Downloaded from nsft.sbmu.ac.ir at 16:50 +0430 on Tuesday July 4th 2017

olnl laé @luo g 49335 pole alzo
69-78 wixiuo 1396 Ly L o lois (p33190 Jlw

971 (3850 & pouiuog!] &y Lo p (gudinm b8 SY S 9 &)l (yloj g Los il
O ewe s SHe 9 S e

2 2 . 2 . 1 .. 1
Gdema 310 00 (6098 8 (0 ¢ (g ol g 1)l &Sl dalal

(2 s 5 435 pole 0aSiils ()28 SIiE mlis 5 lds Slisiss gl (bl Slidiss dieS (i mlio 5 pske 0l )| lis S aisgel s -1
Ol Ol e e (Sobiy pole olSzils

Sy pole olSails (ol o 5 43 pgle 0aSiils 5iS LIAE mlio 5 slydE Slibe gl (o3 wlio 5 pgle Dlidsg 09,5 Liils | Jgts odinungi =2
sohrabv@ut.ac.ir : S mSIl sy oyl o)l 05 o it Sl

G Sy pole oKl (I3 mlio 5 4055 psle 0uSails (a8 LI mlio 5 lpda Dlidos gl (e glio g psle 05,5 Lokl | Jstu odingyi -3
farhoodi@ut.ac.ir © Sg Sl oy ol (ol o5 ¢ e

(i e (S pole olKails ( ié mlis 5 3 pole 0uSails (528 LAE mlis 5 laniss Glidsy gl (ol mlio 5 pale lidsd 09,5 Loliul -4

NIRRT
95/416 : s o, 94/12/17 2l yo 4o 6
oNS>

.- 4

P93} sosriedll Slalogd o ead oty S g ozl SBpae pSedz Gl g pateedl] Slide 4 azgl (O g diile
ol (6105 0598 (b (ot I potaagl] Szl e 5 (g slagids 2l anlie 0550 50 Sledbl Ll 5 (5 )5laex
5 IS s g9zl 90 @ porteedd] Ozl p gaiiinn (b SY S5y 5 )lS loj g Led Sl gy adlllas ol 5 Bam 05 o

ibe o] (o sla SR
Lo 30 ladiges (0 (s, igal Bolas jobay s S5, Su o gl jleady (S1o)ls 5 JB10) (bs g5 50 5l bhgy g Slgo
Sla SRy oy p sslateds ab ooliil s b5l 5 postnegll oy jslareds (JLucsh) 00,9138 (slaiil fo b b g wb (538wl 5
i) 9 Lo e o)) o ICP_OES olSius 5 solitul U ponimos)] olpme sy s oolictl ol 5 liars slogb, 5 S

(b pdy plol enudbjgel

G (b L anlic 10 5505 @ 5 5 5 i 0gs 5 Sl Sl Gl (b (b a5 ol plid latds hales] (baBl
Odigy S 5 oS o wisgs alive SY oaies LSS polie 5 paiegll (59 cdims LKL yolic wo s 5 OloS 5 wies s s
il pgairagll @ y2loe (595 slosire Bl SIsly sla g 13 lej g Led o Jib (S al (Sl Gidg g oVBE 5 sl b Sl
bl 7208 poriagll (G318 pab caimspal (ol Aigad ) (o STy oga o A o g Sl (A (g o Ll el

LD )bé_:_m J.:| 6‘)“5 p.:.!o 9 Lgl.mj;.ql Lol .).3)‘..\3 Lg)loé_:_m ;.\5[.&3 walise ‘SLQ()LA} e )L)p.x.!o L‘;L“’ﬁ’.‘." W

poriedd] lime iz o 0l 38 31 Wlgs oo posiaes)] S izlen 1 los g Lo 51 (59, SY by g4 a5 slo lis aslllas ] (G 3 AR
0yl (Saiildg Sl lopab glyl 55 (ou (Shy pogat ;0 095 (L sl S 039950 )3 (ogB £9i 90 2 50

> S Dyl (sbod e (U s gl [ gl B3l

Aodio ©
s J¥s an el - Soe J5UT g 5 Gl J5iU1 55 005 cdlo (ganly ;o (500 (sl o]
5 8lSi elotzl (lgd (cidu sedl Sl (9zen sladle ;o (1) wle jleda Sl oy slobodys
Bran Geizpn il bosly 5 5 e o il Sl Nl 53 S g 5 SIS slagan a8 5 9l o]
39950 (68 Pl Jods a4y ool sla25 55 S o5 b gl GLalis Gl ool 28l 5 pRater G138


http://nsft.sbmu.ac.ir/article-1-2175-en.html

Downloaded from nsft.sbmu.ac.ir at 16:50 +0430 on Tuesday July 4th 2017

OfSen 5 i bl L ogh SY Sy 5 5485 oleg 5 Lo 5

70

5 Barabasz 2001 JL_. ,5.(14) 09— pKeii Lo
253l aloxil pgeirasll G yae Sl g5, 5 slasllae o Son
Ceodaws o 38 ol aie I 31 s ag wls lias bl
LIS s 5 (2l Sy a5 el T 2gs 0asS G5y
g By, b 5l oolaiwl g ool Bis B0 a5 > ngi
St pyiagl] 3l oads a3l (gla gy 5 4l 5l il
(15) 54 sg0e

