
Q CV 

';11 tI~1U n1 ';I'J ~ tI 

bFl';l~ n1';11~tIn1';1!i'tJ i~ n1';1;fuGjJ'el~ L :['el'ci1 LL'el ff L tJ'el~~~iff 

tlU5'J~ff~b(Pltln1';1LFI~'elti ~'Jtllf1bVl'1l1U 

Inhibition of Aspergillus on Peanuts by Coating with Chitosan 

bf;ltJ 

... ... 
eJ PI. f;l"i. f;l~tJ'VNPI 'l-3P1bb~'l-3 

q 

'U1-3~1'l~ru1il~~ 41tJ .., d.S 

..... ... IV.... cv 

'U1-3~1 'l 'l"i11"ir;u "i j;l 'U ~~ tJ 

........ ................ ... 

111 FI'l~1'l fif'l n"i"i3J'U'l LFI~ fI"i FI r;u~'l fif'l n "i"i3J fif1~ j;l"i 

... .... cv 

~\'Q'1~-3n"ir;u3JVl1'lVlfl1~fI 
q 

cv 

n'UtJ1tJ'U ..... PI. 2556 



.. 

" 

b~';l-:J n1';l~r.r~ n1';l~'lJ i-3 n1';l~'WIIJJif}-3 b~if}';l1 bb'f)~ btJ'f)~~~i~ 

'LI'W 5'J~~-:Jb~~n1';lb~~if}'lJ ~'J~1~bCPI6jfTU• 

Inhibition of Aspergillus on Peanuts by Coating with Chitosan 

'W1-3~i'JGjfnJ1il~~ ~1U 
IV d.9 

ClI "cv "'" cv 
'W1-3~1'J'J'aJl'aru 'a(P}'W~~tJ 

cv 

n'WtJ1tJ'W 'r4.~. 2556 

• 
• 



ii 

• 

>

~trlJ~'W'Wt~Nm119tJilbL~~9171~),NlJ1.h~mruLLeJ'W~'W1if!l[h--lL-WtJ--l'W'[J
q 

• 
~ I .. 

• 
IC~'U\J 

"'.~ ~:::'ua\j C 1 gO 4 b 

111. l~HU. tJ 1.0 ~. f). b1 

• 

• 




iii 

,. 




iv 

Abstract 

Chitosan was irradiated with gamma ray with the following doses: 10,30,50,70 and 90 

kGy. Characteristics of irradiated chitosan were analyzed for its functional groups using FTIR 

technique. Results indicated that there was no change in the main structure of irradiated 

chitosan. Chitosan solutions for coating peanut were prepared by dissolving chitosan powder in 

2 % (v/v) acetic acid to obtain chitosan concentrations of 1, 2, 5 and 10 % (w/v). The pH of the 

solutions were adjusted to 5.6 using 6 M NaOH. Peanuts were dipped into chitosan solutions, 

brought up and placed in containers waiting for Aspergillus to become visible. Results revealed 

that for all chitosan concentrations and molecular weight studied, Aspergillus was significantly 

inhibited, as the fungi became visible in about 15 days on average for the control set without 

any coating . However, Aspergillus wasn't become visible for the chitosan-coated peanuts until 

at least 22 days on average. Peanuts coated with chitosan irradiated at 50 kGy and at 5% 

concentration exhibited the best anti-Aspergillus ability compared to other concentrations and 

irradiation doses (including non-irradiated chitosan), as the fungi wasn't become visible for at 

least 32 days on average, or about 2 times that of uncoated peanuts. When tested at 30 - 40°C 

and 70 - 90% relative humidity using peanuts coated with chitosan irradiated at 50 kGy and 5% 

concentration, it was found that the higher the relative humidity, the faster the Aspergillus 

became visible. At 30°C and about 90% relative humidity, the fungi became visible in 5 days. 

