Ol 5! pd 2lie 9 3250393 338 (galeo
i) ket (033 = (il Slodd g (S i gl 8K
(Y99 63) OVF —OYY sraxiuo i (50 ylowd (R jaw (50,90

=S Al Sy Candy g mA b ol JoSs S0
Sl SRl O hls (plde w3, b edd ds ol e B s
(L)

t{oony?

s

Yoo -, ¥ . Y . v . R .
Ssrese ¢ 9908 (LS B, ¢ luasl Gaars gage ¢ sl Laale g5k sanse g ¢ (55 S 80 g
' Skas
5 obeT s (Y (A agd (S aole sltils (lie plin 5 4335 asle 8uails (Slops a5, 5 Sl s03s3 558 ()
US...LJ: e}l:. JSLEARY ‘u__.l;x&. @LLAJ aaS ol88EaT gl (V “’LJ.‘.@_:._\:;(;..LQS..L): ﬁ}"" o &asly cendilags (goaSianls ‘LSSJ"}:“’“‘:‘;"

5 L3 agle gauSails FFEW (252 Glseo) HLLA (sulia )i LIl (o) g5 1 grene (SoUILL o3 (sauilse LIS Sigs wgd

e-mail: soodehshockravi@yahoo.com ¢ 5, o0 ges ((Blaya a3, 5 Sl 035 65 8 (32 plia

e S

aMWY\;&_&JM‘ 3479 J‘-J"“J‘J'l“:’b); C)’w‘ ﬂl.; o™ D C..wa_)ASC.u‘ JLwO' )lgt.:au.\b
M) (oo s Sy e (il s 29 0 el UGN 5280 JS 5o 2 550 oo S5 S B S5 ol
JoSa 56 g R il S B ASL Sl el Gl (ol B pged A 53 gl G il g5 e OU
23 Ol gl oS Colg 3 5 AS 5 05 s ol g OlgFal S WD 53 55y Serdy p 5 T b L
b gl (s Y ila g, g3l ge .:ﬁ&aauﬁ oL slyls ‘..;jJLje.L& Qiﬁ)\;.ﬁ_,ju.llfw e g
3550 $1AE (b LS e DS 5 (L g5 el b 05 95 w0 (slatin £ lagn 55 0dd 4B 5l
Wi 03,5 glAE 1Al A el SKw 0L 31 551 IYE/Y 5 gl slde 25 G saul p ealil
2 O Gy ol 0L e Ll 5o 1) ol Sl 0g 8 55 G s sed Ol Sl 5 S D55 D5y Sl
Ay Cond g 3 s 895 (595 a8 5 3 50h JoSe deke SIS s pl 4 (PR 5 g YL Sl 0y S
das o O i ol GaBl 1g S e sl Ol 0y 8 93 o 1) Gola e Sals Ks gl s AL o0

Ob (s Hlad «Sabadanl :gaals 18519

A /ONNA e (i 5ady - A /O/A e dlal @il 5o A+ /F/Y dlEe @il o

052aS @ bogspe g oud sualdie S0 yume 5o 50 Olain doude

(s Sy ol las (eSS (slagha pdy el (555

S Lagas 5 gl @laE a5) o8 o maie Gul e VAPY Lo 5a S 5 obl g Lb Galsl 1
Ol ol Juls il co suiis 51aal 0 gl 5o il 3655 5 (SIS ol S gaaa ol adle b opuinn
5389 slagiags el Ghlis ool olea Loy ad, i slagaasss S GELIS Gll S asse VY Ll


www.SID.ir

0\ el 5 AT 69 3l @ 3T 5

Ot 5 o9 55 03 g

Sl b 050 p0 008 Hsb 0 @il Hlate B 5l s
A3 5 5 i Gl o LYY/ Blie Lo VY /8) el
cnse D150 45 aobiad LBl 31 Sy oS ass aalsa
Sy dgags ol LSl Hosad ol AL L8 alS
S el LT 536 ssaaS pd, s (U o) oo siens
satd Ja ligas oF calis 31 o8 a4 Siuy el b
el sils 3L

Olapa Lol i S 518 da B usse (SOE @ S ael,
050580 s w331 51 saliianl wyls S8 Ll stda e o
Lol adl oo oplite JKal o (Pag3dl ohse ©
S el S S oS wiens olasniS Sl g uua g
S FRRCUINS SEPIVRP Sy | R P SR P KN
Sl o asle plaal ol (Faiob go caline FMlel le)as
Lok JoSo 530 s Baa b pdla (iagly S5
Sl Ghge paalS 5 0l (s, cuaay 5 Sl al
Yool b Sl ol @l alid asds b sad @i
b R e (SKi)

Lagdigy 9 419

JAJG‘“‘f} d‘);_a.a u’b}c\" J‘.AJ:s ‘J.A.AL; u:f.uhjjg BE
o3 s LB (edss YV20) oSond B glosand! o
(SLGJ ‘L;SfJL.’ K le (515‘)% C_\.CL.AJ \\‘) JJ‘J:\‘:\“‘ L.J_‘)a.:b
A il Lo (cusb;, Y007 5 ol S Bl (gaajo Yo-Y0
Sitie) (Bas3 5o DA aS bug o5a3 G0l ()
38 wanl 5 s 0938 (2 plis 5 L5 Slidas
(- FVIVY tunls o, lat)
S 5 bune L ia S 6l ploae slaghse
‘)| o JAJ‘)S |.A:_s_._s @‘PH sudl u.;bja @‘_)_.3‘ @‘J& ﬁj‘)
ouleal 5y G 5 G208 Il ((Slsaan (5599 Had sy
855 59 58 Ol L0 S Sose G ol Ho s Bae G)s
o Jaad OB 51 B (Buliad guse b posad) sad )
Sose 098 50 om obe wlie 132 Uas o bls
ol 5o 58 w3l Las s 8 51 (S aads 4 dalsl Hu oS
9 L&G:Ai-n Ca.a.:b‘).} z‘):s:s.é ‘L")t: Caél—_)‘)d ‘)J&: :)‘ L')S.A.o
A 2dlos oSke @ dnd Gl 5 age slaggdial
eols ok slasals b gres i Gl 4 all 2l