2% 39790 Sla ey i a5 Wi e Glis Ol )lS
alisi s A sl 0 poriedll O 2 lee (55, 4 0
ozl pgar ;o lasllas (aiSTU 5 Cunl 00 o35 sl
Olej g Les 131 goass ol o el oaits plosl SN g0y
pomiasll D y2les ot (bgd SY (S 5 55l
S5 2 poieesll ke s S oy sl 09,0
ol 00 qwy gy o>
Woigy gdige

5 (oed mab) Jlopab (saiws 50 0 JSUI (90 (592
L 3 (ogiosll (g8 g9 99 )0 ouds y erb (5
oM’ e colas b 1My 5 154/31 cm? mlaw cloce
Dyt 455 5l i s gl Lo Shg L 161/18
SISY e byye slaggasl plil sl 1Y s S5
5 B e gl ol ooliil ond 4y JB (sla st
Jas) Enamel rater olScws 5l ooliwl b bgd iig 7,9
SY 039 e 9 (oledl 525 ALTEK oS i 9525A
2 ol 2509 sl Gibo 5 (zmimssis SP9y 4 Lo sbos?
Sosle ol Ly SY sl 5 Lole slaoy,S oeees (16)
(Fourier transform infrared spectroscopy) FTIR ol%iws
5 (17) 15Ul |55 « BOMEM <5, SRG1100G o
ol ool b by iy oaims JuSid jolie jpusis

oS i XMU Jos (Energy Dispersive X ray ) EDX

(18) wis alnil (1S5 01,525 TESCAN
5 5| o il i e 5 S ol
as ol, 5 il a0 4 22 45 Glales ;5 ladiges dagol
Bad (g S il 5 (Jgeame slaiil go,b) Jlo o Soe
Ty slajg)) 03518 slail gl b oygs cota (b g
Jlacie 6,505l jglare 4 ((365 4195 105 60 30 14
lod 40 5 00,5 )5 Lo, 95LgSSl 5l ladigas cpgatnagl]
4S5 09y 15 (B0 ML) oz L5 e ey Larne
00 i bS5 009 duoy0l G s sl o s G
ol 5l oolaiwl Ly o (19 20) A, oyl g

calizes slaganain ;o g0l 039 4l (2) ol oo azils
oaud 5k 5o (ogd 5 (PET) wVlid 5 Ll by e Jols
colre 5 Lilie 51,5000 L aslie )0 plaS 0 a5 09 00
5 oo axsle by bgd d,51.(3) st I3 5 col>
Ol B Ceod Jdo 4 pguinndl Ly 00l oguil @5 Jotl
ool asl 5550 s 3,1 (Y plgs o YU algs e yus colgo
A jlead (ood Glae Sy 9z (eizes 005 o0 )l 3
4255 9,50 Yl (0,5 (sbosd gl e Lai S5y 5 8L woge
oo sl sl 3 bl Slogage 5o (4) w2l
31 Lol LSy ol 5o el Sg0ilald ol U oguipagl] il
%39 o 03l 4S5 90 (ogd w5 bas )0 poniney]]
53 e 5 9aled ol Lo g 8 51 (oand 350 s )|
sbs8 ole 55 DLl 5550 10 (6 ol ol pries]]
2 S e D50 Ledl e (i 5 e bl
5 5l Jio ol Gaisl sl poiesl] slabsd
Sl a8 )5 1,8 eoliiul 0550 yiicn Sl S sla Sordys
(5)

g (g8 518 5 e o STy 5l (6T ol jolatea
ot ool 45 55 o odndisy B SY Lawg bsd L5
S L onlply a8 oo Lai ) 00l (og (slad (ABly oabo
6ol ol (gl oo yiasd el 3,5 g 1 s 00lus 43
Ay ol o (6) 25300 B 5 o5 DI S 2les g
=S5l SLaSY (D) 05t (bgd sy il 4y ol
9 oMb g 5 S5 o o A il (Sl (o
Sy yubn (531 (slalogd )0 45 atiws (ploidy dade
el gy 3l ool néy e (7 8) Wiy oo 41,8 oolia
5 b U ol b Ll 5,8 o &y 138 cliblons (ol a5
S 5 MBS0 Ty Gy Slge 5 I Slgs (e SYL]
lims 650300l (9) sl & yzlge Vel 5 b ol 5|
5 el = O S s an i @ (ol Slge &2l
o psriagdl S (30 (9) sl Coenl Bl 136 kS
i 53 porimagdl Oy, (10) wlice ot @ (S o555
8l 0 ored (11) el 039 o o yeulT (6 ke b
S g VLS 552 5o Glgzinsl (oo Ly 08 ol ok
(12 13) =l Las e 004, slawdl g 5065 4o Slsseinl