Therefore, besides appropriately coating peanuts with chitosan, low humidity is also very 

important in preventing Aspergillus . 
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'1J'W1~Jlt-lt!nLJ-J L'Cl ~1:'l Ll1:'l:::PI'J1J-JL~J-J~'W~~~~ ~ ~"'11~"'l1 nn1:i'VI ~1:'l'tl-l1'W.ff'W[1J'tl'W 
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.....,. 
~HlAlIIlJ'IJ !PI. fl'l 

Appearance White to Yellow 

Moisture content Less than 10% 

Ash content Less than 1.0% 

Solution (1% in 1% acetic acid) Clear 

Solubility More than 99.9% 

Insolubility (%) Less than 1.0% 

Turbidity Less than 50 NTUs 

Viscosity 500 - 1,000 (mPa.S(cPs))* 

Molecular weight 500,000 - 1 ,000,000 

Deacetylation 95% Min 

Particle size 30 Mesh 

Heavy metal Less than 10 PPM 

Microbial content 

Total Plate Count 

Yeast & Mold 

E.coli 

Salmonella 

Coliform 

Less than 100 Cfu/g 

Less than 50 Cfu/g 

-

-

-
, 

Vim: http://bonafidesmarketing.com/wizContent.asp?wizConID=33&txtmMenu_ID=7 L~1(i'l 

, 
t)uVi 1 ~'lYl1~UJ 2555 

http://bonafidesmarketing.com/wizContent.asp?wizConID=33&txtmMenu_ID=7
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m~'El:;'B~n (v/v) l~~f1'Jl1-Jl~1-J~Wt1~:;l-nru 0.1 % (w/v) ll~:;t1rU pH 1~L1JW 5.6 ~'JtI 6 M NaOH 



13 

i 

.. 
.c 

01) 
'Qj 

1.E+06 
6.34E+Os l == 

'" 
~ 

:::J 
u 1.E+OS 	 I 
GJ 6.04E+04 10 
~ l.E+04 	 ------------------_. ! 

i _ _ __._ ..________... _ .. _____.___,.__..... . __.. __.. _._.___.. _____ .....••__.•. _ .. _ .._.___.____ _ i1.E+03 

1.E+02 .. ,----,--·-- ·, --·- -,.-·-·--,-----,----.,.----r----.----r- - - i 
o 	 10 20 30 40 50 60 70 80 90 I 

Dose (kGy) .1 
L _.____.___________ ....•.._______... _ ______.. ______________ ..•.._____ .. ____________ ._____________.:..J 

" (LL~~ii~ L~l-J~'W) 



14 




15 

6(a) 6(b) 



16 




~ o 
o 

>
(9 
.;,£. 

o 
m 

> 
(9 
.;,£. 

o 
LO 

> 
(9 
.;,£. 

o 

> 
(9 
.;,£. 

o 



18 

ltl~ 9(a) - 90) LL~~'15'J~~'1~~1'Wn1dLfI~!llJ ~(m1f1~1?l'll1'W ~~tl1~L~!lntL~~'1lJ1'1~fll'J:; 

'lI!l'ln1j'Vl~~!l'l (Condition) LvhJ'WLti!l'lfOnnnvf'l'VtlJ~ 25 Condition 

..•.' 

9(a) hJ1~LfI~!llJ (Control) 
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9(b) 1 % Chitosan. 0 kGi"C

9(d) 5% Chitosan, 0 kGy 
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9(e) 5% Chitosan, 10 kGy 

9(f) 2% Chitosan, 30 kGy 
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9(g) 10% Chitosan, 50 kGy 

90) 5% Chitosan, 90 kGy 


!U~ 9(a) - 90) tf,)~~'l~~1Un1n~~'CllJ~(:m1~ll'1'l11U 
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1 O(a) hJ1~lfl~'1lU (Control) 
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10(b) 1 % Chitosan 10 kGy 

1O(c) 1 % Chitosan 50 kGy 
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10(d) 2% Chitosan 50 kGy 

1O(e) 1 % Chitosan 70 kGy 
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10(f) 1 % Chitosan 90 kGy 
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lt1~ 11 (e) (Bright field) 

lt1~ 11 (f) 
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JlJ~ 11 (m)
" 

JlJ~ 11 (n) JlTY'l:i'1 Aspergillus
" 

.J 
'Yll-JI: http://www.emlab.com/s/sampling/env-report-09-2006.html 

http://www.emlab.com/s/sampling/env-report-09-2006.html
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11J~ 11 (0) Jl1'1"ld1 Aspergillus 
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l~a (kGy) 

