3 % I 14 coomassie bluer R-250:& {7 4 ¢ » ¥ *tshaker t 4% &
lhri¢gz %4 53 » g 1 ¥ ﬁ?/ﬁ e KA REFRIL > N E IR G0
TR -
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T
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2 FTHEE SRR RS VRS

S~
}-\(
L\ -l
b=
)\4— TR rﬁé

F
%) SEFHES FEEY FELR G oo pT
BT AET o RGN MERTE B 1~2E 2L Uizt AR
SRRl ¥ FHESFRE @RPRLY FERE - R TR
FERE APEHERRE R R Y e Pt
FE RS BT L S A B Fir PRGHRET - RF
AR T Bl R dEM Y 2 e B Y

S ARBE Y RS
(<) LV Fpizsrsn~ A¥ 2 &4
a*%gﬂﬁﬁﬁﬁ%ﬁt’iﬁﬁfiﬁﬁ‘ﬁ%‘
oo E‘E ?’aiér}%%ﬁ% WAL S A B WoRILE D EA gy e
Friz i g 24T g ® ——Fﬁ\m"'\ﬂ?ﬁ\;—:m‘ﬂ,@k‘ﬁ’ﬁl
—?i-f"(413)°
NIRRT YA A EE 0§ F30% " 0hE ~ 20~25% 3
é?’20~Mﬂ6gw%kwg$v~m~dﬂ6ﬁﬁW?ﬁﬁﬁi’iﬁ
gﬁ%%?W#ﬂw@%‘@\ﬁ‘ég%ﬁkﬁi:ﬁélﬁiiﬁ
Fe(R P TG % F & AR)ICI2HL F "9 Pk o V=g AR
A;%@ég45~9ﬂ6\&ﬁﬂwﬂ&’iﬁ?ﬁWMQ‘ﬁi&
AR E 5 T0~80% 2 A rforaapk 0 & FE L~ L
B 2 B &io*ﬁtﬁﬂﬂ%éﬁiw%&ﬁﬁ%

ﬁ”;ié‘:j"&’ggp 32 s q\'AJ\(18171925) ﬂﬂ‘&%pkgﬁﬁ/gﬂ E._ij__\l‘g
E%Q§Mﬁ£#4$Wbﬁ2 5] £ 50~70% Fo15~25% » T2 i

fi& (linoleic acid, 18:2 0mega-6, né6)% 7 Jir it ﬁ’rx(alpha-lmolemc acid,
18:3 omega-3; n3)st G iT3 1 10 LA G| B AL P R kR
G0 20 Tl AR Y 0 TR S % ;ﬁ]ﬁi’ w4 ’—# A4 A
TF B E ehb g 5P o AR B LY F & Jpr ik
ﬁ# G ESREREE ﬁiﬁﬂA?(%%éﬁﬂvié)’
EF et B R Ty Rk A X AR y- T Rk
8 :E3~6% -
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¢ VPHE _BEHEREE
A

i #r 29

M 2

¢

EFETRPN B EFS I D .

A Tel-A:

A Tel-B

A Tel-C:

A Tel-D

A Tel-E

A Tel-F:
07-3123151
A Tel-G:

CREAR 4

02-25872828 #1283 %] 4

FHES IR puRIRE

02-23975006 #2534 15 /|- 4=

FHESTEREP A HE

02-23975006 #2566 [ -] 42

B HE A UF R

02-23975006 #2110 £ -] 4

RF A § %R E

02-23977363 4f | e
PEE S ARF ARG AP
LS A
ﬁ%ﬁ*%%ﬁ%?ﬁ?ﬁ

]’%‘]-

AR T Xt
&5 GENRYR
& P ook

I

[/%%%ﬁﬁi

!

