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Scheme 2.1  Sugar-amine condensation to form N-substituted glycosylamine
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Scheme 2.3  Maillard reactions: the two major pathways from Amadori compounds to
melanoidins (based on Hodge™™)
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154900090 b MHP0YMJIgE o0l 999 0w9H3MIGE0 bgds 11533900l dmMIbgErgdgwo
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536053000 3390000 {oM3MTMBdOL G030 B03mM0gMGdss, MIWOL sOLYOMDS
©O9L 3ogdLoMEYds 9973560, odmMI3H356 O FORO0ELYdIM 3BMM©MIEJdT0. 0doLIMZOL, Bred
90603006939 04658 dobo 999339 Mds 09O ©s3wYF53909w 3G JEHJdd0,
33090905 Jobo FomBmgdbols 3Gm3gLol 439es BogBH™MOL Ym3zgwdbmogzo dglifogzws,Moms
50 3bob Loggdzganbg d9dwdeggl gladsdobo Egdbmermyom®mo LEMoEJR09do.
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0093630@>
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39390 Be@IMes - CHsN =0
CAS-Nummer - 79-06-1.
PubChem - 6579
3509360 0gM0 - MRGOM, Mimbm, 3OHOLEHIWMMHO BogmOgMYds;
deagoy®o dsls - 71.08 @/dmgro
3cbmoBmEGM3meo dsbss - 71. 037 g/dmemo
DGO Tsbss - 71. 037 @/0memo
Lod33Mogq - 1. 122 o/s3® ( 20°C)
ool 39ga3gMs@mMs - 241°C; 125 °C (33,3 Pa).
@@dol Ggd3geo@m@s - 84.5°C ;
blbsgmds - figserdo- 2155 9/ (30°C)
3695 55¢0gdSEO - 55¢gBoL B9839Maces -138° C ;
pH =57 ( &gd3gm¢@s 20°C, 3mbggbdmsgos - 509/ )
Agbogzmemyomo Jsbsliosmgdegdo :

LD50 oral Ratte — 177 93/33 ;
LD50 dermal Ratte - 1141 39/3y ;

50bodgbs -

S



1.19 dowmgds

NH NH
HQC/\N 129, HQC/Y —— HQCW =
OH (0]

1.20.  U3gdGH®vyemo dsbolinsmydegdo : 5) 0bg®sfomgemo

05
|

\ f

absorbance

Preview: Tallest F’ea:k.__ (20x zoom) \,
_./"; \\ S '/-'

1500 1450 1400 1350
cm™
Copr. @ 1980, 1981-2017 Bio-Rad. All Rights Reserved.

-— - I“'l

L [
ol [

1) \
2.1 /\ COh
o = / —
E / Preview: Tallest Peak (20x zoom)
o ' M

1700 1650 1600 1550

cm™

Copr. @ 15980, 1981-2017 Bio-Rad. All Rights Reserved.

/ \
Preview: 'I_:}i'llest Peak (20x fqpm]l

/ N

L

1.8|[l[]. 1750 1700 1650

cm™
Copr. @ 1980, 1981-2017 Bio-Rad. All Rights Reserved.

absorbance
05
|

e

) 33d0bs30HO-(Ms9s60Ls)



}.. II II
= '
g M ” il|
L~ f |
= :

Preview: Tallest F’Eé,lk (20x zoom)

I

// I'&j\ o le|

- e -"/
o R
1200 1150 1100
cm™
Copr. @ 1980, 1981-2017 Bio-Rad. All Rights Resernved.

3) 3OmEMbymo spbo@m®o Mybmbsblio (306M):

-
=
w
5 57
.H .
= Preview: Tallest Feak (20x zoom)
|||. .I-L.ll lul |.\ Jn_rl
) e S PR— i - Y - P —
' " 64 B2 B '
ppm
Copr. @ 1991-2017 Bio-Rad. All Rights Reserved.

intensity
DIE

Preview: Tallest Pe% 20x zoom)

6.5 6.4 6.3 6.2 B1 B
ppm

Copr. ® 2008-2017 Bio-Rad. Porions provided by BMRE. All Rights Reserved.



Preview: Tallest Peak (20x zoom)

intensity
05

" 66 64 B2 B
PPM
Copr. © 2009-2017 Bio-Rad. All Rights Reserved.
®©) C13-NMR
=
e w_
@ [ ]
.-E Preview: Tallest Peak (20% zoom)
W"J_ y ]
—
1% 134 132 150 128 126
PPmM

Copr. ®20058-2017 Bio-Rad. Portions provided by BMRBE. All Rights Reserved.

)

=

n |

cow_

L o |

E X

= Preview: Tallest Peak (20x zoom)

T 43¢ 132 1300 128 126 124
ppm

Copr. @ 1980, 1981-2017 Bio-Rad. All Rights Reserved.

9) GC-MS ( &obggdo -506500 JBHMIsEMyMsx80s-35L- B3gdEMMAgGHMOS )



Redative ntensty ()

3 1D

HMDB04296 (Low Energy)

HMDBO4286L. axp

ri 419
UARAS RARAS LERRE La Ry

557

72

PMR ( 306)

Acrylamide (HMDB04296)

1H NMR spectrum: 600 MHz in H20
Sample: 50 mM at pH 7.0

Referenced to DSS

W
4—2/
AN
HyC NH,



Acrylamide_312500004 esp W01 dd 5)
MO2(s4.5)
MO3{dd.8)

o
.3
—s®25
5808

628

6283

ersty
=4l
|
|

6203

|
l
6an

Ak La A L

1020
i

w0 9 a 7 1) 5 4 3 2 1 (] -1
Chamical Shét (poen)

%) 2D PMR



Acrylamide (HMDB04296)

Acrytamide 50 mM + DSS T
20 H50C z
2008/11/25 z E
E = 0
I
H,C
1,2
&
g NH,
3 L2
8 ]
1,2
L2
[ ¥ F2lapm] F1lppm] Intansity
{ 1 £.3032 132.0760 1268593 .50
. 2 £.2448 132.0760 162083775
_g 3 58455 131.1000 488471338
T T T T T =
7.0 w5 6.0 55 5.0 F2 |ppm]

” ) 65 HGoo Mbs dgz0Lfsgwmo :

S

Essential oils
F' --l /
Diacylglycerols
Triglycerides
Cholesterol esters
Phosphotidylcholines
Sphingomyelines

% HPLC : Reversed Phase

Hydrophobic Hydrophiiic

33605300 FoMmMJabol 3ggoboBIGd0-BogzMMbOL EILILOS0IYDS
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5806085350, SB35M50b0L M19od30s 50FAIbg FoJM9dmsb FoowrsMol Hgsdzool 89d39mdoom,
OmamO G 9L 230P39698 Mottram o bbg. (2002) o Stadler s Ubggdds (2002) dserosb dseng,
5360wsdool 5OLYdMdOL Fglobgd LMo 3003990 SBRMOTgdOL gdmg399bgdolmsbsgzg.
H993965GH w65, H®MIol Bg30m53 0§ygds 530M0sdool  Fodmddbs, sdm30gdwwos 1153390
69w gedo G§gbol 999339 mdsdg.  Biedermann et al. (2002) ss@g069L, ®™d bggero
39MGHMB00oL dmIBsgds 120 °C-Bg  0f393L 5300800 Fo®dm]dbsl < 20 A3p/39
M9bmdom, 35906,0m3s 39OGHMBowol FdMswo gbgbool 453bgargdolsl, dolo MomEabmds ~
10 000 93/39 8950039bL. 530l 999092 5360:0530OL oo 3mbE9bE®M30900 sdmbgboo
0965 3M535¢ 0Lgm 33O 3OMEIET0, OMPMMIO0ES J9OGHMBOWO , FOO®,
390E™B0wol Boglindo, JdMoo bsmHdg , Imboeeo yogs , m3meEso , 5Modolol 3otodo,
3b5E0 3960 O PodMI3b35M0 36~ BMBbMgro . LEM33Mmdob ¥b039MOLOEYGHOL Pocgdmls
©5330L J0dool 30009MsDY PoGIMGIME 3300939000 2oBLODBWIGME 0dbs s3M0Wsdools
Lodom 999(3300Mds 30000 3E0EIM 3bws  FMIBsYdIME 3OM©wYdEHgddo (5-50 33/32)
Q@5 doBg oo 999339 mds (150-400003/32), 65bdoMfiyergdoom oligo 8eos®
3600993 g030,60MmAMOGO0(G3S JSOEGHMBOWO s 399M0.15T5R09JMOMP 5300 SF0EOL doeby
5050 8993390205 OR0JLOMES FMbIOT 3013 JdT0 < 5 93y/38. 9300300 33900l
36 1dEHdo mMo 300 b3gds:30EME0L Lobom Fglonmo Tobowosb b s3zgdol
8m3507gd0L EOML HBgdYE9®© Fo09wo GH9a39MEHIMOL godmygbgdols godm.