5 Verissimo bwgs b S ,02008 L o
bz s soml 0950 4 bbb Sl el &2 lee o San
59 gmypole T (o oo ygld Bran gl b oy oo
Sili8l sl 5 52l o poiagll Glie o5 ol lis b
Sl a5l s sl osd o Lialdl ol a5 .2l


http://nsft.sbmu.ac.ir/article-1-2175-en.html

Downloaded from nsft.sbmu.ac.ir at 16:50 +0430 on Tuesday July 4th 2017

71

il 51 enliial Uy L loged s oolicel SPSS V.16.0
ilods g, OriginPro 8.1
badle

5 J5 ol ,SLLes 45" Enamel rater olSiws Xisles
S5 ob5d (sl el oo 0067 (Siln yobo 4 o 2,3
sy 03 9l ol (s (s (sl |y ypeliskes 1T
—5ls by 5 50/0038gricm? —sls g g3
A3 (6 50311 0/0023gr/cm?
58 511 Y S 890 ke iy als ooy S
o8 90 sl aS ol B FTIR oo a4 g 00,5 lox
ol plas ) 55 sbaads

Lisly ool S 5l ool U bacigls oy s
5 hig)S 05,8 oy slabsd (s o (17) i plov
B sl bsd o0 aS I 10000 o0 canlin gl
Sy Lo 5 Lad S5, 5 jsa  JonS 000 sy
WSls 09 >g Jog 8 £e g0 o Sleg,l ail> RS o
55 52 5> Lo ST 5 g ST da s S5 )00 (oo 5l eios
sanlive hte slaog,S a1 5105 ls 092 b9 £

ogobe cads o oal sols las ale sloog S 4 axgi b
YL 5 Ll S 5 90 FTIR olfius ailulss (a3
Db sl B Sl g (Sl (ogd b sl

el 00lo Slprios 61>'L> 6295

Zelis 3 B 4y (Gupagms 535S SONOJas) Siiseal 2yl
IR 6)'Lwo~>LJ sladises r’ﬁt?‘f“%ﬂ Saae il gley 8
( Inductively-coupled Plasma) ICP-OES ol%sws bawgs
LS ol ,9-i5 perkin Elmer <5, & Optima 800 Jas
A g S

O3 5 el syl sla sl o 5l (y9e3]
> bl plasl jolaieas (bl 55 95 )0 0l el
63L5) 0,95 ,2 s 5 9t (5,l0eK 22°C gl o s
> )l 0and (el 0,a 9 098 Sy Lawgs (0590
b i )L ) ledigas s plosil (5318 ool i)
s plil gladasi B Sigan wlibe ,o (g5l8

sobited; ladises plas iodls (g lal Judxi 9 4225 b9
oLy a5 18 oLl 8550 585 aw b pgatagl] )
30 Sl g A3l sla bsd slrosls L o sime Dglis
51 iy dd b S5 ANOVA (505 51 ooliciasl L oo 3
8 5 &, o Repeated measure cyge3l 5l oolawl b oyl
@l (eSSl e Jhlise gl 353 atdne sl
orely = IS, el g 5l s slppis—ss]
&= (Mann-Whitney U) ¢ g0 9 (Kruskal-Wallis)

O35l 3l 3 9 patie ey S 0 bdiged G dlis
&= (Wilcoxon) 3.S1SLy o (Friedman Test) e,
oolaiwl gloy calize Jolpo ;o Jatuse diged G dunlis
(p<0/05) 5 0= 0/05 a_allas oyl 4o (o I sine gelaw .30 ,5
Il 1 Lmosls ol 5 a3 sl 5 0 458, 13 5o

File #2: LEMON

Sample Description: fir

Mode = 2 (Mid-IR)

27/03/2000 00:24 p.U

Scans= 20 Res=4cm-1 21 scansimin Apod = Cosine
N\
.y [
D N
80+ Eore = l N oAV I ek / |
s A ¢ 5B NAY
w 2 r’{ b =N 3 [l | 3 &
& @ \ J B = %25 Aoy ».{;‘3 =
% = 8 | EREL hd &
g & = uEl \ l‘g 2
S L é I el
& g c-c 8 ‘ ’ & |
| Aromatic | P ‘ 1 *
ci 2zl | |B
Aliphatic @t | \ o
3 ‘ o
40 /b ‘I ‘.‘ h
\
!
C=0, co & &
] O
BU:JU 20‘00 10‘00

Transmittance /YWavenumber (cm-1)

Sy b b 08 il il 1S


http://nsft.sbmu.ac.ir/article-1-2175-en.html

Archiveof SID

s o by a8 g0l il 248

Downloaded from nsft.sbmu.ac.ir at 16:50 +0430 on Tuesday July 4th 2017

S (bgd 5l 5SSl (S1)ly ogB 50 poriesll oy L Laibgd 5l plagtn by owins JuSid polie
e ey Coslius s 4y Wl o M ol 4 gy adly )3 10 B yee EDX olSis ay idisy (yso 5 Lindss
@ azrgi badl (L (b de 4 o SIo)ly (bgd 508 0gole (i @l anl gl eSS talesT S
poiangd] 00,3 96/69 gol> Slsly (Log3 6 55 sla S OS] g (2,5 paie g0 Laid o tdgy slp o] o 4T wel
b5 5 s Yool i w05 116 5 gu5ie w0 2115 S FTIR Lasgs alSs 4o 4o ol osls ot |,
115 § o jmie 00,0 219 (pguing)] s ,0 96/71 ( I5ls 5 ST ecn,S polie 5l Laid oads axslis Lele slaog,S
e 5 5 (g5 50 g -l e Voo i 2o aie 4S5 Sl ;55 ooy ead JSas 59,000
Lo Lol oy pmizmed 5 Ol 5 pls 5 paeial] o azg bt ololid JB olfiws Lawgs (159,000