fl111JL1i1JiU (%) 
0 10 30 50 70 90 

1% 16 24.8 ± 0.8 25.0 ± 0.5 22.3 ± 0.3 24.3 ± 0.3 24.8 ± 0.3 24.3 ± 0.3 

2% ±1 26.0 ± 1.0 28.3 ± 0.8 23.0 ± 0.5 24.0 ± 0.5 24.8 ± 1.3 24.5 ± 1.0 

5% (1lJ1~ 28.2 ± 1.8 30.8 ± 1.0 30.2 ± 1.0 32.3 ± 0.8 26.2 ± 3.8 30.3 ± 1.5 

10% Lfl~£nJ) 28.3 ± 0.8 27.0 ± 0.0 29.8 ± 0.3 29.8 ± 0.8 30.3 ± 0.3 26.0 ± 3.5 

,-- 3~1-=-~:=----------~~~==~=~==~'===-=~ =-~==------.----~-l 
R11lJL'1llJ'1l'U 

'1. R lGl 'll1'U 
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.~ 25 -1:i;;;"-=~. ,I 
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~ 20 - ----.----.--.--------.-.----.---...--...----.-.----...-- ....----.---.-. 

15 -+---,-----,- -,--.----,---

o 	 10 30 50 70 90 

Dose (kGy) 
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A'J1)J:a'UK)J~'V1I3 

LL~ :;'fHU'VI 11ij• OJ 

30
De 35

De 40
0 e 

70 - 75% 28 ± 1 30.5 ± 0.5 33.5 ± 0.5 

80 - 85% 14.5 ± 0.5 17 ± 0 20 ± 1 

90 - 96% 5.3 ± 0.6 8±1 11.7 ± 1.2 

,-----.-----.--.---..--.-......---........----.-....------..- ..-..- ..-..--.--.--...-----....-..- ------.-.- ------···---···-l 
·I ~ ~ r--------·----------~:-=-:~ -~ 

130 ~- ---- - * U __ RH = 80 85% • 

~ 20 I .:e-- • i 
i t 
 RH=90-96%...... ! 
~ 10 +- . .... ---- -- -- - - I 
g ~ • i 
r 0 +1_ ______ 

30 35 40 

q(Ul-U;pJ (0C) I 
"----_______.__ .... _ ..___..____.___.______.___.__.______......__.___._.....__._._._____.__..___._..._.______....l 
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1'UbL~·H.J afl1J'Vl~61il'U 
mnm<l'U 077-56·2 


l'J~ltJ~1'm<l 24 ii~"":JlJ 2556 


U",ci~~'<J~1~ il1A1'1l1'i!'11m~~{l'~"1~d 1'I(U:!'i1'!1f11'llJ!'i1,HII{ ~l'n iHn'H'.hnnl'V1'J1ci'u 


'lIi}ti\.r'D(h~ ltll?l',l1U 


1i1lJ11.! 6 I>i',)Zl~l~ 
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e,H1n"l11 UW1~"; 
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, ._._._._.__.__r-_.2~97 x 15':;_ t-.23130 Yo l~-.-+. --. l:~? -- .-j 
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3__L___ 2.....________ ... __L _L~~98 x 10: 3.7745 x 10: ! 2~42 _J 
1\ i 4 I 1.1<129 x 10 4.7 128 x 10 11.12 

4 5, I I 2.B941 X 10 3.2371 X 10 i 1.1 2 ! 
f-· -··- -~-----··---~- s -- -- -- -·i)---7---···---------;.

i 5 I 5 1. ~)879 x 10 3. 1204 x 10 i 1.96 ! 

: 6! __~_______j __ ._1382~ x [()4 -6.':~;l()5" " T- ~.~:57~=J 

'.Jl·m1~l;il l,Jln~ lJ 
~yjln1"/)~fl 'jl~~ 

(WI. m . ~rI R\lVlI'! 'd 'iJ'I<imi) 

<l1\n~V~flll.JfllJ Ll;)~ (II ~l>l<1i.l\J'!ruflwi 

. . 
. ~'n"~\ll'rn ::1'(i1 q (;'yl<Jt WIili.>1 'jT~ ~l 'l11~ \; 1%I'Hl1J~111':'1J 


.. bj~U~(o)~111q ,.,~()~1J?i''i'ini')'lO~Tuu1\.Jn · l ~1,l l:I f.n '1!ji:)!i),J5~ 


~'lV~~1u-lijB1~1 U--I!7; I~?l~' 
h r; . 02·470-890'1 hmm 02·470·8900 
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0.4 

0.3 

0.2 

to 

05 

• 

Sample: 
Calibration file : 
Integration from: 
MHK • A (Cal.): 
Eluent : 
Concentration: 
Column 1 : 
Detector 1 : 
Operator: 

Mn: 

~: 
Mz: 
~~: 
0: 
(nl:.. 
Vp: 
Mp : 
A: 
< 88942 
w"4 : 
> ·5257: 

