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ABS'r&,\C'I'

. . New4ai:s colors pta) an irlponanr role in looti a|il drug
induslries. In lhis in!cstiratior). s\nrhcliu dlcs qhichareuscdii
i;,.J i',r,.(rr l.,rr.rzre Br l.irrI C,.. ,,j ..r cr \c,i.'s.L,rtj.r
singlc or as a nri\turc oI natumi coiors (dl1 nrallor iealss and drv
r r:r<r'u s.'..r., "Il,,irL.\r,rt-rri. o)c..,r, rr,;,,( i,..,. u...,r r.
"eJJ.(,lr< h:,.|Ltul rtr(r o. .\nrh. .d (.rt, I(rut.r<t!Lnrt .,t
rr,rr,'r'rd. \arLrr-. c. . '". ' 'rt,c 

i( ..t. L.r.d rh.ir r t.:ur.1 .1
were erp(xed 1., gan)ma rals al difilrcii doies (0. ta arid ij (C\,)
t^ pr. d.., a .J:.. urodu., \Lrn,i,r.-rFr,rr.r,r.,..,. . ,,,.',,-,..f
to assess th,r cflacl of natural. and \\'nthctic colors- .rld rhcir
lri\tules add.d tn ll]aoaroni product or sornc biologilal an.i
bio.henrjcirl pr.rlm\:lers in th. seru of rar lroups. r.. totaj prureir,
albunrtr, globulin. AlC fatio.lolal Iitid. rdalcholeslerct. i1uccs..
ucaorijtc. alkaline pholpl1ates acli\jq. tr:lnsaoriraicr enl\me
o.r|'it. ll I d C\1 . \. nur,l^, r,...,,.r nc.r-rorf..te. t, .lJiii..,,.
rat orq.n llejghls (live._ k;dn.]. spleco lLlld gain in body r\eipht)
$.1. rl.rr,,,nc I I. m lirq 

"br..:nJd r. .uJr,. r,, b.. .,uJ.J,t,rr
lhe naturai pignrenis (coloiants) in the ciict of nanrral ard s\rrlhcri!
laod ,'.lur.r r rnr\rLrL .Jr, ..J.... ,h. ,.\i. r,t1 .r,..,. hJ
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I.gt tt,ottl. tlalto\1' le.tves n.ttttru tatorunls ' !(ttttt d ul'\i'\ '

,titutl coht'd t tu' ak) ittr^\le

l. INTRODUCI IO1''

Coloriug substalccs pla) an impoftant rolc in acceplinBrhe

dilGrent fooditufls and the assessment of their qualit] The! tre

usualLy added l.r ioodi to bc nlore atlractive to ihe purchascrsrr

"nnrrnr"r,, 
u. \\cll as replacencnts to naturalcolffs lhat i_!hihe

a.t..i".ut"a dLrring p(rccssi g (Rizk. 19911 ln l:gJ-Pr lolors t,l thc

.f,..f,,"' ,. ,.,,',n.l-'rr, iJa\trJI\ r'' nr%. o '' rt"(rr'

.-.,.,' f,i. rJ 14 Jul^r'hcin,,dJr,r ll r'rq'. rar '<orrf"c'.:'r'l
rurfLrrlunaleh produce lo\1 qualii) ibods' Ihcre \n' no conllol ovc'

.,"i ,i* 
"1."f.,. 

r,,a * irrer:itabll lcgislarron canl: int'r li)r'e' f (-'od

..ri.*,ut *,,, cdne li.,n naLlral solrr'cs or nra\ b' a slalir'ilic

,rJ,,",. fX rtt tt't" l"a addili!ei pcdraFi1ll!addiliol]ofcolori'
it" l,,u:a"rt p,,-'.." rL) justitt.Ilo\\e\cr.909'i ofL!i' colors lNed in

foo.l comc fioln a snrall qroup .-islnihclic iobrs ltre divc!sc grouf

Ln nai,,ral color ",u..." i" u"d in Aboul 109'; ol loods onli

rllfsminocr ./ irl.. lgqi) All Lhc s\ th'li' footl colorants $ere

ii"Uf" to ,,.. ilr pclenllall) toric de'rr.t.lation prod 'ts cilirc' b)

,i.i. ,,*t*.fi. trair.f...aii.','' ''; b: thc actior i)J inreslil1 l

,;. .. . ' '],r. r'o'lc'r"rdrrr 'r",t rrr ('r ' \ '1""

;,,,.;., .,r.. I P:'' ' " r" \ 'r):('"" oi

,,".l.01 "r,,i 
t\tilhetic rirr\i colof'lrrt nli\rirrr: r!'du'cd lhc ro\ic

,nlluerrces of iirge.Lcd slnthtr c dles (R"n rhn r'r'l I r DanLos\'

Iqii' r'il.r n,,il".r,'l- le')a: \btliLr "11 
l19l':nrl Srlrlr'rrr1

l'he intsLc oi l()ods rich iJr tarolerNids rppearerl to bc

asn,cilted wi!h,rptrnl31 1lcallll. and 3 r'drr'tic'rr irr rire ri!k olcante'-

.ardio\.rtcutar diicase. maculsr dcgerrL:rati':rn and cahra'i

.-,r,"-.., ...,.. ;" I .r",\ j.,r"lcr"',d. 'rlr9l, b( r< l''r.:hjr i:
,r'".- .*-,1. cr 'J.li L .:llJ. ' H\JrJ"'l'orr ''rr'rcr "i'r' 'u' 'n'

,.i,,, .io *,, 'dr"r(rr. orro .r.ol<'r lr Lr" r'd''c Ll' "'k' f

.arlce, and hcarl diseases. *hercai ox) gcnatcd caroteiloid5- such irs

i"i.in ".A 
r.",,"nli,r. ,,ighl bc irjn'rr13nl ii' the l'rot,.lliorr 'iLh'

.1o- O;o"r' car.rtcnoirl' 'iuch 
as lutcln- 

'rl'pi'r\xnthirr' 
alpha arrJ



.i.: l

lreta car.Jrcnes. aid I,!.ofene could bc re?.dih dbtatn.d tiorn lhe
diet. GrceD leaf_i \egetables_ such as spina.h and broccoli wr:rc
found tlr contairl both ox\gcrated itnd h\drooa xrn cari_.rcnoids.
Yello$ o! orarge !cgclaLles, such a! canots. ha\.c hilh l.vels 01
ain,r1 .nd ber. !arulcn... I jo lutn.,tt,e. $Jr<,^ult i, .r,,.,., ,*t
rnu..r'1. ,l \rupe|le iic.rJe.. r'e ne i rpor.lLr \ r.-r.r.\.uur.j
pro,ritamirr A carotenoids- s ch es alpha anrl beta carorcnes. arrj
lrl ptoxanlhin afpcar to pal1icipale iI cell Ceftnsc slstcfirs tlta! erc
.....,rr,(J $'rh raJi.al q-<r..r.ine \ui-t^\it.n rn \-,.,rLJ..
such as lutcir an,l l\copene. nrdorcarcllnoids rrhumanpiasna-
h.ive also been rcpollcd n) possess slronq and.rxidall criDabilil\ .