0dol 0v)b9gs350, HMT 536M0E>doEOL FoMdmddbols 3MHmEglido yzgums 999swgEMMO
36MHMOIE0L 016935 K IO OYRIPOEO H6 SMOL, Y39eoBY LogsGmorm Bdgdo 2.7 Lidqds
305D6M9ds , HIoL M565bTs 53005T0EOL BMOT0MGdS 0fygds S350l
35MdMBoolxaMBob 399339¢ 659GML FmGol Ggsjgoom. Becalski A. et al. ( J.of Agricultural
and Food Chemistry - 2003, 51, 802-808) 99Js60bd0b b6 890898535 M@0 d@geo.
30639 dm©gdo 3sb 258m0ggbs 6 5d06MB1o35L : S350, S35EMI6060L Tggo35L ,
3 G530bob, 4eyEsdobol 35535, 35e0bols s WO0DBoboL 650930 2e)3MBILMB, MmO
500969 Bodo@msb (Yang J. et al. -Journal of Food Science , 1999, 64 , 592-596). dq9mg

990 3060390l godsMGH0390e 35M05BEL Fo0rdmoygbos s BMEIME SB356M50b0Ls o

3 30B0oLOYY6 F9E)dMs.



MAILLARD BROWNING REACTIONS
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CHOH B-pyranosyl
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/\madorilrcarrangcmcnl
OH 0 oy
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OH CHNH-R
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ACRYLAMIDE FORMATION

(o] HO OH
0 NH, HO ©H
asparagine D-glucose
lheat
OH
HO, WOH
H

HO HO\“' NIY NH2
o}
O OP‘P

N-(D-glucos -1-yl)-L-asparagine

several
steps

O

\)LNHZ

acrylamide

300306900l LodMEMM 3G YEgd0 (Ju3)

0935308 94b39Mm0TgbEOL Loggdzgebg sB396s , HMA 5300 SFoEOL FoMBMbdbgws LsFomm

04 5135653060L5 s A3MBOL gogbgwgds 1750 C-Bg oo Fgddgeo@«eabyg 10 foo

24960530 mdsdo.

53003590OoL {fo®dmgdbols ser@EgMbs@Eomeo 3bgdo

090l 30bgO35Q , HMI 530M0EsdoEOL Fo0Mdmgdbols Bgdma dmyzsbowro b

3900593608 EMB0b0MmYds© Bgdal FoMmBMogbL, sGLYDdMBL seEgMbsEomwo

908560H909003. 39MI0bo -350sMHEOL M175d305 30OLOMO FgMHT0bos s 59MHM0BYAL



4395 6959305L 530693905 O BodsM0YdL FMEMOUL. 99539MOWMBOL gobgbols s GHmLozm®o
@5 3993939600 BogmmgdoL oMol Jodos doeby FoMEH0300 sOHMTsEOL BMMToMmGdOL
36m3gLoL Jodosbmsb Jgsmgdom. Strecker-ol YMSIEOS Fo0GEOL MYsJ300b
9603369cm3560 gobdEBHMgdss, Mxdgendo 5d0bmz93900 M195206M9096 LodsMogdols
93095300l 035MdMBOWH B5gMHMGIMB, Mo Poboborgds 530M0ErsdoEOl BoMmI0MYdOL
96m-9m0 JgLodgdEMmds. dgmMg 3033MmbgbE0 ,OHMIgE0E F00wgds HMmYME 3 39JumBol
©93M9G00M, 09 BOHWYJEHMDOEWOoDBobOl  ©I30EMIEIF00m , SGOL
30MmdLlodgmogmmawmmero ( Kroh L.W.- Food Chemistry, 1994, 51,
373-379 ; Ramirez-Jiménez, A., Guerra-Hernéndez, E., & Garcia-Villanova, B. (2000).
Browning indicators in bread. Journal of Agricultural and Food Chemistry, 48, 4176-4181).

939900 dmygzs60e bsbsHBg dmyzs600s 53M0WSF0EOL BMOHI0MYOOL S¢eEgMbsGHomMwo
3900l

bdqdo:

| Fatty acids I Aspartic acid Serine
Carnosine Cysicine

P-alanine

Acrolein

Pyruvic acid
ic acid
/'l ACRYLAMIDE
b

3-Aminopropionamide

\I ASPARAGINE I

Bob. 3500l Bg5g300m 53M0WSF0EOL BMOI0MmYdOL bidqds.

(Eriksson, S. (2005). Acrylamide in food products: identification, formation and
analyticalmethodology. PhD Thesis. Stockholm University, Stockholm, Sweden.).

53005900l Fomdmgdbol bbgs dgdgdos:

A. 53609060 9699 36M3965e-1 FoHIMogbL Mx 9O, 89 gdme o, B-sergdol ,
O®IGoz  OHMIMOE 3505MEMBI6 30GHMGHMJL0gMO0 Bag®mos (Casella, I. G., & Contursi,
M. (2004)- Quantitative analysis of acrolein in heated vegetable oils by liquid
chromatography with Pulsed electrochemical detection.Journal of Agricultural and Food
Chemistry, 52, 5816-5821). 15339080 5 go6L3MPOIOO® ByMLs S Gboddo
53605300 FoMdmJabolsmz0l 599309350 530 MEg0bol 45300 530M0ols d5535L



$odmgabs( Gertz,C., Klostermann, S. (2002). Analysis of acrylamide and mechanisms of
its formation in deep-fried products. European Journal of Lipid Science and Technology,
104, 762-771); Stadler,R.H.,Verzegnassi, L., Varga, N., Grigorov, M., Studer, A., Riediker,
S., et al. (2003). Formation of vinylogous compounds in model Maillard reaction systems.
Chemical Research in Toxicology,16,1242— 1250 ; Becalski A, Lau BPY, Lewis D &
Seaman S (2002) Major pathway of formation of acrylamide in foods and possible
approaches to mitigation. Abstracts of 116®* AOAC Annual Meeting, Los Angeles, USA).
3603950 808c0B6MdS dmyzsbomos 2.8 lggdsby.
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53605300

dMMEOHMobgwo 33939800, 658396930 0465, HMA 53MMEg0bL S1356M9306056 gPrms©
39005 25613397100 30639330 5300 580EOL FoBmJdbs. 50bodbmwo gsd@o blibols
5360¢5300U Fo6dmgdbols Gglodegdgen 3Gm39LL 030©Yd0m OO 3MMYYJEH9ddo.
( Zhang, Y., Zhang, G., & Zhang, Y. (2005). Occurrence and analytical methods of

Acrylamide in heat-treated foods: Review and recent developments. Journal of



Chromatography A, 1075, 1-21; Yasuhara, A., Tanaka, Y., Hengel, M., & Shibamoto, T.
(2003). Gas chromatographic investigation of acrylamide formation in brown-ing model
systems. Journal of Agricultural and Food Chemistry, 51, 3999—4003 ).

1ol MsbsbTo@ 53MIMgobo PoMo0ddbgdS 53000l T390 O 99300l dragm
LogggbObg 59 99356513690l MM0xMJI)Yd0M 30MME0DOl ML
39000530LvR3EG0YE0 530530050 53000l T5o35L $3Mb0TOL BoMHOMS® , HMIYEOE TooEn
A993965GHIM5Dg SZ0WOQ 2905O0L 53000l 5535l 5d0d0-53MMEgobdo.

SU35652060L 35535, 39GHBEMBOBL s B-5¢o606L BgAde0s Fbs3OMMBMY 53¢MMEgobol
§o63gabs 53000l 50350 Fo@dmgabols Lygzgbwymol 393w , HMAgEo 09MHIMWO
580l 99009350 §oMm3mddboero 5805300 530S PoIEOL KGO Fguodsdol sdmbowydols
85080 s 398y -530mengobdo ( Yaylayan V. A., Perez Locas C., Wnorowski A.,
O’Brien, J. (2004). The role of creatine in the generation of N-methylacry-lamide: A new
toxicant in cooked meat. Journal of Agricultural and Food Chemistry, 52, 5559-5565) ;
Yaylayan, V. A., Perez Locas, C., Wnorowski, A., & O’Brien, ]. (2005). Mechanistic
pathways of formation of acrylamide from different amino acids. In Friedman &
Mottram (Eds.), Chemistry and safety of acrylamide in food (pp. 191-203). New York:
Springer and Business Media, Inc.).

31356506006 5360 530EOL 0L ool EOHML $F0bM3MM30Mbsdowo s1939
3995900 36 EHoL Lobom 0gm 009bE0B0E0MGdMWoO. gl Boghmo Fs@mBmoddbgds
135606l s 30MmMYMOABOL 355350 FMMOL MYodE00m S 53MOWSTOEOL
Fom0mbgabyms@ 0 o6 Fobsdm®dgol Fomdmawyqbl (Stadler, R. H., Robert, F.,
Riediker, S., Varga, N., Davidek, T., Devaud, S., et al. (2004). In-depth mechanistic study
on the formation of acrylamide and other vinylogous compounds by the Maillard
reaction. Journal of Agricultural and Food Chemistry, 52, 5550-5558. : Zyzak, D. V.,
Sandres, R. A., Stojanovic, M., Tallmadge, D. H., Eberhart, B. L., Ewald, D. K., et al.
(2003). Acrylamide formation mechanism in heated foods. Journal of Agricultural and
Food Chemistry, 51, 4782—4787).

306mym©dbol 35535 90dgds 300qde 0gdbsl bLgMobobs s 30LEGH0bol
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25o@ob. (Yaylayan, V. A., Perez Locas, C., Wnorowski, A., & O’Brien, J. (2005).
Mechanistic Pathways of formation of acrylamide from different amino acids. In
Friedman & Mottram (Eds.), Chemistry and safety of acrylamide in food (pp. 191-203).
New York: Springer and Business Media, Inc. ; Wnorowski, A., & Yaylayan, V. A.
(2003). Monitoring carbonyl- amine reaction between pyruvic acid and a-amino
alcohols by FTIR spectroscopy, a possible route to Amadori products. Journal of
Agricultural and Food Chemistry, 51, 6537-6543).