Path : 
Dale: 

rldlA 

1.2465e8 
1688609 
5. t965e9 
1.8886e9 
1.5151e1 
0.000000 
2. 1672eO 
8.893ge8 
16836e1 

000 
10000 
0.00 

DIHPCHEMI1IOATAITESTlRID01556.D 
Friday 06107113 15.49Al 

/~
I \ /\ 
f \! \j I I \/ ViI (\


c .! \ .I \V 

i i 

Molar mass 

1 
VA3B-<l750.CAL 
0.867 ml 

1.000E+O 


... . 7 
1000 gil 
.. 7 

RID A. Refractive Index Signai 
scientist 

glmol 

glmol 

glmol 

glmol 


mUg 

ml 

glmcl 

ml'V 


Integration to : 

MHK • K (CaL): 

Flowrate: 

Inject lIolume : 

Tempe",ture: 

Delay lIolume : 

Acquisition Inlerval : 


Sign: 

\

\ c. 
I < 

i 
V\ 

\ , ~ \ I 6lp 
I , I , 1 10 glmol 

10 

4.211 ml 
O.OOOE+O mVg 
1.000 mVmin 

20.000 ul 
23000 C 
0.000 ml 
0.430 sec 

n(3) Spectrum 'lJ'fl'l Molar mass ~1~r.nnn1:i'i~H'I;"~ 2 (0 kGy) 
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1 . 50 -~j /_/\\--• -] / 
1.25 n / \ 

.:] / \ --3 /r'-. , 
1.00 :1 / \ 

0.75 j'3 
.--=1 / ' \\".-I 

050__ 

~ 
tj 

I 
/_~ \ 

:1 / \ 
0.25 -~ / \ 

0.001 \ ,/ \, 

i10 4 glmol 

Molar mass 

Sample: 
Calibrallon file: VA3B-4750.CAL 
Integrallon from: 6.737011 Integration to : 8.025 ml 
MHK • A (CaL): 1.000E-O MHK - K (Cal.): a.aaOba mli9 
Eluent: Flomate: 1000 mUmin? 

Concentrallon : 1000 QJ1 Inject volume: 20000 ul 
Column 1 : .... ? Temperature: 23000 C 
Detector 1 : RID A, Refractive Index Signal Delay volume: 0.000 Inl 
Operator: scicn~st Acquisition Interval: 0.430 sec 

ridlA 

Mn: 6 .9297e3 glmol 

~: 9.3130e3 glmol 
Mz: 1.1700<>4 glmol 

9.3130e3 gllI10l~~: 
0: 1.36J6eO 
[nJ: 0.000000 mUg 
Vp: 7.1135eO 011 
Mp: 1.283954 g/mol 
A: 6.8270eO ml'V 

< 1644 0.00 
w%: 10000 
> 29965 0.00 

P"th : D:IHPCHEM\1IDATAITEST\RI001556.0 


Dale: Friday 06/07/13 15:50 .19 Sign: 


,. 


http:15:50.19
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0.5 

0.4 

0.3 

~ 
0) 
0 0.2 

~ 

C.l 

0.0 

Molar mass 

Sample: 2 
Calibration file : VA3B-4750 CAL 
Intog ration from: 2.871 ml Integration to : 6.831 ml 
MHK.A(Cnl.): 1.000E+O MHK • K (Cal.): O.OOOE+O milo 
Eluent: ...7 Flowrate: 1.000 mVmin 
Concentration: 1.000 gn Inject volume: 20000 ul 
Column 1 : .7 Temperature: 23.000 C 
Detector 1 : RID A, Refractive Index Signal Delay volume: 0.000 ml 
Operator: scients: Acquisition Inlerval : 0.430 sec 

rid1A 

Mn : 2.8680e5 gfmol 

!!1~: 6.6768e6 gfmol 

~: 5.235667 gfmol 
Mv : 6.6768e6 gfno! 
D : 2.3281e1 
[n): O.COOOOO mUg 
Vp : 5.1983eO ml 
Mp: 9.610385 g/mol 
A ; 2.7268el ml"V 
< 24284 0.00 
w%: 100.00 
> 18216 0.00 

Path: D:IHPCHEMI1IDATAITESnRID01563.D 

Date : Friday 06/07/13 1509::'9 Sign: 


0(5) Spectrum 'lJ'El..'l Molar mass ~l~r.nnn1j'1'(11V'li~~ 2 (10 kGy) 
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-r---- -----------{';------
! \ 

...0.8 	

(\, / V\ 
\ / 	 ' f ' 

/' V \ ( \ 
0.6 	 - \J---j \j\ I \ t\ 


{ 
J'\~! \J \\ 

/ 
/\

\ 

::.;'! 