b Sl sl Jolae 08 smiay bS5 s & Lsise
3 pdaie ue (s, paelS ol (i go glag sslS
BT s o) oBalS 4 sate € Pinal pal
RUE Va7

slass s Ho oldl Ka s sl se b Sl aal
Shud Lol (glopad oS53 adly o 5 wols dsay alS
ool bS5 ) el o ladly 5 abga e o
© 5 Gale Jslao e SlaSa audia 5 (s (AT aalS
o909 el () G oSl (lsie S S
ob wnle oz oS i el sas dalbia S S
w2l s b i J fs SlaaslS ) 0 pd s 5aedS
Ol Gt oyl 5 S8 sl b Gl Cage Sl
o oda Gl G pate calg 8 S W el e T 4 Jualle
S 0B s Ol saliial ssas b osdusel asdi e Ol
ok @il & saas e Bl 56 5 ol o sede
i) (A S GiaT JalS b ) Sitduni) o cos
Sl S Ol seeds gla & OB s W, s sl
S 8 5 Gal 0 0 pipe uliianl (Gaoad (B o) g
aube Gusray AL 5o o5 4 Ob YL Sl
G0 raie 4 ol e cund ol (Jb ol as SSi
Ol il ol a5 (o sians Sy (28IS L \D 3 i
b 31 ET 6350 700 ) i 4S plamd, Lo o
Sloan 0o @ilins 5 usdipe (el Sl sl Al
09 i ool deuy o L3 @ 4SS L g e s el Gl
el ok slasols bl oo a Sl 2132 a5, 0550
oS (slaaaS cunis g 5 LIS olie olge B s 5 KU
aMe 5 5l s S 5 65550 O sgan ()l Lo sals gl
o b a8 5 558 V0 agaa LS 5 usd e (el
Yo 5slem GBo0I b Ao b 5 551 7Y ssaas
Mgl Gaals (ol 5 G805 p33 dacus )

foad o alasl (Aids (slaghagsy 50 oal a0 o
Obas sy ol BBA. layad ol oal S35 YL
S A g el Guls 0da 4 b yo saae ol 4 4S saly
ik olse Gsums SN pola ok (slasals sl
ZNIY LS sals LS 50 5 58S (das caasy 5 L8l
s ol band S) Slas wlie 51 Ll 38l cal
5 oas Sl sat lie Sl 5 usdige el (frepaS
o9l X0 Gy Sl 0 YL G0 0l Gael 5o (U ages
0ol 5o O g sals QLS (A5 Gl 5 paeslS 8550


www.SID.ir

IFEe (o2 @ (soslas A (g009° (il pundgulio g juyLi9)3 326 (galao dNF

ARl gaas0 =Y s o dall Saudk
S50 SEA Gl a0 6l Lo b Bad (5l
Y cae b o6 (u S KA gl amis S 18 salaial
A usse Ooul oo WIS Tl sta,0 Ve sles Lo cele
ol sl Ko S8 A w5 oSl sl
bus e sad Sl glaglh was Sad (Kol
cn:l...u?ougaJQJJJaMTJJe}JJJ@J&ig__J@T
cusb, B wiad suly 558 Lo Glaa LA 0 00 ool Lo
28555 Gl 4 OB sugs o O O 5 laal sesilasly
09 WSl a0 ¥ sles Lo g swaw, el o0 ©
B 5SS 15a (s 830y slacsb
553 gl sad Saa (U Hu s 5l 8505 sea (510 s
Oiso b oL e el salinyd slanledl & alas
sS85l sl AOAC sla by, ad g,Se5lul JlaaS
el (YYIY)F) oa dYY-Y-0V (sa)lat) olyua s S
b 5 (4/N/+8) s, L(AFF/- YB(YY/V/A)] ol (¥Y/V/-4)
Vied S 18 solind uyee B (F/5/4Y)
sl S e Yo L SB2 0 sladia 3l a0
el ¥ oo aglae 0o aa bl 5o ¥ 50 /0 SsHm 58
Yooo) st s0le oael cuus 4 goslac o S 1AL
o8l o mle (B8 Vs e gl ARBGa 559
Sane 358 Bla 3 G wd @IS D358 Lo el Jsb
Mol Kan 5 Carlsson (s, 4 St aveal (558850l (gl
SIS sile s S mda b o€ 3 soliiod o) e
O e 5 (PYF Jas Waters) 585 La ey oay S Joli
(Dionex Corp, Sunnyvale CA)PA-100 Lilas ¢ s S
Dionex ) HPIC CarboPac PA-100 4jad ) sics S s
Jolae b olasl e Jghay sl o sad a3 (Corp
ST 5 Yo & Sosunsl wanl 7A- ol Sl <55l
sdied 5 sdel Giws 4 A b suly sdiad
Jolas 7+/V L aidy o i Lie o /A cie yuw U (cluent)
o S Lo HCIO4 7Y Jslas & s Fe(NO3).9H20
HPIC oy soliionl oy 90 553805 oay a0 S bslas o sics
Jssswl s (Knauer, Berlin, Germany) K 500 Jas
Waters 486, tunable ) UV, 5550 ) soldie) b olicsd) Xa
OESI s 5 o (Lsisle LB oaa L absorbance detector
#oosed) aladl gle) e JS b glalbid o gia o
Sose Seglh YA sl @oSe3lal 5 a g
soliienl U ol 3a Jsisd il b e slasols o i