93605300 90dgds [o®dmogdbsl Lodo®ogdol IEHMY39MOL MO0l
39009350 §963gddboo a-03560mbowvmo 659009305b. LodsMm0EO/sSL35Mo0bols
0930096 goblbgsgzgdom s1i3sMs0b0l MIbsdoMmmeobo bgoolibgs 0 3sMBdMboEIH
6596200356 : A-©039GH™bM , A-39BHM5g30Mb s JEroMmJLoE b 5300 sBoEL
093650 653930 MM 96Mmdom Fo6dmddbol , beaenm s3gEMmeo 5300w sdol
35JL0ToMHO MHoMOIbMOdOm 0dEg3s. SToLYSD goblibgzsggdom, 9390l ser3m3mero
( 3-30006MHMJL03OM35653000) , HMIYOE S135M9060LSYRE F00WYdS, FoOMSEI0S
9O0LE500560 LObMGHBOm 0dEg3s 5300STOEL , JOLO FodMBOZoE0 393G 65319d0s
3000609 LgdoM00/5L35M00b0l {930 do. gl Bmbs(399900 SEIBENIMYOL , D JEMg396M0L
5e@930@0L Fo®Mddbs 5539MHbIBL 3G 0sdool Zm®mIoM9dsL( Stadler R. H., Robert F.,

Riediker S.,Varga N., Davidek T., Devaud S., et al. (2004). In-depth mechanistic study on
the formation of acrylamide and other vinylogous compounds by the Maillard reaction.
Journal of Agricultural and Food Chemistry, 52, 5550-5558).

0965930000 s LEGHOMIBO , U OO doEDBY 5O M5O bsBINO Fo@dmoddbgds
5350M6M0OL 3m33¢gdLob 30MHMEOBOL J99R9.306506 gl M3565L6gwo , Msgz0L FbGOZ
3396056060l ©935MdMJLooMgd0m J00PYdS, 53M0WSF0EO Fgodergds Fomdmoddbsls
SB35Mog060@6 F0LYdIMEO 535@MOOL 3MA3gJLol ©H3OBdMJbooMgdomsg (Stadler R.H,
Robert F., Riediker S., Varga N., Davidek T., Devaud S., et al. (2004). In-depth
mechanistic study on the formation of acrylamide and other vinylogous compounds by

the Maillard reaction- Journal of Agricultural and Food Chemistry, 52, 5550-5558).
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313565060, G®MIgog 930050l JogdlodoeO Mom©IbMBdSL 0dwg3s, HoMmBmoygbl
5360 530@0L dJoHoms fys®mb ( Stadler R. H., Blank I., Varga N., Robert F., Hau J.,
Guy, P. A, et al. (2002). Acrylamide from Maillard reaction products. Nature, 419, 449).
565903009000 0465 ©9R)600,6H:MT JoMO0MEOS F0T5MCIIGdS HMIgEr0E IMoEI3L
doggol 3rdols foedmdgadbsl, Aol 935MDMJLOEPOMYOSL , STSPMEOL 25X AIBJOL O
8990099 LogzgbGbg B-9e0806069dsL 53005800l Fo®dmddboo (Yaylayan V. A., Perez
Locas C.,Wnorowski A., O’Brien J. (2004). The role of creatine in the generation of
N-methylacrylamide: A new toxicant in cooked meat. Journal of Agricultural and Food
Chemistry, 52, 5559-5565).
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BobdoMdsM3560 yo®rms s dgLsdsdolio N-gwo03mBoob (omdmddbs s530gdl
©935603JLoE0MGdOL 3OMEJLLS s C-N - 3oL 3@ OGO Foberghols 3oMMEobol
39009290 5300w 530oL Ho®dmddboo.33900L dM9H3gemdol LobEgdsdo ob &gdbmermyngdo
699003 9YOHOObMBS Fod FH9I39M0EH IO S 39b0sbMdOL bgwl »fiymd
53605300 HoMm8mgdbsls. sygbowos, MM 53M0sdool o®mdmgdbsls dsglodsememo
50096Mm000 50w 5943l 180°C FHgd3ges@EImsHg 1 Lsomols obdsgzarmdsdo.

513565060 33900l 3MMEYdEHYdT0 -53M0Esdool Fo0dmgdbols oMo
36937OLMO0.

053069850 LEBom 969E03MNMP 3MEOMYOMWO, 55839050 gME0 Fo6rdmMmIMdOL
58060851535-5356150600 85535, HMIJ0E 30039 FITMYMBOWO 04 LdESEYMOL
$39600096 1806 (gl ( Kotecha P.M., Kadam S.S. -Asparagus. In Handbook of Vegetable
Science And Technology; Salunkhe D. K., Kadam S.S., Eds.; Dekker: New York, 1998 , pp.511-
521 ; Hurst P.A., Clark C. J.- Postharvest changes in ammonium, amino-acids and enzymes of
amino-acid Metabolism in asparagus spear tips- J. Sci. Food Agric. 1993, 63, pp. 465-471; Hurst
P.L., Boulton G., Lill R.E. — Towards a freshness test for asparagus: spear tip asparagine content is
strongly related to post-harvest accumulated heat-units. Food Chem. 1998, 61, pp. 381-384) ,

§o6m3m5099bL 5300530l doMmOMIE 360939OLMOL.



3135M5g0b0l IBIWO MHMEIbMdOL 993390 533900 839650YIBOL 3 EHWOVIO
X03900L, 56 306H:™MdJdOL 083500 FgMBg35, HMI Ibgl HoMdmgdsdo hsdz9d5dg Jolo
300MOME0D0o 13505060 50358 Hodmgdboo JodorMo sb 53gMTgbEMwo aBom,
S135M5g065B0L 96 bbgs 580@sHYdOL godmygbgdoo , oMmdmoyabl 530 0wsdoEOL dsWO
399339 ™d0ol 3Jmbg 3G9 3H9oolL Homdmgdol 60d3bgemg56 4bsb.
9m3w9g 29630bowmm d3gbsdgman 15339030 Sb3sER0bOL BMBI30s s doMmLobmgbo.

3s0@0bds> s goduds ( Martin F.L. Ames, ]. M.- Formation of Strecker aldehydes and pyrazines in
a ried potato model system-]. Agric. Food Chem. 2001, 49,pp. 3885-3892) so0069L
053059985¢0 LEboM SB3M5Q0b0L FodloToIMHO T9I (339 Mds -35MBHMBOTo. HMBI6TS
bbg.(Rozan P., Kuo Y.H., Lambein F.- Amino acids in seeds and seedlings of the genus Lens-
Phytochemistry 2001, 58,pp. 281-289) 30 ©5502069L,600 513565060 HoMIMoyqbl
5m©gbMd0m MIb0Id3z69m3569L 5d0bMTs1535L ML3OL bLryen MG o Lobgmdolsmazol s
dobo 899339 ™ds 033¢q0s 18-62 3y ddGocno dsbol ymgzgen 1 6Msdby. 58 s 35MogErmEo
33193900 990093900 dmyzs60os IV 3bGowdo ( Friedman M.- Chemistry, Biochemistry, and
Safety of Acrylamide. A Review-]. Agric. Food Chem., 2003, 51 (16),pp. 4504-4526).

203 3DOOWOED BsblL, Lbgsslbgs 9;39b5G0LsM30L SB3sGMo0bol F9d(339emds
RO 0535DMmbBT0 FgMHYygmdl. sB3sMox0b0L 183390 ™MdsBY 393w gbsls sbgbls Igbsbzols
3060009003( goblbgs3g0mwo #9gd3gMsd Mo Mg5080). d39bsMgme bywgmawls s dobo
0JMINWO 2505899353900l 3OHMJ3HJ0T0 1930 BWO 1350l QobLIBL3MOL
9900930l LEWMEIYMGS 255030l F>0SMEOL M95d300L 3MIMEJBHIOOL , OMYMO3
53605300l 36939OLMMGIOL TGuHogusl. 58 FbGOZ 2oBLs3MMMYd0m 8b0dzbgarmgsbos
33093900 Bb3oslb35 MmMsbmyqbme d30Mmm393%Bg 3G 1L39JGOMBZM300l Tgm™mE9dOL
399myq690800 (39858300 ©.-N-20030H0EId0 F50EMEOL HYod30s30-080¢olo , Ml
350m3390emmds, 2009 ,-210 §3).
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513565060l ©YsdoEOMmYds.