Jlr. rlr."r ,r,,t d1.,,1 ,.I(e...t ...r, r.rruri. co..tJ:,r. .t: r rrr"rr
.\.1, Ir rh,,.i,.'t."ti d.r.. rJrer|...ue . rrr rl.rr. rrr.,h: pr.,itrr,.r

rlela] thc orlsct of tfi cse chronic diseases ( yeum I 996l
in this rcspccr. ,^bdci,Ralim'lr/.(1987)tinndthal. \vhcn

rals !\erc edmirj(cr.d chlo[ophy]l or tanrazine,grccn s tni\rure a1

doscs of l.-:5ir.j i and l.l./0 : mg'l! bod],*,cirhr dt,i for -i $.ecli.
signiil{]ari increases. in ii,.er solLrble prcrcirs. anC piisora ASI
crlz)me acli\it\, \\ith t]le hi!:h dcsc. arC li'er ]^tsi and ALt
erlzvme acli\ities using bolh doscs \\erc olnrined. lbrahinr.l.i/.
i l9li8 a & bl administercil chloroph]1t or?tt] Lo adutr nrate albin,r
rl]ls in a sinlll! oose nl li Bn'i,g dier,(-,r rnll onc da\. anlj muhiot(

.nz\xre actirrties ijr niasr a, and jircr horrop(rrale. as .vrfll a;.
plrisnra giucose wcrc signilicanrll. higii.-f rha rhe lontrnJr \\hiie
lii,er ql\cogen uns signiticantll lo\\e. &nn rhe ccntrol. l hc\ aiso
.r''r-.d rhr rh. ',.rrr .ut.bli f . . r.......a .,..,: tl ...i,..

lissner irctu slinuiaicd b] pigmcnl admlnrsralion. /\bdou.t.r/..
i199i) obserrcd fiat the nariirai colorirls (cLr:curnin..hio ).lrvti
and antho.\'xrire) decr.ascd ihe tel.t d rorri tipids anrt choleircrol
conleft oi blood and Cillorenl rissue;. ln addiarorl. i crcajcs rrcre
relordeJ tbr plasml bilrn,bi as weli rs pl.rsnra and liYer sohL,ie
pr.,tein. lib. RBa r]ld UBC .orlurl\. GOl al]dCrpt luririrr jI
i.., I'i ..r,., ar,. i.r "... .i,,..':,...J l. ,..,:,.,JI.'r,,..,,r, ..
,riled ol iaod cclortnts on |lasiri,lran:arl]irascs acririr r,as lcss
iii!! iis cficcr urr li\cr. iirnh.rlrrdre. tllci r.l.,n.d thri prox.Lr,r{:e.l

,,.i.r:.,:..,r,,,.
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r:rr,Io: 1.. -\r'rr'(tr! !.i"l_Jrrl'. lh' ''rd 'n 'le''t " ' ''c

c.,,.'ll,rrr. rIr-..r.J ,n'o .r ',-r.l' I'r J" rr';Lr'run 'r xn\ r;r'( 'nill'lrr
.,rr.' r,r. ..i ''r\ ol' ;O l :,r, l uP . ''lio$' 'r h\ ' . r'rr<"r " 'r"li
rrotein m<Lshrlisrrr

\h.el \/ir arrc L \'l'r 'J'\ I oeit r"'rri'l'r"$rtrazir'r
allectcd herroglolrin ionlont. h.malircmte percerrlsgc e o the

,rrnl,., ul .".1-unA \1hitc blood ceils h addilion hemogl'rbin anC

hemarocrale pcrccntagc d.creas.d in a highil signilicarr manner

afler the lrc;tmer1 tirr ll d.+i. I he number of re( blood ccll! lras

.,1.,, .'! t:lr.r' 1 . Llr. c."ctl rncr r'<'tl 'Jrrl rr'l l l da"
u I'ile ir,. n r:h' Jl $ .il< L'r.uJ 'rl'' $J' ' !nificdl'rl\ 'n 'r(r'J
On the olher hand, tl-Shr:rhenl 1i991) ircixirxcdthar' lh' bod)

$cjphl sain of ralsledchlor(iph]liand(neen S i.hi8hcrdose) wa:

rign'in.,nnt. lower lhan {h. conr.ol group' l'he lood corsurrprtiorr oI

r?is ta botl d\es sas slightl) l$rer than lhe conlroj aaLl lhc

dlft.rencc *as non signiticant. Thc actiritl ol serum and liver

norn-:r, "1. \\l .r:r.r,.e,r..i:rlrtl:ar:t\ lrieh.r lr r' l.'r.' r'tr"'
r'I , .r \.r rrn ,rtcd. air ' ir( rlnrlr< 'rl ml' l!'r ('rher Lrr'(r' \ '"
.hloroolrr I sert hrlhtrrhrn lle.urrrrul.

\r,.".,,',...,, .r:rlr,.drs,:"1'f" ..;(,1hrl-''-Ird..t'
(carrot. pe:1 and spiiach) 1s h\p'riirni' and h'vpoclrolestetolemic

n*"nt, rcdr..,l rhe h)Nr-cft'e.ls, Lrul \'alues werc nrole rhan thal "l
,'i", r. ."n,,", .21. 11.6,rr,rl7.lhrrhr'1 'unR). I rnrr' "n('
rl1\, *cr(,rar'i.ted , d''c''l L'-'rrr :r'0 K't ' urJrltL"

in,:or:poratcrt inl.r rhc dicls No slgnificarl Jilterenccr ii lced inlake

nere cbscrvcd bet$een ttoimrtls l'€Ll o1l thc contrcl diel and lhose 1id

on dicls cllrtirining lC'i la", I\\r. 
'rtJi't'd 

lW (llan17r':0 ll'
ttrunour.la ii99+) srudied lhe biologicai rrtd brochcrrrical

cl{ecrs ,rf natural (chlo!rph11l) anC s}nlbetic ((;rc'!r S and {uns'l

!.llor).ohranls as Ncll 3s its mi\llires iieding using rals He

i-o,.,n,d that thc bndl lretght g:rir olihe s\ndretir arrd nanral liod

col.raJrts lcd mti was lowci tharl thal oi th' con{rd' llor\evcr'

i\oihetic colorilrts $ere rnore cii'e!li!e dra| :1aturrl oncs' lhe

,ri,,r,'.", ut \i'ntrreli. anri natu:xi loo(i c6inxr'rs { i : l r 1':ri nts irati

r|or., gain in bodl v'eighr sinil"r rn thc cheek iht iood

,,,-rrrnriu,, o1 th.j tered rtls durrng lhe tinre 'oLni' 'r1 ilrc

..1:",,,,icnt. L'ii :lighilt rncitascd 1i-!''ri\ adrrinistrd'Ll erIIc'
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nd rd, ,, ..n,r,.,,! _, i . 4 \,J .. I i: xil.. .:,::,1: ;1"::
.he!k. ,\ltD. llre tUoJ t1fi!icrrL\ trrr''r In