sy 5 OBl plie slse Dseas oS slagna sy
Gl (Sl OB 3 ads 3 ATHY N eas ludss
soilasl ol (gl (el S B S YU olis
wwhaas S oSeslil gl OB ool 3 sl (535
ltledl € Suisd wacal sl (595 ol Gad (g
O bw g sud (aell @loasa sa S 5l ) Guy g sulin 8
G olasass S oniladl wad alb glie a Sl
(yd et 5 350 JS 7PF ms La sl il e il
a8 5l (AIN-93G e o) S50 5 35S sme
B Bk asge OB Ofgn seS O G 55 0aSsn
38 Gaeli G 51 (3T IS TN G La Sl el
Joe 5 Gaed 4 5 pud g 590 (A aaedS 0550 o
AIN-gladun 53 aliie Laguolisy 5 el S0 5l ad
586 sl Gl 5 C Gl «S ol 51 ws S (el 93G
wds o LAl cilss wlae 50 o Slaie W)l e
Y0 opuals sl sl eilse gelad Ly kLl
a8 ALl ass, 0 bsw G2, dagsn 5 55
w0 S el (50 9 p S VV/A) LSl a3, wlde B
oy oWae B (5Kl sl ol 55Tk a0
Slaxs pliae lagise b ss a5, Jand a3 4 sads
St b asbl oo ol N cue 4 pliais Gise 5w 0
MVEVENRE VP B)
SuSIA dadan b o)l oiagl ool Slaal e s b
S w5 ol Gwe 8 Ol L eas Lo suliiu) o e
TAIYE 5 gloaiul dans 7Y L ol YA o, s
5 cushy ZVVAD Jslael siuSIA Z+/o¥Y) iuSla
ssbbad e b S osse ©o g GSELYA A
AR Y0 sasls ol Sl P sgan byl Slaie ol nda
A N0 dBEs 0 3 Gy wa S bslie B3 VY Gl S
(leds a8 cta i g Sembo 5 lS0) (5508 (sle saed
G (oo g3 Gl celw \Y) (B3 saed o SIS VWVIYO
gaed ok bglie S 4B8s Yo gl s il bl
calyial B0 glos o 480 00 (gl ures sad yuadS
slaeslal & S Sy 4 e sied Ol Lok saly
G400 YOr ugan) 6,558 58 g (g paeall (o S A0
el oAy s £ osgas oae 4 sl e (WSl

i - American institute of nutrition


www.SID.ir

OVV el 5 AT 69 3l @ 3T 5

Ot 5 o9 55 03 g

b w50 Jolae Ol painl SSIA Gl A5 G55 4 50
ob &y (8yae jean 5o ¥ ser /N EDTA o < aslsl
soliiol B,k aled el cans 4 ol & (284 &5 as B
YE sl 70 Sogin sl Jslae b ssliiad 51 S s
iad S O a3 s Sbs T L LY 5 swilund el
S35e VP 54 SPSS lila ) ssliiad b Lasoly

51 okl b Laosls als Ikl 8 € 18 Julad 5 453a3
Gy oowlie usay Ll 31 (Box plot) (glaas Hlasa
Sy oolie WuE cuy s 89S g0 o SS& 4 (Outlier)
et 4 (Slolss w8 Jaua O soliind b swel cius

Jsass a3 30 655 0 (IQR (s80ans 50) @y e sac

VRTINS

Y0

v 4 — ks g
EXRCE
2 T
.y
2
= -
v
L
< ]

o

\ Y A ¥ o 5

Gl JolS Hob 4 e slael slaad o Las g S agen
iy o Sye 4 da s b (058 A s ase 0) s
1o 2lomie slagi se (Ba 5 Gam 05 S 5o Ol plais
SB35 slie 058 5o Ghise Golde b ole suwlis
Sad a4l s

SR sal S el 3 saliBably Jlo b pds5 (ouus
& Osedl 28 S alail 8g 8 gu 5o SKE 4 B g enl -
o b g5 b slasals Sk eanlie gl a5
555 59 1o 0enSEL s o 5a3T S T 3alLLL Jolas
s st po5 b slasals aunlie Hobie o Ls e
b K158 suldiaul o g0

ool Shal e S, lad 5 soliial L
A g3 8905 99 58 Lasaiie (lae (Sicuses

oBs o LluSas solel s SIP<./.0 u,)se ald Lo

Empower (Waters Associated, Mileford. MA) l33la 5 5l
L g Ho oliwlXa Jsbygul cble 5 @ 5la oyl
w8 S dlas ol gase 5l ssliil

ol S0 o shS el 0135 Jas 53 suliioal o) 50 sl
ool Gl OLS eS8 5 wls (S5 ok 51 sad
Saal G 4 51 Gliebl sl ad g (Olek o)
S w3l daghse shie s alia Hu a3n35es bslis
Natuphos; 10,000 G, BASF, AG.) K& Jpl<
s sussl0 a sa s US4 (OL!T Ludwigshafen,
S w33 @l w5 ol Say (FTU) 5B aal
5 48 K bed Lo paw Sl 51 ST i Jse sl
Sliad callas ol S Bl aa ;0 YV gles s pH=0 Ll i 59
92 olal B Gy enlad Gl s a S Huaalg Vees
Mo B s s aSeslal o5l a s

RN LIPS S EREE NN G F | ¢ g Ve VO A N
PSSl 5o Sl G s b wS Gl 4 eSS s
Sl e g OU s S YAV/A sola sad alb lie
\ ol aS IV Sl wiad gl Dl asse
08 4 50 a S /0 lisabl (ghhs 5 il (S 132 0 SIS
0 S Al s g sla (slak o SIS