A oadlive Dgles SY Coalies 4o Lais g wisg alive A4S ad oaalie i dgr g 5y Aged owyp b4 93 IS

Quantify Results T Identify Auta Results T Match Results
Ei | w | % Fomula | x| HEord |
C T4 78.08 0m nn
1] 26.82 168 000 2753
Al (.46 02 nm 043
Ag 0.7 0.03 nm 030
Total 100 100 0m 000

Sloly sy 5 Sbogd g gazme oains S5 polie 3 IS

WWW.SID.ir


http://nsft.sbmu.ac.ir/article-1-2175-en.html

Archiveof SID

73

SIS Gilie g bsd gaazme saims LSas olie 4SS

Quantify Results Identify Auto Results Match Resulls

El | wa | a%| Farmula 0% HCort |
C 8050 8783 000 8135

0 821 872 000 854
Mg 010 008 0.00 01
Al 1089 529 0.00 109
5i 019 009 0.00 020
Ag 012 i 0.00 013
Total 100 100 0.00

Downloaded from nsft.sbmu.ac.ir at 16:50 +0430 on Tuesday July 4th 2017

Gibsr Do 10y 318 (bgs oains JSi o0 5 13215 S

Quantify Results Identify Auto Results Match Results
El [ w| %[ Formua 03| HCon |
Mg 188 215 0.00 194
Al 9364 .69 0.00 94.05
Ag 448 116 (.00 468
Total 100 100 0.00

ey s LB g3 g eaims LS duy 5 1321 6 S

Quantify Results |dentify Auto Results Match Results
Et | wi| %] Fomula 0w Hur |
Mg 149 219 .00 197
Al 93.83 96.71 0.0 94.23
Ag 126 110 0.00 144
Total 100 100 0.00 0.00

WWW.SID.ir


http://nsft.sbmu.ac.ir/article-1-2175-en.html

Downloaded from nsft.sbmu.ac.ir at 16:50 +0430 on Tuesday July 4th 2017

OfSen 5 i bl L ogh SY Sy 5 5485 oleg 5 Lo 5

74

S Sl ploy plel Bl 51l Jpuz 4 azg b
2 e 2 52 o il ailas pgtadl & 2 le s,
5365 3195 L 105 35, a5 (22°C slos jo J5lo bosd)
595 L o 9, a5 (45°C oo jo (Jols (bsd) 3 jLes
oLl galools i) gylo xe gl 195
Lol ol aiils jlo goe Sl looyg0 den (o d=ls sla Lbgd
7 595 slwvasisas o slo e ,51 (Sl )ly sl bosd o
(22°C L 45°C sLes) 30 34, 5 (45°C L4 §22°C loo)
Dl o ol
55 0900 0anlin 2 Jgazr ;0 45 jsbilen | o> i3]
Sopb slogml iy 5 e, 5eSile (bsd g5 55 0
Sopb porinegll pab lesl )3 05 wab (g 5l i
2 sbod g Sl QU amlio Lol g)lsdme ST oo
i odsliv (g4l Jxe Dol poiieg)| pabs

Gl me Dyl iz slagle 5o ol slagz
30 A (55l gme Y Glls b ey slagmel Ll il
195 105 14 Obe) 4 Cod yao loj 45 Al 0090 oy p
oo aslas Ll ols lis gl cmine glss 360 ,
1 ogeS By (62l (gl lawgs S50 (slmo g0
olas lid 1) o yeo o (5,0 gine
WL T
S sl 4 sbgd Gidgy sl 5l Jol> gl
Gibigy s byye Lo s Lagialajl plail 5l Bua
518 o5y s B 55 (et ol alie o g
Sglite oo b ,Sle 9 258 9 JS Olime «SY 059 uals
sl g oL 5 oLl L 5l ly ogd bl aisg,
o azg ool oad slprig J3 (nSal (1o (g
s o i (S gl jl (ormmy ulide (i 5o il
Sl i g 05 s0lo (S (slmod gl 5l gl
Stedlygo i slapled 5l Geizen (7 8) 05 o 0oliiul
e sl 5 VS5 Sl ol s o 2le
(8) el oass ool oo g
St slod 9 plo b pomimngll i len (o)
2 poieesll Glie a5 200 o0 (LaS gl (ogd £ 90 5
3329 2T0pg/L Jlaia & (adgs ol 595) she ooy so2e
Ol 3o (21) ozl aJdgl slgo 31 il 0ilgs oo aS ol
SYlae plaw slaools b (somains 5l LS agsul Pﬁ#‘#‘“?ﬂ
=505 Pg/L odg0me o aS w&,ls s IS slag= jo
wglate pls Slyo 5l pgiiogd] o> (22) czls S5 20
Yozl ctle (19) 59 o 8,y joods anl ) 5 Sl
(23) el oty 51 S8 gl 0 poripagll (Lol ario