:.;;:,";'.': r,'i.r", ,''," qn'' ;'1ntrr't'c ''-\l: :: i:;l' 'I
rlJ.r ri( .rr(.\ l'rc ;'ri('r 'rr ' ' .otl', rf*,." ,;... .t,. ,,'",
.\nrhcric) l're\c'r'c I rlr<'( de\rJU'r I',.'l' ,. ,.a.,,t., ,n,,,.''. , 

'
'..r;lrt b,J' rrrrh' rJrr'$ F rcduced.'r'".".:;,.,;.,;,,..] ...,,
n,,.i,.,' :'''d c'r' r''|rr' rlJ"L\(r'.'n lf' '';,.-,,..";,. ,"-, .''",..,,.u.r. ,,",:. rtr..rr rh,, . r 11rLrar.i ,.',,1'. : ,.,.,,... rr.,,.r.d.r.,hJ
J,L. . jr.,,., *u.r,. .nrairru',r .l,.,i 

.'", 
,",,, rnr$r|i. ri.r r.r

,., 
",n',r,, 

r; l, r'' " 'r\flr 
|Ll n' lur'r1 (

Lhanst dre rrtlo l(lrt \r to loLrir"l''' "i;. i ;, -'''*.''','t'r'l;:""i].'lli:,',i,I';il.
., r..r.,-.rl r.,J.l ."r'..,',r' rcuiLr" rrr 

l. l'.;.:,..,,".,.,,,,,,r"i,
5\1;r-',' J\e'".r '$ _'i,'r 'anl:''l1N,"'' _,',,..,ri,, 

.-'n ., .o,.
..,ir1.,.-. 'hc) 

ror,,,d rnar tlrr '; ..] :.,,,",;;",: ,. ".,., 
I

,.,,(.r<J cirr,Jr .. rrr,.J :- l^.d (.,r''.U,''r'.i'in.,i,;, 
n..., "","n,, ,t,.,, n,,.,tr'., *o. 1n\\er lhan th< cuLrlr(

ll.,',', ' ',.,"''"1 
:rrnr"r':"rcl r,r'< I' Jr'' 'i'l''rce'r(r'r''

l,,iil'",. ",',', *' 
r'jr:'rr :e'r(n rrru J Lrr''' r'ri\r"'(''J J'i' r'

to'u-''luton 
r/ 'rlli999) delernrned rhc roia I hcrroglobin ples$ra

, 'ill:.. ., .,, .lJ:' : :i:'' .1: j;:."1'il:i
rLLr\ lllcs ln Lhc r\cr Lu !tuJ\ lh! !rl''

;.j.;,''; , ,\',.\:''\ '"lJ ' ,,1'ii"',,,,1'i|i11;1.r, c:r "*d .r: l ''d iJJ ri\" "', "ni ..t ,,, o.., 
-,f,. 

'',r".,' ',.,u,di.ar.J rhrL ," ' o,u'|r\ ',,. f''.',,,. :,,,,,..r,..,,",,,,,r,,,,
r^r,rcr'nL. .:rrJrc ' 'nJ 

ll":r rn'\r'trc' 
.n

-lii1r:;: ., ,,; ". := ", t: j i;:].'tl.':l;l;.,'.;,:
,]trc DrL,.tfl.rn' c,' Frr€ I lo lh( L!nrroL

.r. r ,J rlo:r,rr r''rC rr''5rel('r L'l.e '1"''l'ur(d'\rrl'rl'En"r" rr

;"..';., :.". .,, . ".",11:i::;i,:I:,I::il:
.'r"jr r'3i,.r rh' "'."'' "''.' .':i:;.1..,....,,,..,:r,.,..1 

"..'.,,".rr.{nr-r \.,r.'(.. t'11,.'rt'p"t ',''""f -. 
,,,, 1,.,.,. t,r,r,.i..,, r..

r""r - lrh'rpr "'r'''rr'<''t ''.t'. ,',1'l-.;, ,.. ,,,r.,."..',.. ,'.,
,o o i,, dUl'r' ')I irJ i't' "'.r,,,,.,,. '.,'.,..,., 

.,.,..,r
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col\)run1 and thcir miritu.e. I he] elso lhorcd rhat carotene acted es

an mlagonistic faotor rn ihe to\icil)' 'i'ftartrazinc in 3nirnaltissucs

lor ali cxperiinexlal anal-!sis. this indicaled thal !ralural fbod

colorant! rcduccd the roxiciB'ofs)1r1hetic lootl coiorants lhel] lite

nalural pignrent !\as ing.sred logeth€r wilh the s\lllhcric d)e used aj

tirod additives.
ln the prcsenl stud). Fadiation was uied in an allempl 1o

inlribil palhoginic orga,ri$Is and molds i'r thc used material\' irr

this rcspect. rar\ materiais (dry malkn\ lca\ cs . l1'mato \\'asles tlL'ur

.in.1 senolirr whent 1'lorr)- s)rthetic colors (arlrazire,lbrillillDl bluc
'rtrL!rt" a"o'un'(r "\(ll'" Iard 'L<r' rl.irl'r'<' l ,rtcr"'\no (d

r, \-,adr.ul, at 0. :,':u..r , 
_ l, r,\ Ihei \e..garcd..rrr.plc.t,rc

.rt,pl,eJ lo prUl."( drll.r.1'l rrr;''.r. ^l .n-.dror r'uDrl<rn'r'r d

wlirh rranual anii s\rthelic .olors The produced micarofli ras then

used in a biotogicai e\pcrimenl to in\esliqak thc e1lect ol loxrc

resiLlues ol slntll!'tic eoiors on the biochcnrioal pirlamclcr oirat

]. MATEI{I,{LS d\D \ITTHODS

2.l Matcrials
f$o spccies trlrtgctables oblained liurlt ihe loca! markcls irl

(lairo \ere used as a soLlr.c ol_ndural colors. mxilo\r ll]r\cs ( lr'r,/re

. r,tlirt n; r.rn,,u.','r..'/r..71 r".'", ' '' r/'r;' \\ "1'

icod!: No 500) 
"cre,Jblailled 

f.o Kamina Co. Es)'pl. llarc $treal

i.ot,r \trititu r,r.'!lirrrr) uas o! lned iIL'$lh'clliB'1cr)rilli'l
,\.'urli (lairo Compan\.