Coge & oBasy ghil Ol e lajise als
500 S5 55 Olan b sad su, 58 (5132 5 (o0 (Sia
5 (poeaclh B f S 3l) sanlod 8.0 (553 Olee 5o
SE L ollsa pasdy oLk 3 o S ol el 05
s5bgs gl sunlsd W8 5 03y 5 Ohaes G2S WSl (9
(JBas) Gusinm) Gloss a5 Gups s S (558851l
Olsas 5508 Olsaiul 5o 58 5 aS Caiaans b G5 S G5
G Aol Gsa sl o T oS Jlal o
slag el alia B a5 sa maa S Jie slaule)]
5 IS ln aos YT LRy Lo obedss
olaeS oS Bl a0 ¥ Jlain s Hsed slag) il
ad

Bl 4250000 6558 Ho (Saa a5 olpail (sa
S0 el s 4SS el Lo Sl K 4 ol S
Glo 3l dslae OT L pas 4 pan /) s wad
Olea b Jure asa 4 sud Gilis Jolas ad swl,X
Flame Atomic sl Sis U (555 5 ol el 5 sy oyl
s (WFX-210 AA Spectrophotometer) Absorption

Olsaiesl arl vn (5,80 51 (Rayleigh) e 518 5 3l


www.SID.ir

IF9e (g0 @ (goslad PR e (50092 iyl puglealio 9 Jyyii9)3 328 igal20 OVA

w50 b oead Ak plae a5, el VN Jous
Ve BV wds Ja o clagise @l aolabiad ol
w355 ool pyeme 5o ase oLi 1 (AIN-93G) 55,
OB Ol el (0B b 4 obhaas S ks 51 alae
700/8) Sosasr s S LFY GusE sk 4 s
250 02t @30 I Gldw por s b (G
sala lds Joaa 5o oS Hsbglen il () adl oo SiaS
S (530 <Al paenlS) (o8 935 0550 el L Sl ant
ol 5188 5l osloliu)

sl

s AT sgan soliiad uy e oyl gloaial sia 0

ol 5o soliial 0 g0 SSi (B (pliasd sas Jala3 5 433
aSilie VEF [a S Ve lols b ol ols lis (a3
A0 o R Ver oal aflie VY /a8 Ver s
Sisdasel aSke YYF /a8 Ver 5 S o Sl
cud adb e SaA sole Lo (olics 188 Jsi)sul)
a2 VO/A 5 VWY s o oal s s ol (e
OLEs 15 b Gly (prsiens Sl ds5e 99 58 59 €S u

..AAJGA

AIN-93G o jlustical las pabyLoud ool b anfy 2138 ol 9o Sdwllio -\ Jgua

QMGA|JEH3JM33¢MQ:\ADMJA

\S:I SL] oul O:\Au J|-\§A

S 9 Buddi s gl ylule

AIN-93G o juislicsl ds csacds > yb s1aé a Sslis 9 laslical (5138 )8 glus
oudh AIN-93G

Va/A# Y4Y- /oY YFOS/NO (NS HLS) 6,
V- ¥/40 ) FYA/YAS (p5) IS Sl s S
Y)Y Yo- /oy YAV/¥AS (p5) =0 Galas
#YIA PYIA Ve (5) 555 s
Y[ AY/NA Y'Y (2 5) Suokss
- YEYINF - (35) OB wlrasa S
YA/ OVY/YA YAV/¥AS (pX) SLaS &l pusn 5 S
Y% \YP/YP YYY (5) ool 15008 5 S
OV/¥A A\ lat Y- (pS) OS 055
Y¥/#a FAITA Y- (+5) o858
- Yo/vy - ( ﬁ) L o
Ve ¥ ¥ (35) oiiaascs -L
\00/0 \-AJAD V- ( ;)Jsudﬁ
\YA/A¥ av/Ys V- (2 S) Lises 205
- VV/es - ( S) oL ot
Yo/v® \V/FA o- (poS) S b
YY/Y /5 o (35) Hsles
- #1A - (%) 06 s
\WV/EY AAY/YY O (pSiskes) oS
PYIVA ARTAY Yo (pSslae) ool
o\ \a/¥ Y- (pSske) 50
e Yo Yo (3 05) 5500 ool s slas
Ve v v (poS)to olis s Lo sliae
- AN\ - (pSshe) € Lol



www.SID.ir

AR el 5 2T 895 3d 5T )

Ot 5 o9 55 03 g

Ol aa SIocpinan (P=/VPF) el Gl gl V
Sl Gl Lol s JOUS 0 S a4 (SHaa (55 Gl
9l 53 pa 058 59 plae lagise B s e
Soles 5 el ol sre ool (uagd Ll e s
saaliio 058 59 Om aS o 5 Bllas (3 G SOl
O ol Sl 50 ead Olealel aspe 5o s S
(¥ Jsan) ki sws 85K gu el 5 Gllas (5
855 0o 590 JMe ¥ Joua ladilh © g L
s5S O Sl ol dae JSB 4 a5 slenl Lo S
alale 5 g5 e SN Sl @il b s 5 (pl 4 a s JAS
Sl S 05 8 4 e s VY O s seaie
39 0% ol ane i caid a5l )l sl 5 el

.CAA.’L‘ASJ\PJ&J;

o9 sad su,9a (glAe g snd sy, A (slae Hluds S oy
cdls ssay @olire opli s S su Lo 4ida 4
03 Ghye A b sad sujsa A2 IS Llaie :SSL)
Ve JAEYANE 5 AVVEYASF S5 4 S 5 b e g8
(Wloay suly oyl Susa slasls wss 595 09 p S
slagise Oos om solsgine solel Sl Y Joua
was e LS 1) GRagSy Ll 5o es S g8 sad e
03 88 o Ol Ghse K Koo s 4 Sl 0550 ol
L s3shem ok 5l oslss (ol oS sad slagl a5y bl )
Dlasre o sli £ sdiia S (a S Y) s ead LB 4 cueal
9 ael usa @ GBA S5 3,88 808 58 03 O e BB
S o JSES 05 S 00s ol oLl Lo wulg Lo
Jelad usay ol o B8 858 51 Sldw ol