360630380, 35535 96 539 dmbgdOL BodMdo 56 96D (sLBM5ROBIBS 56 $F0WIBH)bgls
PYmdl s1356M3060L 350D ME 30MMEODBL SB3sMSY0bOL 85553597, Mo FIIMYMBOE
500530096 9O bgErols 9930 30MMdsS 2o3bgEgdol 89dmbgzgzsdo s3G0Msdools
§o60mbogdbgmsgo. In vivo 306HMd9330 93000l M19sd30s 0O BOMEIMAO0IMHO
dm39gbgdol Img3mEwe Fo0dgml FoMImoagbl, HMmAMMOEss MmGOYR60DBIOL IdYMHGdS S
553500909008 B3MYo0d9gds s RsMMYIE05 doMEMa0wMH0o 3608369 mdol 30gdols
3bEBLObMYBME BMOI0Mgd5d0(Robinson N. E.- Protein deamidation-Proc. Natl. Acad. Sci. U.S.A.
2002, 99, pp.5283- 5288 ; Riha W. E., Izzo H. V., Zhang J., Ho C. T.- Nonenzymatic deamidation
of food proteins. Crit. Rev. Food Sci. Nutr. - 1996, 36, pp. 225-255 ).99L{js30w0 0465 g5gEHmMgdo
- PH, 3983960 0mbgdo , 0mbwm®mo dogms, 39339M0@ Mo-0rmdmgdos 4obLsbn3Msg39b
3934009d0L ©95d0EO0MGIOL 3MIM3LL, 135 MMYMOE 50FMBBES , olobo MsgolBswo
213565060l Fg3mb393590 2530gbsly 56 sbgbgb 3GMEglol JodEobsMgmds®y (Carlson A. D.,
Riggin R. M.- Development of improved high-performance liquid chromatography conditions for
nonisotopic detection of isoaspartic acid to determine the extent of protein deamidation. Anal.

Biochem. 2000, 278, pp. 150-155).

903mBol 0gMs305 s13560bsBom.

0ol 459 , M3 SB3MR0b5BS Fg0odgds godmYnbgdme 0gbsls 115339080 Moz30LVYIBIEO
3135652060l 135652060l 855358009 30MMEWOBOLHMZ0L, Moms sdom F9dE0MYdME 0gbsls
5360¢5d00L Fo0dmgdbs, Ggag356@EHmo 0db9ds 4o30bLgbmm dolo 3093 9OPO Fodmygbgds.

96%0360 L-51356530655 53oGmMm@© 45900996905 99000306530 053039030 0dRMOLEWOO
9039900 bd3MMbscrme (Bushman J. E., Palmieri D., Whinna H. C., Church F. C.- Insight into



the mechanism of asparaginase-induced depletion of antithrombin III in treatment of childhood
acute lymphoblastic leukemia- Leuk. Res. 2000, 24,pp. 559-565 ; Lanvers C., Vieira Pinheiro J. P.,
Hempel G., Wuerthwein G., Boos J. -Analytical validation of a microplate reader-based method for
the therapeutic drug monitoring of L-asparaginase-Anal. Biochem. 2002, 309, pp. 117-126).
96%0960 L-3L35653065%5 sbgbl Hmame 3 L -513565g0b0L 3000OHm@moBl L -sb3serogobols
055359009 5 580535909 , 0bg L-ga)&sdobols 30mmmobl L-ge0)@sd0bols 0go35b0 o
500035807 . Y3903 5dob 9995w, Lolbedo d30MEYdS M530LvBRWO S135EMRO0BOLS
0530LR50 A Es30bol 99339 mds. 96H0dMEMmOo L-5135658065BL dmgdggdols
090530990 9839dEoL 5OLO 03590 dEYMT>MHYMBL , G™A LodlogbmGo MXMHYIOOL DS
093650 39395 M0 JIY0 S135M102060L5 S e YEHST0bOL 93BMYGBME [goHrmBy
B®Io 0 MR MHgoL BOHILMb dgsmgdom. Pritsa s Kyriakidis-0s ( Pritsa A. A., Kyriakidis
D. A.- L-asparaginase of Thermus thermophilus: purification, properties and identification of
essential amino acids for its catalytic activity.- Mol. Cell. Biochem. 2001, 216, pp. 93-101) >0l
Thermus thermophiles-0qs6 33 3oewmEsgr@mbo dmeg3mememo dsbol dJmby L-s1356s3065bos
EC 3.5.1.1 -0l 399mgmxs. Lymgolm 36Mmdog0s S1356M0065B5L dogdols Lsdo gbs :

1. Bsfemsgols Bbomowsb (ASP, Elspar) ;

2. E. coli enzyme-qsb , 3903 dm©@og030090w0s 30035¢0gbEH1MHo 353806H0m

30900 9gbao3mewmsb (PEG, Oncospar),;

3. Erwinia chrysanthemum (ERW, Erwinase)- @06 g09mymgowo g6b0dosb.
90090 89MHBEL B9gMH6EMo 59E03MdOL JeroMgblol Jobgwz00m Mbs®o g3l sdmfmE@mls
LYOMEMPOMOO S1356M9060 s bgewro 89mfyml antiasparaginase-U 56EHolbgmEqdol Fodmddbsls
( Asselin B. L. - The three asparaginases. Comparative pharmacol-ogy and optimal use in childhood
leukemia. AdV. Exp. Med. Biol. 1999, 457, pp. 621-629). 5060360 9Ju3900d9bEHoom

©ILEGHWOEYdS, O™ bgedolsfzmdo ggmdnbEgdol 2s9mygbgds 11533900l ImdIBsYdOL



36 m 3930 bgls MFYmdL 0530LYBIEO SB35MHZ060L MoMEYbMdOL T930609dL S 33900l

3690 MdOL QoM.
3L35M53060 S B3JBIM0o MYHBoLEHIEEHMDS (FYMEMDS).

313561506l 300093 9GO0 oDy YOMYNBOMO MZ0LYdS J59B60Y. Ol BgEsBOWE gogargbsls
5bgbL 11533900l 93698 MdSBY, 306506 FoLO SOLYDdMBS B3390 5M9d0 BEMIEOL SET0sbOL
Q0553500900 259md(3930 06039J30900L EYMHMBIL ©Y9JEH0Z9300L B0TIMM IBIWO
355305600 30MHmdgddo (Jonge R., Ritmeester W. S., Leusden F. M. -Adaptive responses of
Salmonella enterica serovar Typhimurium DT104 and S. typhimurium strains and Escherichia coli
0157 to low pH environments -J. Appl. Microbiol. 2003, 94, pp. 625-632). 3969060305 ©@s0L35L
30b3s - HMYMO0 046905 13565306000 EOPIMO 3OMEJEHOL(To. 3590ls) gogagbs
Escherichia coli os Salmonella Enterica-bg oo bmd o6 359m0§393L 030 s6&0d0mE03900L
30056000 3aMoMdsL (Deliganis C.V.- Death by apple juice: the problem of foodborne illness, the
regulatory response, and further suggestions for reform. Food Drug Law J. 1998, 54, pp. 681-728 ;
Friedman M., Henika P. R., Mandrell R. E.-Bactericidal activities of plant essential oils and some of
their isolated constituents against Campylobacter jejuni, Escherichia coli, Listeria monocytogenes,

and Salmonella enterica- J. Food Prot.- 2002, 65,pp. 1545-1560 ) ?.

5360e3530¢0ls s dolso 39EsdmEoBIol 3GmEv)d@Egdols

25bL5BM3MS-LogMmMbOl Ggg35lgds

53605300 55305601 MMRs60BIT0 figrrol 56 33980l 3MrM©IEgdol Jowgdol
99039Md0m , 0635cn5300m 96 356%g Imbzg®ool d9fimz00 bgds.dsebg dMMTsEg3500
L53w9dom 0gbs Boo®mgdmwo, Goms 99xsL9dME0 YmzoE0yYm 50530560l MmMysbobIby dobo
b99mgd99ds. LoFoMm gobs Jotrdo d9@sdML0MmYOYO M8Y60d] 3HM©MJEHOLS s

536053000 BOMEMYPOIMIQ SEZOWOMGINO BMY0IMHNO 3OHMPOYIEOL 3MbGHOMO.



53005300l 565 0BMMO A5BLEBEOZOOLIMZ0L B0zmM0gMYdsMs FoBOZMM-J0doMHO 330930l
006599000 ™39 390MEOIO06 J0MH005IE 45dM0Yghgds 50M>0 JOmIsBmyMozos (GC),
3500-9839JGHwIO0 MHY35MM0 JOMIsGMAMsx300 (HPLC) , 3sb-b39gd@®OmagEH@os (MS) s dsmo
Lbgoalibgs 3mdd0bs30gd0 goblibgsggdryeno dsl- gEIJG™MMIO0m. 45bLE3MMMmId0m OO
390U39dBH03d 093l 33¢93590 BHM0dM0IEO G030l bgwbshyml - (LS-MS-NMR) 950myggbgdsls.
©EIL 530:0W5d0EOL FoBLIBOZMT0 JOM0MSI® MO JoEYMTs J58M0Ygbgds.9lgbos GC-MS s
LC-MS-MS. J6:™35@Hma6s53049¢00 d9mm©oo 53600wsdool fodmddbs Lofo®dmm 3Mmgldo
(@5gd6r0L Fo6rdmgds) 306390 ssxgodlbomgl Cutie S. S. s Kallos, G. ] . 8s0vm30L 36mdowo
0y, MM doJMob Fo6rdmgdsdo, gJuBMogGol dowsw 3H9a39gMo@ Mgy 30MO0m ©vdszgdol
9990099 3060l B3563H7gdoL Lobom Fodmbaegds 0Ygbgdbgb 3m0s3M0wWs30EL.5d MM
d9L5dE9g090 0YM 5EAOWO 3JMbMEs 3MW053MHOWSF0EOL VYI3MEP0TIMHODBIEFOL. FgmmEols
da®IbMd05MMOOL 2oHMOL dobbom , Cutie S.S. s Kallos, G. ] . 5300@sdool 9glodmFo
2959m09ggbgl 9duEBH®5gEHOL dMM0MGDS , oymeRs (HPLC) 39mm©om s (39¢309¢00 30003mbgbEob
3sL-139dGHOMIYGHOO IGIIGHOMYOS F0S BII30MHDBY Lob) ol MYOTMYSRMI39300 (Cutie S.
S., Kallos G. J.- Determination of acrylamide in sugar by thermospray liquid chromatography/mass
spectrometry-Anal. Chem. 1986, 58, pp. 2425-2428). dmfjm9dmeo dgomol 330dbmdos®mdsd
AMoombbg 200 bsfoemo 8gsca06s (0.002 ppb). 53 s IME335L5 S 3g39W oL 33¢)300
50960000 0465, OMA Todo®Fo 49olIE0 5300 530EOL M3M©Ibmds (<5 38/3 )
©3603369cm (0L305 500530560l K sbIOMIMdOLIMZ0L (Schultzova, J.; Tekel, J. Acrylamide
monomer occurrence in sugar. Dtsch. Lebensm.-Rundsch. 1996, 92, pp. 281-282). 0560d90300s
0565930 gdmsb ghmo  s0fges HPLC 8900m@ob godmyqbgds 3o0Hmbol Lolberols
35H3580 53600@5d0oLs s Jobo 9g3mJLOPOL- eEOEOESTOEOL 30MHPI30MO s
IONOOMMWO  goblsbOzMOLEM30L M EGHMI00LBIOO YGHIIGHMMOL sdmygbgdom 200 63
Gowol Loa®mdgby (Barber D. S., Hunt J. R., Ehrich M. F., Lehning E. J. Lo, Pachin R. M.-
Metabolism, toxicokinetics and hemoglobin adduct formation in rats following subacute and
subchronic acrylamide dosing —Neurotoxicology, 2001, 22, pp.341-353). 50dmbBgb0l bgs0ds
5360530 OoLIMZ0L J9o00065 0.05 /33 , berrm aroEowsdoolsmgol-0.25 933/dew.
3553580 536M05d0OoL 65Hg35METOL 39MHOMPO JOHMXJMss© 5003/32