2.2.Mcthorls
2.2.1.Preparatior ofthe naturrl and mirtu!'e colors

\\iashei rnallol\ leale: and nrnlal. 115stes were dricC in rhe

r.:en rl 6iia- urrcier vaccum ior 24 hr. ltrcn nrilleii lo lin'; poriCel bl
..'r r ':rD':Jiot Lr.\r ftr .r'l' ,.'ir'.l1 rra \ :n'i (;'d":nt''
Aii,ramplcs (iulural. s\ nlhel;. 7ii'd lherr r!ixil]r€ ( l : 1 1 !\er. pilci.ell

Lird.. t);rnqen ir xrcl.rlircd poilrrr,pllr c bag!antl ilradiiiiti a: ll)

.r i j (.ai). rLsinli (.ri' grirruaccll {ri r :ios. iirlr ol 6 ;7bK-.C} l:l
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lolalcd at dte \atlonal Cenrer lbr Radialion ltesearci and

Technoloq) NC RR I ). r-asr C ii, Cairo.

:.J. Prijpararior,,f 'Jilhrcnl hlerrJ\ r,f mr(aroni
Diftirent birnds of macaroni n.re prepared i)} parlial

r.placerrerlr of semolina \\ith polldered dn rl1allo* or lomato
naste and their mixtu.e (l:l) as sho*t in Table (i). lhcn.thc
diflirent blerJs ,rf subslilulcd ma.aroni uere processed accordilg
io Dexlcr er rl (1990).

Tablc (1.): DilTerent blends ofmacaroni supplemenled 11ith the
colors uoder

hgredienls
rlour

m!
1000 100 t07 0

I0{lL) 300 0.1

1000 t00 0.i
l()011 r00 291.5

Synthctic yellorv r000 30c 0.1

N4ixture vello* 1000 1)0 29t.2 .,I
Semdir1a 1000 .i l)0

1.,1. Il\p€rimcntti Aninrals
,\ nLrmMr ol 191 nralc alb,ino rrli .blrrin€J liom llc)\L:tl

SriLtion- alairc. *iriraninitiaiboill .\cishrs rl approxinl.rl(i\ 5l) {i0
q $as us.d I(n the biolosi.al eiperilnctrl. R;lrs $err kcft iln
stand:ud djcr (nccod;rg to Lan. i'et. ."d Peafson ( l9i I ). tar t\ro
$c!l:s (adainati.,n p!rlod) anC ther l"rrr!LrrcJ to tlrc erperir:r,:ntri
diers for 90 days lcrperi,ne.lii periodl. Titc rets \\cie di\ided
accrrding to the fccLlirg lr.atntent intLr:0 srolps as li)lio\r'i: (iroLrp

tl) cnrlroi aninrali fcd on normaldicr. group(l)rcgati\econ',,o1
aninui' led orr dicts ol r:racaroni *ithour crlors; giriups (-] 1(r I I )

ini:rair fed on diels ronr:rining rracaroti s'ilh grecD .olor nn'l
groups I l: ro :0) ari)riil! lad (rn .iiel\ conlainilig nracaroni 1! jii)

)eiioll rolor (fabj.l). AtLheendlrf llru!\prrimenlal period. bod)
t\cight g:rin \as calculaied. lhe senrrr sanrples ricrc collecrcd d

kept el lil"C lin biochrmical analysi;.



-126-

Rats werc killed b! decapilaiion ard rhe livcr. kidnc_'" drrd ,pleen
$,erc sep:rated from each rat and wcigh.ed.

lable (2): Differcnt animal groups [ccording to th€ tested diets.

Ii conlrol = Negatjve conirol rni.r.arcni \iirirout .oloai N.\l...Naluiai
rrallor! lerrcs: \'1 \l:\ljxurc (dried nrall.\r l.ales and synlhelic l]rcc.
col.r (i:l): S) G= slntheli( g'een.olor: N i=NaruraldL1tornai.$altei
N1 I = lv{ixtur. (dried romakr lvasie and the s)nrh.Lic su sct ycllow coior

it:l )r St.y = s)rtheric lello$ .oior.

Group Cortent Casein Cor Ccllulos Salt vit. Starch

1 20 l0 5 { I 6L)

\. Control 20 t0 5 I 60

3 \-\{. 20 1r) 5 1 50

\{.M. 20 i0 5 4 l
iv.G. 20 i0 .t I 60

6 \.M. l0 20 l0 5 ,1 1 60

u.rit. r {) :0 t0 5 60

8 20 l0 I 60

9 N.M,15 2A r0 5 I 60

10 !1.M.15 2A r0 5 l 60

II ly.Y. 15 zlj l0 5 I 6{)

12 \,T, 20 10 .1 I

t3 \I'I 20 10 I 60

I,l sv.Y. 20 t0 5 'l
I5 \.1. 10 20 10 5 I

t6 \.t.T. l0 20 10 I

11 tv.Y. 20 i0 5 .+ I 60

t8 \.T. 15 20 t0 5 I l 60

t9 vI.T.15 )a t0 5 60

:0 t_v.Y- 15 .10 t0 50
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2.5. Biochemical atraitsis

-. 
SerLrnl rotal prorcin $,as delennined calorimctricalll using

B.- e. merhJd a...^rding r.. llc-D { tobtr \erurr rth ,r,i, trd,d!'-rnrlcd dr.u.d.n! .o lrc nrirhoo ut trournd ,/ at. t,s.|).
Globulin *.as calculated by thc diflere,rce berween total soluble
plotcin ard albirmin. Serurn lipids includirs both iicc tarh,.rc;.ls
d d .h,lc.tLrot \.(rc dLrerrnin(,i a. ru lir;J b] {\,rm . .06.r,.Tur.r .\ule,r(r.,t sa. oetrm,i ..d l\ rhc e,,r.,,,orr. ,n.rl,.,r
rc,cr,h(d h. Richn,o.d ,lo-:. r.,r,,, flr.,,*l ,,,. ,.,.,,";;

acco]1jing to thc enn rllaric method of l rirr]ei 11969). :{spairate ar,il
alanire imnsaminases IAST and .ql_T) acti\irics \\.erc cstimated
colorinretricall],according to the medod ofReilman and tirankcl(1951). Serun atkrlinc phosphatasc acri\ii! \ras dclernrine.t
--. rdi, r ,^ .tre n(ltr d . I l(u\ { to-,,. r.errr r,. r.,, e..i,r a cJ
u(r r" ,c \,Ielr. rn-,h. d or lt(nr ,.u .1, Il( iuSl,,hi
.onoentrirtiolr (I{B) axd tlelnaloc.ale *ere csrinatcd according tr_.
the mefiod Lrfl)acie and Lcris- Ii99t).