B (g L aalie jo (S)ly (bsd (AT s

Sl el i Sulid 5 (9 9 e £ 9 B sl
b b, sl 5 SV LI s ly L by
oaips JSis yole iy jlad slaioy J8 Sl Jsb
ol wol bsd g0 318 onims S polic g do e (SY
Sl e 8 5 7 US 5 1 gmmionnglT &y lpeo
Ol szl sladised 13 (555 slos 5 ol (b pseies]
sgB )0 09 oo cdalin aS o b len (ol 0uls ool
s pyiasll Lo 3 52 1360 55, s o ol 51 1ol
dns 40 60 59, 51 g clail ol SeSs LJ)m“ Olyae
3 B ogd po Lilogd ced cvalive (5 pKeia yil3dl
3,1 (edgro s S PWBJT ol 365 395 U oo olog
A°C las g Jake opyxin45°C slao yo il3dl oyl g

—a
0.16 .22
- B s 45
0.14 . .
o S— i
0.12 i . s i
.
o 0104
1 /
5 0084 £
i L
3 o064 ¥
5 |
& 004+
0.02
|
0.00 44
-0.02 T T T T T T T 1
0 50 100 150 200 250 300 350 400
(392) G’

2 6N Gy g s (b pasinadll e st sy, 7 S
w2l sl )y slabsd

4
- 22
+— 45
044
0.34
%
1 0.2
T -
o
&
0.14 »
> - -
g -
, S .
0.0 v
T T T T T T T 1
0 50 100 150 200 250 300 350 400

[SEBRESS]

2 6N oy 5 Les (b poriasll e Sl s i, B S
sl sl s sl bsd


http://nsft.sbmu.ac.ir/article-1-2175-en.html

355 gl o

<,

75

oy <0 e e o & (0 erQeerre mbe o FO oblom ohn|(S of g fo of e g feer |60 ool 153) LewIpaL4 ¢ ST s uoXooIM [T
» <f b o o€ ol ek erQcarre mben oxrof O doyfan of o2 gz feer (8D CEeq D 65 gppepp- sty € o §5T ) Asunym-uue iy

e € RS w6 I eVl 060VP/0TBLLLE  ewTTLOLIOFL999/E 000000070000/  «O60VWI0FSLLLE — 960WVIOFELLLE — «EEEES/0T6888/E  »00000/070000/7

g™ € o) | b s € e «a£0998/0F2999/2  ogTTLOLI0FLI99/T  :g€0998/0F0000/Z  :g£0998/0F/999/T  ogC6T8S/I0FISGST  ¢a8VOZLIOFIYIYIT  4a0000G/0FEEEE/T

g™ o< [P 6D g epedl ~00000/0F0000/f  «00000/0¥0000f7  «960VV/0F8LLLIE  w9B0VYVIOFSLLLIE — «960VVIOFSLLLIE  «960VVI0FSLLLIE  960VVI0F8LLLIE

g™ o< (RS €D g € epd 9£0998/07/999/C  4g€6009/076888/T  20eg£0998/070000/7  0egESTLB/0F8LLLT  50e€0998/0FL999/T  5ae€0998/0FEEEET o7/ T82/0F6888/0

a “p “y1 “og “09 “go1 61 “‘gog

<67 |(HT = Ay |3k 7bQ I ) v e oS

oy <60 T $50 of & Cotm emQcerre mfo ool O oflomS oe((S of e o ol e gz fever (€6 (juosgpuog ) (o

x < ombe KO of o ek eQcerre mife oo #0 coylay of e gz ey (40 smvans Srvger s (ueoung ) 1
915y w .0/000/0F0S6/2/0 5 L0/000/0F0ST8Z/0 e TLOL00/0FO0SYEI0 o~ 00000/0F0009E/0  » TZ0L00/0F00STYI0 gy TLOLO/OFOOSTYIO g TLOLO0IOFOOSTYIO  , T.0L00/0F00S0V/0
§l1zz  w~12T200/0F0S8/2/0  «/0/000/0F0G822/0  « TLOL00I0FOOSYEID g TLOL00/0FOOSYEID  w TZ0L00/0FO0STVIO gy TLOLO/OFOOSTYIO g ZPTFTO0F000TYIO0  , T.0L00/0F00S6E/0
vy o PTVT00/0F006/2/0  + ¥TFT00/0F008.2/0 +0000/0F000SE/0  +gy TLOL00/0F00GGEI0  w T20L00/0FO0STVI0 o3 T/0L00/OFO0SOVIO g TLOL00I0FOOSTYI0  , T.0L00/0F00S6E/0
£dSt  w000000/0700822/0 g PTFTO0I0FO0T6Z/0  qeg LOLOOOIOFOSBOEI0  aeo PTFTO0/0FOOZEEO e L0LO00/0FOOSGED oy LOLOOOIOFOSLEHIO  ay LOLOOOIOFOSSLYIO  qew ETZTZO/0F00ELO/0
Zdzz e /0L000/0F0GLLZI0  esgVTFTO/0F0008Z/0 g ¥TYTO0/0F00862/0  «oPTPTO0/0FO0662/0 o VTFTOOI0FO0LEE/0  on TCTZO0/0FOSEZE/0 209 TZTCO/OFOSE6E/0 g PTFTO00F006TS/O
Tidy o~ L0/000/0F0S8/2/0  +,/0/000/0F0G822/0  +,9EGE00/0F0S082/0 g L0L000/0F0SL62/0  +oL0/000/0F0S862/0 oo PTYTO0/0FO0662/0 5 L0L000/0FOGLOEI0 o PTFTO0/0FO0LSE/D
a “ “<) “y1 “0g “09 “go1 61 “‘gog