0.4 ! 
a 	 I 
OJ 	

I 
I 

\ 1\ I ~ 	 I \; \ I (;
I \ i ~ 0.2 

i 	 \ : i 
0.0 .~~~----~--~~--~~~-~i 

Sample : 
Calibration file : 
Integration Irom: 
MHK - A (Cal.) : 
Eluent: 
Concentration : 
Column 1 : 
Detector 1 : 
Operator : 

• 
rld1A 

Mn : 1.5598e6 
3.7745e6 ~Y' :, 

Mz: 7.1049e6 
Mv : 3.7745e6 
0'-: 2.4199eO 
[n]: 0.000000 
Vp: 4.7735.0 
Mp : 2.5031 e6 
A : 6 .3598eO 
< 3123g 0.00 
w%: 100.00 
> 17377 0.00 

, 1 6 ! 

10 

Molar mass 

3 
VA38J.750.CAL 
3914ml 
1.000E+O 

....1 
1.000 gil 

.... 7 
RIO A. Retractive Incex Signal 
scientist 

glmol 

gimol 

glmol 

glmol 


mUg 
ml 

glmol 

ml'V 


Path : o\HPCHEM\1I.OATAITESnRIOO1562D 

Date : Friday 06107/13 15: 10:36 

Integration to : 

MHK - K (Ca!.): 

Flowrate : 

Inject volume : 

Temperatura : 

Delay volume : 

Acqulsillon Interval: 


Sign: . 

I i 0 7' 1 g/mcl 

5.697 IlII 
O.OOOE-O mUg 
1.000 mUmin 

20.000 ul 
23.000 C 

O.OCOml 

0.430 sec 

n(6) Spectrum 'lJ'1l~ Molar mass ~1~"'l1nn1:i'1'~~;~~ 2 (30 kGy) 

I 
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0.8 

0.6 

~ 
Cl 
0 

~ 

0.4 

0.2 -

0.0 -

/
i 

/
! 

( / 

/
I 

) 

Molar mass 

Sample: 4 
Calibration file : VA3B-d750CAL 
Infegration from: 0.322 ml Integration to : 2.873 mi 

MHK-A [Cal.) : 1.000E+0 MHK - K (CaL): O.OOOE+O mVg 
Eluent : .7 Flowrate : 1.000 mllmin 
Concenlration : 1.000 g:1 Inject volume: 20.000 ul 
Column 1 : ... 1 T emperalure : nooo C 
Deleetor 1 : RID A. Refractive Index Signal Delay volume : (j.OOOml 
Operator: scienijst Acquisition Interval : 0.430 sec 

rldlA 

Mn: 1.142ge9 glmol 
Mw : 4.712809 91mol 
Mz: 1 575010 g/mol 
Mv: 47128,,9 glmol, D: 4.123760 
[n] : 0.000000 mllg 
Vp: 2.1023.0 ml 

Mp : 1.0293.9 glmol 
A: 4.23960 1 ml"V 

< 16116 0.00 
w"10 : 100.00 
> 10250 0.00 

Path : D:IHPCHEM\ 1\cATA\ TESTIRID01561.D 

Dale : Friday 06/07113 15·41 :59 Sign : 


n(7) Spectrum 'lItl'l Molar mass ~l~r.nnn1j'l'~f1f,,~ 2 (50 kGy) 

! 
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• 

.. 

Molar mass 

Sample : 4 
Calibration file: V A38-4750.CAL 
Int"$lrallon from: 4.681 ml Integration to : 7.778 ml 
MHK -'A (Ca!.): 1.000E+O MHK . K (Ca!.) : O.OOOE+O mVg 
Eluent: .... ? Flowrale : 1.000 ml/min 
Concentration: 1000 gA Inject volume: 20.000 ul 
Column 1 : .... 7 Tempcralurc ; 23 .000 C 
Detector 1 : RID A, Rerracti,. Index Sigl131 Delay volume : O.OGO ml 
Operator : scientist Acquisit ion Interval : 0.430 sec 

rld1A 

Mn : 2.8947e4 g/mol 

~~: 3.2371e5 g/mot• 
~~: 1.02We6 g/mol 

3.2371e5 g/mot~~: 
D : 1.1183el 
(nl : 0.000000 mVg

• 	 Vp : 5.644700 ml 
Mp: 3.5152e5 glmol 
A : 2.1976el ml'V 
< 2874 0.00 
w'.4 : 100.00 
> 30799 000 