3. RESTiLTS AND DISCL SSI0I\S

,\ ierl iri\cstigar)rj obser!ed the heaith., e1l.eots ol.ratural
colorauls. *h;ch hare h\po jnrensi\e i.ilucnces on thc to\ic !t].c.tsol' s)lrlhcltc d)es uscd as irod addiLi\.s. Ilolrercr. nrosi
expcrimenrs $cro carried out to c\'alualethc relationship bc_tu.ecn
chlorophlll rnd carolcnoids as uatural ftrd additives and rarrraTine,/
brilliant blue and sunsct yeIos a! s\nthfric loo,t cokxants used 1iI
loodsrut"i

3.1.t1l'erls ofnatural aDd svnthctic food rolorants (greeD rotor)
Dillerenl scurces of uninadiared or irr.adiaied color i.E

'Jurbl ,'dr\ .\ he . ,ida,d/ilti bril,i,Ln. brrrc,
iind IFL ir rri\.,'re. s<-e l..ot !r.r \.\:r.udjcd

. lheresLilrsinTabt.(t)sho\\ lhal the highesl vallrcs in scrurnlrril prorr ,. \c,u..l tJur l.p,r. .\ ., rrr. h( .,tjuh n JrLr
h(nrJru.rdlc $prc inLrJrJ n r.r.,,. J Jn di(l r. r,r. n(d nrlur,l |.d t,,*
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Iea\es (N.M.) bcrng ,.i1. .1r8. 1.81. I-i.i7 and 13.10 eldl-
resncctivel),. I{ats ied on naturalrJtll.rw lca\cs at 15 K.(l) (N.N.l

I5 k.Cf) shoicd thc highesl ie\els o l aspa! 1iilL' a inotran s icra:e
({Sl) activitl, alkaline phospharcs (Al.P) actilit}. creatnnre and
glucose heirg i39.9.1 l,,inl. i57.ii L:inl. 096mgidl-and 1Il.-11
mg/dl . relati\€ lo cortr.rl. Whilc ihe lo\\'est values tcre recorded itl
the casc of lllobuiin. lolal lipid ('Ll ). tdgllceride (1.C.) and

choleslerol tbr rals led on diel colrlanled N.N1.I5K.(jt beirg:.5I g

,/ dL .1.08 S i dL . 8;.58 mg 'dl and16l16mg,dl-.rclatirrt,r
conlrol tln the olher hand . ro changL-- l\ri! Lrbrcrv.d ir ril1nini'
:uninotransle.ase ( 

^l-T 
I \alue in;i1 teedirg grLrups. Lciatire lo

Diets supplcmcnted \1ith natLrral fuori .olLrrants o!ri) had a

slighl stimulation ix rerurn .rnallsis. Thc.esul15 !ho\\d thn'rthe
llw.sl redrctionrinAl,Psetj'i]l. II-.] (i and clolestercl \'.rc ir1

ih. serurn oI rals lcd on diei. $ith natur.ll tiiod c".ioranLs
(N.M.15k.Cr. ).

tlata in l able (l) rc\.al rhar rars ltd on dre dicls corlaininir
lxture eolor {dr} nrallo$ lea\es \ith Lartrarin. , brilliartt blue

{Nl.NI) eith€r unirrLlirlcd o. iradiareC sho* sdrre cha|ccs ir rat

ierum c()lrstituerts. Res'r11s sho[ thal lhc vaLucs (r1i({al P(\cin
rarrgcd bs6\een 16.60 6.80 grdi.). albumin (1.00 l.:0 g.,dL )

qbbulin (1.50 . 1.9{) g/dLl. ArC ralio(1..10 Li0). $hilc th€

acrr\ itier oI J.S I - und ,\[.]' enz] mes rangcd bel$een ll') i 50. 15

l9 rnd lll5 165 t,,nllrcipec{;!ol).Onlheorherhtixd.drennlounls
ol creaLrrir r. 1.1.. 1.G. cholesLc.Lrl. glucose. hcn:oglohin rn.1

helrrarocrate \rcre iD {crungc(]1 0.90 1.00ir8rdL. 1.10 -.-:{.1g,'1.
105 ll6 n1g'd!.. llll lr)i ntg'dl-. I9! liil lxs,il. ll l6 grdl and

3r- .18 gdl . r.\Fcriveh. lr $'as ohseneJ llal lr:rtuml 1i,u.l

c.rlorantr in their ni\1ur. r'ilh svntheric Lrn.s decrtalcd $c
(irrulaii(nr irlllLrcflc.j olth!'prescrrt d)es lvhich \rere uscd as liod
dditi\'cs

From rhc rcsulls if lable (j) it coul,l bc nrn;.c(l thar all diels
rilh s)rrheri! green c(llor,"arird in ihr'lr efl;.t! on rlir Iiflcr.nl
semm co slrllrent s raluer. A \ignificarl ir.rci.llc 1\as olrsened in

rars Ld on diels cither unifladiared or irradi:Lk'd {\} C) ir AS l.
AI T xnd ALP actirities:an.i !:lucojc \alues. li:additi.,n1i)1|e
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Lr!:Iru|L \dL!. in 'l\ .a'( 'l il1xJ)"r'J dLl '\\ r' I' K r'\'
'ii";l i:.r 'i" \,,,,i.,i .(runr rr r(, r,J.' ,\.!nr .(
l:::.:::',t ;,'',''.,.i"'','"'r''''rLi<r'rs L' h'"' r (id:;"

;::':;:,,..;,.. i;h,rr ..,',r',r'u''r.:. :::lli,,l:,"J,
ierrcrlohin arrJ h(nrsI'''riLie hrU s1rlnr (r

"-,",r1.

3-1. l ffec1s o{ natural :rnd s)nlhelic [oo'l colorsnts (dr.'\ tonrato

Faste anrl :uns.l relloE cohr')

n l,",.-tr__ '","ttt * urirra'_li"1ed (ir ir'radiareli colLrr i''

, 
- 

ll. " " ,. -.,, ,. '\Ln'c \(I'| $r ,d r{*ir

' " '.. ' ' 'i"':"'"_'"''_' *;];,;], '\ ];::. :llll
,l . ,,rl ..r 'r rLc\ rr. \ErL.r t'r'11 P!rrl!rn'

. ,.- 

"no 

r'i"r"_-'l_ "r 'nl:rrr'''r ''l'l''r 't

,-,.: , . ."..; ";" 'r're'\r'^r':-'"cr :'s-

:l:: 
.'i 

,;. l;i -,,'i. 15.0e edr an'il 1r |e gil rcsPe'ti\'i)'

;"i*'i, 
"' 

," ,n.,, ..;; ivhile"ttr'1o*estialucs nelc iecolded lot'

ii,.i'-l.i ,"a cholestelol in the !:r(iup icd on dict corllaining

n':i1,, ltr-'n",,,* ,a.55 L"'!l sl's+ ms'/dl ard l:'106mg'di-

r--.DcrL!ch. r(l3Ir\ e lo LL,rtrul.' ''''.' i,,'1,"r\, L' r,\'tnL ''ur'r' ""i''r""r' ': rat'reJ"rr