A T3
& EE I aRNAYRET
R HOomAa
® EBFHEMATFTE I
WA B E O EE
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I AGRE R
& Lt EHRRMATHRS
AW EE
® i MARMERENEY

FAlP ER Rz ﬁi%l » AR
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b S R 73 18 RA R 0 7 £ 510.87 mg/100
mg > H ¢ %ﬁ*f&(Glutamlc acid) 7 & # % > ¥ "%fk(Arginine)
* f® % g (Aspartic acid) ~ @ Mﬁﬁ(Leucine)Eﬁ xz2 o HY
Argininesn 7 £ 't 5| g‘m}’g‘,ﬁ»ﬁ»n 24230 523 i
2004 & & d L iz ¢z B 2 Rp(Glycine) 0 B2 2R H Iepk v
E03 TR | PR UL ,}Lﬁ%frg;\ C e A AT S & R i 4B
Pt o o IRefs B e FRAR 0 FIt N FRiZ IR L R AR
48 Ry 2o i o

204 iz LA B

R RS EE LT S RS 1 R
RS qeE o d Y BT RRTE SR PR AEE N KA
Bl o S d AL W ARHRENMSFA L 2 S A A F L F
Eaof o B o Fbl s F M RN o 0§ B R
0700 BD G2 L R TS L R
ANfprd ¢ _,T,Aqmr‘g N3 va 5 R ,%é?’;}\ifé.ﬂil_)\S#wa,: , (]%]:
A) &% Ff‘:}“bi'rf L N iz > TR et R g2 N iz )
Bl 2 e s PRELZE - a0 VRS EE B PR
T a9k 4~55 mm > L E2.5~4 mm-e A+ I R A EAA
¢ 0 BRBSHI Rk A G it 2 RE 53;%’;3 28
BER > R R AIEE o 7 R &R 2 S wmE Ry (B
:B>°wﬁiﬁ%mﬁ f R d o ek iz e k240 FELS
BH B SHERT LRSS RN T O (BIZA) o
PPN NEAT A2 LT+ E (FIZB) o
ZIRIVEE ] %—au T+ ;ﬁ;_ FHEZ P A2 T o

(C)RERFIRARR TR I FT FPFF o FEFEF kA

‘m_)i v R

M F W’?sz’r‘%ﬁ 7}@—+i§;ﬁﬁiw}é—?? FOEE S fEFFA X

fgi‘go P A - A SRR REFAT IR OT G s AT SR
ﬁﬂ%@*é*ﬁﬁﬁm%ﬁﬁiﬁﬁ";?%§°é¢®~—%ﬁ+ﬂéﬁ
BFFEAEFT o NG G ERAFRAE DRy RERLT

%+ ¢ (International Seed Testing Association > f§ #LISTA) & — 2L7
et AEEREERS U AR L LS
B R R AR B RATE G- A T RRET KA
2R ; (International Rules for Seed Testing)&_p = F "% F & & = i3 4
K LR ERET R ATRFET ATLE Y ekl (T o
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SEHEEAR V28 B AN

%R TERA DL R G T e B
1- 2&71 Al B R ES G ¢ L P400~800F A+ MR (TE A

T &
2. % - EATHE 004AES + £ AAEAT BB E T A T4
FRPE T AF (o) b o BN EE B BT o ik

ﬁ'ﬁiﬁﬁﬁ:* EREIP ?’Fgl)% ? EE fﬁ ST #2-5°Cit ﬁc[@i v ,;54
& # (moist chilling; cold stratification)— £ pF & > L2 Kﬁg &+ ek
EB\ °
3ETRHRDFZIIBRZFT AN FiHRARTINFTHR
£ AL BT B
AP E BT RREFRFEL K IAFT ﬁ%ﬁ#%?ﬁ;ﬁﬁ
AESAFTRIE FRAEFRES - BT &
”:%ﬁiyﬁ%?ggf —#m%%xﬁﬁﬁ4%$$
%otk - d ARFRELFDEEL K LR
BRI F TREKFE %3 - e~ kA RE 3
%\%f”%m AR ok B i si ~ # A i
BB A IFTHIHREDLE (I RRNERDT - 7
THBFT R E) o FTIERE NI RE DT IR AT P
TExES LR o

N
H»

H oo » ’ 2
° Iﬁ/llbm

=N % L Eri=t & 7 KF R 2 -

ELl R SRR A A s S R AN N SO A S B
ﬁﬁﬁ%ﬁﬁ%$°%W&ﬁﬁﬁfWﬁ%%ﬁé%?@ﬁaﬂ%?
$bﬁﬁﬁ°ﬁiﬂ’ kﬁ%ﬁ%ﬁ%%%“ﬁiiﬁfﬁiﬁ%
B2 drdl s §ooxsk o Fip SR AT 2 V=2 K e AR T
%§$$’i—Xﬁlﬂkﬁﬂxﬁffmﬂéw’?ﬁﬁﬁ+igL
Z (moisture) o F S E % P[ED & XS B2 FRF 58,97+0 17
% > B¢ d AT R ‘Uﬁhx-ﬁwg K& 55 (10.69%)° 5 ¢ ~ A
2.(9.3% ~ 8.8%) » B =t % B 222 5 (7.1%) > @ §5% % ﬁ%ibi*
k& 5 13.3520.47% o