Path : D:IJ-IPCHEMl1\OATAITESnRIDOl 56 1.0 

Date : Friday 06f07f13 15:52:03 Sign: 


n(8) Spectrum 'IItl'l Molar mass ~1~~1nn1:i'1'~fli'l~ 2 (50 kGy) 



59 

r 

,"I 0.5 
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n rJ '\ (\ 04 ! \ I \j , I \ 
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'\I I -' V \ L-., 

(\" (,-J \ If v "'\0.3 
~ : \1 \ V 1 

~ /\ f V 	 \, 
I IJ0> 


0 
 0.2 IJ 	 \f\r.. 
~ r0 	 \/\/\ 

I, 	 \ /\\ 
0.1 \ j .J hf 	 " I"", i ~ 

I 	 ''-- I .. 
.. ,1 \1 g

00 ---.-,-.,..,--,...,...,...,----,----r---,--ll ~ 
.A 	 110 10 g/O1ol 

Molar mass 

Sample: 5 
Calibration file: V,\3B·4750.CAl 
Integration Irom: 0.396 ml Integration to : 4013011 
MHK - A (Cal.): 1.0COE" O MHK . K (Cal.) : O .O~OE.O mVg 

Eluent: .. 7 Flow.ate: 1.000 mlimin 
Concentration : 1 COO 911 Inject volume : 20.000 ul 
Column 1 : ... ? Temper.3turo : 23.000 C 
Detector 1 : RID A, RerractrJo Index SiGnal Delay volu mo : 0 .000 ml 
Oper~tor : scientist Acquisitlon Interval : 0.430 sec 

rid1A 

1.587geO 'mol~!' : V
3.1204e9 g/mol ~~ :• 	 Mz : 1.630el0 g/mol 

Mv : 3.1204e9 g/mo/ 

, D : 1965281 
In] : 0.000000 mUg 
Vp : 2.1807eO 011 
Mp : 8.4733e8 gimol 
A : 1.9246el ml'V 
< 13900 000 
w%: 100eO 
> 84857 000 

Path: O\HPCHEM\110ATAITEST\RIOO1560. 0 

Dale: Friday 06107/13 15:43:07 Sign : 


n(9) Spectrum 'lJ'tl.,'J Molar mass ~1~r.l1nn1j'1'I7I~f.,'J~ 2 (70 kGy) 

, 
p 

t 
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• 

o3~j------- T'. - : /\ / ('/'\ (\ /-' \ 
0 30 = (\j \ f '1, ) 'V' "'\\ 
. ~ / \, '-,J 

\ IV' v \,v'v \ 
0.25 - ~ / \J' 
0.20 -~ ; \". ;j I 

01Sj I ~\ 
§ 1 ' 

0.10 1 J \ f\ 
--] ( J\ 

0.05 --=J rJ \ 
-; 1 ~ 
~I\ 

0.00 1, 

Molar mass 

Sample: 6 
Callbr~tJon filc : VA38-47S0.CAL 
Integration 'tom: 3985 ml Integration to : 8.217 ml 
MHK·A(Cal.): 1 . 000E~0 MHK . K (Cal,): o OOOE+O mllg 

Eluent : ...? Flowrate : 1.000 mVmin 
Concentration : 1.000 gil Inject volume : 20 000 ul 
Column 1 : ... . 7 Temperature : 23.000 C 

Detector 1 : RID A, Refractive Index Signal Dclay volume : 0.000 ml 
Operator: scientist Acquisition Interval : 0430 sec 

rld1A 

• 
~: 1.3891e4 g/mol 

M'!V: 6.3443e5 glmol 
Mz : 4.3547e6 glmol 

~: 6.3443e5 g/mol 

, D: 4.5673el 
(n]: 0.000000 mll~ 

Vp ; 5.6232eO ml 
Mp : 3.6897e5 glmol 
A : 4.1662el ml"V 
< 1070 000 
w"lo ; 100.00 
> 14810 0.00 

Path : D:\HPCHEMl1IDATAITESMIDOI5S9.D 

Date: Friday G6/07/13 15:45:10 Sign: 


n(10) Spectrum 'lJ'el'l Molar mass ~1~r.:nnn1d1'V'I~¥'l~ 2 (90 kGy) 
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