0699d300b5m30L 2-8 Loy BHME0s. 00539 93G™MMOTS 30OHMHYBOL Lobbeol 3esBIsdo



53605906 399Myemdobols 5ol absgodulo®mgdwsw Jgdwgl GC-U 3sdmygbgds.
096@5356Md0mM (36500 Fobs , H®MA 53M0EsdoEOL F38339Wwo 3OHMOIGHYIOOL sbsroBolsmzol
930909005 33¢g30L 3033¢gdlvM0 FgMmEIOoL 25dMmYygbgds. HMBY6Is s 3gargbglids
(Rosen J., Hellenas K. E.- Analysis of acrylamide in cooked foods by liquid chromatography tandem
mass spectrometry-Analyst 2002, 127, pp. 880-882) 53605300 565¢00B0olLsm3z0l 4sdmoyqbgls
0b93500 JOHMI>GMPM530s -GobgdmMmo dob-b3gdEHmagE®os (LC-MS-MS). 9gom@obl sGLo
3 M3oMgMmds G0 bEebo®Eo [2Hs]- 5300¢5d00bL gsdmygbgdsls, dob sdmfizeroegsls
0900000, EGSG0EHM305L 3M050EHOL B39GB W SBseoBUL. ALAS3LO FgMPIdO
399my9gb9gde0 s 20mdx mdJLgdIMEo 0dbs Igbog@ms Lbgssbbgs xamzol dog:(Clarke D. B.,
Kelly J., Wilson L. A. - Assessment of performance of laboratories in determining acrylamide in
crispbread- J. AOAC Int. 2002, 85, pp. 1370-1373 ; Ahn J. S, Castle L, Clark D. B., Lloyd A.S., Philo
M. R,, Speck D. R.- Verification of the findings of acrylamide in heated foods.- Food Addit. Contam.
2002, 19, pp.1116-1124 ; Gertz C., Klostermann S.- Analysis of acrylamide and mechanisms of its
formation in deep-fried products- Eur. J. Lipid Sci. Technol. 2002, 104, pp.762-771 ; Hofler F.,
Maurer R., Cavalli S.- Rapid analysis of acrylamide in foods with ASE and LC/MS- GIT Labor-Fachz.
2002, 46, pp. 968-970 ; Nemoto S.,Takatsuki S., Sasaki K., Maitani T.- Determination of acrylamide
in foods by GC/MS using 13C labeled acrylamide as an internal standard- Shokuhin Eisegaku Zasshi
2002, 43, pp. 371-376 ; Ono, H., Chuda Y., Ohnishi-Kameyama M., Yada H.,Ishizaka M., Kobaya
H., Yoshida M.- Analysis of acrylamide by LC-MS/MS and GC-MS in processed Japanese foods- Food
Addit. Contam. 2003, 20, pp. 215-220; Yoshida M., Ono H., Ohnishi-Kameyama M., Chuda Y.,Yada
H., Kobayashi H., Ishizaka M. - Analysis of acrylamide level in processed foodstuffs in Japan- Nippon
Shokuhin Kougaku Kaishi 2002, 49, pp. 822-825; Pedersen J.R., Olsson J.O. -Soxhlet extraction of
acrylamide from potato chips- Analyst 2003, 128, pp.332-334).

3990806569 B39bL [obsdg oygbgd o s8m3960sb , B396 8030090 9®HY39BH0WGdS

89239L59305 LgoBM39eMmTo Mo 0B 53 329HT0 5300WSTOEOL MoMPYBMBS,MHOLMZ0LSE



399030996900 536M05d0EOL goblsbL3zMOLEmM30L sMLYdMEo dgoMmEO s Bggds. Igmm©o
9000bM3L 3OH:Mm©JEol 603dosb gwom 300w s30EOL 53MLgdsls, ol OOMI0MYISL ,

99bGH®59d305L 9OOES39BHOGH00 , 39)TIBL 29e-JOHMTGHMYMSR00M S 565EOBL JOHMAsFEH M-
3sb- b3gdBHOM™IYGHOOm.

dgormob igqds .

390000l 9E53900 300gdYos 1533900 3MMEYJEHIO0L 3MBEBHOMEWOL MB0E0SW OO

m®96m@0ob ( Kanton of Zurich) ©s §399mm s6:0b 8myzs60@o. fyewol dglsderm dobodserme

5mqgbMdL MoEgd9b o339z Md0YIBHL FYsM0 65{oEgdoL OLOEPdMBI® s Bo3zerg30

0099G0b AoBOR 0MX390¢5©. JJuEHMOJ305L 5@MGOID LTMS 3OIM356ME0m S 3OIM356MmEIOLS

5 §9gaols bs6g300m. goal s0MHNJwgdgb , 505 39550300 Mb 53M0EsdoEOL 5dMPYds Fywols

R5D0096. 539GMBOGMOOL godmygqbgds 550030090l gofidgbsl dsowgdol 99brwIeo
BUBSEMBOL 358m , 39JLs60 30 FEBIE SbBMO39dL FbodoLsys6 (M. Biedermann S.,
Biedermann-Brem, A. Noti and K. Grob, P. Egli, H. Mindli; Mitt. Lebensm Hyg. -2002; 93;

pp. 638-652). 6503+930L dmdBogds M999603g 9¢)530Loas6 Bgagds (Bab. ).
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3b0dol Im30egds 3gdusboon

GC-MS  565¢00Bobl Bs@stgds

B396L doge dm©EoBoE0Mgde 0gbs 53(0Esd0Eol sdmygmazol 3Gm3glo s Asls sligomo Lioby
5g3UL.

9Ju39600896&H 0L ALZEgEMdS

Lo Md0YEJo® 993500 ,OMMOM©ObE0“ 390, HMAWOL 2 B5EMBO IZ5MdOEID
©9039H0Mdw9eo D20 fyerom (HPLC-MS-NMR $60d600bg 33¢0930L 1330000 g@e30b
Bl GHOMYOMS®) S 35dM3To(3900 bMMEL3g30 F5bJsbom . 530l 999y ©o«3ds3gd
3MOL 53595390 (393B0wgm) 8 ¢ D20-80 ©s 333900 33030 bx0M930L 30HMdGdI0 24
Lo 4963530 Md580.bUBM0 45053(MID s VI35:396GHO0BMR0MG0 (5000 dG9bo 10 oo
3968530 Md53d0). 3503F306035¢9 B396s 535MOMIWg OIMESEOIEN0 5FSMOHMIEXIOO0) O
AmEW®mds 53093569 200 de-bg. bLbsGo 9939530 M bafows (Agmmg bsfoewo HPLC-MS-
NMR -330930b5030U).

50 B0 3MIBEYdIME0 15330930 LOBX O 90393l Bs3dsmE Fswseo MoMEYbMmdom
gb0dgdl. s30@™a 3500 ImEoEgdol JoBbom, Lobxo 3sdygmao dsdMT0 350 3s3M93bgm
39dbsbom (3gdussbdo  s30M0sdoEo 56 oblibgds).

3b03gd0gsb 3sb6msgobrnmgdme 8dodg Jywosb bbs®l gMmMbows® ©3MBsEHY
50%-0560 ©90GHINOMaMA0M 75358 bLbsMO Bogbodw® LoMg3gwsby ddozo
dmgzol 306Hmdgddo, 300Mg blibstols pH-ols 9608369wmds3 56 doswfjos 360dzbgermdsls
pH < 1. 306355358 d9MB935 3963000098905 3m3g36m Logzgbry®mBbyg dGMToMmgdOL
360039L0L Bslis@s®gdesq. Lsdmdsm Lobxowsb gbs@ErMomgdmeo 30egdol dmlisEowgdes®
890m30ygbgo 396GH®08MR0Mgd0L Ggmmo.