O O 008 WAL als i gLl S slas sl byl

43a Sasdi dy JS g alila 0 948 9u yu (il e slaghige (59T Jgu

29039 :Sikie YA Foas) Gl PR T3t o g8 o
§a‘9‘,§545[)h_’,v P s Aa8A SaS8 A3 (59
oLy Plais /oY —+ /4% £ \/Y0 YY/YO £ £IVY MAARETZA Ol 558 gl
<ofeen -Jo¥a — /0N £ Y/A ¥V = AFY ¥O/5F £ VIYV \ s sl
A% —\/¥4 = F/¥Y 0-/3\ £ 4/A\ FAIVY £ A/AN Y aia glgml
o8 5 oLy P luas AR —\/¥V =2/ OF/V + \\/YV OY/YYE \+/AV Y s slenl
=-/\P¥ -/+VA ~0/+0.+ 4/4Y FelaE VE/ 00/AD = \0/¥A ¥ @i slenl
-/-vF ~F/F\ = N+ /0¥ FEIVY £ \F[YV IRV Y2 0 wida sleml
/¥ ZVIAD + \Y/YY VY/VO £ 14/VA FYISE + V¥ (Db s 5s slgl) Fasaa (sl

§ ol st aS 58 85,8 5 LTS 658 a5 el uaad o f il sad Gl Sl Bl il o gm0 sl il o 5o VF 658 58 5o plae Ghse aluas ¥

el 88 L'e oo Greenhous-Geisser puaad Gulal s o Sphericity (a8 Guds 51585 b 5,185 slasjlasl Guibisly Jalas

Sl yu J S g adllas 0 9 S (ol yamo (LA g0 5 9=ad O gAieul g S (s 9 Bllas ()9 candlias (SLgaal g Iudal o 08 ¥ Jgua

ol 95

- e Ty < Torng o0 <
29 sladalis Jous oS Jhssog S .
$ = e

P° jlass

R Liys s s AN £ [PV a0+ /oY (e iles) Lia s3s (shinsl a3
7 Lojsa + vy VY40 £ V/oF VY/YY £ V/AD (SR sBlis) g5 (sl 3
Al AL RIS AV ERYALY Y/¥A £ VY (p ) 45 3
[FA R AN RN | RVRY) RV R RVRY-) SRV R oW GOos 4 oS Gy cud
- [¥Y IR ERIAR NAERYEA Y ERY (pS) s Olsaind 05
NS R A YOS o 4 O YRR 1) e XO £ eV OM 008 4 sead Glealial 5 s

§ (;s_‘.dm.\..i‘;S‘)L'eéa‘s)i‘)ld)ﬁa‘,)i‘@i}&.‘slj}b&aj)ai‘JllamQL_g)L_mdl);A\iQeilL_mg‘,MgJL.\:_\T¢mlfw)u\\’a;)§ﬁ)du__ubu&yal.ni*
el 43 K &5 e Wilcoxon G el )b 05T 3 suliionl b Jalad § conal sud 435 8 15 50 slo e solel Llas 51 P</-0 e


www.SID.ir

IFEe o0 @ (go sl PR (50050 Olpl puglgalio 9 jy19)3 325 igal20 Ay -

O 953 Sl ju J SIS g aldlas 0 9 Ha (il o laige 5 9S8 () gAIul g waS (9B Hu oudd (5 S Il (sLa padde —F J gua

fe2) sl s 058 I }
Exp (B) 5 ARie
P sk
VA JIX YY/Y £ ¥/ VY/E £ £E/0 VEE/5 o+ ol ¥ s ol
(il sle wm 59 2 S5 S
\/Y oy £/48 £ V- VF VA/Y0 + O/YY YFIYE + V¥ O S
(dsbe wm 53 0 8550
VYO AR YAERIA \Y/F £ YV VE/N £ Y/A (p S wm L9 2 S5 Sue) oS al
<IN - o¥ sy VIV = Y \IF YA (3 S tam 59 885 Ke) 4 (55,
-[AA IV — JoY = 0/\F A/ = ¥/¥ olsiied 55,
AIV £ Y/Y B B

(p oS sem L9 a S5 50e)
S saial sl

0\ /ot _y/¥a £ AaY \8/0 £ V/¥4 VE/-N £ £V oo
(p S 2o Lo a Sy 50e)

05,8 5V UK 098 a) Jeald fmad ok ailad oly Hlas Gk Sl o 0 oliel Toadlipe e VF 85 S 5a so olas (5ge olaas¥
sl 438 S & g Wilcoxon & el L0 Osed) Sheotiinl b Jas 9 P<-/-0 i § ol sad oS 58

raie Shle e Gl pala Gha sy sladsly

Sl S e Huals olas 1 568 658 Lo Gsa s
S add sms 0 g8 5u C sed Gleaial 5 a5 On
O3 () 59 el (Jobas TV AL GsA ss) oS sl
A 50 428 TS eoSeolsl JelS gua o8 s
oaald plgie @ Landly 555 O L8 Gl slagass
Oia 3 Lo olLKea s MeClung .ol sl saliio (s,
w50 bosad LIS olias slagisge 550 00 slGaa A
o Ol b s, cunas B oo i Sl 88
oS IR (LS 5 Lsed)  oleaiad 5 Ledl
able 3, elde gladEl 5o ¥ ,Kaa 5 Scrimgeour
LIS olais lagise Ho s Oleadial 5 asw s
138 (5L JaSe gthausl s g5 SR 5 a8 w55 L su
slaghse (has3 99 oA Lo WS GBS SES L
8508 4 Cuwd 50 (g A ad S o5 S o plas
Scpl usas b ooals (uas3 oo Ll aols glas A
S o Sl JIS @ e S8 05,8 50 05 Gialal
Wose 2l © e b S saalie (5 a0 Sse pp
G0 sy 5 ShE ade B0 w8 S D ol
Sl 5o ady Curd g 5 Jwe 5 il S8 ssa (aliae
© by oo aS gy lsiae ala (EAS ol i
9 Rimbach sladish b seuan il op) oS 0 S0 s 5l
 Pallof s Rimbach ."Kirchgessnerr Roth " .;,<an