,"l."i-ritj'". 
'r,r"il"i"'l 

""tn'o"t 
n1i\ture (d[ i.,rnan] \rirsle drd

:l;::.:i"';";) 
-,;-..,uLr 

b' noticc'l trrar rotal pr()f in- arbunlir'

ii]];;ir,,l';';",,i, ,lsi"tr-t 'l t"re"t, ine -<'rurn rot3l1i'rid'

;-"ilI'i r-].i".ii". .iiot"""'ot' ""'n' gluc.sc hernoglot'i. ard

;:.,,.;,,,"r,i, r r.r\j r \ :nir;':'r'"'''"""

,";i:i .;l. 1 ;n. . "-' ' ' r' 'i-:
. ,,.,,,o" ,-" .i: l''.dl'' n.l.d'' 'nn'r'ri"rrl'' t ".^ l'
.'', f,,-"""t, I L,nL'".lrj': ' r'rJ " 

'L"i'r"n'c" r'"

r<,d'i.r , hJ ror' r" ' rlu" r '' 8: " ll '
'""i", 

^ 
r"rr'r' n lJl'lJ ''' '"\" l' 'r''rr"r' \eo"'r "l

;*0.r1"i"i..1,,,f,.,i" color (i5 kC\l laused the !o$e* decie:.r< nt

i)i,'.,ii,. ',''*,", 
".1 

lipid anLi httaLr'cr:r*vhi'ii rrr.: {l 6i l'6tr

;ii. ;.i: ;r;i '.'p".,i,i"h. 
rc121i13 16 1""*or whir,. rtnirradraic'i

;,i i..,a t"i- ,ir"i" r,h .i rrrhcti': color ( si' \" ) rhowed a sisn ililt,"r

ii:;":.""';.;; '.i"i i,..'t.in. gt1)r"'rin ASI, Ar r' Ar'rr' and



,.11t-

giucose. AIso, rhe diet S\ Y.I5 l.Gv rc!cal.d a signi+lcarl decre.rse
in serum albumin. trigllccridc. cholesrerol and hemoglobir bcilj:
l.0l g/dl. 60.1j mg,rdl. 101.68 tngi dl and 11.25 gidt. rcspeciivcl)
relatile to thc control.

II is well koown lhat fi(: serum protcin consisrs mainlt,of
albumir and Slobulin. It is obvjous tha! thc cxperimenral food
colorafl Jieh nright sti ulale albumin bios],nlhesi. relati\c to thar
of the conlrol ani dls. ln lh€ same time the prcserr rrealmcnts nra:
bc irhibited or unchanged the biosvnthesis of globulin Narural
pigmcnu iD drei. mi\tu.c imprlrlcd thc krio Lra,!C. Ir mcans that
naiuial lood colorants ma) slimuiarc ihe prtrccss ol proiein
bioslnthe'is 10 reducc the kind oJ protcin Jral decrcascd the toxicitv
ol rlntheric d\cs Lrsed as lbod col|rants- Theiie results arc ii
agrecincnr rlirh thosc of Hamouda {lq9l).,\bdi.l- ltalrinr.l .r/
.( l99j)r Salajr r/ .7/. (1999) and \'lohamed (1999) lhet li:iund rhor

lood cclorarts stimulated the (ansanlin:Ne acri.,ii] hut s]lllhciic
coloranls !rcrc rnore efticli\e ihan natural oncs. lrr th. mcrnlime.
nalural clrlor:rni! in nrixluros with slnlheric dles ioh;bit.d th€ lo\ic
influences ol sYnthetic dYcs in thc anin1al. Salal ( 199,1) found that
s)_ntheti. dves significaurli slimulaled .\l-P acrrvit\ in e\peri rentai
rat plasnra. fl1e present iludl indicared thal lhc load and kind oi
slnthelic and natrral to.d colord.rs irducted into animals for
assimilalior at an] tnne mislht al1.rthc acir!il} ofenz_vrnes such as

ASl, AI-T and Al-P follo\\ed b' changes in c,verall prorein
mckbolism. Ac.or.jincl). somc of i. emino rcilj \ere dorrinaljllq
and convc(ed lo glucose This \as conlhded b, thc daia ol Lrt(x)d

slucos€ in lhr Flrcs.nt study. 111 connclrioD. the aminc nitrogcn *as
c\creled as ufea and crealninc. Ihcrc alsc !1crr conllnned 5_\ lhc
rtsults ol kidncl lunctron pa(l) rsported in rhe presert stud)'. OI
lllcsc bascs- a relaiion rnighl exit hetrveen lirotcin mctabolism arrrl
teeding on iood coioranls. Al!o arimals in irrotcin biosvrth.-sis i).r
leeding on liod coloranl\ nceded a high ,tnrounl ofrich phosphare
stjmulali(nl of ALP Iin that stimulation of .\t.P \\as impr,rrant t,r
s pply inorganic phosphatc rcqu;red for A lP slnlhesrs.

The present worl aErced with Salah (1991)and Mohanrcd
(1999) who lound that kidne! iun.tion ofrats fed on s\nth.1ic d\es
used as foL.d addilives has changed in utich rhe plasnr& lelcls of
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cfcahi!re wes ii!!njlicanll\, iilcrcased rela11\c t) thl)sc ot lhe c.rnrrol
rnirrrdls. l he pr(rcnr r.suks are also r linc \rirh those oiHanrorda
( lq94l and \,lihanled al999j. liho lound drar sornc decicascs !!crc
ob:ier\ed ilr lL,lal lipids ir! th. serum ofrais tld or tbod coloralris
lvhich nra) be anributed to the ralurc ollheir cheirj*lstr.ucturc
ard io faftl- acid bios)rthesis precurs.ir (Ac(r! I CoA) \ihj.h *a!
lransfened tLriard encrgl meiabolism. T'hc rate o{. lipids
hilrs\rlhesis \la! reduced and thi ftte of their catab(rlism \\as
stirruhled b\ rhc addjti\e induclior Ho!\c\er tir. fuod cotcranrs
harl a porrerfirl h poj ipirnic el}lcr

Nalural nroti col(,r3rt:, acled as arllx{onisli. a{enrs a!.In{r
., r.,rri. . i .r* rir,. rnr, .,. ; .,,rJ.rr,.,,r \,rh , r,,.