15330930 BLobX oL dBOMIOMYdOLSMZ0L 50 Agw 30¢gdOLSYRSD FOLMBS39dM BsTmTom
blbsMo 250053039670 9909300 S0 FMZ0e LodYges 3MedST0 , 35353J0 25 g Mfywm
35¢0ov)dols 3300, 3Mdol Gogmsglio 39MH0gm dMMIoEOl LM gsblibsdg, Mols 893gy
33053 8m6930L 306:0mdgd0 ©349953J0 39¢r0gdol 3MMIsGHoL 0.2 M godg®dmiigseblibsto,
37909, 3093 0.5 s EIZ3BM3g0 F530350T0 90 {f0r-00> Yolis3039dS. 3303909
blbs®L 0535953900 50 Agr FAMSE0 JOOEPSEIHIGHO0 » 339M3H3E0Mmgm , I35396GHMOBMR0MI
©5 (300U Bsliods®gdems© 39039 F9MFJedo 553039690 dGMI0MmYIMEo 5300sd0EOL
0000¢0539G3G0560 blibs®0. 53005300l dMMIOMIIOLSL M30I30MZges Fomdmoddbgds
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GO obl,Ms3 03930 303MMT0s30L IMPZY3oBS O MMM I9IRL MYBHOMAMIOMEO

A®obL3MOEHOL Imdsly (Smith E.A. & Oehme F.W.-Acrylamide and Polyacrylamide: A review of
production, use, environmental fate and neurotoxicity. - Reviews on environmental health, 1991,
9: pp. 215-228).
©OoLEYOH0 SJLMBM3sm00l bbgs d9JsboliGEmo mgm®mogdo 1dzgdl sdumbgdols
693000900 dmdesl (LoPachin R.M., Castiglia C.M. & Saubermann A.]. - Acrylamide disrupts
elemental composition and water content of rat tibial nerve. II. Schwann cells and myelin-Toxicol.
App. Pharmacol, - 1992 b,115: pp. 35-43), ®olo 80393905 6go®™mbmeo 35¢3E0dmgsbo
096900l 30mdgmbiEsbol Imdws 3sedmImEwwobols d99339w 839MI96EHIdT0 ©s
30G™PMbAbOL 30€gdoL BMLBMOowoMgds ( Xiwen H, Jing L., Tao C. & Ke Y. - Studies on
biochemical mechanism of neurotoxicity induced by acrylamide in rats. Biomed . Environ. Sci,
1992, 5: pp. 276-281) ; Reagan K.E, Wilmarth K.R.,Friedman M. & Abou-Donia M.B.- Acrylamide
increases in vitro calcium and calmodulin-dependent kinase-mediated phosphorylation of rat brain
and spinal cord neurofilament proteins. Neurochemistry International, 1994,b25: pp. 133-143).
53605300l Bgdmddgqosl MmEYsb0BIbY Fgwdewos 396G HoE bgMHzoem Lolidgds®y
3930965 258mbo@Gmb byo®MIgE0sEHMMm9d0L 306(396EGS3E00LS s BMbJ30900L Tg33e0lL yHoo.
39603dmq 36L-d0 95930MML bmG5M965¢0bols, MRsdobols s 5-30OHMJLOEM0REHTobOL
3M6396@H5305, s HMYMO 3 89090, B0 M95dEH0Mds MFBST0EDY, sHIbL M5 2ogegbols
©Mx5dobol M9393GHMMJO0L 3mbELOBI3EH03MO Losbam3zqls s dso bodzzmogzgby (Tilson H.A.

The neurotoxicity of acrylamide: An overview- Neurobehav.Toxicol. Teratol,1981,3: pp. 445-461).



A™JLo3MOHMdS

9mb5399900 IMBOOEGALS s 3538390D7 56 BoJLOM©YDdS.

dglssd5d0L0 IMbsE3gdgdo 3BM3gErgdby.
9653500M03bM396 3300939000 49BbOME0s PMBI-9139JEOL O PMHI-B0BYBMIMOZ30
3938060l dmb5308900 9dMOMSEHMM0ME 3bmzgwms bzsalbgs xamsbg. LD-50
53605300l gOHMX IO F0Mqdolsls 30MHMHYBOL, B30l M FGO0L S dr(339MOLIMZOL
3950096L 150-180 dp/33( McCollister D.D., Oyen F. & Rowe V.K.- Toxicology of acrylamide.
Toxicol. App. Pharmacol.- 1964, 6: pp. 172-181), &390 mom30L 633Gmemyom®o 9839JGH0
300690 9MmK Mo mbsbg 126 dp/3y s 100 3y/33-393 900l d9dmnbggzsdo
( Kuperman A.S.- Effects of acrylamide on the central nervous system of the cat.-]J.Pharmacol. Exp.
Ther.-1958 ,123: pp. 180-192).9530yg49693w9¢ 0dbs G5 @MBoMYdOL JOmbozmwo g:0do,
5096000 0465,6m8 X 53O0 MBoL-500-600 dy/ 3y 99900b393500 LOYMHO MDs 25-50 dp/3y
29653060Md7dL 5Eoduosl 30MMHYIT0,d50EgdLS s d5d0bgddo(McCollister D.D.,Oyen F.,
Rowe V.K.- Toxicology of acrylamide. Toxicol. App. Pharmacol.-1964, 6: pp.172-181;
Thomann P., Koella W.P., Krinke G.,Peterman H., Zak G. & Hess R. -The assessment of peripheral
neurotoxicity in dogs : Comparative studies with acrylamide and clioquinol - Agent Actions, 1974,
4 : pp. 47-53 ; Hopkins A.P. - The effect of acrylamide on the peripheral nervous system of the
baboon. —J. Neurol Neurosurg. Psychiatr.- 1970, 33: pp. 805-816). 6530930 ©©009160 ombols
3900b3935d0 3000b603MM0 9539dBH0 96O BoJLOMEIdS , 30O X 5T PMBBY Bowowo
3608369 mds 56 3000935.3wgOEGHM™BTs s BMBLTs 5oL (Fullerton P.M., Barnes J.M.-
Peripheral neuropathy in rats produced by acrylamide.-Brit. ] Industr. Med., 1966, 23: pp. 210-221),

60 OO0 6-9 3p/33 CMBoL Fgdmbgg3580 300:MbYdBY bgoMOM35EH0OMO 989G 5O

1304L0MYdS, 300VMY X 5FYOO Mo 56 Joomigal 1200-1800 3/ 3-L. 353-30obEGHIMTs s Lb3.



5$3969L (McCollister D.D.,Oyen F.,Rowe V.K.- Toxicology of acrylamide. Toxicol. App.Pharmacol.-
1964 ,-6: pp. 172-181), ®™3 306»bgddo 39y/33 ©L0YMHO MBS 90 OO gsbdsgemdsdo
56530056 5615L5LIMZgE 9539dAL 6 0f393L. L3gblgMTs s BB3Z.30 5B39bs, HMA HYBNML-053539080
53605300l OGS EMDsT 2 3y/39 » 325 EOOL 496853 Md0 5G5S0 439MPOMO
306039960 983990 o6 godmszewrobs (Spencer P.S.,Sabri M.I.,Schaumburg H.H., Moore C.L. (1979)
Does a defect in energy metabolism in the nerve fiber underlie Axonal degeneration in

polyneuropathies? — Ann. Neurol.-, 1979,5: pp. 501-507).

396396ma0bmds.

5360530l JOMB03Mwo Bgdmddggds 9353006005 AIBOPOL? 5350JOIMDILMID
39BMmgomdoms s 396G mEmo bgzmaro LoliEgdolb , BoGolgdMo xoM3zeols s Bbgs
9600 36M0b6mwo X 06330900, Lo®dgzg X 0M33w0LS S MY3OHMEYJ30IEo bLobEgdol
Lodbogboom 3oMmbyddo (Johnson K.A., Gorzinski S.J., Bodner K.M., Campbell R, Wolf C, Friedman
M., Mast R.-Chronic toxicity and oncogenicity study on acrylamide incorporated in the drinking
water of Fischer 344 rats. —Toxicol. Appl. Pharmcol., 1986,.85: pp.154-168) 0> 3o @3900L
509b6m3om 1339830 (Bull R.J., Robinson M., Laurie R.D., Stoner E., Greisiger ].R., Meier J.R.,
Stober J.-Carcinogenic effect of acrylamide in Sencar and A/] mice- Cancer Res., 1984, 44:
pp.107-11), b 00 3999900930009 F0MEMA0IMHO 33¢9300, HMIYd0E 009MBJdM©bYL
53605300 bobaMdero30H9dmgdggdol 4390 , 396 ©oE0bs 3538060 530sd0EOL
B90tmgdd990sL5 s LOALOZb0M BMYS WH5350YdLS s LOALOZBOL Fom 39w Lobggdls meols
( Sobel W., Bond C.G.,Parsons T.W., Brenner F.E. -Acrylamide cohort mortality study- Brit. J. Indust.

Med., 1986) , 43 : pp.785-788) ; (Collins J.J., Swaen G.M.H., Marsh G.M., Utidjian M.D., Caporossi



J.C., Lucas L]. - Mortality patterns among workers exposed to acrylamide-J. Occup. Med.- 1989 , 31:
pp. 614-617) .