Saag

-

23TL L Jae ol gl uals Ghagsy slaasl
lome Jise 50 ) e oo el cuns L
Soa SSh olid s G0 gula w3, bsad L3Sl
A e

o5 ladian el 5 Sl L oAl cle
Lol slaa) 6l S QS Gl 4 28 S Chse sdla
2338 50 Gmmesy Gl OB (3 Sl Gl 2!
o o0 S ad a5 sk (ol ad Ol S ey
JaSe sl Jlaial @ a5, ol b ool JaSe usr ke
Ak aalea aBls Sige 55 5 ol oS lagl He b
saliinul 5 oloaie (Bge saaie slae s S € (Ol (ol b
S ssliied cule, 35 BWAT LI 5 5 st o plsl )
el Jae @ L;Ali.i.iuﬂ Ol ulual €S

hole win selins S el (o siens Canyy 45 ST
@250 oud Dl (55 wile (guaaie ylee S 5 suss
e 0B85y Gl 5 Wodsee OSE aa b P Qs JAIS
S sl alb Ko glaa soliinl o5e gl wo S
essll) Laglnl (Blos (Sbe 4 1 calid Gy ide
08 Blgigas S 5a b ol 4 SN asl el (s
038 i JalS UK & il pam (slagha 3y


www.SID.ir

avy) el 5 2T 895 3d 5T )

Ot 5 o9 55 03 g

S50 8531 53 15 Glasl oo ad e AT (sl
Lsw 0oy 5 oo «SposSeal sl @l £ B yems
C).AT gT;..AA BE (&J‘Ku.a J::vt\ L")La.u." BE L").AT ul@ > «<
oS Lol sl (S sl SE6 olais (Bse
ol & o Ll b wlie 5o plias Glise w0 S
1 5 8052 uleun S an 52 Al Qla  SSse ol )
Gasaae (Bl O plasl edss 5 dda ol s
508505 5

ad ol Gl se psae Db Sads sy
sl lge Glsie b (2lie il o sla slads by ole
Mo Lol bl ity (subsy (i) ol 550 ol L
MJAJ ‘5“).3 .JJ‘J 3529 LAQT :)‘ salaiel ‘5“):\ u‘""u"i'ut'ﬁ‘)
Aied o132 ulge Lo SSeal olS 5 Sl glasy S
L Otippd aiiia o oliie oo b sly ciliae sl £ 50 «S
Ol Beas [l (5588 slaguashy 59 S () © e
o Lagl o soliial Ke) Wl e Sl ol ge

wie ol Jol€ ele wilssly GLas e 5 gk
ouald slagslan by ws o Glasl sl Hu (guaaia
B0t - 2B sl olay gl s ol Slig ki wuls
L slas s 5o o€ 0ol 4 aa g b7 aisls aoadicabis
Q.ATJGJJ&MU‘Jm@@iJgt‘JﬂJ)m;&ﬂEMTJJ
slto s waws plal aoye slasad S gl ¢l
B osd alad) blial b Slewiaml ape fnl 5o glois
0% S Qe Gl Boas 4 cund Sy @ ade
Obso oA b 0L Said il (RIS a e G 4 p gene
5 OAl Pl S8 gt GRaS gl da ol e (See
il s

slaosiag ssg 5 oS les blite 31 «S LT 3
Cda (ol oS Gl (2laE w35 S s el s
coliie bulyd 5o 5wl @ raly wabee sasy o
e Slid pie wilpa K0S Glie 5 A )
w&o&‘\sbd\% J)A@WQMJ‘B& C):I‘JJQJ[AL—H‘
dsdige olgidy ohla o e oS0 glaasl U 1,
Ob usiaws Caw) gdiae) o9 o sla o
sladsles Jao oo lagiasss aladl e3as © 0s8 oh e
Slad e oL Lo el e Siess Sy gy 50 (8152 Caco-2

da 58 o usdiee e opliie Lyl 5o (Sl

90 02l s b uS (g, ol vas oo lds S oy
oaald plee @ pleaial g5y Slepe LudS G

cobe Slos slagia sl so s cursy Ol (g3 sae
73

EN

B9 O Sl GLKaa ™ Scrimgeour " Rimbach
(.)f‘ ks saaline J)SLS K] :)u_.aé 33; 99 O Q‘j&la.u‘
é‘JJJJLﬁ“k ‘ﬁ:\:}‘)u‘és‘):CJJqu Jﬁ-‘d“-i—\-i‘\,:wd»:\ﬁ‘
K Rimbach ui‘n.éjjg BE) A.:Z-L) soldi) S50 :)l:\fé Ce;.a
O3y 59 5 b 5 L sl ads O T ObiKes
Losad wial olie a5, 5 “‘Q\Jls.u, s Scrimgeour
B ead soliiil SO gead sl Sud aal
s S Bl S3 4l g ye Bl oo ol Gul (rinpa
08 JAS e S L wlie Ho S8 8 S slagise o
0 Ko soalie S ha g5 so S asl Wl Lha g5