oEPT A oo HD e o by |9 0D g 7 (0 6 09 o

LTOZ Ui AINC Aepsan uo 0gy0+ 0G:9T Je JI'0e NWgS YSu WOy Papeojumoq


http://nsft.sbmu.ac.ir/article-1-2175-en.html

Downloaded from nsft.sbmu.ac.ir at 16:50 +0430 on Tuesday July 4th 2017

OfSen 5 i bl L ogh SY Sy 5 5485 oleg 5 Lo 5

76

3 650 aslyy e JSUl Ed 5 a3 oo e - endl
Pt Sl a5l 4l 0Bl ails pociasll 2l
Wl aiay cpl o

sloe jlacie 2011 Lo ;o FAO/WHO S jiie aieS
Provisional tolerable weekly ) PTWI | oo L Sian
Od= 03 £59LS il a1y po—ieagl2mg 1, (intake
r:)fjJ.SGO 339 L: 0)3 s_i) 6‘).) )L\M U"‘ as ‘A}‘ob)' L)'M
Oy (28) el 17/14 mg/day L, 120mg/week Jols
mg/L 4 sh)ly bed ,o 12 ole UL o powiogd] ial33l
Lol ooua, 0/673mg/L 4 Jsls g 4o 5 0/405
3 9o Jlake ol USU (900 sl 5id 1 alis; B pm 553
Ol so o d9d oo Joli |y Jood BB G pas jlade wo o
Gk 5l pgiag)l Jloisl c8lyo e 4S5 085 ass
B Ol Ly alie o JSU1 (g0 s3] (oengd 3 e
00l )38 iy Slalllas o a5 ailjy, olde il o
5 el c8l,s ol e lacslon 5 powiees!l (o
O Sl o) a3l GloaisS 1,55 s Wilgs sed gl
Sl Slogee el 1510455 0593 (b (e (23 (o) 2
Flbsd g5 Lalwols 658 pabo puilidgy )0 5)lo ne
@ lize slagle; jo Jlopab YN ORARY; Sl e
51 ehle b g0 GL“’S’.‘?] Lol 05,105 (5o gme oglas
G yao o) a5 Ol 0000 gy 0 aidb oo (54l Sre
ol lis gyl cmme Dglas 360 4195 .105 14 L 4
Slroy90 rm (5ylo sme S K0 slao e olgs angline Ll
O3S 3l o SBlasl (il L ey oo plas ) Sl
S pab bl g 039, 14 oy (o> o g
5o poieesl] Gl e a5 cosl o 50 (al 950
el 03505 lo Sxe syl bld 51 54,14

g Uiy ST as ol plas adlas pl b S5 sk 4
QLA) 9 Loo )_)‘ “39_“: uL?b..:‘ ML\A gﬁ—béd‘—““ﬁ" Os.a_u.}
az S8 U e porieesl Szl 21y 5yl
30 g e i bl oz 0 dslllas ol o Fﬁ#‘-:“’?” Slade
E9= 90 5 Jlw S 5l ey 45°C sl yo s r’%’*ﬁr“‘?ﬂ
g el 00game jo ool
S8 g Siete Sl oy 4l 51,18 el
S0 g Sis S olKiulesl o yime ol 5o g oy LnSTL

.ra)L) ‘)

e o L3 slo g ;0 psiieegll O yzles g9y Lo
oo yioli8las g 9bb 4y el ails jlo se 51 oo yg0
2l oy @l b oS Sl ond Dy2loe Gl crge
sVela Lwg a5 ghiallae o050 l, 55 o Slalllas
Jlosu slos )0 6,lagS as ols jlid s plxl o] Ko
L Lol ogioe poeinsll ©yzlen (2al5 czgo oo D b
Slie 5o (gl e (a8l So BUT sles po (5l
(24) as canlive 6 ,)l0gS Jol a0le 3 10 pouinesl]