43\
> M

N

15 %k}lﬂ’“'—)%?-f L
YA BIETRETRRERNG BB ETRALST

() B+ 2 RBRFRT PR R E RN e oy ve g5

214



(=

)

¢ %5&,‘%&5‘,? 5288 ¥ 4p

ﬁi’? T f AL RAL o
CHES ISk A FREES R A G o B2
LETRIRE AL EL

() #%ETp AR () ERPRE > 2 EFTAH L8

~

Iy

S

R O

5
S LR kﬂuﬁ+7% LT PR a8 pEA
ﬁ*ﬁﬁ%?ﬁ@ Fl e i+ R RRTE S 2 LI 0 B
#%935%@@51
TR

R AP EHBTIFT I PRARANY T ARTHF &
FHRFPFZAGE > wd NEF LG KN HT L fAwE - REFE
Med oo Bt LAY HOVRGTH T SRR § A ER ok
X EBAPBRRAILES c AL P B AR R BRI RRE
2.7 &N iz & X 1000%F 8 74§ F 4Rt 0 Bk &L 30% FF oK
e 15k 4510 l'ﬂfé; ﬁf’si“f’FF'“Exf‘f*#”” "jil-‘m’bﬁ @.‘1#&
Frkixied8 T 5(2 e ~20°C) 0 HNREBZ AR 0 #H
4 E e ’413W4m§$ﬁgﬁ4u%mPCTtt*’%>$1\3\55
P s 1”§ THETApR B o 2P e RIT48 ] ST
LETF s W*’&\ﬂuwﬁﬂ'mﬁ*(@w)’&%ﬁﬁ
MT FN04~1% S F T R MER £33 8 AL RN
3~4 mm,n;F,JbL,-»‘ »lggﬁ 7%@%— }i&,ﬁé’ﬁﬁ%jgslvﬁi{.}i,
BER% (dok - ) 977 o L T2 BA S
:?%%ﬁw SRAR SN S & N
B BB AT PR E T F50%

s

c.."ﬂ
d
#
>

Jo

([
\‘(a =L j\
R
(w

-

ud
&
\-t-
[N
TI E\.

-

TR

= B3
¥
A
)
it}

17
FropE g AT Y L 4ER305 (H10004) 2 N Rz o #
o ¢ 2@ 3 4°CE 10°Cenk-R ¥ 24~48/) pF » LR H
:", ?Iﬁ,@ o % (4RI ) #rw o jEje T kok e 48] B
N S IR T AEF R BRI A SRR ey ]
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FrEWREn T EF > FHEST LA R L0% VR
CEEHERHEZF I NT FERMHITT P EAPME
A Bt EM T e g R g T2 1
BT 50% -
2RI B B P AR LR V24
6810 kGy3 k# £ PRSIt o R TR B (ST
P T Rk o P HE T R 2 EAF T2 % (k2 ) 4
REFTLLI P RABER LTI PHELE  BR2
FHE011~095% > ey B2 ¥ My e T2 5 % g2
wEAEA AT F R
(Z) BHBHH T FAEFFTF2RE B LTRSS FALR
540 kGy)% 551 ~2~3~4+6 kGy? Ip | £ BB S+ AEIL » B ST{E 1L &
FrkmEd gL~ BIET AT B L Lk (257
Cr12)ppFrkp) » * PPl EREF 2 THE - B E1 %=
AT LRSS E T RS RM AT L G PR ARME % (4
»)wﬁ’OMhauxxﬁ%%*ﬁg%?iwwfﬁ&\ﬁ
£I53 Kk bEié B2+ % -1 KGyRJZ H 43 5 © ff =
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%%g 2 kGyAJZ ¥ £ 13 % P B e > S F PR S mig b fE
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NFF o &0 kGyE 123 4 6Mh%§%m;1734NWé
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EEO% 2 LA KR AR ﬁﬁﬁé’?i’ﬁié:l
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AL G BRI RHRMRE F B G T F 2 AP PR B
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B B 2760° <50 0 0 0
M 157 <40 0 0 =