V- G L;“‘)M (SLAUZ‘-J.A gAY ‘QL“P ali..:.:.uﬂ o9
adiy g5 o5 (2lomee aGhse (Ea 5 () o Ll
O 553 9 aS (Lashnl con oS m3)) 3 onk J&s
slyan & Ouls s 5 0a) S 5 YL 55l (B3I L
OB 5 3 SSus s ) adl wd, YL Sl
S o so g SYL IS 05 8 o S A oy S
o Sase Y0 Sl 05,8 50 G 00 © aS GOy S
Ol Lol o g Hlo a8 % 90 G LA 585 5,50 90 58 o
© Blgee ol Jlaial 4y cl da 8 LS cdad s
‘;\‘ o8 ._\:\S ._\.aiv‘) uuls BERTXS) (55._\:\:\5 C_\Bﬁ[;.a ‘;\‘ CA-LC-
Al RS s

Cardy cwslgt pala (BagS o S a5l
LAl (pl ams 5udS g lone UK @ 1, 0l 5 A€
s Allas 5 "MTulie Sl gl b secea
Gtawlis all T aab e ol e alasl slaghags,
234l b wlie 5o ol 5 Al 4 ot sl Hlats
CAJLQ: U:“ Rri-AR) J[:u Ry sy u:x.ou LG_J u:s‘._\.c ‘A:sJJ
JJC)LO‘JLA.UJCAA\}LHC)J[S:L&‘NCL‘J‘:UQ:USJ‘)J
esof Glhe V49Y L 59" Cook s Reddy Wles oo


www.SID.ir

119 . LR ‘;ojw ;/,.sb.aj'rn‘;ajj)

oYY

Ulpl pansdgilio 9 jy1i9) 3 3£ gedan

38 w51 el (sl puoly Gl OLS Haab 5 als SIsa oSy

U S0 GLBT 51 g pa aniS oo Sl Ghas3y Oal Sl asse

GHA B S 5 cul (Bsa wgas e 0¥ 2la
ol saila o slag,Ken cul 15 oSl JLS 4

3 g 35 asle (6530 el QL (stau® (RASy () paul
©I5 Slidas giesl gy sl Jle culea b 5 oS3

10.

11.

12.

13.

14.

References

Prasad AS, Halsted JA, Nadimi M. Syndrome of iron
deficiency anemia, hepatosplenomegaly, hypogonadism,
dwarfism and geophagia. Am J Med 1961; 31: 532-46.
Prasad AS, Miale A Jr, Farid Z, Sandstead HH, Schulert
AR, Darby WJ. Biochemical studies on dwarfism, hyp-
ogonadism, and anemia. Arch Intern Med 1963; 111:
407-28.

Sandstead HH, Prasad AS, Schulert AR, Farid Z, Miale
A Jr, Bassilly S, et al. Human zinc deficiency, endocrine
manifestations and response to treatment. Am J Clin
Nutr 1967; 20: 422-42.

Reinhold JG. Phytate concentration of leavened and
unleavened Iranian breads. Ecology of Food and
Nutrition 1972; 1: 187-92.

Reinhold JG. High phytate content of rural Iranian
bread: a possible cause of human zinc deficiency. Am J
Clin Nutr 1971; 24: 1204-6.

Fredlund K, Isaksson M, Rossander-Hulthen L, Almgren
A, Sandberg AS. Absorption of zinc and retention of
calcium: dose-dependent inhibition by phytate. J Trace
Elem Med Biol 2006; 20: 49-57.

Zhou JR, Erdman JW Jr. Phytic acid in health and
disease. Crit Rev Food Sci Nutr 1995; 35: 495-508.
Torre M, Rodriguez AR, Saura-Calixto F. Effects of
dietary fiber and phytic acid on mineral availability. Crit
Rev Food Sci Nutr 1991; 30: 1-22.

Lopez HW, Leenhardt F, Coudray C, Remesy C.
Minerals and phytic. acid interactions: is it a real
problem for human nutrition? International Journal of
Food Science and Technology 2002; 37: 727-39.
Hallberg L, Sandstrom B, Ralph A, Arthur J. Iron, zinc
and other trace elements. In: Garrow J, James W, Ralph
A, editors. Human nutrition and dietetics. 10 ed.
London: Churchill livingstone 2000. p 177-209.
kalantari N, Ghaffarpour M, HoushiarRad A, Abdollahi
M, Kianfar H, Bondarianzadeh D. National
comprehensive study on household food consumption
pattern and nutritional status IR IRAN, 2001-2003.
Tehran: Nutrition Research Department, National
Nutrition and Food Technology Research Institute 2005.
Javadzadeh Shahshahani H, Attar M, Taher Yavari M.
A study of the prevalence of iron deficiency and its
related factors in blood donors of Yazd, Iran, 2003.
Transfus Med 2005; 15: 287-93.

Kadivar MR, Yarmohammadi H, Mirahmadizadeh AR,
Vakili M, Karimi M. Prevalence of iron deficiency
anemia in 6 months to 5 years old children in Fars,
Southern Iran. Med Sci Monit 2003; 9: CR100-4.

Sarraf Z, Goldberg D, Shahbazi M, Arbuckle K, Salehi
M. Nutritional status of schoolchildren in rural Iran.
British Journal of Nutrition 2005; 94: 390-6.

Ss oo BlPe S w3l ol plas susla Jiags,

ady Sale cle bulypd Ho da sa oy saie abile

.Jﬁ@‘)m.a‘st.&&yjd

olan ) wlace ad¥ usn e OLSCRAGS 6yl el
e s GBI Clia ool ldes Lall mla S ,w

Sras b 5 555 0SSk Hlale sl Crws 4 gl ellase

J‘ ‘J J).; 63‘4‘)_\3 u:\“).a ‘L!:_s.m‘gu._:“u s &‘JJ_\; Jﬁ.& B

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Keikhaei B, Zandian K, Ghasemi A, Tabibi R. Iron-
deficiency anemia among children in southwest Iran.
Food Nutr Bull 2007; 28: 406-11.