llanlouda. (1991), Abdel-Rahirn irr irl .(1995). and Ntotrxrned
tl9rj9) "ho -rbur)d that narur:i1 pigrn!)rlj reduced thc high levetoj'
blood glu.osc \hich Bas pro(iuccll Lrl :i)nrh(.ric dlei {forll
additr\cs).,\1so blnod qllcoic,e\cls nere incrcased irr rais iedorr
dicrs r irl cirher nanrral or sl rthcliij [)od coloralts. ilo\\e\er. lirrr
giyr:c,ger (as dccrersed b\ 1Ic \arrc ircalm.nts. l_hc ; creare !.a
hlood gluco,,c ;r rh. lrcient ivori mal be duc lo the p,trco"e
produclion aier iirnd col ants nduerion h) qhcogenot!iis and
eiucoeerlsis plocesses. Ihis lesulr is ilt a.grcernc| rilh Salah.,rr,,
( l99q) \rho rcNrted tiftt ihe ro\ic !llc.s ot !!nlh.ti! d\e drcts nra\
,.J c. .,r .rr..t'J( I \ rdt.l ,r p..,n.', ,; i'f'.,.,.. ,.,:.,,.. .., ; i
:)ndrciic d\!s. ln olher !\ords. narLlla] focrl cc,lcranrr hed
arlta!.oriiiic el,'lecA on thc sll,h.tie Jlc-r L!lcd ns tirod nddili\c

i.-:. Iffects offr,rd retora$rs or liodI $eigh( gain
The bccil weii:ht glrin oi rars icd on die1s.,)olaini q natural

'rrd 
.trr I e,. -.,o. .,,r'..,,.f r,..,'"rrr.r< r... r.rirr".r JL.r-,r-

.1,. -..1(..,...r |'e. ..".r-1..--r. 1,. td,. .,.r rtr, rt ei,a ,

in b.dl e,eiCll of ra& icd norn.ri drcrs (control ani.rlls) re .hcd rhc
raiue ofI l,i {)l 3.

Tr. di:i,r cortrining 1\,l.iv1.l shoB.d thc rnr!\itnum gai ir
irod\ !\eighr lolioi\ed b! rarr led on die.! coniairlins l\r.\.1 (t0
k.cl ). N.\{. Nf tu { Iik.G:).N.v.( }0k G} l.N.i\.1.( t:;k c\ ).s!.aj..:ir.
G.(l0l.alil.arddr.n !) C.1 t5k.ti}) Jiets. respecri\.ci) ln cor,irar\.



the slilheti. gree, color in rc die! caused a decrease jr) bodi gain
$eighL conlparcd lr'ith thc coutrol. I_his meansthar nahnal!obranls
supnlemen!ed !iith s\nthetic ones in rlre a0irnal diet had reduc.C lhc
io:.ic eilbcls 01'slnth.Lic d,ics (-lablr j).

The rcsulls in ( Ia'rle 6) rho$ rhal the slnrhetic \ellow cojor
in djct\ decreascd the gain i bod) *€ight compa.ed \1ilh the
contrnl. l_he maximum decrcas€ ir ralue was obsened in thc case
ot S].\'.I5 K-C] (I95 8l g.) and the hig|cslincrcase \alue \ras ill
1llc lroatment of lti.'! (i0K.Cl) 154.70 g.. relati\e lo the clrntrol
(210.4{ g.). lhis means drat natufaicol,).alts supplenlenr.d $rth
slntheti. ones in the arirral dicl ieduc.d thc to\ic cifc.l! oi
slriheiir dtes .rscd as loodstufl_. Ihe prtsenl fesuits arc in
agrccnrfnr \rith thosc olAbdel-Rahim .r 11. (1995). The) fbund that
rats led on slnthetic ercen rites as food c.rlola,r(s !\ere
charactcrized bv l(rr, gro$'.tr laler .onlrared tur the !on1rcl but the

r ixlu re of n arurel er rd r\ nthet ic green color rlnd l]'carotenc rcduccd
thc toxlc ellects ofslnthctjc irrod coloranrs. This mcanr thal li)dd
loloranrs |a\,e significanl anla!:onistic el+tcI ol slntheric ones.
Also. the r.sults are i]t harmony rvith llamouda (199.1) lrho repolicd
rhat.hc decreasc ofihe bodt r,\ci{ht g.rin ma} be duc lo lhe compler
beiveen the iood colorants and lipids oI ba\al diel and thc
cnrlmatic cliecti\c tbr grorth (Abdel-Rahirn ur r:/.. 1989). In
adCiticn. thc rlaloral \ello\\ color \!a! carotsnc ihat produced
Yiranin ,\' needed lb. go$1h. {Suhamo md l\luhilal(1996). 1\ eil
i 1996). a d Salirh ,1.r/. (I999)) .

3.,1. flTects of l'ood rol,rants on ral organ rlcigbt
Thc lirer is the orsaD conc.nrcd 1\ith lipirlrreL.rboLisrri llLe

olhlrorgans. r'hich has un .t1oci on l,pid clrrrent ofth. lner,r1'
rnosl animals (a!crages nb.rut 59,1,) bu1 il d€p.ndi Lrn rhc diel nnd
aninrnl health under thc iniluerce o1 larii-.us patholLrcical and
physiologica! rji*urbances IIs lipid coui.nt under thc inllucnce {ri
dil'lere1rr diers lnight be due to the accunulation ordecllne offels
(HaDrouda. 1994).

lhc resulls iir lablcs l-i 6) sho$ thal organ *eighls Bire
changcd b] increasing or decrrasinS relative to rhar ofcontrol rats
Data ol thr liror- kidrer- aDd spleen weight olthc cllcrinental riils
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lirJ on fiyrnal and upgiudcd diilerenl supplcrN(nts a.s prescnr il
labi. (jr IiL,m i|c rejuis- it couid bc oliced rlat Iirer rvlci::ht tike
.i . .rj.n. . r.;'..rs.,,,.1 "r'h rri..,(,,n.i h,,i\ *,.,t,,. t.s.r;'rr,ir". .l l'\.. \.(r< rt,r, -8:.8ot 0"n. .'it.snr,

lu.l i. ll :E 
",ro 

-. .l !. .erar,rr r. hr ., r:r-ot ,, | \ !1 . \t \l .
sl.G.. N.!1. l0li.Gj. NI.Ii. l0kCy. 51 C;. t0k.c),NL,t t5.kajl.
\1.N1 l5k.C} ard S.,.c. tiR.Ci_ relpectiveit.. Atso djels L)i
s\n1h.tic dlcr *erc nrore ellcciiYe thaD nattlr3l pigrJle t (lie1s.
\'lcreover ratural pigr]rcrli in nlixtures ol nttural and -{vnrheirc

,L rc(d rt,(.r ,1Ic.... .,t , rrn.:c..-, ,, 1.....
'.,i.i, ', u.. .I li\.r ...'-hi. ,,crc .,.cr
(S!.G i-ik.tl) ) il iome lested rats rolarive 10 dre corrtrol lhe
incr.rses p.oduoed l)y lceding on \'1.I{. uci€ morc then lhar
obser'.ed lbr all othcr Lrettmenls lir tesied .ars