A9IMSGHMYgbmMds

139bdd0dg 3060:0bYdOLIMZOL 5300Esd0EOL JofiMmEYds3 ™MD -®gdo 208y/32 ,350m0f300
BgodOmEHmduiozn®o gx39d@o (Nervus tibialis s dbgggermdomo 6gm3zol gagbgdsgomwo
(3300903900) sboerdmdor 30OHMHYdT0 35906, HmEs AbROZLO MDY Fog3gbsl 56 sbgbs
Y- 30Omboby (Dearfield K.L., Abernathy C.O., Ottley M.S., Brantner ].H., Hayes P.F.-
Acrylamide: its metabolism, developmental and reproductive effects, genotoxicity, and
carcinogenicity - Mutation Research -1988 , 195: 45-77 pp). 9356UL (Edwards P.M.- The
insensitivity of the developing rat fetus to the toxic effects of acrylamide-Chem. Biol. Interact.- 1976,
12: pp. 13-18) 99395305 30MmMbOL Lbgmerdo ggbddodmdol 1-20 ol dv9sergdo gdo 400
9%/33 9300w 53000. 356 396 5005 39MH9Bs0MO ByzEMEMY0ME@O SBMTo0s SHoEITMdO
300mbgddo, d0bHYs35 0dols , MI BIOOM35EHOMEOO (33C0MIOJOO IVIPYFOWS VIO

3060mbgdl. 50530569030 Agoglio 33e93900 56 Bo@o®mgdmws.

MG 9bmOmds.

53605300 2560b0Egds HMYMEE 3@ 630N BEgbo, 259mI0bsg 0Josb,

(8 951 5J3L ©63- 196 ©s353d06M9d0L MbsGIO.

MOHM0gMHNJIgds 3900035996390m5b.

536059056 gOM© 3gm0mbobols Jomqds 59306908 dob byoOHMGMJuso3ME
3m@9b30sel (Hashimoto K., Ando K. - [Studies on acrylamide neuropathy. Effects of the of amino

acids into nervous tissue; distribution and metabolism.] In: Proceedings of the Osaka Prefectorial



Institution, Public Health Education and Industrial Health- (1971) 9: pp1-4).
115339080 3060EMJLOBOL sT5EJds8 FJoxgMbS 53M0EsdoOL ImJdgEIdom 45dMf39meo
ByomM3sE0ol Loddody ( Loeb A.L., Anderson R.].- Antagonism of acrylamide neurotoxicity by

supplementation with vitamin B6. Neurotoxicology -1981, 2: pp. 625-633).

53605300l MOMN0gMHNIdgEgds 5306Mgs390056.

1964 {erosb sfggdmero, sdgMozgwo dgbwgwr 3Modsbo ( Western Regional Research
Center, Agricultural Research Service, U.S. Department of Agriculture) ofjggdl 5306m3:539d01
5006 ( NH2) - @05 byyenaz3omomols ( SH ) x990 5300 sd80bs s bbgs 89910egdmwo
63590 0dob 999339 65900093l ImGoL Jobsgerols by zegmgowy@o dogMmgdol Godol
0959309000 30693039960, LEbMgHYOHO S 9dobo3MMO SB3gdBHgdoL Tgufogersl ( Friedman M.;
Wall]J. S. -Application of a Hammett-Taft relation to kinetics of alkylation of amino acid and peptide

model compounds with acrylonitrile- J. Am. Chem. Soc. 1964, 86, 3735-3741 ;

Friedman M., Cavins J. F., Wall ]. S. - Relative nucleophilic reactivities of amino groups and
mercaptide ions in addition to reactions with R,-unsaturated compounds- J. Am. Chem. Soc. 1965,
87, 3572-3582 ; Friedman M., Wall ]. S. -Additive linear free energy relationships in reaction kinetics
of amino groups with R, a- unsaturated compounds- J. Org. Chem. 1966, 31, 2888-2894 ; Friedman
M.- Solvent effects in reactions of amino groups in amino acids, peptides, and proteins with R,a-
unsaturated compounds- J. Am. Chem. Soc. 1967, 89, 4709-4713 ; Cavins, ]. F., Friedman M. -New
amino acids derived from reactions of -amino groups in proteins with R,a-unsaturated compounds-
Biochemistry, 1967, 6, 3766-3770 ; Cavins, ].F., Friedman M.- Specific modification of protein
sulfhydryl groups with R,a-unsaturated Compounds- ]. Biol. Chem. 1968, 243, 3357-3360 ;
Friedman M.,Romersberger, J. A- Relative influences of electron-withdrawing functional groups on
basicities of amino acid derivatives- J. Org. Chem. 1968, 33, 154-157; Friedman M., Krull L.H.,

Cavins, J. F.- The chromatographic determination of cystine and cysteine and the half-cysteine



residues in proteins as $-a-(4-pyridylethyl)-L-cysteine- J. Biol. Chem. 1970, 245, 3868-3871 ;
Friedman M. -The Chemistry and Biochemistry of the Sulfhydryl Group in Amino Acids, Peptides,
and Proteins; Permagon Press: Oxford, U.K., 1973,-485 pp. ; Friedman M. -Reactions of cereal
proteins with vinyl compounds- In Industrial Uses of Cereal Grains; Pomeranz, Y., Ed.; American

Association of Cereal Chemists: Minneapolis, MN, 1973; pp. 237-251.; Finley ]J. W.. Friedman M.-
Chemical methods for available lysine- Cereal Chem. 1973, 50, pp.101-105 ; Snow, J. T., Finley, J. W.,
Friedman M. - Relative reactivities of sulfhydryl groups with MN-acetyl dehydroalanine and N-acetyl
dehydroalanine methyl ester-Int. J. Pept. Protein Res. 1976, 8, pp. 57-64 ; Millard M. M.; Friedman M.-
X-ray photoelectron spectroscopy of BSA and ethyl vinyl sulfone modified BSA-Biochem. Biophys.
Res. Commun.- 1976, 70, pp. 445-451 ; Friedman M. -Mass spectra of cysteine derivatives-Adv. Exp.
Med. Biol. 1977, 86A, pp.713-725 ; Friedman M., Finley J. W., Yeh L. S.- Reactions of proteins with
Dehydroalanines- Adv. Exp. Med. Biol. 1977, 86B, pp. 213-224 ; Friedman, M.- Crosslinking amino

acids stereochemistry and nomenclature-Adv.Exp. Med. Biol. 1977, 86B, pp.1-27. Friedman M.,

Broderick G. A.- Protected proteins in ruminant nutrition-Adv.Exp. Med. Biol. 1977, 68B,

pp-545-558 ; Masri M. S., Friedman M. -Transformation of dehydroalanine in proteins to $-a-(2-

pyridylethyl)-cysteine side chains- Biochem. Biophys. Res. Commun. 1982, 104, pp. 321-325 ;

Friedman M., Levin C. E., Noma, A. T. Factors governing lysinoalanine formation in soy proteins-

J. Food Sci. 1984, 49, 1282-1288; Masri M. S., Friedman M.- Protein reactions with methyl and ethyl
vinyl sulfones-]. Protein Chem. 1988, 7, pp. 49-54 ; Friedman M.- Improvement in the safety of
foods by SH-containing amino acids and Peptides- A review. J. Agric. Food Chem. 1994, 42, pp.3-20 ;
Friedman M. Application of the S-Pyridyl ethylation reaction to the elucidation of the structures and

functions of proteins-J. Protein Chem. 2001, 20, pp. 431-453. 1-3 3bGogddo dmygzsboos

800gd7)eo 89©93900:



gb®oo 1. Igmdg Hogaol 3mbLEEEId0 (k2 © 104 @/8meo/fa )
©03030bols (NH2-CH2-CONHCH2-COOH) s aero3obols (NH-

CH2COO0H) 5d0bmx a3l s 39m0ewgdwgeo 30bomrMo xamaol
3993339¢ b59OHL dmeol (pH 8.4 ; t°=30 °C)

3060am®o bsghomo ©03o30bo awogobo
CH2=CH-C(O)NH2:- 5303800 1.3 0.49
CH2=CH‘ C(O)N(CH3)2‘N,N‘ 0.21 0.072
0039000405360 53000
CH>=CH-CN-5360ambo@®mowo 9,5 3.9
CH:=CH-S(O2)CHs 62.7 -
dgmogz0boglimmambo

3b®0oo 2. 3gmcg Hogol s6ombMHo 3mBLEBEH B0 (ka) gerozobol (NH2-CH2COOH)

5306mxaxaLs s g0 gdeo 3060w XMzl d90339w bsgMmL dmMob
(pH 8.4 ; t%=30 °C)

3060¢®o bagHomo ka~ *10* gv/8maero/{jo
CH2=CH-C(O)NH2: - 536058000 6.3
CH2=CH-PO(OCH:CH:Cl), 20.9

d0b(2gemMgmoe)30b0eamligmbsdo

CH2=CH-CN-5360ambo@®mowo 50.0
CH:=CH-S(O2)CH3s 306.0
3900¢30b0Elveambo

CH»=CH-C(O)CH:

39003060 39GH™bo 4000.0




1-3 3660 gddo 193dMYMHOE0s 53 3393900l 999900, MMIgerms Loggrydzguby

d9L5dEgdgE0s 9990 OLZZBOL 2o3909ds: 4eE0E0bOLS WS oY OEEBOL sF0bMm¥ MTBOL

59303Md5 53M0530ELS S BMP0gIOH ™ 3060 H BogOmL FmEol 230839600, G NH2-

X3IBOL 5dBH03Mds 53005dool 308000 b53egd0s bbgs 3060ew® bsgMHmgdmsb gsMgdoom.
3b®oo N 3 s 65bsHo 1 593565 98396900 , H™I 53010330 bsGO 5J3l Bdmmsmbodbrye

30600d9080 359m3MBOML ber®deols 93ma35®ml s badol sedmdobols IMs@ol -SH xams9d0.