Lei XG, Porres JM. Phytase enzymology, applications,
and biotechnology: Biotechnol Lett 2003; 25: 1787-94.
Cunniff P. Official methods of analysis of AOAC
International 16th ed AOAC Int. Gaithersburg; 1995.
Carlsson NG, Bergman EL, Skoglund E, Hasselblad K,
Sandberg AS. Rapid analysis of inositol phosphates. J
Agric Food Chem 2001; 49: 1695-701.

Engelen AJ, van der Heeft FC, Randsdorp PH, Smit EL.
Simple and . rapid determination of phytase activity. J
AOAC Int 1994; 77: 760-4.

Milne DB, Ralston NV, Wallwork JC. Zinc content of
cellular components of blood: methods for cell
separation and analysis evaluated. Clin Chem 1985; 31:
65-9.

McClung JP, Stahl CH, Marchitelli LJ, Morales-
Martinez N, Mackin KM, Young AJ, et al. Effects of
dietary phytase on body weight gain, body composition
and bone strength in growing rats fed a low-zinc diet. J
Nutr Biochem 2006; 17: 190-6.

Scrimgeour AG, Marchitelli LJ, Whicker JS, Song Y,
Ho E, Young AJ. Phytase supplementation increases
bone mineral density, lean body mass and voluntary ph-
ysical activity in rats fed a low-zinc diet. J Nutr
Biochem 2010; 21: 653-8.

Rimbach G, Walter A, Most E, Pallauf J. Effect of
microbial phytase on zinc bioavailability and cadmium
and lead accumulation in growing rats. Food Chem
Toxicol 1998; 36: 7-12.

Roth HP, Kirchgessner M. [De- and repletion study of
zinc in the bones and liver of growing rats]. Arch
Tierernahr 1974; 24: 283-98.

Rimbach G, Pallauf J. Enhancement of zinc utilization
from phytate-rich soy protein isolate by microbial
phytase. Z Ernahrungswiss 1993; 32: 308-15.

Bobilya DJ, Johanning GL, Veum TL, O'Dell BL.
Chronological loss of bone zinc during dietary zinc
deprivation in neonatal pigs. Am J Clin Nutr 1994; 59:
649-53.

Troesch B, Egli I, Zeder C, Hurrell RF, de Pee S,
Zimmermann MB. Optimization of a phytase-containing
micronutrient powder with low amounts of highly bio-
available iron for in-home fortification of com-
plementary foods. Am J Clin Nutr 2009; 89: 539-44.
Zhang H, Onning G, Oste R, Gramatkovski E, Hulthen
L. Improved Iron Bioavailability In An Oat-Based
Beverage: The Combined Effect Of Citric Acid Add-
ition, Dephytinization And Iron Supplementation. Eur-
opean Journal Of Nutrition 2007; 46: 95-102.


www.SID.ir

oyY el 5 AT 60y S T 31 O s e S o

29. Sandberg AS, Hulthen LR, Turk M. Dietary Aspergillus 31. Reddy MB, Cook JD. Assessment of dietary determi-
niger phytase increases iron absorption in humans. J nants of nonheme-iron absorption in humans and rats.
Nutr 1996; 126: 476-80. Am J Clin Nutr 1991; 54: 723-8.

30. Sandberg AS, Brune M, Carlsson NG, Hallberg L, 32. Kumar V, Sinha A, Makkar H, Becker K. Dietary roles

Skoglund E, Rossander-Hulthen L. Inositol phosphates
with different numbers of phosphate groups influence
iron absorption in humans. Am J Clin Nutr 1999; 70:
240-6.

of phytate and phytase in human nutrition: A review.
Food Chemistry 2010; 120: 945-59.


www.SID.ir

549/Iranian Journal of Endocrinology and Metabolism Vol 13 No.5 Jan 2012

Original Article

Effect of Phytase Supplementation on Zinc, Iron and Calcium
Status in Rats Fed with Diet Containing Iranian High Phytate
Bread (Sangak)

Shockravi S!, Mohammad-Shirazi M', Abadi A2, Seyedain Ardabili M3, Komeili-fonood R?,
Kimiagar M

Department of Clinical Nutrition and Dietetics, Faculty of Nutrition Sciences and Food Technology, Shahid Beheshti
University of Medical Science, Tehran, 2Department of Social Medicine, Faculty of Health, Shahid Beheshti
University of Medical Sciences, Tehran,?Institute of Nutrition Science and Food Tecnology, Shahid Beheshti

University of Medical Sciences, Tehran, Tehran, .R. Iran

e-mail: soodehshockravi@yahoo.com

Received: 22/06/2011 Aceepted: 09/08/2011

Abstract

Introduction: Restricted mineral bioavailability of minerals in Iranian breads due to high levels of
phytic acid has been reported for more than 50 years. Bread intakes still provide over one-third of
the food energy through out the country. Hence improving bread mineral bioavailability can play an
important role in decreasing the prevalence of many mineral deficiencies. The aim of this study
was to assess the effect of phytase supplementation on blood, liver and bone zinc, blood and liver
iron and femur bone calcium in growing Wistar male rats, fed a diet containing high phytate Iranian
bread (Sangak). Materials_ and Methods: Thirty weaning Wistar rats were assigned to the phytase
(Aspergillus niger) or the control group for 6 weeks. The diet was designed based on Iranian food
patterns and 34.2 % of energy was supplied from Sangak bread with high amount of phytic acid.
Results: Feed intakes, weight gain, liver and femur bone weight did not differ between the groups.
Blood zinc was higher in the phytase group (p=0.03), indicating the positive effect of phytase
supplementation on blood zinc levels, independent of the growth process. Other variables did not
show any differences between groups. Conclusion: We conclude that the addition of high phytate
Iranian bread phytase to the diet can improve blood zinc status in growing rats.
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