\'lean*niic. rhe rc\uirs in lablc(6)rcler!l rhar Lvcr \ieight
ranss.l liorr.99s10 it.t0 g lor rals tad on dicrs of S\.y t5kai\
h,.l \ | . ",.1r... '-i.. k(.r-I,. ir 1"F.. r,7r<.<. ir;rr.-r.. r

nalnral aod s),nlh.'ric li\rd lolu.anls Lrn kidnc\ !ieisht ol rho
e\t1e'rir\.'t,.i ra'..Jd. r' l^ti.,-at. \..,.!lLalr.,<t t\ tea,i h.(.r tnJ
$erall- such as lars frd on S).C15lCy.1hc iaiue !!r! t.ri9e-\lri\e ,r.rc i, u|...,, l:,l.rJrt,e-rr,n; J,r.(h.-.iJ:tc ,Jr(\
i.r!n,. llrr? ri, ldi.l!rn,.lru.. r."r li,l ,<r s.:hrr.,;rseJ,Lr$..

q ! irJ :- .. 1... r,..,r1r..*er'. .: ti .'i.. . -,...
l.9l- 212. :.0_i ard Li)o r ii)r \1.,1.T.s\ \'..N.T.t01.(;1.
\4.110 i.G), S).\' l0 k.{ll. N L tj kG\ \j t i5 i\C\ and\,.\. :\,; ic,rr rrr.rr

fhe same i.efd vas obsir!od if lilc case 01..,oiccn $.iltrl
rclali\c 1,r rhlt ol the co:rrrcl anirnais. Tire da|ain f;bic(i)sh.r\\
lira( thc spler| qcig|l valu.s \!ure 0.j9. t.i-1.0 _/-9.0.65.0.t:i.0 ij+.
0.57. 0.;5 ard 0.35 g ibr tie ao0nais i;d .n lhs dicts N \t . \1.\t .
S.C. NNl.l0 k.Cr-. iV.lvt t0 l:.a;). S.(;.10 (.Ctr. \.M.t5k.!;\..
\l V,'({,\Jn.r\(, i.t, \ re.l(.r\rt\

Rcsults iD Iab u i6) shov! thc spl€en \\cielt lalres rciJlir -- r.
the con.ol. Ir appcars rhal rhe Iighcst tcycl r!ai 0.8-i {. ru ilr.J ca:e
ol lhe diel S_!.Y.15 k.C\. uhile \.T. hai th! toN.s1 vil.rc o[ir.5i e.
r.ldi,\. t,, r.. .L.rllto.
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Ihc ind ction ol r3tural and sltrthetic coliJrairls andlLeir

mi(urc. .haDges the bodr'' Iurrcljons bul natura, collrrart in fie
mi\1ure \\as :}blc to ovcrcoDle impai!cd firnction\ causcd bi'

s\nlhciic ones: it caused also impr,rlcnrent in fi. apPeiils tL' food

a;d in!.cased the darlv lood inlake',\hich lollo\\ed b: readiNrment

in the gaiD iu bod] weighl. The pre..nt resulls ar' in lender') !\rtll

rhose oiruilcd b} Abdcl Rahirrr e. a/. ( 1 995).lnd Nloharned ( I9e9)

I he) lbu d lhrt )ratural firod coloranls reduccd ihe lo\ic efiecis 
'ri-

Julhclic on.s irr oigans lisstrcs. Al!.- Ahnorr tl t19t)1\ard

ialal ..i;1. (I999)flu d rinii.ir resnlls i Fhic| Dltluril pigmenls

reduced thc ro:ic ellict! LrI stilrhetic otre:r' ihe incrcase or dectcasc

oj liver \\eight rclalivc lo thc contfol undc. ihe irrllucrlcc o1'Ciflirctt
diets rnighl tre due to Lhe accunrul.ltiorr or r'dt(ri'nofi;rs ll-,.

abn"-nnal cflacr\ were noli0cd trn reierive orsrn \\cig|1s oithe ii!er
and kidne.. Nhc l.tls \\cre lcd naturdl or sl lheli. ibod coloranr\.

h can bc concluLl€d thai the increase in the a!'crage 1i\ er ||cight b)

.,.....r,, .n!...t u,, r -l rc Jt - LI(.1 r" rlr, . ,i r'rrrt. r". ';rr':
rumcric ctfccts. t hcse ellects !!cre reduccd in lhe casc oJ n:ltu'al

and slnthctic color'ant rnirtirrcs a\ irllallLriristi. cllict Also.it mighl

be idlributed to that colorallls cau"in3 a hrpolipimic 'rnri
h)pochoieslcr.lcrric uiii.rs.

\1an\ published inii,rm:tior are ir\'ail1L,! orr rhe use ot
iradiatior 1(] r'\lend lhe shcll'-lite ol perish:rblc lood tim' arrd

errur. rheif [)gi0nir qualiry' llo*er.:r. little i\ kno!\n aboirl the

clle.t ol radialioo ort na1llral r]r s)irtheti. c.'l''ranls' h rhoul'l be

cnphasized thal o/ot \crl lil1ie datr arc ;r12il'h1e ln rh' literar'rr'

lb.rut lhis inlluen.c of interaclirlr hct\\eeo gamma radixlilrr and

nalural or sllilhe(rc colors as \!cll as sloragc on dillirrjnt cotditi(rs
l hese jtems nr'er! rrrorc in\cstigations and mor! rcscarch

{. Rl Fl.Rt\cfs

Al,dcl .Aziz K B. and l:.l-Ashme\\) il (l9sll Detsclim oI
lafrazrrc lo\ic eflscts tr!i!e difl!rcir]' teohniques l. Eg) pl- l-lel.

sltr 7.")l 1l lc): 1ll-iEl.
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l)erlcr 
.J-F 

- N.larsur R.it and Krugcr .1 E (igSf)). Jhe Spaghcfti
making qu,tlit] of conmcrciat dxrum iheat sarnple: *,irh
.,ar iabie a-arrtrlase acrivil] (.erexl ('henr. 6 i: .10,s-.1 i 2.

i)our,as ti.J. \\ nlson \\.A. and Uigg\ 11.C. Iq7l). Atbu,nin
nandalis a|d m.asurenrert of seru,x albumi $rrh
brumccrcsol greer. Ltlir. C.l1inr.,\cra.. j i : 8t

| .h.r"(,. \. \. r,j, 1.dlrh n,r.1 . , ,,:r\ t,.o.j.1,t,,..
.'do J . i .\p.. i .Ir Jrrn to J. \l r. rr,c i. 1.r.. .,
Agrir.Arr Sinrrrr l. rrir

hentatoloqt- 7"r ed.
oI Longnran Croup
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Ensn;rlger A. ll.. Ensmnrger Nl. lr.. K,rrrlarrde J E. rnd ltohson J.
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l-arle'Percr \! - ard Pearson A.tr. 1 lgli ).l-lieixr\ r'equircmertts -1tr

i|e Iabirral,,,] nrimalpriocif,lcs and praer',';c . AcaCenttc Pre.s-
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Mohamed N. \i. Llg99). Rcduction ol lhc (rricir ellec\ .'l
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