(el 42315 pgiagll &2l 595 s Hl ol
a5 3 ,Les 9365 3195 L 105 55, a5 2 s yo 2 w0
el ools Lis 1) (g )lo e Dglis 195 395 b yoe 39,

b8 52365 55, U yao oo 3l pseivagll e Sal3d!
200 55, L o Slojly (g B y0 ity (gogno o (IS
Sl ol 5l ey Lol 095 o0 oamlinn o]l pguiegd! jlade
(14) 5,1 cillas Verissimo olallas gl b 45 wle oo
aS gl 5l sl Gguw, Jdo @ Sl o Egb90 (pl A
(25) a2l wamo oo &) (Sbs B (Fo,55 anl s o
H5s g cl pr JLisl oansy (295 O 2les palsie
L s e ¢y cokale NSl 5 bt il DS
oS (b5 g5 55 pyivegll Jluio 6 95 S5 4y 4z
Sly slagbsd 0 Sizles Glime 0 ST (ol g w0
9 sbgd (AP by yo Dgldk o 4 il oo (s
L (19) il ogiosll sl g8 (o gy b,
(24) sily bgs gy cwlies o Sglis s 4 Yo
Lobsd ide 9y 00d plonl Sl om)p & 4z b &S
g8 5l iy (Sl)ly (g8 50 iy (9 9 Culd
by e 6 B8k Jds & Wl oo uizren 09 (S
wazeg b (24) osb ] 3 PPN IPRCEL S WPV LA e
2 po—sinagl Jla5s (26) o ,LSan 9 Blanco ol allas
a5 a8 Lilal iy 5l S sl
8 bl slag=l o Ll.og pale g black slagl
s sy S 5 S iy slog] pseirasl] o
=S o3l paiagll laie 3 o cdalive 45 job lea
Sloie 51 i (270-670 pg/l) aallas oyl yo oo
-49/11 pg/L) o) Len 9 BlaNco  Lawgs oo (5,503l
poriasll i 5:(26) csd JSIl g0y g5l 50 (3164
s jleaal s 4y slaosls 5l goloss L auslin jo
{(26) 5/88-14/66 (24) 5/546-50 pg/L) ;=S lallas
gl o b awslis o 4((14) 25-100 (21) 92-171
((19) 112-833 (27) 67/4-7952 pg/L) vy —ISI]


http://nsft.sbmu.ac.ir/article-1-2175-en.html

Downloaded from nsft.sbmu.ac.ir at 16:50 +0430 on Tuesday July 4th 2017

7

10.

11.

12.

References

Catarino M, Mendes A, Maderia L, Ferreira A.
Desalination. Beer dealcoholization by reverse
osmosis. Desalination, 2006. 200(1): p. 397-399

Sohrabvandi S, mousavi SM, Razavi SH,
Mortazavian AM, Rezaei K. Alcohol-free beer:
methods of production, sensorial defects, and
healthful effects. Food Reviews International, 2010.
26(4): p. 335-352.

Robertson G.L. Food packaging: principles and
practice. CRC press 2012: p. 380-416

Jackson J.M, Shinn B.M. Fundamentals of food
canning technology. 1979: AVI Pub. Co. p. 177-
215

Simal-Géandara. ~ Selection of can coatings for
different applications. Food Reviews International,
1999. 15(1): p. 121-137.

Good R.H. Recent advances in metal can interior
coatings. in ACS Symposium series-American
Chemical Society. 1988. 17: p. 123-126.

Forrest M.J. Coatings and inks for food contact
materials. 2007. iSmithers Rapra Publishing. 16 (7):
p. 243-258.

Oldring P.K., Nehring U. Packaging materials:
Metal packaging for foodstuffs. ILSI Europe. 2007.
p. 855-937

Ahvenainen R. Novel food packaging techniques.
Elsevier 2003. 14(2): p. 97-106.

Platts M, Goode G and Hislop J. Composition of
the domestic water supply and the incidence of
fractures and encephalopathy in patients on home
dialysis. BMJ, 1977. 2(6088): p. 657-660.

Crapper D, Krishnan S and Dalton A. Brain
aluminum distribution in Alzheimer's disease and
experimental neurofibrillary degeneration. Science,
1973. 180(4085): p. 511-513.

Bougle D, Sabatier JP, Bureau F, Laroche D,
Brouard J, Gullois B, et al. Relationship between
bone mineralization and aluminium in the healthy
infant. European journal of clinical nutrition, 1998.
52(6): p. 431-435

13. Stauber J ,Davies CM, Adams MS, Buchanan

SJ, Florence TM. Bioavailability of aluminium
in alum-treated drinking water and food. Journal
of American Water Works Association. 1999.
91(11): p. 84-93.

14. Verissimo M.1.S. and Gomes M.T.S.R. Aluminium

15.

16.

migration into beverages: Are dented cans safe ?
Science of the Total Environment, 2008. 405(1-3):
p. 385-388.

Barabasz W, Albinska D, Jaskowska M, Lipiec J.
Ecotoxicology of aluminium. Polish journal of
environmental studies, 2002. 11(3): p. 199-204.

Institute of Standards and Industrial Research of
Iran., packaging - organic can coating for metal -

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

packaging - test method. ISIRI no 2509 2"
Reviision, Karaj ISIRI;2015. [in Persian].

Pavia D., et al., Introduction to spectroscopy. 2008:
Cengage Learning.

Goldstein J, Newbury DE, Echlin P, Joy DC,
Roming AD, Lyman Ch E, et al. Scanning electron
microscopy and X-ray microanalysis: a text for
biologists, materials scientists, and geologists.
Springer Science & Business Media, 2012.