539056 ©s133365: 530330 F9dEr0s 50b0dbEo dBoMmEMYOGO gBIIGO 330MIgWobMmls in
vivo -SH xam3900L 999339¢ 5306m8539880, 3933H0©g0Ls s 30¢rgddo (ob. gb®owo N 3 ©s

Bobsbo 1.)

3gb6. 3. 5306m3gz539080L 3I3MBOE0JO0 bsEO0MM bo®ols Mool sedwgdobls (BSA)

5 536M0E530QOM 5¢030e0MYdME 03539 3OMEIGHYdMb (pH 7.0 ; t°=30 °C)

5006m0y535 Bs@omco (BSA) + BoGom@o 3B 9bo +
(BSA) 53605300 3mA9bo 536005800
(90 Figoro ) (90 Figor0)
wobobo 1.36 1.36 0.27 0.28
3obBowobo 0.34 0.32 0.49 0.50
56106060 0.47 0.48 0.66 0.67
313565060l 535 1.19 1.18 0.72 0.79
GMgmbobo 0.73 0.74 0.87 0.87
Lg®obo 0.63 0.63 2.07 2.16
2yGsdobols 1.77 1.79 12.1 125
95535
36Gmemobo 0.61 0.68 5.42 5.36
3030bo 0.34 0.35 1.71 1.72
sesbobo 1.00 1.00 1.00 1.00




3obEgobo 0.44 0.0 0.64 0.0

35¢w0bo 0.73 0.78 1.35 1.37
0bmgoEobo 0.27 0.28 1.12 1.14
goizobo 1.26 1.32 2.21 2.19
000mBobo 0.36 0.34 0.74 0.77
B9bomswsbobo 0.54 0.56 1.24 1.25

O5BEMYd00 08539 39H0MET0 L0HYM 33193900 5300 SFOPOL BOMEMYO0MHO

9939dGH0L 398Mms33w9350 MXMJT0 , Jumzowls s 3bmzgergddo (McCollister D., Oyen F.,

Rowe V.-- Toxicology of acrylamide. Toxicol. -Appl. Pharmacol. 1964, 6, pp.172-181) ,6505(

39903035 063 9M9L0 BRO0JLOMYIMPO doMEIMY
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@5 3960300658060l MBH00gMHodggds



3360@Mb0GHG0w36 ; (B )-bmMdeob §gdma356sl SH-x%aw530l 5300000000005 5
5360mboGH®OEO0 5¢30¢oMYdOLLL 0ol 3MbEIBEH®SE00L (33¢P0gds MMTo
(Co-bsfigolo 3mb3gbGHGo30s , Ct 3mbEgbBMms3os t-Mmolismgols);
(C)-36295¢)063065B0ol BgMIGBE Mo 5JBH03mdol 8gd306Mgds dolo SH-xama0L
536058036 M95g300L dggys© ( Meng F.G., Zhou H. W., Zhou H. M.- Effects of
acrylamideon creatine kinase from rabbit muscle- Int. J. Biochem. Cell Biol.- 2001, 33,
pp.1064-1070); (D)-5¢00cg5Bob ggM3gb@wemo sd@ogmdol smmymbgs dolo SH-
X2MIBOL 53(0TOEO” 5¢30¢0MYdOL FIAV (50033EH0MYd¥0s Dobryszycki
P., Rymarczuk M.,Gapinski J., Kochman M.-Effect of acrylamide on aldolase structure.
II. Characterization of aldolase unfolding intermediates. Biochim. Biophys. Acta 1999,

1431, pp.351-362 dobgz0m).

©503960L50d0.5d0EHMT, 215330600 5O G 0gm 0dol OYYB,MMA Lob) 9530 J0dObIMY yzgars
0999300L 500 3JMmbs dmbxdsd0E. 39MIME , F0AOLIOYMIL HMAMEMF SMOEOEMZSB0
-SH —x295830b 5¢030006905, HMamM03 50agbow yarm@smombdo (GSH), obg 3owmgsbo

SH —x3930b 5an3006M90s:3 5 (30¢2900b5 s 549309060l 3553900l NH2 -58060m% 89539900

9m©OR0E0MYISS.

53605800l J03MMdME0 [Fo®3Mgds s BoMPIYMII30s.

5360¢530Lod0 30d®360e0 WOEGHIMGHIM0ID 3BMBOWO, OMT sOGLYOMIL
903600mmM560D3900, HGMB9dLSE F92Idos HMYMO 3 0bgmo B9MHdgbEHGdOL Homdmddbol
3949w 0oH0omYds, HMIgdoi FoMdmddbols s30:0wsdol, sbg3zg olgmo BgMAGHEHIOOL Fo®dmqgds,
O3 gdoi3 03936 53600@d0EOL BOMEYRMIIE0. 5300¢530EOL Fo0rdmgdsdo BsGomeo
303M™dMo g9MIgbEH9d0- Rhodococecus rhodochrous-o 9903936 3000M5ESBL bo@®mob,
5305BL , A E5306-LobMgBoLL s I30EMOMYBsBsL (Austarova O. B., Leonova T. E.,
Poliakova I. N., Sineokaia I.V., Gordeev V. K. —Adaptation of acrylamide producer Rhodococcus
rhodochrous M8 to changes in ammonium concentration in medium (<)b9¢»0)- Prikl. Biokhim.
Mikrobiol. 2000, 36, pp.21-25 ; Stevens ]J. M., Rao Saroja N., Jaouen M., Belghazi M., Schmitter ].M.,
Mansuy D., Artaud I., Sari M. A.- Chaperone- assisted expression, purification, and characterization of
recombinant nitrile hydratase N I1 from Comamonas testosterone- Protein. Express. Purif. 2003, 29,

PP.70-76). 009l 3000M5@EsDl bo@mowo 36Mgf39emdsdo 3sdm0ygbgds s30M0wsdool



dobogds ( Cowan D., Cramp R.,Pereira R., Graham D., Almatawah Q.- Biochemistry and
biotechnology of mesophilic and thermophilic nitrile metabolizing enzymes - Extremophiles 1998, 2,
pp-207-216 ; Kobayashi M., Nagasawa T., Yamada H. —Enzymic synthesis of acrylamide: a success
story not yet over-Trends Biotechnol. 1992, 10, pp.402-408).

Nocardia-b *)x®900 {o®m3Mqdo 306MsEBIL boGMmowo 0f393L s3M0wmbo@mowol

30Q0MME0Bom 5300wsdoEOL Ho®dmgdbsl (Chen Z., Sun X., Shi Y., Shen Z., Zhao J., Sun X. -
Study on production of acrylamide by microbial method (II)s enzyme catalytic kinetics and deactive
dynamics of nitrile hydratase- Shengwu Gongcheng Xuebao 2002, 18, pp.225-230).

393U 0930 03MOOLWOHOMGINEO d5JEM0s Rhodococcus-o 0ff393L 9300 sdo@ol
©93M9OE0SL. 580IBY,MHMIG0E S15939 P9bI30MMBGOL 530I0¢5TOEOL OIS, YoTMYMBOEO
oym Klebsiella pneumoniae- ©0s6. Pseudomonas stutzeri-qsb g58mygmaomds 90300mmMs60b00s
5659MHMd 306HMBYOT0 I 0sbs© FMIbOLs sb53ME0dgM0sb <440 dp/ew
36395353000 FMYMBOO 53M0Ed0OL 39 dME0boMmgds ( Nawaz M.S., Khan A.A.,
Seng J.E., Leakey J. E.. Siitonen P.H.,Cerniglia C.E. - Purification and characterization of an amidase
from an acrylamide-degrading Rhodococcus sp.- Appl. Environ. Microbiol. 1994, 60, pp. 3343-3348 ;
Nawaz M.S., Billedeau S.M., Cerniglia C. E.- Influence of selected physical parameters on the
biodegradation of acrylamide by immobilized cells of Rhodococcus sp. Biodegradation 1998, 9, pp.
381-387). 0960GH®05035300L 200mdf3930 dod@gMogdo 53000l 3553565 s 590s3L 09gbgdl
B5bdoMBoOLS s sBMEGOL fystmeo (Wang C.C., Lee C. M.- Denitrification with acrylamide in
pure culture of bacteria isolated from acrylonitrile-butadiene-styrene resin manufactured for
wastewater treatment- Chemosphere 2001,44, pp.1047-1053). 5939 39O0 LLIOLEHGSGOS
53605300 B9MHI96E 5d0EBILOMZ0L, MMIGLSE 299m0dw)ds393L 5sd0sBoLsmMZ0L
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HEMOGLOBIN ALKYLATION BY GLYCIDAMIDE
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METABOLISM OF ACRYLAMIDE AND GLYCIDAMIDE
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Cereal Science, 2015, no. 65, pp. 96-102. DOI: 10.1016/j.jcs.2015.06.011; Zielinski H., Ciesarova Z.,
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