E/ Ec/ Pa 0 0 0 - -

C B 441502 <237 0 0 0
M 350 240 <79 <40 -

E/ Ec/ Pa 0 0 0 - -

D B 790 0 0 0 -
M 100 <79 <40 0 -

E/ Ec/ Pa 0 0 - - -

CELS B AT R RATERE RS

"B i Ay MiEREF E: SR FEcl X5 E - Pa: BEEE
(Pseudomonas aeruginosa)

CZEARIRLTIHE

%E‘WFﬁﬁiﬁ%%ﬁ%ﬁtﬁ%%ﬁﬁ\@iﬂ%ﬁg%@i

2
e &% £ (kGy)
P 0k 2k 4k

A L 4633%1.70  47.79+1.86 45.27+1.49
a  2.33+0.81 2.91+0.98 1.95+0.50
b 1872027  18.76%0.67 16.53+0.58

B L 4391+1.6  44.13+1.78 43.23+0.87
a 1.50+0.54 1.95+1.00 1.69+0.57
b 15.99+0.84  17.16+1.25 15.910.55

C L 45574133  45.63%1.19 43.66+0.89
a  2.74+0.74 2.42+1.24 2.1620.80
b 1835+1.83  17.68+0.56 16.11%1.17

D L 40.09+1.38  38.34+2.58 40.03+2.34
a  2.04+0.40 2.04+1.12 1.4620.52
b

15.63£0.80 15.38£1.01 15.33£0.98
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B2 s s B
B 4] £ (KGy) 2 4
PR S 14 . PREHS . PBEFS
o n RS pry = PR pey o RIS peol o
Ly pﬁ;[,«; En’[;f A PTT E,»[ff T qu 0
¢ f&(caproic acid) 0.07 - 0.07 - 0.08 -
% fi& (caprylic acid) 0.04 ) 0.04 ) 0.03 )
B & 3 B (myristic acid) 0.06
- 7 & (pentadecanoic acid) 0.03 B (00 I 00
12 17 # (palmitic acid) 763 0.03 003 0.03 0.03 0.03
¥ ## /¢ fk (palmitoleic acid) 0.12 789 764 79 7.72 1.85
= = [(margaric acid) 0.07 012 013 012 012 0.12
F #g & (stearic acid) 2.97 007 007 007 007 007
W s (oleic acid) 1081 ' ' ' '
T Fr b i (linoleic acid) s406 302 298 3.04 299 3.03
o-=¢ &7 Jprié fi& (o-linolenic acid) 20.86 10.64 10.78 10.82 10.83 10.69
y-=¢ I Jfi i (y-linolenic acid) 0.96 5386 5397 53.95 53.88 539
- A~ gk e % fk (octadecatetraenoic acid) - 0.48 2094 2093 207 20.87 2089
4 pk (arachidic acid) 0.8 ' ' ' ' '
#Z£7% fa(gadoleic acid) 0.42 I 0.96 ! 0.57 N
= B = Y fi(eicosadienoic acid) 009 048 048 048 048 047
= -+ = pa(behenic acid) 031 081 08! 08 082 08I
7+ i (erucic acid) 0.03 042 042 041 043 042
= -+ = p&(tricosanoic acid) 0.04
= -+ p&(lignoceric acid) 0.14 i 0.09 WOl 007 RERY
034 032 031 032 0.33
0.03 0.03 0.03 0.03 0.03
0.05 0.05 0.05 0.05 0.05
0.15 0.15 0.15 0.15 0.15
H =72 & frig (%) 11.38 11.21 11.37 11.38 11.41 11.26
5 7 A qeta (%) 7645 7638 7643 7622 7629 76.37
e frs 5 1 (%) 12.17
12.41 1221 124 123 12.37
©-3%4 5 4 (%) 21.34
21.42 2141 21.18 2135 21.36
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v %ﬁ;&fﬁéﬁ 5288 % 4

3=~ %,)ﬁ *"iﬁ,&r]‘ﬁ@&j‘wﬂ PRETIS GRT 3= B B2 -
o
P 513 £ (kGy) 0

(s LRSS PR
migis TR gy BT g BHE
4 ET&;%\E:’F* ET&;%\E:’F" P =

T B T B T B

# % (mg KOH/g) 259 261 265 307 227 276
¥ 1 i (meq/kg) 1737 1571 1533 1657 1552 16.11
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