Seruga, M., Aluminium content of beers. European
Food Research and Technology, 1997. 204(3): p.
221-226.

Aikoh H, Nishio M.R. Aluminum content of
various canned and bottled beverages. Bulletin of
Environmental Contamination and Toxicology,
1996. 56(1): p. 1-7.

Ivusi¢ F, Gjeldum MS, Nemet Z, Gracin L, Mari¢
V. Aluminium and aroma compound concentration
in beer during storage at different temperatures.
Food Technology and Biotechnology, 2006. 44(4):
p. 499-505.

Sharpe F.R., Williams D, Content, chemical
speciation, and significance of aluminum in beer.
American Society of Brewing Chemists (USA),
1995.

Vifias P, Aquinaga N, Lopez-Gracia |, Hernandez-
Cordoba M. Determination of cadmium,
aluminium, and copper in beer and products used in
its  manufacture by electrothermal atomic
absorption  spectrometry. Journal of AOAC
International, 2002. 85(3): p. 736-743.

Vela M.M., Toma RB, Reiboldt W, Pierri A,
Detection of aluminum residue in fresh and stored
canned beer. Food Chemistry, 1998. 63(2): p. 235-
239.

Boroczsabo M. Th effect of Aluminum
contamination on the sensory properties of liquid
foods. Acta Alimentaria, 1985. 14(3): p. 243-257.

Blanco C.A, Sancho D ,Caballero I.  Aluminium
content in beers and silicon sequestering effects.
Food Research International, 2010. 43(10): p. 2432-
2436.

Lopez F.F., Cabera C, Luisa Lorenzo M, Carmen
Lopez M. Aluminium levels in wine, beer and
other alcoholic beverages consumed in Spain.
Science of the total environment, 1998. 4;220(1):
p.1-9.

Cederberg D.L., christiansen M, Ekroth S, Engman
J, Fabech B, Guojonsdottir K, et al. Food contact
materials-metals and alloys: Nordic guidance for
authorities, industry and trade. Vol. 2015522. 2015:
Nordic Council of Ministers.


http://nsft.sbmu.ac.ir/article-1-2175-en.html

Downloaded from nsft.sbmu.ac.ir at 16:50 +0430 on Tuesday July 4th 2017

Iranian Journal of Nutrition Sciences & Food Technology 78
Vol. 12, No. 1, Spring 2017

Effect of Storage Time, Storage Temperature and Type of Can Packages on
Migration of Aluminum into Non-alcoholic, Classic Malt Beverage and Its Sensory
Evaluation

Danesh O!, Sohrabvandi S**, Farhoodi M*3, Mohammadi M*

1- Students’ Research Committee, National Nutrition and Food Technology Research Institute, Faculty of Nutrition Sciences and
Food Technology, Shahid Beheshti University of Medical Sciences, Tehran, Iran

2- *Corresponding author: Associate Prof, Dept. of Food Technology Research, National Nutrition and Food Technology Research
Institute, Faculty of Nutrition Sciences and Food Technology, Shahid Beheshti University of Medical Sciences, Tehran, Iran.
Email: sohrabv@ut.ac.ir

3- *Corresponding author: Assistant prof, Dept. of Food Science and Technology, National Nutrition and Food Technology
Research Institute, Faculty of Nutrition and Food Technology, Shahid Beheshti University of Medical Sciences, Tehran, Iran.
Email: farhoodi@ut.ac.ir

4- Assistant prof, Dept. of Food Technology Research, National Nutrition and Food Technology Research Institute, Faculty of
Nutrition Sciences and Food Technology, Shahid Beheshti University of Medical Sciences, Tehran, Iran.

Received 7 Mar, 2016 Accepted 26 Jun, 2016

Background and Objectives: Because of the toxicity of aluminum and the substantial growth of consumption of non-
alcoholic beer packaged in aluminum cans, the efficiency of aluminum-coated cans is a major concern. In this study, the
effects of storage time and temperature and type of can packages on migration of aluminum into nonalcoholic, classic
malt beverage and its sensory evaluation were investigated.

Materials and Methods: Two different cans (domestic and imported), filled at the same day, were randomly selected.
The samples were kept under specified conditions to the expiration date for one year. The coating features of the two
cans were evaluated using both chemical and instrumental methods. The aluminum concentration was measured using
ICP-OES instrument, and the sensory evaluation was carried out by 9 trained assessors.

Results: Although the aluminum foil constituents and composition and the coating ingredients were similar in both
cans, the inspection of the cans coatings showed that the thickness and the weight of the coating in the imported cans
are higher than in the domestic cans, while their porosity is less. The imported cans’ coating was made of polyethylene
terephthalate and the coating of the domestic cans was made of epoxy phenol. The temperature and storage time had
little effect on the migration of aluminum into the imported cans but it was meaningful in the domestic cans. The
metallic taste was also higher in unflavored beers than in flavored beers, with storage time less effective in flavored
cans.

Conclusion: The results showed that although the concentration of aluminum was beyond the health risk in both cans,
but temperature and storage time can effect on the aluminum migration. Furthermore, the added flavor has a hiding
effect on metallic taste.

Keywords: Aluminum, Can coating, Migration, Non-alcohol beer
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